Case 1:17-cv-10648-LTS Document 3

AQO 120 (Rev. 08/10%

Filed 04/17/17 Page 1of1

TO:

Mail Stop 8

Birector of the U.S, Patent and Trademark Oiffice

P.O. Box 1450

Alexandria, VA 22313-1450

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.5.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has besn

filed in the U.S. Disirict Court

District of Massachuselis on the following

] Trademarks or [ Patents. ([ the patent action invelves 35 U.S.C. § 202.);
DOCKET NO. DATE FILED U8, DISTRICT COURT

1:17-cv-10648

4/17/2017

District of Massachusetis

PLAINTIFF

iRobhot Corporation

DEFENDANT

The Black & Decker Corporation; Black & Decker (U.S)
inc.; and Shenzhen Silver Star Intelligent Technology

Co., Lid.
PATENT OR DATE OF PATENT . VD AT RADEMARK
TRADEMARK NO, OR TRADEMARK HOLDER OF PATENT OR TRADEM!
1 7,155,308 12/26/2008 iRobot Corporation
2 8,474,080 71272013 iRobot Corporation
3 6,809,480 10/26/2004 iRobot Corporation
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
] Amendment [ Answer 1 Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT . T D AT RADEMARK
TRADEMARK NO, OR TRADEMARK HOLDER OF PATENT OR TRADEM!
i
b
4
5

in the above-—entitled case, the following decision has been rendered or judgement issued:

DECISION/UDGEMENT

CLERK

(BY) DEPUTY CLERK DATE

Copy I—Upon initiation of action, mail this copy to Birector
{opy 2—Upon filing document adding patent(s), raail this copy o Birector

Copy 3—Upon termbaation of action, mail this copy to Birector
Copy 4—Case file copy

Silver Star Exhibit 1002




Case 1:17-cv-10651-LTS Document 3

AQO 120 (Rev. 08/10%

Filed

04/17/17 Page 1 of 1

TO:

Mail Stop 8

Birector of the U.S, Patent and Trademark Oiffice

P.O. Box 1450

Alexandria, VA 22313-1450

ACT

REPORT ON THE

FILING OR DETERMINATION OF AN

IHON REGARBDING A PATENT OR
TRADEMARK

In Compliance with 35 U.5.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has besn

filed in the U.S. Disirict Court

District of Massachu

sells on the following

] Trademarks or ¥ Patewts.  ( [ the patent action invelves 35 U.S.C. § 202.);
DOCKET NO. DATE FILED _ U8, DISTRICT COURT
1:17-cv-10651 4/17/2017 District of Massachusetis

PLAINTIFF DEFENDANT

iRobhot Corporation bObsweep, Inc.; bObsweep USA; and Shenzhen Silver

Star intelligent Technology Co., Lid.
PATENT OR DATE OF PATENT O TR (F PATEN RADEMARK
TRADEMARK NO, OR TRADEMARK HOLDER OF PATENT OR TRADEM!

i 8,038,233 5/26/20315 iRobot Corporation

2 8,474,080 71272013 iRobot Corporation

3 6,809,480 10/26/2004 iRobot Corporation

4 7,155,308 12/26/2006 iRobot Corporation

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
] Amendment [ Answer 1 Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT . - D AT R ADEMARK
TRADEMARK NO, OR TRADEMARK HOLDER OF PATENT OR TRADEM:

i

3

4

5

in the above-—entitled case, the following decision has been rendered or judgement issued:

DECISION/UDGEMENT

DATE

CLERK (BY) DEPUTY CLERK

Copy 3—Upon termbaation of action, mail this copy to Birector
Copy 4—Case file copy

Silver Star Exhibit 1002 - 2

Copy I—Upon initiation of action, mail this copy to Birector
{opy 2—Upon filing document adding patent(s), raail this copy o Birector



Case 1:17-cv-10649-LTS Document 2

AQO 120 (Rev. 08/10%

Filed

04/17/17 Page 1 of 1

TO:

Mail Stop 8

Birector of the U.S, Patent and Trademark Oiffice

P.O. Box 1450

Alexandria, VA 22313-1450

ACT

REPORT ON THE

FILING OR DETERMINATION OF AN

IHON REGARBDING A PATENT OR
TRADEMARK

In Compliance with 35 U.5.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has besn

filed in the U.S. Disirict Court

District of Massachu

sells on the following

] Trademarks or ¥ Patewts.  ( [ the patent action invelves 35 U.S.C. § 202.);
DOCKET NO. DATE FILED _ U.8. DISTRICT COURT
1:17-cv-10649 4712017 District of Massachusetis

PLAINTIFF DEFENDANT

iRobhot Corporation Bissell Homecare, Inc.; Matsutek Enterprises Co., Lid.

PATENT OR DATE OF PATENT . Th OV D AT RADEMARK
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEM!

i 8,038,233 5/26/20315 iRobot Corporation

2 8,474,080 71272013 iRobot Corporation

3 8,800,553 12/3/2013 iRobot Corporation

4 8,809,490 18/26/2004 iRobot Caorporation

5 7,155,308 12/26/2006 iRobot Corporation

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
] Amendment [ Answer 1 Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT . R T D AT RADEMARK
TRADEMARK N, R TRADEMARK HOLDER OF PATENT OR TRADEM!

i

3

4

5

in the above-—entitled case, the following decision has been rendered or judgement issued:

DECISION/UDGEMENT

DATE

CLERK (BY) DEPUTY CLERK

Copy 3—Upon termbaation of action, mail this copy to Birector
Copy 4—Case file copy

Silver Star Exhibit 1002 - 3

Copy I—Upon initiation of action, mail this copy to Birector
{opy 2—Upon filing document adding patent(s), raail this copy o Birector



Case 1:17-cv-10652-LTS Document 3 Filed 04/17/17 Page 1 of 1

v, D81

AD 138 (Re

Ty

Bivoctor of the U8

Al btop 8

. Prient and Trademark Gffice

PO Box 34538

Adexandris, VA4 3231314538

REPORY ON THE
FILING OR DETERMINATION OF AN
ACTION KEGARBING A PATENTOR
TRADEMARK

GBled inde US

------

i Raterun

i X0 wn&Lm«»c with 33 1830 § 290 andfor 15 ULSO, § 1115 you are hsreby advised thet 2 conet action has been

5. Dhstaet Coust

District of Massachusetls ou the fbllowing

{ {3 the patent arhion wvobees 33 LS § 3

T35

e

1:16-cv-10652

DATE FILE
ANTIAT

T8 DISTRICT COURT
District of Massachusetls

PLAINTIFY

iRohot Corporation

Shenzhen JhiYi Technodogy Co., Lid. diia ibife

BATENT DR

TEADERMARK N

FRATE OF PATES
OF TRATEMA

HOLDER OF PATENT OF THADEMARK

T ORO38233

iRobot Corporation

2 8474 850 TIA2MM3 iRobot Corporation
3 BEBO3553 ERX T K iRobot Corporation

4 68038483

iRobot Qorporation

3 7185308

1213672008

iRobot Corporation

& 9,486,924

11708/2018

iRobot Corporation

In the sbove—antitled sass, the following patents) trademarky(s} kave been includad:

DATE INCLUDED

IRCLUDER BY

{1 Amendhnent i

Crass Bl L1 (iher Pleading

T
Suswer HE

FATENT DR TYATE OF PATENT .
HOLDER OF PATENT OR TRADFMARE
THADEMARK NO. OR TRATEMARK HOLDER OF PATENT OR TRADREMAR
.
_.j’_
5

In the above—cntitled case, the following decision has been rendered or judgement tssued:
DECIRIONTUDGEMENT

CLERE

BY DEPUTY CLERK

Copy I—Upon dnitstion of actisn, mnil this tapy tn Director
Cnpy 2—Upen fiing document adding patent(s}, mad this copy o Bivector

Capy 3—EUpon trrnsnntion of actios, nall this capy to Bivectsy
Capy $—Lass file copy

Silver Star Exhibit 1002 - 4




Case 1:17-cv-10647-LTS Document 3 Filed 04/17/17 Page 1 of 1

v, D81

AD 138 (Re

Ty

Bivoctor of the U8

Al btop 8

PO Box 34538

Adexandris, VA4 3231314538

. Prient and Trademark Gffice

REPORY ON THE
FILING OR DETERMINATION OF AN
ACTION KEGARBING A PATENTOR
TRADEMARK

L3 G andior 1S ULE

In twn@;m«»c with 353 1130 § 29

GBled inde US

------

5. Pt
i Raterun

ot Court

ou the fbllowing

117 -cw-10847

AVTIENT

LA, DIRTRICT COUERTY

Distriet of Massachusetis

PLAINTIFY

iRohot Corporation

DEFENDANTY
Hoover Inc; Roval Appliance Manufacturing Co. Inc, dfb/a

TT1I Floor Carg North America, Inc; Shenzhen Stlver Star
Intelligent Technalogy Co., Lid,; Suzhou Real Power Hlactric
Appliance Co., Ltd.

BATENT DR

TEADERMARK N

FRATE OF PATES
OF TRATEMA

HOLDER OF PATENT OF THADEMARK

T R038233

iRobot Corporation

2 8474080 TiA2M3 iRohot Corporation
3 BE8OO553 ERIX T K iRobot Corporation

4 68084083

iRobot Qorporation

3 7185308

1213672008

iRobot Corporation

& 9,486,924

11/08/2016

iRobot Corporation

In the sbove—antitled sass, the following patents) trademarky(s} kave been includad:

DATE INCLUDED

IRCLUDER BY

{1 Amendhnent i

Crass Bl L1 (iher Pleading

T
Suswer HE

PFATENT OR

THADEMARK N

TWATE OF PATENT
OF THATEMARK

HOLDER OF PATENT OR TRADEMARE

|

In the above—cntitled case, the following decision has been rendered or judgement tssued:
DECIRIONTUDGEMENT

CLERE

BY DEPUTY CLERK

Copy I—Upon dnitstion of actisn, mnil this tapy tn Director
Cnpy 2—Upen fiing document adding patent(s}, mad this copy o Bivector

Capy 3—EUpon trrnsnntion of actios, nall this capy to Bivectsy
Capy $—Lass file copy

Silver Star Exhibit 1002 -5




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | PATENT NUMBER | GROUP ART UNIT | FILE WRAPPER LOCATION |

10/167,851 6809490 2837 06B0

T

Correspondence Address/Fee Address Change

The following fields have been set to Customer Number 108858 on 01/30/2015
« Correspondence Address

« Maintenance Fee Address

The address of record for Customer Number 108858 is:

108858

Fish & Richardson PC

P.O. Box 1022

Minneapolis, MN 55440-1022

PART 1 - ATTORNEY/APPLICANT COPY
page 1 of 1

Silver Star Exhibit 1002 - 6



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
10/167,851 06/12/2002 Joseph L. Jones 09945-0014001 / DP-05 US
CONFIRMATION NO. 7777

26161 POA ACCEPTANCE LETTER
FISH & RICHARDSON P.C. (BO)
P.O. BOX 1022

AU
MINNEAPOLIS, MN 55440-1022

Date Mailed: 02/04/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/21/2011.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/fstephanos/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1

Silver Star Exhibit 1002 - 7



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/167,851 06/12/2002 Joseph L. Jones DP-5US
CONFIRMATION NO. 7777
24390 POWER OF ATTORNEY NOTICE
LUCASH, GESMER & UPDEGROVE, LLP

40 BRORD &1 B
SUITE 300

BOSTON, MA 02109

Date Mailed: 02/04/2011

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/21/2011.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/fstephanos/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1

Silver Star Exhibit 1002 - 8



Attorney Docket No.: 09945-0014001 / DP-05 US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant  Joves, et al. ArtUmt  : 2837

Patent No. ; 6,809,490 Examiner . Rita Leykin

Issue Date ;- October 26, 2004 Conf. No. : 7777

Nerial No. ¢« 10/167,851

Filed codune 12, 2002

Title » METHOD AND SYSTEM FOR MULTI-MODE COVERAGE FOR AN
AUTONOMOUS ROBOT "

Commissioner for Patenis
P.O. Box 1450
Alexandria, VA 22313-1450

REVOCATION AND NEW POWER OF ATTORNEY

Under 37 CFR §3.73(b), IROBOT CORPORATION, a corporation, certifies that it is the
assignee of the entire right, title, and interest in the patent application/patent identified above, by

virtue of an assignment from the inventors of the patent application identified above, which

December 1, 2003,

The undersigned has reviewed all the documents in the chain of title of the patent
application identified above and, to the best of undersigned’s knowledge and belief, title is in the
assignee identified above.

The undersigned, whose title is supplied below, is empowered to act on behalf of the
assignee,

The undersigned, acting on behalf of the assignee, hereby revokes all powers of attorney
previously granted in the application and appoints the attorney(s) and or agent(s) associated with
the Customer Number provided below to prosecute this application and to transact all business in
the Patent and Trademark Office connecied therewith, said appointment to be to the exclusion of
the inventor(s) and his/their attorney(s) and or agent(s) in accordance with the provisions of 37
CFR §3.71, et seq. of the Patent Office Rules of Practice.

PTO Custemer Number: 26161

The undersigned also directs all correspondence be addressed to that Custormer Number.

PYO Customer Number: 26163

Silver Star Exhibit 1002 - 9



Applisant o
Patent Wo. 2
DO
Serfal Mo 2 i
T Jdune B2O2002
s Xafd

Tanued

Filed

Page

Diate:

Jomes, st al
8,809,400
26, 2004
HIEIET.85

Yoo

Fish & Richardson P.C.
{One Marina Park Drive

Boston, Massachusette (2210-1878

Telephone: (617) 342-5070
Facsimile: (617} 342-8906

22561620

Antorey’s Decket Nou, 09R43-0014001 7 DROS US

Respectiully submitted,

Silver Star Exhibit 1002 - 10



Applicant : Jones, et al. Attorney’s Docket No.: 09945-6014001/ DP-05 US
Patent No. : 6,809,480

Issued . Ociober 26, 2004
Serial No. © 10/167,851
Filed D odune 12, 2002
Page : 3of3

Silver Star Exhibit 1002 - 11



Electronic Acknowledgement Receipt

EFSID: 9280339
Application Number: 10167851
International Application Number:
Confirmation Number: 7777

Title of Invention:

METHOD AND SYSTEM FOR MULTI-MODE COVERAGE FOR AN AUTONOMOUS

ROBOT

First Named Inventor/Applicant Name:

Joseph L. Jones

Customer Number:

24390

Filer:

John Paul Mello/Lindsie Cahill

Filer Authorized By:

John Paul Mello

Attorney Docket Number: DP-5US
Receipt Date: 21-JAN-2011
Filing Date: 12-JUN-2002
Time Stamp: 14:41:24

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
89075
1 Power of Attorney 014001.pdf no 3
316bdb4f5d188a03781791dcf0775856570)

2¢0f1

Warnings:

Information:

Silver Star Exhibit 1002 - 12




Total Files Size (in bytes):| 89075

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Silver Star Exhibit 1002 - 13




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Joseph L. Jones et al.

Application Number: 10/167,851

Filing Date: June 12, 2002

Title: Method and System for Multi-Mode Coverage for an
Autonomous Robot

Group Art Unit: 2837

Examiner: Rita Leykin

Attomey Docket: DP-5 US (ISR-017-US)

TRANSMITTAL OF SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
AND PTO FORM 1449

Commissioner for Patents
P.0. Box 1450
Alexandria, VA 22313-1450

Dear Sir,

Pursuant to the duty of disclosure (37 C.F.R. 1.97 and 1.98), please find attached hereto
for filing in the referenced application:

1. An Information Disclosure Statement by Applicant (PTO 1449) listing one
document (DE 198 49 978 C2) for placement in the referenced file by the Office;

2. A copy of the cited document; and

3. A copy of an English translation of the claims (2 pages).

The attached document was recently brought to the Applicant's attention. We note that
the issue fee was paid on March 26, 2004. An English translation of the claims is attached; the
Applicant does not yet have an English translation of the specification.

Payment of Fees by Deposit Account: Applicant does not believe there is a fee due.
However, if the USPTO determines there is a fee due, the USPTO is hereby authorized to charge
any required fee, to the Gesmer & Updegrove PTO Deposit Account No. 122315.

If additional information is required, you are invited to immediately contact the
undersigned via telephone or facsimile at the numbers listed below. Thank you for your attention
to this matter.

Respectfully sub ’itted,

Date: September 24, 2004

Reg. No. 31,770
Gesmer Updegrove LLP
Boston, MA 02109

Tel: (617) 350 6300
Fax: (617) 350 6878

Silver Star Exhibit 1002 - 14



PTO/SB/0BA (04-03)
Approved for use through 4/30/2003. OMB 0651-0031

US:Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Ired to nd to a oollection of Information unless it contains a valld OMB control number
 substitute for form 1449/PTO camplew if Known
INFORMATION DISCLOSURE | v -
STATEMENT BY APPLICANT  |HFing Date June 12, 2002 f
) . ' First Named Inventor Jones, Joseph L. I |
. . U 2
(use as many sheets as ne_'cessary) g;m?:,; Name R.szmn' I
iiheet 1 of 1 - T Attoney Docket Number | DP-5 US (ISR-017-US) |
_ _ U.S. PATENT DOCUMENTS _ ] _
Examiner's Cite ‘Document Number Publication Date { Name of Patentee-or Pages, Columns, Lines, Where
Initials* No* Number — Kind Code? (if known) MM-DD-YYYY Applicant of Cited Relevant Passages or Relevant
o N ‘Document Figures Appear .
_ , . FOREIGN PATENT DOCUMENTS .
Examiner’s Gte | Foreign Patent Document Publication Date “Name of Patentee Pages, Columns, Lines, Where | T°
Initials* NO. | Couiny Code? - Norber — Kind oo (Fiowny) | MM-DD-YYYY | or Applicant of Cited Document | R e
‘ ) DE 198 49 978 C2 05/11/2000 Pressler, Erwin
Examiner _Daﬁ:
1 Signature Considered 1§ .

*EXAMINER: Initial If reference considered, whether or not cital
Indlude copy of this form with next communication to applicant.

or MPEP 901.04. 3Enter Office that Issued the { (
year of the reign of the Emperor must precede the serial number of the patent document. °Kind of document by the app!
retaln a benefit by the public which is to file (and by the USPTO to
CFR 1.14. This collection Is estimated to take 2 hours to complete, including gathering, preparing,

depending upon the individual case. Any comments on the amoun!

WIPO Standard ST. 16 if possible. eapplicant Is to place a check mark here If English language Translation Is a
This collection of information Is required by 37 CFR 1.97 and 1.98. The Information Is required to obtaln or
process) an application. Confidentiality Is govemed by 35 U.S.C. 122 and 37

and submitting the completed -application form to the USPTO. Time will vary

this form andfor suggestions for reducing this burden should be sent
Washington, DC 20231. DO NOT.SEND FEES OR COMPLETED FORMS TO

document, by the two-letter

to the Chlef Information Officer,
THIS ADDRESS. SEND TO: Commi!

U.S. Patent and Trademark Office,
ssioner for Patents, Washington, DC 20231,

tion s In conformance with MPEP 609. Draw line through ditation if not in conformance and not considered.
tApplicant's unique ditation designation number (optional).
code (WIPO Standard ST.3).

25ea Kinds Codes of USPTO Patent Documents at
“For Japanese patent documents, the Indication of the
ropriate symbols as Indicated on the document under

t of time you require to complete
U.S. Department of Commerce,

If you need asslstance in completing.the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.

Silver Star Exhibit 1002 - 15



BUNDESREPUBLIK @® 'Patent-schrift

LT

Int. CL.7:
DEUTSCHLAND a - A47L11/40

' o DE 19849978 C2

@ Aktenzeichen: 198 49 978.7-15
- ® Anmeldetag: 29. 10. 1998
DEUTSCHES @® Offenlegungstag:  11. 5.2000

. Verdffentlichungstag _
PATENT UND der Patenterteilung: 8. 2.2001
MARKENAMT

Innerhalbvon 3 Monaten nach Veroffentlichung der Erteilung kann Einspruch erhoben werden

) Patentinhaber:

®

Prafler, Erwin, Dr., 80335 Miinchen, DE; Strobel,
Matthias, Dipl.-Ing. (FH), 83079 Uim, DE

Vertreter:

Graf Lambsdorff, M., Dipl.-Phys.Dr.rer.nat.,
Pat.-Anw., 81673 Miinchen

| @ Erfinder:

PraBler, Erwin, Dr., 80335 Miinchen, DE; Strobel,
Matthias, Dipl.-Ing., 89079 Uim, DE

1 @ Fir die Beurteilung der Patentfahigkeit in Betracht

-gezogene Druckschriften:
DE 195.44 999 A1
DE 4340771 A1

DE-OS 2004746
DE-GM 7136880
EP 06 15 719 A1
wo 9111134

'C)) Selbstfahrendes Reinigungsgerat ‘

DE 19849978 C2

@

Salbstfahrendes Reinigungsgerat (20), mit
- einem Antriebsmotor {31, 32) zum Antrleb von minde-
stens zwei an dem Reinigungsgerét montierten Rédern
(21, 22),
- einem Steuerrachner {30) zur Steuerung der Bewegung
des Reinigungsgerits (20),
— Sensoren (23a-d; 34) zur Detektion von Hindernissen,

.und gegebenenfalls mit

-~ einar Reinigungseinheit (10) zur automatischen .oder
manuellen Reinigung nicht-textiler Bodenbelége, welche
enthélt:

- ein Reinigungstuch (1), welches um eine Maehrzahl Rol-
len (3-9) gelegt ist und auf einer Seite der Reinigungsein-
heit (10).eine nach auBen weisende ebene Reinigungsfls-
che {1a) bildet,

~ einen Relnigungsbehalter (13), welcher aine Reini-
gungsfldssigkeit enthélt und durch welchen das Reini-
gungstuch (1) durch Transport- und Antriebsrollén (3- 8)
forderbar ist,

dadurch gekennzeichnet, dal

- in dem Steuerrechner (30) eine Anzahl von Grundmu-
stern von Trajektorien fir die Fortbewegung des Reini-
gungsgerits speicherbar und benutzerseitig auswahlbar
ist, und

— in dem Steuerrechner {30) eine Fortbewegungsstrate-
gle gespeichert ist, nach der das Reinigungsgerit (20)
nach Durchlaufen des Grundmusters einer ausgewihlten
Trajektorie In eine nach dem Zufallsprinzip ausgewihite
Richtung fahrt und nach elner vorbestimmten zurlickge-
legten Entfernung in dieser Richtung emeut mit dem
Durchlaufen des Grundmusters der ausgewahlten Trajek-
torie beginnt.

