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[13] A measurement system To the extent the preamble is limiting, FitBit Charge HR discloses and/or renders obvious “a
comprising measurement system.”

See CHART ONE: ’533 Patent, Claim Element 5 above.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-1, p. 50
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[13A] a wearable measurement FitBit Charge HR discloses and/or renders obvious “a wearable measurement device for

device for measuring one or more | measuring one or more physiological parameters, including a light source comprising a plurality
physiological parameters, of semiconductor sources that are light emitting diodes, the light emitting diodes configured to
including a light source generate an output optical beam with one or more optical wavelengths.”

comprising a plurality of
semiconductor sources that are
light emitting diodes, the light
emitting diodes configured to
generate an output optical beam
with one or more optical
wavelengths,

TG catts

(Charge HR Manual, p. 1)

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-1, p. 51
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(Charge HR Manual, p. 5)
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(Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use LEDs
with multiple wavelengths to detect heart rate).

[13B] wherein at least a portion FitBit Charge HR discloses and/or renders obvious “wherein at least a portion of the one or more
of the one or more optical optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-1, p. 52
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wavelength between 700
nanometers and 2500 nanometers,

[13C] the light source configured | FitBit Charge HR discloses and/or renders obvious “the light source configured to increase signal-
to increase signal-to-noise ratio to-noise ratio by increasing a light intensity from at least one of the plurality of semiconductor

by increasing a light intensity sources and by increasing a pulse rate of at least one of the plurality of semiconductor sources.”
gg ;2;2 :g:icu‘?:ro;?ris:ﬁg’g’y See CHART ONE: ’533 Patent, Claim Element 5C above.

increasing a pulse rate of at least
one of the plurality of
semiconductor sources;

[13D] the wearable measurement | FitBit Charge HR discloses and/or renders obvious “the wearable measurement device comprising
device comprising a plurality of | a plurality of lenses configured to receive a portion of the output optical beam and to deliver an
lenses configured to receive a analysis output beam to a sample.”

rtion of th t optical b
gzd fc?)ndzlivei (;ths:llal;};i;c:u;;m See CHART ONE: ’533 Patent, Claim Element 5D above.

beam to a sample;

[13E] the wearable measurement | FitBit Charge HR discloses and/or renders obvious “the wearable measurement device further
device further comprising a comprising a receiver configured to receive and process at least a portion of the analysis output
receiver configured to receive and | beam reflected or transmitted from the sample and to generate an output signal.”
g;‘;;:;:issag:fgz: ; é:::ltlr?fll:;g:f or See CHART ONE: ’533 Patent, Claim Element 5E above.

transmitted from the sample and
to generate an output signal

[13F] wherein the wearable FitBit Charge HR discloses and/or renders obvious “wherein the wearable measurement device
measurement device receiver is receiver is configured to be synchronized to pulses of the light source.”

configured to be synchronized to s .
pulses of the light source; See CHART ONE: ’533 Patent, Claim Element 5F above.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-1,p. 53
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[13G] a personal device
comprising a wireless receiver, a
wireless transmitter, a display, a
microphone, a speaker, one or
more buttons or knobs, a
microprocessor and a touch
screen,

receiver, a wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs,
a microprocessor and a touch screen.”

See CHART ONE: ’533 Patent, Claim Element 5G above.

[13H] the personal device
configured to receive and process
at least a portion of the output
signal,

FitBit Charge HR discloses and/or renders obvious “the personal device configured to receive and
process at least a portion of the output signal, wherein the personal device is configured to store
and display the processed output signal.”

See CHART ONE: ’533 Patent, Claim Element 5H above.

[131] wherein the personal device
is configured to store and display
the processed output signal, and

FitBit Charge HR discloses and/or renders obvious “wherein the personal device is configured to
store and display the processed output signal.”

See CHART ONE: ’533 Patent, Claim Element 51 above.

[13J] wherein at least a portion of
the processed output signal is
configured to be transmitted over
a wireless transmission link; and

FitBit Charge HR discloses and/or renders obvious “wherein at least a portion of the processed
output signal is configured to be transmitted over a wireless transmission link.”

See CHART ONE: ’533 Patent, Claim Element 5J above.

[13K] a remote device configured
to receive over the wireless
transmission link an output status
comprising the at least a portion
of the processed output signal, to
process the received output status
to generate processed data and to
store the processed data, and

FitBit Charge HR discloses and/or renders obvious “a remote device configured to receive over
the wireless transmission link an output status comprising the at least a portion of the processed
output signal, to process the received output status to generate processed data and to store the
processed data.”

See CHART ONE: ’533 Patent, Claim Element 5K above.

Ommni MedSci, Inc. v. Apple Inc.

EXHIBIT AA-1, p. 54

Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 466

OMNI 2018 - IPR2020-00209



L] wherein the remote device
is capable of storing a history of
at least a portion of the received
output status over a specified
period of time.

See CHART ONE: ’533 Patent, Claim Element 10 above.

erein the remote device is capable of
storing a history of at least a portion of the received output status over a specified period of time.”

[16] The system of claim 13,
wherein the receiver is located a
first distance from a first one of
the plurality of light emitting
diodes and a different, second
distance from a second one of the
plurality of light emitting diodes
such that the receiver receives a
first signal from the first light
emitting diode and a second
signal from the second light
emitting diode.

FitBit Charge HR discloses and/or renders obvious “[t]he system of claim 13, wherein the receiver
is located a first distance from a first one of the plurality of light emitting diodes and a different,
second distance from a second one of the plurality of light emitting diodes such that the receiver
receives a first signal from the first light emitting diode and a second signal from the second light

emitting diode.”

See CHART ONE: ’533 Patent, Claim Element 8 above.

[17] The system of claim 16,
wherein the output signal is
generated in part by comparing
the first and second signals.

FitBit Charge HR discloses and/or renders obvious “[t]he system of claim 16, wherein the output
signal is generated in part by comparing the first and second signals.”

See CHART ONE: ’533 Patent, Claim Element 9 above.

Ommni MedSci, Inc. v. Apple Inc.

Case No. 2:18-cv-134-RWS (E.D. Tex.)
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EXHIBIT AA-2
U.S. Patent No. 9,757,040 vs FitBit Charge HR

Priority Date/Publication Date: between 2012 and 2014 Prior Art Status: §§ 102(a) and (b)
The FitBit Charge HR manufactured by FitBit (“FitBit Charge HR”) anticipates the asserted claims of U.S. Patent No. 9,757,040
(“the *040 Patent”) or renders those claims obvious alone and/or in view of at least any of the references identified in Apple’s
Obviousness Combinations Chart.
This chart is based on the following disclosures about the FitBit Charge HR:

o FitBit Charge HR Product Manual Version 1.2 (“Charge HR Manual™)
Discovery is ongoing, and Apple reserves the right to amend this chart based on new information about the FitBit Charge HR.
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-2,p. 1
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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CHART TWO: U.S. Patent No. 9,757,040 vs FitBit Charge HR

[1] A wearable device for use To the extent the preamble is limiting, FitBit Charge HR discloses and/or renders obvious “[a]
with a smart phone or tablet, the | wearable device for use with a smart phone or tablet.”

wearable device comprising: See CHART ONE: ’533 Patent, Claim Elements 5, 5G, and 13A above.

[1A] a measurement device FitBit Charge HR discloses and/or renders obvious “a measurement device including a light
including a light source source comprising a plurality of light emitting diodes (LEDs) for measuring one or more
comprising a plurality of light physiological parameters.”

emitting diodes (LEDs) for
measuring one or more
physiological parameters

See CHART ONE: ’533 Patent, Claim Element 13A above.

[1B] the measurement device FitBit Charge HR discloses and/or renders obvious “the measurement device configured to
configured to generate, by generate, by modulating at least one of the LEDs having an initial light intensity, an input optical
modulating at least one of the beam having one or more optical wavelengths.”

LEDs having an initial light

intensity, an input optical beam
having one or more optical
wavelengths,

(Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use various
modulation techniques).

[1C] wherein at least a portion of | FitBit Charge HR discloses and/or renders obvious “wherein at least a portion of the one or more
the one or more optical optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.’
wavelengths is a near-infrared

1]

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-2,p. 2
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wavelength between 700
nanometers and 2500 nanometers;

See CHART ONE: ’533 Patent, Claim Element 5B above.

[1D] the measurement device
comprising one or more lenses
configured to receive and to
deliver a portion of the input
optical beam to tissue, wherein
the tissue reflects at least a
portion of the input optical beam
delivered to the tissue;

FitBit Charge HR discloses and/or renders obvious “the measurement device comprising one or
more lenses configured to receive and to deliver a portion of the input optical beam to tissue,
wherein the tissue reflects at least a portion of the input optical beam delivered to the tissue.”

See CHART ONE: ’533 Patent, Claim Element 5D above.

[1E] the measurement device
further comprising a reflective
surface configured to receive and
redirect at least a portion of light
reflected from the tissue;

FitBit Charge HR discloses and/or renders obvious “the measurement device further comprising a
reflective surface configured to receive and redirect at least a portion of light reflected from the
tissue.”

(Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use reflective
materials).

[1F] the measurement device
further comprising a receiver
configured to:

FitBit Charge HR discloses and/or renders obvious “the measurement device further comprising a
receiver configured to: capture light while the LEDs are off and convert the captured light into a
first signal and capture light while at least one of the LEDs is on and convert the captured light

Ommni MedSci, Inc. v. Apple Inc.

EXHIBIT AA-2, p. 3

Case No. 2:18-cv-134-RWS (E.D. Tex.)
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capture light while the LEDs are
off and convert the captured light
into a first signal and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
input optical beam reflected from
the tissue;

into a second signal, the captured light including at least a portion of the input optical beam

reflected from the tissue.”

(Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use various

modulation techniques).

[1G] the measurement device
configured to improve a signal-to-
noise ratio of the input optical
beam reflected from the tissue by
differencing the first signal and
the second signal;

FitBit Charge HR discloses and/or renders obvious “the measurement device configured to
improve a signal-to-noise ratio of the input optical beam reflected from the tissue by differencing

the first signal and the second signal.”

St T
DIREC IS ATS

(Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use various

modulation techniques).

Ommni MedSci, Inc. v. Apple Inc.

Case No. 2:18-cv-134-RWS (E.D. Tex.)
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[1H] the light source configured e light source configured to further improve
to further improve the signal-to- | the signal-to-noise ratio of the input optical beam reflected from the tissue by increasing the light
noise ratio of the input optical intensity relative to the initial light intensity from at least one of the LEDs.”
ﬁ;?a:;fgi;;dliz‘})fi;?:ng ist;ue by See CHART ONE: ’533 Patent, Claim Element 5C above.

relative to the initial light
intensity from at least one of the
LEDs;

[11] the measurement device FitBit Charge HR discloses and/or renders obvious “the measurement device further configured to
further configured to generate an | generate an output signal representing at least in part a non-invasive measurement on blood
output signal representing at least | contained within the tissue.”

in part a non-invasive .

megsurement on blood contained See CHART ONE: *533 Patent, Claim Element 10 above.
within the tissue; and

[1J] the wearable device FitBit Charge HR discloses and/or renders obvious “the wearable device configured to
configured to communicate with | communicate with the smart phone or tablet, the smart phone or tablet comprising a wireless
the smart phone or tablet, the receiver, a wireless transmitter, a display, a voice input module, a speaker, and a touch screen, the

smart phone or tablet comprising | smart phone or tablet configured to receive and to process at least a portion of the output signal.”
;:ansrﬁizrr’e: Zli‘;;rl;;’vrf:;l;s: See CHART ONE: 533 Patent, Claim Elements 5G and SH above.

input module, a speaker, and a
touch screen, the smart phone or
tablet configured to receive and to
process at least a portion of the
output signal,

[1K] wherein the smart phone or | FitBit Charge HR discloses and/or renders obvious “wherein the smart phone or tablet is
tablet is configured to store and configured to store and display the processed output signal, wherein at least a portion of the
display the processed output processed output signal is configured to be transmitted over a wireless transmission link.”
signal, wherein at least a portion

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-2,p. 5
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 472 OMNI 2018 - IPR2020-00209



of the processed output signal is
configured to be transmitted over
a wireless transmission link.

See CHART ONE: ’533 Patent, Claim Elements 5Iand 5J above.

[2] The wearable device of claim | FitBit Charge HR discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the
1, wherein the receiver is receiver is configured to be synchronized to the modulation of the at least one of the LEDs.”

configured to be synchronized to s .
the modulation of the at least one See CHART ONE: ’533 Patent, Claim Element 5F above.

of the LEDs.

[4] The wearable device of claim | FitBit Charge HR discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the
1, wherein the receiver is located | receiver is located a first distance from a first one of the LEDs and a different distance from a

a first distance from a first one of | second one of the LEDs such that the receiver can capture a third signal from the first LED and a
the LEDs and a different distance | fourth signal from the second LED, and wherein the output signal is generated in part by

from a second one of the LEDs comparing the third and fourth signals.”

Zliﬁrah:;;::lrgzzvfﬁecgﬁsi?gge See CHART ONE: *533 Patent, Claim Element 8 above.
and a fourth signal from the
second LED, and wherein the
output signal is generated in part
by comparing the third and fourth
signals.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-2,p. 6
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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EXHIBIT AA-3
U.S. Patent No. 9,861,286 vs FitBit Charge HR

Priority Date/Publication Date: between 2012 and 2014 Prior Art Status: §§ 102(a) and (b)
The FitBit Charge HR manufactured by FitBit (“FitBit Charge HR”) anticipates the asserted claims of U.S. Patent No. 9,861,286
(“the *286 Patent™) or renders those claims obvious alone and/or in view of at least any of the references identified in Apple’s
Obviousness Combinations Chart.
This chart is based on the following disclosures about the FitBit Charge HR:

o FitBit Charge HR Product Manual Version 1.2 (“Charge HR Manual™)
Discovery is ongoing, and Apple reserves the right to amend this chart based on new information about the FitBit Charge HR.
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-3,p. 1
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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CHART THREE: U.S. Patent No. 9,861,286 vs FitBit Charge HR

[16] A wearable device for use To the extent the preamble is limiting, FitBit Charge HR discloses and/or renders obvious “[a]
with a smart phone or tablet, the | wearable device for use with a smart phone or tablet.”

wearable device comprising: See CHART ONE: ’533 Patent, Claim Elements 5, 5G, and 13A above.

[16A] a measurement device FitBit Charge HR discloses and/or renders obvious “a measurement device including a light
including a light source source comprising a plurality of light emitting diodes (LEDs) for measuring one or more
comprising a plurality of light physiological parameters.”

emitting diodes (LEDs) for
measuring one or more
physiological parameters,

See CHART ONE: ’533 Patent, Claim Element 13A above.

[16B] the measurement device FitBit Charge HR discloses and/or renders obvious “the measurement device configured to
configured to generate, by generate, by modulating at least one of the LEDs having an initial light intensity, an optical beam
modulating at least one of the having a plurality of optical wavelengths.”

LEDs having an initial light

intensity, an optical beam having See CHART TWO: *040 Patent, Claim Element 1B above.

a plurality of optical wavelengths,

[16C] wherein at least a portion | FitBit Charge HR discloses and/or renders obvious “wherein at least a portion of the plurality of
of the plurality of optical optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”
wavelengths is a near-infrared s .

wavelength between 700 See CHART ONE: ’533 Patent, Claim Element 5B above.

nanometers and 2500 nanometers;

[16D] the measurement device FitBit Charge HR discloses and/or renders obvious “the measurement device comprising one or
comprising one or more lenses more lenses configured to receive and to deliver a portion of the optical beam to tissue, wherein
configured to receive and to the tissue reflects at least a portion of the optical beam delivered to the tissue, and wherein the
deliver a portion of the optical measurement device is adapted to be placed on a wrist or an ear of a user.”

beam to tissue, wherein the tissue

reflects at least a portion of the See CHART ONE: ’533 Patent, Claim Element 5D above.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-3,p. 2
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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optical beam delivered to the
tissue, and

[16E] wherein the measurement
device is adapted to be placed on
a wrist or an ear of a user;

FitBit Charge HR discloses and/or renders obvious “wherein the measurement device is adapted to

be placed on a wrist or an ear of a user.”

(Charge HR Manual, p. 1)

Ommni MedSci, Inc. v. Apple Inc.

Case No. 2:18-cv-134-RWS (E.D. Tex.)
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(Charge HR Manual, p. 5)

[16F] the measurement device FitBit Charge HR discloses and/or renders obvious “the measurement device further comprising a
further comprising a receiver receiver configured to: capture light while the LEDs are off and convert the captured light into a
configured to: first signal and capture light while at least one of the LEDs is on and convert the captured light

into a second signal, the captured light including at least a portion of the optical beam reflected

capture light while the LEDs are fom the tissue.”

off and convert the captured light
into a first signal and See CHART TWO: *040 Patent, Claim Element 1F above.

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
optical beam reflected from the
tissue;

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-3,p. 4
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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[16G] the measurement device
configured to improve a signal-to-
noise ratio of the optical beam
reflected from the tissue by
differencing the first signal and
the second signal;

e measurement device configured to
improve a signal-to-noise ratio of the optical beam reflected from the tissue by differencing the
first signal and the second signal.”

See CHART TWO: *040 Patent, Claim Element 1G above.

[16H] the light source configured
to further improve the signal-to-
noise ratio of the optical beam
reflected from the tissue by
increasing the light intensity
relative to the initial light
intensity from at least one of the
LEDs;

FitBit Charge HR discloses and/or renders obvious “the light source configured to further improve
the signal-to-noise ratio of the optical beam reflected from the tissue by increasing the light
intensity relative to the initial light intensity from at least one of the LEDs.”

See CHART ONE: ’533 Patent, Claim Element 5C above.

[16]] the measurement device
further configured to generate an
output signal representing at least
in part a non-invasive
measurement on blood contained
within the tissue; and

FitBit Charge HR discloses and/or renders obvious “the measurement device further configured to
generate an output signal representing at least in part a non-invasive measurement on blood
contained within the tissue.”

See CHART ONE: ’533 Patent, Claim Element 10 above.

[16J] wherein the receiver
includes a plurality of spatially
separated detectors,

FitBit Charge HR discloses and/or renders obvious “wherein the receiver includes a plurality of
spatially separated detectors.”

Ommni MedSci, Inc. v. Apple Inc.

EXHIBIT AA-3,p. 5

Case No. 2:18-cv-134-RWS (E.D. Tex.)
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- (Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use
photodetectors to receive signals).

[16K] wherein at least one analog | FitBit Charge HR discloses and/or renders obvious “wherein at least one analog to digital
to digital converter is coupled to | converter is coupled to the spatially separated detectors.”
the spatially separated detectors.

(Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use analog to
digital converters).

[17] The wearable device of FitBit Charge HR discloses and/or renders obvious “[t]he wearable device of claim 16, wherein at
claim 16, wherein at least one least one LED emits at a first wavelength and at least another LED emits at a second wavelength,
LED emits at a first wavelength and wherein the first wavelength has a first penetration depth into the tissue and wherein the

and at least another LED emits at | second wavelength has a second penetration depth into the tissue different from the first

a second wavelength, and penetration depth..”

wherein the first wavelength has a

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-3,p. 6
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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pe on dep
tissue and wherein the second
wavelength has a second
penetration depth into the tissue
different from the first penetration
depth.

(Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use LEDs
with multiple wavelengths to detect heart rate).

[19] The wearable device of FitBit Charge HR discloses and/or renders obvious “[t]he wearable device of claim 16, wherein
claim 16, wherein the receiver is | the receiver is configured to be synchronized to the modulating of at least one of the LEDs.”
configured to be synchronized to L )

the modulating of at least one of See CHART ONE: ’533 Patent, Claim Element 5F above.
the LEDs.

[20] The wearable device of FitBit Charge HR discloses and/or renders obvious “[t]he wearable device of claim 16, wherein
claim 16, wherein the receiver is | the receiver is located a first distance from a first one of the LEDs and a different distance from a
located a first distance from a first | second one of the LEDs such that the receiver can capture a third signal from the first LED and a
one of the LEDs and a different fourth signal from the second LED, and wherein the output signal is generated in part by
distance from a second one of the | comparing the third and fourth signals..”

gi?;:l:glgl:gzgzggggiﬁ:n See CHART ONE: 533 Patent, Claim Element 8 above.

first LED and a fourth signal from
the second LED, and wherein the
output signal is generated in part
by comparing the third and fourth
signals.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA-3,p. 7
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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EXHIBIT AA-4
U.S. Patent No. 9,885.698 vs FitBit Charge HR

Priority Date/Publication Date: between 2012 and 2014 Prior Art Status: §§ 102(a) and (b)
The FitBit Charge HR manufactured by FitBit (“FitBit Charge HR”) anticipates the asserted claims of U.S. Patent No. 9,885,698 (“the
’698 Patent”) or renders those claims obvious alone and/or in view of at least any of the references identified in Apple’s Obviousness
Combinations Chart.
This chart is based on the following disclosures about the FitBit Charge HR:

o FitBit Charge HR Product Manual Version 1.2 (“Charge HR Manual™)
Discovery is ongoing, and Apple reserves the right to amend this chart based on new information about the FitBit Charge HR.
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA4,p. 1
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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CHART FOUR: U.S. Patent No. 9,885,698 vs FitBit Charge HR

[1] A wearable device, To the extent the preamble is limiting, FitBit Charge HR discloses and/or renders obvious “[a]
comprising: wearable device.”

See CHART ONE: ’533 Patent, Claim Elements 5 and 13 A above.

[1A] a measurement device FitBit Charge HR discloses and/or renders obvious “a measurement device including a light
including a light source source comprising a plurality of light emitting diodes (LEDs) for measuring one or more
comprising a plurality of light physiological parameters.”

emitting diodes (LEDs) for
measuring one or more
physiological parameters,

See CHART ONE: ’533 Patent, Claim Element 13A above.

[1B] the measurement device FitBit Charge HR discloses and/or renders obvious “the measurement device configured to
configured to generate, by generate, by modulating at least one of the LEDs having an initial light intensity, an input optical
modulating at least one of the beam having one or more optical wavelengths.”

LEDs having an initial light

intensity, an input optical beam See CHART TWO: *040 Patent, Claim Element 1B above.

having one or more optical
wavelengths,

[1C] wherein at least a portion of | FitBit Charge HR discloses and/or renders obvious “wherein at least a portion of the one or more
the one or more optical optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”

wavelengths is a near-infrared s .
wavelength between 700 See CHART ONE: ’533 Patent, Claim Element 5B above.

nanometers and 2500 nanometers;

[1D] the measurement device FitBit Charge HR discloses and/or renders obvious “the measurement device comprising one or
comprising one or more lenses more lenses configured to receive and to deliver a portion of the input optical beam to tissue,
configured to receive and to wherein the tissue reflects at least a portion of the input optical beam delivered to the tissue.”

deliver a portion of the input

optical beam to tissue, wherein See CHART ONE: ’533 Patent, Claim Element 5D above.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA4,p. 2
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portion of the input optical beam
delivered to the tissue;

[1E] the measurement device
further comprising a receiver,
wherein the receiver includes a
plurality of spatially separated
detectors, the detectors
configured to:

capture light while the LEDs are
off and convert the captured light
into a first signal; and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
input optical beam reflected from
the tissue;

FitBit Charge HR discloses and/or renders obvious “the measurement device further comprising a
receiver, wherein the receiver includes a plurality of spatially separated detectors, the detectors
configured to: capture light while the LEDs are off and convert the captured light into a first
signal; and capture light while at least one of the LEDs is on and convert the captured light into a
second signal, the captured light including at least a portion of the input optical beam reflected
from the tissue.”

See CHART TWO: *040 Patent, Claim Element 1F and CHART THREE: 286 Patent, Claim
Element 16J above.

[1F] wherein at least one analog
to digital converter is coupled to
the spatially separated detectors
and is configured to generate at
least a first data signal from the
first signal and at least a second
data signal from the second
signal;

FitBit Charge HR discloses and/or renders obvious “wherein at least one analog to digital
converter is coupled to the spatially separated detectors and is configured to generate at least a first
data signal from the first signal and at least a second data signal from the second signal.”

See CHART TWO: *040 Patent, Claim Element 1F and CHART THREE: 286 Patent, Claim
Element 16K above.

Ommni MedSci, Inc. v. Apple Inc.
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[1G] the measurement device e measurement device configured to
configured to improve a signal-to- | improve a signal-to-noise ratio of the input optical beam reflected from the tissue by differencing
noise ratio of the input optical the first data signal and the second data signal to generate an output signal representing at least in
beam reflected from the tissue by | part a non-invasive measurement on blood contained within the tissue.”

:I’ffetrlf::g ;gedgtr:ts‘ii;:lsiﬁnal See CHART ONE: *533 Patent, Claim Element 10 and CHART TWO: *040 Patent, Claim
generate an output signal Element 1G above.
representing at least in part a non-
invasive measurement on blood
contained within the tissue; and

[1H] wherein the modulating at FitBit Charge HR discloses and/or renders obvious “wherein the modulating at least one of the
least one of the LEDs has a LEDs has a modulation frequency, and wherein the receiver is configured to use a lock-in
modulation frequency, and technique that detects the modulation frequency.”

wherein the receiver is configured
to use a lock-in technique that
detects the modulation frequency.

(Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use various
modulation techniques).

[2] The wearable device of claim | FitBit Charge HR discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the
1, wherein the plurality of LEDs | plurality of LEDs and the plurality of spatially separated detectors are mounted on a common

and the plurality of spatially structure, and wherein the plurality of LEDs are coupled electrically to a power supply..”
separated detectors are mounted
on a common structure, and

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA4,p. 4
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wherein the plurality of LEDs are
coupled electrically to a power

supply.

(Charge HR Manual, p. 6-7)

(Charge HR Manual, p. 20)

g AR 2aaTons s rpahavprabie fitiome polmerbaitery

(Charge HR Manual, p. 20)

See, e.g., U.S. Pat. No. 8,954,135 to Yuen et al. assigned to FitBit, Inc. and titled “Portable
biometric devices and methods of operating same” (suggesting that FitBit’s products use LEDs
with multiple wavelengths to detect heart rate).

[3] The wearable device of claim | FitBit Charge HR discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the
1, wherein the light source is light source is configured to further improve the signal-to-noise ratio of the input beam reflected
configured to further improve the | from the tissue by increasing the light intensity relative to the initial light intensity from at least

Omni MedSci, Inc. v. Apple Inc. EXHIBIT AA4,p.5
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g e fthe input

beam reflected from the tissue by | LEDs.”
2;:;3;“:5 :ﬁ: ll:lglt}:;lull:;hn: ty See CHART ONE: 533 Patent, Claim Elements 5C and SF above.
intensity from at least one of the
LEDs, and wherein the receiver is
configured to be synchronized to
at least one of the LEDs.

[S] The wearable device of claim | FitBit Charge HR discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the
1, wherein the wearable device is | wearable device is configured to communicate with a smart phone or tablet, the smart phone or
configured to communicate with a | tablet comprising a wireless receiver, a wireless transmitter, a display, a voice input module, a
smart phone or tablet, the smart speaker, and a touch screen, the smart phone or tablet configured to receive and to process at least

phone or tablet comprising a a portion of the output signal, wherein the smart phone or tablet is configured to store and display
wireless receiver, a wireless the processed output signal, wherein at least a portion of the processed output signal is configured
transmitter, a display, a voice to be transmitted over a wireless transmission link.”

input module, a speaker, and a
touch screen, the smart phone or
tablet configured to receive and to
process at least a portion of the
output signal, wherein the smart
phone or tablet is configured to
store and display the processed
output signal, wherein at least a
portion of the processed output
signal is configured to be
transmitted over a wireless
transmission link.

See CHART ONE: ’533 Patent, Claim Elements 5G, 5H, 51, and 5J above.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT AA4,p. 6
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EXHIBIT B-1

U.S. Patent No. 9,651,533 vs Rulkov

Priority Date/Publication Date: October 4, 2011/May 8, 2012 Prior Art Status: §§ 102(a), (b), and (e) (pre-AlA)
§§ 102(a), (b), and (d)

U.S. Patent No. 8,172,761 to Rulkov et al. (“Rulkov”) anticipates the asserted claims of U.S. Patent No. 9,651,533 (“the 533 Patent”)
or renders those claims obvious alone and/or in view of at least any of the references identified in Apple’s Obviousness Combinations
Chart.

As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s
agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 1
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CHART ONE: U.S. Patent No. 9,651,533 vs Rulkov

[S] A measurement system, To the extent the preamble is limiting, Rulkov discloses and/or renders obvious “[a] measurement
comprising: system.”

“A monitoring device for monitoring the vital signs of a user is disclosed herein.” Rulkov at
Abstract.

“The present invention is related to real-time vital sign monitoring devices. More specifically, the
present invention relates to a device for monitoring a user’s vital signs that is used in conjunction
with a Smartphone.” Rulkov at 1:42-45.

“One aspect of the present invention is a method for monitoring a real-time vital sign of a user by
using a signal from an optical sensor and a signal from a multiple axis accelerometer that
generates an X-axis signal, a Y-axis signal and a Z-axis signal.” Rulkov at 2:63-67.

See also Rulkov at 3:3-27, 4:36-44, 48-60, Claims 1-4.

[SA] a light source comprising a | Rulkov discloses and/or renders obvious “a light source comprising a plurality of semiconductor
plurality of semiconductor sources that are light emitting diodes, the light emitting diodes configured to generate an output
sources that are light emitting optical beam with one or more optical wavelengths.”

S:)‘::'fgsl’;zg :::)ggzr?:rlzll?éignil::tii See CHART ONE: 533 Patent, Claim Element 13A below.

optical beam with one or more
optical wavelengths,

[SB] wherein at least a portion of | Rulkov discloses and/or renders obvious “wherein at least a portion of the one or more optical
the one or more optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”
wavelengths is a near-infrared
wavelength between 700
nanometers and 2500 nanometers,

“Pulse oximeter devices typically contain two light emitting diodes: one in the red band of light
(660 nanometers) and one in the infrared band of light (940 nanometers).” Rulkov at 1:53-55.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 2
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a preferred he optical s plur

35 based on green light wherein the LEDs 35 generate green light (wavelength of 500-570 nm),
and a photodetector 36 detects the green light. Yet in an alternative embodiment, the optical sensor
30 is a photodetector 36 and a single LED 35 transmitting light at a wavelength of approximately
900 nanometers as a pulsed infrared LED. Yet further, the optical sensor is a combination of a
green light LED and a pulsed infrared LED to offset noise affects of ambient light and sunlight.

As the heart pumps blood through the arteries in the user's arm, ankle or wrist, the photodetector
36, which is typically a photodiode, detects reflectance/transmission at the wavelengths (green, red
or infrared), and in response generates a radiation-induced signal.” Rulkov at 5:16-30.

[SC] the light source configured | Rulkov discloses and/or renders obvious “the light source configured to increase signal-to-noise
to increase signal-to-noise ratio ratio by increasing a light intensity from at least one of the plurality of semiconductor sources and
by increasing a light intensity by increasing a pulse rate of at least one of the plurality of semiconductor sources.”

from at least one of the plurality
of semiconductor sources and by
increasing a pulse rate of at least

one o f the plurality of . “FIG. 17 is a preferred method 500 for controlling the light intensity of the optical sensor 30. At
semiconductor sources; block 505, the light intensity of the light source 35 is monitored. At block 510, the
sensor/photodetector is determined to be saturated by the light source. At block 515, the intensity
of the light source is modified by adjusting the resistance and the flow of current to the light
source 35. At block 520, the light intensity is again monitored and adjusted if necessary. In a
preferred embodiment, this automatic gain mechanism prevents the green light from
overwhelming the photodetector 36 thereby maintaining an accurate reading no matter where the
optical sensor is placed on the user.” Rulkov at 11:20-31.

“The light source 35 is preferably a plurality of LEDs 35. The intensity of the light is preferably
controlled by an integrator 300.” Rulkov at 9:64-66.

“FIG. 16 illustrates how the control mechanism operates to maintain a proper light intensity. As
the signal reaches the upper limit, the photodetector becomes saturated and the processor lowers
the current flow, which results in a break in the signal. Then as the signal is lowered it becomes
too low and the processor increases the light intensity resulting in a break in the signal.” Rulkov at
11:32-38.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 3
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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“The microprocessor 741 has a LED control 715 connected to DAC 702 for controlling the
intensity of the LEDs 737.” Rulkov at 11:43-45.

“The use of short-term pulses reduces ambient light. In the preferred embodiment, voltage is
collected at the sensor output every 2 msec. Inside the microprocessor 741, an average 8
consecutive samples improve the SNR (signal to noise ratio) and then work with the averaged
numbers. Therefore the sampling rate for raw data is preferably 2 msec, however if 8-samples
averaging is utilized in the integrated sensor the data output rate is reduced to sending a new
averaged value every 16 msec. An ADC is used with a 12-bit resolution. The response of TSL 12T
is acceptable. 100 Hz is the low limit for LPF cutoff. The selection of pulse duration is preferably
based on the speed of the LED drivers, sensor electronics and output pick detection. The higher
the low frequency cutoff that is implemented for the selected pulse duration, the better SNR.”
Rulkov at 13:11-25.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 4
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See also Rulkov, Figs. 16-18.

O

ovgi B
Gt

[SD] an apparatus comprising a
plurality of lenses configured to
receive a portion of the output
optical beam and to deliver an
analysis output beam to a sample

Rulkov discloses and/or renders obvious “an apparatus comprising a plurality of lenses configured
to receive a portion of the output optical beam and to deliver an analysis output beam to a

sample.”

Ommni MedSci, Inc. v. Apple Inc.
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Rulkov at Fig. 10.
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Rulkov at Fig. 9.
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HIGLON

Rulkov at Fig. 11.

Rulkov discloses the use of specific types of LEDs, namely TSL261, TSL261R, and TSL245R, “A
preferred optical sensor 30 utilizing green light is a TRS1755 sensor from TAOS, Inc of Plano
Tex. The TRS1755 comprises a green LED light source (567 nm wavelength) and a light-to-
voltage converter. The output voltage is directly proportional to the reflected light intensity.
Another preferred photodetector 36 is a light-to-voltage photodetector such as the TSL260R and
TSL261, TSL261R photodetectors available from TAOS, Inc of Plano Tex. Alternatively, the
photodetector 130 is a light-to-frequency photodetector such as the TSL245R, which is also
available from TAOS, Inc. The light-to-voltage photodetectors have an integrated transimpedance
amplifier on a single monolithic integrated circuit, which reduces the need for ambient light
filtering. The TSL261 photodetector preferably operates at a wavelength greater than 750
nanometers, and optimally at 940 nanometers, which would preferably have a LED that radiates
light at those wavelengths.” Rulkov at 5:31-47.

“A general method is as follows. The light source 35 transmits light through at least one artery of
the user. The photodetector 36 detects the light.” Rulkov at 6:52-54.

“FIG. 11 is an isolated cross section view of an optical sensor for a monitoring device with light
reflecting off of an artery of a user.” Rulkov at 3:61-63.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 7
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“The optical s 730 is place T 1 Ty g 20.
The optical sensor 730 is has a pair of LEDs 735 and a photodetector 736, which receives reflected
light 737 from the LEDs 735.” Rulkov at 11:40-43.

Rulkov specifically provides that its system can use a sensor made by TAOS, Inc., such as the
TSL260R, TSL261, and TSL261R. Rulkov, 5:31-46. Therefore, the features and properties of the
TSL260R, TSL261, and TSL261R are inherently disclosed in Rulkov. The TAOS TSL260
Datasheet (“TAOS”) describes the properties and features of the TSL optical sensors. Exemplary
passages from TAOS are set forth below.

TAOS

“The TSL260R, TSL261R, and TSL262R are infrared light-to-voltage optical sensors, each
combining a photodiode and a transimpedance amplifier (feedback resistor = 16 MW, 8 MW, and
2.8 MW respectively) on a single monolithic IC. Qutput voltage is directly proportional to the
light intensity (irradiance) on the photodiode. These devices have improved amplifier offset-
voltage stability and low power consumption and are supplied in a 3-lead plastic sidelooker
package with an integral visible light cutoff filter and lens. When supplied in the lead (Pb) free
package, the device is RoHS compliant.” TAOS, 1.

FARANETER MEASUHRERERT RIFCRMATION
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ReO R SR SNt R S BBl R
Figure 3. SwRoRisg Tines
' TAOS, 4.
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“The TSL260R, TSL261R, and TSL262R are supplied in a clear 3-lead through-hole package with
a molded lens. The integrated photodiode active area is typically 1,0 mm2 (0.0016 in2) for
TSL260R, 0,5 mm?2 (0.00078 in2) for the TSL261R, and 0,26 mm2 (0.0004 in2) for the
TSL262R.” TAOS, 10.
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TAOS, 11.

[SE] a receiver configured to Rulkov discloses and/or renders obvious “a receiver configured to receive and process at least a
receive and process at least a portion of the analysis output beam reflected or transmitted from the sample and to generate an
portion of the analysis output output signal.”

beam reflected or transmitted
from the sample and to generate
an output signal,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 10
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“The optical sensor 30 preferably comprises a photodetector 36, and first and second LEDs 35
which transmit light. Using two LEDs on each side of a photodetector creates a more mechanically
stable optical sensor 30.” Rulkov at 6:21-25.

“A general method is as follows. The light source 35 transmits light through at least one artery of
the user. The photodetector 36 detects the light.” Rulkov at 6:52-54.

“A preferred optical sensor 30 utilizing green light is a TRS1755 sensor from TAOS, Inc of Plano
Tex. The TRS1755 comprises a green LED light source (567 nm wavelength) and a light-to-
voltage converter. The output voltage is directly proportional to the reflected light intensity.
Another preferred photodetector 36 is a light-to-voltage photodetector such as the TSL260R and
TSL261, TSL261R photodetectors available from TAOS, Inc of Plano Tex. Alternatively, the
photodetector 130 is a light-to-frequency photodetector such as the TSL245R, which is also
available from TAOS, Inc. The light-to-voltage photodetectors have an integrated transimpedance
amplifier on a single monolithic integrated circuit, which reduces the need for ambient light
filtering. The TSL261 photodetector preferably operates at a wavelength greater than 750
nanometers, and optimally at 940 nanometers, which would preferably have a LED that radiates
light at those wavelengths.” Rulkov at 5:31-47.

“A block diagram for vital sign signal processing is shown in FIG. 18. The optical sensor 730 is
placed on or near an artery 90 of a user of the monitoring device 20. The optical sensor 730 has a
pair of LEDs 735 and a photodetector 736, which receives reflected light 737 from the LEDs 735.
The microprocessor 741 has a LED control 715 connected to DAC 702 for controlling the
intensity of the LEDs 737. The signal from the photodetector 736 is transmitted to a high pass
filter (HPF) 703 which sends it to an analog to digital converter 704, and the signal from the
photodetector 737 is also sent directly to a second analog to digital converter 704.” Rulkov at
11:39-49.

“A microprocessor processes the signal generated from the optical sensor 30 to generate the
plurality of vital sign information for the user which is displayed on the display member 40.”
Rulkov at 6:1-4.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 11
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Rulkov at Fig. 13.
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Rulkov at Fig. 18.

See also Rulkov at 9:60-10:31, 11:12-17, 11:39-60, 13:34-42, Claim 1.

[SF] wherein the receiver is Rulkov discloses and/or renders obvious “wherein the receiver is configured to be synchronized to
configured to be synchronized to | the light source.”

the light source; “The preferred embodiment uses 250 microsecond LED pulses and a 12T photodetector 36 with

second order active high pass filter (100 Hz cutoff). The DC output of the sensor 30 is monitored
to ensure that it is not saturated by the effects of ambient light. The use of short-term pulses
reduces ambient light. In the preferred embodiment, voltage is collected at the sensor output every
2 msec. Inside the microprocessor 741, an average 8 consecutive samples improve the SNR
(signal to noise ratio) and then work with the averaged numbers. Therefore the sampling rate for
raw data is preferably 2 msec, however if 8-samples averaging is utilized in the integrated sensor
the data output rate is reduced to sending a new averaged value every 16 msec. An ADC is used
with a 12-bit resolution. The response of TSL 12T is acceptable. 100 Hz is the low limit for LPF
cutoff. The selection of pulse duration is preferably based on the speed of the LED drivers, sensor

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 13
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q
the selected pulse duration, the better SNR.” Rulkov at 13:6-25.

“Ambient light filter and amplifier 2010 transits to synchronized pick detector 2012 for a voltage
or data output 2014 as an output signal 2016.” Rulkov at 13:40-42.

“The output voltage is directly proportional to the reflected light intensity. The signal 299 is sent
to the microprocessor. At block 1300, the signal acquisition is performed. In reference to FIGS. 14
and 15, in the pulse mode the LED 35 is periodically activated for short intervals of time by a
signal from the microcontroller. The reflected pulse of light is received by the sensor, with the
generation of a voltage pulse having an amplitude proportional to the intensity of the reflected
light.” Rulkov at 10:2-9.

“At block 1305, a band pass filter is implemented preferably with two sets of data from the
analog-to-digital converter. At block 1305, an average of the values of data samples within each of
a first set of samples is calculated by the microprocessor. For example, the values of data samples
within forty-four samples are summed and then divided by forty-four to generate an average value
for the first set of samples. Next, an average of the values of data samples within a second set of
samples is calculated by the microprocessor. For example, the values of data samples within
twenty-two samples are summed and then divided by twenty-two to generate an average value for
the second set of samples. Preferably, the second set of samples is less than the first set of
samples. Next, the average value of the second set of samples is subtracted from the average value
for the first set of samples to generate a first filtered pulse data value.” Rulkov at 10:32-47.

“The preferred embodiment uses 250 microsecond LED pulses and a 12T photodetector 36 with
second order active high pass filter (100 Hz cutoff). The DC output of the sensor 30 is monitored
to ensure that it is not saturated by the effects of ambient light. The use of short-term pulses
reduces ambient light. In the preferred embodiment, voltage is collected at the sensor output every
2 msec. Inside the microprocessor 741, an average 8 consecutive samples improve the SNR
(signal to noise ratio) and then work with the averaged numbers. Therefore the sampling rate for
raw data is preferably 2 msec, however if 8-samples averaging is utilized in the integrated sensor
the data output rate is reduced to sending a new averaged value every 16 msec. An ADC is used

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 14
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with a 12-bit resolution. The response of TSL 12T is acceptable. 100 Hz is the low limit for LPF
cutoff. The selection of pulse duration is preferably based on the speed of the LED drivers, sensor
electronics and output pick detection. The higher the low frequency cutoff that is implemented for
the selected pulse duration, the better SNR.” Rulkov at 13:6-25.

[SG] a personal device Rulkov discloses and/or renders obvious “a personal device comprising a wireless receiver, a
comprising a wireless receiver, a | wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a
wireless transmitter, a display, a | microprocessor and a touch screen.”

microphone, a speaker, one or
more buttons or knobs, a
microprocessor and a touch
screen,

“A monitoring device for monitoring the vital signs of a user is disclosed herein.” Rulkov at
Abstract.

“The present invention is related to real-time vital sign monitoring devices. More specifically, the
present invention relates to a device for monitoring a user’s vital signs that is used in conjunction
with a Smartphone.” Rulkov at 1:42-45.

“FIG. 26 is an illustration of a system including a monitoring device and a mobile phone which
receives a signal from the monitoring device.” Rulkov at 4:23-27.

“The monitoring device 20 alternatively has a short-range wireless transceiver which is preferably
a transmitter operating on a wireless protocol, e.g. BLUETOOTH, part-15, or 802.11. "Part-15"
refers to a conventional low-power, short-range wireless protocol, such as that used in cordless
telephones. Other communication protocols include a part 15 low power short range radio,
standard BLUETOOTH or BLUETOOTH Low Energy to conserve power or other low power
short range communications means. The short-range wireless transmitter (e.g., a BLUETOOTH
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. An external laptop computer or hand-held device features a
similar antenna coupled to a matched wireless, short-range receiver that receives the packet. In
certain embodiments, the hand-held device is a cellular telephone with a Bluetooth circuit
integrated directly into a chipset used in the cellular telephone. In this case, the cellular telephone
may include a software application that receives, processes, and displays the information. The
secondary wireless component may also include a long-range wireless transmitter that transmits
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orm oV ITe , Sa , or 802. ne .S ne ks
include those operating at least one of the following protocols: CDMA, GSM, GPRS, Mobitex,
DataTac, iDEN, and analogs and derivatives thereof. Alternatively, the handheld device is a pager
or PDA.” Rulkov at 6:26-51.

“One aspect of the present invention is a system for monitoring at least one vital sign of a user.
The system comprises a smartphone and a monitoring device. The smartphone comprises a short
range wireless transceiver, a processor and a display screen. The monitoring device comprises a
housing, an optical sensor for measuring blood flow through an artery of a wrist, arm or ankle of
the user, a processor, a short range wireless transceiver, and a power source. The short range
wireless transceiver operates on a communication protocol using a 9 kHz communication format, a
125 kHz RFID communication format, a 13.56 MHz communication format, a 433 MHz
communication format, a 433 MHz RFID communication format, or a 900 MHz RFID
communication format.” Rulkov at 13:55-67.

“In one embodiment, discussed below, the display member 40 is removed and the signal is sent to
a device such as a personal digital assistant, laptop computer, mobile telephone, exercise
equipment, or the like for display and even processing of the user's real-time vital signs
information. Alternatively, the circuitry assembly includes a flexible microprocessor board which
is a low power, micro-size easily integrated board which provides blood oxygenation level, pulse
rate (heart rate), signal strength bargraph, plethysmogram and status bits data. The microprocessor
can also store data. The microprocessor can process the data to display pulse rate, blood
oxygenation levels, calories expended by the user of a pre-set time period, target zone activity,
time and dynamic blood pressure. Further, microprocessor preferably includes an automatic gain
control for preventing saturation of the photodetector, which allows for the device to be used on
different portions of the human body.

The display member 40 is preferably a light emitting diode ("LED"). Alternatively, the display
member 40 is a liquid crystal display ("LCD") or other similar display device.” Rulkov at 5:48-67.

“To enter the user's personal data, the middle button 43b is depressed for 2 seconds and then
released. The user will enter gender, age, mass, height and resting heart rate. Entering the data
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entails pushing the middle button to select a category (gender, age, . . . ) and then pushing the right
or left button to scroll through the available options or to enter a value (e.g. age of the user). The
middle button 43b is pressed again to save the entry. This process is preformed until the user’s has
entered all of the data that the user wishes to enter into the microprocessor. The display member
40 will then display a heart rate and current calories burned value. A preset resting heart rate for
men and women is preferably stored on the microprocessor, and used as a default resting heart
rate. However, the user may enter their own resting heart rate value if the user is aware of that
value. To access daily calories, the left button 43a is pushed by the user and the display member
40 will illustrate the value for daily calories burned by the user. If the left button 43a is pushed
again, the value for total calories burned by the user will be displayed on the display member 40.
The left button 43a is pushed again to return to a heart rate value on the display member

40.” Rulkov at 7:18-38.

“As shown in FIGS. 25-28, the system includes a monitoring device 20 and a mobile
communication device 1520. The monitoring device 20 transmits data 1515 to the mobile
communication device 1520 for display on a screen 1525 of the mobile communication device
1520. The user 1800 preferably wears both the mobile communication device 1520 and the
monitoring device 20. Such a mobile communication device preferably includes the
IPHONE.RTM. smartphone or IPAD.TM. tablet computer, both from Apple, Inc.,
BLACKBERRY.RTM. smartphones from Research In Motion, the ANDROID.RTM. smartphone
from Google, Inc., the TRE.RTM. smartphone from Palm, Inc., and many more.” Rulkov at 13:43-
54.

Rulkov at Fig. 25.
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Flg. 25

Rulkov at Fig. 6.

[SH] the personal device Rulkov discloses and/or renders obvious “the personal device configured to receive and process at
configured to receive and process | least a portion of the output signal.”

t least rti f th t
at least a portion of the outpu “In one embodiment, discussed below, the display member 40 is removed and the signal is sent to

ignal
signas, a device such as a personal digital assistant, laptop computer, mobile telephone, exercise
equipment, or the like for display and even processing of the user's real-time vital signs
information. Alternatively, the circuitry assembly includes a flexible microprocessor board which
is a low power, micro-size easily integrated board which provides blood oxygenation level, pulse
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rate (heart rate), signal strength bargraph, plethysmogram and status bits data. The microprocessor
can also store data. The microprocessor can process the data to display pulse rate, blood
oxygenation levels, calories expended by the user of a pre-set time period, target zone activity,
time and dynamic blood pressure. Further, microprocessor preferably includes an automatic gain
control for preventing saturation of the photodetector, which allows for the device to be used on
different portions of the human body.

The display member 40 is preferably a light emitting diode ("LED"). Alternatively, the display
member 40 is a liquid crystal display ("LCD") or other similar display device.” Rulkov at 5:48-67.

“The monitoring device 20 may also be able to download the information to a computer for further
processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” Rulkov at 8:16-20.

“As shown in FIGS. 25-28, the system includes a monitoring device 20 and a mobile
communication device 1520. The monitoring device 20 transmits data 1515 to the mobile
communication device 1520 for display on a screen 1525 of the mobile communication device
1520. The user 1800 preferably wears both the mobile communication device 1520 and the
monitoring device 20. Such a mobile communication device preferably includes the
IPHONE.RTM. smartphone or IPAD.TM. tablet computer, both from Apple, Inc.,
BLACKBERRY.RTM. smartphones from Research In Motion, the ANDROID.RTM. smartphone
from Google, Inc., the TRE.RTM. smartphone from Palm, Inc., and many more.” Rulkov at 13:43-
54.

Rulkov at Fig. 25.
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Rulkov at Fig. 6.

Flg. 25
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P36

See also Rulkov at 4:36-44, 5:48-64, 6:1-7:64, 14:1-5, 14:15-15:35, Fig. 26-28.

[SI] wherein the personal device | Rulkov discloses and/or renders obvious “wherein the personal device is configured to store and
is configured to store and display | display the processed output signal.”

the processed output signal, L. . .
P tput sign: “The monitoring device preferably transmits raw heart rate and accelerometer data to a

smartphone. The data is preferably stored or real-time data.” Rulkov at 15:6-8.

“A smartphone application preferably interprets data, displays, and stores it. Such data might
include items like heart rate, calories burned, exercise time, max/min/average heart rate, and
others. This allows for use of the greater processing power on the smartphone.” Rulkov at 15:9-
13.

“A microprocessor processes the signal generated from the optical sensor 30 to generate the
plurality of vital sign information for the user which is displayed on the display member 40. The
control components 43a-c are connected to the processor to control the input of information and
the output of information displayed on the display member 40.” Rulkov at 6:1-6.
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“This information is sent to the microprocessor for creation of user’s real-time pulse rate. The
microprocessor further processes the information to display pulse rate, calories expended by the
user of a pre-set period, target zones of activity, time and/or dynamic blood pressure. The
information is displayed on a display member or electro-optical display.” Rulkov at 6:56-62.

“FIG. 25 is a block diagram of a mobile communication device such as a mobile phone.

FIG. 26 is an illustration of a system including a monitoring device and a mobile phone which
receives a signal from the monitoring device.” Rulkov at 4:23-27.

Rulkov at Fig. 25.
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Flg. 25

See also Rulkov at 6:63-7:64, 15:17-19, Claim 1; see generally passages cited in the “A personal
device comprising a wireless receiver...” element, supra.

[5J] and wherein at least a portion | Rulkov discloses and/or renders obvious “and wherein at least a portion of the processed output
of the processed output signal is | signal is configured to be transmitted over a wireless transmission link.”
configured to be transmitted over

a wireless transmission link: and The monitoring device 20 alternatively has a short-range wireless transceiver which is preferably

a transmitter operating on a wireless protocol, e.g. BLUETOOTH, part-15, or 802.11. "Part-15"
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refers on ,
telephones. Other communication protocols include a part 15 low power short range radio,
standard BLUETOOTH or BLUETOOTH Low Energy to conserve power or other low power
short range communications means. The short-range wireless transmitter (e.g., a BLUETOOTH
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. An external laptop computer or hand-held device features a
similar antenna coupled to a matched wireless, short-range receiver that receives the packet. In
certain embodiments, the hand-held device is a cellular telephone with a Bluetooth circuit
integrated directly into a chipset used in the cellular telephone. In this case, the cellular telephone
may include a software application that receives, processes, and displays the information. The
secondary wireless component may also include a long-range wireless transmitter that transmits
information over a terrestrial, satellite, or 802.11-based wireless network. Suitable networks
include those operating at least one of the following protocols: CDMA, GSM, GPRS, Mobitex,
DataTac, iDEN, and analogs and derivatives thereof. Alternatively, the handheld device is a pager
or PDA.” Rulkov at 6:26-51.

€S

“The monitoring device 20 may also be able to download the information to a computer for further
processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” Rulkov at 8:16-20.

“One aspect of the present invention is a system for monitoring at least one vital sign of a user.
The system comprises a smartphone and a monitoring device. The smartphone comprises a short
range wireless transceiver, a processor and a display screen. The monitoring device comprises a
housing, an optical sensor for measuring blood flow through an artery of a wrist, arm or ankle of
the user, a processor, a short range wireless transceiver, and a power source. The short range
wireless transceiver operates on a communication protocol using a 9 kHz communication format, a
125 kHz RFID communication format, a 13.56 MHz communication format, a 433 MHz
communication format, a 433 MHz RFID communication format, or a 900 MHz RFID
communication format.” Rulkov at 13:55-67.
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See also Rulkov at Figs. 27-28.

[SK] a remote device configured | Rulkov discloses and/or renders obvious “a remote device configured to receive over the wireless
to receive over the wireless transmission link an output status comprising the at least a portion of the processed output signal,

transmission link an output status | to process the received output status to generate processed data and to store the processed data.”
comprising the at least a portion | . . . . . . . . .
of the processed output signal, to Fig. 28 is an isolated view of a mobile phone with a display of information generated from a

process the received output status signal from a monitoring device.” Rulkov at 4:30-32.

to generate processed data and to

“The monitoring device 20 may also be able to download the information to a computer for further
store the processed data.

processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” Rulkov at 8:16-20.

“The monitoring device preferably transmits raw heart rate and accelerometer data to a
smartphone. The data is preferably stored or real-time data.” Rulkov at 15:6-8.

“A smartphone application preferably interprets data, displays, and stores it. Such data might
include items like heart rate, calories burned, exercise time, max/min/average heart rate, and
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the greater p g power

13.

“The monitoring device 20 alternatively has a short-range wireless transceiver which is preferably
a transmitter operating on a wireless protocol, e.g. BLUETOOTH, part-15, or 802.11. "Part-15"
refers to a conventional low-power, short-range wireless protocol, such as that used in cordless
telephones. Other communication protocols include a part 15 low power short range radio,
standard BLUETOOTH or BLUETOOTH Low Energy to conserve power or other low power
short range communications means. The short-range wireless transmitter (e.g., a BLUETOOTH
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. An external laptop computer or hand-held device features a
similar antenna coupled to a matched wireless, short-range receiver that receives the packet. In
certain embodiments, the hand-held device is a cellular telephone with a Bluetooth circuit
integrated directly into a chipset used in the cellular telephone. In this case, the cellular telephone
may include a software application that receives, processes, and displays the information. The
secondary wireless component may also include a long-range wireless transmitter that transmits
information over a terrestrial, satellite, or 802.11-based wireless network. Suitable networks
include those operating at least one of the following protocols: CDMA, GSM, GPRS, Mobitex,
DataTac, iDEN, and analogs and derivatives thereof. Alternatively, the handheld device is a pager
or PDA.” Rulkov at 6:26-51.

“As shown in FIGS. 25-28, the system includes a monitoring device 20 and a mobile
communication device 1520. The monitoring device 20 transmits data 1515 to the mobile
communication device 1520 for display on a screen 1525 of the mobile communication device
1520. The user 1800 preferably wears both the mobile communication device 1520 and the
monitoring device 20. Such a mobile communication device preferably includes the
IPHONE.RTM. smartphone or IPAD.TM. tablet computer, both from Apple, Inc.,
BLACKBERRY.RTM. smartphones from Research In Motion, the ANDROID.RTM. smartphone
from Google, Inc., the TRE.RTM. smartphone from Palm, Inc., and many more.” Rulkov at 13:43-
54.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-1, p. 26
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 513 OMNI 2018 - IPR2020-00209



See also Rulkov at 4:45-47, 5:48-64, 6:1-7:64, 14:1-5, 14:15-15:35, Fig. 27-28.

[7] The system of claim 5,
wherein the remote device is
further configured to transmit at
least a portion of the processed
data to one or more other
locations, wherein the one or
more other locations is selected
from the group consisting of the
personal device, a doctor, a
healthcare provider, a cloud-
based server and one or more
designated recipients, and
wherein the remote device is
capable of transmitting

Rulkov discloses and/or renders obvious “[t]he system of claim 5, wherein the remote device is
further configured to transmit at least a portion of the processed data to one or more other
locations, wherein the one or more other locations is selected from the group consisting of the
personal device, a doctor, a healthcare provider, a cloud-based server and one or more designated
recipients, and wherein the remote device is capable of transmitting information related to a time
and a position associated with the at least a portion of the processed data.”

“The monitoring device 20 may also be able to download the information to a computer for further
processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” Rulkov at 8:16-20.

“A smartphone application preferably interprets data, displays, and stores it. Such data might
include items like heart rate, calories burned, exercise time, max/min/average heart rate, and
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at
a position associated with the at 13.

least a portion of the processed
data. “The monitoring device 20 alternatively has a short-range wireless transceiver which is preferably

a transmitter operating on a wireless protocol, e.g. BLUETOOTH, part-15, or 802.11. "Part-15"
refers to a conventional low-power, short-range wireless protocol, such as that used in cordless
telephones. Other communication protocols include a part 15 low power short range radio,
standard BLUETOOTH or BLUETOOTH Low Energy to conserve power or other low power
short range communications means. The short-range wireless transmitter (e.g., a BLUETOOTH
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. An external laptop computer or hand-held device features a
similar antenna coupled to a matched wireless, short-range receiver that receives the packet. In
certain embodiments, the hand-held device is a cellular telephone with a Bluetooth circuit
integrated directly into a chipset used in the cellular telephone. In this case, the cellular telephone
may include a software application that receives, processes, and displays the information. The
secondary wireless component may also include a long-range wireless transmitter that transmits
information over a terrestrial, satellite, or 802.11-based wireless network. Suitable networks
include those operating at least one of the following protocols: CDMA, GSM, GPRS, Mobitex,
DataTac, iDEN, and analogs and derivatives thereof. Alternatively, the handheld device is a pager
or PDA.” Rulkov at 6:26-51.

the greater p g power

“As shown in FIGS. 25-28, the system includes a monitoring device 20 and a mobile
communication device 1520. The monitoring device 20 transmits data 1515 to the mobile
communication device 1520 for display on a screen 1525 of the mobile communication device
1520. The user 1800 preferably wears both the mobile communication device 1520 and the
monitoring device 20. Such a mobile communication device preferably includes the
IPHONE.RTM. smartphone or IPAD.TM. tablet computer, both from Apple, Inc.,
BLACKBERRY.RTM. smartphones from Research In Motion, the ANDROID.RTM. smartphone
from Google, Inc., the TRE.RTM. smartphone from Palm, Inc., and many more.” Rulkov at 13:43-
54.
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Rulkov at Fig. 26.

See also Rulkov at 4:45-47, 5:48-64, 6:1-7:64, 14:1-5, 14:15-15:35, Fig. 27-28.

[8] The system of claim 5,
wherein the receiver is located a
first distance from a first one of
the plurality of light emitting
diodes and a different, second
distance from a second one of the
plurality of light emitting diodes
such that the receiver receives a
first signal from the first light
emitting diode and a second
signal from the second light
emitting diode.

Rulkov discloses and/or renders obvious “[t]he system of claim 5, wherein the receiver is located a
first distance from a first one of the plurality of light emitting diodes and a different, second
distance from a second one of the plurality of light emitting diodes such that the receiver receives
a first signal from the first light emitting diode and a second signal from the second light emitting
diode.”

“FIGS. 9-11 illustrate the sensor 36, The sensor 38 has a photodetector 38, at least two

LEDs 35 and an opaque lght shield 87, The LEDs 35 are preferably green light LEDs. The
sensor 38 preferably has 2 length, L, of 7-10 mum on each side, as shown in FIG. 9. The

sensor 38 preferably has a height, H, of 1-1.5 mm, as shown in FIG. 10, The opague light

shield 87 blocks the direct light from the LEDs 35 to the photodetector 36, Only the green light
diffused and transiucent throngh the wedia {skin of the user} $1, as shown in FIG. 11, is allowed
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to enter the charober of the photodetector 36, This provides for 2 more accurate heart rate or vital
sign signal.

In a preferred design of the sensor 39, the distance between the centers of active areas of

LEDs 358 is preferably 5-6 mum. The active area {photodetector 36) of a sensor 30 is placed in the
middie of that distance. In the custom sensor, the distance of a custom sensor is preferably in the
range of 3-4 mum {which means the spacing between the centers of photodetector 36 and

LEDs 35 is about 1.5-2 mm). The distance is preferably sufficient for the placement of an opague
barrier between them. To control the araplitude of the LELD intensity pulse 2 sufficient current
{voltage) range of intensity ramp is used to control the LEDs 35 and to achieve the same levels of
intensity in both LEDs 35 within a given range. The electrical characteristics of 520 nm SunLED
in terms of voltage range for intensity ramp is sufficient. The top surface of the sensor 3¢ is
preferably flat and in steady contact with the skin. Under 2 sirong motion condition, the skin
moves at the border of the contact surface. The sizes of the sensor area and flat skin contact area
are selected fo reduce the border motion effects. If the distance between the LEDs and sensor is
reduced, a lighted area of the skin is smaller, and the contact area is reduced (5%5 mm is
acceptable). LGA enables an easy way to seal the contact area from moisturs.” Rulkov at 12:41-
13:6.

Rulkov at Figs. 9 and 10.
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[9] The system of claim 5, Rulkov discloses and/or renders obvious “[t]he system of claim 5, wherein the output signal is

wherein the output signal is generated in part by comparing the first and second signals.”
ted in part b i
ﬁf: ;irra;t anlclil SP; c oné’ S(;(;I;g;:nng “Yet further, the optical sensor is a combination of a green light LED and a pulsed infrared LED

to offset noise effects of ambient light and sunlight.” Rulkov at 5:23-25.

“Immediately prior to deactivation of the LED, the analog-to-digital converter acquires the value
of the voltage integrated across the capacitor, C. The analog-to-digital converter generates a data
sample in digital form which is utilized by the microcontroller for evaluation of the heart rate the
wearer. Subsequent to the sample being acquired by the analog-to-digital converter, the LED is
deactivated and the capacitor, C, is shortcut by switch, SW, to reset the integrator, RC. A signal
indicating sensor saturation is also sent to the microcontroller for light control of the LEDs. This
states remains unchanged for a given time interval after which the process is repeated, which is
illustrated in FIG. 15. The signals are shown in FIG. 15, with the raw sensor signal received from
the sensor amplifier shown as varying between reflected light when the LEDs are on and an
ambient light level when the LEDs are off. The filtered signal from the high pass filter ("HPF") is
shown as the filtered sensor signal in FIG. 14. The integrator reset signal is shown as integrator
out signal in FIG. 15, and the integrator reset signal in FIG. 14.

At block 1305, a band pass filter is implemented preferably with two sets of data from the analog-
to-digital converter. At block 1305, an average of the values of data samples within each of a first
set of samples is calculated by the microprocessor. For example, the values of data samples within
forty-four samples are summed and then divided by forty-four to generate an average value for the
first set of samples. Next, an average of the values of data samples within a second set of samples
is calculated by the microprocessor. For example, the values of data samples within twenty-two
samples are summed and then divided by twenty-two to generate an average value for the second
set of samples. Preferably, the second set of samples is less than the first set of samples. Next, the
average value of the second set of samples is subtracted from the average value for the first set of
samples to generate a first filtered pulse data value.” Rulkov at 10:13-47.

Rulkov at Fig. 15.
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[10] The system of claim 5,
wherein the output signal
comprises one or more
physiological parameters, and the
remote device is capable of
storing a history of at least a
portion of the one or more
physiological parameters over a
specified period of time.

Rulkov discloses and/or renders obvious “[t]he system of claim 5, wherein the output signal
comprises one or more physiological parameters, and the remote device is capable of storing a
history of at least a portion of the one or more physiological parameters over a specified period of
time.”

“The system for monitoring a real-time vital sign of 2 user comprises a monitoring device
comprising an optical sensor for generating a real-time digitized optical signal corresponding to a
flow of blood through an artery of the user and an accelerometer for generating real-time
accelcrometer data comprising a X-axis signal, a Y-axis signal and a Z-axis signal based on a
mavement of the user.” Rulkov at 3:3-9.

“As the heart pumps blood through the arteries in the user’s arm, ankle or wrist, the photodetector
36, which is typically a photodiode, detects reflectance/transmission at the wavelengths (green, red
or infrared), and in response generates a radiation-induced signal.” Rulkov at 5:16-30.

“The microprocessor can also store data. The microprocessor can process the data to display pulse
rate, blood oxygenation levels, calories expended by the user of a pre-set time period, target zone
activity, time and dynamic blood pressure.” Rulkov at 5:57-61.

Ommni MedSci, Inc. v. Apple Inc.

EXHIBIT B-1, p. 33

Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 520

OMNI 2018 - IPR2020-00209




member 40 is a liquid crystal display (“LCD”) or other similar dlsplay device.” 5:65-67.

“This information is sent io the microprocessor for creation of user’s real-time pulse rate. The
microprocessor further processes the information to display pulse rate, calorics expended by the
user of a pre-set time period, target zones of activity, time and/or dynamic blood pressure. The
mformation is displayed on 2 display member or eleciro-optical display. Rulkov at §:56-83.

“At block 1310, the filtered pulse data value is processed using a heart rate evaloation code to
generate a first heart rate value. In a preferred method, the heart rate evaluation code obtains the
heart rate by calculating the distance between crossing points of the voltage through zero. Onee
the first heart rate value is known, then an adaptive resonant filter is wiilized to generate a filtered
second heart rate value by atfenuating interference caused by motion artifacts. At block 1315, a
sample delay is computed as the period of evaluated heart rate divided by two.” Rulkov at 10:48-
57,

“The monitoring device preferably transmits raw heart rate and accelerometer data to a
smartphone. The data is preferably stored or real-time data.” Rulkov at 15:6-8.

See also Rulkov at 11:12-19, 13:55-62, Figs. 13, 18-20, Claim 1.

[13] A measurement system To the extent the preamble is limiting, Rulkov discloses and/or renders obvious “a measurement
comprising system.”

See CHART ONE: *533 Patent, Claim Element 5 above.

[13A] a wearable measurement Rulkov discloses and/or renders obvious “a wearable measurement device for measuring one or

device for measuring one or more | more physiological parameters, including a light source comprising a plurality of semiconductor
physiological parameters, sources that are light emitting diodes, the light emitting diodes configured to generate an output

including a light source optical beam with one or more optical wavelengt!

comprising a plurality of
semiconductor sources that are
light emitting diodes, the light

“Fig. 1 is a plan view of a preferred embodiment of a monitoring device worn by a user.”
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emitting diodes configured to
generate an output optical beam
with one or more optical
wavelengths,

“As shown in FIGS. 1-5, a monitoring device is generally designated 20. The monitoring device
20 preferably includes an article 25 and an attachment band 26 having an exterior surface 26a and
interior surface 26b. The monitoring device 20 is preferably secured with VELCRO.RTM. hook
and loop material 31a and 31b. The article 25 preferably includes an optical sensor 30, control
components 43a-43c and optionally a display member 40. The monitoring device 20 is preferably
worn on a user's wrist, arm or ankle.” Rulkov at 4:36-44.

“Although the monitoring device 20 is described in reference to an article worn on a user's arm,
wrist or ankle, those skilled in the pertinent art will recognize that the monitoring device 20 may
take other forms such as eyewear disclosed in Brady et al, U.S. Pat. No. 7,648,463, for a
Monitoring Device, Method And System, which is hereby incorporated by reference in its entirety
or a glove such as disclosed in Rulkov et al., U.S. Pat. No. 7,887,492, for a Monitoring Device,
Method And System, which is hereby incorporated by reference in its entirety.” Rulkov at 4:61-
5:3.

“The optical sensor 30 of the monitoring device 20 is preferably positioned over the radial artery
or ulnar artery if the article 25 is worn on the user's arm. The optical sensor 30 of the monitoring
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on the user's ankle. However, those skilled in the pertinent art will recognize that the optical
sensor may be placed over other arteries of the user without departing from the scope and spirit of
the present invention. Further, the optical sensor 30 need only be in proximity to an artery of the
user in order to obtain a reading or signal.” Rulkov at 5:4-15.

“As shown in FIGS. 25-28, the system includes a monitoring device 20 and a mobile
communication device 1520. The monitoring device 20 transmits data 1515 to the mobile
communication device 1520 for display on a screen 1525 of the mobile communication device
1520. The user 1800 preferably wears both the mobile communication device 1520 and the
monitoring device 20. Such a mobile communication device preferably includes the
IPHONE.RTM. smartphone or IPAD.TM. tablet computer, both from Apple, Inc.,
BLACKBERRY.RTM. smartphones from Research In Motion, the ANDROID.RTM. smartphone
from Google, Inc., the TRE.RTM. smartphone from Palm, Inc., and many more.” Rulkov at 13:43-
54.

“Such a device may detect the electrical pulses from the heart such as the chest belt monitors,
however a preferred application would be a more convenient monitor that would be worn on the
arm of the game player, but would be motion resistant as well as continuous.” Rulkov at 14:58-63.

“A user can run or do other exercise while wearing the monitoring device and the smartphone. The
smartphone then becomes a “mobile exercise device.” Rulkov at 15:30-32.

“The system for monitoring a real-time vital sign of 2 user comprises a monitoring device
comprising an optical sensor for generating a real-time digitized optical signal corresponding to a
flow of blood through ap artery of the user and an accelerometer for gencrating real-time
accelerometer data comprising a X-axis signal, a Y-axis signal and a Z-axis signal based on a
movement of the user.” Rulkov at 3:3-9.
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“Ast art pumps bl ou, e art , \
36, which is typically a photodiode, detects reflectance/transmission at the wavelengths (green, red
or infrared), and in response generates a radiation-induced signal.” Rulkov at 5:16-30.

“This information is sent to the microprocessor for creation of user’s real-time pulse rate. The
microprocessor further processes the information to display pulse rate, calories expended by the
user of a pre-cet time period, target zones of activity, time and/or dynamic blood pressure. The
information is digplayed on a dsplay roeraber or electro-optical display. Rulkov at 6:56-63.

“At block 1310, the filtered pulse data value is processed using & heart rate evaluation code to
generate a first heart rate value. In a preferred method, the heart rate evaluation code obtains the
heart rate by calculating the distance between crossing points of the voltage through zere. Once
the first heart rate value is known, then an adaptive resonant filter is utilized to generate a filtered
second heart rate value by attenuating interference caused by motion arfifacts. At block 1315, a
sample delay is computed as the period of evaluated heart rate divided by tweo.” Rulkov at 18:48-
57.

“The optical sensor preferably comprises a photo-detector and a plurality of light emitting diodes.”
Rulkov at Abstract.

“Pulse oximeter devices typically contain two light emitting diodes: one in the red band of light
(660 nanometers) and one in the infrared band of light (940 nanometers).” Rulkov at 1:53-55.

“In a preferred embodiment, the optical sensor 30 is a plurality of light emitting diodes ("LED")

35 based on green light wherein the LEDs 35 generate green light (wavelength of 500-570 nm),
and a photodetector 36 detects the green light. Yet in an alternative embodiment, the optical sensor
30 is a photodetector 36 and a single LED 35 transmitting light at a wavelength of approximately
900 nanometers as a pulsed infrared LED. Yet further, the optical sensor is a combination of a
green light LED and a pulsed infrared LED to offset noise affects of ambient light and sunlight.

As the heart pumps blood through the arteries in the user's arm, ankle or wrist, the photodetector
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36, which is typically a photodiode, detects reflectance/transmission at the wavelengths (green, red
or infrared), and in response generates a radiation-induced signal.” Rulkov at 5:16-30.

“The light source 35 is preferably a plurality of LEDs 35.” Rulkov at 9:64-65.

See also Rulkov at 5:43-47, 6:21-25, 11:12-19, 11:39-53, 12:41-51, 13:55-62, Figs. 13, 18-20, 26-
28, Claim 1.

[13B] wherein at least a portion Rulkov discloses and/or renders obvious “wherein at least a portion of the one or more optical
of the one or more optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”
wavelengths is a near-infrared L .

wavelength between 700 See CHART ONE: 533 Patent, Claim Element 5B above.

nanometers and 2500 nanometers,

[13C] the light source configured | Rulkov discloses and/or renders obvious “the light source configured to increase signal-to-noise
to increase signal-to-noise ratio ratio by increasing a light intensity from at least one of the plurality of semiconductor sources and
by increasing a light intensity by increasing a pulse rate of at least one of the plurality of semiconductor sources.”

fr t least f the plurali .

o; g;icg;fiu‘::?:ros ourt::fsl::dlgy See CHART ONE: ’533 Patent, Claim Element 5C above.

increasing a pulse rate of at least
one of the plurality of
semiconductor sources;

[13D] the wearable measurement | Rulkov discloses and/or renders obvious “the wearable measurement device comprising a plurality
device comprising a plurality of | of lenses configured to receive a portion of the output optical beam and to deliver an analysis
lenses configured to receive a output beam to a sample.”

portion of the output optical beam R .

and to deliver an analysis output See CHART ONE: ’533 Patent, Claim Element 5D above.

beam to a sample;
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[13E] the wearable measurement | Rulkov discloses and/or renders obvious “the wearable measurement device further comprising a
device further comprising a receiver configured to receive and process at least a portion of the analysis output beam reflected
receiver configured to receive and | or transmitted from the sample and to generate an output signal.”

2::1:;:: Sfl:fpalsl: z é:::lt lr‘:fllchtg:f or See CHART ONE: 533 Patent, Claim Element 5E above.

transmitted from the sample and
to generate an output signal

[13F] wherein the wearable Rulkov discloses and/or renders obvious “wherein the wearable measurement device receiver is
measurement device receiver is configured to be synchronized to pulses of the light source.”

configured to be synchronized to s .
pulses of the light source; See CHART ONE: 533 Patent, Claim Element 5F above.

[13G] a personal device Rulkov discloses and/or renders obvious “a personal device comprising a wireless receiver, a
comprising a wireless receiver, a | wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a
wireless transmitter, a display, a | microprocessor and a touch screen.”
microphone, a speaker, one or .

See CHART ONE: ’533 Patent, Claim Element 5G above.
more buttons or knobs, a ?
microprocessor and a touch

screen,
[13H] the personal device Rulkov discloses and/or renders obvious “the personal device configured to receive and process at
configured to receive and process | least a portion of the output signal, wherein the personal device is configured to store and display
at least a portion of the output the processed output signal.”

ignal
Sienal, See CHART ONE: *533 Patent, Claim Element SH above.

[13I] wherein the personal device | Rulkov discloses and/or renders obvious “wherein the personal device is configured to store and
is configured to store and display | display the processed output signal.”

the processed output signal, and See CHART ONE: *533 Patent, Claim Element 51 above.
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[13J] wherein at least a portion of
the processed output signal is
configured to be transmitted over
a wireless transmission link; and

Rulkov discloses and/or renders obvious “wherein at least a portion of the processed output signal
is configured to be transmitted over a wireless transmission link.”

See CHART ONE: 533 Patent, Claim Element 5J above.

[13K] a remote device configured
to receive over the wireless
transmission link an output status
comprising the at least a portion
of the processed output signal, to
process the received output status
to generate processed data and to
store the processed data, and

Rulkov discloses and/or renders obvious “a remote device configured to receive over the wireless
transmission link an output status comprising the at least a portion of the processed output signal,
to process the received output status to generate processed data and to store the processed data.”

See CHART ONE: *533 Patent, Claim Element 5K above.

[13L] wherein the remote device
is capable of storing a history of
at least a portion of the received
output status over a specified
period of time.

Rulkov discloses and/or renders obvious “wherein the remote device is capable of storing a history
of at least a portion of the received output status over a specified period of time.”

See CHART ONE: *533 Patent, Claim Element 10 above.

[16] The system of claim 13,
wherein the receiver is located a
first distance from a first one of
the plurality of light emitting
diodes and a different, second
distance from a second one of the
plurality of light emitting diodes
such that the receiver receives a
first signal from the first light
emitting diode and a second
signal from the second light
emitting diode.

Rulkov discloses and/or renders obvious “[t]he system of claim 13, wherein the receiver is located
a first distance from a first one of the plurality of light emitting diodes and a different, second
distance from a second one of the plurality of light emitting diodes such that the receiver receives
a first signal from the first light emitting diode and a second signal from the second light emitting
diode.”

See CHART ONE: *533 Patent, Claim Element 8 above.
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[17] The system of claim 16,
wherein the output signal is
generated in part by comparing
the first and second signals.

Rulkov discloses and/or renders obvious “[t]he system of claim 16, wherein the output signal is
generated in part by comparing the first and second signals.”

See CHART ONE: *533 Patent, Claim Element 9 above.
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EXHIBIT B-2

U.S. Patent No. 9,757,040 vs Rulkov

Priority Date/Publication Date: October 4, 2011/May 8, 2012 Prior Art Status: §§ 102(a), (b), and (e) (pre-AlA)
§§ 102(a), (b), and (d)

U.S. Patent No. 8,172,761 to Rulkov et al. (“Rulkov”) anticipates the asserted claims of U.S. Patent No. 9,757,040 (“the 040 Patent”)
or renders those claims obvious alone and/or in view of at least any of the references identified in Apple’s Obviousness Combinations
Chart.

As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s
agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.
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CHART TWO: U.S. Patent No. 9,757,040 vs Rulkov

[1] A wearable device for use
with a smart phone or tablet, the
wearable device comprising:

To the extent the preamble is limiting, Rulkov discloses and/or renders obvious “[a] wearable
device for use with a smart phone or tablet.”

See CHART ONE: 533 Patent, Claim Elements 5, 5G, and 13A above.

[1A] a measurement device
including a light source
comprising a plurality of light
emitting diodes (LEDs) for
measuring one or more
physiological parameters

Rulkov discloses and/or renders obvious “a measurement device including a light source
comprising a plurality of light emitting diodes (LEDs) for measuring one or more physiological
parameters.”

See CHART ONE: *533 Patent, Claim Element 13A above.

[1B] the measurement device
configured to generate, by
modulating at least one of the
LEDs having an initial light
intensity, an input optical beam
having one or more optical
wavelengths,

Rulkov discloses and/or renders obvious “the measurement device configured to generate, by
modulating at least one of the LEDs having an initial light intensity, an input optical beam having
one or more optical wavelengths.”

“In reference to FIGS. 14 and 15, in the pulse mode the LED 35 is periodically activated for short
intervals of time by a signal from the microcontroller. The reflected pulse of light is received by
the sensor, with the generation of a voltage pulse having an amplitude proportional to the intensity
of the reflected light. When the LED is activated, the switch, SW, is open by the action of the
control signal from the microcontroller, and the capacitor, C, integrates the pulse generated from
the sensor by charging through the resistor R. Immediately prior to deactivation of the LED, the
analog-to-digital converter acquires the value of the voltage integrated across the capacitor, C. The
analog-to-digital converter generates a data sample in digital form which is utilized by the
microcontroller for evaluation of the heart rate the wearer. Subsequent to the sample being
acquired by the analog-to-digital converter, the LED is deactivated and the capacitor, C, is
shortcut by switch, SW, to reset the integrator, RC. A signal indicating sensor saturation is also
sent to the microcontroller for light control of the LEDs. This states remains unchanged for a
given time interval after which the process is repeated, which is illustrated in FIG. 15. The signals
are shown in FIG. 15, with the raw sensor signal received from the sensor amplifier shown as
varying between reflected light when the LEDs are on and an ambient light level when the LEDs
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are off. The filtered signal from the high pass filter ("HPF") is shown as the filtered sensor signal
in FIG. 14. The integrator reset signal is shown as integrator out signal in FIG. 15, and the
integrator reset signal in FIG. 14.” Rulkov at 10:4-31.

“The preferred embodiment uses 250 microsecond LED pulses and a 12T photodetector 36 with
second order active high pass filter (100 Hz cutoff). The DC output of the sensor 30 is monitored
to ensure that it is not saturated by the effects of ambient light. The use of short-term pulses
reduces ambient light. In the preferred embodiment, voltage is collected at the sensor output every
2 msec. Inside the microprocessor 741, an average 8 consecutive samples improve the SNR
(signal to noise ratio) and then work with the averaged numbers. Therefore the sampling rate for
raw data is preferably 2 msec, however if 8-samples averaging is utilized in the integrated sensor
the data output rate is reduced to sending a new averaged value every 16 msec. An ADC is used
with a 12-bit resolution. The response of TSL 12T is acceptable. 100 Hz is the low limit for LPF
cutoff. The selection of pulse duration is preferably based on the speed of the LED drivers, sensor
electronics and output pick detection. The higher the low frequency cutoff that is implemented for
the selected pulse duration, the better SNR.” Rulkov at 13:6-25.

“Ambient light filter and amplifier 2010 transits to synchronized pick detector 2012 for a voltage
or data output 2014 as an output signal 2016.” Rulkov at 13:40-42.

“FIG. 16 illustrates how the control mechanism operates to maintain a proper light intensity. As
the signal reaches the upper limit, the photodetector becomes saturated and the processor lowers
the current flow, which results in a break in the signal. Then as the signal is lowered it becomes
too low and the processor increases the light intensity resulting in a break in the signal. Rulkov at
11:32-38.

“The microprocessor 741 has a LED control 715 connected to DAC 702 for controlling the
intensity of the LEDs 737.” Rulkov at 11:43-45.

“The light source 35 is preferably a plurality of LEDs 35. The intensity of the light is preferably
controlled by an integrator 300.” Rulkov at 9:64-66.
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See also Rulkov, Figs. 16, 18.
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[1C] wherein at least a portion of
the one or more optical
wavelengths is a near-infrared
wavelength between 700
nanometers and 2500 nanometers;

Rulkov discloses and/or renders obvious “wherein at least a portion of the one or more optical
wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”

See CHART ONE: 533 Patent, Claim Element 5B above.

[1D] the measurement device
comprising one or more lenses
configured to receive and to
deliver a portion of the input
optical beam to tissue, wherein
the tissue reflects at least a
portion of the input optical beam
delivered to the tissue;

Rulkov discloses and/or renders obvious “the measurement device comprising one or more lenses
configured to receive and to deliver a portion of the input optical beam to tissue, wherein the tissue
reflects at least a portion of the input optical beam delivered to the tissue.”

See CHART ONE: *533 Patent, Claim Element 5D above.

[1E] the measurement device
further comprising a reflective
surface configured to receive and
redirect at least a portion of light
reflected from the tissue;

Rulkov discloses and/or renders obvious “the measurement device further comprising a reflective
surface configured to receive and redirect at least a portion of light reflected from the tissue.”

Rulkov at Fig. 11.

Fldi B

“FIGS. 9-11 illustrate the sensor 30. The sensor 30 has a photodetector 36, at least two LEDs 35
and an opaque light shield 57. The LEDs 35 are preferably green light LEDs. The sensor 30
preferably has a length, L, of 7-10 mm on each side, as shown in FIG. 9. The sensor 30 preferably
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light from the LEDs 35 to the photodetector 36. Only the green light diffused and translucent
through the media (skin of the user) 61, as shown in FIG. 11, is allowed to enter the chamber of
the photodetector 36. This provides for a more accurate heart rate or vital sign signal.” Rulkov at
12:41-51.

See also Rulkov at Figs. 9-10.

[1F] the measurement device
further comprising a receiver
configured to:

capture light while the LEDs are
off and convert the captured light
into a first signal and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
input optical beam reflected from
the tissue;

Rulkov discloses and/or renders obvious “the measurement device further comprising a receiver
configured to: capture light while the LEDs are off and convert the captured light into a first signal
and capture light while at least one of the LEDs is on and convert the captured light into a second
signal, the captured light including at least a portion of the input optical beam reflected from the
tissue.”

“Immediately prior to deactivation of the LED, the analog-to-digital converter acquires the value
of the voltage integrated across the capacitor, C. The analog-to-digital converter generates a data
sample in digital form which is utilized by the microcontroller for evaluation of the heart rate the
wearer. Subsequent to the sample being acquired by the analog-to-digital converter, the LED is
deactivated and the capacitor, C, is shortcut by switch, SW, to reset the integrator, RC. A signal
indicating sensor saturation is also sent to the microcontroller for light control of the LEDs. This
states remains unchanged for a given time interval after which the process is repeated, which is
illustrated in FIG. 15. The signals are shown in FIG. 15, with the raw sensor signal received from
the sensor amplifier shown as varying between reflected light when the LEDs are on and an
ambient light level when the LEDs are off. The filtered signal from the high pass filter ("HPF") is
shown as the filtered sensor signal in FIG. 14. The integrator reset signal is shown as integrator
out signal in FIG. 15, and the integrator reset signal in FIG. 14.

At block 1305, a band pass filter is implemented preferably with two sets of data from the analog-
to-digital converter. At block 1305, an average of the values of data samples within each of a first
set of samples is calculated by the microprocessor. For example, the values of data samples within
forty-four samples are summed and then divided by forty-four to generate an average value for the
first set of samples. Next, an average of the values of data samples within a second set of samples
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is calculated by the microprocessor. For example, the values of data samples within twenty-two
samples are summed and then divided by twenty-two to generate an average value for the second
set of samples. Preferably, the second set of samples is less than the first set of samples. Next, the
average value of the second set of samples is subtracted from the average value for the first set of
samples to generate a first filtered pulse data value.” Rulkov at 10:13-47.

Rulkov at Fig. 15.
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[1G] the measurement device
configured to improve a signal-to-
noise ratio of the input optical
beam reflected from the tissue by
differencing the first signal and
the second signal;

Rulkov discloses and/or renders obvious “the measurement device configured to improve a signal-
to-noise ratio of the input optical beam reflected from the tissue by differencing the first signal and
the second signal.”

“Immediately prior to deactivation of the LED, the analog-to-digital converter acquires the value
of the voltage integrated across the capacitor, C. The analog-to-digital converter generates a data
sample in digital form which is utilized by the microcontroller for evaluation of the heart rate the
wearer. Subsequent to the sample being acquired by the analog-to-digital converter, the LED is
deactivated and the capacitor, C, is shortcut by switch, SW, to reset the integrator, RC. A signal
indicating sensor saturation is also sent to the microcontroller for light control of the LEDs. This
states remains unchanged for a given time interval after which the process is repeated, which is
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str nFIG. 15. T gnal sho FIG. 15, w a2 sor signal re d fr
the sensor amplifier shown as varying between reflected light when the LEDs are on and an
ambient light level when the LEDs are off. The filtered signal from the high pass filter ("HPF") is
shown as the filtered sensor signal in FIG. 14. The integrator reset signal is shown as integrator
out signal in FIG. 15, and the integrator reset signal in FIG. 14.

At block 1305, a band pass filter is implemented preferably with two sets of data from the analog-
to-digital converter. At block 1305, an average of the values of data samples within each of a first
set of samples is calculated by the microprocessor. For example, the values of data samples within
forty-four samples are summed and then divided by forty-four to generate an average value for the
first set of samples. Next, an average of the values of data samples within a second set of samples
is calculated by the microprocessor. For example, the values of data samples within twenty-two
samples are summed and then divided by twenty-two to generate an average value for the second
set of samples. Preferably, the second set of samples is less than the first set of samples. Next, the
average value of the second set of samples is subtracted from the average value for the first set of
samples to generate a first filtered pulse data value.” Rulkov at 10:13-47.

Rulkov at Fig. 15.

365 Y ey

[S0 o NRDT e . by

i EEH

FIG. 15

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-2, p. 8
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 536 OMNI 2018 - IPR2020-00209



[1H] the light source configured
to further improve the signal-to-
noise ratio of the input optical
beam reflected from the tissue by
increasing the light intensity
relative to the initial light
intensity from at least one of the
LEDs;

Rulkov discloses and/or renders obvious “the light source configured to further improve the
signal-to-noise ratio of the input optical beam reflected from the tissue by increasing the light
intensity relative to the initial light intensity from at least one of the LEDs.”

See CHART ONE: 533 Patent, Claim Element 5C above.

[1I] the measurement device
further configured to generate an
output signal representing at least
in part a non-invasive
measurement on blood contained
within the tissue; and

Rulkov discloses and/or renders obvious “the measurement device further configured to generate
an output signal representing at least in part a non-invasive measurement on blood contained
within the tissue.”

See CHART ONE: *533 Patent, Claim Element 10 above.

[1J] the wearable device
configured to communicate with
the smart phone or tablet, the
smart phone or tablet comprising
a wireless receiver, a wireless
transmitter, a display, a voice
input module, a speaker, and a
touch screen, the smart phone or
tablet configured to receive and to
process at least a portion of the
output signal,

Rulkov discloses and/or renders obvious “the wearable device configured to communicate with the
smart phone or tablet, the smart phone or tablet comprising a wireless receiver, a wireless
transmitter, a display, a voice input module, a speaker, and a touch screen, the smart phone or
tablet configured to receive and to process at least a portion of the output signal.”

See CHART ONE: *533 Patent, Claim Elements 5G and 5H above.

[1K] wherein the smart phone or
tablet is configured to store and
display the processed output
signal, wherein at least a portion

Rulkov discloses and/or renders obvious “wherein the smart phone or tablet is configured to store
and display the processed output signal, wherein at least a portion of the processed output signal is
configured to be transmitted over a wireless transmission link.”

Ommni MedSci, Inc. v. Apple Inc.
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of the processed output signal is | See CHART ONE: ’533 Patent, Claim Elements 5I and 5J above.
configured to be transmitted over
a wireless transmission link.

[2] The wearable device of claim | Rulkov discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the receiver is
1, wherein the receiver is configured to be synchronized to the modulation of the at least one of the LEDs.”

configured to be synchronized to L .

the modulation of the at least one See CHART ONE: 533 Patent, Claim Element 5F above.
of the LEDs.

[4] The wearable device of claim | Rulkov discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the receiver is
1, wherein the receiver is located | located a first distance from a first one of the LEDs and a different distance from a second one of
a first distance from a first one of | the LEDs such that the receiver can capture a third signal from the first LED and a fourth signal
the LEDs and a different distance | from the second LED, and wherein the output signal is generated in part by comparing the third
from a second one of the LEDs and fourth signals.”

such that the receiver can capture , .

a third signal from the first LED See CHART ONE: ’533 Patent, Claim Element 8 above.

and a fourth signal from the
second LED, and wherein the
output signal is generated in part
by comparing the third and fourth
signals.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-2, p. 10
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EXHIBIT B-3

U.S. Patent No. 9,861,286 vs Rulkov

Priority Date/Publication Date: October 4, 2011/May 8, 2012 Prior Art Status: §§ 102(a), (b), and (e) (pre-AlA)
§§ 102(a), (b), and (d)

U.S. Patent No. 8,172,761 to Rulkov et al. (“Rulkov”) anticipates the asserted claims of U.S. Patent No. 9,861,286 (“the 286 Patent”)
or renders those claims obvious alone and/or in view of at least any of the references identified in Apple’s Obviousness Combinations
Chart.

As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s
agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-3, p. 1
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CHART THREE: U.S. Patent No. 9,861,286 vs Rulkov

[16] A wearable device for use
with a smart phone or tablet, the
wearable device comprising:

To the extent the preamble is limiting, Rulkov discloses and/or renders obvious “[a] wearable
device for use with a smart phone or tablet.”

See CHART ONE: 533 Patent, Claim Elements 5, 5G, and 13A above.

[16A] a measurement device
including a light source
comprising a plurality of light
emitting diodes (LEDs) for
measuring one or more
physiological parameters,

Rulkov discloses and/or renders obvious “a measurement device including a light source
comprising a plurality of light emitting diodes (LEDs) for measuring one or more physiological
parameters.”

See CHART ONE: *533 Patent, Claim Element 13A above.

[16B] the measurement device
configured to generate, by
modulating at least one of the
LEDs having an initial light
intensity, an optical beam having
a plurality of optical wavelengths,

Rulkov discloses and/or renders obvious “the measurement device configured to generate, by
modulating at least one of the LEDs having an initial light intensity, an optical beam having a
plurality of optical wavelengths.”

See CHART TWO: *040 Patent, Claim Element 1B above.

[16C] wherein at least a portion
of the plurality of optical
wavelengths is a near-infrared
wavelength between 700
nanometers and 2500 nanometers;

Rulkov discloses and/or renders obvious “wherein at least a portion of the plurality of optical
wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”

See CHART ONE: 533 Patent, Claim Element 5B above.

[16D] the measurement device
comprising one or more lenses
configured to receive and to
deliver a portion of the optical
beam to tissue, wherein the tissue
reflects at least a portion of the

Rulkov discloses and/or renders obvious “the measurement device comprising one or more lenses
configured to receive and to deliver a portion of the optical beam to tissue, wherein the tissue
reflects at least a portion of the optical beam delivered to the tissue, and wherein the measurement
device is adapted to be placed on a wrist or an ear of a user.”

See CHART ONE: *533 Patent, Claim Element 5D above.

Ommni MedSci, Inc. v. Apple Inc.
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optical beam delivered to the
tissue, and

[16E] wherein the measurement | Rulkov discloses and/or renders obvious “wherein the measurement device is adapted to be placed
device is adapted to be placed on | on a wrist or an ear of a user.”

a wrist or an ear of a user; . . . . o .
’ “Fig. 1 is a plan view of a preferred embodiment of a monitoring device worn by a user.”

“As shown in FIGS. 1-5, a monitoring device is generally designated 20. The monitoring device
20 preferably includes an article 25 and an attachment band 26 having an exterior surface 26a and
interior surface 26b. The monitoring device 20 is preferably secured with VELCRO.RTM. hook
and loop material 31a and 31b. The article 25 preferably includes an optical sensor 30, control
components 43a-43c and optionally a display member 40. The monitoring device 20 is preferably
worn on a user's wrist, arm or ankle.” Rulkov at 4:36-44.

“Although the monitoring device 20 is described in reference to an article worn on a user's arm,
wrist or ankle, those skilled in the pertinent art will recognize that the monitoring device 20 may
take other forms such as eyewear disclosed in Brady et al, U.S. Pat. No. 7,648,463, for a

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-3, p. 3
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M g Device, Me And System, by TpOra; ent;
or a glove such as disclosed in Rulkov et al., U.S. Pat. No. 7,887,492, for a Monitoring Device,
Method And System, which is hereby incorporated by reference in its entirety.” Rulkov at 4:61-
5:3.

“The optical sensor 30 of the monitoring device 20 is preferably positioned over the radial artery
or ulnar artery if the article 25 is worn on the user's arm. The optical sensor 30 of the monitoring
device 20 is preferably positioned over the posterior tibial artery of a user if the article 25 is worn
on the user's ankle. However, those skilled in the pertinent art will recognize that the optical
sensor may be placed over other arteries of the user without departing from the scope and spirit of
the present invention. Further, the optical sensor 30 need only be in proximity to an artery of the
user in order to obtain a reading or signal.” Rulkov at 5:4-15.

“Such a device may detect the electrical pulses from the heart such as the chest belt monitors,
however a preferred application would be a more convenient monitor that would be worn on the
arm of the game player, but would be motion resistant as well as continuous.” Rulkov at 14:58-63.

See also Rulkov at Figs. 26-28.

[16F] the measurement device
further comprising a receiver
configured to:

capture light while the LEDs are
off and convert the captured light
into a first signal and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the

Rulkov discloses and/or renders obvious “the measurement device further comprising a receiver
configured to: capture light while the LEDs are off and convert the captured light into a first signal
and capture light while at least one of the LEDs is on and convert the captured light into a second
signal, the captured light including at least a portion of the optical beam reflected from the tissue.”

See CHART TWO: *040 Patent, Claim Element 1F above.

Ommni MedSci, Inc. v. Apple Inc.
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[16G] the measurement device Rulkov discloses and/or renders obvious “the measurement device configured to improve a signal-
configured to improve a signal-to- | to-noise ratio of the optical beam reflected from the tissue by differencing the first signal and the
noise ratio of the optical beam second signal.”

reflected from the tissue by , .

differencing the first signal and See CHART TWO: *040 Patent, Claim Element 1G above.

the second signal;

[16H] the light source configured | Rulkov discloses and/or renders obvious “the light source configured to further improve the

to further improve the signal-to- | signal-to-noise ratio of the optical beam reflected from the tissue by increasing the light intensity
noise ratio of the optical beam relative to the initial light intensity from at least one of the LEDs.”

ir;f:lrt:;t:ii gﬁ ,:)hlzl ;ﬁ;:lfsttilsjzy See CHART ONE: 533 Patent, Claim Element 5C above.

relative to the initial light
intensity from at least one of the
LEDs;

[16I] the measurement device Rulkov discloses and/or renders obvious “the measurement device further configured to generate
further configured to generate an | an output signal representing at least in part a non-invasive measurement on blood contained
output signal representing at least | within the tissue.”

in part a non-invasive L .

measurement on blood contained See CHART ONE: 533 Patent, Claim Element 10 above.
within the tissue; and

[16J] wherein the receiver Rulkov discloses and/or renders obvious “wherein the receiver includes a plurality of spatially
includes a plurality of spatially separated detectors.”

separated detectors,
Rulkov at Fig. 18.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-3,p. 5
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PG 18

“Immediately prior to deactivation of the LED, the analog-to-digital converter acquires the value
of the voltage integrated across the capacitor, C. The analog-to-digital converter generates a data
sample in digital form which is utilized by the microcontroller for evaluation of the heart rate the
wearer. Subsequent to the sample being acquired by the analog-to-digital converter, the LED is
deactivated and the capacitor, C, is shortcut by switch, SW, to reset the integrator, RC.” Rulkov at
10:13-21.

“The signal from the photodetector 736 is transmitted to a high pass filter (HPF) 703 which sends
it to an analog to digital converter 704, and the signal from the photodetector 737 is also sent
directly to a second analog to digital converter 704.” Rulkov at 11:45-49.

See also Rulkov at 10:32-33.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-3, p. 6
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[16K] wherein at least one analog | Rulkov discloses and/or renders obvious “wherein at least one analog to digital converter is
to digital converter is coupled to | coupled to the spatially separated detectors.”

the spatially separated detectors.
Rulkov at Fig. 18.

e

FIGL 38

“Immediately prior to deactivation of the LED, the analog-to-digital converter acquires the value
of the voltage integrated across the capacitor, C. The analog-to-digital converter generates a data
sample in digital form which is utilized by the microcontroller for evaluation of the heart rate the
wearer. Subsequent to the sample being acquired by the analog-to-digital converter, the LED is
deactivated and the capacitor, C, is shortcut by switch, SW, to reset the integrator, RC.” Rulkov at
10:13-21.

“The signal from the photodetector 736 is transmitted to a high pass filter (HPF) 703 which sends
it to an analog to digital converter 704, and the signal from the photodetector 737 is also sent
directly to a second analog to digital converter 704.” Rulkov at 11:45-49.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B-3, p. 7
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See also Rulkov at 10:32-33.

[17] The wearable device of
claim 16, wherein at least one
LED emits at a first wavelength
and at least another LED emits at
a second wavelength, and
wherein the first wavelength has a
first penetration depth into the
tissue and wherein the second
wavelength has a second
penetration depth into the tissue
different from the first penetration
depth.

Rulkov discloses and/or renders obvious “[t]he wearable device of claim 16, wherein at least one
LED emits at a first wavelength and at least another LED emits at a second wavelength, and
wherein the first wavelength has a first penetration depth into the tissue and wherein the second
wavelength has a second penetration depth into the tissue different from the first penetration
depth..”

“Yet further, the optical sensor is a combination of a green light LED and a pulsed infrared LED
to offset noise effects of ambient light and sunlight.” Rulkov at 5:23-25.

“Pulse oximeter devices typically contain two light emitting diodes: one in the red band of light
(660 nanometers) and one in the infrared band of light (940 nanometers). Oxyhemoglobin absorbs
infrared light while deoxyhemoglobin absorbs visible red light.” Rulkov at 1:53-57.

[19] The wearable device of
claim 16, wherein the receiver is
configured to be synchronized to
the modulating of at least one of
the LEDs.

Rulkov discloses and/or renders obvious “[t]he wearable device of claim 16, wherein the receiver
is configured to be synchronized to the modulating of at least one of the LEDs.”

See CHART ONE: 533 Patent, Claim Element 5F above.

[20] The wearable device of
claim 16, wherein the receiver is
located a first distance from a first
one of the LEDs and a different
distance from a second one of the
LEDs such that the receiver can
capture a third signal from the
first LED and a fourth signal from
the second LED, and wherein the
output signal is generated in part

Rulkov discloses and/or renders obvious “[t]he wearable device of claim 16, wherein the receiver
is located a first distance from a first one of the LEDs and a different distance from a second one
of the LEDs such that the receiver can capture a third signal from the first LED and a fourth signal
from the second LED, and wherein the output signal is generated in part by comparing the third
and fourth signals..”

See CHART ONE: *533 Patent, Claim Element 8 above.
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signals.
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EXHIBIT B4

U.S. Patent No. 9,885,698 vs Rulkov

Priority Date/Publication Date: October 4, 2011/May 8, 2012 Prior Art Status: §§ 102(a), (b), and (e) (pre-AlA)
§§ 102(a), (b), and (d)

U.S. Patent No. 8,172,761 to Rulkov et al. (“Rulkov”) anticipates the asserted claims of U.S. Patent No. 9,885,698 (“the 698 Patent”)
or renders those claims obvious alone and/or in view of at least any of the references identified in Apple’s Obviousness Combinations
Chart.

As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s
agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.
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CHART FOUR: U.S. Patent No. 9,885,698 vs Rulkov

[1] A wearable device,
comprising:

To the extent the preamble is limiting, Rulkov discloses and/or renders obvious “[a] wearable
device.”

See CHART ONE: 533 Patent, Claim Elements 5 and 13A above.

[1A] a measurement device
including a light source
comprising a plurality of light
emitting diodes (LEDs) for
measuring one or more
physiological parameters,

Rulkov discloses and/or renders obvious “a measurement device including a light source
comprising a plurality of light emitting diodes (LEDs) for measuring one or more physiological
parameters.”

See CHART ONE: *533 Patent, Claim Element 13A above.

[1B] the measurement device
configured to generate, by
modulating at least one of the
LEDs having an initial light
intensity, an input optical beam
having one or more optical
wavelengths,

Rulkov discloses and/or renders obvious “the measurement device configured to generate, by
modulating at least one of the LEDs having an initial light intensity, an input optical beam having
one or more optical wavelengths.”

See CHART TWO: *040 Patent, Claim Element 1B above.

[1C] wherein at least a portion of
the one or more optical
wavelengths is a near-infrared
wavelength between 700
nanometers and 2500 nanometers;

Rulkov discloses and/or renders obvious “wherein at least a portion of the one or more optical
wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”

See CHART ONE: 533 Patent, Claim Element 5B above.

[1D] the measurement device
comprising one or more lenses
configured to receive and to
deliver a portion of the input
optical beam to tissue, wherein

Rulkov discloses and/or renders obvious “the measurement device comprising one or more lenses
configured to receive and to deliver a portion of the input optical beam to tissue, wherein the tissue
reflects at least a portion of the input optical beam delivered to the tissue.”

See CHART ONE: *533 Patent, Claim Element 5D above.
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ec as
portion of the input optical beam
delivered to the tissue;

[1E] the measurement device
further comprising a receiver,
wherein the receiver includes a
plurality of spatially separated
detectors, the detectors
configured to:

capture light while the LEDs are
off and convert the captured light
into a first signal; and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
input optical beam reflected from
the tissue;

Rulkov discloses and/or renders obvious “the measurement device further comprising a receiver,
wherein the receiver includes a plurality of spatially separated detectors, the detectors configured
to: capture light while the LEDs are off and convert the captured light into a first signal; and
capture light while at least one of the LEDs is on and convert the captured light into a second
signal, the captured light including at least a portion of the input optical beam reflected from the
tissue.”

See CHART TWO: *040 Patent, Claim Element 1F and CHART THREE: *286 Patent, Claim
Element 16J above.

[1F] wherein at least one analog
to digital converter is coupled to
the spatially separated detectors
and is configured to generate at

least a first data signal from the

first signal and at least a second
data signal from the second

signal;

Rulkov discloses and/or renders obvious “wherein at least one analog to digital converter is
coupled to the spatially separated detectors and is configured to generate at least a first data signal
from the first signal and at least a second data signal from the second signal.”