BUNDESDRUCKEREI 12.00 002 166/270/9 10

Silver Star Exhibit 1002 -
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DE 19849978 C2

1
Beschreibung

Die Erfindung betrifft ein selbstfahrendes Reinigungsge-
riit nach.dem Oberbegriff des Patentanspruchs 1. _

Auf glatten oder leicht stnikturierten FuBbdden wie Holz-
, Parkett- oder Fliesenbdden bilden sich sehr schuell deut-
lich sichtbare -Schmutz- und Staubablagerungen, die, ob-
wohl sie keine starke Verschmutzung darstellen, doch zu ei-
ner verhilltnismaBig starken Beeintriichtigung des optischen

Erscheinungsbilds des Untergrunds fithren. Dies gilt fir die

Bodenbelzige sowohl in privaten Haushalten als auch in 6f-
fentlichen Gebéiuden. Insbesondere bei groBfizichigen Bo-
denbeliigen in den Eingangshallen von stark frequentierten
Sffentlichen Gebiuden wie Kaufhiusem, Museen.oder Ban-

ken tritt bei nassem oder winterlichen Wetter und bei star- -

kem Publikumsverkehr in solchen ‘Umgebungen schnell
eine starke Verschmutzung des Bodens ein. Die Reinigung
derartiger nicht-textiler Bodenbelige wird nach derzeitigem
Stand der Technik mit mechanischen oder elektrisch ange-
triebenen fahrbaren Reinigungsgerditen durchgefithrt. Sol-
che fahrbaren Reinigungsgerite arbeiten zwar mit zufrie-
denstellender Reinigungsleistung, sind jedoch zumeist nur
manuell zu bedienen.

Nach derzeitigem Stand der Technik weisen die meisten
bekannten automatischen oder selbstfshrenden Reinigungs-
geriite elektrisch angetriebéne Rotationsbiirsten ‘auf. Bei-
spielhaft sei hier auf die deutsche Offenlegungsschrift
DE 195 44 999 A1 verwiesen, die eine selbstfahrende Rei-
nigungsvorrichtung filr FuBboden betrifft Diese Vomrich-

tung ermdglicht eine automatische Reinigung von FubSden

insbesondere entlang eines Wandbereiches. Sie weist eine
elektrisch angetriebene Bilrstenscheibe auf, durch die im
Betrieb Staub- und Schmutzpartikel in einen Staubaufneh-

‘mer befordert und in diesem gesammelt werden, Diese Art

der Reinigung ist im Unterschied zu einer Feuchtreinigung
naturgem#B unvollstindig, da der Schmutz nur unzurei-
chend gebunden ‘wird, Der weitergehende Vorschlag, die
‘Borsten mit Alkohol zu trinken, stellt keine wesentliche
Verbesserung hinsichtlich der Schmutzbindung dar.

‘Bs wurden auch bereits Reinigungsgeriite mit fort- oder
umlaufenden Reinigungsbindemn vorgeschlagen. In der
‘WO 91/11134 ist ein fahrbares Reinigungsgeriit ~ beschrie-
ben, welches eine erste Rolle aufweist, die mit einem gewik-
kelten Vorrat gines Reinigungsbandes umgeben wird, und
éine zweite elektrisch angetriebene Rolle, auf die im Betrieb
das ‘verbrauchte Reinigungsband aufgewickelt wird. Auf
seinem Weg von der erstén zur zweiten Rolle Eluft das Rei-
nigungsband iiber einen Umfangsabschnitt eines Endlos-
bandes, so daB es an dessen Unterseite mit der Oberfliche

des zu reinigenden Bodens in Berlihrung gebracht wird.

Durch Zufilhrung von Wasser aus einem Tank kann auch
cine NaBreinigung des Bodens erfolgen. Der Nachteil dieses
Gertits ist jedoch, daB das Reinigungsband nach Gebrauch
durch eine zweite Rolle aufgewickelt wird. Dieses Funkti-
onsprinzip erlaubt keine ausreichende und effiziente Feucht-
reinigung gréBerer Fliichen. Ein schoelles Ab- bzw, Aufwik-
keln des Reinigungstuchs wiirde zwar zu einer Verbesserung
der Reinigungsqualitit filhren, wiéire aber véllig unkono-
misch, da das Reinigungsband fortwihrend ernevert werden
miiBte.

In der EP 0 615 719 Al ist eine Maschine zum Waschen
von gefliesten Oberfliichen Beschrieben, in welcher ein Rei-
nigungsband auf dem Auenumfang einer auf der zu reini-
genden Oberfliiche abrollenden Walze angeordnet ist und
mit einem umlaufenden Fliissigkeitstransportband in Berith-
rung steht, welches in einen eine Reinigungsfifissigkeit ent-
haltenden Behlter eintaucht und an einer Beriihrungsstelle
mit dem Reinigungsband Flilssigkeit auf dieses Ubertriigt.
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Da das Reinigungsband nur ausgewrungen wird, darliber
hinaus aber keine griindlicke Reinigung erfahrt, ist diese
Vorrichtung ebenfalls nicht fir die Reinigung groBerer Bo-
denfisichen ausgelegt. Im (ibrigen ist die Verwendung zweier
umlaufender Binder ebenfalls platzraubénd, umstindlich
und undkonomisch. :
In der deutschen Offenlegungsschrift DB 43 40 771 Al
wird eine automatische Reinigungsvarrichtung beschrieben,
bei welcher die Reinigungsbewegungsstrategie darin be-

steht, daB zunichst die Begrenzungswand .des zu reinigen-

den Raumes durch das Reinigungsgerit abgefahren wird
und anschlieBend durch einen Mikroprozessor das aufgrund
der Daten des Raumzuschnitts rationellste Reinigungspro-
gramm der gespeicherten Reinigungsprogramme ausge-
withlt wird. AnschlieBend wird mit dem ausgewihlten Rei-
nigungsprogramm der betreffende Raum gereinigt, wobei

das Reinigungsprogramm eine den gesamten Raum Gber-

deckende Reinigungstrajektorie enthiilt. Diese Verfshren ist
relativ aufwendig, da in jedem Fall vor einem Reinigungs-
vorgang durch Umfahren der Seitenwiinde des Raumes die-
ser vermessen werden muB und aufgrund des Raumzu-
schnitts dann ein Reinigungsprogramm ausgewihlt werden
muB.

Der vorliegenden Erfindung liegt dagegen die Aufgabe
zugrunde, ein selbstfahrendes Reinigungsgerit anzugeben,
mit welchem eine Fliche schnell und effizient gereinigt wer-
den kann, Insbesondere ist es Aufgabe der vorliegenden Er-
findung, das selbstfahrende Reinigungsgerit mit einer ge-
speicherten Reinigungsstrategie zu versehen, durch die eine
effiziente Bodenreinigung erméglicht wird.

Diese Aufgabe wird mit den keanzeichnenden Merkma-
len des Patentanspruchs 1 geldst. Die Erfindung betrifft so-
mit ein selbstfahrendes Reinigungsgerit, mit einem An-
triebsmotor zum Antrieb von mindestens zwei an dem Rei-
nigungsgeriit montierten Riidern, einem Steverrechner zur
Steuerung der Bewegung des Reinigungsgerits, Sensoren
zur Detektion von Hindemissen, wobei in dem Steuerrech-
ner eine Anzahl von Grundmustern von Trajektorien Fir die
Fortbewegung des Reinigungsgeriits speicherbar und benut-
zerseitig auswihlbar ist, und in dem Steucrrechner eine
Fortbewegungsstrategie gespeichert ist, nach der das Reini-
gungsgerit nach Durchlaufen des Grundmusters einer aus-
gewihlten Trajektorie in eine nach dem Zufallsprinzip aus-
gewihite Richtung fiihrt und nach einer vorbestimmten zu-

riickgelegten Entfernung in dieser Richtung emeut mit dem

Durchlaufen des Grundmusters der ausgewshlten Trajekto-
rie beginnt.

Gegebenenfalls weist das selbstfahrende Reinigungsgert
eine Reinigungseinheit zur automatischen oder manuellen
Reinigung nicht-textiler Bodenbeliige auf, welche €in um
eine Mehrzahl Rollen gelegtes und auf einer Seite der Reini-
gungseinheit eine nach auBen weisende ebene Reinigungs-
fliiche bildendes Reinigungstuch und einen Reinigungsbe-
hilter enthilt, welcher eine Reinigungsfllissigkeit enthalt
und durch welchen das Reinigungstuch durch Transport-
und Antriebsrallen forderbar ist.

In dem Steuerrechner kann ferner eine Hindernisvermei-
dungsstrategie gespeichert sein, nach der im Falle einer ein-
getretenen oder drohenden Kollision mit einem Hindernis
das Reinigungsgerit kurzfristig. abstoppt, eine nach dem Zu-
fallsprinzip ausgewsihlte, dem Hindernis abgewandte, neue
Richtung auswihlt und das Reinigungsgerit nach einer vor-
bestimmten zuriickgelegten Entfernung in dieser Richtung
erneut mit dem Durchlaufen des Grundmusters einer Trajek-
torie beginnt.

Weitere vorteilhafte Ausgestaltungen sind in den Unter-
anspriichen beschrieben.

Im folgenden werden Ausfithrungsbeispiele der gegebe-
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penfalls verwendeten Reinigungseinheit und des erfin-
dungsgemtifien ‘selbstfahrenden Reinigungsgerits anhand
der beigefiigten Zeichnungen niher erldutert.

Es zeigen:

Fig. 1A bis D verschiedene Darstellungen ¢inzelner Bau-
gruppen eines Aunsfiihrungsbeispiels einer Reinigungsein-
heit (A—C) und deren Gesamtheit ohne Reinigungstuch (D);

Fig. 2 Reinigungseinheit der Fig. 1D mit eingespanntem
‘Reinigungstuch;

Fig. 3A, 3B perspektivische Ansicht und Unteransicht ei-
nes fahrbaren, insbesondere selbstfahrenden Reinigungsge-

raIs,

Fig. 4 Schalngsanordnung filr ein Steverungs- und Na-
vigationssystem eines selbstfahrenden Reinigungsgerits;

‘'Fig. SA bis C Beispiele fiir mogliche Trgjektorien eines
selbstfahrenden erfindungsgemiBen Reinigungsgerdts.

In den Fig. 1A-Dund 2 ist ein Ausfihrungsbeispiel einer
Reinigungseinheit 10 dargestellt. Sie besteht im wesentli-
chen aus einem Reinigungsbetisiter 13, welcher mit einer
Reinigimgsfilissigkeit, im einfachsten Fall Wasser, gefullt
ist, und einer Mehrzahl von Rollen 3 bis 9, Die Rollen um-~
fassen eine Antriebsrolle 3, die von einem Antriebsmotor 2
angetrieben und in Drehbewegung versetzt wird (Fig. 1C).
Die Antriebsrolle 3 weist eine Qberfliiche mit einer be-
stimmten Rauhigkeit oder mit geeigneten Mitnehmerm auf,
wodurch die Mitnahme eines um die Antriebsrolle gelegten
umlaufenden BEndlosreinigungstuches 1 ermdglicht wird.
Tirste Piihrungsrollen 4 bis 6 dieaen dazu, das Rejnigungs-
tuch 1 auBen um den Reinigungsbehilter 13 herum zu fith-
ren. Die unteren Filhrungsrollen 5 und 6 spannen das im Be~
trieb feuchte Reinigungstuch 1im unteren Bereich der Rei-
nigungseinheit zu einer ebenen Reinigungsfliche 1a auf, die
im Betrieb mit einem zu reinigenden FuBboden in Kontakt
steht und diesen infolge der umlaufenden Bewegung réinigt.
Die Umlaufrichtung des Reinigungstuches ist in Fig. 2
.durch einen Pfeil angedeutet. Die Fithrungsrollen 4 bis 6
sind vorzugsweise.an dem Reinigungsbebiilter 13 gehaltert.,

Ferner sind zwei Spann- und Fishrungsrollen 7 und 8 vor-
gesehen, welche der Forderung des Reinigungstuches in das
Innere des Reinigungsbehlters 13 dienen. Die Rollen7 und
8 sind-an einer gecigneten Halterung 12 befestigt, welchean
einem Behtilterdeckel 11 fest oder l6sbar montiert ist (Fig.
1A, B). Wie in Fig. 2 zu sehen ist, vertiiufl das Reinigungs-
tuch innenseitig.der Rollen 7 und 8 und wird solchermaBen
von den Rollen 7 und 8 zwangsweise in das Innere das Rei-
nigungsbehiilters 13 getaucht. Somit kann das Reinigungs-
tuch durch die in dem Reinigungsbehilter 13 befindliche
Fliissigkeit ausgespiilt werden.

AnschlieBend bewegt sich das Reinigungstuch wieder
nach oben, Im oberen Bereich ist dicht neben der Antriebs-
rolle 3 eine AuspreBrolle 9 angeordnet. Das Reinigungstuch
Juft zwischen der AuspreSrolle 9 und der Antriebsrolle 3
hindurch, wobei es von der AuspreSrolle 9 gegen die An-
triebsrolle gepreSt und dabei ausgewrungen wird. Die Aus-
prefrolle 9 ist an dem Behilterdeckel 11 gehaltert (Fig. 1A,
B). Der AuspreBdruck, der durch das Zusemmenspiel zwi-
schen AuspreBrolle’d und benachbarter Antriebsrolle 3 er-
reicht ‘wird, ist einstéllbar durch Wahl des Abstands zwi-
schen den Rollen bzw. durch Variation ihrer relative Lage.
Durch unterschiedlichen AuspreBdruck kann-der Feuchtig-
keits- bzw. Nissegehalt des Reinigungstuchs eingestellt
‘werden, '

Das Reinigungstuch besteht vorzugsweise aus einem
spannbaren, austauschbaren Material, beispielsweise aus ei-
nem gewirkten oder ungewirkten Faservlies. Zusitzlich
kénnen an geeigneter Stelle Sensoren angeordnet sein, die
den Verschmutzungsgrad des Reinigungstuches oder der
Reinigungsfiflssigkeit detektieren und gegebenenfalls ein
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Anzeigesignal lieferm, um die Notwendigkeit eines Aus-
tanschs des Reinigungstuches oder der Reinigungsfitissig-
keit anzuzeigen. Die Reinigungseinheit kann femer ein auf
einer rotierenden Rolle befestigtes, wechselbares Trocken-
tuch zur Nachreinigung und Trocknung des Untergrunds
aufweisen, welches am hinteren Ende der Reinigungseinhéit
angebracht ist. Fir das Anffangen groBerer Schmutzpartikel
kenn ferner ein-Schmutzkamm am vorderen Ende der Reini-
gungseinheit angeordnet sein.

Die Reinigungseinheit hat den groBen Vorteil, da8 sie
leicht handhabbar ist und mit wenigen Handgriffen von ei-
nem nachfolgend beschriebenen fahrbaren Reinigungsgerit
gelost und ausgetauscht werden kann. Auch das Reini-
gungsflieB kann mit wenigen Handgriffen gewechselt wer-
den und die Reinigungsflissigkeit kann leicht ausgetauscht
werden,

In den Fig. 3A, B ist eine Ausfihrungsform eines fahrba-
ren Reinigungsgerdts in einer perspektivischen Ansicht und
einer Unteransicht dargestellt. Das Reinigungsgeriit enthiilt
ein mehiriidriges, vormgsweise wie dargestellt zweirfidri-
ges, Grundfahrzeug, in welches die erfindungsgemiiSe Rei-
nigungseinheit eingebaut ist. Das Reinigungsgerft weist
vorzugsweise in etwa die GriiBe eines Staubsaugers auf und
fiihrt eine selbstiitige Bewegung vermittels eines elekiri-

-schen Antriebs aus,

Im eingebauten Zustand der Reinigungseinheit 10 Hegt
die Reinigungsfiiche 1a des Reinigungstuches auf der zu
reinigenden Bodenfliche auf. Das Reinigungstuch 1 wird
vorzugsweise im Bereich der Reinigungsfliche 1a {iber die
Rollen 5 und 6 gegen die zu reinigende Oberfliche ange-

_ driickt. Der AnpreBdruck auf den zu reinigenden Unter-
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grund wird tber die Schraub- und Spannvorrichtung er-
zeugt, mit der die Reinigungseinheit im Trégerfahrzeug fi-
xiert wird. Durch diese Vorrichtung kann die Hohe der Rei-
nigungseinheit relativ zu den Ridem des Fahrzeugs und
zum Untergrund varifert und der AnpreBdruck eingestellt
werden. Wihrend der Bewegung des Reinigungsgerits ist
der Antriebsmotor der Reinigungseinheit eingeschaltet, so
daB das Reinigungstuch, wie beschrieben, eine umlaufende
Bewegung ausfihrt und somiit automatisch und selbsttitig
die Reinigung der Bodenfliiche durchfiibrt. Die Umlaufge-
schwindigkeit des Reinigungstuches kann entweder fest ein-
gestellt oder regelbar sein. Die Umlaufrichtung ist vorzugs-
weise entgegen der Umlaufrichtung der Rader und somit
entgegen der Fahrtrichtung des Fahrzeugs.

Die in Fig. 3A, B gezeigte Ausfihrungsform zeigt ein
Reinigungsgeriit mit zwei Ridern 21 und 22. Vorzugsweise
weist das Reinigungsgerit fiir jedes Rad €inen eigenen An-
triebsmotor auf, um iiber das Verhiltnis der den Ridern zu-
gefiihrien Antriebskriifie eine Lenkung des Reinigungsge-
riits zu erm&glichen. Auf der Hohe der groBten Ausdehnung
des Fahrzeugs sind eine Anzahl von Abstandssensaren an-
gebracht, die die Entfernung des Fahrzeugs zu umliegenden
Hindernissen messen. Bei Anntiherung an ein Hindernis lie-
fern diese entsprechende Signale an eine zentrale Steuerein-
heit, - Im einfachsten Fall sind am Urnfang der unteren Par-
tie des Gehiuses vier viertelkreisfrmige Berithrungssenso-
ren 23a-d angeordnet. Durch die zentrale Steuereinheit wird
abhtingig davon, welcher der 4 Berilhrungssensoren ein Si-
gnal abgegeben hat, eine Bewegung eingeleitet, mit welcher
das Hindemis umfehren werden kann, Als Altemative zu
Berithrungssensoren kbanen abstandsgebende Sensoren wie
"Ultraschall- oder Infrarolsensoren eingesetzt werden.

In Fig, 4 ist ¢in Ausfithrungsbeispiel fiir eite Schaltungs-
anordnung eines Steuerungs- und Navigationssystems fir
ein selbstfahrendes Reinigungsgeriit dargestelit. Die Schal-
tungsanordnung weist als zentrale Einheit einen Steuerrech-
ner 30 auf Dieser liefert cinerseits Signale an eine Lei-
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. stungselektronik 33, um die Antriebsmotoren 31,32 der R5%-
der 21, 22 und den Antriebsmotor 2 der Reinigungseinheit

10 anzusteuern. Andererseits empfingt der Steuerrechper 30
Signale von Drehgebern 31a, 31b der Antriebsmotoren 31,
32, die es dem Steuerrechner ermoglichen, die von dem Rei-
nigungsgerit tatsiichlich ausgefilhrie Bewegung in berech-

nen,

Die Fahrt entlang einer Geraden oder entlang einer anders
gearteten Trajektorie wird durch dic Vorgabe entsprechen-
der Geschwindigkeiten und Geschwindigkeitsverhiiltnisse
an die Antriebsmotoren erreicht, Die physikalische Umset-
zung von Geschwindigkeiten und Geschwindigkeitsverhilt-
nissen erfolgt Giber die Leistungselektronik durch die Erzeu-
gung entsprechender Spannungswerte und Spannungsver-
hiltnisse, die an.den Antriebsmotoren -angelegt werden, Die
Strom- und Spannungsversorgung erfolgt beispielsweise
durch einen Satz von aufladbaren 12'V-Batterien

Durch Variation der Geschwindigkeits- und der entspre-
chenden Spannungsverhilltnisse fiir die Antriebsmotoren

lassen sich beliebige Trajektorien erreichen. Die Kontrolle .

der (Geschwindigkeitsverhiltnisse und der tatslichlichen
Fortbewegung erfolgt ilber die Drehgeber der Antriebsmo-
toren durch Messung der in einem bestimmten Zeitintervall
zuriickgelegten Wegstrecke. Weichen Soll- und Istge-
schwindigkeiten bzw. -position voneinander ab, errechnet
der Steuerrechner entsprechende Korrekturwerte.

Die Speichereinheit des Steuerrechners erlaubt es insbe-
sondere, die Geschwindigkeitsmuster fiir bestimmte Trajek-

torienmuster vorab zu berechnen und abzuspeichern. In Fig.

5A bis C sind eine Anzahl denkbarer Trajektorien darge-
stellt, Demeatsprechend kann das Reinigungsgeriit wahl-
weise eine spiralfsrmige (SA), eine mianderférmige (5B)
oder eine schlangenformige (SC) Reinigungstrajektorie be-
fahren. Die Auswahl erfolgt durch den Benutzer durch Ein-
stellen eines Schalters. Die Parametrierung solcher pro-
grammierter Trajektorientypen beispielsweise ihr Durch-
messer kann wahlweise dirch den Benutzer iiber Schalter
eingestellt oder fest kodiert werden. SpiralfSrmige (SA) und
mianderformige Trajektorien werden typischerweise von
innen nach auBen befahren.

Fitr eine fiichendeckende Reinigung durch das Reini-
gungsgerit gibtes mehrere Fortbewegungsstrategien, die al-
leine oder auch in Kombination zum Finsatz komen k&n-
nen. Die Fortbewegung kann beispiclsweise nach dem Zu-

fallsprinzip erfolgen. Dabei wird die Bewegungsrichtung ¢

und gegebenenfalls die Eatfernung vom Steuerrechner zu-
fillig gemsB einer Gleichverteilung ausgewihlt. Die Fahrt

entlang einer solch zufdllig ausgewihlien Richtung gewihr-
Ieistet mittelfristig eine nahezu volistindige Befahrung der

zu reinigenden Fliche.

Alternativ zu einer zufallsbestimmten Bewegung kann
die Fortbewegung entlang einer vorprogrammierten Trajek-
torie (beispielsweise 5A, 5B, oder 5C) erfolgen. Die Fahr-
strecke, die dabei zurtickzulegen ist, variiert je nach ausge-
wiihltem Trajektorienmuster. Nach dem Durchlaufen einer
entsprechenden Trajektorie und der dabei erfolgten Reini-
gung eines entsprechend groBen Gebietes, fithrt das Ceriit in
eine nach dem Zufallsprinzip ausgewihlte Richtung und be-
ginnt nach einer festgelegten zuriickgelegten Entfernung er-
neut mit dem Durchlaufen einer Trajektorie.