See CHART TWO: *040 Patent, Claim Element 1F and CHART THREE: *286 Patent, Claim
Element 16K above.
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[1G] the measurement device Rulkov discloses and/or renders obvious “the measurement device configured to improve a signal-
configured to improve a signal-to- | to-noise ratio of the input optical beam reflected from the tissue by differencing the first data
noise ratio of the input optical signal and the second data signal to generate an output signal representing at least in part a non-
beam reflected from the tissue by | invasive measurement on blood contained within the tissue.”

fnﬂfetf:i’éﬁ ;gedgtr:tsf;;s;fml See CHART ONE: *533 Patent, Claim Element 10 and CHART TWO: *040 Patent, Claim
generate an output signal Element 1G above.
representing at least in part a non-
invasive measurement on blood
contained within the tissue; and

[1H] wherein the modulating at Rulkov discloses and/or renders obvious “wherein the modulating at least one of the LEDs has a
least one of the LEDs has a modulation frequency, and wherein the receiver is configured to use a lock-in technique that
modulation frequency, and detects the modulation frequency.”

wherein the receiver is configured
to use a lock-in technique that
detects the modulation frequency.

“The preferred embodiment uses 250 microsecond LED pulses and a 12T photodetector 36 with
second order active high pass filter (100 Hz cutoff). The DC output of the sensor 30 is monitored
to ensure that it is not saturated by the effects of ambient light. The use of short-term pulses
reduces ambient light. In the preferred embodiment, voltage is collected at the sensor output every
2 msec. Inside the microprocessor 741, an average 8 consecutive samples improve the SNR
(signal to noise ratio) and then work with the averaged numbers. Therefore the sampling rate for
raw data is preferably 2 msec, however if 8-samples averaging is utilized in the integrated sensor
the data output rate is reduced to sending a new averaged value every 16 msec. An ADC is used
with a 12-bit resolution. The response of TSL 12T is acceptable. 100 Hz is the low limit for LPF
cutoff. The selection of pulse duration is preferably based on the speed of the LED drivers, sensor
electronics and output pick detection. The higher the low frequency cutoff that is implemented for
the selected pulse duration, the better SNR.” Rulkov at 13:6-25.

“Ambient light filter and amplifier 2010 transits to synchronized pick detector 2012 for a voltage
or data output 2014 as an output signal 2016.” Rulkov at 13:40-42.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B4, p. 4
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g Y prop -
to the microprocessor. At block 1300, the signal acquisition is performed. In reference to FIGS. 14

and 15, in the pulse mode the LED 35 is periodically activated for short intervals of time by a
signal from the microcontroller. The reflected pulse of light is received by the sensor, with the
generation of a voltage pulse having an amplitude proportional to the intensity of the reflected
light.” Rulkov at 10:2-9.

“At block 1305, a band pass filter is implemented preferably with two sets of data from the
analog-to-digital converter. At block 1305, an average of the values of data samples within each of
a first set of samples is calculated by the microprocessor. For example, the values of data samples
within forty-four samples are summed and then divided by forty-four to generate an average value
for the first set of samples. Next, an average of the values of data samples within a second set of
samples is calculated by the microprocessor. For example, the values of data samples within
twenty-two samples are summed and then divided by twenty-two to generate an average value for
the second set of samples. Preferably, the second set of samples is less than the first set of
samples. Next, the average value of the second set of samples is subtracted from the average value
for the first set of samples to generate a first filtered pulse data value.” Rulkov at 10:32-47.

“The preferred embodiment uses 250 microsecond LED pulses and a 12T photodetector 36 with
second order active high pass filter (100 Hz cutoff). The DC output of the sensor 30 is monitored
to ensure that it is not saturated by the effects of ambient light. The use of short-term pulses
reduces ambient light. In the preferred embodiment, voltage is collected at the sensor output every
2 msec. Inside the microprocessor 741, an average 8 consecutive samples improve the SNR
(signal to noise ratio) and then work with the averaged numbers. Therefore the sampling rate for
raw data is preferably 2 msec, however if 8-samples averaging is utilized in the integrated sensor
the data output rate is reduced to sending a new averaged value every 16 msec. An ADC is used
with a 12-bit resolution. The response of TSL 12T is acceptable. 100 Hz is the low limit for LPF
cutoff. The selection of pulse duration is preferably based on the speed of the LED drivers, sensor
electronics and output pick detection. The higher the low frequency cutoff that is implemented for
the selected pulse duration, the better SNR.” Rulkov at 13:6-25.
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[2] The wearable device of claim | Rulkov discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the plurality
1, wherein the plurality of LEDs | of LEDs and the plurality of spatially separated detectors are mounted on a common structure, and
and the plurality of spatially wherein the plurality of LEDs are coupled electrically to a power supply..”

separated detectors are mounted
on a common structure, and
wherein the plurality of LEDs are
coupled electrically to a power

“The monitoring device 20 is preferably powered by a power source positioned on the article 25.
Preferably the power source is a battery. The power source 360 is preferably an AA or AAA
disposable or rechargeable battery. The power source is alternatively a lithium ion rechargeable
supply. battery such as available from NEC-Tokin. The power source preferably has an accessible port for
recharging. The circuit assembly of the monitoring device preferably requires 5 volts and draws a

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B4, p. 6
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current of 20- to 40 milliamps. The power source preferably provides at least 900 milliamp hours
of power to the monitoring device 20.” Rulkov, 6:7-17.

g

Fig. 9

Rulkov at Fig. 9.
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Rulkov at Fig. 11.
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Flg. 25

[3] The wearable device of claim | Rulkov discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the light

1, wherein the light source is source is configured to further improve the signal-to-noise ratio of the input beam reflected from
configured to further improve the | the tissue by increasing the light intensity relative to the initial light intensity from at least one of
signal-to-noise ratio of the input | the LEDs, and wherein the receiver is configured to be synchronized to at least one of the LEDs.”
lijrf:rlcl:a;?rfllge (;;c;dlif;})lfli;}tfnt;istsyue by See CHART ONE: 533 Patent, Claim Elements 5C and 5F above.

relative to the initial light
intensity from at least one of the

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B4, p. 11
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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S, he € I
configured to be synchronized to
at least one of the LEDs.

[5] The wearable device of claim | Rulkov discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the wearable
1, wherein the wearable device is | device is configured to communicate with a smart phone or tablet, the smart phone or tablet
configured to communicate with a | comprising a wireless receiver, a wireless transmitter, a display, a voice input module, a speaker,
smart phone or tablet, the smart and a touch screen, the smart phone or tablet configured to receive and to process at least a portion

phone or tablet comprising a of the output signal, wherein the smart phone or tablet is configured to store and display the
wireless receiver, a wireless processed output signal, wherein at least a portion of the processed output signal is configured to
transmitter, a display, a voice be transmitted over a wireless transmission link.”

input module, a speaker, and a
touch screen, the smart phone or
tablet configured to receive and to
process at least a portion of the
output signal, wherein the smart
phone or tablet is configured to
store and display the processed
output signal, wherein at least a
portion of the processed output
signal is configured to be
transmitted over a wireless
transmission link.

See CHART ONE: *533 Patent, Claim Elements 5G, 5H, 51, and 5J above.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT B4, p. 12
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EXHIBIT BB-1

U.S. Patent No. 9,651,533 vs FitBit One
Priority Date/Publication Date: by December 2012 Prior Art Status: §§ 102(a) and (b)

The FitBit One manufactured by FitBit (“FitBit One”) renders the asserted claims of U.S. Patent No. 9,651,533 (“the *533 Patent”)
obvious in view of at least any of the references identified in Apple’s Obviousness Combinations Chart.

This chart is based on the following disclosures about the FitBit One:

o FitBit One User Manual (“User Manual 1.0”)
o FitBit One User Manual Version 1.2 (“User Manual 1.2”)

Discovery is ongoing, and Apple reserves the right to amend this chart based on new information about the FitBit One.
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 1
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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CHART ONE: U.S. Patent No. 9,651,533 vs FitBit One

[5] A measurement system, To the extent the preamble is limiting, FitBit One renders obvious “[a] measurement system.
comprising:
sie ey g I S———
Wireless Activity + Sleep Tracks:
Usger Manual
(User Manual 1.0, Cover)
Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 2

Case No. 2:18-cv-134-RWS (E.D. Tex.)
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Ulser Manual

e
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e (User Manual 1.2, Cover)

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 3
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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(User Manual 1.2, p. 1)

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 4
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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(User Manual 1.2, p. 8)
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(User Manual 1.2, p. 8)

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 6
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(User Manual 1.2, p. 8-9)

aonin far 2R seooerds ondil Wescans

(User Manual 1.2, p. 9)

[SA] a light source comprising a | FitBit One renders obvious “a light source comprising a plurality of semiconductor sources that
plurality of semiconductor are light emitting diodes, the light emitting diodes configured to generate an output optical beam

sources that are light emitting with one or more optical wavelengths.”
diodes, the light emitting diodes

Omni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 7

Case No. 2:18-cv-134-RWS (E.D. Tex.)
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optical beam with one or more
optical wavelengths,

[SB] wherein at least a portion of | FitBit One renders obvious “wherein at least a portion of the one or more optical wavelengths is a
the one or more optical near-infrared wavelength between 700 nanometers and 2500 nanometers.”

wavelengths is a near-infrared
wavelength between 700
nanometers and 2500 nanometers,

[SC] the light source configured | FitBit One renders obvious “the light source configured to increase signal-to-noise ratio by
to increase signal-to-noise ratio increasing a light intensity from at least one of the plurality of semiconductor sources and by
by increasing a light intensity increasing a pulse rate of at least one of the plurality of semiconductor sources.”

from at least one of the plurality
of semiconductor sources and by
increasing a pulse rate of at least
one of the plurality of
semiconductor sources;

[SD] an apparatus comprising a FitBit One renders obvious “an apparatus comprising a plurality of lenses configured to receive a
plurality of lenses configured to | portion of the output optical beam and to deliver an analysis output beam to a sample.”

receive a portion of the output
optical beam and to deliver an
analysis output beam to a sample

[SE] a receiver configured to FitBit One renders obvious “a receiver configured to receive and process at least a portion of the
receive and process at least a analysis output beam reflected or transmitted from the sample and to generate an output signal.”
portion of the analysis output
beam reflected or transmitted
from the sample and to generate
an output signal,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 8
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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[SF] wherein the receiver is FitBit One renders obvious “wherein the receiver is configured to be synchronized to the light
configured to be synchronized to | source.”
the light source;

[SG] a personal device FitBit One renders obvious “a personal device comprising a wireless receiver, a wireless
comprising a wireless receiver, a | transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a microprocessor
wireless transmitter, a display, a | and a touch screen.”

microphone, a speaker, one or
more buttons or knobs, a
microprocessor and a touch
screen,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 9
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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(User Manual 1.0, Cover)
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(User Manual 1.0, p. 7)

(User Manual 1.0, p. 14)
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(User Manual 1.2, p. 1)

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 13
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sraley

(User Manual 1.2, p. 8)
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(User Manual 1.2, p. 8)

wesd Fow long vl §

viit (ashGara et

RGN

(User Manual 1.2, p. 8-9)
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(User Manual 1.2, p. 9)

W etan

MR eot

(User Manual 1.2, p. 11)

[SH] the personal device
configured to receive and process
at least a portion of the output
signal,

FitBit One renders obvious “the personal device configured to receive and process at least a

portion of the output signal.”

Ommni MedSci, Inc. v. Apple Inc.

Case No. 2:18-cv-134-RWS (E.D. Tex.)
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(User Manual 1.2, p. 8-9)

aonin far 2R seooerds ondil Wescans

(User Manual 1.2, p. 9)

|SI] wherein the personal device | FitBit One renders obvious “wherein the personal device is configured to store and display the

is configured to store and display | processed output signal.”
the processed output signal,

Omni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 20
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(User Manual 1.2, p. 9)

[5J] and wherein at least a portion | FitBit One renders obvious “and wherein at least a portion of the processed output signal is
of the processed output signal is | configured to be transmitted over a wireless transmission link.”

configured to be transmitted over
a wireless transmission link; and

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 23
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[SK] a remote device configured | FitBit One renders obvious “a remote device configured to receive over the wireless transmission
to receive over the wireless link an output status comprising the at least a portion of the processed output signal, to process the
transmission link an output status | received output status to generate processed data and to store the processed data.”

comprising the at least a portion
of the processed output signal, to
process the received output status

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 28
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to generate processed data and to
store the processed data.
(User Manual 1.0, p. 7)
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[7] The system of claim 5, FitBit One renders obvious “[t]he system of claim 5, wherein the remote device is further
wherein the remote device is configured to transmit at least a portion of the processed data to one or more other locations,
further configured to transmit at | wherein the one or more other locations is selected from the group consisting of the personal
least a portion of the processed device, a doctor, a healthcare provider, a cloud-based server and one or more designated

data to one or more other recipients, and wherein the remote device is capable of transmitting information related to a time
locations, wherein the one or and a position associated with the at least a portion of the processed data.”

more other locations is selected

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 33
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from the group consisting of the
personal device, a doctor, a
healthcare provider, a cloud-
based server and one or more
designated recipients, and
wherein the remote device is
capable of transmitting
information related to a time and
a position associated with the at
least a portion of the processed
data.

(User Manual 1.0, p. 7)
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[8] The system of claim 5, FitBit One renders obvious “[t]he system of claim 5, wherein the receiver is located a first distance
wherein the receiver is located a | from a first one of the plurality of light emitting diodes and a different, second distance from a
first distance from a first one of | second one of the plurality of light emitting diodes such that the receiver receives a first signal

the plurality of light emitting from the first light emitting diode and a second signal from the second light emitting diode.”
diodes and a different, second
distance from a second one of the
plurality of light emitting diodes

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 38
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such that the receiver receives a
first signal from the first light
emitting diode and a second
signal from the second light
emitting diode.

[9] The system of claim 8, FitBit One renders obvious “[t]he system of claim 5, wherein the output signal is generated in part
wherein the output signal is by comparing the first and second signals.”

generated in part by comparing

the first and second signals

[10] The system of claim 5, FitBit One renders obvious “[t]he system of claim 5, wherein the output signal comprises one or
wherein the output signal more physiological parameters, and the remote device is capable of storing a history of at least a
comprises one or more portion of the one or more physiological parameters over a specified period of time.”

physiological parameters, and the
remote device is capable of
storing a history of at least a
portion of the one or more
physiological parameters over a
specified period of time.

(User Manual 1.0, p. 14)
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[13] A measurement system To the extent the preamble is limiting, FitBit One renders obvious “a measurement system.”
comprisin; .

P £ See CHART ONE: ’533 Patent, Claim Element 5 above.
[13A] a wearable measurement FitBit One renders obvious “a wearable measurement device for measuring one or more

device for measuring one or more | physiological parameters, including a light source comprising a plurality of semiconductor sources
physiological parameters,
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gh e that are light emitting d , th e
comprising a plurality of beam with one or more optical wavelengths.”
semiconductor sources that are
light emitting diodes, the light
emitting diodes configured to
generate an output optical beam
with one or more optical
wavelengths,

[13B] wherein at least a portion FitBit One renders obvious “wherein at least a portion of the one or more optical wavelengths is a
of the one or more optical near-infrared wavelength between 700 nanometers and 2500 nanometers.”

wavelengths is a near-infrared oy .

wavelength between 700 See CHART ONE: ’533 Patent, Claim Element 5B above.

nanometers and 2500 nanometers,

[13C] the light source configured | FitBit One renders obvious “the light source configured to increase signal-to-noise ratio by
to increase signal-to-noise ratio increasing a light intensity from at least one of the plurality of semiconductor sources and by
by increasing a light intensity increasing a pulse rate of at least one of the plurality of semiconductor sources.”

fr t least f the pluralit

o; $;icgzu‘$:rommi£sﬁdlgy See CHART ONE: 533 Patent, Claim Element 5C above.

increasing a pulse rate of at least
one of the plurality of
semiconductor sources;

[13D] the wearable measurement | FitBit One renders obvious “the wearable measurement device comprising a plurality of lenses
device comprising a plurality of | configured to receive a portion of the output optical beam and to deliver an analysis output beam
lenses configured to receive a to a sample.”

portion of the output optical beam L )

and to deliver an analysis output See CHART ONE: ’533 Patent, Claim Element 5D above.

beam to a sample;

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-1, p. 45
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 605 OMNI 2018 - IPR2020-00209



[13E] the wearable measurement
device further comprising a
receiver configured to receive and
process at least a portion of the
analysis output beam reflected or
transmitted from the sample and
to generate an output signal

FitBit One renders obvious “the wearable measurement device further comprising a receiver
configured to receive and process at least a portion of the analysis output beam reflected or
transmitted from the sample and to generate an output signal.”

See CHART ONE: ’533 Patent, Claim Element 5E above.

[13F] wherein the wearable
measurement device receiver is
configured to be synchronized to
pulses of the light source;

FitBit One renders obvious “wherein the wearable measurement device receiver is configured to
be synchronized to pulses of the light source.”

See CHART ONE: ’533 Patent, Claim Element 5F above.

[13G] a personal device
comprising a wireless receiver, a
wireless transmitter, a display, a
microphone, a speaker, one or
more buttons or knobs, a
microprocessor and a touch
screen,

FitBit One renders obvious “a personal device comprising a wireless receiver, a wireless
transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a microprocessor
and a touch screen.”

See CHART ONE: ’533 Patent, Claim Element 5G above.

[13H] the personal device
configured to receive and process
at least a portion of the output
signal,

FitBit One renders obvious “the personal device configured to receive and process at least a
portion of the output signal, wherein the personal device is configured to store and display the
processed output signal.”

See CHART ONE: ’533 Patent, Claim Element 5H above.

[131] wherein the personal device
is configured to store and display
the processed output signal, and

FitBit One renders obvious “wherein the personal device is configured to store and display the
processed output signal.”

See CHART ONE: ’533 Patent, Claim Element 51 above.

Ommni MedSci, Inc. v. Apple Inc.
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[13J] wherein at least a portion of
the processed output signal is
configured to be transmitted over
a wireless transmission link; and

FitBit One renders obvious “wherein at least a portion of the processed output signal is configured
to be transmitted over a wireless transmission link.”

See CHART ONE: ’533 Patent, Claim Element 5J above.

[13K] a remote device configured
to receive over the wireless
transmission link an output status
comprising the at least a portion
of the processed output signal, to
process the received output status
to generate processed data and to
store the processed data, and

FitBit One renders obvious “a remote device configured to receive over the wireless transmission
link an output status comprising the at least a portion of the processed output signal, to process the
received output status to generate processed data and to store the processed data.”

See CHART ONE: ’533 Patent, Claim Element 5K above.

[13L] wherein the remote device
is capable of storing a history of
at least a portion of the received
output status over a specified
period of time.

FitBit One renders obvious “wherein the remote device is capable of storing a history of at least a
portion of the received output status over a specified period of time.”

See CHART ONE: ’533 Patent, Claim Element 10 above.

[16] The system of claim 13,
wherein the receiver is located a
first distance from a first one of
the plurality of light emitting
diodes and a different, second
distance from a second one of the
plurality of light emitting diodes
such that the receiver receives a
first signal from the first light
emitting diode and a second
signal from the second light
emitting diode.

FitBit One renders obvious “[t]he system of claim 13, wherein the receiver is located a first
distance from a first one of the plurality of light emitting diodes and a different, second distance
from a second one of the plurality of light emitting diodes such that the receiver receives a first
signal from the first light emitting diode and a second signal from the second light emitting
diode.”

See CHART ONE: ’533 Patent, Claim Element 8 above.
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[17] The system of claim 16,
wherein the output signal is
generated in part by comparing
the first and second signals.

FitBit One renders obvious “[t]he system of claim 16, wherein the output signal is generated in
part by comparing the first and second signals.”

See CHART ONE: ’533 Patent, Claim Element 9 above.

Ommni MedSci, Inc. v. Apple Inc.

EXHIBIT BB-1, p. 48

Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 608

OMNI 2018 - IPR2020-00209



EXHIBIT BB-2

U.S. Patent No. 9,757,040 vs FitBit One
Priority Date/Publication Date: by December 2012 Prior Art Status: §§ 102(a) and (b)

The FitBit One manufactured by FitBit (“FitBit One”) renders the asserted claims of U.S. Patent No. 9,757,040 (“the 040 Patent™)
obvious in view of at least any of the references identified in Apple’s Obviousness Combinations Chart.

This chart is based on the following disclosures about the FitBit One:

o FitBit One User Manual (“User Manual 1.0”)
o FitBit One User Manual Version 1.2 (“User Manual 1.2”)

Discovery is ongoing, and Apple reserves the right to amend this chart based on new information about the FitBit One.
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.
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CHART TWO: U.S. Patent No. 9,757,040 vs FitBit One

[1] A wearable device for use To the extent the preamble is limiting, FitBit One renders obvious “[a] wearable device for use
with a smart phone or tablet, the | with a smart phone or tablet.”

wearable device comprising: See CHART ONE: ’533 Patent, Claim Elements 5, 5G, and 13A above.

[1A] a measurement device FitBit One renders obvious “a measurement device including a light source comprising a plurality
including a light source of light emitting diodes (LEDs) for measuring one or more physiological parameters.”
comprising a plurality of light oy .

emitting diodes (LEDs) for See CHART ONE: ’533 Patent, Claim Element 13A above.

measuring one or more
physiological parameters

[1B] the measurement device FitBit One renders obvious “the measurement device configured to generate, by modulating at
configured to generate, by least one of the LEDs having an initial light intensity, an input optical beam having one or more
modulating at least one of the optical wavelengths.”

LEDs having an initial light

intensity, an input optical beam
having one or more optical
wavelengths,

[1C] wherein at least a portion of | FitBit One renders obvious “wherein at least a portion of the one or more optical wavelengths is a
the one or more optical near-infrared wavelength between 700 nanometers and 2500 nanometers.”

wavelengths is a near-infrared s .
wavelength between 700 See CHART ONE: ’533 Patent, Claim Element 5B above.

nanometers and 2500 nanometers;

[1D] the measurement device FitBit One renders obvious “the measurement device comprising one or more lenses configured to
comprising one or more lenses receive and to deliver a portion of the input optical beam to tissue, wherein the tissue reflects at
configured to receive and to least a portion of the input optical beam delivered to the tissue.”

deliver a portion of the input

optical beam to tissue, wherein See CHART ONE: ’533 Patent, Claim Element 5D above.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-2, p. 2
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portion of the input optical beam
delivered to the tissue;

[1E] the measurement device FitBit One renders obvious “the measurement device further comprising a reflective surface
further comprising a reflective configured to receive and redirect at least a portion of light reflected from the tissue.”
surface configured to receive and
redirect at least a portion of light
reflected from the tissue;

[1F] the measurement device FitBit One renders obvious “the measurement device further comprising a receiver configured to:
further comprising a receiver capture light while the LEDs are off and convert the captured light into a first signal and capture
configured to: light while at least one of the LEDs is on and convert the captured light into a second signal, the

capture light while the LEDs are captured light including at least a portion of the input optical beam reflected from the tissue.”

off and convert the captured light
into a first signal and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
input optical beam reflected from
the tissue;

[1G] the measurement device FitBit One renders obvious “the measurement device configured to improve a signal-to-noise ratio
configured to improve a signal-to- | of the input optical beam reflected from the tissue by differencing the first signal and the second
noise ratio of the input optical signal.”

beam reflected from the tissue by
differencing the first signal and
the second signal;

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-2, p. 3
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[1H] the light source configured
to further improve the signal-to-
noise ratio of the input optical
beam reflected from the tissue by
increasing the light intensity
relative to the initial light
intensity from at least one of the
LEDs;

FitBit One renders obvious “the light source configured to er improve the signal-to-noise
ratio of the input optical beam reflected from the tissue by increasing the light intensity relative to
the initial light intensity from at least one of the LEDs.”

See CHART ONE: ’533 Patent, Claim Element 5C above.

[1I] the measurement device
further configured to generate an
output signal representing at least
in part a non-invasive
measurement on blood contained
within the tissue; and

FitBit One renders obvious “the measurement device further configured to generate an output
signal representing at least in part a non-invasive measurement on blood contained within the
tissue.”

See CHART ONE: ’533 Patent, Claim Element 10 above.

[1J] the wearable device
configured to communicate with
the smart phone or tablet, the
smart phone or tablet comprising
a wireless receiver, a wireless
transmitter, a display, a voice
input module, a speaker, and a
touch screen, the smart phone or
tablet configured to receive and to
process at least a portion of the
output signal,

FitBit One renders obvious “the wearable device configured to communicate with the smart phone
or tablet, the smart phone or tablet comprising a wireless receiver, a wireless transmitter, a display,
a voice input module, a speaker, and a touch screen, the smart phone or tablet configured to
receive and to process at least a portion of the output signal.”

See CHART ONE: ’533 Patent, Claim Elements 5G and 5H above.

[1K] wherein the smart phone or
tablet is configured to store and
display the processed output
signal, wherein at least a portion

FitBit One renders obvious “wherein the smart phone or tablet is configured to store and display
the processed output signal, wherein at least a portion of the processed output signal is configured
to be transmitted over a wireless transmission link.”

Ommni MedSci, Inc. v. Apple Inc.
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of the processed output signal is
configured to be transmitted over
a wireless transmission link.

See CHART ONE: ’533 Patent, Claim Elements 5I and 5J above.

[2] The wearable device of claim | FitBit One renders obvious “[t]he wearable device of claim 1, wherein the receiver is configured
1, wherein the receiver is to be synchronized to the modulation of the at least one of the LEDs.”

configured to be synchronized to s .

the modulation of the at least one See CHART ONE: ’533 Patent, Claim Element 5F above.
of the LEDs.

[4] The wearable device of claim | FitBit One renders obvious “[t]he wearable device of claim 1, wherein the receiver is located a

1, wherein the receiver is located | first distance from a first one of the LEDs and a different distance from a second one of the LEDs
a first distance from a first one of | such that the receiver can capture a third signal from the first LED and a fourth signal from the
the LEDs and a different distance | second LED, and wherein the output signal is generated in part by comparing the third and fourth
from a second one of the LEDs signals.”

Zliﬁrah:;;::lrgzzvfﬁecgﬁsi?gge See CHART ONE: *533 Patent, Claim Element 8 above.
and a fourth signal from the
second LED, and wherein the
output signal is generated in part
by comparing the third and fourth
signals.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-2, p. §
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EXHIBIT BB-3

U.S. Patent No. 9,861,286 vs FitBit One
Priority Date/Publication Date: by December 2012 Prior Art Status: §§ 102(a) and (b)

The FitBit One manufactured by FitBit (“FitBit One”) renders the asserted claims of U.S. Patent No. 9,861,286 (“the *286 Patent™)
obvious in view of at least any of the references identified in Apple’s Obviousness Combinations Chart.

This chart is based on the following disclosures about the FitBit One:

o FitBit One User Manual (“User Manual 1.0”)
o FitBit One User Manual Version 1.2 (“User Manual 1.2”)

Discovery is ongoing, and Apple reserves the right to amend this chart based on new information about the FitBit One.
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.
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CHART THREE: U.S. Patent No. 9,861,286 vs FitBit One

[16] A wearable device for use
with a smart phone or tablet, the
wearable device comprising:

To the extent the preamble is limiting, FitBit One renders obvious “[a] wearable device for use
with a smart phone or tablet.”

See CHART ONE: ’533 Patent, Claim Elements 5, 5G, and 13A above.

[16A] a measurement device
including a light source
comprising a plurality of light
emitting diodes (LEDs) for
measuring one or more
physiological parameters,

FitBit One renders obvious “a measurement device including a light source comprising a plurality
of light emitting diodes (LEDs) for measuring one or more physiological parameters.”

See CHART ONE: ’533 Patent, Claim Element 13A above.

[16B] the measurement device
configured to generate, by
modulating at least one of the
LEDs having an initial light
intensity, an optical beam having

a plurality of optical wavelengths,

FitBit One renders obvious “the measurement device configured to generate, by modulating at
least one of the LEDs having an initial light intensity, an optical beam having a plurality of optical
wavelengths.”

See CHART TWO: *040 Patent, Claim Element 1B above.

[16C] wherein at least a portion
of the plurality of optical
wavelengths is a near-infrared
wavelength between 700

nanometers and 2500 nanometers;

FitBit One renders obvious “wherein at least a portion of the plurality of optical wavelengths is a
near-infrared wavelength between 700 nanometers and 2500 nanometers.”

See CHART ONE: ’533 Patent, Claim Element 5B above.

[16D] the measurement device
comprising one or more lenses
configured to receive and to
deliver a portion of the optical
beam to tissue, wherein the tissue
reflects at least a portion of the

FitBit One renders obvious “the measurement device comprising one or more lenses configured to
receive and to deliver a portion of the optical beam to tissue, wherein the tissue reflects at least a
portion of the optical beam delivered to the tissue, and wherein the measurement device is adapted
to be placed on a wrist or an ear of a user.”

See CHART ONE: ’533 Patent, Claim Element 5D above.

Ommni MedSci, Inc. v. Apple Inc.
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optical beam delivered to the
tissue, and

[16E] wherein the measurement | FitBit One renders obvious “wherein the measurement device is adapted to be placed on a wrist or
device is adapted to be placed on | an ear of a user.”
a wrist or an ear of a user;

(User Manual 1.2, p. 6)

[16F] the measurement device FitBit One renders obvious “the measurement device further comprising a receiver configured to:
further comprising a receiver capture light while the LEDs are off and convert the captured light into a first signal and capture
configured to: light while at least one of the LEDs is on and convert the captured light into a second signal, the

capture light while the LEDs are captured light including at least a portion of the optical beam reflected from the tissue.

off and convert the captured light | See CHART TWO: 040 Patent, Claim Element 1F above.
into a first signal and

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-3, p. 3
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of

pture light w lea:
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
optical beam reflected from the
tissue;

[16G] the measurement device
configured to improve a signal-to-
noise ratio of the optical beam
reflected from the tissue by
differencing the first signal and
the second signal;

FitBit One renders obvious “the measurement device configured to improve a signal-to-noise ratio
of the optical beam reflected from the tissue by differencing the first signal and the second signal.”

See CHART TWO: *040 Patent, Claim Element 1G above.

[16H] the light source configured
to further improve the signal-to-
noise ratio of the optical beam
reflected from the tissue by
increasing the light intensity
relative to the initial light
intensity from at least one of the
LEDs;

FitBit One renders obvious “the light source configured to further improve the signal-to-noise
ratio of the optical beam reflected from the tissue by increasing the light intensity relative to the
initial light intensity from at least one of the LEDs.”

See CHART ONE: ’533 Patent, Claim Element 5C above.

[16]] the measurement device
further configured to generate an
output signal representing at least
in part a non-invasive
measurement on blood contained
within the tissue; and

FitBit One renders obvious “the measurement device further configured to generate an output
signal representing at least in part a non-invasive measurement on blood contained within the
tissue.”

See CHART ONE: ’533 Patent, Claim Element 10 above.

Ommni MedSci, Inc. v. Apple Inc.
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[16J] wherein the receiver FitBit One renders obvious “wherein the receiver includes a plurality of spatially separate
includes a plurality of spatially detectors.”
separated detectors,

[16K] wherein at least one analog | FitBit One renders obvious “wherein at least one analog to digital converter is coupled to the
to digital converter is coupled to | spatially separated detectors.”
the spatially separated detectors.

[17] The wearable device of FitBit One renders obvious “[t]he wearable device of claim 16, wherein at least one LED emits at
claim 16, wherein at least one a first wavelength and at least another LED emits at a second wavelength, and wherein the first
LED emits at a first wavelength | wavelength has a first penetration depth into the tissue and wherein the second wavelength has a
and at least another LED emits at | second penetration depth into the tissue different from the first penetration depth..”

a second wavelength, and
wherein the first wavelength has a
first penetration depth into the
tissue and wherein the second
wavelength has a second
penetration depth into the tissue
different from the first penetration
depth.

[19] The wearable device of FitBit One renders obvious “[t]he wearable device of claim 16, wherein the receiver is configured
claim 16, wherein the receiver is | to be synchronized to the modulating of at least one of the LEDs.”

configured to be synchronized to s .

the modulating of at least one of See CHART ONE: 533 Patent, Claim Element SF above.

the LEDs.

[20] The wearable device of FitBit One renders obvious “[t]he wearable device of claim 16, wherein the receiver is located a
claim 16, wherein the receiver is | first distance from a first one of the LEDs and a different distance from a second one of the LEDs
located a first distance from a first | such that the receiver can capture a third signal from the first LED and a fourth signal from the
one of the LEDs and a different second LED, and wherein the output signal is generated in part by comparing the third and fourth
distance from a second one of the | signals..”

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-3, p. §
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LEDs such that the receiver can See CHART ONE: ’533 Patent, Claim Element 8 above.
capture a third signal from the
first LED and a fourth signal from
the second LED, and wherein the
output signal is generated in part
by comparing the third and fourth
signals.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT BB-3, p. 6
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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EXHIBIT BB4

U.S. Patent No. 9,885,698 vs FitBit One
Priority Date/Publication Date: by December 2012 Prior Art Status: §§ 102(a) and (b)

The FitBit One manufactured by FitBit (“FitBit One”) renders the asserted claims of U.S. Patent No. 9,885,698 (“the *698 Patent™)
obvious in view of at least any of the references identified in Apple’s Obviousness Combinations Chart.

This chart is based on the following disclosures about the FitBit One:

o FitBit One User Manual (“User Manual 1.0”)
o FitBit One User Manual Version 1.2 (“User Manual 1.2”)

Discovery is ongoing, and Apple reserves the right to amend this chart based on new information about the FitBit One.
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.
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CHART FOUR: U.S. Patent No. 9,885,698 vs FitBit One

[1] A wearable device,
comprising:

To the extent the preamble is limiting, FitBit One renders obvious “[a] wearable device.”

See CHART ONE: ’533 Patent, Claim Elements 5 and 13 A above.

[1A] a measurement device
including a light source
comprising a plurality of light
emitting diodes (LEDs) for
measuring one or more
physiological parameters,

FitBit One renders obvious “a measurement device including a light source comprising a plurality
of light emitting diodes (LEDs) for measuring one or more physiological parameters.”

See CHART ONE: ’533 Patent, Claim Element 13A above.

[1B] the measurement device
configured to generate, by
modulating at least one of the
LEDs having an initial light
intensity, an input optical beam
having one or more optical
wavelengths,

FitBit One renders obvious “the measurement device configured to generate, by modulating at
least one of the LEDs having an initial light intensity, an input optical beam having one or more
optical wavelengths.”

See CHART TWO: *040 Patent, Claim Element 1B above.

[1C] wherein at least a portion of
the one or more optical
wavelengths is a near-infrared
wavelength between 700
nanometers and 2500 nanometers;

FitBit One renders obvious “wherein at least a portion of the one or more optical wavelengths is a
near-infrared wavelength between 700 nanometers and 2500 nanometers.”

See CHART ONE: ’533 Patent, Claim Element 5B above.

[1D] the measurement device
comprising one or more lenses
configured to receive and to
deliver a portion of the input
optical beam to tissue, wherein
the tissue reflects at least a

FitBit One renders obvious “the measurement device comprising one or more lenses configured to
receive and to deliver a portion of the input optical beam to tissue, wherein the tissue reflects at
least a portion of the input optical beam delivered to the tissue.”

See CHART ONE: ’533 Patent, Claim Element 5D above.

Ommni MedSci, Inc. v. Apple Inc.
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p P
delivered to the tissue;

[1E] the measurement device
further comprising a receiver,
wherein the receiver includes a
plurality of spatially separated
detectors, the detectors
configured to:

capture light while the LEDs are
off and convert the captured light
into a first signal; and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
input optical beam reflected from
the tissue;

FitBit One renders obvious “the measurement device further comprising a receiver, wherein the
receiver includes a plurality of spatially separated detectors, the detectors configured to: capture
light while the LEDs are off and convert the captured light into a first signal; and capture light
while at least one of the LEDs is on and convert the captured light into a second signal, the
captured light including at least a portion of the input optical beam reflected from the tissue.”

See CHART TWO: *040 Patent, Claim Element 1F and CHART THREE: 286 Patent, Claim
Element 16J above.

[1F] wherein at least one analog
to digital converter is coupled to
the spatially separated detectors
and is configured to generate at
least a first data signal from the
first signal and at least a second
data signal from the second
signal;

FitBit One renders obvious “wherein at least one analog to digital converter is coupled to the
spatially separated detectors and is configured to generate at least a first data signal from the first
signal and at least a second data signal from the second signal.”

See CHART TWO: *040 Patent, Claim Element 1F and CHART THREE: 286 Patent, Claim
Element 16K above.

[1G] the measurement device
configured to improve a signal-to-

FitBit One renders obvious “the measurement device configured to improve a signal-to-noise ratio
of the input optical beam reflected from the tissue by differencing the first data signal and the
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ut signal rep
beam reflected from the tissue by | measurement on blood contained within the tissue.”

difforencing ;gedftr:ts‘ii;;:fﬁnal See CHART ONE: *533 Patent, Claim Element 10 and CHART TWO: *040 Patent, Claim
generate an output signal Element 1G above.
representing at least in part a non-
invasive measurement on blood
contained within the tissue; and

[1H] wherein the modulating at FitBit One renders obvious “wherein the modulating at least one of the LEDs has a modulation
least one of the LEDs has a frequency, and wherein the receiver is configured to use a lock-in technique that detects the
modulation frequency, and modulation frequency.”

wherein the receiver is configured
to use a lock-in technique that
detects the modulation frequency.

[2] The wearable device of claim | FitBit One renders obvious “[t]he wearable device of claim 1, wherein the plurality of LEDs and
1, wherein the plurality of LEDs | the plurality of spatially separated detectors are mounted on a common structure, and wherein the
and the plurality of spatially plurality of LEDs are coupled electrically to a power supply..”

separated detectors are mounted
on a common structure, and
wherein the plurality of LEDs are
coupled electrically to a power

supply.

[3] The wearable device of claim | FitBit One renders obvious “[t]he wearable device of claim 1, wherein the light source is

1, wherein the light source is configured to further improve the signal-to-noise ratio of the input beam reflected from the tissue
configured to further improve the | by increasing the light intensity relative to the initial light intensity from at least one of the LEDs,
signal-to-noise ratio of the input | and wherein the receiver is configured to be synchronized to at least one of the LEDs.”
ﬁ;?a:;ngﬂfilt;d@ﬁ?ﬁ:nﬁiue by See CHART ONE: 533 Patent, Claim Elements 5C and SF above.

relative to the initial light
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m a on e
LEDs, and wherein the receiver is
configured to be synchronized to
at least one of the LEDs.

[5] The wearable device of claim | FitBit One renders obvious “[t]he wearable device of claim 1, wherein the wearable device is
1, wherein the wearable device is | configured to communicate with a smart phone or tablet, the smart phone or tablet comprising a
configured to communicate with a | wireless receiver, a wireless transmitter, a display, a voice input module, a speaker, and a touch
smart phone or tablet, the smart screen, the smart phone or tablet configured to receive and to process at least a portion of the

phone or tablet comprising a output signal, wherein the smart phone or tablet is configured to store and display the processed
wireless receiver, a wireless output signal, wherein at least a portion of the processed output signal is configured to be
transmitter, a display, a voice transmitted over a wireless transmission link.”

input module, a speaker, and a
touch screen, the smart phone or
tablet configured to receive and to
process at least a portion of the
output signal, wherein the smart
phone or tablet is configured to
store and display the processed
output signal, wherein at least a
portion of the processed output
signal is configured to be
transmitted over a wireless
transmission link.

See CHART ONE: ’533 Patent, Claim Elements 5G, 5H, 51, and 5J above.
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EXHIBIT C-1
U.S. Patent No. 9,651,533 vs Elhag

Priority Date/Publication Date: December 15, 2005 Prior Art Status: §§ 102(a) and (b)

U.S. Patent No. 7,648,463, naming inventors Sammy I Elhag, Nikolai Rulkov, Mark Hunt, Donald Brady, and Steve Lui (“Elhag™)
anticipates the asserted claims of U.S. Patent No. 9,651,533 (“the *533 Patent”) or renders those claims obvious alone and/or in view
of at least any of the references identified in Apple’s Obviousness Combinations Chart.

As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s
agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.
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CHART ONE: U.S. Patent No. 9,651,533 vs Elhag

[S] A measurement system, To the extent the preamble is limiting, Elhag discloses and/or renders obvious “[a] measurement
comprising: system.”

FIGURE 1

(Elhag, Fig. 1)

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT C-1, p. 2
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ent: am g ce g th h
user. The monitoring device includes eyewear, measuring means, calculating means, display
means and control means. The eyewear includes a lens, temporal members and a nose support.
The measuring means measures blood flowing through at least one artery of the user and is
disposed on the eyewear.” (Elhag, 5:55-61).

“The monitoring device 20 may also include controls to search for information to be displayed on
the display screen, to set time periods for measurement of calories or the like, and to reset the
monitoring device 20.” (Elhag, 11:41-44)

[SA] a light source comprising a
plurality of semiconductor
sources that are light emitting
diodes, the light emitting diodes
configured to generate an output
optical beam with one or more
optical wavelengths,

Elhag discloses and/or renders obvious “a light source comprising a plurality of semiconductor
sources that are light emitting diodes, the light emitting diodes configured to generate an output
optical beam with one or more optical wavelengths.”

See CHART ONE: 533 Patent, Claim Element 13A below.

[SB] wherein at least a portion of
the one or more optical
wavelengths is a near-infrared
wavelength between 700
nanometers and 2500 nanometers,

Elhag discloses and/or renders obvious “wherein at least a portion of the one or more optical
wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”

“Yet in an alternative embodiment, the optical sensor 30 is a photodetector 130 and a single LED
135 transmitting light at a wavelength of approximately 900 nanometers as a pulsed infrared LED.
Yet further, the optical sensor is a combination of a green light LED and a pulsed infrared LED to
offset noise affects of ambient light and sunlight. As the heart pumps blood through the arteries of
the user, blood cells absorb and transmit varying amounts of the light depending on how much
oxygen binds to the cells' hemoglobin. The photodetector 30, which is typically a photodiode,
detects reflectance/transmission at the wavelengths (green, red or infrared), and in response
generates a radiation-induced signal.” (Elhag, 8:22-34)

“Alternatively, the optical sensor 30 is a pulse oximetry device with a light source 135 that
typically includes LEDs that generate both red (A"660 nm) and infrared (A"900 nm) radiation. As
the heart pumps blood through the user's arteries, blood cells absorb and transmit varying amounts

Ommni MedSci, Inc. v. Apple Inc.
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of the red and infrared radiation depending on how much oxygen binds to the cells' hemoglobin.
The photodetector 130, which is typically a photodiode, detects transmission at the red and
infrared wavelengths, and in response generates a radiation-induced signal.” (Elhag, 8:35-44)

“Another preferred photodetector 130 is a light-to-voltage photodetector such as the TSL260R and
TSL261, TSL261R photodetectors available from TAOS, Inc of Plano Tex. Alternatively, the
photodetector 130 is a light-to-frequency photodetector such as the TSL245R, which is also
available from TAOS, Inc. The light-to-voltage photodetectors have an integrated transimpedance
amplifier on a single monolithic integrated circuit, which reduces the need for ambient light
filtering. The TSL261 photodetector preferably operates at a wavelength greater than 750
nanometers, and optimally at 940 nanometers, which would preferably have a LED that radiates
light at those wavelengths.” (Elhag, 8:52-61)

[SC] the light source configured | Elhag discloses and/or renders obvious “the light source configured to increase signal-to-noise

to increase signal-to-noise ratio ratio by increasing a light intensity from at least one of the plurality of semiconductor sources and
by increasing a light intensity by increasing a pulse rate of at least one of the plurality of semiconductor sources.”
from at least one of the plurality
of semiconductor sources and by 38
increasing a pulse rate of at least ; d & g 135
one of the plurality of R Y . 3 e
semiconductor sources; k) i W
B . \’k @ @

FIGh 16
(Elhag, Fig. 16)

“In a preferred embodiment, the optical sensor 30 is a single light emitting diode (“LED”) 135
based on green light wherein the LED 135 generates green light (A"500-600 nm), and a
photodetector 130 detects the green light. Yet in an alternative embodiment, the optical sensor 30

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT C-1, p. 4
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900 nanometers as a pulsed infrared LED. Yet further, the optical sensor is a combination of a
green light LED and a pulsed infrared LED to offset noise affects of ambient light and sunlight.
As the heart pumps blood through the arteries of the user, blood cells absorb and transmit varying
amounts of the light depending on how much oxygen binds to the cells’ hemoglobin. The
photodetector 30, which is typically a photodiode, detects reflectance/transmission at the
wavelengths (green, red or infrared), and in response generates a radiation-induced signal.”
(Elhag, 8:19-34).

“At block 1300, the signal acquisition is performed, which is shown in greater detail in FIG. 8. In
the pulse mode the LED 135 is periodically activated for short intervals of time by a signal from
the microcontroller. The reflected pulse of light is received by the sensor, with the generation of a
voltage pulse having an amplitude proportional to the intensity of the reflected light. When the
LED is activated, the switch, SW, is open by the action of the control signal from the
microcontroller, and the capacitor, C, integrates the pulse generated from the sensor by charging
through the resistor R. Immediately prior to deactivation of the LED, the analog-to-digital
converter acquires the value of the voltage integrated across the capacitor, C. The analog-to-digital
converter generates a data sample in digital form which is utilized by the microcontroller for
evaluation of the heart rate the wearer. Subsequent to the sample being acquired by the analog-to-
digital converter, the LED is deactivated and the capacitor, C, is shortcut by switch, SW, to reset
the integrator, RC. This states remains unchanged for a given time interval after which the process
is repeated, which is illustrated in FIG. 9. A noise reduction and power reduction process is
discussed below in reference to FIGS. 13 and 14.” (Elhag, 14:60-15:14)

“FIG. 13 illustrates a noise reduction method of the present invention. Due to the desire to
minimize power consumption of the monitoring device 20, and achieve very accurate signal
measurements using the optical sensor 30, the present invention preferably utilizes the method 250
illustrated in FIG. 13. At block 252, the processor 41 is deactivated for a deactivation period in
order to conserve power and to eliminate noise for a signal measurement. The deactivation period
ranges from 128 to 640 microseconds, more preferably from 200 microseconds to 400
microseconds, and more preferably from 225 microseconds to 300 microseconds. In reference to
FIG. 6, this deactivation period occurs during block 1300. At block 254, during the deactivation

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT C-1,p. 5
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period, the optical sensor 30 is activated to obtain multiple readings using the light source 135 and
the photodetector 130. Preferably 4 to 25 sub-readings or sub-samples are obtained during the
deactivation period. The sub-readings or sub-samples are averaged for noise reduction to provide a
reading or sample value. In a single second, from 500 to 1500 sub-readings or sub-samples are
obtained by the optical sensor 30. At block 256, the processor 41 is reactivated and the reading
values are processed by processor 41. At block 258, heart rate data is generated from the readings
by the processor 41. At block 260, health related data is generated from the heart rate data, and the
health related data and the heart rate data are displayed on the display member 40.” (Elhag, 16:4-
29)

“FIG. 14 illustrates a more specific method 300 for noise reduction during a signal reading. At
block 302, a high speed clock of a processor 41 is deactivated for a deactivation period as
discussed above. At block 304, the optical sensor 30 is activated during the deactivation period to
obtain multiple readings as discussed above. At block 306, the processor 41 is reactivated and the
readings are processed. The optical sensor 30 is also deactivated. At block 308, heart rate data is
generated from the readings by the processor 41. At block 310, health related data is generated
from the heart rate data, and the health related data and the heart rate data are displayed on the
display member 40.” (Elhag, 16:30-41)

“FIG. 17 illustrates a mechanism for controlling the intensity of the light source 135 using a
plurality of resistors 405, 410 and 415 in parallel. Usually, an optical sensor 30 has a light source
135 set for a single intensity for placement at a single location on a typically user. However, if the
optical sensor 30 is positioned differently or if the user is not a typical user, then the intensity of
the light source 135 may be too great for the photodetector 130 and lead to saturation of the
photodetector 130 which terminates the signal reading. The present invention preferably adjusts
the intensity of the light source 135 using feedback from the photodetector 130 to indicate whether
the light intensity is too high or too low.” (Elhag, 16:42-53)

“FIG. 18 is a preferred method 500 for controlling the light intensity of the optical sensor 30. At
block 505, the light intensity of the light source 135 is monitored. At block 510, the
sensor/photodetector is determined to be saturated by the light source. At block 515, the intensity
of the light source is modified by adjusting the resistance and the flow of current to the light

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT C-1, p. 6
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preferred embodiment, this automatic gain mechanism prevents the green light from
overwhelming the photodetector thereby maintaining an accurate reading no matter where the
optical sensor is placed on the user.” (Elhag, 17:10-21)

“FIG. 19 illustrates how the control mechanism operates to maintain a proper light intensity. As

the signal reaches the upper limit, the photodetector becomes saturated and the processor lowers
the current flow, which results in a break in the signal. Then as the signal is lowered it becomes

too low and the processor increases the light intensity resulting in a break in the signal.” (Elhag,
17:22-28)

See also Elhag, 16:53-17:9, Figs. 13, 14, 17, 18, 19.

[SD] an apparatus comprising a Elhag discloses and/or renders obvious “an apparatus comprising a plurality of lenses configured
plurality of lenses configured to to receive a portion of the output optical beam and to deliver an analysis output beam to a
receive a portion of the output sample.”

optical beam and to deliver an

analysis output beam to a sample “A preferred optical sensor 30 utilizing green light is a TRS1755 sensor from TAOS, Inc of Plano

Tex. The TRS1755 comprises a green LED light source (567 nm wavelength) and a light-to-
voltage converter. The output voltage is directly proportional to the reflected light intensity.
Another preferred photodetector 130 is a light-to-voltage photodetector such as the TSL260R and
TSL261, TSL261R photodetectors available from TAOS, Inc of Plano Tex. Alternatively, the
photodetector 130 is a light-to-frequency photodetector such as the TSL245R, which is also
available from TAOS, Inc. The light-to-voltage photodetectors have an integrated transimpedance
amplifier on a single monolithic integrated circuit, which reduces the need for ambient light
filtering. The TSL261 photodetector preferably operates at a wavelength greater than 750
nanometers, and optimally at 940 nanometers, which would preferably have a LED that radiates
light at those wavelengths.” (Elhag, 8:45-61)

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT C-1, p. 7
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FIGURE 8

(Elhag, Fig. 6)

“FIG. 6 illustrates a flow chart of a signal processing method of the present invention. As shown
in FIG. 6, the photodetector 130 of the optical sensor 30 receives light from the light source 135
while in proximity to the user's nose 90 (reference to FIG. 4) or ear 98 (reference to FIG. 7). In a
preferred embodiment, the optical sensor 30 is a TRS1755 which includes a green LED light
source (567 nm wavelength) and a light-to-voltage converter. The output voltage is directly
proportional to the reflected light intensity. The signal 299 is sent to the microprocessor 41. At
block 1300, the signal acquisition is performed, which is shown in greater detail in FIG. 8. In the
pulse mode the LED 135 is periodically activated for short intervals of time by a signal from the
microcontroller. The reflected pulse of light is received by the sensor, with the generation of a
voltage pulse having an amplitude proportional to the intensity of the reflected light. When the
LED is activated, the switch, SW, is open by the action of the control signal from the
microcontroller, and the capacitor, C, integrates the pulse generated from the sensor by charging
through the resistor R. Immediately prior to deactivation of the LED, the analog-to-digital
converter acquires the value of the voltage integrated across the capacitor, C. The analog-to-digital

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT C-1, p. 8
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converter generates a data sample in digital form which is utilized by the microcontroller for
evaluation of the heart rate the wearer. Subsequent to the sample being acquired by the analog-to-
digital converter, the LED is deactivated and the capacitor, C, is shortcut by switch, SW, to reset
the integrator, RC. This states remains unchanged for a given time interval after which the process
is repeated, which is illustrated in FIG. 9. A noise reduction and power reduction process is
discussed below in reference to FIGS. 13 and 14.” (Elhag, 14:51-15:14)

28h

FIGURE 1A
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Elhag specifically provides that its system can use a sensor made by TAOS, Inc., such as the
TSL260R, TSL261, and TSL261R. Elhag, 8:45-61. Therefore, the features and properties of the
TSL260R, TSL261, and TSL261R are inherently disclosed in Elhag. The TAOS TSL260
Datasheet (“TAOS”) describes the properties and features of the TSL optical sensors. Exemplary
passages from TAOS are set forth below.