Droht das Reinigungsgerit wihrend eincr Geradeausfahrt
oder wihrend der Fahrt entlang einer vorprogrammierten
Trajektorie mit einem Hindernis zu kollidieren, dann wird
dies durch die Abstandssensorik 34 an den Steuerrechner
gemeldet. Der Steuerrechner stoppt das Fahrzeug kurzfristig
ab, wiihlt eine zufillige dem Hindemis abgewandte neue
Pahrtrichtung aus und setzt das Fahrzeug dann wieder in Be-

wegung. Das Fahrzeug fihrt einen vorgegebenen Abstand in
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diese neue Richtung und beginnt dort wieder mit dem Be-
fahren der ausgewihiten Trajektorie.
* Durch die Kombination von Geradeausfahricn, Befahren
fester Reinigungstrajektorien und der dargestellten Hinder-
nisvermeidungsstrategie wird mittelfristig eine nahezu voll-
stindige Befahrung derzu reinigenden Fliiche sichergestelit, -
Alternativ zu den beiden dargesteliten Fortbewegungs-
strategien, die eine Kombination zwischen Zufallsbewe-
gung und gezielter Fortbewegung ermfiglichen, besteht die

‘Msglichkeit, die Reinigungstrajcktorie fiir das za reinigende

Gebiet vollstindig oderin groBen Teilen vorab zu berechnen
und zu befahren. Dazu muB die Steuerung des Fahrzeugs

{iber einen nach Moglichkeit vollstindigen Plan (GrundriB)

der Reinigungsfliche verfiigen. Mithilfe dieses Plans kann
dann eine filichendeckende Trajekiorie errechnet werden.
Um eine exakte Befahrung der Reinigungstrajektorie zu ge-
withrleisten, muB dss Fahrzeug weiterhin in der Lage sein,
seine Position in def zu reinigenden Umgebung sehr genau
zu bestimmen und gleichzeitig den Plen zu ergiinzen, falls
durch die Abstandssensoren micht bekannte Objekte wahr-

geommen werden, Werden im GrundriB nichtbekannte

Hindernisse wahrgenommen, dann muB die vorabberech-
nete Reinigungstrajektorie so modifiziert werden, da das
Hindernis gesignet umfahren werden kann. Dies 188t sich
bewerkstelligen, indem beispielsweise der Kontur des Hin-

dernisses gefolgt wird bis die urspriingliche Trajektorie wie-

der erreicht wird.
Patentanspriiche

1. Selbstfahrendes Reinigungsgerit (20), mit
_ einem Antriebsmotor (31, 32) zum Antrieb von
mindestens zwei an dem Reinigungsgeriit mon-
tierten Ridern (21, 22), '
~ cinem Steverrechner (30) zur Steuerung der Be~
wegung des Reinigungsgerits (20),
= Sensoren (23a-d; 34) zur Detektion von Hin-
dermissen, und gegebenenfalls mit
— ciner Reinigungseinheit (10) zur automatischen
oder manuellen Reinigung nicht-textiler Boden-
beliige, welche enthiilt:
- ¢in Reinigungstuch (1), welches um eine Mehr-
zahl Rollen (3-9) gelegt ist und auf einer Seite der
Reinigungseinheit (10) eine nach auBen weisende
ebene Reinigungsfliiche (1a) bildet,
- einen Reinigungsbehilier (13), welcher eine
Reinigungsflissigkeit enthilt und durch welchen
das Reinigungstuch (1) durch Transport- und Ag-
triebsrollen (3— 8) forderbar ist,

dadurch gekennzeichnet, daB
~ in dem Steuerrechner (30) eine Anzahl von
Grundmustern von Trajektorien fiir die Fortbewe-
gung des Reinigungsgeriits speicherbar und be-
putzerseitig auswiihilbar ist, und )
- in dem Steverrechner (30) eine Fortbewegungs-
strategie gespeichert ist, nach der das Reinigungs-
geriit (20) nach Durchlsufen des Grundmusters ei-
ner ausgewiihiten Trejektorie in cine nach dem
Zufallsprinzip ausgewshlte Richtung fihrt und
nach einer vorbestimmten zuriickgelegten Entfer-
nung in dieser Richtung erneut mit dem Durchlau-
fen des Grundmusters der ausgewiihlien Trajekto-
rie'beginnt.

2. Reinigungsgertit nach Anspruch 1, dadurch gekenn-

zeichnet, daB
— in dem Steverrechner (30) femer eine Hinder-
nisvermeidungsstrategie gespeichert ist, nach der
im Falle éiner eingetretenen oder drohenden Kot-
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lision mit einem Hindernis das Reinigungsgerit
(20) kurzfristig abstoppt, eine nach dem Zufalls-
prinzip ausgewihlte, dem Hindemis abgewandte,
neve Richtung auswiihlt und das Reinigungsgerit
pach einer vorbestimmten zuriickgelegten Entfer-
nung in dieser Richtung emneut'mit dem Durchlau-
fen des Grundmusters einer Trajektorie beginnt.
3. Reinigungsgersit nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daB )
— in dem Steuerrechner (30) ein spiralfSrmiges
(5A), ¢in méanderformiges (5B) und ein-schlan-
genformiges Trajektoriengrundmuster (SC) abge-
‘speichert ist. )
4. Reinigungsgeriit nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB
— die Sensoren (23a—d; 34) Berlihrungssensoren
sind.
5. Reinigungsgerit nach einem der Anspriiche 1 bis 3,
.dadurch gekennzeichnet, da8
_— die Sensoren (23a-d; 34) Ultraschall- oder In-
frarotsensoren-sind.

Hierzu 6 Seite(n) Zeichnungen

135

Silver Star Exhibit 1002 - 20



- Leerseite -

Silver Star Exhibit 1002 - 21



A n———on Vmaom st om0

ZEICHNUNGEN SEITE 1

Nummer: DE 19848978 C2
Int. CL%: _ A47L 11720
Verbffentlichungstag: 8. Februar 2001

002-166/270

Silver Star Exhibit 1002 - 22




ZEICHNUNGEN SEITE 2

Nummer: DE 18849 978C2
Int. CL.%; . A47L 1140
‘Verdffentlichungstag: 8. Februar 2001

002 166/270

Silver Star Exhibit 1002 - 23



ZEICHNUNGEN SEITE 3 : Nummer: DE 19849 878 C2
- Int.CL7%: A47L 1140

Verbffentlichungstag: 8. Februar 2001

002 166/270

Silver Star Exhibit 1002 - 24



ZEICHNUNGEN SEITE 4

Nummer: DE19849978C2
Int. CL.%: A47L 1140
Veréffentlichungstag: 8. Februar 2001

20

10 / YRR
" ::1‘:‘”“451111044
; 25540 1a
%% 2
H 05555255057
7 L]
s $4295455554549%571
LARGRAA .
Y 5590 000092¢88921, "
o Y XLRA
292047, 2 F
\ 15555505545 '
T Y LA ’ﬂ”” 1955555 ’
\ 445555555405%224222.
A 2
5555 2

R
S
3
2
SO
59
§ \|
R
AN
A\
N

21 N : 1’, ‘. 22

002 166/270

Silver Star Exhibit 1002 - 25



ZEICHNUNGEN SEITE 5 ’ Nummer: ) DE18849978C2
Int. CL7: A47L 11/40
Veréffentlichungstag: 8. Februar 2001

35

34 30

31a .31b

002 166/270

Silver Star Exhibit 1002 - 26

25 reen S e o aren i



ZEICHNUNGEN SEITE 6 : . Nummer: DE 19849 9878C2
. Int. CL.7: A47L 1120
Verdffentlichungstag: 8. Februar 2001

Fig.5

002 166/270

Silver Star Exhibit 1002 - 27



DE 198 49 978 C2

Claims

1. Automatically moving cleaning device (20), comprising

at least one drive motor (31, 32) for driving at least two wheels (21, 22)
mounted on the cleaning device,
a control computer (30) for controlling the movement of the cleaning

device (20),

sensors (23a - d; 34) for detecting obstacles, and possibly comprising

a cleaning unit (10) for automatically or manually cleaning non-textile floors,
which includes

a cleaning cloth (1) laid around a plurality of rollers (3 -9) and fonning an
outwardly pointing planar cleaning surface (1 a) on one side of the cleaning
unit (10),

a cleaning container (13) containing -a cleaning liquid and through which the
cleaning cloth (1) can be conveyed through transport and drive rollers (3 - 8),

characterized in that

a number of basic patterns of trajectories for the movement of the cleaning
device can be stored in the control computer (30) and can be selected by
the user, and _

a movement strategy is stored in the control computer (30) according to
which the cleaning device (20) drives to a randomly selected direction after
passing through the basic pattem of a selected trajectory, and after a
predetermined distance is in this direction covered it starts again by
passing through the basic pattern of the selected trajectory.

2. A cleaning device as claimed in claim 1, characterized in that

an obstacle avoiding strategy is furthermore stored in the control computer
(30) according to which in the case of an occurring or imminent collision
with an obstacle the cleaning device (20) temporarily stops, a new
randomly selected direction opposing the obstacle Is selected and the
cleaning device starts again passing through the basic pattern of a
trajectory after a predetermined distance in this direction is covered.
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3. Acleaning device as claimed in claim 1 or 2, characterized in that

. aspiral (5A), a meander-shaped (5B) and a snakelike trajectory basic
pattern (5C) is stored in the control computer (30).

4. Acleaning device as claimed in one of the preceding claims, characterized in that
- the sensors (23a - d; 34) are touch sensors.

5. A cleaning device as claimed in one of claims 1o 3, characterized in that
- the sensors (23a - d; 34) are ultrasonic or infrared sensors.
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P 08016776 ” 08/12/1997 | Tajima Shigeki et al. '
JP 60293095 ] 07/09/1987 Ogasawara Hitoshi
1 IP 62074018 10/06/1988 Ogasawara Hitoshi et al. .
JP 03043901 - 09/11/1998 Kawakami Yuichi
JP 07338573 07/11/1997 | Akisawa Yasuro et al.
JP 60259895 ] 06/01/1987 - | Shiokawa Junjl
7 BExaminer — N 7 Dater
Signature ) - ) Considered

<EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw fine through ditation if not in conformance and not considered.
Indude copy of this form with next communication to applicant. Applicant’s unique dtation designation number (optional). ¥See Kinds Codes of USPTO Patent Documents at
wwi.usgto.gav or MPEP 901.04. “Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). *For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the sertal number of the patent document. *Kind of document by the appropriate symbois as indicated on the document under
WIPO Standard ST. 16 If possible. *Appiicant Is to place a check mark here if English language Transiation is attached, :
This collection of information is required by 37 CFR 1.97 and 1.98. The information Is required to obtain or retain a benefit by the public which is to file (and by the USPTO o
process) an appiication. Confidentiality is govemned by 35 U.S.C. 122 and 37 CFR 1.14. This colection Is estmated to take 2 hours to complete, indluding gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the Individual case. Any comments on the amount of time you require to compiete
this form and/or suggestions for redudng this burden should be sent to the Chisf Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, Washington, DC 20231.

If you need assistance In completing the form, caf] 1-800-PTO-9199 (1-800-786-9199) and select option 2. .
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A & Wrwari v ‘\l"'v’
Approved for use through 4/30/2003. OMB 0651-0031
US Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
ond to a collection of information unless it contalns a valid OMB control number

Complete if Known

_ ication Number 10/167,851
STATEMENT BY APPLICANT  |FingOate [ June 12,2002
First Named Inventor Jones, Joseph L.
(use as many sheets as necessary) fActunt : 2837 -
R Y ", | Examiner Name_ TR Leyiin
' | Docket Number | DP-5 US (ISR-017-US,
Shee§ 2 _of 2 : - Attorney ; ( . J”)
: ' . " U.S. PATENT DOCUMENTS ; —
Examiner’s Cite —__Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No' | Number - Kind Code? (if known) | MM-DD-YYYY Applicant of Cited Relevant Passages or Relevant |-
t _ i ' _Document — FguresAppear
o , L FOREIGN PATENT DOCUMENTS _
Examiner’s Cte Foreign Patent Document | Publication Date |  Nameof Patentee Pages, Colums, Unes, Where | 15 |
Initials* No.! [ Coumby Cooe? ~ Rumiber” = Kind Gode® (Timown) | MM-DD-YYYY | or Applcant of Gited Document | Releer PR2ets et
‘ P 2001-525567 12/11/2001 . | Solar and Robotics
- 3P 2002-323925 — | 11/08/2002 Matsushita Elec. Indus. C0. |
P 2003061882 | 03/04/2003 Matsushita Elec. Indus. Co.
P 26312 01/17/19%0 i
Bxaminer | Date
Signature ) ; . . ) . Considered

*EXAMINER: Initial If reference considered, whether or not citation is in conformance with MPEP 609. Draw fine through citation If not in conformance and not considered.
Indude copy of this form with next communication to appicant. ‘Applicant's unique dtation désignation number {optionaf). *See Kinds Codes of USPTO Patent Documents at
WW,USDTe. GOV or MPEP 501.04. Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). ‘For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. SKind of document by the appropiate symbeis as Indicated on the document under
WIPQ Standard ST. 16 ¥f possible. SApplicant is to place a check mark here if English language Transtation is attached. )
This collection of (nformation Is required by 37 CFR 1.97 and 1.98. The information Is required to obtain or retain 3 benefit by the public which is to file (and by the USPTO
process) an appiication. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to compiete, induding gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
nﬂs.mmandlaz‘ﬁgws%%tggmsm bessu_rgtomem%aleflnfomau%nootger,lg%wgaMTrmr&mmu.chMCmnmm,
Washington, DC 1. f GOMPLETED FORM THIS RESS. SEND TO: Commissioner for ashi n, OC .

1f you need assistance in completing the form, cail 1-800-PTO-9199 (1-800-786-91995 and select option 2,
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Approved for use through 06/30/2003. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
spond to a collection of Information unless it contalns a valid OMB control number.

Complete if Known

10/167.851
June 12, 2002

First Named Inventor Jones, Joseph L.
ArtUnit 2837
(use as many sheets as necessary) l—m miner Name I Rita Leykin
Sheet - 1 of 1 o ] I Attorney Docket Number | DP-5 US (ISR-017-US)
OTHER PRIOR ART - NON PATEﬁNT LITERATURE DOCUMENTS
Examiner o j —
Initials* ) _ S ) )
) KARCHER RC 3000 Cleaning Robot — user manual. Manufacturer: Alfred Karcher GmbH & Co., Cleaning
Systems, Alfred-Karcher-Str. 28-40, P.O. Box 160, D-71349 Winnenden, Germany, 12/2002
[Eaminer Date —
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation s In conformance with MPEP 609. Draw line through ditation if not in conformance and not considered. Include

copy of this form with next communication to applicant, . i ’

1 Appiicant’s unigue citation designation number (optional). 2 Applicant is to place a check mark here If the English language Translation Is attached.

This collection of Information s required by 37 CFR 1.97 and 1.98. The Information Is required to obtain or rétain a benefit by the public which is to file (and by the USPTO to
an application. Confidentiallty is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,

process) i

and submitting the completed application form to the USPTD. Time will vary depending upon the individual case. Any comments on the amount of time you requlre to

this form and/or suggestions for reduding this burden should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, .0 Box
1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND YO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA

22313-1450.
) If you need assistance in completing the form, cali 1-800-PTO-9199 (1-800-786-9199) and sefect oplion 2.
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TRANSMITTAL
FORM

ou - FE Y

U

Application Number

PTO/SB/21 (02-04)

10/167,851

Approved for use through 07/31/2006. OMB 0651-0031
.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

er,

Filing Date

June 12, 2002

First Named Inventor

Joseph L. Jones et al.

(to be used for all correspondence after initiel filing) Art Unit 2837
Examiner Name Rita Leykin
Attorney Docket Number
\ Total Number of Pages in This Submission I 18 y DP-5-US (ISR-017-US) /
ENCLOSURES  (Check all that apply)

[

]

Fee Transmittal Form

D Fee Attached
Amendment/Reply

D After Final

D Affidavits/declaration(s)
Extension of Time Request

Express Abandonment Request

[v]

Drawing(s) (Formal)

Licensing-related Papers

Petition

Petition to Convert to a

Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

Terminal Disclaimer

Request for Refund

After Allowance communication
to Technology Center (TC)

Appeal Communication to Board
of Appeals and Interferences
Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enclosure(s) (please
Identify below):

Return Receipt Postcard

ROOOOn

Certificate of Express Mailiing

I

Information Disclosure Statement CD, Number of CD(s)

Certified Copy of Priority [Remarks |
Document(s) Transmittal of Formal Drawings with Certificate of Express Mail (EV 064 498
420 US)

Response to Missing Parts/
Incomplete Application

L O 0dO

Formal Drawings (16 sheets) (26 figures - 1 through 14)

Return Receipt Postcard
Response to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Paul Speide!, Reg. No. 52,239
or Gesmer Updegrove LLP
Individual name | 49 Broad Street, Boston, MA 02109

bl Apeidlel

April 27, 2004

Signature

Date

CERTIFICATE OF TRANSMISSION/MAILING

I hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on

the date shown below. gy rass Mail EV 064 498 420 US on April 27, 2004 (see attached Express Mail Certificate)

Typed or printed name . . .
Sunshine Limanni

anature SM/LW g WM j

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection s estimated to 2 hours to complete, including

gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Date

April 27, 2004

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Applicants: Joseph L. Jones, et al.

Serial No. 10/167,851

Title: Method and System for Multi-Mode Coverage for
an Autonomous Robot

Notice of Allowability Mailed: March 22, 2004

Attorney Docket No.: DP-5-US (ISR-017-US)
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CERTIFICATE OF EXPRESS MAILING
I hereby certify that the attached correspondence is being deposited under 37 CFR 1.10 with the United
States Postal Service “Express Mail Post Office to Addressee” Service, Label No. EV 064 498 420 US on
this day, April 27, 2004 , in an envelope addressed to MAIL STOP ISSUE FEE, Commissioner for
Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

-~ -

Signature of person mailing: 3
Sunshine Limanni
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TRANSMITTAL OF FORMAL DRAWINGS

MAIL STOP ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir or Madam:

Enclosed for filing in the above-referenced patent application, in which a Notice
of Allowability and Notice of Allowance were mailed on March 22, 2004, and in which
the issue fee was separately on March 26, 2004, by facsimile transmission, are sixteen
(16) sheets of formal drawings.

Please contact the undersigned if you have any questions.

Respectfully submitted,

April 27, 2004 W W

Paul Speidel

Reg. No. 52, 239

GESMER UPDEGROVE LLP
Boston, MA 02109

Tel.: (617) 350-6800

Fax: (617) 350-6878

390319.1. | Page 1 of | .
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This Page Is Inserted by IFW Operations
-and is not a part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of
the original documents submitted by the applicant.

Defects in the images may include (but are not limited to):

BLACK BORDERS

e TEXT CUT OFF AT TOP, BOTTOM OR SIDES

e FADED TEXT

e ILLEGIBLE TEXT

e SKEWED/SLANTED IMAGES

e COLORED PHOTOS

e BLACK OR VERY BLACK AND WHITE DARK PHOTOS

e GRAY SCALE DOCUMENTS

IMAGES ARE BEST AVAILABLE COPY.

As rescanning documents will not correct images,
please do not report the images to the
Image Problem Mailbox.
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GESMER UPDEGROVE LLP  Fax:617-350-6878 Mar 26 2004 14:30 P.01

PART B - FEE(S) TRANSMITTAL

and send this form, together with applicable fee(s), to: Mall  Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (703) 746-4000

INSTRUCTIONS: This fortn should be used for transmitling the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 4 should be compiced where
appropriate. All further comrespondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current com?ondmcc address as
inglcatzd unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

fee notify
CURRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up with any corrections or use Block 1) Note: A certificatc of _mailin§ can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
13, Each additional paper, such as an assignment or formial drawing, must
243%0 7590 0372272004 . ve its own certificate of mailing or transmission, -
LUCASH, GESMER & UPDEGROVE, LLP Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
40 BROAD ST States Postal Service with sulficient postage for first clm mail in an envelope
SUITE 300 eddressed to the Mail Stop ISSUE FEE address above, or being facsimile
BOSTON, MA 02109 transmiitted to the USPTO, on the date indicated below.
Sunshine Limanni - (epasitors name)
¥ > (Siguaturc)
. March 26, 2004 (Pare)
[ aericaTioNNo. | ALmGDATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATIONND. |
10/167,851 06/12/2002 Joseph L. Jones DP-5 US o177
TITLE OF INVENTION: METHOD AND SYSTEM FOR MULT)-MODE COVERAGE FOR AN AUTONOMOUS ROBOT
[ APPLN. TYPE [ SMALL ENTITY ] ISSUE FEE | PUBLICATION FEE | ToTAL FEES) DUE | DATE DUE |
nonprovisional Xs8x NO ex $1330.00 - $300 3358 $1630.00 06/22/2004
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LEYKIN, RITA 2837 318-568120
(lfF(l:Ih?nfﬁe}‘))f correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list (1) the

names of up to 3 registered patent attomeys or  1_Glen D. Weinstein Esqg.
O Change of correspondence address (or Change of Correspondence agents OR, altematively, (2) the name of a singlo
Addressgfonn PTO/SB/122) anached.( <0 po firm mi:s a memt;cr 8 mg;mred at:;‘mey o 2 _Gesmer Updegrove LIP

" W s " L. agent vames of up to 2 registe: patent
0 "Fee Address” indication (or "Fee Address” Indication form attoms e b
PTO/SB/47; Rey 03-02 or n(mrc recent) attached. Use of a Customer . ye or agents. If no name is listed, no name 3
Number is required. will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print ot typc)
PLEASE NOTE: Unless an assignce is identified below, no assignee data will appear on the patent. Inclusion of assignec data is onl appropriatc when an assignment has
d under

been previously submitied to the USPTO or is being sub ‘ nder scp cover. Completion of this form is NOT a substitute fos filing an assigamoent.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
iRobot Corporation Burlington, MA
Please check the appropriate assignee category or categories (will not be printed on the patent); Q individual O corporation or other‘priva!c group entity I government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s): 0
3t1ssue Fee ) Q A check in the amqunt of the fee(s) is cnclosed.
R Publication Fec Q Payment by credit card. Form PTO-2038 is attached,
Q Advance Order - # of Copies X The Director is hercby a i charge the required fee(s), or credit any ove ent, to
Deposit Account Number ‘i@?‘ﬂ %y { el ane(QZtm copy of th:’; fom?f yment

Dircctor for Patents is requested to apply the Issuc Fec and Publication Fec (3f any) or to ré-apply any previously paid issuc fee to the application identificd above.

i «31.770 March 26, 2004
{Authorized Signature) ~  y

(Date) 3 / : / i
26(9 Lf 03/29/2004 AWONDAF2 00000044 122315 10167851

NOTE; The Issue Fee and Publi ;Zn Fee (if required) will not be accepted from anyone

other than th licant; attorns; t; or th i ther

intcrcst a5 shown by the rccords of th United Stacs Patcat and Tradeonark Office, ] 0t FC:1501 1330.00 DA
This.collection of information 1s required by 37 CFR 1,317, The information & requied 0| 02 FC:1504 300.00 DA
obtain or retain a benefit by the public whith is to file (and by the USPTO to an

apgicn&on. Cenfidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
cs cd to take (2 minutes to oomglctc. including gathcring, preparing, and submitting the
complcted application form to the USPTO, Time will vary depending upon the individual
case. Any comments on the smount of time you require to ¢ ete’ this form and/or
suggestions for rcducing this burden, should be sent to the Chicf ln!omlanon Officer, U.S.
Palent and Trademark Office, U.S. t of Commerce, Alexandria, Virginia
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commigsioner for Pateats, Alexandria, Vitginia 223(3-1450,

Under the Paperwork Reduction Act of 1995, no ns arc required 1o respond o a
collection of information unlcss it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)
PTOL-85 (Rev. 11/03) Approved for use through 04/30/2004. OMB 06510033  U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

PAGE 1/2" RCVD AT 3/26/2004 2:34:26 PM [Eastern Standard Time) * SVR:USPTO-EFXRF-2/0 * DNIS: 7464000 * CSID:617 350 6378 * DURATION (mm-ss):01-32

Silver Star Exhibit 1002 - 60



UNITED STATES PATENT AND TRADEMARK OFFICE i/
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

24390 7590 03/22/2004 | EXAMINER ]
LUCASH, GESMER & UPDEGROVE, LLP LEYKIN, RITA
40 BROAD ST
SUITE 300 | ART UNIT | paperNUmBER |
BOSTON, MA 02109 2837

DATE MAILED: 03/22/2004

[ APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR
10/167,851 06/12/2002 Joseph L. Jones

TITLE OF INVENTION: METHOD AND SYSTEM FOR MULTI-MODE COVERAGE FOR AN AUTONOMOUS ROBOT

| ATTORNEY DOCKET NO. ] CONFIRMATION NO. ]
DP-5 US 7777

r APPLN. TYPE | SMALL ENTITY | ISSUE FEE | PUBLICATION FEE [ TOTAL FEE(S) DUE | DATE DUE ]

06/22/2004

nonprovisional YES $665 $300 $965

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status is changed, pay the PUBLICATION FEE (if
required) and twice the amount of the ISSUE FEE shown above
and notify the United States Patent and Trademark Office of the

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

change in status, or O Applicant claims SMALL ENTITY status.