TAOS

“The TSL260R, TSL261R, and TSL262R are infrared light-to-voltage optical sensors, each
combining a photodiode and a transimpedance amplifier (feedback resistor = 16 MW, 8 MW, and
2.8 MW respectively) on a single monolithic IC. Qutput voltage is directly proportional to the
light intensity (irradiance) on the photodiode. These devices have improved amplifier offset-
voltage stability and low power consumption and are supplied in a 3-lead plastic sidelooker
package with an integral visible light cutoff filter and lens. When supplied in the lead (Pb) free
package, the device is RoHS compliant.” TAOS, 1.
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TAOS, 4.

“The TSL260R, TSL261R, and TSL262R are supplied in a clear 3-lead through-hole package with
a molded lens. The integrated photodiode active area is typically 1,0 mm2 (0.0016 in2) for
TSL260R, 0,5 mm?2 (0.00078 in2) for the TSL261R, and 0,26 mm2 (0.0004 in2) for the
TSL262R.” TAOS, 10.
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TAOS, 11.
[SE] a receiver configured to Elhag discloses and/or renders obvious “a receiver configured to receive and process at least a
receive and process at least a portion of the analysis output beam reflected or transmitted from the sample and to generate an

portion of the analysis output output signal.”
beam reflected or transmitted
from the sample and to generate
an output signal,

“Alternatively, the controller receives the signal from the photodetector 130 and processes the
information using a microprocessor within a housing 65 of the controller 43. The controller 43
also preferably has function controls 63 and a display screen 64. The user uses the function
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controls 63 to change the health information displayed on the display screen 64. In this
embodiment, the controller 43 would receive and process all of the information from the optical
device 30 to generate the plurality of health parameters. The controller optionally can display the
plurality of health parameters on its display screen 64. In such an alternative embodiment, the
controller 43 could control the audio feed of information from the digital storage and processing
device 35. The controller 43 could also operate with other portable audio devices such as CD
players, walkman style cassettes, minidisk players.” (Elhag, 10:11-25)

“Alternatively, the optical sensor 30 is a pulse oximetry device with a light source 135 that
typically includes LEDs that generate both red (A"660 nm) and infrared (A"900 nm) radiation. As
the heart pumps blood through the user's arteries, blood cells absorb and transmit varying amounts
of the red and infrared radiation depending on how much oxygen binds to the cells' hemoglobin.
The photodetector 130, which is typically a photodiode, detects transmission at the red and
infrared wavelengths, and in response generates a radiation-induced signal.” (Elhag, 8:35-44)

[SF] wherein the receiver is Elhag discloses and/or renders obvious “wherein the receiver is configured to be synchronized to
configured to be synchronized to | the light source.”

the light source; “A preferred optical sensor 30 utilizing green light is a TRS1755 sensor from TAOS, Inc of Plano

Tex. The TRS1755 comprises a green LED light source (567 nm wavelength) and a light-to-
voltage converter. The output voltage is directly proportional to the reflected light intensity.
Another preferred photodetector 130 is a light-to-voltage photodetector such as the TSL260R and
TSL261, TSL261R photodetectors available from TAOS, Inc of Plano Tex. Alternatively, the
photodetector 130 is a light-to-frequency photodetector such as the TSL245R, which is also
available from TAOS, Inc. The light-to-voltage photodetectors have an integrated transimpedance
amplifier on a single monolithic integrated circuit, which reduces the need for ambient light
filtering. The TSL261 photodetector preferably operates at a wavelength greater than 750
nanometers, and optimally at 940 nanometers, which would preferably have a LED that radiates
light at those wavelengths.” (Elhag, 8:45-61)
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in FIG. 6, the photodetector 130 of the optical sensor 30 receives light from the light source 135
while in proximity to the user's nose 90 (reference to FIG. 4) or ear 98 (reference to FIG. 7). In a
preferred embodiment, the optical sensor 30 is a TRS1755 which includes a green LED light
source (567 nm wavelength) and a light-to-voltage converter. The output voltage is directly
proportional to the reflected light intensity. The signal 299 is sent to the microprocessor 41. At
block 1300, the signal acquisition is performed, which is shown in greater detail in FIG. 8. In the
pulse mode the LED 135 is periodically activated for short intervals of time by a signal from the
microcontroller. The reflected pulse of light is received by the sensor, with the generation of a
voltage pulse having an amplitude proportional to the intensity of the reflected light. When the
LED is activated, the switch, SW, is open by the action of the control signal from the
microcontroller, and the capacitor, C, integrates the pulse generated from the sensor by charging
through the resistor R. Immediately prior to deactivation of the LED, the analog-to-digital
converter acquires the value of the voltage integrated across the capacitor, C. The analog-to-digital
converter generates a data sample in digital form which is utilized by the microcontroller for
evaluation of the heart rate the wearer. Subsequent to the sample being acquired by the analog-to-
digital converter, the LED is deactivated and the capacitor, C, is shortcut by switch, SW, to reset
the integrator, RC. This states remains unchanged for a given time interval after which the process
is repeated, which is illustrated in FIG. 9. A noise reduction and power reduction process is
discussed below in reference to FIGS. 13 and 14.” (Elhag, 14:51-15:14)

“At block 1305, a band pass filter is implemented preferably with two sets of data from the
analog-to-digital converter. At block 1305, an average of the values of data samples within each of
a first set of samples is calculated by the microprocessor. For example, the values of data samples
within forty-four samples are summed and then divided by forty-four to generate an average value
for the first set of samples. Next, an average of the values of data samples within a second set of
samples is calculated by the microprocessor. For example, the values of data samples within
twenty-two samples are summed and then divided by twenty-two to generate an average value for
the second set of samples. Preferably, the second set of samples is less than the first set of
samples. Next, the average value of the second set of samples is subtracted from the average value
for the first set of samples to generate a first filtered pulse data value.” (Elhag, 15:15-30)
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.Due t des
minimize power consumption of the monitoring device 20, and achieve very accurate signal
measurements using the optical sensor 30, the present invention preferably utilizes the method 250
illustrated in FIG. 13. At block 252, the processor 41 is deactivated for a deactivation period in
order to conserve power and to eliminate noise for a signal measurement. The deactivation period
ranges from 128 to 640 microseconds, more preferably from 200 microseconds to 400
microseconds, and more preferably from 225 microseconds to 300 microseconds. In reference to
FIG. 6, this deactivation period occurs during block 1300. At block 254, during the deactivation
period, the optical sensor 30 is activated to obtain multiple readings using the light source 135 and
the photodetector 130. Preferably 4 to 25 sub-readings or sub-samples are obtained during the
deactivation period. The sub-readings or sub-samples are averaged for noise reduction to provide a
reading or sample value. In a single second, from 500 to 1500 sub-readings or sub-samples are
obtained by the optical sensor 30. At block 256, the processor 41 is reactivated and the reading
values are processed by processor 41. At block 258, heart rate data is generated from the readings
by the processor 41. At block 260, health related data is generated from the heart rate data, and the
health related data and the heart rate data are displayed on the display member 40.” (Elhag, 16:4-
41)

[SG] a personal device Elhag discloses and/or renders obvious “a personal device comprising a wireless receiver, a
comprising a wireless receiver, a | wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a
wireless transmitter, a display, a | microprocessor and a touch screen.”

microphone, a speaker, one or
more buttons or knobs, a
microprocessor and a touch
screen,
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LG 10 (Elhag, Fig. 10)
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FiG.-41 (Elhag, Fig. 11)
“The digital storage and processing unit 35 is preferably a MP3 player such as the IPOD™ MP3
player from Apple Computer of Cupertino Calif., or other similar devices available from Hewlett
Packard or Dell Computer. The use of a MP3 player with the monitoring device 20 allows for the
user to listen to music or other audio information through earphone 85 while monitoring the user's
health parameters with the optical device 30. Alternatively, the digital storage device 35 is a PDA
such as a BLACKBERRY™ device from Research In Motion Company, or a SMARTPHONE™
TREO™ device from Palm Company.” (Elhag, 8:62-9:5)

“Yet further, in reference to FIG. 10, the digital storage device is a watch 67 which receives a
wireless transmission 902 from the circuitry on the eyewear 25 while worn on an arm of the user
15. The watch is capable of displaying the user's real-time vital signs on a display member on the
face of the watch. As shown in FIG. 11, the eyewear circuitry 25 a comprises the LED 135 and
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photo \ b an 187.
The radiation induced signal from the photodetector 130 is sent to the processor 41 a for
processing. The processed information is sent by the short range wireless transceiver 36 b to the
watch 67 via the antenna 187.” (Elhag, 9:6-17)

]

“As shown in FIGS. 1 and 2, the digital storage and processing unit 35 preferably includes a
housing 50, a display screen 40, a function control 51 and a connection cable receptor 52. Within
the housing 50 of the digital storage and processing unit 35 are preferably a microprocessor, a
memory, a battery, a communication interface, and an earphone interface. The microprocessor can
process the data to display the health parameters such as a pulse rate, blood oxygenation levels,
calories expended by the user of a pre-set time period, target zone activity, time and dynamic
blood pressure. The memory can store the health parameters. The memory may also store digital
music.

The display screen of the digital storage and processing unit 35 is preferably a liquid crystal
display (“LCD”). Alternatively, the display screen 40 is a light emitting diode (“LED”), a
combination of a LCD and LED, or other similar display device. As shown in FIG. 4, the display
screen 40 displays the health parameters of the user.” (Elhag, 9:18-36)

“The digital storage and processing unit 35 may optionally have a short range wireless transceiver
for transmitting processed information processed from the digital storage and processing unit 35 to
a handheld device 150 or a computer, not shown. The short-range wireless transceiver is
preferably a transmitter operating on a wireless protocol, e.g. BLUETOOTH™, part-15, or
802.11. “Part-15” refers to a conventional low-power, short-range wireless protocol, such as that
used in cordless telephones. The short-range wireless transmitter (e.g., a BLUETOOTH™
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. The external laptop computer or hand-held device 150
features a similar antenna coupled to a matched wireless, short-range receiver that receives the
packet. In certain embodiments, the hand-held device 150 is a cellular telephone with a
BLUETOOTH™ circuit integrated directly into a chipset used in the cellular telephone. In this
case, the cellular telephone may include a software application that receives, processes, and
displays the information. The secondary wireless component may also include a long-range
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wireless transmitter that transmits information over a terrestrial, satellite, or 802.11-based wireless
network. Suitable networks include those operating at least one of the following protocols:
CDMA, GSM, GPRS, Mobitex, DataTac, iDEN, and analogs and derivatives thereof.
Alternatively, the handheld device 150 is a pager or PDA.” (Elhag, 9:36-63)

“Alternatively, the controller receives the signal from the photodetector 130 and processes the
information using a microprocessor within a housing 65 of the controller 43. The controller 43
also preferably has function controls 63 and a display screen 64. The user uses the function
controls 63 to change the health information displayed on the display screen 64. In this
embodiment, the controller 43 would receive and process all of the information from the optical
device 30 to generate the plurality of health parameters. The controller optionally can display the
plurality of health parameters on its display screen 64. In such an alternative embodiment, the
controller 43 could control the audio feed of information from the digital storage and processing
device 35. The controller 43 could also operate with other portable audio devices such as CD
players, walkman style cassettes, minidisk players.” (Elhag, 10:11-25)

[SH] the personal device Elhag discloses and/or renders obvious “the personal device configured to receive and process at
configured to receive and process | least a portion of the output signal.”
at least a portion of the output

signal,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT C-1, p. 20
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 645 OMNI 2018 - IPR2020-00209



NS

ey oo
i

e

FiG.-41 (Elhag, Fig. 11)
“The digital storage and processing unit 35 is preferably a MP3 player such as the IPOD™ MP3
player from Apple Computer of Cupertino Calif., or other similar devices available from Hewlett
Packard or Dell Computer. The use of a MP3 player with the monitoring device 20 allows for the
user to listen to music or other audio information through earphone 85 while monitoring the user's
health parameters with the optical device 30. Alternatively, the digital storage device 35 is a PDA
such as a BLACKBERRY™ device from Research In Motion Company, or a SMARTPHONE™
TREO™ device from Palm Company.” (Elhag, 8:62-9:5)

“Yet further, in reference to FIG. 10, the digital storage device is a watch 67 which receives a
wireless transmission 902 from the circuitry on the eyewear 25 while worn on an arm of the user
15. The watch is capable of displaying the user's real-time vital signs on a display member on the
face of the watch. As shown in FIG. 11, the eyewear circuitry 25 a comprises the LED 135 and
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photo s . b an 187.
The radiation induced signal from the photodetector 130 is sent to the processor 41 a for
processing. The processed information is sent by the short range wireless transceiver 36 b to the
watch 67 via the antenna 187.” (Elhag, 9:6-17)

“As shown in FIGS. 1 and 2, the digital storage and processing unit 35 preferably includes a
housing 50, a display screen 40, a function control 51 and a connection cable receptor 52. Within
the housing 50 of the digital storage and processing unit 35 are preferably a microprocessor, a
memory, a battery, a communication interface, and an earphone interface. The microprocessor can
process the data to display the health parameters such as a pulse rate, blood oxygenation levels,
calories expended by the user of a pre-set time period, target zone activity, time and dynamic
blood pressure. The memory can store the health parameters. The memory may also store digital
music.” (Elhag, 9:18-30)

“The digital storage and processing unit 35 may optionally have a short range wireless transceiver
for transmitting processed information processed from the digital storage and processing unit 35 to
a handheld device 150 or a computer, not shown. The short-range wireless transceiver is
preferably a transmitter operating on a wireless protocol, e.g. BLUETOOTH™, part-15, or
802.11. “Part-15” refers to a conventional low-power, short-range wireless protocol, such as that
used in cordless telephones. The short-range wireless transmitter (e.g., a BLUETOOTH™
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. The external laptop computer or hand-held device 150
features a similar antenna coupled to a matched wireless, short-range receiver that receives the
packet. In certain embodiments, the hand-held device 150 is a cellular telephone with a
BLUETOOTH™ circuit integrated directly into a chipset used in the cellular telephone. In this
case, the cellular telephone may include a software application that receives, processes, and
displays the information. The secondary wireless component may also include a long-range
wireless transmitter that transmits information over a terrestrial, satellite, or 802.11-based wireless
network. Suitable networks include those operating at least one of the following protocols:
CDMA, GSM, GPRS, Mobitex, DataTac, iDEN, and analogs and derivatives thereof.
Alternatively, the handheld device 150 is a pager or PDA.” (Elhag, 9:36-63)
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processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” (Elhag, 11:47-51)

Elhag discloses and/or renders obvious “wherein the personal device is configured to store and

[SI] wherein the personal device
is configured to store and display
the processed output signal,

display the processed output signal.”

R
R

25

e

Mo

FiG 1 (Elhag, Fig. 11)

“Yet further, in reference to FIG. 10, the digital storage device is a watch 67 which receives a
wireless transmission 902 from the circuitry on the eyewear 25 while worn on an arm of the user
15. The watch is capable of displaying the user's real-time vital signs on a display member on the
face of the watch. As shown in FIG. 11, the eyewear circuitry 25 a comprises the LED 135 and

photodetector 130, a processor 41 a, a short range wireless transceiver 36 b and an antenna 187.
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The r:
processing. The processed information is sent by the short range wireless transceiver 36 b to the
watch 67 via the antenna 187.” (Elhag, 9:6-17)

“As shown in FIGS. 1 and 2, the digital storage and processing unit 35 preferably includes a
housing 50, a display screen 40, a function control 51 and a connection cable receptor 52. Within
the housing 50 of the digital storage and processing unit 35 are preferably a microprocessor, a
memory, a battery, a communication interface, and an earphone interface. The microprocessor can
process the data to display the health parameters such as a pulse rate, blood oxygenation levels,
calories expended by the user of a pre-set time period, target zone activity, time and dynamic
blood pressure. The memory can store the health parameters. The memory may also store digital
music.

The display screen of the digital storage and processing unit 35 is preferably a liquid crystal
display (“LCD”). Alternatively, the display screen 40 is a light emitting diode (“LED”), a
combination of a LCD and LED, or other similar display device. As shown in FIG. 4, the display
screen 40 displays the health parameters of the user.” (Elhag, 9:18-36)

“The digital storage and processing unit 35 may optionally have a short range wireless transceiver
for transmitting processed information processed from the digital storage and processing unit 35 to
a handheld device 150 or a computer, not shown. The short-range wireless transceiver is
preferably a transmitter operating on a wireless protocol, e.g. BLUETOOTH™, part-15, or
802.11. “Part-15” refers to a conventional low-power, short-range wireless protocol, such as that
used in cordless telephones. The short-range wireless transmitter (e.g., a BLUETOOTH™
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. The external laptop computer or hand-held device 150
features a similar antenna coupled to a matched wireless, short-range receiver that receives the
packet. In certain embodiments, the hand-held device 150 is a cellular telephone with a
BLUETOOTH™ circuit integrated directly into a chipset used in the cellular telephone. In this
case, the cellular telephone may include a software application that receives, processes, and
displays the information. The secondary wireless component may also include a long-range
wireless transmitter that transmits information over a terrestrial, satellite, or 802.11-based wireless
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network. Suitable networks include those operating at least one of the following protocols:
CDMA, GSM, GPRS, Mobitex, DataTac, iDEN, and analogs and derivatives thereof.
Alternatively, the handheld device 150 is a pager or PDA.” (Elhag, 9:36-63)

“The monitoring device 20 may also be able to download the information to a computer for further
processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” (Elhag, 11:47-51)

[5J] and wherein at least a portion | Elhag discloses and/or renders obvious “and wherein at least a portion of the processed output
of the processed output signal is | signal is configured to be transmitted over a wireless transmission link.”

configured to be transmitted over
a wireless transmission link; and S5

.J\;w“\ 4

FIG. 1

(Elhag, Fig. 11)
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“Yet \ eny 1G. 10, the digital storage de a
wireless transmission 902 from the circuitry on the eyewear 25 while worn on an arm of the user
15. The watch is capable of displaying the user's real-time vital signs on a display member on the
face of the watch. As shown in FIG. 11, the eyewear circuitry 25 a comprises the LED 135 and
photodetector 130, a processor 41 a, a short range wireless transceiver 36 b and an antenna 187.
The radiation induced signal from the photodetector 130 is sent to the processor 41 a for
processing. The processed information is sent by the short range wireless transceiver 36 b to the
watch 67 via the antenna 187.” (Elhag, 9:6-17)

“The digital storage and processing unit 35 may optionally have a short range wireless transceiver
for transmitting processed information processed from the digital storage and processing unit 35 to
a handheld device 150 or a computer, not shown. The short-range wireless transceiver is
preferably a transmitter operating on a wireless protocol, e.g. BLUETOOTH™, part-15, or
802.11. “Part-15” refers to a conventional low-power, short-range wireless protocol, such as that
used in cordless telephones. The short-range wireless transmitter (e.g., a BLUETOOTH™
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. The external laptop computer or hand-held device 150
features a similar antenna coupled to a matched wireless, short-range receiver that receives the
packet. In certain embodiments, the hand-held device 150 is a cellular telephone with a
BLUETOOTH™ circuit integrated directly into a chipset used in the cellular telephone. In this
case, the cellular telephone may include a software application that receives, processes, and
displays the information. The secondary wireless component may also include a long-range
wireless transmitter that transmits information over a terrestrial, satellite, or 802.11-based wireless
network. Suitable networks include those operating at least one of the following protocols:
CDMA, GSM, GPRS, Mobitex, DataTac, iDEN, and analogs and derivatives thereof.
Alternatively, the handheld device 150 is a pager or PDA.” (Elhag, 9:36-63)

“The monitoring device 20 may also be able to download the information to a computer for further
processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” (Elhag, 11:47-51)
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[SK] a remote device configured
to receive over the wireless
transmission link an output status
comprising the at least a portion
of the processed output signal, to
process the received output status
to generate processed data and to
store the processed data.

“Yet further, in reference to FIG. 10, the digital storage device is a watch 67 which receives a
wireless transmission 902 from the circuitry on the eyewear 25 while worn on an arm of the user
15. The watch is capable of displaying the user's real-time vital signs on a display member on the
face of the watch. As shown in FIG. 11, the eyewear circuitry 25 a comprises the LED 135 and
photodetector 130, a processor 41 a, a short range wireless transceiver 36 b and an antenna 187.
The radiation induced signal from the photodetector 130 is sent to the processor 41 a for

Elhag discloses and/or renders obvious “a remote device configured to receive over the wireless
transmission link an output status comprising the at least a portion of the processed output signal,
to process the received output status to generate processed data and to store the processed data.”

LA
{35 NN

FG. 11 (Elhag, Fig. 11)
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processing. The proces: orm y
watch 67 via the antenna 187.” (Elhag, 9:6-17)

“The digital storage and processing unit 35 may optionally have a short range wireless transceiver
for transmitting processed information processed from the digital storage and processing unit 35 to
a handheld device 150 or a computer, not shown. The short-range wireless transceiver is
preferably a transmitter operating on a wireless protocol, e.g. BLUETOOTH™, part-15, or
802.11. “Part-15” refers to a conventional low-power, short-range wireless protocol, such as that
used in cordless telephones. The short-range wireless transmitter (e.g., a BLUETOOTH™
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. The external laptop computer or hand-held device 150
features a similar antenna coupled to a matched wireless, short-range receiver that receives the
packet. In certain embodiments, the hand-held device 150 is a cellular telephone with a
BLUETOOTH™ circuit integrated directly into a chipset used in the cellular telephone. In this
case, the cellular telephone may include a software application that receives, processes, and
displays the information. The secondary wireless component may also include a long-range
wireless transmitter that transmits information over a terrestrial, satellite, or 802.11-based wireless
network. Suitable networks include those operating at least one of the following protocols:
CDMA, GSM, GPRS, Mobitex, DataTac, iDEN, and analogs and derivatives thereof.
Alternatively, the handheld device 150 is a pager or PDA.” (Elhag, 9:36-63)

“The monitoring device 20 may also be able to download the information to a computer for further
processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” (Elhag, 11:47-51)

[7] The system of claim 5, Elhag discloses and/or renders obvious “[t]he system of claim 5, wherein the remote device is
wherein the remote device is further configured to transmit at least a portion of the processed data to one or more other

further configured to transmit at | locations, wherein the one or more other locations is selected from the group consisting of the
least a portion of the processed personal device, a doctor, a healthcare provider, a cloud-based server and one or more designated
data to one or more other recipients, and wherein the remote device is capable of transmitting information related to a time
locations, wherein the one or and a position associated with the at least a portion of the processed data.”

more other locations is selected
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the group g “The p on provides he omings of t| r art. The p
personal device, a doctor, a invention is accurate, comfortable to wear by a user on their face for extended time periods, allows
healthcare provider, a cloud- for input and controlled output by the user, is light weight, and provides sufficient real-time
based server and one or more information to the user about the user's health.” (Elhag, 5:9-14)
designated recipients, and
wherein the remote device is “Another aspect of the present invention is a system for monitoring the health of a user. The
capable of transmitting system includes a monitoring device and a handheld device. The monitoring device includes

information related to a time and | eyewear, an optical sensor, a digital music player, a controller and transmitting means. The

a position associated with the at eyewear has a lens or two lenses, temporal members and a nose support member. The optical
least a portion of the processed sensor is integrated into the eyewear, either one of the temporal members or the nose support
data. member. The optical sensor is capable generating a signal corresponding to the flow of blood
through at least one facial artery of the user. The controller is connected to the eyewear and the
digital music player. The transmitting means transmits a plurality of health information about the
user. The handheld device or computer is capable of storing the plurality of health information
transmitted by the monitoring device.” (Elhag, 5:40-54)

“Alternatively, the controller receives the signal from the photodetector 130 and processes the
information using a microprocessor within a housing 65 of the controller 43. The controller 43
also preferably has function controls 63 and a display screen 64. The user uses the function
controls 63 to change the health information displayed on the display screen 64. In this
embodiment, the controller 43 would receive and process all of the information from the optical
device 30 to generate the plurality of health parameters. The controller optionally can display the
plurality of health parameters on its display screen 64. In such an alternative embodiment, the
controller 43 could control the audio feed of information from the digital storage and processing
device 35. The controller 43 could also operate with other portable audio devices such as CD
players, walkman style cassettes, minidisk players.” (Elhag, 10:11-25)

“The digital storage and processing unit 35 may optionally have a short range wireless transceiver
for transmitting processed information processed from the digital storage and processing unit 35 to
a handheld device 150 or a computer, not shown. The short-range wireless transceiver is
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prefer tr: tter op w pr ,e.g. BLUE TH™, p
802.11. “Part-15” refers to a conventional low-power, short-range wireless protocol, such as that
used in cordless telephones. The short-range wireless transmitter (e.g., a BLUETOOTH™
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. The external laptop computer or hand-held device 150
features a similar antenna coupled to a matched wireless, short-range receiver that receives the
packet. In certain embodiments, the hand-held device 150 is a cellular telephone with a
BLUETOOTH™ circuit integrated directly into a chipset used in the cellular telephone. In this
case, the cellular telephone may include a software application that receives, processes, and
displays the information. The secondary wireless component may also include a long-range
wireless transmitter that transmits information over a terrestrial, satellite, or 802.11-based wireless
network. Suitable networks include those operating at least one of the following protocols:
CDMA, GSM, GPRS, Mobitex, DataTac, iDEN, and analogs and derivatives thereof.
Alternatively, the handheld device 150 is a pager or PDA.” (Elhag, 9:36-63)

3

“The monitoring device 20 may also be able to download the information to a computer for further
processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” (Elhag, 11:47-51)

[8] The system of claim 5,
wherein the receiver is located a
first distance from a first one of
the plurality of light emitting
diodes and a different, second
distance from a second one of the
plurality of light emitting diodes
such that the receiver receives a
first signal from the first light
emitting diode and a second
signal from the second light
emitting diode.

Elhag discloses and/or renders obvious “[t]he system of claim 5, wherein the receiver is located a
first distance from a first one of the plurality of light emitting diodes and a different, second
distance from a second one of the plurality of light emitting diodes such that the receiver receives
a first signal from the first light emitting diode and a second signal from the second light emitting
diode.”

“The lens 26 includes & recessed nose area 27 inchuding 2 nose support 28 {or 28 aand 28 b in
FIG. 1) which allows the evewear 25 to be supported on the user's face {(not shown} in the manner
conventionally known in the art. An optical sensor 30, as discussed below, is attached to the nose
support 28. The optical sensor 30 has a light souree 135 and a photodetector 130, which is
connected to connection cable 45, An integral lens support portion 29 is provided on the eyewear
25 for supporting the lens 28 in the desired position within the user's forward field of vision. The
connection cable 45 is preferably attached and/or integrated into the lens support position 29. As
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: .2, th 3 support port e v integrally ; the |

from a sirsilar transparent material so as to allow the vser 1o see objects through the lens support
portion 29. As shown in FIG. 14, a reflective mode optical sensor 30 has the light source 135 and
the photodetector 130 on nose support 28 b, As shown in FIG. 1B, in ap alternative embodiment, a
transmission mode optical sensor 30 has the optical sensor 30 with the light scurce 135 in the nose
support 28 b and the photodetector 130 in the nose support 28 a. In a8 preferred embodiment, the
light source 135 and the photodetecior 130 are integrated into the body of the nose support 28 b, or
nose supports 28 2 and 28 b, so as to have little affect on the user, and to prevent adverse light
from affecting the signal reading of the photodetector 130.” (Elhag, 7:18-42)

ey

FIGURE 1A
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A general method of using the monitoring device 20 begins with the light source 135 transmitting
red and/or infrared light through a nose of the user. The photo-detector 130 detects the light. The
pulse rate is determined by the signals received by the photo-detector 130. The ratio of the
fluctuation of the red and/or infrared light signals is used to calculate the blood oxygen saturation
level of the user. An optical sensor 30 with a photodetector 130 and single LED 135 is preferably
utilized. Alternatively, a pulse oximetry device with two LEDs and a photodetector is utilized.
Next, this information is sent to pulse oximetry board in the digital storage and processing device
35 for creation of blood oxygenation level, pulse rate, signal strength bargraph, plethysmogram
and/or status bits data. Next, the microprocessor further processes the information to display pulse
rate, blood oxygenation levels, calories expended by the user of a pre-set time period, target zones
of activity, time and dynamic blood pressure. Next, the information is displayed on the display
member 40. (Elhag, 11:52-12:2)

[9] The system of claim 5,
wherein the output signal is

Elhag discloses and/or renders obvious “[t]he system of claim 5, wherein the output signal is
generated in part by comparing the first and second signals.”
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“As shown in FIG. 5, a general method is indicated as 200. At block 205, the light source 135 of
the optical device 30 transmits light at the nose 90 of the user. The photo-detector 130 detects the
light. The pulse rate is determined by the signals received by the photo-detector 130. The ratio of
the fluctuation of the red and/or infrared light signals is used to calculate the blood oxygen
saturation level of the user. At block 210, a signal is sent to digital storage and processing unit 35
for creation of blood oxygenation level, pulse rate, signal strength bar graph, plethysmogram

(Elhag, Fig. 5)
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and/o b ta. ck 215, a microproc n g
35 further processes the information to display pulse rate, blood oxygenation levels, calories
expended by the user of a pre-set time period, target zones of activity, time and/or dynamic blood
pressure. At block 220, the information is displayed on the display screen 40 of the digital storage
and processing unit 35.” (Elhag, 10:51-67)

An alternative method includes the light source 135 of the optical device 30 transmitting light at
the nose 90 of the user. The photo-detector 130 detects the light. The pulse rate is determined by
the signals received by the photo-detector 130. The ratio of the fluctuation of the red and/or
infrared light signals is used to calculate the blood oxygen saturation level of the user. Then, the
signal is sent to the controller 43 to be converted into a usable format for the digital storage and
processing unit 35. Then, the signal is sent from the controller 43 to the digital storage and
processing unit 35. Then, the information contained in the signal is processed by the
microprocessor on the digital storage and processing unit 35 to generate blood oxygenation level,
pulse rate, signal strength bar graph, plethysmogram and/or status bits data. Further processing of
the information is performed by the microprocessor to generate pulse rate, blood oxygenation
levels, calories expended by the user of a pre-set time period, target zones of activity, time and
dynamic blood pressure. Then, the information is displayed on the display screen 40 of the digital
storage and processing unit 35. Another alternative method includes the light source 135 of the
optical device 30 transmitting light at the nose 90 of the user. The photo-detector 130 detects the
light. The pulse rate is determined by the signals received by the photo-detector 130. The ratio of
the fluctuation of the red and/or infrared light signals is used to calculate the blood oxygen
saturation level of the user. Then, the signal is sent to the controller 43 to be converted into a
usable format for the digital storage and processing unit 35. The information contained in the
signal is processed by the microprocessor on the controller 43 to generate blood oxygenation level,
pulse rate, signal strength bar graph, plethysmogram and/or status bits data. Further processing of
the information is performed by the microprocessor to generate pulse rate, blood oxygenation
levels, calories expended by the user of a pre-set time period, target zones of activity, time and/or
dynamic blood pressure. Then, a health information signal is sent from the controller 43 to the
digital storage and processing unit 35. Then, the information is displayed on the display screen 40
of the digital storage and processing unit 35.” (Elhag, 11:1-40)
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g g g
red and/or infrared light through a nose of the user. The photo-detector 130 detects the light. The

pulse rate is determined by the signals received by the photo-detector 130. The ratio of the
fluctuation of the red and/or infrared light signals is used to calculate the blood oxygen saturation
level of the user. An optical sensor 30 with a photodetector 130 and single LED 135 is preferably
utilized. Alternatively, a pulse oximetry device with two LEDs and a photodetector is utilized.
Next, this information is sent to pulse oximetry board in the digital storage and processing device
35 for creation of blood oxygenation level, pulse rate, signal strength bargraph, plethysmogram
and/or status bits data. Next, the microprocessor further processes the information to display pulse
rate, blood oxygenation levels, calories expended by the user of a pre-set time period, target zones
of activity, time and dynamic blood pressure. Next, the information is displayed on the display
member 40. (Elhag, 11:52-12:2)

[10] The system of claim 5, Elhag discloses and/or renders obvious “[t]he system of claim 5, wherein the output signal
wherein the output signal comprises one or more physiological parameters, and the remote device is capable of storing a
comprises one or more history of at least a portion of the one or more physiological parameters over a specified period of

’”

physiological parameters, and the | time
remote device is capable of
storing a history of at least a
portion of the one or more
physiological parameters over a
specified period of time.

“Another aspect of the present invention is a system for monitoring the health of a user. The
system includes a monitoring device and a handheld device. The monitoring device includes
eyewear, an optical sensor, a digital music player, a controller and transmitting means. The
eyewear has a lens or two lenses, temporal members and a nose support member. The optical
sensor is integrated into the eyewear, either one of the temporal members or the nose support
member. The optical sensor is capable generating a signal corresponding to the flow of blood
through at least one facial artery of the user. The controller is connected to the eyewear and the
digital music player. The transmitting means transmits a plurality of health information about the
user. The handheld device or computer is capable of storing the plurality of health information
transmitted by the monitoring device.” (Elhag, 5:40-54)“As shown in FIGS. 1 and 2, the digital
storage and processing unit 35 preferably includes a housing 50, a display screen 40, a function
control 51 and a connection cable receptor 52. Within the housing 50 of the digital storage and
processing unit 35 are preferably a microprocessor, a memory, a battery, a communication
interface, and an earphone interface. The microprocessor can process the data to display the health
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set time period, target zone activity, time and dynamic blood pressure. The memory can store the
health parameters. The memory may also store digital music.” (Elhag, 9:18-30)

“Alternatively, the controller receives the signal from the photodetector 130 and processes the
information using a microprocessor within a housing 65 of the controller 43. The controller 43
also preferably has function controls 63 and a display screen 64. The user uses the function
controls 63 to change the health information displayed on the display screen 64. In this
embodiment, the controller 43 would receive and process all of the information from the optical
device 30 to generate the plurality of health parameters. The controller optionally can display the
plurality of health parameters on its display screen 64. In such an alternative embodiment, the
controller 43 could control the audio feed of information from the digital storage and processing
device 35. The controller 43 could also operate with other portable audio devices such as CD
players, walkman style cassettes, minidisk players.” (Elhag, 10:11-25)

“Yet further, in reference to FIG. 10, the digital storage device is a watch 67 which receives a
wireless transmission 902 from the circuitry on the eyewear 25 while worn on an arm of the user
15. The watch is capable of displaying the user's real-time vital signs on a display member on the
face of the watch. As shown in FIG. 11, the eyewear circuitry 25 a comprises the LED 135 and
photodetector 130, a processor 41 a, a short range wireless transceiver 36 b and an antenna 187.
The radiation induced signal from the photodetector 130 is sent to the processor 41 a for
processing. The processed information is sent by the short range wireless transceiver 36 b to the
watch 67 via the antenna 187.” (Elhag, 9:6-17)

“The digital storage and processing unit 35 may optionally have a short range wireless transceiver
for transmitting processed information processed from the digital storage and processing unit 35 to
a handheld device 150 or a computer, not shown. The short-range wireless transceiver is
preferably a transmitter operating on a wireless protocol, e.g. BLUETOOTH™, part-15, or
802.11. “Part-15” refers to a conventional low-power, short-range wireless protocol, such as that
used in cordless telephones. The short-range wireless transmitter (e.g., a BLUETOOTH™
transmitter) receives information from the microprocessor and transmits this information in the
form of a packet through an antenna. The external laptop computer or hand-held device 150
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featur enn: pl mi

packet. In certain embodiments, the hand-held device 150 is a cellular telephone with a
BLUETOOTH™ circuit integrated directly into a chipset used in the cellular telephone. In this
case, the cellular telephone may include a software application that receives, processes, and
displays the information. The secondary wireless component may also include a long-range
wireless transmitter that transmits information over a terrestrial, satellite, or 802.11-based wireless
network. Suitable networks include those operating at least one of the following protocols:
CDMA, GSM, GPRS, Mobitex, DataTac, iDEN, and analogs and derivatives thereof.
Alternatively, the handheld device 150 is a pager or PDA.” (Elhag, 9:36-63)

“The monitoring device 20 may also be able to download the information to a computer for further
processing and storage of information. The download may be wireless or through cable
connection. The information can generate an activity log or a calorie chart.” (Elhag, 11:47-51)

[13] A measurement system
comprising

To the extent the preamble is limiting, Elhag discloses and/or renders obvious “a measurement
system.”

See CHART ONE: *533 Patent, Claim Element 5 above.

[13A] a wearable measurement
device for measuring one or more
physiological parameters,
including a light source
comprising a plurality of
semiconductor sources that are
light emitting diodes, the light
emitting diodes configured to
generate an output optical beam
with one or more optical
wavelengths,

Elhag discloses and/or renders obvious “a wearable measurement device for measuring one or
more physiological parameters, including a light source comprising a plurality of semiconductor
sources that are light emitting diodes, the light emitting diodes configured to generate an output
optical beam with one or more optical wavelengths.”
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FIGURE 1

FIGURE2 (Elhag, Fig. 1-2)

“As shown in FIGS. 1-3, a monitoring device is generally designated 20. In a preferred
embodiment shown in FIG. 1, the monitoring device 20 comprises eyewear 25, an optical sensor
30, a digital storage and processing unit 35 and a connection cable 45. In an alternative
embodiment shown in FIG. 2, the monitoring device 20 includes eyewear 25, an optical sensor 30,
a digital storage and processing unit 35, a controller 43, a connection cable 45 and a controller
cable 61.” (Elhag, 6:63-7:3)

“A general method of using the monitoring device 20 begins with the light source 135 transmitting
red and/or infrared light through a nose of the user. The photo-detector 130 detects the light. The
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pulse rate is determined by the signals received by the photo-detector 130. The ratio of the
fluctuation of the red and/or infrared light signals is used to calculate the blood oxygen saturation
level of the user. An optical sensor 30 with a photodetector 130 and single LED 135 is preferably
utilized. Alternatively, a pulse oximetry device with two LEDs and a photodetector is utilized.
Next, this information is sent to pulse oximetry board in the digital storage and processing device
35 for creation of blood oxygenation level, pulse rate, signal strength bargraph, plethysmogram
and/or status bits data. Next, the microprocessor further processes the information to display pulse
rate, blood oxygenation levels, calories expended by the user of a pre-set time period, target zones
of activity, time and dynamic blood pressure. Next, the information is displayed on the display
member 40.” (Elhag, 11:52-12:2)

“In a preferred embodiment, the optical sensor 30 is a single light emitting diode (“LED”) 135
based on green light wherein the LED 135 generates green light (A"500-600 nm), and a
photodetector 130 detects the green light. Yet in an alternative embodiment, the optical sensor 30
is a photodetector 130 and a single LED 135 transmitting light at a wavelength of approximately
900 nanometers as a pulsed infrared LED. Yet further, the optical sensor is a combination of a
green light LED and a pulsed infrared LED to offset noise affects of ambient light and sunlight.
As the heart pumps blood through the arteries of the user, blood cells absorb and transmit varying
amounts of the light depending on how much oxygen binds to the cells’ hemoglobin. The
photodetector 30, which is typically a photodiode, detects reflectance/transmission at the
wavelengths (green, red or infrared), and in response generates a radiation-induced signal.”
(Elhag, 8:19-34)

“Alternatively, the optical sensor 30 is a pulse oximetry device with a light source 135 that
typically includes LEDs that generate both red (A"660 nm) and infrared (A"900 nm) radiation. As
the heart pumps blood through the user's arteries, blood cells absorb and transmit varying amounts
of the red and infrared radiation depending on how much oxygen binds to the cells' hemoglobin.
The photodetector 130, which is typically a photodiode, detects transmission at the red and
infrared wavelengths, and in response generates a radiation-induced signal.” (Elhag, 8:35-44)
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[13B] wherein at least a portion Elhag discloses and/or renders obvious “wherein at least a portion of the one or more optical
of the one or more optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”
wavelengths is a near-infrared L .

wavelength between 700 See CHART ONE: 533 Patent, Claim Element 5B above.

nanometers and 2500 nanometers,

[13C] the light source configured | Elhag discloses and/or renders obvious “the light source configured to increase signal-to-noise

to increase signal-to-noise ratio ratio by increasing a light intensity from at least one of the plurality of semiconductor sources and
by increasing a light intensity by increasing a pulse rate of at least one of the plurality of semiconductor sources.”

fr t least f the plurali .

o; g;icg;fiu‘::?:ros ourt::fsl::dlgy See CHART ONE: 533 Patent, Claim Element 5C above.

increasing a pulse rate of at least
one of the plurality of
semiconductor sources;

[13D] the wearable measurement | Elhag discloses and/or renders obvious “the wearable measurement device comprising a plurality
device comprising a plurality of | of lenses configured to receive a portion of the output optical beam and to deliver an analysis
lenses configured to receive a output beam to a sample.”

portion of the output optical beam L .

and to deliver an analysis output See CHART ONE: *533 Patent, Claim Element 5D above.

beam to a sample;

[13E] the wearable measurement | Elhag discloses and/or renders obvious “the wearable measurement device further comprising a
device further comprising a receiver configured to receive and process at least a portion of the analysis output beam reflected
receiver configured to receive and | or transmitted from the sample and to generate an output signal.”

g::l:;:issag:fpas: ; é:::lt lr‘:fllgftg:f or See CHART ONE: 533 Patent, Claim Element 5E above.

transmitted from the sample and
to generate an output signal

[13F] wherein the wearable Elhag discloses and/or renders obvious “wherein the wearable measurement device receiver is
measurement device receiver is configured to be synchronized to pulses of the light source.”
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figur yIu
pulses of the light source;

[13G] a personal device
comprising a wireless receiver, a
wireless transmitter, a display, a
microphone, a speaker, one or
more buttons or knobs, a
microprocessor and a touch
screen,

Elhag discloses and/or renders obvious “a personal device comprising a wireless receiver, a
wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs, a
microprocessor and a touch screen.”

See CHART ONE: *533 Patent, Claim Element 5G above.

[13H] the personal device
configured to receive and process
at least a portion of the output
signal,

Elhag discloses and/or renders obvious “the personal device configured to receive and process at
least a portion of the output signal, wherein the personal device is configured to store and display
the processed output signal.”

See CHART ONE: *533 Patent, Claim Element SH above.

[131I] wherein the personal device
is configured to store and display
the processed output signal, and

Elhag discloses and/or renders obvious “wherein the personal device is configured to store and
display the processed output signal.”

See CHART ONE: *533 Patent, Claim Element 51 above.

[13J] wherein at least a portion of
the processed output signal is
configured to be transmitted over
a wireless transmission link; and

Elhag discloses and/or renders obvious “wherein at least a portion of the processed output signal is
configured to be transmitted over a wireless transmission link.”

See CHART ONE: 533 Patent, Claim Element 5J above.

[13K] a remote device configured
to receive over the wireless
transmission link an output status
comprising the at least a portion
of the processed output signal, to
process the received output status

Elhag discloses and/or renders obvious “a remote device configured to receive over the wireless
transmission link an output status comprising the at least a portion of the processed output signal,
to process the received output status to generate processed data and to store the processed data.”

See CHART ONE: *533 Patent, Claim Element 5K above.
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to generate processed data and to
store the processed data, and

[13L] wherein the remote device
is capable of storing a history of
at least a portion of the received
output status over a specified
period of time.

Elhag discloses and/or renders obvious “wherein the remote device is capable of storing a history
of at least a portion of the received output status over a specified period of time.”

See CHART ONE: *533 Patent, Claim Element 10 above.

[16] The system of claim 13,
wherein the receiver is located a
first distance from a first one of
the plurality of light emitting
diodes and a different, second
distance from a second one of the
plurality of light emitting diodes
such that the receiver receives a
first signal from the first light
emitting diode and a second
signal from the second light
emitting diode.

Elhag discloses and/or renders obvious “[t]he system of claim 13, wherein the receiver is located a
first distance from a first one of the plurality of light emitting diodes and a different, second
distance from a second one of the plurality of light emitting diodes such that the receiver receives
a first signal from the first light emitting diode and a second signal from the second light emitting
diode.”

See CHART ONE: *533 Patent, Claim Element 8 above.

[17] The system of claim 16,
wherein the output signal is
generated in part by comparing
the first and second signals.

Elhag discloses and/or renders obvious “[t]he system of claim 16, wherein the output signal is
generated in part by comparing the first and second signals.”

See CHART ONE: *533 Patent, Claim Element 9 above.
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EXHIBIT C-2
U.S. Patent No. 9,757,040 vs Elhag

Priority Date/Publication Date: December 15, 2005 Prior Art Status: §§ 102(a) and (b)

U.S. Patent No. 7,648,463, naming inventors Sammy I Elhag, Nikolai Rulkov, Mark Hunt, Donald Brady, and Steve Lui (“Elhag™)
anticipates the asserted claims of U.S. Patent No. 9,757,040 (“the *040 Patent”) or renders those claims obvious alone and/or in view
of at least any of the references identified in Apple’s Obviousness Combinations Chart.

As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s
agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.
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CHART TWO: U.S. Patent No. 9,757,040 vs Elhag

[1] A wearable device for use
with a smart phone or tablet, the
wearable device comprising:

To the extent the preamble is limiting, Elhag discloses and/or renders obvious “[a] wearable
device for use with a smart phone or tablet.”

See CHART ONE: 533 Patent, Claim Elements 5, 5G, and 13A above.

[1A] a measurement device
including a light source
comprising a plurality of light
emitting diodes (LEDs) for
measuring one or more
physiological parameters

Elhag discloses and/or renders obvious “a measurement device including a light source
comprising a plurality of light emitting diodes (LEDs) for measuring one or more physiological
parameters.”

See CHART ONE: *533 Patent, Claim Element 13A above.

[1B] the measurement device
configured to generate, by
modulating at least one of the
LEDs having an initial light
intensity, an input optical beam
having one or more optical
wavelengths,

Elhag discloses and/or renders obvious “the measurement device configured to generate, by
modulating at least one of the LEDs having an initial light intensity, an input optical beam having
one or more optical wavelengths.”

“Alternatively, the optical sensor 30 is a pulse oximetry device with a light source 135 that
typically includes LEDs that generate both red (A"660 nm) and infrared (A"900 nm) radiation. As
the heart pumps blood through the user's arteries, blood cells absorb and transmit varying amounts
of the red and infrared radiation depending on how much oxygen binds to the cells' hemoglobin.
The photodetector 130, which is typically a photodiode, detects transmission at the red and
infrared wavelengths, and in response generates a radiation-induced signal.” (Elhag, 8:35-44)

[1C] wherein at least a portion of
the one or more optical
wavelengths is a near-infrared
wavelength between 700
nanometers and 2500 nanometers;

Elhag discloses and/or renders obvious “wherein at least a portion of the one or more optical
wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”

See CHART ONE: 533 Patent, Claim Element 5B above.
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[1D] the measurement device
comprising one or more lenses
configured to receive and to
deliver a portion of the input
optical beam to tissue, wherein
the tissue reflects at least a
portion of the input optical beam
delivered to the tissue;

Elhag discloses and/or renders obvious “the measurement device comprising one or more lenses
configured to receive and to deliver a portion of the input optical beam to tissue, wherein the tissue
reflects at least a portion of the input optical beam delivered to the tissue.”

See CHART ONE: *533 Patent, Claim Element 5D above.

[1E] the measurement device
further comprising a reflective
surface configured to receive and
redirect at least a portion of light
reflected from the tissue;

Elhag discloses and/or renders obvious “the measurement device further comprising a reflective
surface configured to receive and redirect at least a portion of light reflected from the tissue.”

248

Ve

FIGURE 1A
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“The lens 26 includes a recessed nose area 27 including a nose support 28 (or 28 a and 28 b in
FIG. 1) which allows the eyewear 25 to be supported on the user's face (not shown) in the manner
conventionally known in the art. An optical sensor 30, as discussed below, is attached to the nose
support 28. The optical sensor 30 has a light source 135 and a photodetector 130, which is
connected to connection cable 45. An integral lens support portion 29 is provided on the eyewear
25 for supporting the lens 26 in the desired position within the user's forward field of vision. The
connection cable 45 is preferably attached and/or integrated into the lens support position 29. As
illustrated in FIG. 2, the lens support portion 29 is preferably integrally formed on the lens 26
from a similar transparent material so as to allow the user to see objects through the lens support
portion 29. As shown in FIG. 1A, a reflective mode optical sensor 30 has the light source 135 and
the photodetector 130 on nose support 28 b. As shown in FIG. 1B, in an alternative embodiment, a
transmission mode optical sensor 30 has the optical sensor 30 with the light source 135 in the nose
support 28 b and the photodetector 130 in the nose support 28 a. In a preferred embodiment, the
light source 135 and the photodetector 130 are integrated into the body of the nose support 28 b, or
nose supports 28 a and 28 b, so as to have little affect on the user, and to prevent adverse light
from affecting the signal reading of the photodetector 130.” (Elhag, 7:18-42)

“In an alternative embodiment, the optical sensor 30 is positioned or embedded within one of the
temporal members 31 or 32, using the reflective mode optical sensor 30. The optical sensor 30 is
preferably in contact or in proximity to the superficial temporal artery 97 near the wearer's ear 98
as shown in FIG. 7.” (Elhag, 8:5-10)

“In a preferred embodiment, the optical sensor 30 is a single light emitting diode (“LED”) 135
based on green light wherein the LED 135 generates green light (A"500-600 nm), and a
photodetector 130 detects the green light. Yet in an alternative embodiment, the optical sensor 30
is a photodetector 130 and a single LED 135 transmitting light at a wavelength of approximately
900 nanometers as a pulsed infrared LED. Yet further, the optical sensor is a combination of a
green light LED and a pulsed infrared LED to offset noise affects of ambient light and sunlight.
As the heart pumps blood through the arteries of the user, blood cells absorb and transmit varying
amounts of the light depending on how much oxygen binds to the cells’ hemoglobin. The
photodetector 30, which is typically a photodiode, detects reflectance/transmission at the

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT C-2,p. 5
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 672 OMNI 2018 - IPR2020-00209



B

Bigrad fagaaiton

et Hatd
Fealeaion Dode

FIGURE 8

(Elhag, Fig. 6)

“FIG. 6 illustrates a flow chart of a signal processing method of the present invention. As shown
in FIG. 6, the photodetector 130 of the optical sensor 30 receives light from the light source 135
while in proximity to the user's nose 90 (reference to FIG. 4) or ear 98 (reference to FIG. 7). In a
preferred embodiment, the optical sensor 30 is a TRS1755 which includes a green LED light
source (567 nm wavelength) and a light-to-voltage converter. The output voltage is directly
proportional to the reflected light intensity. The signal 299 is sent to the microprocessor 41. At
block 1300, the signal acquisition is performed, which is shown in greater detail in FIG. 8. In the
pulse mode the LED 135 is periodically activated for short intervals of time by a signal from the
microcontroller. The reflected pulse of light is received by the sensor, with the generation of a
voltage pulse having an amplitude proportional to the intensity of the reflected light. When the
LED is activated, the switch, SW, is open by the action of the control signal from the
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micro ller, the cap. , C, y
through the resistor R. Immediately prior to deactivation of the LED, the analog-to-digital
converter acquires the value of the voltage integrated across the capacitor, C. The analog-to-digital
converter generates a data sample in digital form which is utilized by the microcontroller for
evaluation of the heart rate the wearer. Subsequent to the sample being acquired by the analog-to-
digital converter, the LED is deactivated and the capacitor, C, is shortcut by switch, SW, to reset
the integrator, RC. This states remains unchanged for a given time interval after which the process
is repeated, which is illustrated in FIG. 9. A noise reduction and power reduction process is
discussed below in reference to FIGS. 13 and 14.” (Elhag, 14:51-15:14)

ging

[1F] the measurement device Elhag discloses and/or renders obvious “the measurement device further comprising a receiver
further comprising a receiver configured to: capture light while the LEDs are off and convert the captured light into a first signal
configured to: and capture light while at least one of the LEDs is on and convert the captured light into a second
signal, the captured light including at least a portion of the input optical beam reflected from the

capture light while the LEDs are tissue.”

off and convert the captured light
into a first signal and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
input optical beam reflected from
the tissue;
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“FIG. 6 illustrates a flow chart of a signal processing method of the present invention. As shown
in FIG. 6, the photodetector 130 of the optical sensor 30 receives light from the light source 135
while in proximity to the user's nose 90 (reference to FIG. 4) or ear 98 (reference to FIG. 7). In a
preferred embodiment, the optical sensor 30 is a TRS1755 which includes a green LED light
source (567 nm wavelength) and a light-to-voltage converter. The output voltage is directly
proportional to the reflected light intensity. The signal 299 is sent to the microprocessor 41. At
block 1300, the signal acquisition is performed, which is shown in greater detail in FIG. 8. In the
pulse mode the LED 135 is periodically activated for short intervals of time by a signal from the
microcontroller. The reflected pulse of light is received by the sensor, with the generation of a
voltage pulse having an amplitude proportional to the intensity of the reflected light. When the
LED is activated, the switch, SW, is open by the action of the control signal from the
microcontroller, and the capacitor, C, integrates the pulse generated from the sensor by charging
through the resistor R. Immediately prior to deactivation of the LED, the analog-to-digital
converter acquires the value of the voltage integrated across the capacitor, C. The analog-to-digital
converter generates a data sample in digital form which is utilized by the microcontroller for
evaluation of the heart rate the wearer. Subsequent to the sample being acquired by the analog-to-
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digital converter, the LED is deactivated and the capacitor, C, is shortcut by switch, SW, to reset
the integrator, RC. This states remains unchanged for a given time interval after which the process
is repeated, which is illustrated in FIG. 9. A noise reduction and power reduction process is
discussed below in reference to FIGS. 13 and 14.” (Elhag, 14:51-15:14)

“At block 1305, a band pass filter is implemented preferably with two sets of data from the
analog-to-digital converter. At block 1305, an average of the values of data samples within each of
a first set of samples is calculated by the microprocessor. For example, the values of data samples
within forty-four samples are summed and then divided by forty-four to generate an average value
for the first set of samples. Next, an average of the values of data samples within a second set of
samples is calculated by the microprocessor. For example, the values of data samples within
twenty-two samples are summed and then divided by twenty-two to generate an average value for
the second set of samples. Preferably, the second set of samples is less than the first set of
samples. Next, the average value of the second set of samples is subtracted from the average value
for the first set of samples to generate a first filtered pulse data value.” (Elhag, 15:15-30)
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.Due t des
minimize power consumption of the monitoring device 20, and achieve very accurate signal
measurements using the optical sensor 30, the present invention preferably utilizes the method 250
illustrated in FIG. 13. At block 252, the processor 41 is deactivated for a deactivation period in
order to conserve power and to eliminate noise for a signal measurement. The deactivation period
ranges from 128 to 640 microseconds, more preferably from 200 microseconds to 400
microseconds, and more preferably from 225 microseconds to 300 microseconds. In reference to
FIG. 6, this deactivation period occurs during block 1300. At block 254, during the deactivation
period, the optical sensor 30 is activated to obtain multiple readings using the light source 135 and
the photodetector 130. Preferably 4 to 25 sub-readings or sub-samples are obtained during the
deactivation period. The sub-readings or sub-samples are averaged for noise reduction to provide a
reading or sample value. In a single second, from 500 to 1500 sub-readings or sub-samples are
obtained by the optical sensor 30. At block 256, the processor 41 is reactivated and the reading
values are processed by processor 41. At block 258, heart rate data is generated from the readings
by the processor 41. At block 260, health related data is generated from the heart rate data, and the
health related data and the heart rate data are displayed on the display member 40.” (Elhag, 16:4-

29)
[1G] the measurement device Elhag discloses and/or renders obvious “the measurement device configured to improve a signal-
configured to improve a signal-to- | to-noise ratio of the input optical beam reflected from the tissue by differencing the first signal and
noise ratio of the input optical the second signal.”

beam reflected from the tissue by
differencing the first signal and
the second signal;

“In a preferred embodiment, the optical sensor 30 is a single light emitting diode (“LED”) 135
based on green light wherein the LED 135 generates green light (A"500-600 nm), and a
photodetector 130 detects the green light. Yet in an alternative embodiment, the optical sensor 30
is a photodetector 130 and a single LED 135 transmitting light at a wavelength of approximately
900 nanometers as a pulsed infrared LED. Yet further, the optical sensor is a combination of a
green light LED and a pulsed infrared LED to offset noise affects of ambient light and sunlight.
As the heart pumps blood through the arteries of the user, blood cells absorb and transmit varying
amounts of the light depending on how much oxygen binds to the cells’ hemoglobin. The
photodetector 30, which is typically a photodiode, detects reflectance/transmission at the
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“As shown in FIG. 12, a motion sensor 1100 is included in an alternative embodiment to assist in
identifying motion noise and filtering the noise from the signal sent by the sensor 30. The motion
sensor 1100, such as an accelerometer, is integrated into the circuitry and software of the
monitoring device 20. As the motion sensor detects an arm swinging, the noise component is
utilized with the signal processing noise filtering techniques to provide additional filtering to
remove the noise element and improve the accuracy of the monitoring device 20. More
specifically, the signal from the sensor 30 is transmitted to the processor where a custom blood
pressure filter 41 w processes the signal which is further processed at by custom adaptive filter 41
x before being sent to a heart beat tracking system 41 y and then transmitted to a heart rate beat
output 41 z. The heart rate beat output 41 z provides feedback to the custom adaptive filter 41 x
which also receives input from the motion sensor 1100.” (Elhag, 15:54-16:3)
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\ en qui performed, wn in great . 8.
the pulse mode the LED 135 is periodically activated for short intervals of time by a signal from
the microcontroller. The reflected pulse of light is received by the sensor, with the generation of a
voltage pulse having an amplitude proportional to the intensity of the reflected light. When the
LED is activated, the switch, SW, is open by the action of the control signal from the
microcontroller, and the capacitor, C, integrates the pulse generated from the sensor by charging
through the resistor R. Immediately prior to deactivation of the LED, the analog-to-digital
converter acquires the value of the voltage integrated across the capacitor, C. The analog-to-digital
converter generates a data sample in digital form which is utilized by the microcontroller for
evaluation of the heart rate the wearer. Subsequent to the sample being acquired by the analog-to-
digital converter, the LED is deactivated and the capacitor, C, is shortcut by switch, SW, to reset
the integrator, RC. This states remains unchanged for a given time interval after which the process
is repeated, which is illustrated in FIG. 9. A noise reduction and power reduction process is
discussed below in reference to FIGS. 13 and 14.” (Elhag, 14:60-15:14)

“FIG. 13 illustrates a noise reduction method of the present invention. Due to the desire to
minimize power consumption of the monitoring device 20, and achieve very accurate signal
measurements using the optical sensor 30, the present invention preferably utilizes the method 250
illustrated in FIG. 13. At block 252, the processor 41 is deactivated for a deactivation period in
order to conserve power and to eliminate noise for a signal measurement. The deactivation period
ranges from 128 to 640 microseconds, more preferably from 200 microseconds to 400
microseconds, and more preferably from 225 microseconds to 300 microseconds. In reference to
FIG. 6, this deactivation period occurs during block 1300. At block 254, during the deactivation
period, the optical sensor 30 is activated to obtain multiple readings using the light source 135 and
the photodetector 130. Preferably 4 to 25 sub-readings or sub-samples are obtained during the
deactivation period. The sub-readings or sub-samples are averaged for noise reduction to provide a
reading or sample value. In a single second, from 500 to 1500 sub-readings or sub-samples are
obtained by the optical sensor 30. At block 256, the processor 41 is reactivated and the reading
values are processed by processor 41. At block 258, heart rate data is generated from the readings
by the processor 41. At block 260, health related data is generated from the heart rate data, and the
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health related data and the heart rate data are displayed on the display member 40.” (Elhag, 16:4-
29)

“FIG. 14 illustrates a more specific method 300 for noise reduction during a signal reading. At
block 302, a high speed clock of a processor 41 is deactivated for a deactivation period as
discussed above. At block 304, the optical sensor 30 is activated during the deactivation period to
obtain multiple readings as discussed above. At block 306, the processor 41 is reactivated and the
readings are processed. The optical sensor 30 is also deactivated. At block 308, heart rate data is
generated from the readings by the processor 41. At block 310, health related data is generated
from the heart rate data, and the health related data and the heart rate data are displayed on the
display member 40.” (Elhag, 16:30-41)

“FIG. 17 illustrates a mechanism for controlling the intensity of the light source 135 using a
plurality of resistors 405, 410 and 415 in parallel. Usually, an optical sensor 30 has a light source
135 set for a single intensity for placement at a single location on a typically user. However, if the
optical sensor 30 is positioned differently or if the user is not a typical user, then the intensity of
the light source 135 may be too great for the photodetector 130 and lead to saturation of the
photodetector 130 which terminates the signal reading. The present invention preferably adjusts
the intensity of the light source 135 using feedback from the photodetector 130 to indicate whether
the light intensity is too high or too low.” (Elhag, 16:42-53)

“FIG. 18 is a preferred method 500 for controlling the light intensity of the optical sensor 30. At
block 505, the light intensity of the light source 135 is monitored. At block 510, the
sensor/photodetector is determined to be saturated by the light source. At block 515, the intensity
of the light source is modified by adjusting the resistance and the flow of current to the light
source 135. At block 520, the light intensity is again monitored and adjusted if necessary. In a
preferred embodiment, this automatic gain mechanism prevents the green light from
overwhelming the photodetector thereby maintaining an accurate reading no matter where the
optical sensor is placed on the user.” (Elhag, 17:10-21)

“FIG. 19 illustrates how the control mechanism operates to maintain a proper light intensity. As
the signal reaches the upper limit, the photodetector becomes saturated and the processor lowers
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the current flow, which ak gnal. The he d m
too low and the processor increases the light intensity resulting in a break in the signal.” (Elhag,
17:22-28)

See also Elhag, 16:53-17:9, Figs. 13, 14, 17, 18, 19.

[1H] the light source configured
to further improve the signal-to-
noise ratio of the input optical
beam reflected from the tissue by
increasing the light intensity
relative to the initial light
intensity from at least one of the
LEDs;

Elhag discloses and/or renders obvious “the light source configured to further improve the signal-
to-noise ratio of the input optical beam reflected from the tissue by increasing the light intensity
relative to the initial light intensity from at least one of the LEDs.”

See CHART ONE: 533 Patent, Claim Element 5C above.

[1I] the measurement device
further configured to generate an
output signal representing at least
in part a non-invasive
measurement on blood contained
within the tissue; and

Elhag discloses and/or renders obvious “the measurement device further configured to generate an
output signal representing at least in part a non-invasive measurement on blood contained within
the tissue.”

See CHART ONE: *533 Patent, Claim Element 10 above.

[1J] the wearable device
configured to communicate with
the smart phone or tablet, the
smart phone or tablet comprising
a wireless receiver, a wireless
transmitter, a display, a voice
input module, a speaker, and a
touch screen, the smart phone or
tablet configured to receive and to

Elhag discloses and/or renders obvious “the wearable device configured to communicate with the
smart phone or tablet, the smart phone or tablet comprising a wireless receiver, a wireless
transmitter, a display, a voice input module, a speaker, and a touch screen, the smart phone or
tablet configured to receive and to process at least a portion of the output signal.”

See CHART ONE: *533 Patent, Claim Elements 5G and 5H above.
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process ast a p
output signal,

[1K] wherein the smart phone or | Elhag discloses and/or renders obvious “wherein the smart phone or tablet is configured to store
tablet is configured to store and and display the processed output signal, wherein at least a portion of the processed output signal is
display the processed output configured to be transmitted over a wireless transmission link.”

z}g:;;l,pﬁt:‘: Slgda(tlllm 25;1:1“;: See CHART ONE: 533 Patent, Claim Elements 5I and 5J above.

configured to be transmitted over
a wireless transmission link.

[2] The wearable device of claim | Elhag discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the receiver is
1, wherein the receiver is configured to be synchronized to the modulation of the at least one of the LEDs.”

configured to be synchronized to s .

the modulation of the at least one See CHART ONE: 533 Patent, Claim Element 5F above.
of the LEDs.

[4] The wearable device of claim | Elhag discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the receiver is
1, wherein the receiver is located | located a first distance from a first one of the LEDs and a different distance from a second one of
a first distance from a first one of | the LEDs such that the receiver can capture a third signal from the first LED and a fourth signal
the LEDs and a different distance | from the second LED, and wherein the output signal is generated in part by comparing the third
from a second one of the LEDs and fourth signals.”

such that the receiver can capture R .
a third signal from the first LED See CHART ONE: ’533 Patent, Claim Element 8 above.
and a fourth signal from the
second LED, and wherein the
output signal is generated in part
by comparing the third and fourth
signals.
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EXHIBIT C-3
U.S. Patent No. 9,861,286 vs Elhag

Priority Date/Publication Date: December 15, 2005 Prior Art Status: §§ 102(a) and (b)

U.S. Patent No. 7,648,463, naming inventors Sammy I Elhag, Nikolai Rulkov, Mark Hunt, Donald Brady, and Steve Lui (“Elhag™)
anticipates the asserted claims of U.S. Patent No. 9,861,286 (“the *286 Patent”) or renders those claims obvious alone and/or in view
of at least any of the references identified in Apple’s Obviousness Combinations Chart.

As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s
agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.
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CHART THREE: U.S. Patent No. 9,861,286 vs Elhag

[16] A wearable device for use To the extent the preamble is limiting, Elhag discloses and/or renders obvious “[a] wearable
with a smart phone or tablet, the | device for use with a smart phone or tablet.”

wearable device comprising: See CHART ONE: 533 Patent, Claim Elements 5, 5G, and 13A above.

[16A] a measurement device Elhag discloses and/or renders obvious “a measurement device including a light source
including a light source comprising a plurality of light emitting diodes (LEDs) for measuring one or more physiological
comprising a plurality of light parameters.”

emitting diodes (LEDs) for
measuring one or more
physiological parameters,

See CHART ONE: *533 Patent, Claim Element 13A above.

[16B] the measurement device Elhag discloses and/or renders obvious “the measurement device configured to generate, by
configured to generate, by modulating at least one of the LEDs having an initial light intensity, an optical beam having a
modulating at least one of the plurality of optical wavelengths.”

LEDs having an initial light
intensity, an optical beam having
a plurality of optical wavelengths,

See CHART TWO: *040 Patent, Claim Element 1B above.

[16C] wherein at least a portion | Elhag discloses and/or renders obvious “wherein at least a portion of the plurality of optical
of the plurality of optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”
wavelengths is a near-infrared L .

wavelength between 700 See CHART ONE: 533 Patent, Claim Element 5B above.

nanometers and 2500 nanometers;

[16D] the measurement device Elhag discloses and/or renders obvious “the measurement device comprising one or more lenses
comprising one or more lenses configured to receive and to deliver a portion of the optical beam to tissue, wherein the tissue
configured to receive and to reflects at least a portion of the optical beam delivered to the tissue, and wherein the measurement
deliver a portion of the optical device is adapted to be placed on a wrist or an ear of a user.”

beam to tissue, wherein the tissue

reflects at least a portion of the See CHART ONE: *533 Patent, Claim Element 5D above.
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[16E] wherein the measurement | Elhag discloses and/or renders obvious “wherein the measurement device is adapted to be placed
device is adapted to be placed on | on a wrist or an ear of a user.”
a wrist or an ear of a user;

FIGURE 7 (Elhag, Fig. 7)

“In an alternative embodiment, the optical sensor 30 is positioned or embedded within one of the
temporal members 31 or 32, using the reflective mode optical sensor 30. The optical sensor 30 is
preferably in contact or in proximity to the superficial temporal artery 97 near the wearer's ear 98
as shown in FIG. 7.” (Elhag, 8:5-10)

“FIG. 6 illustrates a flow chart of a signal processing method of the present invention. As shown
in FIG. 6, the photodetector 130 of the optical sensor 30 receives light from the light source 135
while in proximity to the user's nose 90 (reference to FIG. 4) or ear 98 (reference to FIG. 7).”
(Elhag, 14:51-55).

“Mault et al, U.S. Patent Application Publication Number 2002/0109600 (“Mault”) discloses a
smart activity monitor (“SAM”) which is a pedometer based device which includes an electronic
clock, a sensor, entry means for recording food consumption and exercise activities and a memory
for storing such information. Mault fails to disclose the details of the display other than to mention
that the SAM has a time display, an exercise display and a food display, with the exercise and
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P g . M
states that photo-plethysmography may be used to determine the heart rate by a sensor provided on
the rear of a wrist mounted SAM.” (Elhag, 2:61-3:5)

“Yasukawa et al., U.S. Pat. No. 5,735,800 (“Yasukawa”), discloses a wrist-worn device which is
intended for limited motion about the user's wrist. Yasukawa discloses an optical sensor that uses
a blue LED with a phototransistor in conjunction with an analog to digital converter to provide a
digital signal to a data processing circuit.” (Elhag, 3:8-13)

[16F] the measurement device
further comprising a receiver
configured to:

capture light while the LEDs are
off and convert the captured light
into a first signal and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
optical beam reflected from the
tissue;

Elhag discloses and/or renders obvious “the measurement device further comprising a receiver
configured to: capture light while the LEDs are off and convert the captured light into a first signal
and capture light while at least one of the LEDs is on and convert the captured light into a second
signal, the captured light including at least a portion of the optical beam reflected from the tissue.”

See CHART TWO: *040 Patent, Claim Element 1F above.

[16G] the measurement device
configured to improve a signal-to-
noise ratio of the optical beam
reflected from the tissue by
differencing the first signal and
the second signal;

Elhag discloses and/or renders obvious “the measurement device configured to improve a signal-
to-noise ratio of the optical beam reflected from the tissue by differencing the first signal and the
second signal.”

See CHART TWO: *040 Patent, Claim Element 1G above.
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[16H] the light source configured
to further improve the signal-to-
noise ratio of the optical beam
reflected from the tissue by
increasing the light intensity
relative to the initial light
intensity from at least one of the
LEDs;

Elhag discloses and/or renders obvious “the light source configured to further improve the signal-
to-noise ratio of the optical beam reflected from the tissue by increasing the light intensity relative
to the initial light intensity from at least one of the LEDs.”

See CHART ONE: 533 Patent, Claim Element 5C above.

[16I] the measurement device
further configured to generate an
output signal representing at least
in part a non-invasive
measurement on blood contained
within the tissue; and

Elhag discloses and/or renders obvious “the measurement device further configured to generate an
output signal representing at least in part a non-invasive measurement on blood contained within
the tissue.”

See CHART ONE: *533 Patent, Claim Element 10 above.

[16J] wherein the receiver
includes a plurality of spatially
separated detectors,

Elhag discloses and/or renders obvious “wherein the receiver includes a plurality of spatially
separated detectors.”

“The lens 26 includes a recessed nose area 27 including a nose support 28 (or 28 aand 28 b in
FIG. 1) which allowe the eyewsar 25 to be supported on the user's face {not shown) i the manner
conventionally known in the art. An optical sensor 36, as discussed below, is attached to the nose
support 28. The optical sensor 30 has a lght source 135 and a photodetector 130, which i
conpected to connection cable 45, An integral lens support portion 29 is provided on the syewear
25 for supporting the lens 26 in the desired position within the user'’s forward field of vision. The
conpection cable 45 is preferably attached and/or integrated into the lens support position 29. As
illustrated in FIG. 2, the lens support portion 29 is preferably integrally formed on the lens 26
from a sinyilar transparent material so as to allow the user to see objeets through the lens support
portion 29. As shown in FIG. 14, a reflective mode optical sensor 30 has the light source 135 and
the photodetector 130 on nose support 28 b. As shown in FIG. 1B, in an alternative embodiment, a
trapemission maode optical sensor 30 has the optical sensor 30 with the Hglt source 135 in the nose
support 28 b and the photodetector 138 in the nose support 28 2. In a preferred embodiment, the
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Heht sonrce 135 and the photodetector 130 are integrated o the body of the nose support 28 b, or
nose supports 28 a and 28 b, s0 as to have little affect on the user, and to prevent adverse light
from affecting the signal reading of the photodetector 130.” (Elhag, 7:18-42)

28
{ ™

e ~<\/
e
= b

FIGURE 1B

“Alternatively, the optical sensor 30 is a pulse oximetry device with a light source 135 that
typically includes LEDs that generate both red (A"660 nm) and infrared (A"900 nm) radiation. As

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT C-3, p. 6
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 690 OMNI 2018 - IPR2020-00209



the heart pumps blood through the user's arteries, blood cells absorb and transmit varying amounts
of the red and infrared radiation depending on how much oxygen binds to the cells’' hemoglobin.
The photodetector 130, which is typically a photodiode, detects transmission at the red and
infrared wavelengths, and in response generates a radiation-induced signal.” (Elhag, 8:35-44)

“A preferred optical sensor 30 utilizing green light is a TRS1755 sensor from TAOS, Inc of Plano
Tex. The TRS1755 comprises a green LED light source (567 nm wavelength) and a light-to-
voltage converter. The output voltage is directly proportional to the reflected light intensity.
Another preferred photodetector 130 is a light-to-voltage photodetector such as the TSL260R and
TSL261, TSL261R photodetectors available from TAOS, Inc of Plano Tex. Alternatively, the
photodetector 130 is a light-to-frequency photodetector such as the TSL245R, which is also
available from TAOS, Inc. The light-to-voltage photodetectors have an integrated transimpedance
amplifier on a single monolithic integrated circuit, which reduces the need for ambient light
filtering. The TSL261 photodetector preferably operates at a wavelength greater than 750
nanometers, and optimally at 940 nanometers, which would preferably have a LED that radiates
light at those wavelengths.” (Elhag, 8:45-61)
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FIGURES (Elhag, Fig. 5)

“An alternative method includes the light source 135 of the optical device 30 transmitting light at
the nose 90 of the user. The photo-detector 130 detects the light. The pulse rate is determined by
the signals received by the photo-detector 130. The ratio of the fluctuation of the red and/or
infrared light signals is used to calculate the blood oxygen saturation level of the user. Then, the
signal is sent to the controller 43 to be converted into a usable format for the digital storage and
processing unit 35. Then, the signal is sent from the controller 43 to the digital storage and
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processing . The the ssed by the
microprocessor on the digital storage and processing unit 35 to generate blood oxygenation level,
pulse rate, signal strength bar graph, plethysmogram and/or status bits data. Further processing of
the information is performed by the microprocessor to generate pulse rate, blood oxygenation
levels, calories expended by the user of a pre-set time period, target zones of activity, time and
dynamic blood pressure. Then, the information is displayed on the display screen 40 of the digital
storage and processing unit 35.” (Elhag, 11:1-20)

3

[16K] wherein at least one analog
to digital converter is coupled to
the spatially separated detectors.

Elhag discloses and/or renders obvious “wherein at least one analog to digital converter is coupled
to the spatially separated detectors.”

“FIG. 6 illustrates a flow chart of a signal processing method of the present invention. As shown
in FIG. 6, the photodetector 130 of the optical sensor 30 receives light from the light source 135
while in proximity to the user's nose 90 (reference to FIG. 4) or ear 98 (reference to FIG. 7). In a
preferred embodiment, the optical sensor 30 is a TRS1755 which includes a green LED light
source (567 nm wavelength) and a light-to-voltage converter. The output voltage is directly
proportional to the reflected light intensity. The signal 299 is sent to the microprocessor 41. At
block 1300, the signal acquisition is performed, which is shown in greater detail in FIG. 8. In the
pulse mode the LED 135 is periodically activated for short intervals of time by a signal from the
microcontroller. The reflected pulse of light is received by the sensor, with the generation of a
voltage pulse having an amplitude proportional to the intensity of the reflected light. When the
LED is activated, the switch, SW, is open by the action of the control signal from the
microcontroller, and the capacitor, C, integrates the pulse generated from the sensor by charging
through the resistor R. Immediately prior to deactivation of the LED, the analog-to-digital
converter acquires the value of the voltage integrated across the capacitor, C. The analog-to-digital
converter generates a data sample in digital form which is utilized by the microcontroller for
evaluation of the heart rate the wearer. Subsequent to the sample being acquired by the analog-to-
digital converter, the LED is deactivated and the capacitor, C, is shortcut by switch, SW, to reset
the integrator, RC. This states remains unchanged for a given time interval after which the process
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is repeated, which is illustrated in FIG. 9. A noise reduction and power reduction process is
discussed below in reference to FIGS. 13 and 14.” (Elhag, 14:51-15:14)

“Yasukawa et al., U.S. Pat. No. 5,735,800 (“Yasukawa”), discloses a wrist-worn device which is
intended for limited motion about the user's wrist. Yasukawa discloses an optical sensor that uses
a blue LED with a phototransistor in conjunction with an analog to digital converter to provide a
digital signal to a data processing circuit.” (Elhag, 3:8-13)

[17] The wearable device of
claim 16, wherein at least one
LED emits at a first wavelength
and at least another LED emits at
a second wavelength, and
wherein the first wavelength has a
first penetration depth into the
tissue and wherein the second
wavelength has a second
penetration depth into the tissue
different from the first penetration
depth.

Elhag discloses and/or renders obvious “[t]he wearable device of claim 16, wherein at least one
LED emits at a first wavelength and at least another LED emits at a second wavelength, and
wherein the first wavelength has a first penetration depth into the tissue and wherein the second
wavelength has a second penetration depth into the tissue different from the first penetration
depth..”
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FIGURE 1

FIGURE2 (Elhag, Fig. 1-2)

“As shown in FIGS. 1-3, a monitoring device is generally designated 20. In a preferred
embodiment shown in FIG. 1, the monitoring device 20 comprises eyewear 25, an optical sensor
30, a digital storage and processing unit 35 and a connection cable 45. In an alternative
embodiment shown in FIG. 2, the monitoring device 20 includes eyewear 25, an optical sensor 30,
a digital storage and processing unit 35, a controller 43, a connection cable 45 and a controller
cable 61.” (Elhag, 6:63-7:3)

“A general method of using the monitoring device 20 begins with the light source 135 transmitting
red and/or infrared light through a nose of the user. The photo-detector 130 detects the light. The
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pulse rate is determined by the signals received by the photo-detector 130. The ratio of the
fluctuation of the red and/or infrared light signals is used to calculate the blood oxygen saturation
level of the user. An optical sensor 30 with a photodetector 130 and single LED 135 is preferably
utilized. Alternatively, a pulse oximetry device with two LEDs and a photodetector is utilized.
Next, this information is sent to pulse oximetry board in the digital storage and processing device
35 for creation of blood oxygenation level, pulse rate, signal strength bargraph, plethysmogram
and/or status bits data. Next, the microprocessor further processes the information to display pulse
rate, blood oxygenation levels, calories expended by the user of a pre-set time period, target zones
of activity, time and dynamic blood pressure. Next, the information is displayed on the display
member 40.” (Elhag, 11:52-12:2)

“In a preferred embodiment, the optical sensor 30 is a single light emitting diode (“LED”) 135
based on green light wherein the LED 135 generates green light (A"500-600 nm), and a
photodetector 130 detects the green light. Yet in an alternative embodiment, the optical sensor 30
is a photodetector 130 and a single LED 135 transmitting light at a wavelength of approximately
900 nanometers as a pulsed infrared LED. Yet further, the optical sensor is a combination of a
green light LED and a pulsed infrared LED to offset noise affects of ambient light and sunlight.
As the heart pumps blood through the arteries of the user, blood cells absorb and transmit varying
amounts of the light depending on how much oxygen binds to the cells’ hemoglobin. The
photodetector 30, which is typically a photodiode, detects reflectance/transmission at the
wavelengths (green, red or infrared), and in response generates a radiation-induced signal.”
(Elhag, 8:19-34)

“Alternatively, the optical sensor 30 is a pulse oximetry device with a light source 135 that
typically includes LEDs that generate both red (A"660 nm) and infrared (A"900 nm) radiation. As
the heart pumps blood through the user's arteries, blood cells absorb and transmit varying amounts
of the red and infrared radiation depending on how much oxygen binds to the cells' hemoglobin.
The photodetector 130, which is typically a photodiode, detects transmission at the red and
infrared wavelengths, and in response generates a radiation-induced signal.” (Elhag, 8:35-44)
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“Malinouskas, U.S. Pat. No. 4,807,630, discloses a method for exposing a patient's extremity, such
as a finger, to light of two wavelengths and detecting the absorbance of the extremity at each of
the wavelengths.” (Elhag, 2:15-18)

[19] The wearable device of Elhag discloses and/or renders obvious “[t]he wearable device of claim 16, wherein the receiver is
claim 16, wherein the receiveris | configured to be synchronized to the modulating of at least one of the LEDs.”

configured to be synchronized to L .

the modulating of at least one of See CHART ONE: 533 Patent, Claim Element 5F above.

the LEDs.

[20] The wearable device of Elhag discloses and/or renders obvious “[t]he wearable device of claim 16, wherein the receiver is
claim 16, wherein the receiveris | located a first distance from a first one of the LEDs and a different distance from a second one of
located a first distance from a first | the LEDs such that the receiver can capture a third signal from the first LED and a fourth signal
one of the LEDs and a different from the second LED, and wherein the output signal is generated in part by comparing the third
distance from a second one of the | and fourth signals..”

Ea]i)]?;r:l;c'm?:;;g;: (f:re ;;ffdf :n See CHART ONE: ’533 Patent, Claim Element 8 above.

first LED and a fourth signal from
the second LED, and wherein the
output signal is generated in part
by comparing the third and fourth
signals.
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EXHIBIT C-4
U.S. Patent No. 9,885,698 vs Elhag

Priority Date/Publication Date: December 15, 2005 Prior Art Status: §§ 102(a) and (b)

U.S. Patent No. 7,648,463, naming inventors Sammy I Elhag, Nikolai Rulkov, Mark Hunt, Donald Brady, and Steve Lui (“Elhag™)
anticipates the asserted claims of U.S. Patent No. 9,885,698 (“the *698 Patent”) or renders those claims obvious alone and/or in view
of at least any of the references identified in Apple’s Obviousness Combinations Chart.

As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s
agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.
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CHART FOUR: U.S. Patent No. 9,885,698 vs Elhag

[1] A wearable device,
comprising:

To the extent the preamble is limiting, Elhag discloses and/or renders obvious “[a] wearable
device.”

See CHART ONE: 533 Patent, Claim Elements 5 and 13A above.

[1A] a measurement device
including a light source
comprising a plurality of light
emitting diodes (LEDs) for
measuring one or more
physiological parameters,

Elhag discloses and/or renders obvious “a measurement device including a light source
comprising a plurality of light emitting diodes (LEDs) for measuring one or more physiological
parameters.”

See CHART ONE: *533 Patent, Claim Element 13A above.

[1B] the measurement device
configured to generate, by
modulating at least one of the
LEDs having an initial light
intensity, an input optical beam
having one or more optical
wavelengths,

Elhag discloses and/or renders obvious “the measurement device configured to generate, by
modulating at least one of the LEDs having an initial light intensity, an input optical beam having
one or more optical wavelengths.”

See CHART TWO: *040 Patent, Claim Element 1B above.

[1C] wherein at least a portion of
the one or more optical
wavelengths is a near-infrared
wavelength between 700
nanometers and 2500 nanometers;

Elhag discloses and/or renders obvious “wherein at least a portion of the one or more optical
wavelengths is a near-infrared wavelength between 700 nanometers and 2500 nanometers.”

See CHART ONE: 533 Patent, Claim Element 5B above.

[1D] the measurement device
comprising one or more lenses
configured to receive and to
deliver a portion of the input
optical beam to tissue, wherein

Elhag discloses and/or renders obvious “the measurement device comprising one or more lenses
configured to receive and to deliver a portion of the input optical beam to tissue, wherein the tissue
reflects at least a portion of the input optical beam delivered to the tissue.”

See CHART ONE: *533 Patent, Claim Element 5D above.
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ec as
portion of the input optical beam
delivered to the tissue;

[1E] the measurement device
further comprising a receiver,
wherein the receiver includes a
plurality of spatially separated
detectors, the detectors
configured to:

capture light while the LEDs are
off and convert the captured light
into a first signal; and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
input optical beam reflected from
the tissue;

Elhag discloses and/or renders obvious “the measurement device further comprising a receiver,
wherein the receiver includes a plurality of spatially separated detectors, the detectors configured
to: capture light while the LEDs are off and convert the captured light into a first signal; and
capture light while at least one of the LEDs is on and convert the captured light into a second
signal, the captured light including at least a portion of the input optical beam reflected from the
tissue.”

See CHART TWO: *040 Patent, Claim Element 1F and CHART THREE: *286 Patent, Claim
Element 16J above.

[1F] wherein at least one analog
to digital converter is coupled to
the spatially separated detectors
and is configured to generate at

least a first data signal from the

first signal and at least a second
data signal from the second

signal;

Elhag discloses and/or renders obvious “wherein at least one analog to digital converter is coupled
to the spatially separated detectors and is configured to generate at least a first data signal from the
first signal and at least a second data signal from the second signal.”

See CHART TWO: *040 Patent, Claim Element 1F and CHART THREE: *286 Patent, Claim
Element 16K above.
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[1G] the measurement device
configured to improve a signal-to-
noise ratio of the input optical
beam reflected from the tissue by
differencing the first data signal
and the second data signal to
generate an output signal
representing at least in part a non-
invasive measurement on blood
contained within the tissue; and

Elhag discloses and/or renders obvious “the measurement device configured to improve a signal-
to-noise ratio of the input optical beam reflected from the tissue by differencing the first data
signal and the second data signal to generate an output signal representing at least in part a non-
invasive measurement on blood contained within the tissue.”

See CHART ONE: 533 Patent, Claim Element 10 and CHART TWO: 040 Patent, Claim
Element 1G above.

[1H] wherein the modulating at
least one of the LEDs has a
modulation frequency, and
wherein the receiver is configured
to use a lock-in technique that
detects the modulation frequency.

Elhag discloses and/or renders obvious “the light source configured to increase signal-to-noise
ratio by increasing a light intensity from at least one of the plurality of semiconductor sources and
by increasing a pulse rate of at least one of the plurality of semiconductor sources.”

FIG, th

(Elhag, Fig. 16)

“In a preferred embodiment, the optical sensor 30 is a single light emitting diode (“LED”) 135
based on green light wherein the LED 135 generates green light (A"500-600 nm), and a
photodetector 130 detects the green light. Yet in an alternative embodiment, the optical sensor 30
is a photodetector 130 and a single LED 135 transmitting light at a wavelength of approximately
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900 n te pul nfr ED. further, the optical s ofa
green light LED and a pulsed infrared LED to offset noise affects of ambient light and sunlight.
As the heart pumps blood through the arteries of the user, blood cells absorb and transmit varying
amounts of the light depending on how much oxygen binds to the cells’ hemoglobin. The
photodetector 30, which is typically a photodiode, detects reflectance/transmission at the
wavelengths (green, red or infrared), and in response generates a radiation-induced signal.”
(Elhag, 8:19-34).

“At block 1300, the signal acquisition is performed, which is shown in greater detail in FIG. 8. In
the pulse mode the LED 135 is periodically activated for short intervals of time by a signal from
the microcontroller. The reflected pulse of light is received by the sensor, with the generation of a
voltage pulse having an amplitude proportional to the intensity of the reflected light. When the
LED is activated, the switch, SW, is open by the action of the control signal from the
microcontroller, and the capacitor, C, integrates the pulse generated from the sensor by charging
through the resistor R. Immediately prior to deactivation of the LED, the analog-to-digital
converter acquires the value of the voltage integrated across the capacitor, C. The analog-to-digital
converter generates a data sample in digital form which is utilized by the microcontroller for
evaluation of the heart rate the wearer. Subsequent to the sample being acquired by the analog-to-
digital converter, the LED is deactivated and the capacitor, C, is shortcut by switch, SW, to reset
the integrator, RC. This states remains unchanged for a given time interval after which the process
is repeated, which is illustrated in FIG. 9. A noise reduction and power reduction process is
discussed below in reference to FIGS. 13 and 14.” (Elhag, 14:60-15:14)

“FIG. 13 illustrates a noise reduction method of the present invention. Due to the desire to
minimize power consumption of the monitoring device 20, and achieve very accurate signal
measurements using the optical sensor 30, the present invention preferably utilizes the method 250
illustrated in FIG. 13. At block 252, the processor 41 is deactivated for a deactivation period in
order to conserve power and to eliminate noise for a signal measurement. The deactivation period
ranges from 128 to 640 microseconds, more preferably from 200 microseconds to 400
microseconds, and more preferably from 225 microseconds to 300 microseconds. In reference to
FIG. 6, this deactivation period occurs during block 1300. At block 254, during the deactivation
period, the optical sensor 30 is activated to obtain multiple readings using the light source 135 and
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the photodetector 130. Preferably 4 to 25 sub-readings or sub-samples are obtained during the
deactivation period. The sub-readings or sub-samples are averaged for noise reduction to provide a
reading or sample value. In a single second, from 500 to 1500 sub-readings or sub-samples are
obtained by the optical sensor 30. At block 256, the processor 41 is reactivated and the reading
values are processed by processor 41. At block 258, heart rate data is generated from the readings
by the processor 41. At block 260, health related data is generated from the heart rate data, and the
health related data and the heart rate data are displayed on the display member 40.” (Elhag, 16:4-
29)

“FIG. 14 illustrates a more specific method 300 for noise reduction during a signal reading. At
block 302, a high speed clock of a processor 41 is deactivated for a deactivation period as
discussed above. At block 304, the optical sensor 30 is activated during the deactivation period to
obtain multiple readings as discussed above. At block 306, the processor 41 is reactivated and the
readings are processed. The optical sensor 30 is also deactivated. At block 308, heart rate data is
generated from the readings by the processor 41. At block 310, health related data is generated
from the heart rate data, and the health related data and the heart rate data are displayed on the
display member 40.” (Elhag, 16:30-41)

“FIG. 17 illustrates a mechanism for controlling the intensity of the light source 135 using a
plurality of resistors 405, 410 and 415 in parallel. Usually, an optical sensor 30 has a light source
135 set for a single intensity for placement at a single location on a typically user. However, if the
optical sensor 30 is positioned differently or if the user is not a typical user, then the intensity of
the light source 135 may be too great for the photodetector 130 and lead to saturation of the
photodetector 130 which terminates the signal reading. The present invention preferably adjusts
the intensity of the light source 135 using feedback from the photodetector 130 to indicate whether
the light intensity is too high or too low.” (Elhag, 16:42-53)

“FIG. 18 is a preferred method 500 for controlling the light intensity of the optical sensor 30. At
block 505, the light intensity of the light source 135 is monitored. At block 510, the
sensor/photodetector is determined to be saturated by the light source. At block 515, the intensity
of the light source is modified by adjusting the resistance and the flow of current to the light
source 135. At block 520, the light intensity is again monitored and adjusted if necessary. In a
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preferred embodiment, this automatic gain mechanism prevents the green light from
overwhelming the photodetector thereby maintaining an accurate reading no matter where the
optical sensor is placed on the user.” (Elhag, 17:10-21)

“FIG. 19 illustrates how the control mechanism operates to maintain a proper light intensity. As
the signal reaches the upper limit, the photodetector becomes saturated and the processor lowers
the current flow, which results in a break in the signal. Then as the signal is lowered it becomes
too low and the processor increases the light intensity resulting in a break in the signal.” (Elhag,
17:22-28)

See also Elhag, 16:53-17:9, Figs. 13, 14, 17, 18, 19.

[2] The wearable device of claim | Elhag discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the plurality of
1, wherein the plurality of LEDs | LEDs and the plurality of spatially separated detectors are mounted on a common structure, and
and the plurality of spatially wherein the plurality of LEDs are coupled electrically to a power supply..”

separated detectors are mounted
on a common structure, and
wherein the plurality of LEDs are
coupled electrically to a power

supply.
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FIGURES (Elhag, Fig. 5)

“An alternative method includes the light source 135 of the optical device 30 transmitting light at
the nose 90 of the user. The photo-detector 130 detects the light. The pulse rate is determined by
the signals received by the photo-detector 130. The ratio of the fluctuation of the red and/or
infrared light signals is used to calculate the blood oxygen saturation level of the user. Then, the
signal is sent to the controller 43 to be converted into a usable format for the digital storage and
processing unit 35. Then, the signal is sent from the controller 43 to the digital storage and
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processing . The the ssed by the
microprocessor on the digital storage and processing unit 35 to generate blood oxygenation level,
pulse rate, signal strength bar graph, plethysmogram and/or status bits data. Further processing of
the information is performed by the microprocessor to generate pulse rate, blood oxygenation
levels, calories expended by the user of a pre-set time period, target zones of activity, time and
dynamic blood pressure. Then, the information is displayed on the display screen 40 of the digital
storage and processing unit 35.” (Elhag, 11:1-20)
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FIGURE 1

FIGURE 2 (Elhag, Fig. 1-2)
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FIGURE 1A v FIGURE 1B

(Elhag, Fig. 1A-1B)

“The lens 26 includes a recessed nose area 27 including a nose support 28 (or 28 a and 28 b in
FIG. 1) which allows the eyewear 25 to be supported on the user's face (not shown) in the manner
conventionally known in the art. An optical sensor 30, as discussed below, is attached to the nose
support 28. The optical sensor 30 has a light source 135 and a photodetector 130, which is
connected to connection cable 45. An integral lens support portion 29 is provided on the eyewear
25 for supporting the lens 26 in the desired position within the user's forward field of vision. The
connection cable 45 is preferably attached and/or integrated into the lens support position 29. As
illustrated in FIG. 2, the lens support portion 29 is preferably integrally formed on the lens 26
from a similar transparent material so as to allow the user to see objects through the lens support
portion 29. As shown in FIG. 1A, a reflective mode optical sensor 30 has the light source 135 and
the photodetector 130 on nose support 28 b. As shown in FIG. 1B, in an alternative embodiment, a
transmission mode optical sensor 30 has the optical sensor 30 with the light source 135 in the nose
support 28 b and the photodetector 130 in the nose support 28 a. In a preferred embodiment, the
light source 135 and the photodetector 130 are integrated into the body of the nose support 28 b, or
nose supports 28 a and 28 b, so as to have little affect on the user, and to prevent adverse light
from affecting the signal reading of the photodetector 130.” (Elhag, 7:18-42)
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“The le 45 preferably is a eo ral pr ly g a power
wire, an audio communication wire, a ground wire and a photodetection transmission wire. The
photodetection transmission wire transmits the signal, preferably a digital signal, from the
photodetector 130 to the digital storage and processing unit 35. Signal noise reduction means for
the connection wire 45 are discussed below in reference to FIG. 16.” (Elhag, 8:11-18)

“The monitoring device 20 may also include controls to search for information to be displayed on
the display screen, to set time periods for measurement of calories or the like, and to reset the
monitoring device 20. Further, a battery, not shown, is utilized to power the various components
of the monitoring device 20.” (Elhag, 11:41-46)

[3] The wearable device of claim
1, wherein the light source is
configured to further improve the
signal-to-noise ratio of the input
beam reflected from the tissue by
increasing the light intensity
relative to the initial light
intensity from at least one of the
LEDs, and wherein the receiver is
configured to be synchronized to
at least one of the LEDs.

Elhag discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the light source
is configured to further improve the signal-to-noise ratio of the input beam reflected from the
tissue by increasing the light intensity relative to the initial light intensity from at least one of the
LEDs, and wherein the receiver is configured to be synchronized to at least one of the LEDs.”

See CHART ONE: 533 Patent, Claim Elements 5C and 5F above.

[5] The wearable device of claim
1, wherein the wearable device is
configured to communicate with a
smart phone or tablet, the smart
phone or tablet comprising a
wireless receiver, a wireless
transmitter, a display, a voice
input module, a speaker, and a
touch screen, the smart phone or

Elhag discloses and/or renders obvious “[t]he wearable device of claim 1, wherein the wearable
device is configured to communicate with a smart phone or tablet, the smart phone or tablet
comprising a wireless receiver, a wireless transmitter, a display, a voice input module, a speaker,
and a touch screen, the smart phone or tablet configured to receive and to process at least a portion
of the output signal, wherein the smart phone or tablet is configured to store and display the
processed output signal, wherein at least a portion of the processed output signal is configured to
be transmitted over a wireless transmission link.”

See CHART ONE: 533 Patent, Claim Elements 5G, 5H, 51, and 5J above

Ommni MedSci, Inc. v. Apple Inc.
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tablet configured to receive and to
process at least a portion of the
output signal, wherein the smart
phone or tablet is configured to
store and display the processed
output signal, wherein at least a
portion of the processed output
signal is configured to be
transmitted over a wireless
transmission link.
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EXHIBIT CC-1

U.S. Patent No. 9,651,533 vs Asada Combinations

Publication Dates:  July 2001, May/June 2003, 2010 Prior Art Status: § 103

To the extent Asada et al., “Mobile monitoring with wearable photoplethysmographic biosensors,” IEEE Engineering in Medicine and
Biology Magazine (May/June 2003) (“Asada 2003”), does not anticipate the asserted claims of U.S. Patent No. 9,651,533 (“the *533
Patent”) or render those claims obvious alone and/or in view of at least any of the references identified in Apple’s Obviousness
Combinations Chart, the claims are obvious based on the combination of Asada 2003 with one or both of:

Rhee et al., Artifact-Resistant Power-Efficient Design of Finger-Ring Plethsymographic Sensors,” IEEE Transactions on
Biomedical Engineering, Vol. 48, No. 7 (July 2001) (“Asada 2001”);

Asada, The MIT Ring: History, Technology, and Challenges of Wearable Health Monitoring, MIT Industrial Liason Program
2010 R&D Conference (“Asada 2010)

(“Asada Combinations”).
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 1
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CHART ONE: U.S. Patent No. 9,651,533 vs Asada Combinations

[5] A measurement system, To the extent the preamble is limiting, the Asada Combinations disclose and/or render obvious
comprising: “[a] measurement system.”

See generally Asada 2003 Figures 6, 9, 11, 15 and descriptions of Prototypes A, B, and C.

“Wearable biosensors (WBS) will permit continuous cardiovascular (CV) monitoring in a number
of novel settings. Benefits may be realized in the diagnosis and treatment of a number of major
diseases. WBS, in conjunction with appropriate alarm algorithms, can increase surveillance
capabilities for CV catastrophe for high-risk subjects. WBS could also play a role in the treatment
of chronic diseases, by providing information that enables precise titration of therapy or detecting
lapses in patient compliance.

WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the “vital signs” that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects. This same approach may also have utility
in monitoring the waiting room of today’s overcrowded emergency departments. For hospital
inpatients who require CV monitoring, current biosensor technology typically tethers patients in a
tangle of cables, whereas wearable CV sensors could increase inpatient comfort and may even
reduce the risk of tripping and falling, a perennial problem for hospital patients who are ill,
medicated, and in an unfamiliar setting.” Asada 2003 at 28.

“In this article we will address both technical and clinical issues of WBS. First, design concepts of
a WBS will be presented, with emphasis on the ring sensor developed by the author’s group at
MIT. The ring sensor is an ambulatory, telemetric, continuous health-monitoring device. This
WBS combines miniaturized data acquisition features with advanced photoplethysmographic
(PPG) techniques to acquire data related to the patient’s cardiovascular state using a method that is
far superior to existing fingertip PPG sensors [1]. In particular, the ring sensor is capable of
reliably monitoring a patient’s heart rate, oxygen saturation, and heart rate variability. Technical
issues, including motion artifact, interference with blood circulation, and battery power issues,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 2
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will b essed, and ve engineering solut a et prob
presented. Second, based on the ring sensor technology the clinical potentials of WBS monitoring
will be addressed.” Asada 2003 at 28.

“The WBS hardware solution must be adequate to make reliable physiologic measurements during
activities of daily living or even more demanding circumstances such as fitness training or military
battle. There must exist data processing and decision-making algorithms for the waveform data.
These algorithms must prompt some action that improves health outcomes. Finally, the systems
must be cost effective when compared with less expensive, lower technology alternatives.” Asada
2003 at 28.

“The monitoring environments for out-of-hospital, wearable devices demand a new paradigm in
noninvasive sensor design. There are several design requirements central to such devices.
Compactness, stability of signal, motion and other disturbance rejection, durability, data storage
and transmission, and low power consumption comprise the major design considerations.
Additionally, since WBS devices are to be worn without direct doctor supervision, it is imperative
that they are simple to use and comfortable to wear for long periods of time. A challenge unique to
wearable sensor design is the trade-off between patient comfort, or long-term wearability, and
reliable sensor attachment. While it is nearly needless to say that WBS technology must be safe, it
should be noted that there have been tragic reports of serious fnjury resulting from early home
monitoring technology [21.” Asada 2003 28-29.

“WBS solutions, in various stages of technologic maturity, exist for measuring established
cardiopulmonary ‘vital signs’: heart rate, arterial blood pressure, arterial oxygen saturation,
respiratory rate, temperature, and even cardiac output. In addition, there are numerous WBS
modalities that can offer physiologic measurements not conventional in contemporary medical
monitoring applications, including acoustic sensors, electrochemical sensors, optical sensors,
electromyography and electroencephalography, and other bioanalytic sensors (to be sure, some of
these sensors have well-established medical utility, but not for automated surveillance).” Asada
2003 at 29.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 3
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g P
as the arterial oxygen saturation. The PPG contains information about the vascalar pressure wave-

forms and compliances, Efforts to extract unique circulatory in- formation, especially an ARP
surrogate, from the PPG waveform are discussed later in this article. The PPG provides an
sffective heart rate (measuring heart beats that geperate identifiable forward-flow), vseful for
circulatory considerations though less usefil for strict electrophysiclogic considerations. For
instance, the PPG signal may reveal heart rate variability, provided ectopic heart beats, which
corrupt the association with autonomic tone, can be excluded.” Asada 2003 at 25-30.

“To evaluate how a pressure applied to the finger base interferes with blood circulation, the blood
flow toward the fingertip was measured by using Nellcor’s PPG sensor attached to the fingertip.”
Asada 2003 at 36.

“The ring sensor is a miniaturized, telemetric, monitoring device worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 4
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[SA] a light source comprising a | The Asada Combinations disclose and/or render obvious “a light source comprising a plurality of
plurality of semiconductor semiconductor sources that are light emitting diodes, the light emitting diodes configured to
sources that are light emitting generate an output optical beam with one or more optical wavelengths.”

diodes, the light emitting diodes
configured to generate an output | “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging

optical beam with one or more from direct sunlight to flickering room light. In addition, wearable PPG seunsors must be designed
optical wavelengths, for reduced power consumption. Carrying a large battery pack s not accepiable for long-term

appheations. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 7
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# gecure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the de conponent may be inflnenced less by the finger motion

¥ modulate the LEDs io attenuate the influence of uncorrelated ambient light as well as to reduce
power consummption. .. Asada 2003 at 30.

“The location of the LEDs and a PD relative to the finger is ap important design issue determining
signal quality and robustness against motion artifact. Figure 2 shows a cross-sectional view of the
finger with the ring sensor. The LEDs and PD) are placed on the flanks of the finger rather than the
dorsal and palmar sides.” Asada 2003 at 30-31.

“For these reasens, at least one optical device, exther the PI) or the LED, should be placed on one
lateral face of the finger near the digital artery. The question is where 1o place the other device.
Figure 2 shows two distinet cases. One case places both the PD and the LED on the same side of

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 8
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the finger-base, he em ) des ger. Placing iy
the LED on the same side creates a type of reflective PPG, while placing each of them on opposite
sides makes a type of transmittal PPG. In the figure the average pathway of photons is shownfor the
two sensor arrangements. Although the exact photon path is difficolt to obtain, due to the
heterogeneous nature of the finger tissue and blood, & banana-shaped arc connecting the LED and
PD, as shown in the figure, can approximate iis average path [191.” Asada 2003 at 31.

“Reflective PPG needs more secure aitachments of the LED and PD? to the skin surface, when
compared to transmittal PPG. Once an air gap is created between the skin surface and the optical
components due to some distirbance, 2 direct optical path from the LED o the PD may be
created. This direct path exposes the PD directly to the light source and consequently leads to
ssturation. To avoid this short circult, the LED lght beam must be focused only in the normal
direction, and the PD must also have a strong directional property (i.e., polarity), so that it is
sensitive to only the incoming light normal to the device surface. Such strong directional
properties, however, work adversely when a disturbance pressure acts on the sensor bodies, since
it deflects the direction of the LED and PD leading to fluctuations in the out- put signal. As a
result, reflective PPG configurations are more susceptive to disturbances.” Asada 2003 at 31,

“Fyurthermore, transmittal PPG is less sensitive to local disturbances acting on the finger, since the
LED irradiates a larger volume of the finger. In the transmittal PPG configuration, the percentage
of the measured signal does not significantly change although some peripheral capillary beds are
collapsed. The percentage change is greater for reflective PPG, since this volume is smaller.”
Asada 2003 at 31.

“Figure 3 chows an experimental comparison between tranemitial and reflective PPGs. Two sets
of PPG sensors, one reflective and one transmittal, were attached to the same finger. Both were at
rest initially, and then shaken. The transmittal PPG was guite stable, while the reflective PPG was
susceptive to the motion disturbances.” Asada 2003 at 31.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 9
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“Figure 9 shows the firet ring sensor prototype that contains an optical sensor unit, analog and digital
processing nuits, and an RY transmaitter, all of which are encapsulated i a compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF communication. The acquired waveforms, sampled at 100 Hz, are
transmitted 1o a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a
carrier frequency of 915 MHz. The cellular phone then accesses a Web site for data storage and
clinical diagnosis.” Asada 2003 at 34.