See 37 CFR 1.27.

Il. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requir.edz,. Blocks 1 through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlgss corrfgcted below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up with any corrections or use Block 1)

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
gapers. Each additional paper, such as an assignment or formal drawing, must

24390 7590 03/22/2004 ave its own certificate of mailing or transmission.
LUCASH, GESMER & UPDEGROVE, LLP Certificate of Mailing or Transmission
40 BROAD ST Lty onity s Fes) Trnamical b bein dpositd it e Unisd
SUITE 300 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
BOSTON, MA 02109 ’ transmitted to the USPTO, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
[ appLicaTionNo. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
10/167,851 06/12/2002 Joseph L. Jones DP-5 US 7777
TITLE OF INVENTION: METHOD AND SYSTEM FOR MULTI-MODE COVERAGE FOR AN AUTONOMOUS ROBOT
[ APPLN. TYPE ] SMALL ENTITY | ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE | DATE DUE I
nonprovisional YES $665 $300 $965 06/22/2004
( EXAMINER | ART UNIT | cLAsssUBCLASS |
LEYKIN, RITA 2837 318-568120

1. Chan3ge of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list (1) the
CFR 1.363). names of up to 3 registered patent attomeys or |

O Change of correspondence address (or Change of Correspondence agents OI.{’ alternatively, (2) the_ name of a single
Address form PTO£B/122) attached. firm (having as a member a registered attomey or 5

N L agent) and the names of up to 2 registered patent
Q "Fee Address" indication (or "Fee Address" Indication form [
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer attoneys or agents. If no name is listed, no name 3

Number is required. will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assi%ee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Please check the appropriate assignee category or categories (will not be printed on the patent); Qindividual ~Q corporation or other private group entity O government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
Q Issue Fee Q A check in the amount of the fee(s) is enclosed.
Q Publication Fee O Payment by credit card. Form PTQ-2038 is attached.
0 Advance Order - # of Copies 0 The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this form).

Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

(Authorized Signature) (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the apglicant; a registered attomeg' or a&em; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

This collection of information is required by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary dependinF upon the individual
case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be ‘sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, Alexandria, Virginia
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, n%‘%ersons are required to respond to a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S), . -
gl Ilver Star Exhibit 1002 - 62
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UNITED STATES PATENT AND TRADEMARK OQFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.BOV

| AppLicATIONNO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION No. |
10/167,851 06/12/2002 Joseph L. Jones DP-5 US 7771
24390 7590 03/22/2004 ( EXAMINER |
LUCASH, GESMER & UPDEGROVE, LLP LEYKIN, RITA
40 BROAD ST
SUITE 300 I ART UNIT | papErRNUMBER |
BOSTON, MA 02109 2837

DATE MAILED: 03/22/2004

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 22 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 22 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.
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Application No. Applicant(s)
. s 10/167,851 JONES ET AL.
Notice of Allowability Examiner Art Unit
Rita Leykin 2837

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to amendment after final office action,dated 3/12/04.

2. X The allowed claim(s) is/are 1-42.
3. [X] The drawings filed on 12 June 2002 are accepted by the Examiner.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[dJ Al b} Some* c)[J None of the:
1. [] Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No. ______
3. [J] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [[] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(@) (I including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) {J hereto or 2) [] to Paper No./Mail Date ______.
(b) ] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mail Date ____ .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [0 Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson's Patent Drawing Review (PT0-948) 6. X Interview Summary (PTO-413),
Paper No./Mail Date 3/11/04 .
3. X Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [J Examiner's Amendment/Comment
Paper No./Mail Date 1/23/04
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [X Examiner's Statement of Reasons for Allowance
of Biological Material 9. [ Other .

U.S. Patent and Trademark Office , |\/£
PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mail Date 20030312
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Application/Control Number: 10/167,851 Page 2
Art Unit: 2837 :

REASONS FOR ALLOWANCE
1. The following is an examiner’s statement of reasons for allowance. The
application is allowed based on provided amendment after final office action and further
search.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Rita Leykin whose telephone number is (571)272-2066.
The examiner can normally be reached on Monday-Friday 8:30-6:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Robert Nappi can be reached on (571)272-2071. The fax phone number for
the organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

I eykin
! A
d ' 4./
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Application/Control Number: 10/167,851 Page 3
Art Unit: 2837

Primary Examiner
Art Unit 2837

R.L.
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Application No. Applicant(s)
. 10/167,851 JONES ET AL.
Interview Summary Examiner Art Unit
Rita Leykin 2837

All participants (applicant, applicant’s representative, PTO personnel).

(1) Rita_Leykin. (3)Mr.AWeinstein.
(2) Mr. Jacobs. ) “4) .

Date of Interview: 3/11/04.

Type: a)] Telephonic b)[] Video Conference
)X Personal [copy given to: 1)[] applicant  2)[X] applicant’s representative]

Exhibit shown or demonstration conducted: d)[X] Yes  e)[] No.
If Yes, brief description: _robot in claimed modes of operation.

Claim(s) discussed: 1,37 and 42.

Identification of prior art discussed:

Agreement with respect to the claims f)lX] was reached. g)[] was not reached. h)[] N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: Applicant suggested to amend the above claimes in order to include the clarification
of robot movement "in obstacle following mode, the robot travels adjacent to an obstcle for a distance at least twice

the work width of the robot". Additional search will be provided..

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN ONE MONTH FROM THIS INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY
FORM, WHICHEVER IS LATER, TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See
Summary of Record of Interview requirements on reverse side or on attached sheet.

/!

Examiner Note: You must sign this form unless it is an A
| if required

Attachment to a signed Office action.

U.S. Patent and Trademark Office
PTOL-413 (Rev. 04-03) Interview Summary . o Paper No. 20040311
Silver Star Exhibit 1002 - 67



Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations {CFR) § 1.133 Interviews
Paragraph (b)
In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

it is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional corespondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

— Name of applicant

- Name of examiner

- Date of interview

- Type of interview (telephonic, video-conference, or personal)

- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

- An identification of the specific prior art discussed

-~ An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

ltis desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the
Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,
(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)
6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by
the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. [f the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.

Silver Star Exhibit 1002 - 68
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Approved for use through 4/30/2003. OMB 0651-0031

PTO/SB/08A (04-03)

N 2 3 0 > US Patent and Trademark Office: U.S, DEPARTMENT OF COMMERCE
der the Paperwork Reduction Act of 1995, no persons are required to respond to collection of Information unless It contains a valid OMB control number
{"u"s"“"e for forgA%s/PTO Complete if Known
I ORMATION DISCLOSURE Application Number 10/167,851
STATEMENT BY APPLICANT  |Fing oate June 12, 2002
First Named Inventor Jones, Joseph L.
Art Unit 2837
(use as many sheets as necessary) Examiner Name R. Leykin
Sheet 1 of 2 Attorney Docket Number DP-5 US (ISR-017-US)
. U.S. PATENT DOCUMENTS
Examiner’s Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No'! Number — Kind Code? (if known) MM-DD-YYYY Applicant of Cited Relevant Passages or Relevant
. . Document Figures Appear
FOREIGN PATENT DOCUMENTS
Examiner’s Cite Foreign Patent Document Publication Date Name of Patentee Pages, Columns, Unes, Where T T°
Initials® No.' | ooy Coae’~ Number'— Kind Godet iy | MM-DD-YYYY | or Applicant of Cited Document |  Relevari FHagee & tevert
FJB )P 2002-204768 07/23/2002 Matsushita Elec. Indus. Co.
/2[ - )P 2003-036116 02/07/2003 Toshiba Tec Comp. P
Y7y JP 7-295636 11/10/1995 Samsung Electron Co. Ltd. /
Ll JP 6-3251 01/18/1994 NEC Home Efectronics, Ltd. | /
P JP 2,555,263 08/01/1997 NEC Home Electronics, Ltd. /
L JP 63-183032 07/28/1988 Matsushita Elec. Indus. Co. i
J JP 2003-052596 02/25/2003 Samsung Electronics / .
'/ P 3,375,843 08/11/1998 Honda Motor Co., Ltd. _/
JP 11-510935 09/21/1999 Aktiebolaget Electrolux / / N\
[ 7 WO 97/41451 A1 11/06/1997 Altiebolaget Electrolux
Examiner Date 7 ;
Signature Considered d / / / / 0 L/
14 7

rmance with MPEP 609. Draw fine through citation if not in conformance and not considered.

<EXAMINER: Initial If reference conbldered, whether or not citation Is In confo
Include copy of this form with next communication to applicant. 1applicant’s unique citation designation number (optional).
‘For Japanese patent documents,

or MPEP 901.04. ’Enter Office that Issued the document, by the two-letter code (WIPO Standard ST.3).

year of the reign of the Emperor must precede the serlal number of the patent document. Kind of document by the approp
Sapplicant Is to place a check mark here If English language Translation is attached.
benefit by the public which is to file (and by the USPTO to

WIPO Standard ST. 16 If possible.

This collection of information Is required by 37 CFR 1.97 and 1.98. The Information Is required to obtain or retain a
on Is estimated to take 2 hours to complete, Induding gathering, preparing,

process) an application, Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collect
dividual case. Any comments on the amount of time you require to complete

and submitting the completed app

this form and/or suggestions for

Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FO

lication form to the USPTO. Time will vary depending upon the in
reducing this burden should be sent to the Chief Information Offl
RMS TO THIS ADDRESS. SEND TO: Co

250 Kinds Codes of USPTO Patent Documents at

the Indication of the

riate symbols as Indicated on the document under

cer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
mmissioner for Patents, Washington, DC 20231.

If you need assistance In completing the form, call 1-800-PT0-9199 (Mgaiﬂsl-g#)gnfgf,«ggt(% Izb it 1002 - 69



Application No. Applicant(s)
Issue Classification 101167 851 JONES ET AL.
H“ “'l m Examiner Art Unit
Rita Leykin 2837
ISSUE CLASSIFICATION
ORIGINAL CROSS REFERENCE(S)
CLASS SUBCLASS CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
318 568.12 318 568.16 | 568.17
INTERNATIONAL CLASSIFICATION 700 245
Bl2|5]J 5/00
/
/
/
/
Total Claims Allowed: 42
(Assistant Examiner)  (Date)
. 0.G. 0.G.
/fvw 3 v 8 0 7L Print Claim(s) Print Fig.
(Legal Instruments Examiner) (Date) 1 2
@ Claims renumbered in the same order as presented by applicant | [] CPA OT.D. O RrR.1.47
— © - © — © — © — © — © _ ®
s | E ® | £ g | £ g | £ g | & 8 | £ ® | £
R 52 = (=) c (=) = (=) c o £ o c o
‘= ‘= ‘= = i = =
16 “ 1S “ 168 “ 1o “ 1S “1 & “ 16
1 31 61 91 121 151 181
2 32 62 92 122 152 182
3 33 63 93 123 153 183
4 34 64 94 124 154 184
5 35 65 95 125 155 185
6 36 66 96 126 156 186
7 37 67 97 127 157 187
8 38 68 98 128 158 188
9 39 69 99 129 159 189
10 40 70 100 130 160 190
11 41 71 101 131 161 191
12 42 72 102 132 162 192
13 43 73 103 133 163 193
14 44 74 104 134 164 194
15 45 75 105 135 165 195
16 46 76 106 136 166 196
17 47 77 107 137 167 197
18 48 78 108 138 168 198
19 49 79 109 139 169 199
20 50 80 110 140 170 200
21 51 81 111 141 171 201
22 52 82 112 142 172 202
23 53 83 113 143 173 203
24 54 84 114 144 174 204
25 55 85 115 145 175 205
26 56 86 116 146 176 206
27 57 87 117 147 177 207
28 58 88 118 148 178 208
29 59 89 119 149 179 209
30 60 90 120 . | 150, 4, .1 180 1210
STIVET S

AT XTI RER O paperNG. 2d0

30312



Search Notes Application No. Applicant(s)
IIIWw == sl
Examiner Art Unit
Rita Leykin 2837
SEARCHED (INCLUDI?E;AgEc:R%?-ITSE'I?RATEGY)
Class Subclass Date Examiner DATE EXMR
318 568.12 3/12/2004 R.L. ‘ljJsgAT,DERWENT,USPGPUB,EPO, 311212004 RL
568.16
568.17
700 245
INTERFERENCE SEARCHED
Class Subclass Date Examiner
318 568.12 3/12/2004 R.L.
568.16
568.17

U.S. Patent and Trademark Office

Part of Paper No. 20030312
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. Application No. Applicant(s)
Index of Claims PP PP
10/167,851 JONES ET AL.
Rita Leykin 2837
. Through numeral) .
v | Rejected - Cancelled N Non-Elected A Appeal
=| Allowed + Restricted || Interference (o) Objected
Claim Date Claim Date Claim Date
| 213 = | g 5| 8
€| 2 q <o €| D
w 6 3 w & w &
1 1 |= 51 101
212 |= 52 102
3 3 |= 53 103
414 |= 54 104
5[5 |= 55 105
6 |6 (= 56 106
7 7 |= 57 107
818 |= 58 108
919 |[= 59 109
1010 | = 60 110
1111 | = 61 111
12112 | = 62 112
13113 |= 63 113
14114 | = 64 114
15115 | = 65 115
16116 | = 66 116
17 | 17 | = 67 117
18 | 18 | = 68 118
19119 | = 69 119
20120 = 70 120
21 [ 21 | = 71 121
22122 |= 72 122
23 (23 (= 73 123
24 | 24 | = 74 124
25125 |= 75 125
26|26 |= 76 126
27 127 | = 77 127
28|28 |= 78 128
29129 | = 79 129
30|30 {-= 80 130
3131 }|= 81 131
32[32}|= 82 132
33{33]|-= 83 133
34134 |= 84 134
35{35|= 85 135
3636 |= 86 136
37137 | = 87 137
38|38 |= 88 138
38 (39 |= 89 139
40 140 [ = 90 140
41141 (= 91 141
42 142 | = 92 142
43 93 143
44 94 144
45 95 145
46 96 146
47 97 147
48 98 148
49 99 149
50 100 150
U.S. Patent and Trademark Office Part of Paper No. 20030312
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/10 71 245
R R e Application or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD
Effective October 1, 2001 "W“ 5 t \ S
CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) Column 2 TYPE [ OR SMALL ENTITY
TOTAL CLAIMS Ll | RATE FEE RATE FEE
FOR NUMBER FILED NUMBER EXTRA BASIC FEE| 370.00 |oR[BASIC FEE] 740.00
TOTAL CHARGEABLE CLAMS | v | minus20= |* )| xs9= | K( F fon] xs1e-
R i * g St
INDEPENDENT CLAIMS N minus3 = @/ X42= on| xes=
MULTIPLE DEPENDENT CLAIM PRESENT / 0
+140= OR] +280=
* |f the difference in column 1 is less than zero, enter “0" in column 2 TOTAL %T OR TOTAL
| 4
. CLAIMS AS AMENDED - PART Il . » ~ OTHER THAN
M o Column 1) ‘ Column 2)  (Column 3) SMALL ENTITY OR SMALL ENTITY
ADDI- ADDI-
<« REMAINING NUMBER
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RECEIVED
CENTRAL FAX CENTER
'IN THE UNITED STATES PATENT AND TRADEMARK OFFICE MAK 32 70u4

Applicants:  Joseph L. Jonesetal. . Examiner: Rita LeyKin O F
Serial No.:  10/167,851 | Art Unit: 2837 F i C’Ag
Filed: June 12, 2002
Title: Method and System for Multi-Mode

Coverage for an Autonomous Robot

Atty. Dkt: DP-5US

**************#*******t#*####*****#*#**#***k*t#**********i*****************
Certificate of Facsimile Transmission -

I hereby certify that this correspondence is being transmitted via facsimile, on this date,

March 12, 2004, to: Commissioner for Patents, Mail Stop Amendment After Final,

Alexandria, VA 22313. Facsimile Neo. T03- 6F2-9306 (7a9%5)

Gl L. Gperde] foud D_Apiichl!
Name of Person Sending Fax Signature :

****t*******************************#**************t*******t*******#*****#4‘

Commissioner for Paténts
P.O. Box 1450
Alexandria, VA 22313-2450

AMENDMENT AFTER FINAL OFFICE ACTION (37 CFR 1.116(b))

Sir:

In response to the Final Office Action mailed December 29, 2003 and an in-person
interview between and among the undersigned, Mr. Glen Weinstein, Esq. and Examiner
Leykin on March 11, 2004, please amend the above-identified application as follows to place

this application in condition for allowance.

1

* PAGE 1/9 * RCVD AT 3/12/2004 10:51:05 AM [Eastern Standard Time) * SVR:USPTO-EFXRF-1/2 * DNIS:8729306 * CSID:617 350 6878 * DURATION (mm-ss):03-22

Silver Star Exhibit 1002 - 74



GESMER UPDEGROVE LLP  Fax:617-350-6878 Mar 12 2004 10:47 P.02

Amendiments to the Claims

Please amend the claims, without prejudice, as follows, wherein underlining identifies

added material and strikethroughs identify deleted material:

Listing of Claims:

1. (Cuxrently Amended) A inobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor; -

(c) and a control system operatively connected to said obstacle detection sensor and
said means for moving;

(d) said control system configured to operate the robot in a plurality of operational

modes and to select from among the plurality of modes in real time in response to signals

generated by the obstacle detection sensor, said plurality of opérational modes comprising: a
spot-coverage mode whereby the robot operates in an isolated area, an obstacle following
mode whereby said robot travels adjacent to an obstacle, and a bounce mode whereby the
robot travels substantially in a direction away from an obstacle after encountering the

obstacle, and wherein, when in the obstacle following mode, the robot travels adjacent to an

obstacle for a distance at least twice the work width of the robot.

2. (Original) A mobile robot according to claim 1 in which said control system is
configured to operate first in said spot-coverage mode, then alternate operation between said
obstacle following mode and said bounce mode.

3. (Original) Al mobile robot according to claim 2 in which said spot-coverage mode
comprises substantially spiral movement.

4. (Previously Amended) A mobile robot according to claim 2 in which the control
system is configured to return to said spot-coverage mode after a predetermined traveling
distance. _

5. (Previously Amended) A mobile robot according to claim 2 in which the control
system is configured to return to said spot-coverage mode after a predetermined elapsed time.

6. (Previously Amended) A mobile robot according to claim 2 in which the control
system is configured to return to said spot-coverage mode if the average distance between

obstacle interactions is above a predetermined threshold.

2
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7. (Original) A mobile robot according to claim 1, whereby said obstacle detection
sensor comprises a tactile sensor. _

8. (Original) A mobile robot according to claim 7, whereby said obstacle detection
sensor further comprises an IR sensor.

9. (Previously Amended) The mobile robot according to claim 1, whereby said
obstacle following mode comprises alternating between decreasing the turning radius of the
robot as a function of distance traveled such that the robot turns towards the obstacle until the
obstacle detection sensor detects the obstacle, and decreasing the turning radius of the robotas .
a function of distance traveled such that the robot turns away from the obstacle until the
obstacle detection system no longer detects the obstacle. '

10. (Previously Amended) The mobile robot according to claim 1, whereby the robot.
operates in said obstacle following mode for a distance greater than twice the work width of
the robot and less than approximately ten times the work width of the robot.

~ 11. (Previously Améndcd) The mobile robot according to claim 10, whereby the
robot operates in said obstacle following mode for a distance greater than twice the work
width of the robot and less than five times the work width of the robot.

12. (Original) The mobile robot according to claim 1, further comprising a means for
manually selecting an operational mdde.

13. (Currently Aménded) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;

) - (c)and a cqntrol system operatively connected to said obstacle detection sensor and
said means for moving;

(d) said control system configured to operate the robot in a plurality of operational
modes and to select from among the plurality of modes in real time in response to signals
generated by the obstacle detection sensor, said plurality of operational modes comprising: an
obstacle following mode whereby said robot travels adjacent to an obstacle for a distance at

Jeast twice the work width of the robot, and a bounce mode whereby the robot travels

substantially in a direction away from an obstacle after encountering the obstacle;
(e) whereby said control system is configured to alternate into said obstacle following

mode after a predetermined number of sensor interactions.

3
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14. (Original) A mobile robot according to claim 13, wherein said predetermined
number of sensor interactions is randomly determined.

15. (Original) A mobile robot according to claim 13, wherein said predetermined
number of sensor interactions is between approximately 5 and approximately 15.

16. (Original) A mobile robot according to claim 13, wherein said control system is
configured to alternate into said bounce mode after the robot travels a predetermined distance
in said obstacle following mode. _

17. (Original) A mobile robot according to claim 13, wherein said éontrol system is
configured to alternate into said bounce mode upon either the robot has traveled a maximum
distance or the robot has traveled a minimum distance and an obstacle has been encountered.

18. (Original) A mobile robot according to claim 17, wherein said minimum distance
is at least 115 cm.

19. (Original) A mobile robot according to claim 18, wherein said maximum distance
is less than 520 cm. ‘

20. (Original) A mobile robot according to claim 13, wherein the control system
alternates operational modes based on the distance traveled by said robot.

21. (Previously Amended) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;

(¢) a control system operatively connected to said obstacle detection sensor and
said robot moving means; and wherein '

() said control system is configured to operate the robot in a plurality of
operational modes, said plurality of operational modes including an obstacle following mode
wherein the robot travels adjacent to an obstacle, and a bounce mode wherein the robot Iravel;e,
substantially in a direction away from an obstacle after encountering the obstacle;

© said control system being further configured to alternate into said obstacle
following mode after a predetermined number of sensor interactions; and

€3] a means for determining a level of clutter associated with the surface over

which the robot moves.

4

PAGE 4/9 * RCVD AT 3/12/2004 10:51:05 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/2 * DNIS:8729306 * CSID:617 350 6878 * DURATION (mm-ss):03-22

Silver Star Exhibit 1002 - 77



GESMER UPDEGROVE LLP Fax:61?-350—68?8' Mar 12 2004 10:48 P.05

22. (Original) A mobile robot according to claim 21, wherein said means for
determining the level of clutter comprises tracking the number of interactions with obstacles
over time. | .

23. (Original) A mobile robot according to claim 22, further comprising a mca;ns for
imputing the approximaté area of the surface, wherein said means for determining the level of
clutter further relates to the approximate area of the surface.

24. (Original) A mobile robot according to claim 22, wherein the level of clutter is -
correlated to the frequency at which the controller alternates operational modes.

25. (Previously Amended) A mobile robot according to claim 21, wherein the level of
clutter is positively correlated to a minimum obstacle following distance.

26. (Previously Amended) A mobile robot comprising:

(2) means for moving the robot over a surface;

(b)  anobstacle detection sensor; and

(©) a control system operatively connected to said obstacle detection sensor and
said robot moving means; and wherein

(d) said control system is configured to operate the robot in a plurality of
operational modes, said plurality of operational modes including an obstacle fqllowing mode
wherein the robot travels adjacent to an obstacle, and a bounce mode wherein the robot travels
substantially in a direction away from an obstacle after encountering the obstacle;

(e) said control system being further configured to aitemate into said obstacle
following mode after a predetermined number of sensor interactions;; and further

H wherein the control system alternates between said operational modes based
upon a lack of sensor input.

27. (Original) A mobile robot according to claim 1, wherein said control system
further comprises memory wherein an operational system program is stored, said operational
system program comprising a plurality of behaviors and an arbiter to select which behavior is
given control over the means for moving.

28. (Original) A mobile robot according to claim 27, further comprising an escape *

behavior.
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29. (Original) A mobile robot according to claim 28, wherein said obstacle detection
sensor comprises a tactile sensor, and wherein said escape behavior comprises operating in
said obstacle following mode. )

30. (Original) A mobile robot according to claim 28, wherein said escape behavior is
triggered by the rate of a motor stall event.

31. (Original) A mobile robot according to claim 30, wherein said escape behavior is
triggered by an increase in said rate of a motor stall event.

32. (Original) A mobile robot according to claim 28, wherein said escape behavior is
triggered by the duration of sensor input.

33. (Original) A mobile robot according to claim 28, wherein said escape behavior
comprises shutting off the robot.

34. (Original) A mobile robot according to claim 28, wherein said escape behavior is'
triggered by a lack of sensor input.

35. (Original) A mobile robot according to claim 13, further comprising a cliff
detector, whereby said control system is configured to reduce the robot’s velocity upon
detection of a chff.

36. (Currently Amended) A mobile robot [according to claim 13, further]

comprising:

(a) means for moving the robot over a surface;

(b} an obstacle detection sensor;

(c) and a control system operatively connected to said obstacle detection sensor and

said means for moving; ‘

(d) said control system configured to operate the robot in a plurality of modes, said
plurality of modes comprising: an obstacle following mode whereby said robot travels
adjacent to an obstacle, and a bounce mode whereby the robot travels substantially in a

direction away from an obstacle after encountering the obstacle;

(e) whereby said control system is configured to alternate into said obstacle following

mode after a predetermined number of sensor interactions, and further comprising:

{f) a wheel drop sensor, whereby said robot utilizes the rate of wheel drop sensor

events as input to said control system.

6
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37. (Currently Amended) A method of controlling a mobile-robot equipped with a

sensor for detecting an obstacle, said method comprising the steps of:

#

moving in a spiral running motion;

b. discontinuing said spiral running motion after the earlier of sensing an
obstacle or traveling a predetermined distance;

¢. running in a substantially forward direction unti} an obstacle is
detected;

d. turming and running along the detected obstacle for a distance at léast
twice the work width of the robot;

e. turning away from the detected obstacle and running in a substantially

forward direction; and
f. thereafter repeating said step of running along a detected obstacle and
said step of turning away from the detected obstacle,

wherein changes in movement are selected in real time in response to any

of calculated distance or signals generated by the sensor.

38. (Original) The mobile-robot Steering method according to claim 37,
further comprising the step of repeating the spiral running motion after a
prcdcteﬁnincd number of sensor events.

39. (Original) The mobile-robot steering method according to claim 37,
whereby the robot runs along said obstacle for at least a minimum distance but less
than a maximum distance.

40. (Original) The mobile-robot steering method according to claim 39,

whereby said obstacle sensor comprises an IR sensor able to detect said boundary.
41. (Original) The mobile-robot steering method according to claim 40,
whereby said obstacle sensor further comprises a tactile sensor.
42. (New) A mobile robot comprising:
(a) means for moving the robot over a surface;
(b) an obstacle detection sensor;

(c) a cliff sensor; and

7
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(d) a control system operatively connected to said obstacle detection
sensor, said cliff sensor, and said means for moving;

(e) said control system configured to operate the robot in a plurality of
operational modes, said plurality of operational modes compn'.singl: a spot-
coverage mode whereby the robot operates in an isolated area, an obstacle
following mode whereby said robot travels adjacent to an obstacle for a
distance at least twice the work width of the robot, and a bounce mode
whereby the robot travels substantially in a direction away from an obstacle

after encountering the obstacle.

8
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REMARKS

The present Amendment, responsive to the Final Office Action mailed December 29, .
2003 and an in-person interview between and among the undersigned, Mr. Glen Weinstein,
Esq. and Examiner Leykin on March 11, 2004, is believed to place all claims in this
application in condition for allowance. Previously rejected claims 1, 13 and 37 are amended
'to add a recitation of a distance the robot travels adjacent to an obstacle, a recitation also
included in new independent claim 42. Claim 36, which the December 29 Action indicated to
be allowable, has been amended to be in independent form.

" The Applicants respectfully submit that the claims, as amended herein, are patentably
distinguishable over the cited references and in condition for allowance. The Examiner is
therefore rcspe;:tfully requested to allow the claims and pass the application through to .
issuance. Should any questions arise, the Examiner is respectfully invited to contact the

undersigned.

Respectfully submitted, -
Lof

David A. Jacobs

Reg. No. 31,770

Gesmer Updegrove, LLP
40 Broad Street

Boston, MA 02109

Tel: (617) 350-6800
Fax: (617) 350-6878

9
PAGE 9/9 * RCVD AT 3/12/2004 10:51:05 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/2 * DNIS:8729306 * CSID:617 350 6878 * DURATION (mm-55):03-22

Silver Star Exhibit 1002 - 82



LT/{Y’QJ){-’ o | ,4?3~—/ﬂ-’”<94 » }Qfﬁgj%

IN THE UNITED STATES PATENT AND TRADEM/ARK OFFICE

Applicant: Joseph L. Jones et al.

Application Number: 10/167,851
Filing Date: June 12,2002
PR Title: Method and System for Multi-Mode Coverage for an
Autonomous Robot
Group Art Unit: 2837
Examiner: Rita Leykin
Attorney Docket: DP-5 US (ISR-017-US)
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Certificate of Express Mailing
I hereby certify that the above correspondence is being deposited under 37 C.F.R. 1.10 with the
United States Postal Service, Express Mail Post Office to Addressee Service, Label No. EL 384 959 248
US on March 9, 2004, addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-
1450.
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. TRANSMITTAL OF SUPPLEMENTAL INFORMATION DISCLOSURE
STATEMENT AND PTO FORM 1449

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir,

Pursuant to the duty of disclosure (37 C.F.R. 1.97 and 1.98), please find attached
hereto for filing in the referenced application:

1. An Information Disclosure Statement by Applicant (PTO 1449) listing one
document for consideration by the Office (1 documents total);

2. A copy of the cited document; and

3. A return postcard.

Payment of Fees by Deposit Account: The USPTO is hereby authorized to
charge $180: the submission fee for an Information Disclosure Statement, and any
other required fee, to the Lucash, Gesmer & Updegrove PTO Deposit Account No.
122315. A duplicate copy of this response letter is attached.
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Serial No. 10/167,851
Filing Date: June 12, 2002

If additional information is required, you are invited to immediately contact the
undersigned via telephone or facsimile at the numbers listed below. Thank you for your
attention to this matter.

Respectfully submitted,

Date: March 9, 2004 W;Z W

Paul L. Speidél

Reg. No. 52,239

Lucash, Gesmer & Updegrove, LLP
Boston, MA 02109

Tel: (617) 350 6800

Fax: (617) 350 6878
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OTHER PRIOR ART — NON PATENT LITERATURE DOCUMENTS

Examiner T?
Initials*

KARCHER RC 3000 Cleaning Robot — user manual. Manufacturer: Alfred Karcher GmbH & Co., Cleaning
Systems, Alfred-Karcher-Str. 28-40, P.O. Box 160, D-71349 Winnenden, Germany, 12/2002

Examiner Date
Signature Considered
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! Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if the English language Translation is attached.
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process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection Is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O Box
1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Joseph L. Jones
Application Number: 10/167,851
Filing Date: June 12, 2002
Title: Method And System For Multi-Mode Coverage For An
Autonomous Robot
Group Art Unit: - 2837
Examiner: R. Leykin
--‘ Attorney Docket: DP-5 US
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. Certificate of Express Mailing
I hereby certify that the above correspondence is being deposited under 37 C.F.R. 1,10 with the
United States Postal Service, Express Mail Post Office to Addressee Service, Label No. EV 064497897 US
on January 23, 2004, addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
- -

Signature of person mailing correspondence:

Sunshine Limanni
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TRANSMITTAL OF SUPPLEMENTAL INFORMATION DISCLOSURE
STATEMENT AND PTO FORM 1449

Commissioner for Patents
; P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir,

Pursuant to the duty of disclosure (37 C.F.R. 1.97 and 1.98), attached hereto are:
1. An Information Disclosure Statement (PTO 1449) (2 pages) listing
documents (14 documents total);
2. A copy of the cited documents; and
3. A return postcard.

Payment of Fees by Deposit Account: The USPTO is hereby authorized to
charge $180: the submission fee for an Information Disclosure Statement, and any
- other required fee, to the Lucash, Gesmer & Updegrove PTO Deposit Account No.
122315. A duplicate copy of this response letter is attached.

01/29/2004 HGUTEMAL 00000051 122315 10167851
01 FC:1806 180.00 DA
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erial No. 10/167,851
{ling Date: June 12, 2002

If additional information is required, you are invited to immediately contact the
undersigned via telephone or facsimile at the numbers listed below. Thank you for your
attention to this matter.

Respectfully submitted,

Date: January 23, 2004 W W
Paul Speidel

Reg. No. 52,239

Lucash, Gesmer & Updegrove, LLP
Boston, MA 02109

Tel: (617) 350 6800

Fax: (617) 350 6878
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esp@cenet document view Page 1 of 1

SELF-PROPELLED CLEANER

Patent number: JP2002204768
Publication date: 2002-07-23

Inventor: HAJI MASAYO; OKUBO HIDEO; YAMAGUCHI SEUJ;
YABUUCHI HIDETAKA; TAKAGI YOSHIFUMI; YASUNO
MIKI

Applicant: MATSUSHITA ELECTRIC IND CO LTD

Classification:

- internationai: A471L9/28

- european:

Application number: JP20010004657 20010112

Priority number(s):

Abstract of JP2002204768

PROBLEM TO BE SOLVED: To solve the B
problem of difficulty in previously determining a
movement route as if to cover an entire
cleaning area.

SOLUTION: When moving a body 1 all over a
square cleaning area surrounded by vertical
lines and horizontal lines, the body 1 is made
to wind its way between opposing vertical
lines. For this winding, a clearance between a
forward winding route and a backward winding
route is set so as to leave some parts
uncleaned and the cleaner may move all over
a wide area in a short time. The body 1
changes the course and travels windingly on
opposing horizontal lines, moves from the left
to the right in a cleaning area. With the
progress of winding travel, finally the body 1
hits against the right vertical line and hindered
from progressing. In this case, the direction of
departing from the right vertical line, namely, it
makes a turnabout leftwards. The body
windingly travels between the opposing right
and left vertical lines and moves horizontally in
the cleaning area. Thus, the body is moved in
the cleaning area as if to cover the entire area.
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Japanese Kokai No. 2002-204768

Title of the Invention: Autonomous Cleaner
Publication Date: July 23, 2002

Application No. 2001-4657

Filing Date: January 12, 2001

Applicant: Matsushita Electric Industrial Co., Ltd.

Claims 1, 3, 7, and 8 of JPP ‘768 read as follows.

<Claim 1> An autonomous cleaner comprising a cleaning means provided in a
main body, for removing dust on a floor surface traveling means for moving the main
body, a travel direction changing means for changing the direction of movement of the
main body, and a movement control means for controlling the movement of the main
body by controlling the traveling means and the travel direction changing means, wherein
said movement control means performs a wide area movement control in which the main
body moves in a zigzag fashion between opposed area lines defining an area to be
cleaned, and if the movement of the main body in the zigzag fashion is obstructed, the
direction of the movement of the main body is changed to a direction away from the area
line which obstructs the zigzag movement of the main body.

<Claim 3> An autonomous cleaner according to any one of claims 2, further
comprising a dust detecting means for detecting the amount of dust to be cleaned by the
cleaning means, said movement control means being provided with a pattern movement
control in which if the dust detecting means detects a larger amount of dust than a
predetermined value during the wide area movement control, the main body is moved in
accordance with a predetermined pattern.

<Claim 7> An autonomous cleaner according to any one of claims 3 through 5,
wherein in the pattern movement control of the movement control means, the main body
is moved spirally from the inside to the outside.

<Claim 8> An autonomous cleaner according to any one of claims 2 through 7,

wherein the obstacle detection movement control includes a plurality of movement
patterns.
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JP7295636A2: CONTROLLER FOR TRAVELING OF CLEANING ROBOT
AND CONTROL METHOD THEREFOR

nt Movement controlier of robot cieaner - has movement
'perception unit to detect separation distance and transit
iphase angle based on which robot cleaner moves in normal
orbit [Derwent Record]

JP Japan
|A (See also: JP2766461B2 )

-+ LEE JAE-BONG; High
Resolution

SAMSUNG ELECTRON CO LTD
‘News, Profiles, Stocks and More about this company

1995-11-10 / 1995-03-31

lelcatlonJP1 995000075968
umber:
05D _1l02; A47L 11/00; B25J 5/00;

1 994-03-31 KR1994009406852

PURPOSE: To control a cleaning robot so that it is traveled
“accurately up to an object point along a wall face without
¢ being deviated from a normal track.

CONSTITUTION: This controller is provided with an
bstacle sensing means 3 that senses the présence of an
bstacle and the distance up to the obstacle with a navigation
isensor when the cleaning robot runs on a wall face, a drive
‘state sensing means that uses a navigation sensor and an
ltrasonic wave sensor to sense a distance of the cleaning
obot from the wall face and the drive angle when the
jobstacle sensing means 3 indicates the absence of the
iobstacle, and a drive control means that adjusts a force of left
.right side power wheels by the parting distance and the drive
f, angle sensed by the drive state sensing means so that the
-icleaning robot i IS driven on a normal track along the wall face.

https -/ /www.delphion.com/details?pn=TP07295636 A2
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Japanese Patent No. 3,375,843

Title of the Invention: Autonomous Traveling Method for Robot and Control Apparatus
for Autonomous Robot

Publication Date: November 29, 2002

Application No. 9-29768

Filing Date: January 29, 1997

Kokai No. 10-214114

Kokai (First Publication) Date: August 11, 1998

Assignee: Honda Motor Co., Ltd.

<Claim 1> An autonomous traveling method for a robot, in which the movement
of a mobile robot, equipped with a sensor for detecting a boundary of an given area is
controlled in said area, wherein
a spiral running motion which starts from any desired location in said area is conducted
with radius of the turning motion being gradually increased;
when a distance of the robot to said boundary, detected by said sensor, is smaller than a
predetermined distance, said spiral running is stopped and a turning motion from a
forward direction through a predetermined angle in a direction away from the boundary is
conducted and then a linear running motion is conducted;
thereafter, a similar turning and a similar linear running motion are repeated whenever
said boundary is detected; and
said spiral running motion is resumed at a location spaced by a predetermined distance of
the linear running motion when the turning motion has been repeated a predetermined
number of times.
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SYSTEM AND DEVICE FOR A SELF ORIENTING DEVICE
Technical field

The present invention refers to a self orientating device,
particular a vacuum-cleaning device, and more exactly to a system
and a device for the orientation in the immediate surroundings
by means of an ultrasonic sonar system offering an advantageous
sensing of obstacles in the course of the moving autonomous
device. '

Background of the invention

For many years there has been a desire to provide, for instance,
an autonomous apparatus for floor treatment, particularly a
vacuum-cleaner, which is controlled by a sensing system sweeping
around the horizon in analogy, for example, with a ship radar.
Then the desire is, that the apparatus should be able to
orientate itself in a room, such that it, for instance, will be
able to perform a cleaning function according to a predetermined
pattern or a predetermined strategy and at the same time avoid
colliding with different obstacles, which may be arranged in the
room, besides avoiding collisions with the walls of the room.

Such a system is disclosed in the International Patent Applica-
tion WO 95/26512 by the same applicant and which is expressly
incorporated here by reference.

Still the system according to WO 95/26512 is rather complicated
and it additionally utilizes a number of transponder devices for
the initial orientation. These transponders are localized at a
number of points in the room to be cleaned and the transponders
are used as reference points. Another characteristic of the
system according to WO 95/26512 is the wutilization of an
ultrasound transmitter placed on top of the device. This
transmitter is used both for localization of the transponders
scattered around the room and is simultaneously used as a
proximity sensing system for detecting possible obstacles near
to the moving apparatus. One disadvantage of the .disclosed
apparatus is due to limited bandwidth and therefore there will
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sometimes be present "dead" sectors.

Therefore there is a desire to find an improved apparatus for
automatic polishing or vacuum-cleaning presenting an even better
ability to find a clear way when performing its operation. The
improved apparatus should also be simple and cheap to produce and

thereby be able to present an appealing price to customers.

Summary of the invention

According to the present invention a proximity sensing system and
device are provided for a self orientating device, particularly
a vacuum-cleaner, which comprises a transmitter system cheap in
production, which presents a large bandwidth, a high directivity
resulting in high sensitivity at the receiver and at the same

time constituting a very robust apparatus.

The present invention discloses a proximity sensing system and
a device for an autonomous device being provided with a pair of
motor driven wheels, the device comprising members for the
proximity orientation and guiding of the device in the form of
a microprocessor system and a proximity ultrasonic sensing system
comprising at least one transmitting member and one receiving
member and a mechanical sensing member in form of a forward
directed bumper, wherein the mechanical sensing member is
actuating at least one touch sensor if the device makes contact
to an obstacle in the course of the moving device, the transmit-
ting member is a stripe-shaped ultrasound transducer positioned
at the front of the device and transmitting ultrasonic waves with
a narrow vertical distribution within a wide sector in front of
the device, and the receiving wmember comprises a number of
microphone units provided with hollow pipes for the sound and
forming a input portion of a receiving system for receiving
echoes of the transmitted ultrasonic waves reflected from objects

in the forward course of the moving device.

Further objects and advantages of the present invention are set

forth by the dependent claims.
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Description of the drawings
The invention will be described in form of a preferred embodiment

by making reference to the accompanying drawings, in which:

Fig. 1 demonstrates a top view of an autonomous device in an
embodiment of a vacuum-cleaning robot incorporating the
present invention:;

Fig. 2 demonstrates a side view of the device of Fig. 1;

Fig. 3 demonstrates a side view of the device of Fig. 1;

Fig. 4 demonstrates a hardware block diagram of the device
according to Fig. 1 illustrating an embodiment in-

corporating the present invention;

Fig. 5 shows a graph illustrating directivity of. a sonar
transducer utilized in the present system;

Fig. 6 shows a graph illustrating directivity of a naked

microphone for a sonar system;
Fig. 7 shows a graph illustrating the directivity of a mi-
crophone provided with hollow pipes utilized in the

present sonar system;

Fig. 8 is a vertical cut of a microphone provided with hollow
pipes for the received sound;

Fig. 9 illustrates build-up of a stripe-shaped transducer:;

Fig. 10 shows a simplified sonar transmitter block diagram

utilized in an embodiment of the present system;

Fig. 11 shows a sonar receiver block diagram utilized in an

embodiment of the present system;

Silver Star Exhibit 1002 - 216



WO 97/41451 ’ PCT/SE9Y7/00625

4

Fig. 12 shows an example of received signal when no obstacle is

present; and

Fig. 13 shows an example of received signal when obstacles are
present at distances of 5 cm and 45 cm.

An illustrative preferred embodiment
General features-

Figure 1 illustrates in a top view an illustrative embodiment of
an autonomous vacuum-cleaning device, which by itself will move
on a floor and vacuum-clean a room. In the front portion there
is arranged an ultrasonic transmitter. The transmitter consists
of a stripe-shaped transducer 10 about 25 mm wide and a length
covering of the order 150° of the front perimeter of the device
as illustrated in Fig. 2. As seen in Fig. 2, the strip-shaped
transducer 10 is mounted above a number of microphone units 12,
which together with the transducer 10 form an ultrasaonic sonar
system for the orientation of the device. The transducer is
countersinked in a forward directed, movable bumper unit 16. The
bumper 16 controls a left and a right bumper touch sensor, either
one being actuated if the bumper makes contact with an obstacle.
From Figs. 2 and 3 it will be seen that the device has two
diametrically positioned wheels 17, 18 and a third wheel 19 at
the back. The wheels 17, 18 are each independently driven by a
separate motor equipped with a gearbox. The wheels 17, 18 are
connected directly on the outgoing axis from the gearbox. The
driven wheels 17 and 18 enables the device to also rotate around
its own symmetry center. On each axis from the gearboxes
connected to the wheels 17 and 18 respectively a slotted disc and
a HP slotted disc encoder is mounted. The gquadrature signals from
the slotted disc encoders are connected to a microprocessor
controlling the device. The third wheel 19 supports the back of
the device. The direction of the wheel 19 will be dependent on
the driving of the two wheels 17 and 18 as it may rotate around
a vertical shaft. The device is balanced with a slightly larger
weight on the rear half of the device, carrying for instance the

batteries, such that it will always move with all three wheels
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in contact with the floor. Due to this balancing the device may
easily climb the edges of floor carpets and the like. The balance
is also sensed by a tilt switch in the device.

In anothexr embodiment the stripe-shaped transducer is divided
into two stripe-shaped transducers, on upper portion and one
lower portion. The number of microphone units then will be
positioned between the two portions of. the sonar transmitter.

In figure 4 is illustrated a hardware block diagram of the device
according to Figures 1, 2 and 3. The hardware is essentially
built around a data processor type MC68332 from Motorola Inc. The
signals from the slotted disc encoders are connected to Timer
Processor Unit (TPU) inputs of the MC68332. The processor
(running in QDEC mode) giving position information with an
accuracy of 2000 slots per revolution controls, via respective
drivers, left and right wheel motors. The wheel motors are
separately controlled by pulse-width modulated signals of 5 kHz
generated by to more channels from the Timer Processor Unit in
the main processor. The processor also controls two additional
motors, one for the rotating brush and another for the fan
generating the necessary vacuum for the general function of the
vacuum-cleaner. Air from the fan motor is additionally in a known
manner utilized for cooling purposes and the air is exhausted at
a gilled outlet at the top of the device.