“In this early development, the power consumption of the LEDs and the imbedded CPU clock
were & major bottleneck limiting the design. The distance between the LEDs and PDs had to be
shortened for power saving considerations, and the CPU clock was minimized in order o extend
the battery life to a few weeks. See [30] for power budget and design details.” Asada 2003 at 34,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 11
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 721 OMNI 2018 - IPR2020-00209



fig. 11. Redesigned sensor band that protects optical com-
ponenis from direct contact with skin and hides wires from
outside environmant.

“To mprove motion artifact resistance and aceuracy, a transinittal PPG ring sensor, Prototype B,
has been built and field-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 1/1,000. The LED used is 6.7 times brighter than that of Prototype A,
while the resuliant power consumption is 173 times smaller than before, The sensor band was
redesigned with the use of bic-compatible elastic materiale to better hold the LEDV's and PD¥'s,
maintain a proper level of pressure, optically shield the sensor unit, and secure the contact with the
skin consistently in the face of finger motion {see Figure 11). As a result, the waveform of this
transmitial PPG was quite stable. Figure 3 presented earlier is the experiment of Prototype B. Note
that the transmitial PPG (Prototype B) signal did not collapse even when the hand was shaken.
Additionally, the analog filtering cirouit was optimized for guality of signal These modifications

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 12
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greatly improved the ability of the device to measure traditionally difficult variables such as heart
rate variability {Table 1, Figure 12).” Asada 2003 at 35,

Fesg d

Base ~

Phatodetactor

Photadetectar
i bl PG

Cowar Bing

Asada 2001 - Figure 4

Fig. 15. The schematic of the Protolype © ring sensar.

“The local pressurization and motion detection methods described previously have been
implemented for further tmprovement. Figure 15 shows the schematic of the Prototype C ring
sensor. Both {ransmittal (PD-A) and reflective {P1-R) PPGs were mounted on the gensor band.
The former is placed on top of 3 locally pressurizing mechanism with an adjustable setscrew. The
latter is mounted on the low-pressure side in order to detect motion.” Asada 2003 at 36,
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is am- plified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.

Asada 2010 — page 50

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 14
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 724 OMNI 2018 - IPR2020-00209



Dual Accelerometer Height Sensor

o

G nRor B s s e I 425y

WUETETRTETRTE T
e AR R AR T Ry

[SB] wherein at least a portion of | The Asada Combinations disclose and/or render obvious “wherein at least a portion of the one or

the one or more optical more optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500
wavelengths is a near-infrared nanometers.”
wavelength between 700

nanometers and 2500 nanometers,
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gur g E g se , analog and digital
processing units, and an RF tranemitter, all of which are encapsulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF copununication. The acguired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a2
carrier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
chinical diagnosis.” Asada 2003 at 34,

E

“High-speed LEDs and PDs, which have become available at low cost in recent years, can be used
for this purpose. Figure 4 shows a schematic of high-frequency, low-duty cycle mwodulation
implemented to minimize LED power consumption. Utilizing fast rise-time optical detectors, i is
possible to incorporate a modulation frequency of 1 kHz with a duty ratio of 0. 1%, a theoretical power
usage that is 1,000 times less than conventional full-cycle modulation methods {231 Asada 2003 ai
32,

“In this carly development, the power consumption of the LEDs and the imbedded CPU clock
were a major boitleneck limiting the design. The distance beiween the LEDs and PDs had to be
shortened for power saving considerations, and the CPU clock was minimized in order o extend
the battery life to a fow weeks. See [30] for power budget and design details.” Asada 2003 at 34,

“To improve motion artifact resistance and accuracy, a transmittal PPG ring sensor, Prototype B,
has been built and field-tested. Prototype B has high-speed optical devices enabling the lowering of
the LED duty rate to 1/1,000. The LED uced is 6.7 times brighter than that of Prototype A, while the
resultant power constption is 173 times smaller than before.” Asada 2003 at 35,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 16
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“LED. Ph de: red any infr: E g . The peak
wavelength of the red LED is 660 nm, and that of the infrared LEDs is 940 nm. The photodiode has
the peak wavelength of 940 nm and the spectral sensitivity ranges from 500 nm to 1000 nm, which
meets our needs. The voltage drop across the red LED is 1.6 V and that of the infrared LEDs is 1.2
V, and two infra-red LEDs are connected in serial. These LEDs are in a die form with a size 0f 0.3
mm x 0.3 mm.” Asada 2001 at 800.

[SC] the light source configured | The Asada Combinations disclose and/or render obvious “the light source configured to increase
to increase signal-to-noise ratio signal-to-noise ratio by increasing a light intensity from at least one of the plurality of

by increasing a light intensity semiconductor sources and by increasing a pulse rate of at least one of the plurality of

from at least one of the plurality | semiconductor sources.”

of semiconductor sources and by
increasing a pulse rate of at least | “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
one of the plurality of from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
semiconductor sources; for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 17
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In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30.

LED Brightriess e Frctedeteztor Guipst

Dt Rarmpding

(a3}

Fig. 4. (a) The siow response time of the phetodetecior meant that the LED had to be modulated at lower
frequencies for data sampling. (b} A faster photodstector response time makes it possible lo Increase the
modulation frequency of the LED.

“Transmittal PPG must have a powerful LED for transmitting light across the finger. This power
consumption problem can be solved with a lighting modulation technique using high-speed
devices. Instead of lighting the skin continually, the LED is turned on only for a short time, say
100 ~ 1000 ns, and the signal is sampled within this period. High-speed LEDs and PDs, which
have become available at low cost In recent years, can be used for this purpose. Figure 4 shows a
schematic of high-frequency, low-duty cycle modulation implemented to minimize LED power
constmption. Utilizing fast rise-time optical detectors, # is possible to incorporate a modulation

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 18
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frequency of | v v 0.1%, P usag
conventional full-cycle modulation methods {23].” Asada 2003 at 32.

“In addition to saving power, the modulation of LED lighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

Asada 2003 explains that “according to the Lambert-Beer law, the brightness decreases
exponentially as the distance from the light source increases.” In order to improve the signal-to-
noise ratio, brightness of the light is increased by “application of an external pressure on the tissue
surrounding the artery” in order to increase the detected amplitude of arterial pulsations. Asada
2003 at 32. “Figure 5 shows the pulsatile amplitude of a finger base PPG for varied pressures
generated by a finger cuff. As the cuff pressure increases, the PPG amplitude increases until it
reaches a maximum.” Asada 2003 at 32.

“See [30] for power budget and design details.” Asada 2003 at 34,

“Among others, LED is one of the most power-consuming parts involved in the ring sensor.
Therefore, the intensity of the LEDs must be lowered along with the reduction of duty cycle. This,
however, incurs a poor signal-to-noise ratio problem. The signals obtained with dark LEDs are weak
and must, therefore, be amplified many thousand times. As a result, i becomes susceptive fo any
disturbances.

There are a number of existing techniques for dealing with artifact and disturbance rejection. The
most commeon is signal processing, as reviewed by [11]. Another standard method is to identify and
reject corrupt signals by comparing pulse features with a predetermined template. Other methods
use modulation by controlling the power level of multiple lighting sources [11].” Asada 2041 at 796.
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For the prototype ring sensor, the sample-and-hold frequency was set to 1000 Hz. The choice
of this frequency depends on applications. A lower sampling frequency can be used when required
accuracy is lower.” Asada 2001 at 800.

Asada 2010 Page 52
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] an apparatus comprising a The Asada Combinations disclose and/or render obvious “an apparatus comprising a plurality o
plurality of lenses configured to lenses configured to receive a portion of the output optical beam and to deliver an analysis output
receive a portion of the output beam to a sample.”

optical beam and to deliver an

. “Reflective PPG needs more secure attachments of the LED and P to the skin surface, when
analysis output beam to a sample

conpared to transmittal PPG. Once an air gap is created between the skin surfiace and the optical
components due to some disturbance, a direct optical path from the LED to the PID may be created.
This direct path exposes the PD directly to the light source and consequently leads to saturation.
To avoid this short cireuit, the LED light beam must be focused only in the normal divection, and
the PD must also have a strong directional property {i.e., polarity), so that # is sensitive to only the
incoming Hght normal to the device surface.” Asada 2003 at 31,
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Figure ¢ shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF tranemitter, all of which are encapeulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF copununication. The acguired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carricd by the patient through an RF link of 105 kbps at a2
carrier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
chinical diagnosis.” Asada 2003 at 34.

“See [30] for power budget and design detatls.” Asada 2003 at 34.

Fig. 11. Redesigned sensor band that protects optical com-
ponents from direct contact with skin and hides wires from
sutside environment.
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“To improve motion artifact resistance and accuracy, a transwiital PPG ring sensor, Prototype B,
has been buik and ficld-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 171,000, The LED used is 6.7 times brighter than that of Prototype 4,
while the resultant power consumption is 173 times smaller than before. The sensor band was
redesigned with the use of bio-conpatible elastic materials to better hold the LED’s and PD’s,
maintain a proper level of pressure, optically shield the sensor unit, and secure the contact with the
skin consistently in the face of finger motion {see Figure 11} As a result, the waveform of this
transmittal PPG was quite stable. Figure 3 presented earlier is the experiment of Prototype B. Note
that the transwmiital PPG (Prototvpe B) signal did not collapse even when the hand was shaken.
Additionally, the analog filtering circuit was optimized for quality of signal. These modifications
greatly improved the ability of the device to measure traditionally difficult variables such as heart
rate variability (Table 1, Figure 123 Asada 2003 at 35.

Crinver Ring

Fig. 18. The schematic of the Prototype C ring sensor.

“The local pressurization and motion detection methods described previcusly have been
implemented for further improvement. Figure 15 shows the schematic of the Prototype C ring
sensor. Both trapsmittal (PD-A) and reflective (PD-B) PPGs were mountied on the sensor band.
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The former is placed on fop of a locally pressurizing mechanism with an adjusiable setscrew. The
Iatter is mounted on the low-pressure side in order to detect motion.” Asads 2003 at 36,

Asada 2010 — page 52
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[SE] areceiver configured to The Asada Combinations disclose and/or render obvious “a receiver configured to receive and
receive and process at least a process at least a portion of the analysis output beam reflected or transmitted from the sample and
portion of the analysis output to generate an output signal.”

beam reflected or transmitted
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the ple “In thi cle 11 sb chn nd of . \ g cep
an output signal, a WBS will be presented, with emphasis on the ring sensor developed by the author’s group at
MIT. The ring sensor is an ambulatory, telemetric, continuous health-monitoring device. This
WBS combines miniaturized data acquisition features with advanced photoplethysmographic
(PPG) techniques to acquire data related to the patient’s cardiovascular state using a method that is
far superior to existing fingertip PPG sensors [1].” Asada 2003 at 28.

“Figure 2 shows two distinct cases. One case places both the PD and the LED on the same side of
the finger-base, and the other places them on opposite sides of the finger. Placing both the PD and
the LED on the same side of the finger-base, and the other places them on opposite sides of the
finger. Placing both the PD and the LED on the same side creates a type of reflective PPG, while
placing each of them on opposite sides makes a type of transmittal PPG. In the figure the average
pathway of photons is shown for the two sensor arrangements. Although the exact photon path is
difficult to obtain, due to the heterogeneous nature of the finger tissue and blood, a banana-shaped
arc connecting the LED and PD, as shown in the figure, can approximate its average path [19].”
Asada 2003 at 31.

Py

Fig. 8. Block diagram of adaplive noise canceliation using
second PPG sensor as nolse reference.

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as a noise reference, a noise cancellation filter can be buili to
sliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemo-dynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted wave- forms. As shown in Figure 8, the noise-canceling
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filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly congists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal. If the noise
magnitude is not known a priori, it must be determined adaptively during the measurement.
Various algorithms for adaptive fillering can be applied to tune the filter in real time. Some can
determine optimal filter gains and parameters based on the evaluation of the recovered signal, as
shown in Figore 8 by the feedback from the output fo the adaptive filter block. Details of this
adaptive filkering method are bevond the scope of this article. The dual photodetector design
shown in Figure 6 provides both main cignal and noice reference that are distinet. This allows us
to implement noise-canceling filters effectively despite complex motion artifact.” Asada 2003 at
33-34,
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Figure ¢ shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF tranemitter, all of which are encapeulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF communication. The acguired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carricd by the patient through an RF link of 105 kbps at a2
carrier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
chinical diagnosis.” Asada 2003 at 34.

“Int this early development, the power consumption of the LEDs and the imbedded CPU clock
were 3 major bottlencck limiting the design. The distance between the LEDs and PDis had to be
shortened for power saving considerations, and the CPU clock was minimized in order to extend
the battery life {o a foew weeks. See [30] for power budget and design details.” Asada 2003 af 34,

Asada 2001 - Figure 4:
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Fig. 4. Block diagram of electronic circuit.
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“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LED:s of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.

“The other electronic components of the ring sensor include multiple op-amps, switches, sample-
and-hold, and filters.” Asada 2001 at 800.

“CPU: The on-board CPU controls all the operations of the ring sensor, ranging from the sequence
control of LED lighting and data acquisition to the conversion of analogue data to digital signals
in the RS-232 format for wireless transmission. A PIC16C711 microprocessor from Microchip
was selected be- cause of its unique design for low power consumption. It consumes less than 25
A for 32-kHz clock frequency in the normal operation mode and almost no power consumption in
the sleep mode. This CPU has 4 channels of embedded A/D converter, 13 channels of digital
input—output line. It has 1 KB of EPROM that is good enough to store the whole code needed for
computation. The resolution of the A/D converters are all 8-bits. In case that higher resolution is
necessary, other CPUs such as PIC16C773 which has 12-bit A/D converters can be used.” Asada
2001 at 800.

Asada 2010 —page 9
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[5F] wherein the receiver is The Asada Combinations disclose and/or render obvious “wherein the receiver is configured to be
configured to be synchronized to | synchronized to the light source.”

the light source;
“Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion
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» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30,

LED Brightness w Frotodetector Cutps
~ -

| I Drsta Satipling
(3%

Fig. 4. (8} The slow response iime of the photodetector meant that the LED had to be modulated at lower
frequencies for data sampling. (b} A fasier pholodetector response time makes it possible to increase the
musulation frequency of the LED.
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ransmittal PPG must
consumption problem can be solved with a lighting modulation technique using high-speed
devices. Instead of lighting the skin continually, the LED is turned on only for a short time, say
100 ~ 1000 ns, and the signal is sampled within this period. High-speed LEDs and PDs, which
have becoms available at low cost B recent vears, can be used for this purpose. Figwre 4 shows a
schematic of high-freguency, low-duty cycle modulation implerented to mintmize LED power

frequency of 1 ¥z with a duty ratio of0.1%, a theoretical power usage that is 1,000 times less than
conventional full-cycle modulation methods [23].” Asada 2003 at 32.

“In addition to saving power, the modulation of LED lighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

“In this early development, the power consumption of the LEDs and the imbedded CPU clock
were 2 major bottleneck limiting the design. The distance between the LEDs and PIIs had to be
shortened for power saving considerations, and the CPU clock was minimized in order to extend
the battery Iife to a few weeks. See [380] for power budget and design details,” Asada 2003 at 34,

“See [30] for power budget and design details.” Asada 2003 at 34,
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“LED: : 36 ge a of p eny y. T ore they
must be ewitched on only for 2 dhort interval when light must be emitted. Namely, the LEDs maust
be on only when the photodiode v detecting the reflected light for wessuring the pulsation.
Synchronizing the sampling of the photodetector with the LED switching reduces the duty ratio of
the LEDs, and thereby reduces the power consumption. In the prototype systemn, this coordination
is per- formed by the microprocessor. First, the LEDs are turned on; second, the photo detector
signal is sampled at the next CPU cycle; the LEDs are switched off at the third CPU cycle. This
sequence control is performed for both red and infrared LEDs.” Asada 2001 at 798.

“For the prototype ring sensor, the sample-and-hold frequency was set to ; = 1000 Hz. The choice of
this frequency depends on applications. A lower sampling frequency can be used when required
accuracy is lower.” Asada 2001 at 800.

[SG] a personal device The Asada Combinations disclose and/or render obvious “a personal device comprising a wireless
comprising a wireless receiver, a | receiver, a wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs,
wireless transmitter, a display, a | a microprocessor and a touch screen.”

microphone, a speaker, one or
more buttons or knobs, a
microprocessor and a touch
screen,

“WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the ‘vital signs’ that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects.” Asada 2003 at 28.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“The ring sensor is a miniaturized, telemetric, monitoring de- vice worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
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Asada 2010 —page 9

transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.
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Asada 2010 — page 10:

[SH] the personal device The Asada Combinations disclose and/or render obvious “the personal device configured to
configured to receive and process | receive and process at least a portion of the output signal.”

t least Tti fth t . . .
at Jeast a portion of the outpu “At the same time, the physiclogic information generated by WBS technology must irigger some

signal, . . . -

& appropriate system action to improve health outcomes. Abnormal states must be efficiently
recognized while faise alarms are minimized. This requires carefully designed WBS devices, as
well as innovative postprocessing and mtelligent data interpretation. Post-processing of sensor data
can improve nsability, as illustrated by recent imnprovernents in pulse oximetry technology [31-[5L
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Data prefa a1 e necessary g ular ed
catastrophes) or offline {as is the standard-of-care for axrhythmia surveillance using Holter and
related mondtoring). Real-thme alarm “algorithme” using simple thresholds for measured
parameters, like heart rate and oxygen saturation, have demonstrated high rates of false alarms [6],
[7]. Algorithms for off-line, retrospective data analysis are also in & developmental stage. Studies
of novel antomated “irtage” sofiware used to interpret hours of continuous noninvasive ECG data
of monitored outpatients suggest that the software’s diagnostic yield is not equal to a buman’s
when it comes o arthythnua detection [8], [91.” Asada 2003 at 29,

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“WBS, in conjunction with diagnostic algorithms and some specific response (which might be
human or automated in nature), stand to ameliorate physiologic catastrophes occurring outside
conventional clinical environments. For instance, WBS can play an important role in the wireless
surveillance of people during hazardous operations (military, fire-fighting, etc.), or such sensors
can be dispensed during a mass civilian casualty occurrence. In an overcrowded Emergency
Department, patients who are in the waiting room for hours with an undifferentiated medical
complaint will receive state-of-the-art physiologic monitoring. For hospital in-patients who require
CV monitoring, current biosensor technology typically tethers patients in a tangle of cables. For
convalescing patients in a hospital, or a rehabilitation center, there would no longer be a
dichotomy between optimal bed-bound monitoring and optimal rehabilitation consisting of
ambulation and a full scope of physical activities. Given the physical freedom when monitored by
WBS, inpatients may experience less physical deconditioning, and these two factors together may
impact the not insignificant problem of dangerous inpatient falls in the elderly (an incidence on the
order of 1-5% per admission [32], [33]).” Asada 2003 at 37.

“WBS measuring circulation could also be used to monitor geriatric subjects living alone, offering
an automatic 911 call in the event of a catastrophe and peace of mind for the subject and
concerned family the rest of the time.” Asada 2003 at 37.
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“The ring sens min , telemetric, mo ng AU
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Asada 2010 —page 9
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|SI] wherein the personal device | The Asada Combinations disclose and/or render obvious “wherein the personal device is
is configured to store and display | configured to store and display the processed output signal.”

the processed output signal, . ] ] .
P tput sig “However, healthcare providers have only intermittent values of blood pressure on which to base

therapy decisions; it is possible that continuous blood pressure monitoring would permit enhanced
titration of therapy and reductions in mortality. Similarly, WBS would be able to log the
physiologic signature of a patient’s exercise efforts (manifested as changes in heart rate and blood
pressure), permitting the patient and healthcare provider to assess compliance with a regimen
proven to improve health outcomes.” Asada 2003 at 28.

“The monitoring environments for out-of-hospital, wearable devices demand a new paradigm in
noninvasive sensor design. There are several design requirements central to such devices.
Compactness, stability of signal, motion and other disturbance rejection, durability, data storage
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and transmission, and low power consumption comprise the major design considerations.” Asada
2003 at 28.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

Asada 2010 —page 9

Asada 2010 — page 10:
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RCoin Tachndingy:

|SJ] and wherein at least a portion | The Asada Combinations disclose and/or render obvious “and wherein at least a portion of the
of the processed output signal is | processed output signal is configured to be transmitted over a wireless transmission link.”
configured to be transmitted over

a wireless transmission link; and “WBS could play an important role in the wireless surveillance of people during hazardous

operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the ‘vital signs’ that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects.” Asada 2003 at 28.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.
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Asada 2010 —page 9

Asada 2010 — page 10:
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|SK] aremote device configured | The Asada Combinations disclose and/or render obvious “a remote device configured to receive
to receive over the wireless over the wireless transmission link an output status comprising the at least a portion of the
transmission link an output status | processed output signal, to process the received output status to generate processed data and to
comprising the at least a portion | store the processed data.”

of the processed output signal, to
process the received output status
to generate processed data and to
store the processed data.

“At the same time, the physiclogic information generated by WEBS technology must trigger some
appropriate system action to improve health outcomes. Abnormal states must be efficiently
recognized while false alarms are minimized. This requires carefilly designed WBE devices, as
well as innovative postprocessing and intelligent data interpretation. Post-processing of sensor data
can improve usability, as llustrated by recent improvements in pulse oximetry technology {31-[5].
Data interpretation can cocur in real time {as ie necessary for detecting cardiovascular-related
catastrophes) or offfine (as is the standard-oficare for arthythmmia surveillance using Holter and
related wonitoring). Real-time alarm “algorithms” using simple thresholds for measured
parameters, like heart rate and oxygen saturation, have demonstrated high rates of false alarms [6],
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[71. Algorithm etrosp .

of novel automated “triage” software used to inderpret hours of continuons noninvasive BCG data
of monitorsd outpatients suggest that the software’s diagnostic yield is not equal to a buman’s
when it comes to arthythimia detection [8], [91.” Asada 2003 at 29.

*

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“WBS, in conjunction with diagnostic algorithms and some specific response (which might be
human or automated in nature), stand to ameliorate physiologic catastrophes occurring outside
conventional clinical environments. For instance, WBS can play an important role in the wireless
surveillance of people during hazardous operations (military, fire-fighting, etc.), or such sensors
can be dispensed during a mass civilian casualty occurrence. In an overcrowded Emergency
Department, patients who are in the waiting room for hours with an undifferentiated medical
complaint will receive state-of-the-art physiologic monitoring. For hospital in-patients who require
CV monitoring, current biosensor technology typically tethers patients in a tangle of cables. For
convalescing patients in a hospital, or a rehabilitation center, there would no longer be a
dichotomy between optimal bed-bound monitoring and optimal rehabilitation consisting of
ambulation and a full scope of physical activities. Given the physical freedom when monitored by
WBS, inpatients may experience less physical deconditioning, and these two factors together may
impact the not insignificant problem of dangerous inpatient falls in the elderly (an incidence on the
order of 1-5% per admission [32], [33]).” Asada 2003 at 37.

Asada 2010 —page 9
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RCoin Tachndingy:
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[7] The system of claim 5,
wherein the remote device is
further configured to transmit at
least a portion of the processed
data to one or more other
locations, wherein the one or
more other locations is selected
from the group consisting of the
personal device, a doctor, a
healthcare provider, a cloud-
based server and one or more
designated recipients, and
wherein the remote device is
capable of transmitting

The Asada Combinations disclose and/or render obvious “[t]he system of claim 5, wherein the
remote device is further configured to transmit at least a portion of the processed data to one or
more other locations, wherein the one or more other locations is selected from the group
consisting of the personal device, a doctor, a healthcare provider, a cloud-based server and one or
more designated recipients, and wherein the remote device is capable of transmitting information
related to a time and a position associated with the at least a portion of the processed data.”

WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the ‘vital signs’ that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects.” Asada 2003 at 28.

“However, healthcare providers have only intermittent values of blood pressure on which to base
therapy decisions; it is possible that continuous blood pressure monitoring would permit enhanced
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a position associated with the at | physiologic signature of a patient’s exercise efforts (manifested as changes in heart rate and blood
least a portion of the processed pressure), permitting the patient and healthcare provider to assess compliance with a regimen
data. proven to improve health outcomes.” Asada 2003 at 28.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“WBS, in conjunction with diagnostic algorithms and some specific response (which might be
human or automated in nature), stand to ameliorate physiologic catastrophes occurring outside
conventional clinical environments. For instance, WBS can play an important role in the wireless
surveillance of people during hazardous operations (military, fire-fighting, etc.), or such sensors
can be dispensed during a mass civilian casualty occurrence. In an overcrowded Emergency
Department, patients who are in the waiting room for hours with an undifferentiated medical
complaint will receive state-of-the-art physiologic monitoring. For hospital in-patients who require
CV monitoring, current biosensor technology typically tethers patients in a tangle of cables. For
convalescing patients in a hospital, or a rehabilitation center, there would no longer be a
dichotomy between optimal bed-bound monitoring and optimal rehabilitation consisting of
ambulation and a full scope of physical activities. Given the physical freedom when monitored by
WBS, inpatients may experience less physical deconditioning, and these two factors together may
impact the not insignificant problem of dangerous inpatient falls in the elderly (an incidence on the
order of 1-5% per admission [32], [33]).” Asada 2003 at 37.

“WBS measuring circulation could also be used to monitor geriatric subjects living alone, offering
an automatic 911 call in the event of a catastrophe and peace of mind for the subject and
concerned family the rest of the time.” Asada 2003 at 37.

“The ring sensor is a miniaturized, telemetric, monitoring de- vice worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 48
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 758 OMNI 2018 - IPR2020-00209



transmitter. Fig. OW. ncep . g SE;
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Asada 2010 — page 13
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[8] The system of claim 5,
wherein the receiver is located a
first distance from a first one of
the plurality of light emitting
diodes and a different, second
distance from a second one of the
plurality of light emitting diodes
such that the receiver receives a
first signal from the first light
emitting diode and a second

The Asada Combinations disclose and/or render obvious “[t]he system of claim 5, wherein the
receiver is located a first distance from a first one of the plurality of light emitting diodes and a
different, second distance from a second one of the plurality of light emitting diodes such that the
receiver receives a first signal from the first light emitting diode and a second signal from the

second light emitting diode.”

Omni MedSci, Inc. v. Apple Inc.

Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 767

EXHIBIT CC-1, p. 57

OMNI 2018 - IPR2020-00209



signal from the second light
emitting diode.

o g
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“The location of the LEDs and a PD relative {0 the finger is an important descign issue determining
signal quality and robustness against motion artifact. Figure 2 shows a cross-sectional view of the
finger with the ring sensor. The LEDs and PD are placed on the flanks of the finger rather than the
dorsal and palmar sides.” Asada 2003 at 30-31.

“For these reasons, at least one optical device, either the PD or the LED, should be placed on one
lateral face of the finger near the digital arfery. The question is where to place the other device.
Figure 2 shows two distinet cases. One case places both the PD and the LED on the same side of
the finger-base, and the other places them on opposite sides of the finger. Placing both the PD and
the LED on the same side creates a type of reflective PPG, while placing each of them on opposite
sides makes a type of transmittal PPG. In the figure the average pathway of photons is shown for the
two sensor arrangements. Although the exact photon path is difficult to obtain, due to the
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heterogeneous nature of the finger tissue and blood, a banana-shaped arc connecting the LED and
PD, as shown in the figure, can approximate its average path [19]1.7 Asada 2003 at 31.

“Reflective PPG needs more secure attachments of the LED and PD to the skin surface, when
conypared to transnyittal PPG. Once an air gap is created between the skin surface and the optical
components due o some disturbance, a direct optical path from the LED 1o the P} may be
created. This direct path exposes the PD directly to the light source and consequently leads to
saturation. To avoid this short circust, the LED lght beam must be focused only in the normal
direction, and the PD} must also have 2 strong directional property (1., polarity), so that it is
sensitive to only the incoming hght normal to the device surface. Such strong directional
properties, howsver, work adversely when a disturbance pressurs acts on the sensor bodies, since
it deflects the divection of the LED and PD) leading to fluctuations in the out- put signal. As a
result, reflective PPG configurations are more susceptive o disturbances.” Asada 2003 at 31.

“Figure 3 shows an experimental comparison between transmittal and reflective PPGs. Two sets
of PPG sensors, one refiective and one transmittal, were attached io the same finger. Both were at
rest initially, and then shaken. The transmittal PPG was quite stable, while the reflective PPG was
susceptive {o the motion disturbances.” Asada 2003 at 31.
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Fig. 8. The schematic of a locally pressuwrized sensor band

Photmisiactor &

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as a noise reference, a noise cancellation filter can be built to
eliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemodynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted waveforms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal.” Asada 2003 at 33.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 60
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 770 OMNI 2018 - IPR2020-00209



Photadstectr
i bl PRG

Bhotodetector

e boiss

s &

2ENEOY

Base -

Fig. 15. The schematic of the Protutypes © ring sensor.

“The local pressurization and motion detection methods described proviously have been
implemented for further improverment. Figure 15 shows the schematic of the Prototype Cring
sensor. Both transmittal (PD-A) and reflective (P13-RB) PPGs were mounted on the sensor band.
The former is placed on top of a locally pressurizing mechanism with an adjustable setscrew. The
Iatter is meunted on the low-pressure side in order to detect motion.” Asada 2003 at 36,

“See [30] for power budget and design details.” Asada 2003 at 34,

Asada 2001 - Figure 1
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
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light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.

[9] The system of claim 5, The Asada Combinations disclose and/or render obvious “[t]he system of claim 5, wherein the
wherein the output signal is output signal is generated in part by comparing the first and second signals.”

generated in part by comparing

the first and second signals “The motion detector can be used not only for monitoring the presence of motion but also for

canceling noise. By using PD-B as a noise reference, a noise cancellation filter can be built to
eliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemodynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted waveforms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal.” Asada 2003 at 33.

“See [30] for power budget and design details.” Asada 2003 at 34,

Asada 2001 — Figure 4:
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“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.

[10] The system of claim 5, The Asada Combinations disclose and/or render obvious “[t]he system of claim 5, wherein the
wherein the output signal output signal comprises one or more physiological parameters, and the remote device is capable of
comprises one or more
physiological parameters, and the
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ote pable storing tory
storing a history of at least a period of time.”
portion of the one or more
physiological parameters over a “Wearable biosensors (WBS) will permit continuous cardiovascular (CV) monitoring in a number
specified period of time. of novel settings.” Asada 2003 at 28.

“WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the ‘vital signs’ that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects.” Asada 2003 at 28.

“The WBS hardware solution must be adequate to make reliable physiologic measurements during
activities of daily living or even more demanding circumstances such as fitness training or military
battle.” Asada 2003 at 28.

“However, healthcare providers have only intermittent values of blood pressure on which to base
therapy decisions; it is possible that continuous blood pressure monitoring would permit enhanced
titration of therapy and reductions in mortality. Similarly, WBS would be able to log the
physiologic signature of a patient’s exercise efforts (manifested as changes in heart rate and blood
pressure), permitting the patient and healthcare provider to assess compliance with a regimen
proven to improve health outcomes.” Asada 2003 at 28.

“In this article we will address both technical and clinical issues of WBS. First, design concepts of
a WBS will be presented, with emphasis on the ring sensor developed by the author’s group at
MIT. The ring sensor is an ambulatory, telemetric, continuous health-monitoring device. This
WBS com- bines miniaturized data acquisition features with advanced photoplethysmographic
(PPG) techniques to acquire data related to the patient’s cardiovascular state using a method that is
far superior to existing fingertip PPG sensors [1]. In particular, the ring sensor is capable of
reliably monitoring a patient’s heart rate, oxygen saturation, and heart rate variability. Technical
issues, including motion artifact, interference with blood circulation, and battery power issues,
will be addressed, and effective engineering solutions to alleviate these problems will be
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“WBS solutions, in various stages of technologic maturity, exist for measuring established
cardiopulmonary ‘vital signs’: heart rate, arterial blood pressure, arterial oxygen saturation,
respiratory rate, temperature, and even cardiac output.” Asada 2003 at 29.

“At the same time, the physiologic information generated by WBS technology must trigger some
appropriate system action to improve health outcomes. Abnormal states must be efficiently
recognized while false alarms are minimized. This requires carefully designed WBS devices, as
well as innovative postprocessing and intelligent data interpretation. Post-processing of sensor
data can improve usability, as illustrated by recent improvements in pulse oximetry technology
[3]-[5]. Data interpretation can occur in real time (as is necessary for detecting cardiovascular-
related catastrophes) or offline (as is the standard-of-care for arrhythmia surveillance using Holter
and related monitoring). Real-time alarm “algorithms” using simple thresholds for measured
parameters, like heart rate and oxygen saturation, have demonstrated high rates of false alarms [6],
[7]. Algorithms for off-line, retrospective data analysis are also in a developmental stage. Studies
of novel automated “triage” software used to interpret hours of continuous noninvasive ECG data
of monitored outpatients suggest that the software’s diagnostic yield is not equal to a human’s
when it comes to arrhythmia detection [8], [9].” Asada 2003 at 29.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“WBS, in conjunction with diagnostic algorithms and some specific response (which might be
human or automated in nature), stand to ameliorate physiologic catastrophes occurring outside
conventional clinical environments. For instance, WBS can play an important role in the wireless
surveillance of people during hazardous operations (military, fire-fighting, etc.), or such sensors
can be dispensed during a mass civilian casualty occurrence. In an overcrowded Emergency
Department, patients who are in the waiting room for hours with an undifferentiated medical
complaint will receive state-of-the-art physiologic monitoring. For hospital in-patients who require
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convalescing patients in a hospital, or a rehabilitation center, there would no longer be a
dichotomy between optimal bed-bound monitoring and optimal rehabilitation consisting of
ambulation and a full scope of physical activities. Given the physical freedom when monitored by
WBS, inpatients may experience less physical deconditioning, and these two factors together may
impact the not insignificant problem of dangerous inpatient falls in the elderly (an incidence on the
order of 1-5% per admission [32], [33]).” Asada 2003 at 37.

“AS THE population of aged people increases, vital sign monitoring is increasingly important for
securing their independent lives. On-line, continuous monitoring allows us to detect emergencies
and abrupt changes in the patient conditions. Especially for cardiac patients, on-line, long-term
monitoring plays a pivotal role. It provides critical information for long-term assessment and
preventive diagnosis for which long-term trends and signal patterns are of special importance.
Such trends and patterns can hardly be identified by traditional examinations. Those cardiac
problems that occur frequently during normal daily activities may disappear the moment the
patient is hospitalized, causing diagnostic difficulties and consequently possible therapeutic
errors. Continuous and ambulatory monitoring systems such as ambulatory electrocardiogram
(EKGQG) are, therefore, needed to detect the trait....In general, long-term, ambulatory monitoring
systems have not yet reached a technical level that is widely accepted by both clinicians and
patients. Such long-term, ambulatory devices must be compact, lightweight, and comfortable to
wear at all times. They must be designed for low power consumption for long-term use.
Furthermore, they must be able to detect signals reliably and stably in the face of motion artifact
and various disturbances. Unlike traditional monitoring systems, these devices are used under no
supervision of clinicians. Data is collected from daily lives of patients in an unstructured
environment.

The goal of this paper is to develop technology for reducing motion artifact and obtaining
reliable measurements of vital signs for long-term use.” Asada 2001 at 795.

“A prototype ring sensor has been designed, built, and tested. Experiments have verified that the
ring sensor can detect beat-to-beat pulsation in the face of interfering force and acceleration acting
on the ring body. With small battery cells, the ring sensor can continuously detect and transmit

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 67
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 777 OMNI 2018 - IPR2020-00209



plethysmograph signals for 23.3 days, while the battery life can be extended to several months
with an intermittent measurement schedule.” Asada 2001 at 805.
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[13] A measurement system To the extent the preamble is limiting, The Asada Combinations disclose and/or render obvious
comprising “[a] measurement system.”

See generally Asada 2003 Figures 6, 9, 11, 15 and descriptions of Prototypes A, B, and C.

“Wearable biosensors (WBS) will permit continuous cardiovascular (CV) monitoring in a number
of novel settings. Benefits may be realized in the diagnosis and treatment of a number of major
diseases. WBS, in conjunction with appropriate alarm algorithms, can increase surveillance
capabilities for CV catastrophe for high-risk subjects. WBS could also play a role in the treatment
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lapses in patient compliance.

WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the “vital signs” that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects. This same approach may also have utility
in monitoring the waiting room of today’s overcrowded emergency departments. For hospital
inpatients who require CV monitoring, current biosensor technology typically tethers patients in a
tangle of cables, whereas wearable CV sensors could increase inpatient comfort and may even
reduce the risk of tripping and falling, a perennial problem for hospital patients who are ill,
medicated, and in an unfamiliar setting.” Asada 2003 28.

“In this article we will address both technical and clinical issues of WBS. First, design concepts of
a WBS will be presented, with emphasis on the ring sensor developed by the author’s group at
MIT. The ring sensor is an ambulatory, telemetric, continuous health-monitoring device. This
WBS combines miniaturized data acquisition features with advanced photoplethysmographic
(PPG) techniques to acquire data related to the patient’s cardiovascular state using a method that is
far superior to existing fingertip PPG sensors [1]. In particular, the ring sensor is capable of
reliably monitoring a patient’s heart rate, oxygen saturation, and heart rate variability. Technical
issues, including motion artifact, interference with blood circulation, and battery power issues,
will be addressed, and effective engineering solutions to alleviate these problems will be
presented. Second, based on the ring sensor technology the clinical potentials of WBS monitoring
will be addressed.” Asada 2003 at 28.

“The WBS hardware solution must be adequate to make reliable physiologic measurements during
activities of daily living or even more demanding circumstances such as fitness training or military
battle. There must exist data processing and decision-making algorithms for the waveform data.
These algorithms must prompt some action that improves health outcomes. Finally, the systems
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must be cost effective when compared with less expensive, lower technology alternatives.” Asada
2003 at 28.

“The monitoring environments for out-of-hospital, wearable devices demand a new paradigm in
noninvasive sensor design. There are several design requirements central to such devices.
Compactness, stability of signal, motion and other disturbance rejection, durability, data storage
and transmission, and low power consumption comprise the major design considerations.
Additionally, since WBS devices are to be worn without direct doctor supervision, it is imperative
that they are simple to use and comfortable to wear for long periods of time. A challenge unique to
wearable sensor design is the trade-off between patient comfort, or long-terr wearability, and
reliable sensor attachment. While 1t is nearly needless to say that WBS technology must be safe, it
should be noted that there have been tragic reports of serious injury resulting from early home
monitoring technology [21." Asada 2003 28-29.

“WBS solutions, in various stages of technologic maturity, exist for measuring established
cardiopulmonary ‘vital signs’: heart rate, arterial blood pressure, arterial oxygen saturation,
respiratory rate, temperature, and even cardiac output. In addition, there are numerous WBS
modalities that can offer physiologic measurements not conventional in contemporary medical
monitoring applications, including acoustic sensors, electrochemical sensors, optical sensors,
electromyography and electroencephalography, and other bioanalytic sensors (to be sure, some of
these sensors have well-established medical utility, but not for automated surveillance).” Asada
2003 at 29.

“This article focuses on a wearable ring pulse-oximeter solution, which measures the PPG as well
as the arterial oxygen saturation. The PPG contains information about the vascalar pressure wave-
forms and compliances, Efforts to extract unique circulatory in- formation, especially an ARP
surrogate, from the PPG waveform are discussed later in this article. The PPG provides an
sffective heart rate (measuring heart beats that geperate identifiable forward-flow), vseful for
circulatory consider- ations though less useful for strict electrophiysiologic considerations. For
instance, the PPG signal may reveal heart rate variability, provided ectopic heart beats, which
corrupt the association with autonomic tone, can be excluded.” Asada 2003 at 25-30.
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od ,the b
flow toward the fingertip was measured by using Nellcor’s PPG sensor attached to the fingertip.”
Asada 2003 at 36.

“The ring sensor is a miniaturized, telemetric, monitoring device worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Asada 2010 page 3
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[13A] a wearable measurement The Asada Combinations disclose and/or render obvious “a light source comprising a plurality of
device for measuring one or more | Semiconductor sources that are light emitting diodes, the light emitting diodes configured to
physiological parameters, generate an output optical beam with one or more optical wavelengths.”

including a light source

comprising a plurality of “Purthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging

semiconductor sources that are from divect sundight to flickering room Hght. In addition, wearable PPG sengors must be designed
light emitting diodes, the light for reduced power consumption. Carrying a large battery pack is uot acceptable for long-term
emitting diodes configured to applications. The whole sensor system must run continually using a small battery. Several ways to

generate an output optical beam | cope with these difficulties aze:
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with one or more optical ¥ gecure the LEDs and the photodetector (PD for short) at 2 location along the finger skin such
wavelengths, that the de comaponent may be inflnenced less by the finger motion

¥ modulate the LEDs io attenuate the influence of uncorrelated ambient light as well as to reduce
power consummption...” Asada 2003 at 30.

“The location of the LEDs and a PD relative to the finger is ap important design issue determining
signal quality and robustness against motion artifact. Figure 2 shows a cross-sectional view of the
finger with the ring sensor. The LEDs and PD) are placed on the flanks of the finger rather than the
dorsal and palmar sides.” Asada 2003 at 30-31.

“For these reasens, at least one optical device, exther the PI) or the LED, should be placed on one
lateral face of the finger near the digital artery. The question is where 1o place the other device.
Figure 2 shows two distinet cases. One case places both the PD and the LED on the same side of
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fing |
the LED on the same side creates a type of reflective PPG, while placing each of them on opposite
sides makes a type of transmittal PPG. In the figure the average pathway of photons is shownfor the
two sensor arrangements. Although the exact photon path is difficolt to obtain, due to the
heterogeneous nature of the finger tissue and blood, & banana-shaped arc connecting the LED and
PD, as shown in the figure, can approximate iis average path [191.” Asada 2003 at 31.

“Reflective PPG needs more secure aitachments of the LED and PD? to the skin surface, when
compared to transmittal PPG. Once an air gap is created between the skin surface and the optical
components due to some distirbance, 2 direct optical path from the LED o the PD may be
created. This direct path exposes the PD directly to the light source and consequently leads to
ssturation. To avoid this short circult, the LED lght beam must be focused only in the normal
direction, and the PD must also have a strong directional property (i.e., polarity), so that it is
sensitive to only the incoming light normal to the device surface. Such strong directional
properties, however, work adversely when a disturbance pressure acts on the sensor bodies, since
it deflects the direction of the LED and PD leading to fluctuations in the out- put signal. As a
result, reflective PPG configurations are more susceptive to disturbances.” Asada 2003 at 31,

“Fyurthermore, transmittal PPG is less sensitive to local disturbances acting on the finger, since the
LED irradiates a larger volume of the finger. In the transmittal PPG configuration, the percentage
of the measured signal does not significantly change although some peripheral capillary beds are
collapsed. The percentage change is greater for reflective PPG, since this volume is smaller.”
Asada 2003 at 31.

“Figure 3 chows an experimental comparison between tranemitial and reflective PPGs. Two sets
of PPG sensors, one reflective and one transmittal, were attached to the same finger. Both were at
rest initially, and then shaken. The transmittal PPG was guite stable, while the reflective PPG was
susceptive to the motion disturbances.” Asada 2003 at 31.
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“Figure 9 shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF transmitter, all of which are encapsulated in a compact body and
powered by a tiny cell battery used for wristwatches. The ring has a PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF communication. The acquired waveforms, sampled at 108 Hz, are
transmitted 1o a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a
carrier frequency of 915 MHz. The cellular phone then accesses a Web site for data storage and
clinical diagnosis.” Asada 2003 at 34.

“In this early development, the power consumption of the LEDs and the imbedded CPU clock
were & major bottleneck limiting the design. The distance between the LEDs and PDs had to be
shortened for power saving considerations, and the CPU clock was minimized in order to extend
the battery life to a fow weeks. See [30] for power budget and design details.” Asada 2003 at 34.
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Fig. 11. Redesigned sensor band that protects optical com-
ponents from direct contact with skin and hides wires from
outside envronmeant.

“To improve motion artifact resistance and accuracy, a iransmittal PPG ring sensor, Prototype B,
has been buik and ficld-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 171,000, The LED used is 6.7 times brighter than that of Prototype 4,
while the resultant power consumption is 173 times smaller than before. The sensor band was
redesigned with the use of bio-compatible elastic materials to beiter hold the LED’s and PD’s,
maintain 2 proper level of pressure, optically shicld the scnsor unit, and sccure the contact with the
skin consistently in the face of fnger motion (see Figure 11). As a result, the waveform of this
transmitial PPG was quite stable. Figure 3 presented earlier is the expermment of Prototype B. Note
that the transmittal PPG (Prototype B) signal did not collapse even when the hand was shaken.
Additionally, the analog filtering circuit was optimized for quality of signal. These modifications
greatly improved the ability of the device to measure traditiopally difficult variables such as heart
rate variability (Table 1, Figure 123.” Asada 2003 at 35,

Cover Bing
-

Fig. 18. The schematic of the Prototype C ring sensor.

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 81
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 791 OMNI 2018 - IPR2020-00209



“The local pressurization and motion detection methods described previcusly have been
implemented for further improvement. Figure 15 shows the schematic of the Prototype C ring
sensor. Both transmittal (PD-A) and reflective (PD-B) PPGs were mounted on the sensor band,
The former is placed on top of a locally pressurizing mechanism with an adjustable setscrew. The
latter is mounted on the low-pressure side in order to detect motion.” Asada 2003 at 36,

“The ring sensor is a miniaturized, telemetric, monitoring device worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Asada 2001 — Figure |

Battery
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Fig. 1. Conceptual diagram of the ring sensor.
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.
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[13B] wherein at least a portion
of the one or more optical
wavelengths is a near-infrared

The Asada Combinations disclose and/or render obvious “wherein at least a portion of the one or
more optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500
nanometers.”
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gur g E g se , analog and digital
nanometers and 2500 nanometers, | processing units, and an RF trancmdtter, all of which are encapsulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF copununication. The acguired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a2
carrier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
chinical diagnosis.” Asada 2003 at 34,

E

“High-speed LEDs and PDs, which have become available at low cost in recent years, can be used
for this purpose. Figure 4 shows a schematic of high-frequency, low-duty cycle mwodulation
implemented to minimize LED power consumption. Utilizing fast rise-time optical detectors, i is
possible to incorporate a modulation frequency of 1 kHz with a duty ratio of 0. 1%, a theoretical power
usage that is 1,000 times less than conventional full-cycle modulation methods {231 Asada 2003 ai
32,

“See [30] for power budget and design details.” Asada 2003 af 34,

“To improve motion artifact resistance and accuracy, a transmittal PPG ring sensor, Prototype B,
has been buikt and field-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 1/1,000. The LED used is 6.7 times brighter than that of Protoiype A, while
the resnltant powser conswmption is 173 times smaller than before.” Asada 2003 at 35,

“LEDs and Photodiode: One red LED and two infrared LEDs are used as the light sources. The
peak wavelength of the red LED is 660 nm, and that of the infrared LEDs is 940 nm. The
photodiode has the peak wavelength of 940 nm and the spectral sensitivity ranges from 500 nm to
1000 nm, which meets our needs. The voltage drop across the red LED is 1.6 V and that of the
infrared LEDs is 1.2 V, and two infra-red LEDs are connected in serial. These LEDs are in a die
form with a size of 0.3 mm x 0.3 mm.” Asada 2001 at 800.

[13C] the light source configured | The Asada Combinations disclose and/or render obvious “the light source configured to increase
to increase signal-to-noise ratio signal-to-noise ratio by increasing a light intensity from at least one of the plurality of
by increasing a light intensity
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of semiconductor sources and by | semiconductor sources.”
increasing a pulse rate of at least
one of the plurality of “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
semiconductor sources; from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

one

ing ap

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

Inthe following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30.
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Fig. 4. (8} The slow response iime of the photodetector meant that the LED had to be modulated at lower
frequencies for data sampling. (b} A faster photodetector response time makes it pussible to increase the
musulation frequency of the LED.

“Transmittal PPG must have a powerful LED for transmitting light across the finger. This power
consumption problem can be solved with a lighting modulation technique using high-speed
devices. Instead of lighting the skin continually, the LED is turned on only for a short time, say
100 ~ 1000 ns, and the signal is sampled within this period. High-speed LEDs and PDs, which
have become available at low cost in recent years, can be used for this purpose. Figure 4 shows a
schematic of high-frequency, low-duty cycle modulation implemented fo minimize LED power
copsumption. Utilizing fast rise-time optical detectors, it is possible fo ncorporate 2 modulation
frequency of § ¥Hz with 2 duty ratio of 0.1%, a theoretical power usage that is 1,000 cimes less than
conventional full-cyele modulation methods {23].” Asada 2003 at 32.
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reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

Asada 2003 explains that “according to the Lambert-Beer law, the brightness decreases
exponentially as the distance from the light source increases.” In order to improve the signal-to-
noise ratio, brightness of the light is increased by “application of an external pressure on the tissue
surrounding the artery” in order to increase the detected amplitude of arterial pulsations. Asada
2003 at 32. “Figure 5 shows the pulsatile amplitude of a finger base PPG for varied pressures
generated by a finger cuff. As the cuff pressure increases, the PPG amplitude increases until it
reaches a maximum.” Asada 2003 at 32.

“See [30] for power budget and design details.” Asada 2003 at 34,

“Among others, LED is one of the most power-consuming parts involved in the ring sensor.
Therefore, the intensity of the LEDs must be lowered along with the reduction of duty cycle. This,
however, incurs a poor signal-to-noise ratio problem. The signals obtained with dark LEDs are weak
and must, therefore, be amplified wany thousand times. As a resulf, it becomes susceptive to any
disturbances.

There are & number of existing techniques for dealing with artifact and disturbance rejection. The
most comunen is signal processing, as reviewed by [11]. Another standard method is to identify and
reject corrupt signals by comparing pulse features with a predetermined template. Other methods
use modulation by controlling the power level of multiple lighting sources [11].” Asada 2001 at 756.

“For the prototype ring sensor, the sample-and-hold frequency was set to ; = 1000 Hz. The choice
of this frequency depends on applications. A lower sampling frequency can be used when required
accuracy is lower.” Asada 2001 at 800.
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[13D] the wearable measurement
device comprising a plurality of
lenses configured to receive a
portion of the output optical beam
and to deliver an analysis output
beam to a sample;

The Asada Combinations disclose and/or render obvious “the wearable measurement device
comprising a plurality of lenses configured to receive a portion of the output optical beam and to
deliver an analysis output beam to a sample.”

“Reflective PPG needs more secure attachments of the LED and PD 1o the skin surface, when
compared to transmittal PPG. Once an air gap is created between the skin surface and the optical
commponents due o some disturbance, a direct optical path fom the LED to the PI3 may be created.
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This direct path exposes the PD directly to the light source and consequently leads to saturation.
To avoid this short circuit, the LED light beam must be focused only in the normal direction, and
the PD rust also have a strong divectional property {i.e., polarity}, so that it is sensitive to only the
incoming light normal to the device surface.” Asada 2003 at 31.

R

fig. 8. Firstprototype fing sensor with RF transmitter powered by a coin-size cell batiery.
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Figure ¢ shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF tranemitter, all of which are encapeulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF copununication. The acguired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carricd by the patient through an RF link of 105 kbps at a2
carrier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
chinical diagnosis.” Asada 2003 at 34.

“See [30] for power budget and design detatls.” Asada 2003 at 34.

Fig. 11. Redesigned sensor band that protects optical com-
ponents from direct contact with skin and hides wires from
sutside envirenment.
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“To improve motion artifact resistance and accuracy, a transmiital PPG ring sensor, Prototype B,
has been buik and ficld-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 171,000, The LED used is 6.7 times brighter than that of Prototype 4,
while the resultant power consumption is 173 times smaller than before. The sensor band was
redesigned with the use of biv-conpatible elastic materials to better hold the LED’s and PD’s,
maindain a proper level of pressure, optically shield the sensor unit, and secure the contact with the
skin consistently in the face of finger motion {see Figure 11} As a result, the waveform of this
transmittal PPG was quite stable. Figure 3 presented earlier is the experiment of Prototype B. Note
that the transmittal PPG (Prototvpe B) signal did not collapse even when the hand was shaken.
Additionally, the analog filtering circuit was optimized for quality of signal. These modifications
greatly improved the ability of the device to measure traditionally difficult variables such as heart
rate variability (Table 1, Figure 12).” Asada 2003 at 35.