The processor is controlled by software stored in a number of
different types of digital memories for example of type FPROM,
RAM or EEPROM, which are all well known to a person familiar to
computer techniques. Communication with the control system may
be obtained through a standard RS-232 intgrface. Additionally the
processor has its own clocking system also known from prior art.
The system as illustrated in Fig. 4 further comprises three touch
switches, L-Bumper, R-Bumper and tilt switch, and a transmitter
and a receiver for a sonar localization sensing system, which
portions constitutes the part of the system involving the present

invention and which will be described more in detail below.
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The sonar localization system

In the illustrative embodiment the obstacle detection subsystem
consists of an ultrasonic sonar and a bumper. The sonar is used
for detection of obstacles in the path of the moving device,
pinpointing the exact location of the nearest obstacle and
sensing the presence of a floor. There is a semicircular
capacitance film-transducer mounted on the perimeter of the
device, together with three microbhones, for detection of objects
having an essentially vertical profile. For sensing floors and
staircases there are additionally two piezoelectric beepers
mounted in front of the two driven wheels, facing downwards,
together with two additional microphones. The bumper has two
touch switches, one for each side, and which are used for
emergency stopping when an obstacle, still undetected by the
sonar, has been hit.

The physical stripe-shape of the transducer gives it a beam
pattern with a wide horizontal distribution, while the vertical
distribution is rather narrow. A typical beam pattern for a 45
degree transducer is shown in Fig. 4 and demonstrates a pro-
nounced narrowed pattern between -10° to +10° in the forward
elevation angle. The use of a distributed sound source will
minimize eventual dead zones and at the same time facilitate an
easier detection in a near zone where an obstacle exists.
Utilizing an omni-directional source implies that a part of the
localization must be performed by triangulation which in turn
implies that all microphone channels must have the same response
and that the object to be located must preferably reflect equally

in all directions.

An available transducer type is a single sided electrostatic
transducer of Sell type, which works by electrostatic attraction.
Fig. 9 shows a build up of a sell transducer which comprises an
electfically conducting corrugated back-plane 30 which is
generally acoustically transparent, for instance in form of a
wire mesh. The corrugation sets the air gap 32 and thereby both

the transmitter sensitivity and its maximum emitted intensity.
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The other electrode 34 consists of a movable film which is
metallized on the side not in contact with the corrugated back-
plane 30. In the preferred embodiment the stripe-shaped transduc-
er 10 is formed by first attaching a corrugated copper f£film to
the perimeter of the inner basic curved structure and on top of
the corrugated copper film a plane insulated conductive f£ilm
forming the moving part of the stripe-shaped electrostatic
transducer. Thus the insulation df the conductive film is facing
the corrugated copper film. The corrugated copper film has an
adequate waffle pattern. Note that this preferred device is
intended to transmit in the opposite direction compared to the
general Sell type demonstrated in Fig. 9. In front of the
transducer is additionally placed a protective wire mesh at a
rectangular opening along the perimeter of the bumper 16,
covering a forward angle of the order 150°. Thus the corrugated
film constitutes one electrode and the insulated conductive film
the other electrode of the transducer. The transmitter will be
non-linear which implies that it rectifies an applied AC signal
if a biasing voltage is not applied together with the AC signal.
Documentation on Sell transducers is for instance found in IEE
Transactions on Ultrasonics, Ferroelectrics and Frequency
Control, #1 vol 42, Jan 1995, which is expressly incorporated
here by reference. The utilized transducer will be further
described below.

The other important parts of the sonar system are the micropho-
nes. The microphones are mounted behind an arrangement of two
vertically aligned hollow pipes for the sound in order to give
them a desired directivity. In Fig. 6 is demonstrated the
horizonal and vertical directivity of a microphone suitable for
a sonar system. The diagram plots the generated relative voltage
in a vertical plane -100° to +100° and similarly in a horizontal
plane -100° to +100°. The directivity of a naked microphone is

almost omni-directional, as indicated by the diagram of Fig. 6.

Introducing the vertically aligned horizontal hollow pipes or

tubes together with the already obtained narrow vertical

Silver Star Exhibit 1002 - 220



WO 97/41451 ' PCT/SEQT/03623

8

distribution of the transmitter, echoes from the floor as well
as from sharp edged carpets etc., will be heavily suppressed.
Fig. 7 demonstrates the directivity for a microphone provided
with two vertically aligned horizontal hollow tubes, or pipes,
in a diagram similar to the diagram shown in Fig. 6. With the
sound pipes the directivity in the vertical plane is greatly
improved as can be seen in the diagram. This gives a much
simplified detection of objects in the near zone, where echoes

from the floor and the device itself are strongest.

Fig. 8 demonstrates a Cross section of a microphone unit 12 with
two hollow sound pipes. In the present embodiment the two pipes,
12a and 12b have a diameter of 2.5 mm and a center distance of
4.25 mm. The total diameter of the microphone unit is of the
order 8 mm and the depth about 12 mm which means that the
microphone element 1l2c is countersinked about 6mm into the

microphone unit.

Detailed description

The Motorola central processor unit MC68332 directly generates
the necessary pulse train to drive the transmitter. Since the
transducer element is rectifying, the frequency of the generated
sound is <twice the frequency of the input signal. Fig. 9
illustrates a simplified block diagram of the sonar transmitter
utilized in an preferred embodiment of the present system. In the
presently preferred embodiment of the present invention the
signal consists of three periods of 20 kHz with a duty cycle of
40% generated from channel 0 of the Timer Processor Unit (TPU),
which is running in a Position-Synchronized Pulse Generator (PSP)
mode. The time reference is determined by channel 1 running in
period Measurement With Additional Transition Detection (PMA)
mode. (Further information on PSP and PMA is found in Application
Notes TPUPN14/D and TPUPN15A/D). PMA requires a clock connected
to E2CLK input and an input signal with evenly spaced pulses,
plus an additional pulse at a specified point. This signal is
generated by the PCSO signal from the Queued Serial Module (QSM),
also an integrated device in the MC68332 CPU. Fregquency and duty
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cycle of the transmitted burst can be varied by changing the
programming of the PSP function. Burst length (number of pulses)
is controlled by changing the programming of the PCSO signal from
OSM. All this is done in a software module (not shown) which will
be obvious to a person skilled in the art.

In Fig. 10 is illustrated that the signal from the MC68332 CPU
is output to a field effect switch, FET, having its source
electrode connected to ground and via a transformer is driving
the stripe-shaped ultrasound transducer. A primary 12 volts
supply to the drain electrode of the field effect transistor,
which keyed on its gate by the CPU MC68332, generates pulses of
about 600 Vpp in the secondary winding of the transformer. The
capacitance of the transducer and the inductance of the secondary
winding form a parallel resonance circuit tuned to the operation

frequency of the ultrasonic transmitter.

The receiver demonstrated in a simplified receiver block diagram
in Fig. 11 uses an analog multiplexer to select one of the three
main microphones 12 or an extra side microphone (not shown in the
diagram) for a wall tracking, (or one of the two floor sensing
microphones in front of the driven wheels 17, 18), as input to
a bandpass-filter followed by an envelope detector. The micro-
phones in the present embodiment are connected to individual
amplifiers of about 40 dB gain. The bandpass-filter of the
present embodiment is a 6 pole filter having a bandwidth of 15
kHz centered at 40 kHz and a filter gain of about 40 dB. The
envelope detector like the preamplifiers and the bandpass-filter
constitute a standard configuration well known to a person
skilled in the art. The signal from the envelope detector is then
fed to a 12 bit serial A/D-converter, under control of the QSM.
Samples are stored at a rate of 40 kilosamples per second,
starting one millisecond before and ending twentyfour millisec-
onds after the transmitted ultrasonic burst. Clocked by A/D
transfers the QSM outputs the peripheral chip selects PCSO and
PCS1l. PCS1 is issued at positions number eight and sixteen.

triggers an interrupt to the main CPU, indicating that there are

Silver Star Exhibit 1002 - 222



WO 97/41451 ’ PCT/SE97/60625

10

eight samples ready in the QSM receive registers. The OSM can
hold sixteen received samples, corresponding to sixteen command
words that control the transfer. After sixteen command words the
QSM wraps back and restarts the command sequence. In this way the
0SM synchronizes A/D conversions autonomously, interrupting the
CPU (through TPU channel 2, in Discrete Input Output (DI0) mode),
only when necessary. When the CPU has received all expected
samples, the QSM is disabled. PCSO is issued at samples number
one and nine, giving the base clock for the PMA function. An
additional pulse is the programmed at a desired position
somewhere in between, (in this case at sample number six), to
identify the "additional" <transition. This triggers the PSP
function in channel O to start the burst that generates the
sound. The burst is only generated once per reception cycle and
perfectly synchronized to the receiver A/D sampling clock, making
it easy to correlate a sample number to an exact time relative
to the transmitted burst.

Analyzing received data

The received raw data is divided in three parts used for
different purposes. First the background noise level is cal-
culated by using the data sampled before the burst is trans-
mitted. Then the near zone is analyzed. The near zone in the
present embodiment is the range from the perimeter of the device
and up to about thirteen centimeters away, corresponding to about
750 microseconds. In this time window the received signal is
heavily contaminated by echoes from the floor and from the device
itself. In order to distinguish any obstacle in this region, a
typical decay pattern for each microphone is maintained and
subtracted from the received signal. In Fig. 12 is illustrated
the relative echo amplitude for a microphone of the present
embodiment with no obstacle present. In Fig. 13 is illustrated
the relative echo amplitude of the same microphone with obstacles
at distances 5 and 45 cm. After substraction of the typical decay
pattern the remaining peaks are compared to a fixed threshold
and, if above this preset threshold, considered to be represent-

ing an obstacle. Last, the zone beyond the near zone is scanned
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for peaks above a fixed threshold and offset by the calculated
background noise level.

The exact location of an obstacle is not known by only using the
information from each microphone since the detected object could
be located anywhere on en ellipsis. To pinpoint the exact
location of the nearest obstacle trigonometry is used in a
standard geometrical way apparent to a person skilled in the art.
Only the distance and angle to the nearest obstacle is calculated
due to the complex mathematics that must be performed in real
time. Also this is only done when travelling at low speed or
stopped.

When traveling at high speed, the information from the different
microphones is uses as is, to get an approximation of the
distance to obstacles, and then switch to low device speed when
obstacles are close enough.

Navigation

Normally the device moves in a straight line until an obstacle
is encountered. 1f no obstacle is detected within 40 cm from the
front, or 10 cm from the sides, high speed is used. High speed
for the present embodiment corresponds to about 40 cm/s. If any
obstacle is seen within this section, low speed is used. Low
speed is then set to about 14 cm/s. Detection of an obstacle
within a distance of a few centimeters causes the device to stop.
After stopping, the closest obstacle is checked and the angle to
the object is used as argument for calculating a new direction
for travel. If the obstacle is found far out on either side, a
small base angle is used. On the dther hand, if the hit is
straight ahead, a base angle of 60 degrees is used. To the base
angle, a random angle of up to 60 degrees is added. In this way
the autonomous device can find its way through a narrow passage
with small turns and still bounce efficiently between bare walls.
The distance between stops and the number of turns is monitored
so that the "free run mode" switches into "stuck, breakout mode™

if the travelled distance does not exceed a set minimum after a
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number of turns. Actually hitting anything "unseen® by the sonar
and detected only by the bumper touch sensors causes the device
to first backoff a few centimeters, and then continue as if the
object is sensed on the corresponding side.

When the device has detected that it does not travel far enough
between stops, it changes strategy into constantly turning and
seﬁsing the environment until a free passage is found or a full
circle is covered. If after traveling a short distance another
obstacle is detected the same procedure is repeated, continuing
turning in the same direction. When a minimum distance is
traveled without hitting a new obstacle, "free run mode" is
reentered. On the other hand, if the device continues to find
obstacles, it is turned off after a number of turns.

Normally when in the "stuck, breakout mode" the device switches
off all other activities like for instance the rotating.brush and
the fan producing the vacuum, unless the airstream from this fan
is needed for the cooling of the device circuitry as controlled

by temperature sensors.

When performing a cleaning task the device starts by tracking the
walls defining the room. In the preferred embodiment there are
four sonar microphone units in the bumper below the ultrasonic
transmitter. Three microphone units are used for the forward
navigation while a fourth microphone unit placed at the right
side of the bumper takes care of the wall tracking. After the
general investigation of the room by doing a wall tracking round
the room the device starts the cleaning operation in a random
manner and will go on until it estimates that it has covered all
the accessible surface.

For a random number generation a standard pseudo-random number
generator of the congruental type is used. As seed an 11 bit
random number is used in order to use different sequences each
separate run. This random number is generated by using the least

significant bit of the A/D converted value from each of the 11
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analog inputs.

It will be understood by those skilled in the art that various
modifications and changes may be made to the present invention
without departure from the spirit and scope thereof defined by
the appended claims.
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CLAIMS

1. A proximity sensing system for an autonomous device
being provided with motor driven wheels (17, 18) for carrying out
a specific cleaning function, said device comprising members for
the orientation and guiding of the device by means of a micropro-
cessor system forming a proximity sensing system which comprises
at least one transmitting member and one receiving member and a
mechanical sensing member (16) in form of a forward directed
bumper, characterized in that

said transmitting member is a stripe-shaped ultrasound
transducer (10) positioned at the front perimeter of the device
and transmitting ultrasonic waves with a narrow vertical

distribution within a wide sector in front of the device,

2. The system according to claim 1, characterized in that said
transmitting member is a semicircular capacitance film-transducer
(10) mounted on the perimeter of the device together with said
receiving member having at least three ultrasonic microphone

units.

3. The system according to claim 2, characterized in that said
transmitting member is divided into two portions presenting an
upper stripe-shaped ultrasound transducer and a lower stripe-
shaped ultrasound transducer having between them the receiving

member.

4. The system according to claim 2 or 3, characterized in that
said transmitting member is countersinked in the front portion
of the device to further limit the vertical distribution of

transmitted and received signals.

S. The system according to claim 1 or 3, characterized in that
said receiving member comprises a number of microphone units (12)
provided with hollow pipes (1l2a, 12b) for the sound to further

improve the directivity pattern for each microphone unit.

6. The system according to claim 5, characterized in that
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said hollow pipes (12a, 12b) of the receiving microphone units
are aligned vertically in respect to each other to produce an

improved directivity in the vertical plane.

7. The system according to claim 5, characterized in that a
further microphone unit (12) is pointed to one side of the device

to be used in a wall tracking operation.

8. The system according to claim 2 or 3, characterized in that
said transmitting member during each repeated transmission
transmits a sequence of closely spaced pulses, the echoes of
which will be integrated into one sampled reflection at a

specific reflection distance by said receiving system.

9. The system according to any of the previous claims, charac-
terized in that said mechanical sensing member (16) is actuating
at least one touch sensor if the device makes contact to an

obstacle in the course of the moving device,

10. A device for navigation of an autonomous device being
provided with motor driven wheels (17, 18) for carrying out some
specific cleaning function, said device comprising members for
the proximity orientation and guiding of the device by means of
a microprocessor system and a proximity sensing system which
comprises at least one transmitting member and one receiving
member and a mechanical sensing member in form of a forward
directed bumper (16), characterized in that said transmitting
member is a stripe-shaped ultrasound transducer (10) positioned
at the front of the device and transmitting ultrasonic waves with
4 narrow vertical distribution within a wide sector in front of
the device.

11. The device according to claim 10, characterized in that
said transmitting member is a semicircular capacitance film-
transducer mounted on the perimeter of the device together with

said receiving member having at least three microphone  units.
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12. The device according to claim 11, characterized in that
said transmitting member is divided into two portions presenting
an upper stripe-shaped ultrasound transducer and a lower stripe-
shaped ultrasound transducer having between them the receiving
member.

13. The device according to claim 11 or 12, characterized in
that said transmitting member is countersinked in the front
portion of the device to further limit the vertical distribution
of transmitted and received signals.

14. The system according to claim 10 or 12, characterized in
that said receiving member comprises a number of microphone units
(12) provided with hollow pipes (12a, 12b) for the sound to

further improve the directivity pattern for each microphone unit.

15. The device according to claim 14, characterized in that
said hollow pipes (12a, 12b) of the receiving microphone units
(12) are aligned vertically in respect to each other to produce
an improved directivity in the vertical plane.

16. The device according to claim 14, characterized in that a
further microphone unit (12) is pointed to one side of the device

to be used in a wall tracking operation.

17. The device according to claim 11 or 12, characterized in
that said transmitting member during each repeated transmission
transmits a sequence of closely spaced pulses, the echoes of
which will be integrated into one sampled reflection at a

specific reflection distance by said receiving system.

18. The device according to any of the previous claims 10 to
16, characterized in that said mechanical sensing member (16) is
actuating at least one touch sensor if the device makes contact

to an obstacle in the course of the moving device.
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NL - 2260 WV Ripwik
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page 1 of 2

Silver Star Exhibit 1002 - 281



43) ®}#&£2001—-525567

INTERNATIONAL SEARCH REPORT

Inte. .:d Application No

PCT/BE 98/00185 "

C{Continuetion) DOCUMENTS CONGIDERED TO BE RELEVANT
Category * | Citation of win PP ot thy passag Releverd to dlaim No.

A US 5 440 216 A (KIM TAE-SIG) 8 August 1995 1,9
see abstract; figure 1

Farm PCTAGAZ1D vominustion of s2cend theeq {Suly 1992)

page 2 of 2

Silver Star Exhibit 1002 - 282



(44) ¥&2001-525567

INTERNATIONAL SEARCH REPORT

Informetion on patent family mambers

ita  .onsel Application No

PCT/BE 98/00185 -4

Palnt gocument PubScation Pawent tamily Pubication

citad in saarch eport date member(s) date

US 4679152 A 07-07-1987 NONE
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Application No. Applicant(s)
, 10/167,851 JONES ET AL.
Office Action Summary Examinr A Unit
' ' Rita Leykin 2837

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
P riod for Reply

A SHORTENED STATUTORY PER.IOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1 )X] Responsive to communication(s) filed on 03 December 2003.
2a)] This action is FINAL. 2b)[] This action is non-final.

- 3)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4) Claim(s) 1-41 |s/are pending in the appllcatlon
4a) Of the above claim(s) ___is/are withdrawn from con3|derat|on
5)X] Claim(s) 21-26 is/are allowed.
6)X' Claim(s) 1-20,27-35 and 37-41 is/are rejected.
7)X Claim(s) 36 is/are objected to.
8)[] Claim(s) are subject to restriction and/or election requirement.

Apblication Papers

9)[] The specification is objected to by the Examiner.
10)[]] The drawing(s) filed on _____is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. §§ 119 and 120

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAI b)] Some * ¢c)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
» application from the International Bureau (PCT Rule 17.2(a)). '
* See the attached detaited Office action for a list of the certified copies not received.
13)[[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
since a specific reference was included in the first sentence of the specification or in an Application Data Sheet.
37 CFR 1.78. '
a) [] The translation of the foreign language provisional application has been received.
14)[_] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific
reference was included in the first sentence of the specification or in an Application Data Sheet. 37 CFR 1.78.

Attachment(s) ) )
1) [ Notice of References Cited (PTO-892) 4) [] Interview Summary (PTO-413) Paper No(s).

2) [:l Notice of Draftsperson’s Patent Drawing Review (PT0O-948) 5) D Notice of Informal Patent Application (PTO-152)

3) |:| Information Disclosure Statement(s) (PTO-1449) Paper No(s) . 6) @ﬂ%r Star Exhibit 1002 - 318
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Application/Control Number: 10/167,851" : Page 2
Art Unit: 2837

DETAILED ACTION
Response. to Amendment
“This office action is in response to amendment, filed on 12/03/03. Applicant’s
arguments have been considered. However, it should be noted that examiners
responsibility is to interpret claim language as broad as possible. Unfortunately
submitted amendment does not place the rejected claims in the allowable condition due
to the fact that operation of robot in the isolated area can be interpreted very broad. The
prior documents by Noonan et al. US # 5',204,814 and Ueno US # 6,076,025, both read
on the broad limitations of independent claims in the submitted amendment, because
both of the documents are having elements of roboti‘c design that are claimed by the
applicant. For instance:
e Means for moving robot over a surface — in Noonan et al. presented as
drive wheels 41 in Fig. 6. And in Ueno as two motor operating caterpillar
treads 3 and 4;
e An obstacle detection sensor - in Noonan et al. presented in Fig. 2a as
sensor data detector element 8. And in Ueno as a supersonic sensors 6;
» A control system connected to sensor and moving means also shown in
both references;
e The émendment in the independent claim calls for operation of robot in
pIuréIity of modes, and wherein in the spot-coverage mode the robot

‘operates in an “isolated area”. The examiner response that “isolated area

Silver Star Exhibit 1002 - 319



Application/Control Number: 10/167,851 ' Page 3
Art Unit: 2837

of robot operation” is.a broad definition of any area having or not having
predetermined paths or bbundary.
The preseﬁce all detecting elements and control device suggests the possibility of
conduction of claiméd modes of operation. Wherein the exact nu-mber of modes is not
patentable subject matter.
That is why eXaminer maintains the rejection as follows.
| | Claim Rejections - 35 USC § 103 |
1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
~forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made. .

| 2. Claims 1-7, 9, 13-15, 27-29 and 37-41 are rejected under 35 U.S.C. 103(a) as
being unpatentable over Noonan et al. US # 5,204,814 and Ueno et al. US # 6,076,025.

With respect to claims 1-3, 13, 37 and 38, Noonan et al. in Fig. 1A-1C provide
layouts of guide paths for autonomous lawn mower to cover completely bounded area.
Wherein, the guide path 1A represents a pattern for spot coverage mode. Fig. 1C
represents a pattern that is re;quired for obstaclé‘ followiﬁg mode.

With respect to claim 30-35, Noonan et al. teach that rotational indicator 17 is
monitored by the microcontroller to sense if the mover has bogged down or stalled. A tilt
sensor 21 updates the microcontroller with the angle of vehicle and senses if the vehicle
is in danger of tipping over, (see abstract and column 7, lines 16-31). |

Noonan et al. do not teach a bouncing mode.

Silver Star Exhibit 1002 - 320



Application/Control Number: 10/167,851 o Page 4
Art Unit: 2837 '

‘However, Ueno et aI.,t-each a control system for mobile robot capable of
detecting the boundary of the area to be covered, with its sensors and performs a spiral
pattern running motion, which presents the spot-coverage pattern, that ié required for
controlled spot—coverage mode. Wherein, controller operates the system ih such a way
that, when the distance of the robot from ,the bdundary detected by various sensing
d.evices, is smaller than a preset value, the spiral running motion is canceled and
random pattern running motion is started. The random pattern running motion includes
turning from forward direction and run away from the detected boundary, (see column 2,
lines 10-53). This re’preseﬁts the claimed bounce mode.

In Fig. 6¢, Ueno et al. also show the movement of robot in the adjacent to the
wall area. When the robot 1 comes close to the wall B, the detection signal that the
robot is at about the predetermined diétance from the wall B is outputted. This will stop
the robot in its forward running and turn thé robot from the detected obstacle, (see
column 6, lines 45-67).

With respect to claim 13-15, 27 and 38 in Fig. 13 Ueno et al. show stored a
motion scheme based on various sensors detecting signals, (see column 9; line 67 and
column 10, lines 1-5, column 11, lines 1-5). |

With respect to claims 4 5,6, 10, 11, 16-20 and 39 Ueno et al. teach generating
running motion parameters, in accordance with the predetermined distances to
obstacles or Iehgth of running time, (see abstract and column 2, lines 44, 45 and
column 10, lines 36-40). Fig. 7A,B show the relationship between time and p-rogress of |

work using various parameters of running pattern motion, (see column 7, lines 23-47).
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Application/Control Number: 10/167,851 Page 5
Art Unit: 2837 ’

Also examiner woulci like to mention that claimed approximate distances are rather a
design choice.

With respect to claims 7, 29 and 41, Ueno et al. teach in column 3, lines 50-55
and column 4, lines 30-32, and column 10, lines14-16 the presence to the contact
Sensor. |

With respect to claims 8 and 40, according to the specification the IR sensors are
well known.

With respect to claim 9, see column 1, lines 20-27.

. With respect to claim 12, examiner takes an official notice that means for
manually selecting an operational mode are well known in the art and are used in many
different technologies.

With respect to claim 30-35, Ueno et al. teach in column 11, lines 15-25 an
escépe behavior control when the robot moves into a corner of the working area, by
referencing the Japanese prior document # HEI 9-42879. |

Hence, it has been obvious to one of ordivnary skills in the art, at the ﬁme
invention was made to combine teachings of‘ Ueno et al. and Noonan et al. provide for
robotic device capable of moving within the sensed boundaries of an area and also
capable of escaping any collision with the detected obstacles.

The reason is to design an apparatus that will improve robot work efficiency.
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Art Unit: 2837

Allowable Subject Matter

3.  Claims 21-26 and 36 are objected to as being dependent upon a rejected base
claim, but wbuld be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims. |
4, The following is a statement of reasons for the indication of allowable subject
matter. The prior art made of record in the attached form PTO-892 considered to be
pertinent to the submitted application. However, none of the prior art teaches or suggest
in combination:
e Means for detecting the level of clutter comprising tracking the number of
interactions with obstacles over time;
¢ A control system that alternates between operational modes based upon a lack
of sensor input; |
e A mobile robot, that further comprising a wheel drop sensor, and is utilizing the
rate of wheel drop sensor events, as an input to the cc_>ntro| system.

Conclusion

5. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a). |

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first réply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not
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Application/Control Number: 10/167,851 Page 7
Art Unit: 2837

mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire oﬁ the date the advisory action is mailed, and any
éxtension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisdry action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Rita Leykin whose telephone number is (703)308-5828.
The examiner can normally be reached on Monday-Friday 8:30-6:00.

If attempts to reach the examiner by telephone‘are unsuccessful, the examiner’s
supervisor, Robert Nappi can be\lreached on (703)308-3370. The.fax phone number
for the organization where this a}ppli'cation or proceeding is assigned is (703)308-5841.

Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is (703)308-
0956.

Rita Leykin

Primary Examiner
Art Unit 2837

o %ﬁ%/@;

Silver Star Exhibit 1002 - 324



Application No. Applicant(s
Index of Claims PP PP )
10/167,851 JONES ET AL.
Rita Leykin. 2837
. (Through numeral)
v | Rejected Cancelled N Non-Elected Appeal
=| Allowed + Restricted I | Interference Objected
Claim Date Claim Date Claim Date
5|28 | £ 5| £
S| ol S| o E [ D
" (5 § w 5 L 6
1 v 51 101
2 |v 52 102
3 |v 53 103
4 |v 54 104
5 |v 55 105
6 |v 56 106
7 |v 57 107
8 |v 58 108
9 |v 59 109
10 [ v 60 110
1M1 (v 61 111
12 [ v 62 112
13 [ v 63 | 113
14 | v 64 114
15 v 65 115
16 | v 66 116
17 { v 67 117
18 | v 68 118
19 v 69 119
20 | v 70 120
21 (= 71 121 |
22 | = 72 122
23 | = 73 123
24 | = 74 124
25 = 75 125
26 | = 76 126
27 | v 77 127
28 | v 78 128
29 [v 79 129
30 (v 80 130
311v 81 131
32 4v 82 132
33]v 83 133
34 |v 84 134
35| v 85 135
36 [0 86 136
37 | v 87 137
38 v 88 138
39 | v 89 139
40 [ v 90 140
41 | v 91 141
42 92 142
43 93 143
44 94 144
45 95 145
46 96 146
47 97 147
48 98 148
49 99 149
50 100 150

U.S. Patent and Trademark Office

Silver Star Exhilik &Reno 3901223




Search Notes Application No. Applicant(s)
10/167,851 JONES ET AL.
Examiner Art Unit
' Rita Leykin 2837

SEARCH NOTES

SEARCHED (INCLUDING SEARCH STRATEGY)
Class Subclass Date Examiner DATE EXMR
318 568.12 | 12/23/2003 R.L. oA DERW
Sgpegu% ENT, EPO, JPO, 12/3/2003 RL.
700 245

INTERFERENCE SEARCHED

Class Subclass Date Examiner

U.S. Patent and Trademark Office

Silver Star ExhibitPdQ@2ver 828031223



THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants:  Joseph L. Jones et al. Examiner: Rita Leykin
Serial No.: 10/167,851 Art Unit: 2837
Filed: June 12, 2002

- Title: Method and System for Multi-Mode

Coverage for an Autonomous Robot

Atty. Dkt:  DP-5US
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Certificate of Express Mailing
I hereby certify that this correspondence is being deposited, under 37 CFR 1.10, with the United States Postal
Service "Express Mail Post Office to Addressee", Label No. EV 118 871 270 US, addressed to: Mail Stop Non-

Fee Amendment, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on this date,
December 3, 2003.

Sunshine Limanni S)w /WLS/‘/V/“// %MMMM,L

Name of Person Mailing Signature
sk Rk Rk ok okokckkokokkokk kR kR Rkokokokkkokokkokokkkkkkkkokkokkkkokkkokkokokokkkokkkokokkkkkkkkkokkkkkokkkkk®k -
S =
Mail Stop Non-Fee Amendment i i
Commissioner for Patents ré =
P.O. Box 1450 S S
Alexandria, VA 22313-2450 = =
. m
3 L o
: -~
AMENDMENT T 3
Sir: i ©
(=]

In response to the Office Action mailed September 3, 2003, please amen&hg ab&Ve-
identified application as follows.
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Amendments to the Specification

Please amend the specification, without prejudice, as follows, wherein underlining

indicates added material and strikethroughs indicate deleted material:

Add new paragraph to page 11after the second full paragraph (after lines 7):

FIG. 8C is a schematic illustration of the termination of the obstacle following mode
when an obstacle is encountered after the mobile robot has traveled a minimum distance.
FIG. 8D is a schematic illustration of the termination of the obstacle following mode after the

mobile robot has traveled a maximum distance.

Amendment to seventh full paragraph on page 11 (lines 20-24):

FIG. 13A is a schematic representation of the coverage pattern of a mobile robot with
only a single operational mode; FIG. 13B is a schematic representation of the coverage
pattern for a preferred embodiment of the instant invention using obstacle following and room

coverage modes; and

Amendment to last full paragraph on page 21 (lines 18-23):

Spot coverage or, for example, spot cleaning allows the user to clean an isolated dirty
area. The user places the robot 10 on the floor near the center of the area (see reference

numeral 40 in FIGS. 6A, 6B) that requires cleaning and selects the spot-cleaning operational

mode. The robot then moves in such a way that the immediate area within, for example, a

defined radius, is brought into contact with the cleaning head 30 or side brush 32 of the robot.

Amendment to first full paragraph on page 23 (lines 7-25):

In other embodiments, the robot tracks its total distance traveled in spiral mode. The
Because-the spiral will deteriorate after some distance, i.e. the centerpoint of the spiral motion
will tend to drift over time due to surface dependant wheel slippage and/or inaccuracies in the

spiral approximation algorithm and calculation precision. In certain embodiments, therefore

the robot may exit spiral mode after the robot has traveled a specific distance (“maximum
spiral distance™), such as 6.3 or 18.5 meters (step 240). In a preferred embodiment, the robot

uses multiple maximum spiral distances depending on whether the robot is performing an
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initial spiral or a later spiral. If the maximum spiral distance is reached without a bump, the
robot gives control to a different behavior, and the robot, for example, then continues to move
in a predominately straight line. (In a preferred embodiment, a STRAIGHT LINE behavior is
a low priority, default behavior that propels the robot in an approximate straight line at a

preset velocity of approximately 0.306 m/s when no other behaviors are active.

Amendment to first paragraph on page 25 (lines 1-8):
The movement of the robot 10 in a room 110 is shown in FIGS. 8A, 8BEIG-8. In
FIG. 8A, the robot 10 is placed along with wall 100, with the robot’s dominant side next to

the wall. The robot then runs along the wall indefinitely following movement path 46.
Similarly, in FIG. 8B, the robot 10 is placed in the proximity of an obstacle 101. The robot
then follows the edge of the obstacle 101 indefinitely following movement path 47.

Amendment to third full paragraph on page 25 (lines 16-22):

The method used in a preferred embodiment for following the wall is detailed in FIG.
9A and provides a smooth wall following operation even with a one-bit sensor. (Here the
one-bit sensor detects only the presence ef or absence of the wall within a particular volume
rather than the distance between wall and sensor.) Other methods of detecting a wall or object

can be used such as bump sensing or sonar sensors.

Amendment to first paragraph on page 27 (lines 1-19):

The wall follower mode can be continued for a predetermined or random time, a
predetermined or random distance or until some additional criteria are met (€.g. bump sensor

is activated, etc.). In one embodiment, the robot continues to follow the wall indefinitely. In

a preferred embodiment, as shown in FIGS. 8C & 8D wherein reference numeral 46 identifies
the movement of the robot, minimum and maximum travel distances are determined, whereby

the robot will remain in WALL-FOLLOWING behavior until the robot has either traveled the

maximum distance (FIG. 8D) or traveled at least the minimum distance and encountered an
obstacle 101 (FIG. 8C). This implementation of WALL-FOLLOWING behavior ensures the
robot spends an appropriate amount of time in WALL-FOLLOWING behavior as compared

to its other operational modes, thereby decreasing systemic neglect and distributing coverage
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to all areas. By increasing wall following, the robot is able to move in more spaces, but the
robot is less efficient at cleaning any one space. In addition, by tending to exit WALL-
FOLLOWING behavior after obstacle detection, the robot increases its perceived

effectiveness.

Amendment to last paragraph on page 27 (lines 20-26), lines 1-5 on page 28:

FIG. 9B is a flow-chart illustration showing this embodiment of determining when to
exit WALL-FOLLOWING (WF) behavior. The robot first determines the minimum distance
to follow the wall (dniy) and the maximum distance to follow the wall (dmax). While in wall
(or obstacle) following mode, the control system tracks the distance the robot has traveled in
that mode (dwr). If dwr is greater than dpax(step 350), then the robot exits wall-following
mode (step 380). If, however, dwe is less than dmax(step 350) and dw is less than dax
dmin(step 360), the robot remains in wall-following mode (step 385). If dwr is greater than
dmin(step 360) and an obstacle is encountered (step 370), the robot exits wall-following mode
(step 380).

Amendment to last paragraph on page 30 (lines 19-26), lines 1-5 on page 31:

In a preferred embodiment, the method of performing the room cleaning behavior is a
BOUNCE behavior in combination with the STRAIGHT LINE behavior. As shown in FIG.
10, the robot 10 travels until a bump sensor 12 and/or 13 is activated by contact with an
obstacle 101 or a wall 100 (see FIG. 11). The robot 10 then turns and continues to travel. A

sample movement path is shown in FIG. 11 as line 48.

Amendment to "(ii) Situation 2" paragraph on page 35 (lines 3-26), lines 1-2 on

page 36:
(i1) Situation 2. (a) When the brush stall rate rises above a high threshold

and the slope is positive, the robot turns off the brush for 13 seconds and performs
large panic turn behaviors at 1, 3 4, and 7 seconds. At the end of the 13 seconds, the
brush is turned back on. (b) When the drive stall rate rises above a medium threshold
and the slope is positive, the robot performs large panic turn behaviors continuously.

(c) When the drive stall rate rises above a high threshold, the robot turns off all of the
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motors for 15 seconds. At the end of the 15 seconds, the motors are turned back on.
(d) When the bumper of the robot is held in constantly for 5 seconds (as in a side
wedging situation), the robot performs a large panic turn behavior. It repeats the panic
turn behavior every 5 seconds until the bumper is released. (¢) When the robot has
gotten no bumps for a distance of 20 feet, it assumes that it might be stuck with its
wheels spinning. To free itself, it performs a spiral. If has still not gotten a bump for
10 feet after the end of the spiral, performs a large panic turn behavior. It continues

this every 10 feet until it gets a bump.

Amendment to last paragraph on page 37 (lines 19-26), lines 1-9 on page 38:

If, however, the rate is above 2400 (step 410) and the slope is positive (step 412), the
robot will run a special set of escape behaviors, shown in FIG. 12B. In a preferred
embodiment, the brush motor will shut off (step 430), the “level” is incremented by a
predetermined amount (50 to 90) (step 430), the stall time is set (step 430), and a panic
behavior (step 452) is preformed performed at 1 second (step 445), 4 seconds (step 450) and 7
seconds (step 455) since the brush shut off. The control system then restarts the brush at 13
seconds (steps 440 & 442). Level is decremented by 1 every second (steps 444). If level
reaches a maximum threshold (step 435), the robot ceases all operation (step 437). In
addition, the robot may take additional actions when certain stalls are detected, such as

limiting the voltage to the motor to prevent damage to the motor.
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Amendments to the Drawings

FIG. 1A: Added reference numeral "2" and lead line.

FIG. 3: Added reference numerals "12", "13", "14", "16", "21", "22", "23", and "33"

and corresponding lead lines.
FIG. 6C: Added reference numeral "10" and lead line.

FIG. 9B: Deleted reference character "Dwe" and substituted therefor reference character
"dwr" in blocks 350 and 360.

FIG. 12B: Deleted "yes" decision emanating from blocks 435, 440, 445, 450, and 455 and

substituted "no" decision therefor.
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Amendments to the Claims

Please amend the claims, without prejudice, as follows, wherein underlining identifies

added material and strikethroughs identify deleted material:

Listing of Claims:

1. (Currently Amended) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;

(c) and a control system operatively connected to said obstacle detection sensor and
said means for moving;

(d) said control system configured to operate the robot in a plurality of operational
modes, said plurality of operational modes comprising: a spot-coverage mode whereby the

robot operates in an isolated area, an obstacle following mode whereby said robot travels

adjacent to an obstacle, and a bounce mode whereby the robot travels substantially in a

direction away from an obstacle after encountering asn the obstacle.

2. (Original) A mobile robot according to claim 1 in which said control system is
configured to operate first in said spot-coverage mode, then alternate operation between said

obstacle following mode and said bounce mode.

3. (Original) A mobile robot according to claim 2 in which said spot-coverage mode

comprises substantially spiral movement.
4. (Currently Amended) A mobile robot according to claim 2 in which the control
system is configured to return to said spot-coverage mode after a predetermined traveling

distance.

5. (Currently Amended) A mobile robot according to claim 2 in which the control

system is configured to return to said spot-coverage mode after a predetermined elapsed time.
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6. (Currently Amended) A mobile robot according to claim 2 in which the control
system is configured to return to said spot-coverage mode if the average distance between

obstacle interactions is above a predetermined threshold.

7. (Original) A mobile robot according to claim 1, whereby said obstacle detection

sensor comprises a tactile sensor.

8. (Original) A mobile robot according to claim 7, whereby said obstacle detection

sensor further comprises an IR sensor.

9. (Currently Amended) The mobile robot according to claim 1, whereby said obstacle
following mode comprises alternating between decreasing the turning radius of the robot as a
function of distance traveled such that the robot turns teward-said towards the obstacle until
the obstacle detection sensor detects an the obstacle, and decreasing the turning radius of the
robot as a function of distance traveled such that the robot turns away from said the obstacle

until the obstacle detection system no longer detects ar the obstacle.

10.  (Currently Amended) The mobile robot according to claim 1, whereby the robot
operates in said obstacle following mode for a distance greater than twice the work width of

the robot and less than approximately ten times the work width of the robot.

11.  (Currently Amended) The mobile robot according to claim 10, whereby the robot
operates in said obstacle following mode for a distance greater than twice the work width of

the robot and less than five times the work width of the robot.

12.  (Original) The mobile robot according to claim 1, further comprising a means for

manually selecting an operational mode.
13.  (Currently Amended) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;
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(c) and a control system operatively connected to said obstacle detection sensor and
said means for moving;

(d) said control system configured to operate the robot in a plurality of operational
modes, said plurality of operational modes comprising: an obstacle following mode whereby
said robot travels adjacent to an obstacle, and a bounce mode whereby the robot travels
substantially in a direction away from an obstacle after encountering an the obstacle;

(e) whereby said control system is configured to alternate into said obstacle following

mode after a predetermined number of sensor interactions.

14.  (Original) A mobile robot according to claim 13, wherein said predetermined

number of sensor interactions is randomly determined.

15.  (Original) A mobile robot according to claim 13, wherein said predetermined

number of sensor interactions is between approximately 5 and approximately 15.

16.  (Original) A mobile robot according to claim 13, wherein said control system is
configured to alternate into said bounce mode after the robot travels a predetermined distance

in said obstacle following mode.
17.  (Original) A mobile robot according to claim 13, wherein said control system is
configured to alternate into said bounce mode upon either the robot has traveled a maximum

distance or the robot has traveled a minimum distance and an obstacle has been encountered.

18.  (Original) A mobile robot according to claim 17, wherein said minimum distance

is at least 115 cm.

19.  (Original) A mobile robot according to claim 18, wherein said maximum distance

is less than 520 cm.

20.  (Original) A mobile robot according to claim 13, wherein the control system

alternates operational modes based on the distance traveled by said robot.
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21.  (Currently Amended) A mobile robot accordingto-elaimt3;-further comprising;

(a)means for moving the robot over a surface;

(b)an obstacle detection sensor;

(c)a control system operatively connected to said obstacle detection sensor and said robot

moving means; and wherein

(d)said control system is configured to operate the robot in a plurality of operational

modes, said plurality of operational modes including an obstacle following mode wherein the

robot travels adjacent to an obstacle, and a bounce mode wherein the robot travels

substantially in a direction away from an obstacle after encountering the obstacle;

(e)said control system being further configured to alternate into said obstacle following

mode after a predetermined number of sensor interactions; and

(f) a means for determining the a level of clutter associated with the surface over which

the robot moves.

22.  (Original) A mobile robot according to claim 21, wherein said means for
determining the level of clutter comprises tracking the number of interactions with obstacles

over time.

23.  (Original) A mobile robot according to claim 22, further comprising a means for
imputing the approximate area of the surface, wherein said means for determining the level of
clutter further relates to the approximate area of the surface.

24.  (Original) A mobile robot according to claim 22, wherein the level of clutter is

correlated to the frequency at which the controller alternates operational modes.

25.  (Currently Amended) A mobile robot according to claim 21, wherein the level of

clutter is positively correlated to the a minimum obstacle following distance.

26.  (Currently Amended) A mobile robot comprising: accerding-to-claim13;

(a)means for moving the robot over a surface;

(b)an obstacle detection sensor; and
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(c)a control system operatively connected to said obstacle detection sensor and said robot

moving means: and wherein

(d)said control system is configured to operate the robot in a plurality of operational

modes, said plurality of operational modes including an obstacle following mode wherein the

robot travels adjacent to an obstacle, and a bounce mode wherein the robot travels

substantially in a direction away from an obstacle after encountering the obstacle;

(e)said control system being further configured to alternate into said obstacle following

mode after a predetermined number of sensor interactions; and further

69 wherein the control system alternates between said operational modes based

upon a lack of sensor input.

27.  (Original) A mobile robot according to claim 1, wherein said control system
further comprises memory wherein an operational system program is stored, said operational
system program comprising a plurality of behaviors and an arbiter to select which behavior is

given control over the means for moving.

28.  (Original) A mobile robot according to claim 27, further comprising an escape

behavior.

29.  (Original) A mobile robot according to claim 28, wherein said obstacle detection
sensor comprises a tactile sensor, and wherein said escape behavior comprises operating in

said obstacle following mode.

30.  (Original) A mobile robot according to claim 28, wherein said escape behavior is

triggered by the rate of a motor stall event.

31. (Original) A mobile robot according to claim 30, wherein said escape behavior is

triggered by an increase in said rate of a motor stall event.
32.  (Original) A mobile robot according to claim 28, wherein said escape behavior is

triggered by the duration of sensor input.
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33.  (Original) A mobile robot according to claim 28, wherein said escape behavior

comprises shutting off the robot.

34.  (Original) A mobile robot according to claim 28, wherein said escape behavior is

triggered by a lack of sensor input.

35.  (Original) A mobile robot according to claim 13, further comprising a cliff
detector, whereby said control system is configured to reduce the robot’s velocity upon

detection of a cliff.

36.  (Original) A mobile robot according to claim 13, further comprising a wheel drop
sensor, whereby said robot utilizes the rate of wheel drop sensor events as input to said

control system.

37.  (Currently Amended) A method of controlling a mobile-robot equipped with a sensor

for detecting an obstacle, said method comprising the steps of:

moving in a spiral running motion;

b. discontinuing said spiral running motion after the earlier of sensing and
an obstacle or traveling a predetermined distance;

¢. running in a substantially forward direction until an obstacle is
detected;

d. turning and running along said the detected obstacle;

e. turning away from said the detected obstacle and running in a
substantially forward direction; and

f. thereafter repeating said step of running along said a detected obstacle

and said step of turning away from said the detected obstacle.

12
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38. (Original) The mobile-robot steering method according to claim 37, further
comprising the step of repeating the spiral running motion after a predetermined

number of sensor events.

39. (Original)  The mobile-robot steering method according to claim 37, whereby the
robot runs along said obstacle for at least a minimum distance but less than a maximum

distance.

40.  (Original) The mobile-robot steering method according to claim 39,

whereby said obstacle sensor comprises an IR sensor able to detect said boundary.

41.  (Original) The mobile-robot steering method according to claim 40,

whereby said obstacle sensor further comprises a tactile sensor.
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REMARKS
The Office Action mailed September 3, 2003 cites U.S. 5,204,814 (“Noonan”) and
6,076,025 ("Ueno") as bases for rejections of the claims. See Section 5 of the Office Action.
To advance the discussion of the claims, a synopsis of Noonan and Ueno follows.

Noonan: This patent discloses an automatic, self-propelled lawn mower that employs

accordance with predetermined, deterministic pattern. ,

In one practice disclosed in Noonan, the stored map is maintained in the autonomous
lawn mower's computer memory as a collection of path segments represented as vectors and
arcs that describe the mower's cutting route. Col. 3, lines 63-66. The mower follows a guide
path (1, 2, 3, or 7) of wire or metal tape buried in a groove in the lawn. The navigation
control system of the mower guides the mower along the desired travel route defined by the
stored map while checking data from metal sensors (8, 10, or 23) to ensure that the vehicle is
centered on the guide path (1, 2, 3, or 7). The stored map provides information on when
guide path (1, 2, 3, or 7) following should be invoked. Col. 4, lines 23-43.

Thus, Noonan teaches a mower that follows predetermined paths, not a control system

configured to operate the robot in a combination of multiple operational modes, as in the
claims of the present invention.