Crinver Ring

Fig. 18. The schematic of the Prototype C ring sensor.

“The local pressurization and motion detection methods described previcusly have been
implemented for further improvement. Figure 15 shows the schematic of the Prototype C ring
sensor. Both trapsmittal (PD-A) and reflective (PD-B) PPGs were mounted on the sensor band.

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 94
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 804 OMNI 2018 - IPR2020-00209



The former is placed on fop of a locally pressurizing mechanism with an adjusiable setscrew. The
Iatter is mounted on the low-pressure side in order to detect motion.” Asads 2003 at 36,

Asada 2010 Page 52

SensoR Modality

Cyatioat Msthouk
Pholoplsthysmograph (PRGR)

s Localized and focused
» Good SRR

« Minlatunizabls

= Light wetght

» L poRay

= L ody gsost

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p. 95

Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 805 OMNI 2018 - IPR2020-00209



[13E] the wearable measurement | The Asada Combinations disclose and/or render obvious “the wearable measurement device
device further comprising a further comprising a receiver configured to receive and process at least a portion of the analysis
receiver configured to receive and | output beam reflected or transmitted from the sample and to generate an output signal.”
process at least a portion of the
analysis output beam reflected or
transmitted from the sample and
to generate an output signal

“In this article we will address both technical and clinical issues of WBS. First, design concepts of
a WBS will be presented, with emphasis on the ring sensor developed by the author’s group at
MIT. The ring sensor is an ambulatory, telemetric, continuous health-monitoring device. This
WBS combines miniaturized data acquisition features with advanced photoplethysmographic
(PPG) techniques to acquire data related to the patient’s cardiovascular state using a method that is
far superior to existing fingertip PPG sensors [1].” Asada 2003 at 28.

“Figure 2 shows two distinct cases. One case places both the PD and the LED on the same side of
the finger-base, and the other places them on opposite sides of the finger. Placing both the PD and
the LED on the same side of the finger-base, and the other places them on opposite sides of the
finger. Placing both the PD and the LED on the same side creates a type of reflective PPG, while
placing each of them on opposite sides makes a type of transmittal PPG. In the figure the average
pathway of photons is shown for the two sensor arrangements. Although the exact photon path is
difficult to obtain, due to the heterogeneous nature of the finger tissue and blood, a banana-shaped
arc connecting the LED and PD, as shown in the figure, can approximate its average path [19].”
Asada 2003 at 31.

Fig. 8. Block diagram of adaptive neise cancaliation using
second PRG sensor 88 nolse reference.

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling neoise. By using PD-B as a noise reference, a noise cancellation filter can be built to
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eliminate the noise of PD>-A that correlates with the noise reference signal. Assuming that the
hemo-dynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied i order to recover
the true pulsation signal from corrupted wave- forms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by atienuating the noise reference signal and
then subtract the noise from the main signal to recover the truc pulsatile signal. If the noise
magnitnde is not known a2 prior, it must be determined adaptively during the measurement.
Various algorithms for adaptive filtering can be applied to tune the fifer in real time. Some can
determine optimal filter gains and parameters based on the evaluation of the recovered signal, as
shown in Figire & by the feedback from the output to the adaptive filter block. Details of this
adaptive filtering method are beyond the scope of this article. The dual photodetector design
shown in Figure 6 provides both main signal and noise reference that are distinct. This allows us
to implement noise-canceling fikiers effectively despite complex motion artifact.” Asada 2003 at
33-34.
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Fig. . Firstprototype ring sensor with RF transmiiter powered by a colnrsize cell battery.

“Figure 9 shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RE transmitter, all of which are encapsulated in a compact body and
powered by a tiny cell battery used for wristwatches. The ring has a PIC microconmputer performing
all the device conirols and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF communication. The acquired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a
carrier frequency of 915 MHz. The cellular phone then accesses a Web site for data storage and
chinical diagnosis.” Asada 2003 at 34,

“In this carly development, the power consumption of the LEDs and the imbedded CPU clock
were a major bottleneck lmiting the design. The distance between the LEDs and PDs had to be
shortened for power saving considerations, and the CPU clock was minimized in order to extend
the battery life to a fow weeks. See [30] for power budget and design details.” Asada 2003 at 34,

Asada 2001 - Figure 4:
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.

“The other electronic components of the ring sensor include multiple op-amps, switches, sample-
and-hold, and filters.” Asada 2001 at 800.
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“CPU: on C ntr the op the ring sensor, ranging
control of LED lighting and data acquisition to the conversion of analogue data to digital signals in
the RS-232 format for wireless transmission. A PIC16C711 microprocessor from Microchip was
selected be- cause of its unique design for low power consumption. It consumes less than 25 A for
32-kHz clock frequency in the normal operation mode and almost no power consumption in the
sleep mode. This CPU has 4 channels of embedded A/D converter, 13 channels of digital input—
output line. It has 1 KB of EPROM that is good enough to store the whole code needed for
computation. The resolution of the A/D converters are all 8-bits. In case that higher resolution is
necessary, other CPUs such as PIC16C773 which has 12-bit A/D converters can be used.” Asada
2001 at 800.

Asada 2010 Page 9
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[13F] wherein the wearable The Asada Combinations disclose and/or render obvious “wherein the receiver is configured to be
measurement device receiver is synchronized to pulses of the light source.”

configured to be synchronized to
pulses of the light source; “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-1, p.
101
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 811 OMNI 2018 - IPR2020-00209



dor Tt

Fig. 4. () The slow response time of the photodetecior meant that the LED had to be modulated atlowsr
frequencies for data sampling. (b) A faster photodstecior response time makes it possible to increase the
maodulation frequency of the LED,

“Transmittal PPG must have a powerful LED for transmitting light across the finger. This power
consumption problem can be solved with a lighting modulation technique using high-speed
devices. Instead of lighting the skin continually, the LED is turned on only for a short time, say
100 ~ 1000 ns, and the signal is sampled within this period. High-speed LEDs and PDs, which
have become available at low cost in recent years, can be used for this purpose, Figure 4 shows a
schematic of high-frequency, low-duty cycle modulation implemented to minimize LED power
copsumption. Utilizing fast rise-time optical detectors, it is possible to incorporate a modulation
frequency of 1 kHz with a duty ratio of 0.1%, a theoretical power usage that is 1,000 times less than
conventional full-cycle modulation methods [23].” Asada 2003 at 32.

“In addition to saving power, the modulation of LED lighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
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sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

“In this carly development, the power consumption of the LEDs and the imbedded CPU clock

were 2 major bottleneck limiting the design. The distance between the LEDs and PDis had to be
shortened for power saving considerations, and the CPU clock was munimized in order to extend
the battery Iife to a few weeks. See [38] for power budget and design details.” Asada 2003 at 34,

“LED: LEDs consume a large amount of power when emitting light continuously. Therefore they
must be switched on only for a short interval when light must be emitted. Namely, the LEDs must
be on only when the photodiode is detecting the reflected light for measuring the pulsation.
Synchronizing the sampling of the photodetecior with the LED switching reduces the duty ratio of
the LEDs, and thereby reduces the power consumption. In the prototype systern, this coordination
is per- formed by the microprocessor. First, the LEDs are tuned on; second, the photo detector
signal is sampled at the next CPU cycle; the LEDs are switched off at the third CPU cycle. This
sequence control is performed for both red and infrared LEDs.” Asada 2081 at 798.

“For the prototype ring sensor, the sample-and-hold frequency was set to ¢ = 1000 Hz. The choice
of this frequency depends on applications. A lower sampling frequency can be used when required
accuracy is lower.” Asada 2001 at 800.

[13G] a personal device The Asada Combinations disclose and/or render obvious “a personal device comprising a wireless
comprising a wireless receiver, a | receiver, a wireless transmitter, a display, a microphone, a speaker, one or more buttons or knobs,
wireless transmitter, a display, a | a microprocessor and a touch screen.”

microphone, a speaker, one or
more buttons or knobs, a
microprocessor and a touch

“WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the ‘vital signs’ that are the

screen, . . o - N . .
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects.” Asada 2003 at 28.
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“The acquired orms, samp 10 , are a ra P
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“The ring sensor is a miniaturized, telemetric, monitoring de- vice worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Asada 2010 Page 9
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[13H] the personal device The Asada Combinations disclose and/or render obvious “the personal device configured to
configured to receive and process | receive and process at least a portion of the output signal.”
at least a portion of the output

signal “At the same time, the physiologic information generated by WBS techuology must frigger sone

appropriate system action to improve health outcomes. Abnormal states must be efficiently
recognized while false alarms are minimized. This requires carefully designed WBS devices, as
well as innovative postprocessing and intelligent data interpretation. Posi~processing of sensor data
can improve usability, as illustrated by recent improvements in pulse oximetry technology {31-[S].
Data interpretation can cocur in real time {as is necessary for detecting cardiovascular-related
catastrophes) or offiine {as is the standard-of-care for arthythmia surveiliance using Holter and
related monitoring). Real-time alarm “algorithms” using simple thresholds for measured
parameters, like heart rate and oxygen saturation, have demonstrated high rates of false alarms {6],
[71. Algorithuns for off-line, retrospective data analysis are also in a developmental stage. Studies
of novel automated “iriage” software used to interpret bours of continuous noninvasive BCG data
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when it comes to arrhythmia detection {8}, [91.” Asada 2003 at 29.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“WBS, in conjunction with diagnostic algorithms and some specific response (which might be
human or automated in nature), stand to ameliorate physiologic catastrophes occurring outside
conventional clinical environments. For instance, WBS can play an important role in the wireless
surveillance of people during hazardous operations (military, fire-fighting, etc.), or such sensors
can be dispensed during a mass civilian casualty occurrence. In an overcrowded Emergency
Department, patients who are in the waiting room for hours with an undifferentiated medical
complaint will receive state-of-the-art physiologic monitoring. For hospital in-patients who require
CV monitoring, current biosensor technology typically tethers patients in a tangle of cables. For
convalescing patients in a hospital, or a rehabilitation center, there would no longer be a
dichotomy between optimal bed-bound monitoring and optimal rehabilitation consisting of
ambulation and a full scope of physical activities. Given the physical freedom when monitored by
WBS, inpatients may experience less physical deconditioning, and these two factors together may
impact the not insignificant problem of dangerous inpatient falls in the elderly (an incidence on the
order of 1-5% per admission [32], [33]).” Asada 2003 at 37.

“WBS measuring circulation could also be used to monitor geriatric subjects living alone, offering
an automatic 911 call in the event of a catastrophe and peace of mind for the subject and
concerned family the rest of the time.” Asada 2003 at 37.

“The ring sensor is a miniaturized, telemetric, monitoring de- vice worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
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optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Asada 2010 Page 9
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[13]] wherein the personal device | The Asada Combinations disclose and/or render obvious “wherein the personal device is
is configured to store and display | configured to store and display the processed output signal.”

th d t signal, and
¢ processed output signal, an “However, healthcare providers have only intermittent values of blood pressure on which to base

therapy decisions; it is possible that continuous blood pressure monitoring would permit enhanced
titration of therapy and reductions in mortality. Similarly, WBS would be able to log the
physiologic signature of a patient’s exercise efforts (manifested as changes in heart rate and blood
pressure), permitting the patient and healthcare provider to assess compliance with a regimen
proven to improve health outcomes.” Asada 2003 at 28.

“The monitoring environments for out-of-hospital, wearable devices demand a new paradigm in
noninvasive sensor design. There are several design requirements central to such devices.
Compactness, stability of signal, motion and other disturbance rejection, durability, data storage
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and transmission, and low power consumption comprise the major design considerations.” Asada
2003 at 28.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.
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[13J] wherein at least a portion of | The Asada Combinations disclose and/or render obvious “and wherein at least a portion of the
the processed output signal is processed output signal is configured to be transmitted over a wireless transmission link.”
configured to be transmitted over

a wireless transmission link; and “WBS could play an important role in the wireless surveillance of people during hazardous

operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the ‘vital signs’ that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects.” Asada 2003 at 28.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

Asada 2010 Page 9
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[13K] a remote device configured | The Asada Combinations disclose and/or render obvious “a remote device configured to receive
to receive over the wireless over the wireless transmission link an output status comprising the at least a portion of the
transmission link an output status | processed output signal, to process the received output status to generate processed data and to
comprising the at least a portion | store the processed data.”

of the processed output signal, to
process the received output status
to generate processed data and to
store the processed data, and

“At the same time, the physiclogic information generated by WRS technology monst irigger some
appropriate system action to improve health cutcomes. Abnormal states must be efficiently
recognized while false alarms are minimized. This requires carefully designed WBS devices, as
well as innovative postprocessing and intelligent data interpretation. Post-processing of sensor data
can improve usability, as illustrated by recent improvernents in pulse oximetry technology [31-[5L
Drata interpretation can ocour in real time (as is necessary for detecting cardiovascular-related
catastrophes) or offline (as is the standard-of-care for axrhythmia surveillance using Holter and
related monitoring). Real-thne alarm “algorithms” using simple thresholds for measured
parameters, like heart rate and oxygen saturation, have demonstrated high rates of fulse alarms [6],
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[71. Algorithm etrosp .

of novel automated “triage” software used to inderpret hours of continuons noninvasive BCG data
of monitorsd outpatients suggest that the software’s diagnostic yield is not equal to a buman’s
when it comes to arthythimia detection [8], [91.” Asada 2003 at 29.

*

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“WBS, in conjunction with diagnostic algorithms and some specific response (which might be
human or automated in nature), stand to ameliorate physiologic catastrophes occurring outside
conventional clinical environments. For instance, WBS can play an important role in the wireless
surveillance of people during hazardous operations (military, fire-fighting, etc.), or such sensors
can be dispensed during a mass civilian casualty occurrence. In an overcrowded Emergency
Department, patients who are in the waiting room for hours with an undifferentiated medical
complaint will receive state-of-the-art physiologic monitoring. For hospital in-patients who require
CV monitoring, current biosensor technology typically tethers patients in a tangle of cables. For
convalescing patients in a hospital, or a rehabilitation center, there would no longer be a
dichotomy between optimal bed-bound monitoring and optimal rehabilitation consisting of
ambulation and a full scope of physical activities. Given the physical freedom when monitored by
WBS, inpatients may experience less physical deconditioning, and these two factors together may
impact the not insignificant problem of dangerous inpatient falls in the elderly (an incidence on the
order of 1-5% per admission [32], [33]).” Asada 2003 at 37.
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[13L] wherein the remote device | The Asada Combinations disclose and/or render obvious “[t]he system of claim 5, wherein the

is capable of storing a history of | output signal comprises one or more physiological parameters, and the remote device is capable of
at least a portion of the received | storing a history of at least a portion of the one or more physiological parameters over a specified
output status over a specified period of time.”

period of time.
“Wearable biosensors (WBS) will permit continuous cardiovascular (CV) monitoring in a number

of novel settings.” Asada 2003 at 28.

“WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the ‘vital signs’ that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects.” Asada 2003 at 28.
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“The WBS hardware solution must be adequate to make reliable physiologic measurements during
activities of daily living or even more demanding circumstances such as fitness training or military
battle.” Asada 2003 at 28.

“However, healthcare providers have only intermittent values of blood pressure on which to base
therapy decisions; it is possible that continuous blood pressure monitoring would permit enhanced
titration of therapy and reductions in mortality. Similarly, WBS would be able to log the
physiologic signature of a patient’s exercise efforts (manifested as changes in heart rate and blood
pressure), permitting the patient and healthcare provider to assess compliance with a regimen
proven to improve health outcomes.” Asada 2003 at 28.

“WBS solutions, in various stages of technologic maturity, exist for measuring established
cardiopulmonary ‘vital signs’: heart rate, arterial blood pressure, arterial oxygen saturation,
respiratory rate, temperature, and even cardiac output.” Asada 2003 at 29.

“At the same time, the physiologic information generated by WBS technology must trigger some
appropriate system action to improve health outcomes. Abnormal states must be efficiently
recognized while false alarms are minimized. This requires carefully designed WBS devices, as
well as innovative postprocessing and intelligent data interpretation. Post-processing of sensor
data can improve usability, as illustrated by recent improvements in pulse oximetry technology
[3]-[5]. Data interpretation can occur in real time (as is necessary for detecting cardiovascular-
related catastrophes) or offline (as is the standard-of-care for arrhythmia surveillance using Holter
and related monitoring). Real-time alarm “algorithms” using simple thresholds for measured
parameters, like heart rate and oxygen saturation, have demonstrated high rates of false alarms [6],
[7]. Algorithms for off-line, retrospective data analysis are also in a developmental stage. Studies
of novel automated “triage” software used to interpret hours of continuous noninvasive ECG data
of monitored outpatients suggest that the software’s diagnostic yield is not equal to a human’s
when it comes to arrhythmia detection [8], [9].” Asada 2003 at 29.
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“The acquired orms, samp 10 , are a ra P
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“WBS, in conjunction with diagnostic algorithms and some specific response (which might be
human or automated in nature), stand to ameliorate physiologic catastrophes occurring outside
conventional clinical environments. For instance, WBS can play an important role in the wireless
surveillance of people during hazardous operations (military, fire-fighting, etc.), or such sensors
can be dispensed during a mass civilian casualty occurrence. In an overcrowded Emergency
Department, patients who are in the waiting room for hours with an undifferentiated medical
complaint will receive state-of-the-art physiologic monitoring. For hospital in-patients who require
CV monitoring, current biosensor technology typically tethers patients in a tangle of cables. For
convalescing patients in a hospital, or a rehabilitation center, there would no longer be a
dichotomy between optimal bed-bound monitoring and optimal rehabilitation consisting of
ambulation and a full scope of physical activities. Given the physical freedom when monitored by
WBS, inpatients may experience less physical deconditioning, and these two factors together may
impact the not insignificant problem of dangerous inpatient falls in the elderly (an incidence on the
order of 1-5% per admission [32], [33]).” Asada 2003 at 37.

“AS THE population of aged people increases, vital sign monitoring is increasingly important for
securing their independent lives. On-line, continuous monitoring allows us to detect emergencies
and abrupt changes in the patient conditions. Especially for cardiac patients, on-line, long-term
monitoring plays a pivotal role. It provides critical information for long-term assessment and
preventive diagnosis for which long-term trends and signal patterns are of special importance.
Such trends and patterns can hardly be identified by traditional examinations. Those cardiac
problems that occur frequently during normal daily activities may disappear the moment the
patient is hospitalized, causing diagnostic difficulties and consequently possible therapeutic
errors. Continuous and ambulatory monitoring systems such as ambulatory electrocardiogram
(EKGQG) are, therefore, needed to detect the trait....In general, long-term, ambulatory monitoring
systems have not yet reached a technical level that is widely accepted by both clinicians and
patients. Such long-term, ambulatory devices must be compact, lightweight, and comfortable to
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wear at all times. They must be designed for low power consumption for long-term use.
Furthermore, they must be able to detect signals reliably and stably in the face of motion artifact
and various disturbances. Unlike traditional monitoring systems, these devices are used under no
supervision of clinicians. Data is collected from daily lives of patients in an unstructured
environment.

The goal of this paper is to develop technology for reducing motion artifact and obtaining
reliable measurements of vital signs for long-term use.” Asada 2001 at 795.

“A prototype ring sensor has been designed, built, and tested. Experiments have verified that the
ring sensor can detect beat-to-beat pulsation in the face of interfering force and acceleration acting
on the ring body. With small battery cells, the ring sensor can continuously detect and transmit
plethysmograph signals for 23.3 days, while the battery life can be extended to several months
with an intermittent measurement schedule.” Asada 2001 at 805.

Asada 2010 Pages 26-31

Asada 2010 Page 35
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[16] The system of claim 13, The Asada Combinations disclose and/or render obvious “[t]he system of claim 13, wherein the
wherein the receiver is located a | receiver is located a first distance from a first one of the plurality of light emitting diodes and a
first distance from a first one of | different, second distance from a second one of the plurality of light emitting diodes such that the
the plurality of light emitting receiver receives a first signal from the first light emitting diode and a second signal from the
diodes and a different, second second light emitting diode.”

distance from a second one of the
plurality of light emitting diodes
such that the receiver receives a
first signal from the first light
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emitting diode and a second
signal from the second light
emitting diode.

o g
X P o

“The location of the LEDs and a PD relative {0 the finger is an important descign issue determining
signal quality and robustness against motion artifact. Figure 2 shows a cross-sectional view of the
finger with the ring sensor. The LEDs and PD are placed ou the {flanks of the finger rather than the
dorsal and palmar sides.” Asada 2003 at 30-31.

“For these reasons, at least one optical device, either the PD or the LED, should be placed on one
lateral face of the finger near the digital arfery. The question is where to place the other device.
Figure 2 shows two distinet cases. One case places both the PD and the LED on the same side of
the finger-base, and the other places them on opposite sides of the finger. Placing both the PD and
the LED on the same side creates a type of reflective PPG, while placing each of them on opposite
sides makes a type of transmittal PPG. In the figure the average pathway of photons is shown for the
two sensor arrangements. Although the exact photon path is difficult to obtain, due to the
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heterogeneous nature of the finger tissue and blood, a banana-shaped arc connecting the LED and
PD, as shown in the figure, can approximate its average path [19]1.7 Asada 2003 at 31.

“Reflective PPG needs more secure attachments of the LED and PD to the skin surface, when
conypared to transnyittal PPG. Once an air gap is created between the skin surface and the optical
components due o some disturbance, a direct optical path from the LED 1o the P} may be
created. This direct path exposes the PD directly to the light source and consequently leads to
saturation. To avoid this short circust, the LED lght beam must be focused only in the normal
direction, and the PD} must also have 2 strong directional property (1., polarity), so that it is
sensitive to only the incoming hght normal to the device surface. Such strong directional
properties, howsver, work adversely when a disturbance pressurs acts on the sensor bodies, since
it deflects the direction of the LED and PD) leading to fluctuations in the out- put signal. As a
result, reflective PPG configurations are more susceptive o disturbances.” Asada 2003 at 31.

“Figure 3 shows an experimental comparison between transmittal and reflective PPGs. Two sets
of PPG sensors, one refiective and one transmittal, were attached io the same finger. Both were at
rest initially, and then shaken. The transmittal PPG was quite stable, while the reflective PPG was
susceptive {o the motion disturbances.” Asada 2003 at 31.
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Fig. 8. The schematic of a locally pressuwrized sensor band

Photmisiactor &

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as a noise reference, a noise cancellation filter can be built to
eliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemodynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted waveforms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal.” Asada 2003 at 33.

“See [30] for power budget and design details.” Asada 2003 at 34.
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“The local pressurization and motion detection methods described previously have been
implemented for further improvernent. Figure 15 shows the schematic of the Prototype C ring
sensor. Both {ransmittal (PD-A) and reflective {(PI-R) PPGs were mounted on the sensor band.
The former is placed on top of a locally pressurizing mechanism with an adjustable setscrew. The
latter is mounted on the low-pressure side in order to detect motion.” Asada 2003 at 36.
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Asada 2001 — Figure 4:
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.
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[17] The system of claim 16,
wherein the output signal is
generated in part by comparing
the first and second signals.

The Asada Combinations disclose and/or render obvious “[t]he system of claim 5, wherein the
output signal is generated in part by comparing the first and second signals.”

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as a noise reference, a noise cancellation filter can be built to
eliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemodynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted waveforms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal.” Asada 2003 at 33.

“See [30] for power budget and design details.” Asada 2003 af 34,
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“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LED:s of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.
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EXHIBIT CC-2

U.S. Patent No. 9,757,040 vs Asada Combinations

Publication Dates:  July 2001, May/June 2003, 2010 Prior Art Status: § 103

To the extent Asada et al., “Mobile monitoring with wearable photoplethysmographic biosensors,” IEEE Engineering in Medicine and
Biology Magazine (May/June 2003) (“Asada 2003”), does not anticipate the asserted claims of U.S. Patent No. 9,757,040 (“the *040
Patent”) or render those claims obvious alone and/or in view of at least any of the references identified in Apple’s Obviousness
Combinations Chart, the claims are obvious based on the combination of Asada 2003 with one or both of:

Rhee et al., Artifact-Resistant Power-Efficient Design of Finger-Ring Plethsymographic Sensors,” IEEE Transactions on
Biomedical Engineering, Vol. 48, No. 7 (July 2001) (“Asada 2001”);

Asada, The MIT Ring: History, Technology, and Challenges of Wearable Health Monitoring, MIT Industrial Liason Program
2010 R&D Conference (“Asada 2010)

(“Asada Combinations”).
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 1
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 842 OMNI 2018 - IPR2020-00209



CHART TWO: U.S. Patent No. 9,757,040 vs Asada Combinations

[1] A wearable device for use To the extent the preamble is limiting, The Asada Combinations disclose and/or render obvious
with a smart phone or tablet, the | ‘“[a] wearable device for use with a smart phone or tablet.”

wearable device comprising:
See generally Asada 2003 Figures 6, 9, 11, 15 and descriptions of Prototypes A, B, and C.

“Wearable biosensors (WBS) will permit continuous cardiovascular (CV) monitoring in a number
of novel settings. Benefits may be realized in the diagnosis and treatment of a number of major
diseases. WBS, in conjunction with appropriate alarm algorithms, can increase surveillance
capabilities for CV catastrophe for high-risk subjects. WBS could also play a role in the treatment
of chronic diseases, by providing information that enables precise titration of therapy or detecting
lapses in patient compliance.

WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the “vital signs” that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects. This same approach may also have utility
in monitoring the waiting room of today’s overcrowded emergency departments. For hospital
inpatients who require CV monitoring, current biosensor technology typically tethers patients in a
tangle of cables, whereas wearable CV sensors could increase inpatient comfort and may even
reduce the risk of tripping and falling, a perennial problem for hospital patients who are ill,
medicated, and in an unfamiliar setting.” Asada 2003 28.

“In this article we will address both technical and clinical issues of WBS. First, design concepts of
a WBS will be presented, with emphasis on the ring sensor developed by the author’s group at
MIT. The ring sensor is an ambulatory, telemetric, continuous health-monitoring device. This
WBS combines miniaturized data acquisition features with advanced photoplethysmographic
(PPG) techniques to acquire data related to the patient’s cardiovascular state using a method that is
far superior to existing fingertip PPG sensors [1]. In particular, the ring sensor is capable of
reliably monitoring a patient’s heart rate, oxygen saturation, and heart rate variability. Technical
issues, including motion artifact, interference with blood circulation, and battery power issues,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 2
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will b essed, and ve engineering solut a et prob
presented. Second, based on the ring sensor technology the clinical potentials of WBS monitoring
will be addressed.” Asada 2003 at 28.

“The WBS hardware solution must be adequate to make reliable physiologic measurements during
activities of daily living or even more demanding circumstances such as fitness training or military
battle. There must exist data processing and decision-making algorithms for the waveform data.
These algorithms must prompt some action that improves health outcomes. Finally, the systems
must be cost effective when compared with less expensive, lower technology alternatives.” Asada
2003 at 28.

“The monitoring environments for out-of-hospital, wearable devices demand a new paradigm in
noninvasive sensor design. There are several design requirements central to such devices.
Compactness, stability of signal, motion and other disturbance rejection, durability, data storage
and transmission, and low power consumption comprise the major design considerations.
Additionally, since WBS devices are to be worn without direct doctor supervision, it is imperative
that they are simple to use and comfortable to wear for long periods of time. A challenge unique to
wearable sensor design is the trade-off between patient comfort, or long-term wearability, and
reliable sensor attachment. While it is nearly needless to say that WBS technology must be safe, it
should be noted that there have been tragic reports of serious fnjury resulting from early home
monitoring technology [21.” Asada 2003 28-29.

“WBS solutions, in various stages of technologic maturity, exist for measuring established
cardiopulmonary ‘vital signs’: heart rate, arterial blood pressure, arterial oxygen saturation,
respiratory rate, temperature, and even cardiac output. In addition, there are numerous WBS
modalities that can offer physiologic measurements not conventional in contemporary medical
monitoring applications, including acoustic sensors, electrochemical sensors, optical sensors,
electromyography and electroencephalography, and other bioanalytic sensors (to be sure, some of
these sensors have well-established medical utility, but not for automated surveillance).” Asada
2003 at 29.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 3
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g P
as the arterial oxygen saturation. The PPG contains information about the vascalar pressure wave-

forms and compliances, Efforts to extract unique circulatory in- formation, especially an ARP
surrogate, from the PPG waveform are discussed later in this article. The PPG provides an
sffective heart rate (measuring heart beats that geperate identifiable forward-flow), vseful for
circulatory considerations though less usefil for strict electrophysiclogic considerations. For
instance, the PPG signal may reveal heart rate variability, provided ectopic heart beats, which
corrupt the association with autonomic tone, can be excluded.” Asada 2003 at 25-30.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“The ring sensor is a miniaturized, telemetric, monitoring device worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 4
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Asada 2001 — Figure |
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[1A] a measurement device The Asada Combinations disclose and/or render obvious “a measurement device including a light
including a light source source comprising a plurality of light emitting diodes (LEDs) for measuring one or more
comprising a plurality of light physiological parameters.”

emitting diodes (LEDs) for

measuring one or more “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
physiological parameters from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed

for reduced power consumption. Carrying a large battery pack s not accepiable for long-term
apphications. The whole sensor system must run continnally using a small battery. Several ways to
cope with these difficulties are:

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 8
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# gecure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the de comaponent may be inflnenced less by the finger motion

¥ modulate the LEDs io attenuate the influence of uncorrelated ambient light as well as to reduce
power consummption...” Asada 2003 at 30.

“The location of the LEDs and a PD relative to the finger is ap important design issue determining
signal quality and robustness against motion artifact. Figure 2 shows a cross-sectional view of the
finger with the ring sensor. The LEDs and PD) are placed on the flanks of the finger rather than the
dorsal and palmar sides.” Asada 2003 at 30-31.

“For these reasens, at least one optical device, exther the PI) or the LED, should be placed on one
lateral face of the finger near the digital artery. The question is where 1o place the other device.
Figure 2 shows two distinet cases. One case places both the PD and the LED on the same side of

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 9
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the LED on the same side creates a type of reflective PPG, while placing each of them on opposite
sides makes a type of transmittal PPG. In the figure the average pathway of photons is shownfor the
two sensor arrangements. Although the exact photon path is difficolt to obtain, due to the
heterogeneous nature of the finger tissue and blood, & banana-shaped arc connecting the LED and
PD, as shown in the figure, can approximate iis average path [191.” Asada 2003 at 31.

“Reflective PPG needs more secure aitachments of the LED and PD? to the skin surface, when
compared to transmittal PPG. Once an air gap is created between the skin surface and the optical
components due to some distirbance, 2 direct optical path from the LED o the PD may be
created. This direct path exposes the PD directly to the light source and consequently leads to
ssturation. To avoid this short circult, the LED lght beam must be focused only in the normal
direction, and the PD must also have a strong directional property (i.e., polarity), so that it is
sensitive to only the incoming light normal to the device surface. Such strong directional
properties, however, work adversely when a disturbance pressure acts on the sensor bodies, since
it deflects the direction of the LED and PD leading to fluctuations in the out- put signal. As a
result, reflective PPG configurations are more susceptive to disturbances.” Asada 2003 at 31,

“Fyurthermore, transmittal PPG is less sensitive to local disturbances acting on the finger, since the
LED irradiates a larger volume of the finger. In the transmittal PPG configuration, the percentage
of the measured signal does not significantly change although some peripheral capillary beds are
collapsed. The percentage change is greater for reflective PPG, since this volume is smaller.”
Asada 2003 at 31.

“Figure 3 chows an experimental comparison between tranemitial and reflective PPGs. Two sets
of PPG sensors, one reflective and one transmittal, were attached to the same finger. Both were at
rest initially, and then shaken. The transmittal PPG was guite stable, while the reflective PPG was
susceptive to the motion disturbances.” Asada 2003 at 31.
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“Figure 9 shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF transmitier, all of which are encapsulated in a compact body and
powered by a tiny cell battery used for wristwatches. The ring has a PIC microcomputer performing
ail the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RY communication. The acquired waveforms, sampled at 100 Hz, are
tranemitted to a PIXA or a cellular phone carried by the patient through an RF link of 105 kbps at 2
carvier frequency of 915 MHz. The cellular phone then accesses 2 Web cite for data storage and
clinical diagnosis.” Asada 2003 at 34,

“In this early developroent, the power consumption of the LEDs and the imbedded CPU clock
were 3 major bottleneck limiting the design. The distance between the LEDs and PI3s had to be
shortened for power saving considerations, and the CPU clock was minimized in order to extend
the battery life fo a few weeks. See [30] for power budget and design details.” Asada 2003 at 34.
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Fig. 41. Redesigned sensor band that protects optical com-
ponents from direst contact with skin and hides wires from
ouiside envirenment.

“To improve motion artifact resistance and accuracy, a iransmittal PPG ring sensor, Prototype B,
has been buik and field-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 171,000, The LED used 15 6.7 times brighter than that of Prototype A,
while the resultant power consumption is 173 times smaller than before. The sencor band was
redesigned with the use of bio-compatible elastic materials to better hold the LED’s and PD’s,
maindain a proper level of pressure, optically shield the sensor unit, and secure the contact with the
skin consistenttly in the face of finger motion {see Figure 11). As a result, the waveform of this
transmittal PPG was guite stable. Figure 3 presented earlier is the experiment of Prototype B. Note
that the transmittal PPG (Prototvpe B) signal did not collapse even when the hand was shaken.
Additionally, the analog filtering circuit was optimized for quality of signal. These modifications
greatly improved the ability of the device to measure traditionally difficult variables such as heart
rate variability (Table 1, Figure 12).” Asada 2003 at 35,
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Fig. 18. The schematic of the Protolype C ring sensor,

“The local pressurization and motion detection methods described previcusly have been
implemented for further improvement. Figure 15 shows the schematic of the Prototype C ring
sensor. Both transmittal (PD-A) and reflective (PD-B) PPGs were mounted on the sensor band,
The former is placed on top of a locally pressurizing mechanism with an adjustable setscrew. The
fatter is mounted on the low-pressure side in order to detect motion.” Asada 2003 at 36.
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Asada 2001 — Figure 4:
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is am- plified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.
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[1B] the measurement device The Asada Combinations disclose and/or render obvious “the measurement device configured to
configured to generate, by generate, by modulating at least one of the LEDs having an initial light intensity, an input optical
modulating at least one of the beam having one or more optical wavelengths.”

LEDs having an initial light
intensity, an input optical beam

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 16
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 857 OMNI 2018 - IPR2020-00209



“Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

wavelengths,

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30,
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Fig. 4. (a) The siow response time of the phutodetestor meant that the LED had o be modulated at lower
frequencies for data sampling. {b) A faster photodetsctur response time makes it possible to increase the
modulation frequency of the LED.

“Transmittal PPG must have a powerful LED for transmitting light across the finger. This power
consumption problem can be solved with a lighting modulation technique using high-speed
devices. Instead of lighting the skin continually, the LED is turned on only for a short time, say
100 ~ 1000 ns, and the signal is sampled within this period. High-speed LEDs and P1¥s, which
have become available at low cost in recent years, can be used for this purpose. Figure 4 shows a
schematic of kigh-frequency, low-duty cycle modulation implemented to minimize LED power
consumption. Utilizing fast rise-time thical detectors, it is possible o incorporate a modulation
frequency of | kHz with a duty ratio of0.1%, a theoretical power usage that is 1,000 times less than
conventional full-cycle modulation methods [23]. Asada 2003 at 32.
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, th ing p e € m for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

“Figure 9 shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing nuits, and an RY transmaitter, all of which are encapsulated i a compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF communication. The acquired waveforms, sampled at 100 Hz, are
transmitted 1o a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a
carrier frequency of 915 MHz. The cellular phone then accesses a Web site for data storage and
clinical diagnosis.” Asada 2003 at 34.

“High-speed LEDs and PDs, which have become available at low cost in recent years, can be used
for this purpose. Figure 4 shows a schematic of high-frequency, low-duty cycle modulation
implemented to minimize LED power consumption. Utilizing fast rise~time optical detectors, i is
possible to incorporate a modulation frequency of 1 kHz with a duly ratio 6£0.1%, atheoretical power
usage that is 1,000 times less than conventional full-cycle modulation methods {231 Asada 2003 at
32

“In this early development, the power consumption of the LEDs and the imbedded CPU clock
were 2 major bottleneck limiting the design. The distance between the LEDs and PIIs had to be
shortened for power saving considerations, and the CPU clock was minimized in order to extend
the battery Iife to a few weeks. See [380] for power budget and design details,” Asada 2003 at 34,

“To improve motion artifact resistance and acouracy, a transmittal PPG ring sensor, Prototype B,
has been buik and field-tested. Prototype B has high-speed optical devices enabling the lowering
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of the .
the resultant power consunmption is 173 times smaller than before.” Asada 2003 at 35.

Asada 2001 — Figure 4:
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via a RF transmitter.” Asada 2001 at 797.

“There are a number of existing techniques for dealing with artifact and disturbance rejection. The
most common is signal processing, as reviewed by [11]. Another standard method is to identify
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and rej orrupt signals by comparing p feat P plate. T
methods use modulation by controlling the power level of multiple lighting sources [11].” Asada
2001 at 796.

“LED: LEDs consume a large amount of power when emitting light continuously. Therefore they
must be switched on only for a short interval when light must be emitted. Namely, the LEDs must
be on only when the photodiode is detecting the reflected light for measuring the pulsation.
Synchronizing the sampling of the photodetector with the LED switching reduces the duty ratio of
the LEDs, and thereby reduces the power consumption. In the prototype system, this coordination
is per- formed by the microprocessor. First, the LEDs are turned on; second, the photo detector
signal is sampled at the next CPU cycle; the LEDs are switched off at the third CPU cycle. This
sequence control is performed for both red and infrared LEDs.” Asada 2001 at 798,

Asada 2010 — Page 50
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[1C] wherein at least a portion of | The Asada Combinations disclose and/or render obvious “wherein at least a portion of the one or
the one or more optical more optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500
wavelengths is a near-infrared nanometers.”

wavelength between 700
nanometers and 2500 nanometers;
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gur g E g se , analog and digital
processing units, and an RF tranemitter, all of which are encapsulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF copununication. The acguired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a2
carrier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
chinical diagnosis.” Asada 2003 at 34,

E

“High-speed LEDs and PDs, which have become available at low cost in recent years, can be used
for this purpose. Figure 4 shows a schematic of high-frequency, low-duty cycle mwodulation
implemented to minimize LED power consumption. Utilizing fast rise-time optical detectors, i is
possible to incorporate a modulation frequency of 1 kHz with a duty ratio of 0. 1%, a theoretical power
usage that is 1,000 times less than conventional full-cycle modulation methods {231 Asada 2003 ai
32,

“See [30] for power budget and design details.” Asada 2003 af 34,

“To improve motion artifact resistance and accuracy, a transmittal PPG ring sensor, Prototype B,
has been buikt and field-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 1/1,000. The LED used is 6.7 times brighter than that of Protoiype A, while
the resnltant powser conswmption is 173 times smaller than before.” Asada 2003 at 35,

“LEDs and Photodiode: One red LED and two infrared LEDs are used as the light sources. The
peak wavelength of the red LED is 660 nm, and that of the infrared LEDs is 940 nm. The
photodiode has the peak wavelength of 940 nm and the spectral sensitivity ranges from 500 nm to
1000 nm, which meets our needs. The voltage drop across the red LED is 1.6 V and that of the
infrared LEDs is 1.2 V, and two infra-red LEDs are connected in serial. These LEDs are in a die
form with a size of 0.3 mm x 0.3 mm.” Asada 2001 at 800.
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[1D] the measurement device The Asada Combinations disclose and/or render obvious “the measurement device comprising one
comprising one or more lenses or more lenses configured to receive and to deliver a portion of the input optical beam to tissue,
configured to receive and to wherein the tissue reflects at least a portion of the input optical beam delivered to the tissue;”
deliver a portion of the input
optical beam to tissue, wherein
the tissue reflects at least a
portion of the input optical beam
delivered to the tissue;

“Reflective PPG needs more secure attachments of the LED and P to the skin surface, when
conpared to transmittal PPG. Once an air gap is created between the skin surface and the optical
components due to some disturbance, a direct optical path from the LED to the PID may be created.
This direct path exposes the PD directly to the light source and consequently leads to saturation.
To avoid this short cireuit, the LED light beam must be focused only in the normal divection, and
the PD must also have a strong directional property {i.e., polarity), so that # is sensitive to only the
incoming Hght normal to the device surface.” Asada 2003 at 31,

X

Fig. 8. First prototype fng sensor with RF transmitter powered by a coin-size cell battery,
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Figure ¢ shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF tranemitter, all of which are encapeulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF copununication. The acguired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carricd by the patient through an RF link of 105 kbps at a2
carrier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
chinical diagnosis.” Asada 2003 at 34.

“See [30] for power budget and design detatls.” Asada 2003 at 34.

fig. 11. Redesigned sensor band that protects optical com-
ponents from direct contact with skin and hides wires from
outside environmeant.

“To improve motion artifact registance and accuracy, a transmitial PPG ring sensor, Prototype B,
has been buill and field-tested. Prototype B has high-speed optical devices enabling the lowering
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of the LED dutv rate to 1/1,000. The LED used 15 6.7 times brighter than that of Prototype 4,
while the resulfant power consumption i 173 times smaller than before. The sensor band was
redesigned with the use of bio-compatible elastic materials to better hold the LED’s and PDY’s,
maintain 2 proper level of pressure, optically shield the sensor unit, and secure the contact with the
skin consistently in the face of finger motion {see Figure 11}, As a result, the waveform of this
transmittal PPG was guite stable. Figure 3 presented earlier is the experiment of Profotype B. Note
that the transmittal PPG (Prototype B) signal did not collapse even when the hand was shaken.
Additionally, the analog filtering circuit was optimized for quality of signal. These mwdifications
greatly improved the ability of the device to measure traditionally difficult variables such as heart
rate variability (Table 1, Figure 12).” Asada 2003 at 35.

Prstodetzcior
for vain PP

Fhotodetectar

forbuge

Fig. 1% The schematic of the Prototype C ring sensor.

“The local pressurization and motion detection methods described previously have been
implemented for further improvement, Figure 13 shows the schematic of the Prototype O ring
sensor. Both transmittal (PD3-A) and reflective (PD-B} PPGs were mounied on the sensor band,
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The former is placed on fop of a locally pressurizing mechanism with an adjusiable setscrew. The
Iatter is mounted on the low-pressure side in order to detect motion.” Asads 2003 at 36,

[1E] the measurement device
further comprising a reflective
surface configured to receive and
redirect at least a portion of light
reflected from the tissue;

fig. 11. Redesigned sensor band that protecis optical com-
ponents from direct contact with skin and hides wires from
oulside snvironmant,

“To improve motion artifact resistance and accuracy, a transmitial PPG ring sensor, Prototype B,
has been built and field-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 1/1,000. The LED used is 6.7 times brighter than that of Profotvpe A,
while the resultant power consumption is 173 times smaller than before. The sensor band was
redesigned with the use of bio-compatible elastic materials to better hold the LED's and PDY’s,
maintain a proper level of pressure, optically shield the sensor unit, and secure the contact with the
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skin consistently in the face of finger motion (see Figure 11). As a result, the waveform of this
transmitial PPG was quite stable. Figure 3 presented earlier is the experiment of Prototype B, Note
that the transmitial PPG (Prototype B) signal did not collapse sven when the hand was shaken.
Additionally, the analog filtering ciroutt was optimized for quality of signal. These modifications
greatly improved the ability of the device to measure traditionally difficult variables such as heart
rate variability (Table 1, Figure 123.” Asada 2003 at 35,

Fig. 18. The schematic of the Protolype C ring sensor.

“The local pressurization and motion detection methods described previcusly have been
implemented for further mprovement. Figure 15 shows the schematic of the Prototype C ring
sensor. Both transmittal (PD-A) and reflective {(PD-B) PPGs were mounted on the sepsor band.
The former 15 placed on top of a locally pressurizing mechandsm with an adjustable setscrew. The
fatter is mounted on the low-pressurs side in order o detect motion.” Asada 2003 at 36.

“See [38] for power budget and design details.” Asada 2003 at 34.
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Fig. 3. Construction ofisolating ring.

“Reducing the influence of the ambient lighting: The outer ring shields the sensor unit and thereby
reduces optical disturbances from the ambient lighting. The isolating ring structure provides the
sensor unit with an optical shield.” Asada 2001 at 797.

Asada 2001 — Figure 5
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Fig. 5. Isolating ring sensor designed for motion artifact minimization.

“The outer ring is made of aluminum,; a block of aluminum was machined to a hollow ring as
shown in Fig. 3, and all the parts other than the sensor unit were fixed to the outer ring.” Asada

2001 at 799. Asada 2010 Page 52
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[1F] the measurement device The Asada Combinations disclose and/or render obvious “the measurement device further
further comprising a receiver comprising a receiver configured to: capture light while the LEDs are off and convert the captured
configured to: light into a first signal and capture light while at least one of the LEDs is on and convert the

captured light into a second signal, the captured light including at least a portion of the input

capture light while the LEDs are optical beam reflected from the tissue.”

off and convert the captured light
into a first signal and “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed

:}Ts'gig;gi};tov;ﬂfifoﬁ::;to:}l; of for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
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ually

ptured lig eco app .T
signal, the captured light cope with these difficulties are:

including at least a portion of the . .
input optical beam reflected from » secure the LEDs and the photodetector (PD for short) at a location along the finger skin such

the tissue; that the dc component may be influenced less by the finger motion

» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30.
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Fig. 4. (a) The siow response time of the phutodetestor meant that the LED had o be modulated at lower
frequencies for data sampling. {b) A faster photodetsctur response time makes it possible to increase the
modulation frequency of the LED.

“In addition to saving power, the modulation of LED lighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.
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Fig. 8. Block diagram of adaplive neise cancellation using
secund PPG sensor as nolse referance.

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as 2 noise reference, a noise canccllation fikier can be built to
eliminate the noise of PD)-A that correlates with the noise reference signal. Assuming that the
hemodynaric process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted waveforms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main sigpal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by atienuating the noise reference signal and
then subtract the noise from the main signal to recover the truc pulsatile signal If the noise
magnifude is not known a prior, it must be determined adaptively during the measurement.
Various algorithms for adaptive filtering can be applied to tune the filter in real time.” Asada
2003 9t 33,

“See [30] for power budget and design details.” Asada 2003 at 34.

Asada 2001 - Figwre 42
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.
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“LED: : 3G gc 8 of p ey ore they
must be ewitched on only for 2 dhort interval when light must be emitted. Namely, the LEDs maust
be on only when the photodiode i detecting the reflected light for measuring the pulsation.
Synchronizing the sampling of the photodetector with the LED switching reduces the duty ratio of
the LEDs, and thereby reduces the power consumption. In the prototype systemn, this coordination
is performed by the microprocessor. First, the LEDs are turned on; second, the photo detector signal
is sampled at the next CPU cycle; the LEDs are switched off at the third CPU cyele. This sequence
control is performed for both red and infrared LEDs.” Asada 2001 at 798.

“The other electronic components of the ring sensor include multiple op-amps, switches, sample-
and-hold, and filters.” Asada 2001 at 800.

“CPU: The on-board CPU controls all the operations of the ring sensor, ranging from the sequence
control of LED lighting and data acquisition to the conversion of analogue data to digital signals
in the RS-232 format for wireless transmission. A PIC16C711 microprocessor from Microchip
was selected be- cause of its unique design for low power consumption. It consumes less than 25
A for 32-kHz clock frequency in the normal operation mode and almost no power consumption in
the sleep mode. This CPU has 4 channels of embedded A/D converter, 13 channels of digital
input—output line. It has 1 KB of EPROM that is good enough to store the whole code needed for
computation. The resolution of the A/D converters are all 8-bits. In case that higher resolution is
necessary, other CPUs such as PIC16C773 which has 12-bit A/D converters can be used.” Asada

2001 at 800.
Asada 2010 Page 9
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[1G] the measurement device The Asada Combinations disclose and/or render obvious “the measurement device configured to
configured to improve a signal-to- | improve a signal-to-noise ratio of the input optical beam reflected from the tissue by differencing
noise ratio of the input optical the first signal and the second signal.”

beam reflected from the tissue by
differencing the first signal and
the second signal;

“Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 38
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modulate the LEDs to attenuate the
power consumption

uence of uncorrelated ambient light as well as to reduce

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30.

“In addition to saving power, the modulation of LED lighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

fig. 8. Block diagram of adaptive noise cancellation using
second PPG sensor as nolse reference.

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as & noise reference, a noise cancellation fikier can be built to
eliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemodynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 39
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filter combines two sensor signals; one is the main signal captured by PI3-A and the other i the
noise reference obtained by PD-B. The main signal mostly consists of the true puleatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal. If the noise
magnitude is not known a priori, it must be determined adaptively during the measurement.
Various algorithms for adaptive filering can be applied to tune the filter in real time.” Asada
2003 at 33

“See [38] for power budget and design details.” Asada 2003 at 34,

“There are a number of existing technigues for dealing with artifact and disturbance rejection. The
most common is signal processing, as reviewed by [11]. Another standard method is to identify
and reject corrupt signals by comparing pulse features with a predetermined template. Other
methods use modulation by controlling the power level of multiple lighting sources [11].” Asada
2001 at 796.

Asada 2010 Page 52
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[1H] the light source configured | The Asada Combinations disclose and/or render obvious “the light source configured to further

to further improve the signal-to- | improve the signal-to-noise ratio of the input optical beam reflected from the tissue by increasing
noise ratio of the input optical the light intensity relative to the initial light intensity from at least one of the LEDs.”

beam reflected from the tissue by

increasing the light intensity “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
relative to the initial light from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
intensity from at least one of the | for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
LEDs; applications. The whole sensor system must run continually using a small battery. Several ways to

cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 43
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» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30,

LED Brightness w Frotodetector Cutps
~ -

| I Drsta Satipling
(3%

Fig. 4. (8} The slow response iime of the photodetector meant that the LED had to be modulated at lower
frequencies for data sampling. (b} A faster pholodetector response time makes it possible to increase the
musulation frequency of the LED.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 44
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n addition to saving power, the modulation of L. ighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

Asada 2003 explains that “according to the Lambert-Beer law, the brightness decreases
exponentially as the distance from the light source increases.” In order to improve the signal-to-
noise ratio, brightness of the light is increased by “application of an external pressure on the tissue
surrounding the artery” in order to increase the detected amplitude of arterial pulsations. Asada
2003 at 32. “Figure 5 shows the pulsatile amplitude of a finger base PPG for varied pressures
generated by a finger cuff. As the cuff pressure increases, the PPG amplitude increases until it
reaches a maximum.” Asada 2003 at 32.

“See [30] for power budget and design details.” Asada 2003 at 34,

“YThere are 3 number of existing technigues for dealing with artifact and disturbance rejection. The
most common is signal processing, as reviewed by [11]. Another standard method is to identify
and reject corrupt signals by comparing pulse features with a predetermined template. Other
methods use modulation by controlling the power level of multiple lighting sources [11].” Asada
2061 at 796.

Asada 2010 Page 52
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[1I] the measurement device The Asada Combinations disclose and/or render obvious “the measurement device further
further configured to generate an | configured to generate an output signal representing at least in part a non-invasive measurement
output signal representing at least | on blood contained within the tissue.”

in vart r .
2 ;SUI:;Zﬁtnga;;:: d contained “In this article we will address both technical and clinical is- sues of WBS. First, design concepts
within the tissue: and of a WBS will be presented, with emphasis on the ring sensor developed by the author’s group at

? MIT. The ring sensor is an ambulatory, tele- metric, continuous health-monitoring device. This
WBS com- bines miniaturized data acquisition features with advanced photoplethysmographic
(PPG) techniques to acquire data related to the patient’s cardiovascular state using a method that is

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 46
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reliably monitoring a patient’s heart rate, oxygen saturation, and heart rate variability. Technical

issues, including motion artifact, interference with blood circulation, and battery power issues,
will be addressed, and effective engineering solutions to alleviate these problems will be
presented. Second, based on the ring sensor technology the clinical potentials of WBS monitoring
will be addressed.” Asada 2003 at 28.

3

See generally Asada 2003 Prototypes A, B, and C.

“The ring sensor is a miniaturized, telemetric, monitoring de- vice worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Asada 2010 Page 3

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 47
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 888 OMNI 2018 - IPR2020-00209



MIT Ring ©
& Photo-Rlethysmograph {PPR]} Sensor

Fossatiby Iasansor sehverk
Wil RS Sing ey

M

s

Asada 2010 Page 9

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 48
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 889 OMNI 2018 - IPR2020-00209



RPN
dsenadi
AR

[1J] the wearable device The Asada Combinations disclose and/or render obvious “the wearable device configured to
configured to communicate with | communicate with the smart phone or tablet, the smart phone or tablet comprising a wireless

the smart phone or tablet, the receiver, a wireless transmitter, a display, a voice input module, a speaker, and a touch screen, the
smart phone or tablet comprising | smart phone or tablet configured to receive and to process at least a portion of the output signal.”
a wireless receiver, a wireless
transmitter, a display, a voice
input module, a speaker, and a
touch screen, the smart phone or
tablet configured to receive and to
process at least a portion of the
output signal, “At the same tirae, the physiclogic information generated by WBS technology must trigger some
appropriate system action to improve health outcomes. Abnormal states must be efficiently
recognized while false alarms are minimized. This requires carefully designed WBS devices, as

“WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the ‘vital signs’ that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects.” Asada 2003 at 28.

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 49
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can improve nsability, as illnstrated by recend itnprovernents in pulse oximetry technology [31-[51
Drata interpretation can ocour in real time {(as is necessary or detecting cardiovascular-related
catastrophes) or offline {(as is the standard-of-care for arrhythmia surveillance using Holter and
related monitoring). Real-thne alarm “algorithms” using simple thresholds for measured
parameters, like heart rate and oxygen saturation, have demonstrated high rates of false alarms [6],
[7]. Algorithms for off-line, retrospective data analysis are also in a developmental stage. Studies
of novel antormated “iriage” software used to interpret hours of continuous noninvasive ECG data
of monitored outpationts suggest that the software’s diagnostic yield is not equal {o a human’s
when it comes to arthythinda detection [B], [91.” Asada 2003 at 29,

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“WBS, in conjunction with diagnostic algorithms and some specific response (which might be
human or automated in nature), stand to ameliorate physiologic catastrophes occurring outside
conventional clinical environments. For instance, WBS can play an important role in the wireless
surveillance of people during hazardous operations (military, fire-fighting, etc.), or such sensors
can be dispensed during a mass civilian casualty occurrence. In an overcrowded Emergency
Department, patients who are in the waiting room for hours with an undifferentiated medical
complaint will receive state-of-the-art physiologic monitoring. For hospital in-patients who require
CV monitoring, current biosensor technology typically tethers patients in a tangle of cables. For
convalescing patients in a hospital, or a rehabilitation center, there would no longer be a
dichotomy between optimal bed-bound monitoring and optimal rehabilitation consisting of
ambulation and a full scope of physical activities. Given the physical freedom when monitored by
WBS, inpatients may experience less physical deconditioning, and these two factors together may
impact the not insignificant problem of dangerous inpatient falls in the elderly (an incidence on the
order of 1-5% per admission [32], [33]).” Asada 2003 at 37.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 50
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“WBS measuring circulation could also be used to monitor geriatric subjects living alone, offering
an automatic 911 call in the event of a catastrophe and peace of mind for the subject and concerned
family the rest of the time.” Asada 2003 at 37. “See [30] for power budget and design details.”
Asada 2003 at 34,

Asada 2010 Page 9
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[1K] wherein the smart phone or | The Asada Combinations disclose and/or render obvious “wherein the smart phone or tablet is
tablet is configured to store and configured to store and display the processed output signal, wherein at least a portion of the
display the processed output processed output signal is configured to be transmitted over a wireless transmission link.”
signal, wherein at least a portion
of the processed output signal is
configured to be transmitted over
a wireless transmission link.

“However, healthcare providers have only intermittent values of blood pressure on which to base
therapy decisions; it is possible that continuous blood pressure monitoring would permit enhanced
titration of therapy and reductions in mortality. Similarly, WBS would be able to log the
physiologic signature of a patient’s exercise efforts (manifested as changes in heart rate and blood
pressure), permitting the patient and healthcare provider to assess compliance with a regimen
proven to improve health outcomes.” Asada 2003 at 28.

“The monitoring environments for out-of-hospital, wearable devices demand a new paradigm in
noninvasive sensor design. There are several design requirements central to such devices.

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 52
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and transmission, and low power consumption comprise the major design considerations.” Asada
2003 at 28.

“At the same time, the physiologic information generated by WBS techuology must frigger sone
appropriate system action to improve health outcomes. Abnormal states must be efficiently
recognized while false alarms are minimized. This requires carefully designed WRBS devices, as
well as innovative postprocessing and intelligent data interpretation. Post-processing of sensor data
can improve usability, as fllustrated by recent improvements in pulee oximetry technology [31-151.
Data interpretation can occyr in real time (as is necessary for detecting cardiovascular-related
catastrophes) or offfine (as is the standard-oficare for arthythmia surveillance using Holter and
related monitoring). Real-time alarm “algorithms” using simple thresholds for measured
parameters, like heart rate and oxygen saturation, have demonstrated high rates of false alarms [6],
[71. Algorithms for off-line, retrospective data analysis are also in a developmental stage. Studies
of novel automated “triage” software used to interpret hours of continuous noninvasive ECG data
of monitorsd outpatients suggest that the software’s diagnostic yield is not equal to a buman’s
when #t comes to arrhythraia detection {8}, [91.7 Asada 2003 at 29.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“WBS, in conjunction with diagnostic algorithms and some specific response (which might be
human or automated in nature), stand to ameliorate physiologic catastrophes occurring outside
conventional clinical environments. For instance, WBS can play an important role in the wireless
surveillance of people during hazardous operations (military, fire-fighting, etc.), or such sensors
can be dispensed during a mass civilian casualty occurrence. In an overcrowded Emergency
Department, patients who are in the waiting room for hours with an undifferentiated medical
complaint will receive state-of-the-art physiologic monitoring. For hospital in-patients who require
CV monitoring, current biosensor technology typically tethers patients in a tangle of cables. For
convalescing patients in a hospital, or a rehabilitation center, there would no longer be a
dichotomy between optimal bed-bound monitoring and optimal rehabilitation consisting of

Ommni MedSci, Inc. v. Apple Inc.
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WBS, inpatients may experience less physical deconditioning, and these two factors together may
impact the not insignificant problem of dangerous inpatient falls in the elderly (an incidence on the
order of 1-5% per admission [32], [33]).” Asada 2003 at 37.

“WBS measuring circulation could also be used to monitor geriatric subjects living alone, offering
an automatic 911 call in the event of a catastrophe and peace of mind for the subject and concerned
family the rest of the time.” Asada 2003 at 37. “See [30] for power budget and design details.”
Asada 2003 at 34.

Asada 2010 Page 9

Asada 2010 Page 10
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[2] The wearable device of claim | The Asada Combinations disclose and/or render obvious “wherein the receiver is configured to be
1, wherein the receiver is synchronized to the modulation of the at least one of the LEDs.”

configured to be synchronized to
the modulation of the at least one | “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
of the LEDs. from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to

cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 56
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» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30,

LED Brightness w Frotodetector Cutps
~ -

| I Drsta Satipling
(3%

Fig. 4. (8} The slow response iime of the photodetector meant that the LED had to be modulated at lower
frequencies for data sampling. (b} A fasier pholodetector response time makes it possible to increase the
musulation frequency of the LED.
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n addition to saving power, the modulation of L ighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

“See [30] for power budget and design details.” Asada 2003 at 34.

“LED: LEDs consume a large amonnt of power when emitting light continucusly. Therefore they
must be switched on only for a short interval when light must be emitted. Namely, the LEDs must
be on only when the photodiode is detecting the reflected light for messuring the pulsation.
Synchronizing the sampling of the photodetector with the LED switching reduces the duty ratio of
the LEDs, and thereby reduces the power consumption. In the prototype system, this coordination
is per- formed by the microprocessor. First, the LEDs are turned on; second, the photo detector
signal is sampled at the next CPU cycle; the LEDs are switched off at the third CPU cycle. This
sequence control is performed for both red and infrared LEDs.” Asada 2001 at 798,

“For the prototype ring sensor, the sample-and-hold frequency was set to ; = 1000 Hz. The choice
of this frequency depends on applications. A lower sampling frequency can be used when required
accuracy is lower.” Asada 2001 at 800.

[4] The wearable device of claim | The Asada Combinations disclose and/or render obvious “[t]he wearable device of claim 1,

1, wherein the receiver is located | wherein the receiver is located a first distance from a first one of the LEDs and a different distance
a first distance from a first one of | from a second one of the LEDs such that the receiver can capture a third signal from the first LED
the LEDs and a different distance | and a fourth signal from the second LED, and wherein the output signal is generated in part by
from a second one of the LEDs comparing the third and fourth signals.”

such that the receiver can capture
a third signal from the first LED
and a fourth signal from the
second LED, and wherein the

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 58
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output signal is generated in part
by comparing the third and fourth
signals.

o g
X P o

“The location of the LEDs and a PD relative {0 the finger is an important descign issue determining
signal quality and robustness against motion artifact. Figure 2 shows a cross-sectional view of the
finger with the ring sensor. The LEDs and PD are placed on the flanks of the finger rather than the
dorsal and palmar sides.” Asada 2003 at 30-31.

“For these reasons, at least one optical device, either the PD or the LED, should be placed on one
lateral face of the finger near the digital arfery. The question is where to place the other device.
Figure 2 shows two distinet cases. One case places both the PD and the LED on the same side of
the finger-base, and the other places them on opposite sides of the finger. Placing both the PD and
the LED on the same side creates a type of reflective PPG, while placing each of them on opposite
sides makes a type of transmittal PPG. In the figure the average pathway of photons is shown for the
two sensor arrangements. Although the exact photon path is difficult to obtain, due to the

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-2, p. 59
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heterogeneous nature of the finger tissue and blood, a banana-shaped arc connecting the LED and
PD, as shown in the figure, can approximate its average path [19]1.7 Asada 2003 at 31.

“Reflective PPG needs more secure attachments of the LED and PD to the skin surface, when
conypared to transnyittal PPG. Once an air gap is created between the skin surface and the optical
components due o some disturbance, a direct optical path from the LED 1o the P} may be
created. This direct path exposes the PD directly to the light source and consequently leads to
saturation. To avoid this short circust, the LED lght beam must be focused only in the normal
direction, and the PD} must also have 2 strong directional property (1., polarity), so that it is
sensitive to only the incoming hght normal to the device surface. Such strong directional
properties, howsver, work adversely when a disturbance pressurs acts on the sensor bodies, since
it deflects the direction of the LED and PD) leading to fluctuations in the out- put signal. As a
result, reflective PPG configurations are more susceptive o disturbances.” Asada 2003 at 31.

“Figure 3 shows an experimental comparison between transmittal and reflective PPGs. Two sets
of PPG sensors, one refiective and one transmittal, were attached io the same finger. Both were at
rest initially, and then shaken. The transmittal PPG was quite stable, while the reflective PPG was
susceptive {o the motion disturbances.” Asada 2003 at 31.
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Fig. 8. The schematic of a locally pressuwrized sensor band
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“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as a noise reference, a noise cancellation filter can be built to
eliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemodynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted waveforms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal.” Asada 2003 at 33.

“See [30] for power budget and design details.” Asada 2003 at 34.
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“The local pressurization and motion detection methods described previously have been
implemented for further improvernent. Figure 15 shows the schematic of the Prototype C ring
sensor. Both {ransmittal (PD-A) and reflective {(PI-R) PPGs were mounted on the sensor band.
The former is placed on top of a locally pressurizing mechanism with an adjustable setscrew. The
latter is mounted on the low-pressure side in order to detect motion.” Asada 2003 at 36.

Asada 2001 — Figure 1
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Asada 2001 — Figure 4:
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.
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EXHIBIT CC-3

U.S. Patent No. 9,861,286 vs Asada Combinations

Publication Dates:  July 2001, May/June 2003, 2010 Prior Art Status: § 103

To the extent Asada et al., “Mobile monitoring with wearable photoplethysmographic biosensors,” IEEE Engineering in Medicine and
Biology Magazine (May/June 2003) (“Asada 2003”), does not anticipate the asserted claims of U.S. Patent No 9,861,286 (“the *286
Patent”) or render those claims obvious alone and/or in view of at least any of the references identified in Apple’s Obviousness
Combinations Chart, the claims are obvious based on the combination of Asada 2003 with one or both of:

Rhee et al., Artifact-Resistant Power-Efficient Design of Finger-Ring Plethsymographic Sensors,” IEEE Transactions on
Biomedical Engineering, Vol. 48, No. 7 (July 2001) (“Asada 2001”);

Asada, The MIT Ring: History, Technology, and Challenges of Wearable Health Monitoring, MIT Industrial Liason Program
2010 R&D Conference (“Asada 2010)

(“Asada Combinations”).
As set forth in Apple’s Invalidity Contentions, the below contentions apply the prior art in part in accordance with Apple’s assumption
that Omni contends the claims are not invalid under 35 U.S.C. § 112. However, Apple’s below contentions do not represent Apple’s

agreement or view as to the meaning, definiteness, written description support for, or enablement of any of the asserted claims. For
each dependent claim, the disclosures cited for the claim from which it depends are incorporated by reference.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 1
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Page 905 OMNI 2018 - IPR2020-00209



CHART THREE: U.S. Patent No. 9,861,286 vs Asada Combinations

[16] A wearable device for use To the extent the preamble is limiting, The Asada Combinations disclose and/or render obvious
with a smart phone or tablet, the | ‘“[a] wearable device for use with a smart phone or tablet.”

wearable device comprising:
See generally Asada 2003 Figures 6, 9, 11, 15 and descriptions of Prototypes A, B, and C.

“Wearable biosensors (WBS) will permit continuous cardiovascular (CV) monitoring in a number
of novel settings. Benefits may be realized in the diagnosis and treatment of a number of major
diseases. WBS, in conjunction with appropriate alarm algorithms, can increase surveillance
capabilities for CV catastrophe for high-risk subjects. WBS could also play a role in the treatment
of chronic diseases, by providing information that enables precise titration of therapy or detecting
lapses in patient compliance.

WBS could play an important role in the wireless surveillance of people during hazardous
operations (military, fire-fighting, etc.), or such sensors could be dispensed during a mass civilian
casualty occurrence. Given that CV physiologic parameters make up the “vital signs” that are the
most important information in emergency medical situations, WBS might enable a wireless
monitoring system for large numbers of at-risk subjects. This same approach may also have utility
in monitoring the waiting room of today’s overcrowded emergency departments. For hospital
inpatients who require CV monitoring, current biosensor technology typically tethers patients in a
tangle of cables, whereas wearable CV sensors could increase inpatient comfort and may even
reduce the risk of tripping and falling, a perennial problem for hospital patients who are ill,
medicated, and in an unfamiliar setting.” Asada 2003 28.

“In this article we will address both technical and clinical issues of WBS. First, design concepts of
a WBS will be presented, with emphasis on the ring sensor developed by the author’s group at
MIT. The ring sensor is an ambulatory, telemetric, continuous health-monitoring device. This
WBS combines miniaturized data acquisition features with advanced photoplethysmographic
(PPG) techniques to acquire data related to the patient’s cardiovascular state using a method that is
far superior to existing fingertip PPG sensors [1]. In particular, the ring sensor is capable of
reliably monitoring a patient’s heart rate, oxygen saturation, and heart rate variability. Technical
issues, including motion artifact, interference with blood circulation, and battery power issues,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 2
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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will b essed, and ve engineering solut a et prob
presented. Second, based on the ring sensor technology the clinical potentials of WBS monitoring
will be addressed.” Asada 2003 at 28.

“The WBS hardware solution must be adequate to make reliable physiologic measurements during
activities of daily living or even more demanding circumstances such as fitness training or military
battle. There must exist data processing and decision-making algorithms for the waveform data.
These algorithms must prompt some action that improves health outcomes. Finally, the systems
must be cost effective when compared with less expensive, lower technology alternatives.” Asada
2003 at 28.

“The monitoring environments for out-of-hospital, wearable devices demand a new paradigm in
noninvasive sensor design. There are several design requirements central to such devices.
Compactness, stability of signal, motion and other disturbance rejection, durability, data storage
and transmission, and low power consumption comprise the major design considerations.
Additionally, since WBS devices are to be worn without direct doctor supervision, it is imperative
that they are simple to use and comfortable to wear for long periods of time. A challenge unique to
wearable sensor design is the trade-off between patient comfort, or long-term wearability, and
reliable sensor attachment. While it is nearly needless to say that WBS technology must be safe, it
should be noted that there have been tragic reports of serious fnjury resulting from early home
monitoring technology [21.” Asada 2003 28-29.

“WBS solutions, in various stages of technologic maturity, exist for measuring established
cardiopulmonary ‘vital signs’: heart rate, arterial blood pressure, arterial oxygen saturation,
respiratory rate, temperature, and even cardiac output. In addition, there are numerous WBS
modalities that can offer physiologic measurements not conventional in contemporary medical
monitoring applications, including acoustic sensors, electrochemical sensors, optical sensors,
electromyography and electroencephalography, and other bioanalytic sensors (to be sure, some of
these sensors have well-established medical utility, but not for automated surveillance).” Asada
2003 at 29.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 3
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g P
as the arterial oxygen saturation. The PPG contains information about the vascalar pressure wave-

forms and compliances, Efforts to extract unique circulatory in- formation, especially an ARP
surrogate, from the PPG waveform are discussed later in this article. The PPG provides an
sffective heart rate (measuring heart beats that geperate identifiable forward-flow), vseful for
circulatory considerations though less usefil for strict electrophysiclogic considerations. For
instance, the PPG signal may reveal heart rate variability, provided ectopic heart beats, which
corrupt the association with autonomic tone, can be excluded.” Asada 2003 at 25-30.

“The acquired waveforms, sampled at 100 Hz, are transmitted to a PDA or a cellular phone carried
by the patient through an RF link of 105 kbps at a carrier frequency of 915 MHz The cellular
phone then accesses a Web site for data storage and clinical diagnosis.” Asada 2003 at 34.

“The ring sensor is a miniaturized, telemetric, monitoring device worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 4
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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Fig. 1. Conceptual diagram of the ring sensor.
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[16A] a measurement device The Asada Combinations disclose and/or render obvious “a measurement device including a light

including a light source source comprising a plurality of light emitting diodes (LEDs) for measuring one or more
comprising a plurality of light physiological parameters.”

emitting diodes (LEDs) for

measuring one or more “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
physiological parameters, from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed

for reduced power consumption Carrying a large battery pack is not acceptable for long-term

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 7
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applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

¥ secure the LEDs and the photodetector (P for short) at 2 location along the finger skin such
that the de component may be influenced less by the finger motion

¥ modulate the LEDs {0 attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption...” Asada 2003 at 30,

R v

gk

SN

TR 3 Lot ol d

“The location of the LEDs and 2 PD relative to the fnger i an important design issue determining
signal quality and robustness against motion artifact. Figure 2 shows a cross-sectional view of the
finger with the ring sensor. The LEDs and PI3 are placed on the flanks of the finger rather than the
dorsal and palmar sides.” Asada 2003 at 30-31.

Omni MedSci, Inc. v. Apple Inc.
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Tor these reasons, at least one optical device, either the PD or the LED, should be placed on one
lateral face of the finger near the digital artery. The question is where to place the other device,
Figure 2 shows two distinet cases. One case places both the P and the LED on the same side of
the finger-base, and the other places them on opposite sides of the finger. Placing both the PD and
the LED on the same side creates a type of reflective PPG, while placing each of them on opposite
sides makes a type of transmittal PPG. In the figure the average pathway of photons is shown for the
two sensor arrangements. Although the czact photon path is difficult to obtain, due to the
heterogeneous nature of the finger tissuc and blood, a banana-shaped arc connecting the LED and
PD, as shown in the figure, can approximate its average path [191.” Asada 2003 at 31,

“Reflective PP needs more secure attachments of the LED and PD 1o the skin surface, when
compared to transmittal PPG. Once an air gap is created between the skin surface and the optical
components due to some disturbance, a direct optical path from the LED to the PD may be
created. This direct path exposes the PD directly to the light source and consequently leads to
saturation. To avoid this short circuit, the LED light beam must be focused only in the normal
direction, and the PD} must also have a strong directional property (i.e., polarity), so that it is
sensitive to only the incoming light normal to the device surface. Such strong directional
properties, bowever, work adversely when a disturbance pressure acts on the sensor bodies, since
it deflects the direction of the LED and PD leading to fluctnations i the out- put signal. Asa
result, reflective PPG configurations are more susceptive to disturbances.” Asada 2003 at 31.

“Furthermore, transmittal PPG is less sensitive to local disturbances acting on the finger, since the
LED irradiates a larger volume of the finger. In the iransmittal PPG configuration, the percentage
of the measured signal does not sigpificantly change although some peripheral capillary beds are
collapsed. The percentage change is greater for reflective PPG, since this volume is smaller.”
Asada 2003 at 31,

“Figure 3 shows an experimental comparison between transmitial and reflective PPGs. Two sets
of PPG sensors, one reflective and one transmittal, were attached to the same finger. Both were af
rest initially, and then shaken. The transmittal PPG was quite stable, while the reflective PPG was
susceptive o the motion disturbances.” Asada 2003 at 31.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 9
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Fig. 8. The schematic of a iocally pressurized sensor band.
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“Figure 9 shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF transmitter, all of which are encapsulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has a PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF communication. The acquired waveforms, sampled at 100 Hz, are
transmitted 1o a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a
carrier frequency of 915 MHz. The cellular phone then accesses a Web site for data storage and
clinical diagnosis.” Asada 2003 at 34.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 11
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“In this early development, the power consumption of the LEDs and the imbedded CPU clock
were 2 major bottleneck limiting the design. The distance between the LEDs and PIIs had to be
shortened for power saving conciderations, and the CPU clock was minimized in order to extend
the battery life to a few weeks. See [38] for power bodget and design details.” Asada 2003 at 34.

Fig. 41. Redesigned sensor pand that protects optical com-
ponents from direst contact with skin and hides wires from
utitside environment.

“To improve motion artifact resistance and accuracy, a iransmittal PPG ring sensor, Prototype B,
has been buik and field-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 171,000, The LED used 15 6.7 times brighter than that of Prototype A,
while the resultant power consumption is 173 times smaller than before. The sencor band was
redesigned with the use of bio-compatible elastic materials to better hold the LED’s and PD’s,
maindain a proper level of pressure, optically shield the sensor unit, and secure the contact with the
skin consistently in the face of finger motion {see Figure 11). As a result, the waveform of this
transmittal PPG was guite stable. Figure 3 presented carlier is the experiment of Prototype B. Note
that the transmiital PPG (Prototype B) signal did not collapse even when the hand was shaken.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 12
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Additionally, the analog filtering circuit was optimized for quality of signal These modifications
greatly improved the ability of the device to roeasure traditionally difficult variables such a¢ heart
rate variability {Table 1, Figure 12).” Asada 2003 at 35,

Prntodebacior
for Main FP3

Photedatsctar
for Majse o
it

Fig. 18. The schemalic of the Proictype C ring sensor.

“The local pressurization and mwotion detection methods described previcusly have been
implemented for further improvement. Figure 15 shows the schematic of the Prototype € ring
sensor. Both transmittal (P13-A) and reflective (PD-B} PPGs were mounted on the sensor band.
The former is placed on top of a locally pressurizing mechanism with an adjustable setscrew, The
latier is mounted on the low-pressure side in order to detect motion.” Asada 2003 at 36,

Asada 2001 — Figure 1
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is am- plified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 14
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c at fle
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.

Asada 2010 — Page 50
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[16B] the measurement device

configured to generate, by generate, by modulating at least one of the LEDs having an initial light intensity, an optical beam
modulating at least one of the having a plurality of optical wavelengths.”
LEDs having an initial light

intensity, an optical beam having | “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
a plurality of optical wavelengths, | from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will bricfly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30,

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 16
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Fig. 4. (a) The siow response time of the phutodetestor meant that the LED had o be modulated at lower
frequencies for data sampling. {b) A faster photodetsctur response time makes it possible to increase the
modulation frequency of the LED.

“Transmittal PPG must have a powerful LED for transmitting light across the finger. This power
consumption problem can be solved with a lighting modulation technique using high-speed
devices. Instead of lighting the skin continually, the LED is turned on only for a short time, say
100 ~ 1000 ns, and the signal is sampled within this period. High-speed LEDs and P1¥s, which
have become available at low cost in recent years, can be used for this purpose. Figure 4 shows a
schematic of kigh-frequency, low-duty cycle modulation implemented to minimize LED power
consumption. Utilizing fast rise-time thical detectors, it is possible o incorporate a modulation
frequency of | kHz with a duty ratio of0.1%, a theoretical power usage that is 1,000 times less than
conventional full-cycle modulation methods [23]. Asada 2003 at 32.

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 17
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“In addition to saving power, the modulation of LED lighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

“High-speed LEDs and PDs, which have become available at low cost in recent years, can be used
for this purpose. Figure 4 shows a schematic of high-frequency, low-duty cycle modulation
implemented to minimize LED power consumption. Utilizing fast rise~time optical detectors, i is
possible to incorporate a modulation frequency of 1 kHz with a duty ratio 6£0.1%, a theoretical power
usage that is 1,000 times less than conventional full-cycle modulation methods {231 Asada 2003 at
32

“Figure 9 shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF transmitter, all of which are cncapsulated in a compact body and
powered by a tiny cell battery used for wristwatches. The ring has a PIC microcomputer performing
ail the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RY communication. The acquired waveforms, sampled at 100 Hz, are
tranemitted to a PIXA or a cellular phone carried by the patient through an RF link of 105 kbps at 2
cartier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
clinical diagnosis.” Asada 2003 at 34,

“See [30] for power budpet and design details.” Asada 2003 at 34,

“To improve motion artifact resistance and accuracy, a transmittal PPG ring sensor, Prototype B,
has been built and field-tested. Prototype B has high-epeed optical devices enabling the lowering

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 18
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of the .
the resultant power consunmption is 173 times smaller than before.” Asada 2003 at 35.

Asada 2001 — Figure 4:
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via a RF transmitter.” Asada 2001 at 797.

“There are a number of existing techniques for dealing with artifact and disturbance rejection. The
most common is signal processing, as reviewed by [11]. Another standard method is to identify

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 19
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and rej orrupt signals by comparing p feat P plate. T
methods use modulation by controlling the power level of multiple lighting sources [11].” Asada
2001 at 796.

“LED: LEDs consume a large amount of power when emitting light continuously. Therefore they
must be switched on only for a short interval when light must be emitted. Namely, the LEDs must
be on only when the photodiode is detecting the reflected light for measuring the pulsation.
Synchronizing the sampling of the photodetector with the LED switching reduces the duty ratio of
the LEDs, and thereby reduces the power consumption. In the prototype system, this coordination
is performed by the microprocessor. First, the LEDs are turned on; second, the photo detector signal
is sampled at the next CPU cycle; the LEDs are switched off at the third CPU cycele. This sequence
control is performed for both red and infrared LEDs.” Asada 2001 at 798,

Asada 2010 — Page 50
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[16C] wherein at least a portion The Asada Combinations disclose and/or render obvious “wherein at least a portion of the

of the plurality of optical plurality of optical wavelengths is a near-infrared wavelength between 700 nanometers and 2500
wavelengths is a near-infrared nanometers.”

wavelength between 700
nanometers and 2500 nanometers;

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 22
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gur g E g se , analog and digital
processing units, and an RF tranemitter, all of which are encapsulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF copununication. The acguired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a2
carrier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
chinical diagnosis.” Asada 2003 at 34,

E

“High-speed LEDs and PDs, which have become available at low cost in recent years, can be used
for this purpose. Figure 4 shows a schematic of high-frequency, low-duty cycle mwodulation
implemented to minimize LED power consumption. Utilizing fast rise-time optical detectors, i is
possible to incorporate a modulation frequency of 1 kHz with a duty ratio of 0. 1%, a theoretical power
usage that is 1,000 times less than conventional full-cycle modulation methods {231 Asada 2003 ai
32,

“See [30] for power budget and design details.” Asada 2003 af 34,

“To improve motion artifact resistance and accuracy, a transmittal PPG ring sensor, Prototype B,
has been buikt and field-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 1/1,000. The LED used is 6.7 times brighter than that of Protoiype A, while
the resnltant powser conswmption is 173 times smaller than before.” Asada 2003 at 35,

“LEDs and Photodiode: One red LED and two infrared LEDs are used as the light sources. The
peak wavelength of the red LED is 660 nm, and that of the infrared LEDs is 940 nm. The
photodiode has the peak wavelength of 940 nm and the spectral sensitivity ranges from 500 nm to
1000 nm, which meets our needs. The voltage drop across the red LED is 1.6 V and that of the
infrared LEDs is 1.2 V, and two infra-red LEDs are connected in serial. These LEDs are in a die
form with a size of 0.3 mm x 0.3 mm.” Asada 2001 at 800.

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 23
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[16D] the measurement device The Asada Combinations disclose and/or render obvious “the measurement device comprising one
comprising one or more lenses or more lenses configured to receive and to deliver a portion of the optical beam to tissue, wherein
configured to receive and to the tissue reflects at least a portion of the optical beam delivered to the tissue.”
deli rtion of the optical ) : .
b:;:r,)eioat?s‘;u;orvlv‘})l er e;‘iﬁ el(fc?s sue “Reflective PPG needs more secure attachiments of the LED and PD to the skin surface, when
; : conpared to transmittal PPG. Once an air gap is created between the skin surface and the optical
reflects at least a portion of the o gap 4
. . components due to some disturbance, a direct optical path from the LED to the PID may be created.
optical beam delivered to the R . : v .
tissue. and This direct path exposes the PD directly to the light source and consequently leads to saturation.
’ To avoid this short cireuit, the LED light beam must be focused only in the normal divection, and
the PD must also have a strong directional property {i.e., polarity), so that # is sensitive to only the
incoming Hght normal to the device surface.” Asada 2003 at 31,
.
Fig. 8. First prototype fng sensor with RF transmitter powered by a coin-size cell battery,
Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 24
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Figure ¢ shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF tranemitter, all of which are encapeulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has 2 PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF copununication. The acguired waveforms, sampled at 100 Hz, are
transmitted to a PDA or a cellular phone carricd by the patient through an RF link of 105 kbps at a2
carrier frequency of 915 MHz. The cellular phone then accesses 2 Web site for data storage and
chinical diagnosis.” Asada 2003 at 34.

“See [30] for power budget and design detatls.” Asada 2003 at 34.

fig. 11. Redesigned sensor band that protects optical com-
ponents from direct contact with skin and hides wires from
outside environment.

“To improve motion artifact registance and accuracy, a transmitial PPG ring sensor, Prototype B,
has been buill and field-tested. Prototype B has high-speed optical devices enabling the lowering

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 25
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 929 OMNI 2018 - IPR2020-00209



of the LED duty rate to 1/1,000. The LED used s 6.7 times brighter than that of Profotype 4,
while the resulfant power consumption i 173 times smaller than before. The sensor band was
redesigned with the use of bio-compatible elastic materials to better hold the LED’s and PDY’s,
maintain 2 proper level of pressure, optically shield the sensor unit, and secure the contact with the
skin consistently in the face of finger motion {see Figure 11}, As a result, the waveform of this
transmittal PPG was guite stable. Figure 3 presented earlier is the experiment of Profotype B. Note
that the transmittal PPG (Prototype B) signal did not collapse even when the hand was shaken.
Additionally, the analog filtering circuit was optimized for quality of signal. These mwdifications
greatly improved the ability of the device to measure traditionally difficult variables such as heart
rate variability (Table 1, Figure 12).” Asada 2003 at 35.

Prstodetzcior
for vain PP

Fhotodetectar

forbuge

Fig. 1% The schematic of the Prototype C ring sensor.

“The local pressurization and motion detection methods described previously have been
implemented for further improvement, Figure 13 shows the schematic of the Prototype O ring
sensor. Both transmittal (PD3-A) and reflective (PD-B} PPGs were mounied on the sensor band,

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 26
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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The former is placed on fop of a locally pressurizing mechanism with an adjusiable setscrew. The
Iatter is mounted on the low-pressure side in order to detect motion.” Asads 2003 at 36,

Asada 2010 Page 52
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a wrist or an ear of a user;

[16E] wherein the measurement The Asada Combinations disclose and/or render obvious “wherein the measurement device is
device is adapted to be placed on | adapted to be placed on a wrist or an ear of a user.”

“The technology encumbers a finger and the wrist of the subject.” Asada 2003 at 29.

Omni MedSci, Inc. v. Apple Inc.
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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T

“On the other hand, wristwatch-type pulse oximetry and blood pressure sensors have been
developed and commercialized by several companies including Casio (BP-100 and JP200W-1V)
and Omron (HEM-608 and HEM-609).” Asada 2001 at 795.

Asada 2010 Page 8

[16F] the measurement device The Asada Combinations disclose and/or render obvious “the measurement device further
further comprising a receiver comprising a receiver configured to: capture light while the LEDs are off and convert the captured
configured to: light into a first signal and capture light while at least one of the LEDs is on and convert the

captured light into a second signal, the captured light including at least a portion of the optical
beam reflected from the tissue.”

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 28
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pture light w L €
off and convert the captured light
into a first signal and

capture light while at least one of
the LEDs is on and convert the
captured light into a second
signal, the captured light
including at least a portion of the
optical beam reflected from the
tissue;

are exposed ers ghting , ranging
from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed

for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30.

Ommni MedSci, Inc. v. Apple Inc.
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Fig. 4. (a) The siow response time of the phutodetestor meant that the LED had o be modulated at lower
frequencies for data sampling. {b) A faster photodetsctur response time makes it possible to increase the
modulation frequency of the LED.

“Transmittal PPG must have a powerful LED for transmitting light across the finger. This power
consumption problem can be solved with a lighting modulation technique using high-speed
devices. Instead of lighting the skin continually, the LED is turned on only for a short time, say
100 ~ 1000 ns, and the signal is sampled within this period. High-speed LEDs and PI¥s, which
have become available at low cost in recent years, can be used for this purpose. Figure 4 shows a
schematic of kigh-frequency, low-duty cycle modulation implemented to minimize LED power
consumption. Utilizing fast rise-time thical detectors, it is possible o incorporate a modulation
frequency of | kHz with a duty ratio of0.1%, a theoretical power usage that is 1,000 times less than
conventional full-cycle modulation methods [23]. Asada 2003 at 32.

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 30
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In addition to saving power, the modulation of LED lighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

P

Fig. 8. Block diagram of adaplive noise cancaliation using
second PPG sensor as nolse reference.

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as 3 noise reference, a noise cancellation filter can be built to
eliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemodynamic process observed by PPG is statiopary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted waveforms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true puleatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal. If the noise
magnitude is not known a priori, it must be determined adaptively during the measurement.

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 31
Case No. 2:18-cv-134-RWS (E.D. Tex.)

Page 935 OMNI 2018 - IPR2020-00209



v I
2003 at 33.

“See [30] for power budget and design details.” Asada 2003 at 34.

Asada 2001 — Figure 4:
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Fig. 4. Block diagram of electronic circuit.

“Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via aRF transmitter.” Asada 2001 at 797.

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 32
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“LED: : 3G gc 8 of p ey ore they
must be ewitched on only for 2 dhort interval when light must be emitted. Namely, the LEDs maust
be on only when the photodiode i detecting the reflected light for measuring the pulsation.
Synchronizing the sampling of the photodetector with the LED switching reduces the duty ratio of
the LEDs, and thereby reduces the power consumption. In the prototype systemn, this coordination
is performed by the microprocessor. First, the LEDs are turned on; second, the photo detector signal
is sampled at the next CPU cycle; the LEDs are switched off at the third CPU cyele. This sequence
control is performed for both red and infrared LEDs.” Asada 2001 at 798.

“The other electronic components of the ring sensor include multiple op-amps, switches, sample-
and-hold, and filters.” Asada 2001 at 800.

“CPU: The on-board CPU controls all the operations of the ring sensor, ranging from the sequence
control of LED lighting and data acquisition to the conversion of analogue data to digital signals in
the RS-232 format for wireless transmission. A PIC16C711 microprocessor from Microchip was
selected be- cause of its unique design for low power consumption. It consumes less than 25 A for
32-kHz clock frequency in the normal operation mode and almost no power consumption in the
sleep mode. This CPU has 4 channels of embedded A/D converter, 13 channels of digital input—
output line. It has 1 KB of EPROM that is good enough to store the whole code needed for
computation. The resolution of the A/D converters are all 8-bits. In case that higher resolution is
necessary, other CPUs such as PIC16C773 which has 12-bit A/D converters can be used.” Asada
2001 at 800.

Asada 2010 Page 9
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[16G] the measurement device The Asada Combinations disclose and/or render obvious “the measurement device configured to
configured to improve a signal-to- | improve a signal-to-noise ratio of the optical beam reflected from the tissue by differencing the
noise ratio of the optical beam first signal and the second signal.”

reflected from the tissue by
differencing the first signal and
the second signal;

“Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
applications. The whole sensor system must run continually using a small battery. Several ways to
cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 34
Case No. 2:18-cv-134-RWS (E.D. Tex.)
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» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30.

“In addition to saving power, the modulation of LED lighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

fig. 8. Block diagram of adaptive noise cancellation using
second PPG sensor as nolse reference.

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as a noise reference, a noise cancellation fikier can be built to
eliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemodynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 35
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the true p gna corrupted v rms. As shy 3 Figore 8, ¢ z
filter combines two sensor signals; one is the main signal captured by PI3-A and the other i the
noise reference obtained by PD-B. The main signal mostly consists of the true puleatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal. If the noise
magnitude is not known a priori, it must be determined adaptively during the measurement.
Various algorithms for adaptive filering can be applied to tune the filter in real time.” Asada
2003 at 33

“See [38] for power budget and design details.” Asada 2003 at 34,

“There are a number of existing technigues for dealing with artifact and disturbance rejection. The
most common is signal processing, as reviewed by [11]. Another standard method is to identify
and reject corrupt signals by comparing pulse features with a predetermined template. Other
methods use modulation by controlling the power level of multiple lighting sources [11].” Asada
2001 at 796.

Asada 2010 Page 52
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Asada 2010 Pages 18 and 19
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[16H] the light source configured | The Asada Combinations disclose and/or render obvious “the light source configured to further

to further improve the signal-to- | improve the signal-to-noise ratio of the optical beam reflected from the tissue by increasing the
noise ratio of the optical beam light intensity relative to the initial light intensity from at least one of the LEDs.”

reflected from the tissue by

increasing the light intensity “Furthermore, wearable PPG sensors are exposed to diverse ambient lighting conditions, ranging
relative to the initial light from direct sunlight to flickering room light. In addition, wearable PPG sensors must be designed
intensity from at least one of the | for reduced power consumption. Carrying a large battery pack is not acceptable for long-term
LEDs; applications. The whole sensor system must run continually using a small battery. Several ways to

cope with these difficulties are:

» secure the LEDs and the photodetector (PD for short) at a location along the finger skin such
that the dc component may be influenced less by the finger motion

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 39
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» modulate the LEDs to attenuate the influence of uncorrelated ambient light as well as to reduce
power consumption

» increase the amplitude of the ac component so that the signal-to-noise ratio may increase

» measure the finger motion with another sensor or a second PD and use it as a noise reference
for verifying the signal as well as for canceling the disturbance and noise.

In the following sections these methods will briefly be discussed, followed by specific sensor
designs and performance tests.” Asada 2003 at 30,

LED Brightness w Frotodetector Cutps
~ -

| I Drsta Satipling
(3%

Fig. 4. (8} The slow response iime of the photodetector meant that the LED had to be modulated at lower
frequencies for data sampling. (b} A faster photodetector response time makes it pussibie to increase the
musulation frequency of the LED.

Omni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 40
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n addition to saving power, the modulation of L. ighting provides an effective means for
reducing ambient light disturbances. Reading the PD output while the LED is turned off yields the
baseline PPG level attributed to the ambient light alone. Subtracting this reading from the one
acquired with the LED illuminated gives the net output correlated with the LED lighting. More
sophisticated modulation schemes can be applied by controlling the LED brightness as a periodic
time function. Computational power requirements often prohibit complex modulation, however.
Design trade-offs must be considered to find the best modulation scheme.” Asada 2003 at 32.

Asada 2003 explains that “according to the Lambert-Beer law, the brightness decreases
exponentially as the distance from the light source increases.” In order to improve the signal-to-
noise ratio, brightness of the light is increased by “application of an external pressure on the tissue
surrounding the artery” in order to increase the detected amplitude of arterial pulsations. Asada
2003 at 32. “Figure 5 shows the pulsatile amplitude of a finger base PPG for varied pressures
generated by a finger cuff. As the cuff pressure increases, the PPG amplitude increases until it
reaches a maximum.” Asada 2003 at 32.

“See [30] for power budget and design details.” Asada 2003 at 34,

“YThere are 3 number of existing technigues for dealing with artifact and disturbance rejection. The
most common is signal processing, as reviewed by [11]. Another standard method is to identify
and reject corrupt signals by comparing pulse features with a predetermined template. Other
methods use modulation by controlling the power level of multiple lighting sources [11].” Asada
2061 at 796.

Asada 2010 Page 52
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[16I] the measurement device The Asada Combinations disclose and/or render obvious “the measurement device further
further configured to generate an | configured to generate an output signal representing at least in part a non-invasive measurement
output signal representing at least | on blood contained within the tissue.”

in vart r .
2 ;SUI:;Zﬁtnga;;:: d contained “In this article we will address both technical and clinical is- sues of WBS. First, design concepts
within the tissue: and of a WBS will be presented, with emphasis on the ring sensor developed by the author’s group at

? MIT. The ring sensor is an ambulatory, tele- metric, continuous health-monitoring device. This
WBS com- bines miniaturized data acquisition features with advanced photoplethysmographic
(PPG) techniques to acquire data related to the patient’s cardiovascular state using a method that is

Ommni MedSci, Inc. v. Apple Inc. EXHIBIT CC-3, p. 42
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far sup ing fingertip sens 1]. ap
reliably monitoring a patient’s heart rate, oxygen saturation, and heart rate variability. Technical

issues, including motion artifact, interference with blood circulation, and battery power issues,
will be addressed, and effective engineering solutions to alleviate these problems will be
presented. Second, based on the ring sensor technology the clinical potentials of WBS monitoring
will be addressed.” Asada 2003 at 28.

See generally Asada 2003 Prototypes A, B, and C.

3

“The ring sensor is a miniaturized, telemetric, monitoring de- vice worn by a patient as a finger
ring. The ring encapsulates PPG, pulse oximetry combined with wireless communication and
miniaturization technologies. This device optically captures the pulsation and oxygen saturation of
the arterial blood flow, and transmits the signals to a host computer via a radio-frequency (RF)
transmitter. Fig. 1 shows a conceptual diagram of the ring sensor [5], [6]. The ring sensor consists
of optoelectronic components, a CPU, a RF transmitter, a battery, and a ring chassis. The
optoelectronic components, i.e., micro photodiodes and LEDs, detect the blood-volume
waveforms and oxygen-saturation level at the patient’s digital artery. The CPU controls the LED
lighting sequence as well as the data acquisition and transmission process. These signals are
locally processed by the on-board CPU and transmitted to a host computer for diagnosis of the
patient’s cardiovascular conditions. The ring sensor is completely wireless and miniaturized so
that the patient can wear the device comfortably 24 h/day.” Asada 2001 at 796.

Asada 2010 Page 3
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[16J] wherein the receiver The Asada Combinations disclose and/or render obvious “a receiver configured to receive and
includes a plurality of spatially process at least a portion of the analysis output beam reflected or transmitted from the sample and
separated detectors, to generate an output signal.”

“Figure 2 shows two distinct cases. One case places both the PD and the LED on the same side of
the finger-base, and the other places them on opposite sides of the finger. Placing both the PD and
the LED on the same side of the finger-base, and the other places them on opposite sides of the
finger. Placing both the PD and the LED on the same side creates a type of reflective PPG, while
placing each of them on opposite sides makes a type of transmittal PPG. In the figure the average
pathway of photons is shown for the two sensor arrangements. Although the exact photon path is
difficult to obtain, due to the heterogeneous nature of the finger tissue and blood, a banana-shaped
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arc connecting the LED and PD, as shown in the figure, can approximate its average path [19].”
Asada 2003 at 31.

“Figure 3 shows an experimental comparison between transmittal and reflective PPGs. Two sets
of PPG sensors, one reflective and one transmittal, were attached to the same finger. Both were at
rest initially, and then shaken. The transmittal PPG was quite stable, while the reflective PPG was
susceptive to the motion disturbances.” Asada 2003 at 31.

Phatodet

Fig. 8. Block diagram of adaptive noise canceliation using
second PPG sensor as nolse raference.

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as a noise reference, a nobse cancellation filter can be built to
sliminate the noise of PD-A that correlates with the noise reference signal. Acsuming that the
bemo-dynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted wave- forms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal. If the noise
magnitude is not known a priori, i runst be determined adaptively during the measurement.
Yarious algorithme for adaptive filtering can be applied to tune the filter in real time. Some can
determine optiral filter gains aud parameters based on the evaluation of the recovered signal, as
shown in Figure 8 by the feedback from the output to the adaptive filter block. Details of thig
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ot & methe bey he scope of . The dual phot tor design
shown in Figure 6 provides both main cignal and noice reference that are distinet. This allows us
to implement noise-canceling fillers effectively despite complex motion artifact.” Asada 2003 at
33-34.

NI

FROD. e
detecior &

Fig. 8. The schematic of a iocally pressurized sensor band.
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Fig. 8. Mirst prototype ring sensor with RF transmitier powered by a coin-size cell battary.

“Figure 9 shows the first ring sensor prototype that contains an optical sensor unit, analog and digital
processing units, and an RF transmitter, all of which are encapsulated in 2 compact body and
powered by a tiny cell battery used for wristwatches. The ring has a PIC microcomputer performing
all the device controls and low-level signal processing, including LED modulation, data acquisition,
filtering, and bi-directional RF communication. The acquired waveforms, sampled at 100 Hz, are
transmitted 1o a PDA or a cellular phone carried by the patient through an RF link of 105 kbps at a
carrier frequency of 915 MHz. The cellular phone then accesses a Web site for data storage and
clinical diagnosis.” Asada 2003 at 34.

“In this esrly development, the power consummption of the LEDs and the imbedded CPU clock
were & major bottleneck limiting the design. The distance between the LEDs and PDs had to be
ghortened for power saving considerations, and the CPU clock was minimized in order to extend
the battery life to a few weeks. See [30] for power budget and design details.” Asada 2003 at 34,
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“To improve motion artifact resistance and accuracy, a transmiital PPG ring sensor, Prototype B,
has been buik and ficld-tested. Prototype B has high-speed optical devices enabling the lowering
of the LED duty rate to 171,000, The LED used s 6.7 times brighter than that of Prototype A,
while the resultant power consumption is 173 times smaller than before. The sensor band was
redesigned with the use of bio-conpatible elastic materials to better hold the LED’s and PD’s,
maindain a proper level of pressure, optically shield the sensor unit, and secure the contact with the
skin consistently in the face of finger motion {see Figure 11} As a result, the waveform of this
transmittal PPG was quite stable. Figure 3 presented earlier is the experiment of Prototype B. Note
that the transmittal PPG (Prototvpe B) signal did not collapse even when the hand was shaken.
Additionally, the analog filtering circuit was optimized for quality of signal. These modifications
greatly improved the ability of the device to measure traditionally difficult variables such as heart
rate variability (Table 1, Figure 12).” Asada 2003 at 35.

Crinver Ring

Fig. 18. The schematic of the Prototype C ring sensor.
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“The local pressurization and motion detection methods described previcusly have been
implemented for further improvement. Figure 15 shows the schematic of the Prototyps € ring
sensor. Both transmaiital (PD-A) and reflective (PIFB) PPGs wers mounted on the sensor band. The
former is placed on top of a locally pressurizing mechanism with an adjustable setscrew. The latter
is mounted on the low-pressure side i order o detect motion.” Asada 2003 at 36,

[16K] wherein at least one analog | The Asada Combinations disclose and/or render obvious “wherein at least one analog to digital
to digital converter is coupled to | converter is coupled to the spatially separated detectors.”

the spatially separated detectors. “Fig. 9 shows the first ring sensor prototype that contains an optical sensor unit, analog and digital

processing units, and an RF transmitter, all of which are encapsulated in a compact body and
powered by a tiny cell battery used for wristwatches.” Asada 2003 at 34.

“See [30] for power budget and design details.” Asada 2003 at 34.

Asada 2001 - Figure 4:
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Fig. 4. Block diagram of electronic circuit.
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Fig. 4 shows a block diagram of the ring sensor circuitry. The basic circuit configuration is a
standard PPG circuit combined with a wireless transmitter. There are a single photodiode and
LEDs of two different wavelengths, red and near infrared, involved in the circuit. The output
from the photodiode is amplified and conditioned at the first stage operational amplifier. While
the red and infrared LEDs are alternately turned on and off; the signal from the first stage op-amp
is sampled by the two sample-and-hold circuits at different timings in order to obtain the reflected
light intensity from each LED. Each channel of the signal is conditioned and converted to a
digital signal with an AD converter. Using the standard RS-232 protocol, the two channels of
digital signals are transmitted via a RF transmitter.” Asada 2001 at 797.

[17] The wearable device of
claim 16, wherein at least one
LED emits at a first wavelength
and at least another LED emits at
a second wavelength, and
wherein the first wavelength has a
first penetration depth into the
tissue and wherein the second
wavelength has a second
penetration depth into the tissue
different from the first penetration
depth.

The Asada Combinations disclose and/or render obvious “[t]he wearable device of claim 16,
wherein at least one LED emits at a first wavelength and at least another LED emits at a second
wavelength, and wherein the first wavelength has a first penetration depth into the tissue and
wherein the second wavelength has a second penetration depth into the tissue different from the
first penetration depth.”

£ Ahsesplion

“Figure 1 shows the typical waveform of a photoplethysmograph signal obtained from a human
subject af rest. The signal comprises a large segment of de signal and a small-amplitude ac signal.
The de conponent of photon absorption resulis from light passing through various nonpulsatile
media, including tissue, bones, venous blood, and nonpulsatile arferial blood.” Asada 2003 at 30.
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“The location of the LEDs and a PD relative to the finger is ap important design issue determining
signal quality and robustness against motion artifact. Figure 2 shows a cross-sectional view of the
finger with the ring sensor. The LEDs and PD) are placed on the flanks of the finger rather than the
dorsal and palmar sides.” Asada 2003 at 30-31.

“For these reasens, at least one optical device, exther the PI) or the LED, should be placed on one
lateral face of the finger near the digital artery. The question is where 1o place the other device.
Figure 2 shows two distinet cases. Une case places both the PD and the LED on the same side of
the finger-base, and the other places them on opposite sides of the finger. Placing both the PD and
the LED on the same side creates a type of reflective PPG, while placing each of them on opposite
sides makes a type of transmittal PPG. In the figure the average pathway of photons is shown for the
two sensor arrangements. Although the exact photon path is difficu}t to obtain, duc to the
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heterog us o inger fiss od, an; ned gt
PD, as shown in the figure, can approximate its average path [19]1.7 Asada 2003 at 31,

“The motion detector can be used not only for monitoring the presence of motion but also for
canceling noise. By using PD-B as a noise reference, a noise cancellation filter can be built to
eliminate the noise of PD-A that correlates with the noise reference signal. Assuming that the
hemodynamic process observed by PPG is stationary and that the noise is additive, adaptive noise
canceling methods, such as the classical Widrow method [29], can be applied in order to recover
the true pulsation signal from corrupted waveforms. As shown in Figure 8, the noise-canceling
filter combines two sensor signals; one is the main signal captured by PD-A and the other is the
noise reference obtained by PD-B. The main signal mostly consists of the true pulsatile signal, but
it does contain some noise. If we know the proportion of the noise contained in the main signal,
we can generate the noise of the same magnitude by attenuating the noise reference signal and
then subtract the noise from the main signal to recover the true pulsatile signal. If the noise
magnitude is not known a priori, it must be determined adaptively during the measurement.
Various algorithms for adaptive filtering can be applied to tune the filter in real time. Some can
determine optimal filter gains and parameters based on the evaluation of the recovered signal, as
shown in Figure 8 by the feedback from the output to the adaptive filter block. Details of this
adaptive filtering method are beyond the scope of this article. The dual photodetector design
shown in Figure 6 provides both main signal and noise reference that are distinct. This allows us
to implement noise-canceling filters effectively despite complex motion artifact.” Asada 2003 at
33-34.

“See [30] for power budget and design details.” Asada 2003 at 34,

Asada 2001 - Figure 4:
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