Ueno: This patent discloses a mobile robot that operates using a specified sequence of
spiral/"random" running. Col. 6, lines16-18. The specified sequence consists of: (1) a spiral
pattern running motion initiated from a selected spot; (2) terminating the spiral pattern
running motion and implementing a random pattern running motion, which comprises a
turning motion and then running straight forward, once a boundary is remotely detected; (3)
repeating the random pattern running motion a predetermined number of times N, each
repetition being triggered by remote detection of a boundary; and (4) re-initiating the spiral
pattern running motion once the random pattern running motion has been implemented the
predetermined number of times N. The re-initiated spiral pattern running motion is
implemented at a location that is established by either: (a) a predetermined distance D from

the last turning motion; or (b) running straight forward for a predetermined time T from the
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last turning motion. Col. 2, lines 10-28. See also Abstract. This spiral/random running
pattern is then repeated. Col. 7, line 5.

Ueno specifically teaches that the random pattern running motion is run a
predetermined number of times N before the spiral pattern running motion is re-initiated.
Ueno further specifically teaches that the spiral pattern running motion is re-initiated at either
a predetermined distance D, or after a predetermined time T, from the last turning motion.
The predetermined parameters N and (D or T) must set before the robot (1) begins operations,
and the values of these parameters, N and (D or T) are determined by simulations such as
illustrated in Figs. 8 A-8B and 9A-9B. Col. 7, lines 36-67, and Col. 8, lines 1-25.

Thus, Ueno teaches a device having a predetermined sequence of operation, including
predetermined spiral and "random" movement. Ueno does not teach or suggest a control
system configured to operate the robot in a combination of multiple operational modes, as in
the claims of the present invention.

Differences Over Noonan and Ueno: Ueno teaches a devices having only two

movement modes, not three as in the present claims. Moreover, in Noonan, the movement
mode is entirely predetermined by a map or guide path, much like a train running down a
track. This not only renders Noonan entirely distinguishable as a teaching, but it also renders
improper the argument that there is any suggestion of combining Noonan with Ueno. In
contrast to Noonan and Ueno, independent claim 1, for example, is directed to a mobile robot
system that has a combination of three operational modes -- spot, follow and bounce/random.
It is the combination of all three modes -- a combination that is not taught or suggested by
either Ueno or Noonan -- that allows the claimed robot to outperform Ueno in real world
environments that cannot be accurately run through a simulation.

Thus, while the Action appears to suggest (pp. 3-4) that Ueno teaches a bounce mode;
that Ueno teaches or suggests the claimed three-mode capability, and that Noonan teaches
multi-mode operation like that of the claimed invention, these assertions will discussed in
detail and refuted below. For example, a review of Noonan indicates that its device has but
one mode -- that of following a preset map or guide path laid down by previous human
decision -- and in fact, cannot be said to be analogous in any way to the claimed invention,
since Noonan simply travels along its pre-set pathways. And Ueno teaches, at best, only two

of the three specific modes claimed in the present application for patent.

15
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We next address the specific points raised in Section 5 of the Action.
Rejection of Claims 1-7, 9, 13-15, 27-29 and 37-41: Section 5 of the Detailed Action

rejects these claims "under 35 USC 103(a) as being unpatentable over Noonan et al. [U.S.
Patent No. 5,204,814} and Ueno et al. [U.S. Patent No. 6,076,025"." The following
discussion of the claims and the omnibus art rejection of Section 5 is organized to follow the
sequence of points raised in Section 5, addressing each point in turn.

Rejection of Claims 1-3, 13 and 37-38: Section 5 initially asserts that FIGS. 1A-1C of

Noonan teach or suggest the subject matter of the claims. No basis can be found for such an
assertion. In fact, the fixed, predetermined "guide paths" depicted in Figs. 1A-1C of Noonan
do not teach or suggest the claimed subject matter. In particular, claim 1, for example, recites
a control system that operates the robot in three operational modes: (1) a spot-coverage
mode; (2) an obstacle-following mode; and (3) a bounce mode. Even more importantly, the
claims are drawn to a mobile robot that does not merely follow, like a train running down the
rails, a predetermined guide path as depicted in Noonan FIGS. 1A-1C.

Similarly, claim 2, which depends from claim 1, is directed to one specific sequence
for operating the robot in these three operational modes.

Independent claim 13 also recites a combination of modes, not taught or suggested by
Noonan, and specifically includes a control system that operates the robot in an obstacle-
following mode and a bounce mode, wherein the control system is operative to alternate into
the obstacle-following mode after a predetermined number of sensor interactions have
occurred in the bounce mode.

Independent claim 37 of the present application is directing to controlling a robot
wherein the robot is operated in three specific operational modes (again, neither Noonan nor
Ueno teach the claimed combination of all three specific modes): a spiral running motion,
which is discontinued in response to a predetermined condition (sensing of an obstacle or
traveling a predetermined distance), running in a forward (straight line) direction until an

obstacle is encountered, following along the detected obstacle (obstacle following mode),

the obstacle, i.e., repeating the obstacle-following and bounce modes. Claim 38, which
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depends from claim 37, is directed to repeating the spiral running motion after a
predetermined number of sensor events.

Section 5 of the Action cites Figures 1A-1C of Noonan as allegedly teaching or
suggesting the subject matter of the claims. The Applicants respectfully disagree.

Figures 1A-1C of Noonan depict guide paths (1, 2, 3) defined by buried wires or metal strips
and which are followed by the robot using its metal detector elements (8, 10, 23). In other
words, the robot of Noonan relies on fixed guide paths (1, 2, 3) to control travel. This is
completely antithetical to the present invention. A "robot" that merely runs along fixed guide
paths, much as a train runs down a track, is in no way a teaching of the substantially
autonomous, multi-modal movement of the claimed invention. Simply put, the use of
external physical objects, i.e., guide paths (1, 2, 3), that must be detected by means of metal
sensors (8, 10, or 23), as taught by Noonan, does not teach or suggest the use of an internal
control system that implements operational modes of spot-coverage (spiral) motion, obstacle-
following motion, and bounce motion that control the movements of the robot as claimed in
claims 1-3, 13, 37, and 38 of the instant application. (And as discussed below, these
differences also negate any suggestion of combining the predetermined guide path teachings
of Noonan with other references.)

Moreover, Figure 1C of Noonan, i.e., guide path 3, does not teach or suggest the
obstacle-following mode described and claimed in the instant application. Noonan
specifically teaches, at Col. 6, lines 14-18, that guide path 3 represents a short path section
installed to enable the vehicle to navigate in a narrow area between obstacles 4. The
Applicants respectfully submit that one skilled in the art would find that guide path 3, as
described and used by Noonan, teaches, or is suggestive of, an obstacle avoidance
mechanism, not an obstacle-following mechanism, since the purpose of guide path 3 is to
avoid such obstacles. In addition, Noonan specifically teaches that the lawn mower only
follows guide path 3 in reliance upon and under the control of signals from metal sensors (8,
10, or 23). Operation in this manner does not teach or suggest operation of the mobile robot
as recited in independent claims 1, 13, and 37 of the instant application.

The Examiner has expressly admitted that Noonan does not teach or suggest a bounce
mode (see last paragraph on p.3 of the Office Action). Thus, Noonan cannot teach or suggest

the subject matter claimed in independent claims 1, 13, and 37.
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Accordingly, the Applicants respectfully submit that Figs. 1A-1C of Noonan do not

following operational mode as described and claimed in the present application. Accordingly,
the Applicants respectfully submit that claims 1-3, 13, 37, and 38 are patentably
distinguishable over the cited reference of Noonan.

Rejection of Claims 30-35: Contrary to the assertion that Noonan renders these claims

unpatentable, these claims are patentably distinguishable over the disclosure of Noonan for
the same reasons discussed above regarding claims 1 and 13 (from which they depend,
directly or indirectly) -- no teaching or suggestion of a combination of three movement
modes, and only a teaching of following a predetermined guide path or map.

It is also noted that claims 30-34 all require an escape behavior, and Noonan simply
does not teach any escape behavior. The portions of Noonan cited in Section 5 of the Action
are merely changes in mowing patterns -- not positional escape behaviors to avoid being
caught between obstacles or terrain features.

In contrast to the claims, Noonan specifically teaches that movement is controlled by a
stored map or database (33) consisting of a plurality of path vectors and arcs that control the
motion of the robot. Alternatively, the movement of Noonan's mobile robot is controlled by
detecting and following a buried guide path and/or underground metallic references. This is
completely antithetical to the idea of a robot under the control of a system program
comprising a combination of three behaviors.

Similarly, with regard to claim 27, Noonan does not teach or suggest a robot that
includes an operational system program comprising a combination of three behaviors and an
arbiter to select which among the combination of three behaviors is selected.

Regarding claims 31 and 32, although Noonan discloses an engine RPM indicator (17)
monitored by a microcontroller (12) to sense whether the engine (25) has bogged downed or
stalled, which causes the microcontroller (12) to slow down the speed of the lawn mower, this
does not teach or suggest that the microcontroller (12) monitors the rate of a motor stall event,
as recited in claim 30 of the instant application, or that an escape behavior is triggered by an
increase in the rate of the motor stall event, as recited in claim 31 of the instant application, or

that an escape behavior is triggered by the duration of a sensor event, as recited in claim 32.
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Regarding claim 35, while Noonan discloses an inclinometer/tilt sensor (21) to sense if
the vehicle is in danger of tipping over and to halt the vehicle during unexpected tilting
(where unexpected tilting describes tilting that is at variance with tilting information in the
stored map), this does not teach or suggest a cliff detector as recited in claim 35 of the instant
application that is configured to reduce the robot's velocity upon detection of a cliff.
Moreover, the cliff detectors of the instant application are operative to directly interact with
the external environment to detect vertical drops in the external environment. Noonan, in
contradistinction, detects tilting in the mobile robot, thus inferring (indirectly) the condition of
the environment.

Regarding claim 34, the disclosure of Noonan regarding the engine RPM
indicator (17) and the inclinometer/tilt sensor (21) do not teach or suggest that an 'escape
mechanism' can be triggered by a lack of sensor input as recited in claim 34. The Examiner
has not presented any rationale as to why this disclosure of Noonan is relevant to the recited
subject matter of claim 34 of the instant application.

Thus, claims 30-35 are patentably distinguishable over the disclosure of Noonan.

Ueno: Turning next to the application of Ueno to these claims (at p. 4, first
paragraph), the Examiner asserts that Ueno teaches a control system capable of performing a
spiral pattern running motion, canceling the spiral pattern running motion when a boundary is
detected at a distance smaller than a preset value, and then implementing a random pattern
running motion, wherein the random pattern running motion includes turning away from the
detected boundary and running forward. The Applicants respectfully submit that this is an
incorrect characterization of Ueno.

As discussed above, Ueno expressly teaches a specific, predetermined, and limited
movement scheme consisting of spiral and "random" motions in a specified sequence: (1) an
initial spiral pattern running motion that is ended when a boundary is detected at a distance of
less than a preset value; (2) a "random" pattern running motion that is implemented a
predetermined number of times N, each repetition of the random pattern running motion being
triggered by detection of the boundary; and (3) re-initiating the spiral pattern running motion
once the random pattern running motion has been repeated the predetermined number of times

N.
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For the reasons discussed above, this teaching of a specific, predetermined, limited
sequence of only two movement modes does not anticipate or render obvious the referenced
claims.

At p. 4, paragraph 2, the Action asserts that Fig. 6¢ of Ueno shows the movement of
the robot "adjacent to the wall area," presumably teaching or suggesting the claimed subject
matter. However, the Examiner's attention is directed to Col. 7, lines 3-4 of Ueno, wherein
Fig. 6¢ is expressly described as showing the re-initiation of the spiral pattern running motion:
"[TThe robot 1 again starts another spiral pattern running motion." Any such movement
adjacent to the wall is simply happenstance, based upon operation in the spiral pattern running
motion, and as such, neither teaches nor suggests the claimed subject matter.

Rejection of claims 13-15, 27 and 38: The Action next asserts that Ueno shows a

"motion scheme based on various sensors detecting signals." However, the Applicants
respectfully submit that the noted claims are patentably distinguishable over the disclosure of
Ueno for the following reasons. In particular, as noted above, Ueno teaches only a specific
(and limited) movement scheme that comprises a specific sequence of spiral pattern running
motions and random pattern running motions. There is no disclosure or teaching in Ueno, or
and claimed in independent claim 13, independent claim 1 (from which claim 27 directly
depends), and independent claim 37 (from which claim 38 directly depends). To the extent
that the Examiner may be alleging that Fig. 6c of Ueno depicts an obstacle-following mode,
any such allegation has been rebutted by the discussion in the preceding paragraphs.

With respect to the assertion that Ueno Fig. 13 shows a stored motion scheme based
upon various sensor detector signals, the Applicants respectfully submit that the Table
depicted in Fig. 13 does not teach or suggest the claimed subject matter of claims 13-15, 27,
and 38. As discussed above, Ueno discloses only a specific (and limited) movement scheme
that comprises a specific sequence of spiral pattern running motions and random pattern
running motions. Ueno specifically teaches that the random pattern running motion
comprises a straight forward motion, followed by a turning motion when the vehicle reaches a
set distance from a wall, and finally a straight forward motion. Col. 5, lines 55-67. See also

Col. 2, lines 16-22, and the Abstract.
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As noted above, Ueno's Fig. 13 Table utilizes inputs from the supersonic sensors (6) to
define the speed(s) of the vehicle's two threads, the degree of turning, and the direction of
turning. As an examination of Ueno's Fig 13 Table makes evident, the only motion that
results from such sensor inputs are a straight forward motion or a turning motion. These
motions, however, are the constituent motions comprising the random pattern running motion.
Therefore, the inputs from the supersonic sensors (6) are limited to defining the "motion
scheme" within a single mode of operation, i.e., the random pattern running motion, which
comprises a forward (straight) motion and a turning motion.

The Applicants respectfully submit, therefore, based upon the discussion in the
preceding paragraphs, that the motion scheme implemented Ueno's Fig. 13 Table does not
teach or suggest the claimed subject matter of claims 13-15, 27, and 38 since this Table is
limited to defining the forward (straight) and turning motions comprising a single mode of
operation, i.e., the random pattern running motion. More specifically, Ueno's Fig. 13 Table
does not teach or suggest using a predetermined number of sensor interactions as a triggering
condition for alternating between operational modes, i.e., from the bounce mode into the
obstacle-following mode as recited in claim 13, or that such predetermined number of sensor
interactions is a random number as recited in claim 14, or that the predetermined number is
within a specific range as recited in claim 15. Rather, Ueno's Fig. 13 Table is used solely for
the purpose of determining what motion scheme, i.e., straight motion or turning motion, is to
be implemented within the sole mode of operation, i.e., random pattern running motion.

Further, Ueno's Figure 13 Table does not teach or suggest an arbiter that is operative
to select one behavior from a plurality of behaviors and allow the selected behavior to control
the means for moving the mobile robot as recited in claim 27. And finally, Ueno's Figure 13
does not utilize a predetermined number of sensor events to repeat spiral running motion as
recited in claim 38.

Ueno specifically teaches that the spiral pattern running motion is reinitiated only after
a predetermined number of turns N has been accomplished. And, as taught by Ueno at Col. 8,
lines 3-15 (see also Col. 2, lines 29-34) the value of N is determined through simulations.
There is no teaching or suggestion in Ueno, and the Examiner has not pointed to any, that
there is any correlation or relationship between the value of N and the inputs from the

supersonic sensors (6).
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In view of the foregoing, the Applicants respectfully submit that claims 13-15, 27, and
38 are patentably distinguishable over the stored motion scheme of Ueno in the Fig. 13 Table.
Rejection of Claims 4-6, 10-11, 16-20 and 39: The Action next asserts that Ueno

teaches generating running motion parameters in accordance with "predetermined distances to
obstacles,”" presumably rendering unpatentable the noted claims. However, these claims are
patentably distinguishable over the disclosure of Ueno for the reasons presented above with
respect to independent claims 1, 13, and 37 (from which claims 4, 5, 6, 10, 11, 16-20, and 39
depend, respectively).

To the extent that the Examiner is alleging that the disclosure of Ueno with respect to
the predetermined distance D and the predetermined time T to implement the spiral pattern
running motion teach or suggest the subject matter recited in claims 4, 5, 6, and 20,
respectively, the Applicants respectfully controvert this position. As noted above, it is the
predetermined number of times N that the random pattern running motion has been
implemented is the determinative (and only) factor that controls re-initiation of the spiral
pattern running motion, i.e., the transition from the random pattern running motion to the
spiral pattern running motion. The parameters D and T disclosed by Ueno only determine the
location where the spiral pattern running motion is reinitiated. These parameters are not
relevant to and do not control the transition between modes of operation, i.e., from the random
pattern running motion to the spiral pattern running motion.

Based upon the foregoing discussion, the Applicants respectfully submit that claims 4,
5, 6, and 20 are patentably distinguishable over the disclosure referenced by the Examiner.
Further, with respect to claim 6, there is no disclosure in Ueno regarding the average distance
between obstacle interactions, let alone the use of such an average distance to transition be
modes of operation when such average distance is above a predetermined threshold.

With respect to claims 10, 11, 16, and 39, the subject matter of these claims involves
the obstacle-following mode in one aspect or another. As discussed above, Ueno does not
teach or suggest an obstacle-following mode, and, accordingly, the Applicants respectfully
submit that claims 10, 11, 16, and 39 are patentably distinguishable over the disclosure of
Ueno.

Further, with respect to claims 10-11 specifically, Ueno does not even disclose the use

of the work width of the robot as a determinative parameter for operating in either the spiral
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pattern running motion or the random pattern running motion. With respect to claims 16-19
specifically, Ueno does not teach or suggest alternating into the random pattern running
motion after traveling a predetermined distance. Rather, Ueno specifically teaches that the
random pattern running motion is only implemented in response to a remote detection of a
wall with a predetermined distance, and then only when operating in the spiral pattern running
motion.

Figs. 7A-7B of Ueno illustrate the working efficiency of various modes of operation.
These figures show that deterministic cleaning (identified by Ueno as "coordinates pattern
running"), using a predetermined path, is the most effective in terms of area coverage,
followed by spiral/random pattern running motion (which is the disclosed and claimed subject
matter of Ueno). These figures illustrate that fine tuning random running (where all turn
angles have a predetermined value of 135°) and random running represent the lowest working
efficiencies. The Examiner has not provided any rationale as to why Figs. 7A-7B are relevant
to the subject matter of claims 4, 5, 6, 10, 11, 16-20, and 39 since these claims are not directed
per se to work progress versus elapsed time or working efficiency, or even the modes of
operation depicted therein.

Based upon the foregoing discussion, the Applicants respectfully submit that claims 4,
5,6, 10, 11, 16-20, and 39 are patentably distinguishable over Ueno.

Rejection of Claims 7, 29 and 41: The Action next cites Ueno with regard to these

claims. However, these claims are patentably distinguishable over the disclosure of Ueno for
the reasons presented above with respect to independent claims 1 and 37 and dependent
claim 27 (from which claims 7, 29, and 41 depend, respectively).

In addition, the disclosure of Ueno referenced by the Examiner at: (1) Col. 3 teaches
only that the bumper includes a contact sensor that senses pressure upon touching an obstacle;
(2) Col. 4 teaches only that the detection signals from contact sensor SA are transmitted to the
CPU (8); and (3) Col. 10 does not discuss the contact sensor at all (moreover, an examination
of the Figure 13 Table does not indicate that any signal from the contact sensor (5A) is
provided as an input). Therefore, although Ueno may disclose a contact sensor (5A), the
disclosure of Ueno cited by the Examiner does not expressly disclose any response

implemented as a result of operation of such a contact sensor (5A).
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Rejection of Claims 8 and 40: The Applicants respectfully submit that these claims

are patentably distinguishable over the disclosure of Ueno for the reasons presented above
with respect to independent claims 1 and 37 and dependent claim 27 (from which claims 8
and 40 depend, respectively).

Rejection of Claim 9: This claim is patentably distinguishable over the disclosure of

Ueno for the reasons presented above with respect to independent claim 1 (from which
claim 9 depends). Further, with regard to the disclosure of Ueno cited by the Examiner (i.e.,
Ueno Col. 1, lines 20-27), such disclosure does not teach or suggest the claimed subject
matter of dependent claim 9. The subject matter of independent claim 9 is directed towards
specifics of operation for the mobile robot when operating in the obstacle-following mode.
Specifically, alternating between decreasing the turning radius of the robot as a function of
distance traveled so that the mobile robot turns towards and detects the obstacle being
followed and decreasing the turning radius of the robot as a function of distance traveled so
that the mobile robot turns away from and no longer detects the obstacle being followed.

In contrast, the disclosure of Ueno cited by the Examiner does not teach or suggest
operating a mobile robot in an obstacle-following mode (rather, the cited disclosure teaches
only running in either a zigzag pattern or a spiral pattern). Moreover, the operating pattern of
such mobile robot is based upon coordinate data produced by mapping, which is not only
inapposite to the claimed subject matter of the instant application, but the subject matter
teachings of Ueno itself. Moreover, the cited disclosure of Ueno does not teach or suggest
that, as a result of decreasing the turning radius as a function of distance traveled, the mobile
robot turns towards or away from the obstacle being followed.

Based upon the foregoing discussion, the Applicants respectfully submit that claim 9

is patentably distinguishable over the cited disclosure of Ueno.

Rejection of Claim 12: This claim is patentably distinguishable over Ueno for the
reasons presented above with respect to independent claim 1, from which claim 12 depends.

Rejection of Claims 30-35: These claims are also patentably distinguishable over

Ueno for the reasons presented above with respect to independent claims 1 and 13, from
which these claims variously depend. The Action cites Japanese prior art document, "HEI 9-
42879, as allegedly suggesting the specific escape behavior of claims 30-35. However, the

Examiner did not provide a copy of this cited Japanese prior art document as required by
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MPEP, § 707.05(a), and Applicants have found no information pertaining to such document
that would suggest the claimed escape behavior.

Although Ueno references this Japanese prior art document and incorporates it by
reference, Ueno does not provide any specific disclosure of the alleged "escape control
mode," how it might be triggered, or how it might operate. It is noted that claims 30-35 are
directed to different triggers that implement escape behavior, i.e., rate of motor stall
(claim 30), an increase in the rate of motor stall (claim 31), duration of sensor input
(claim 32), and lack of sensor input (claim 34), or define a specific escape behavior that is
implemented, i.e., shutting off the robot (claim 33), or reducing robot's velocity in response to
cliff detection (claim 35). Thus, even if the Examiner had provided an English-language
version of the cited Japanese document, there has been absolutely no showing of a basis for
rejecting all of these claims.

No Suggestion To Combine Ueno and Noonan: At p. 5, the Action next asserts that "it

has been obvious" to combine the teachings of Ueno and Noonan "for robotic device capable
of moving within the sensed boundaries of an area and also capable of escaping any collision .
.. the reason is to design an apparatus that will improve robot work efficiency."
Notwithstanding, that statement, absent more, provides absolutely no basis for such a
combination. The mere fact that teachings found in the prior art arguably could be combined
as proposed by the Examiner does not make the combination obvious, "absent some teaching,
suggestion or incentive supporting the combination." Ex parte Metcalf, 2003 Pat. App.
(Lexis), Appeal No. 2002-2049 (Bd.Pat. App.&Int. May 2003) (citing Carella v. Starlight
Archery and Pro Line Co., 804 F.2d 135, 140, 231 USPQ 644, 647 (Fed. Cir. 1986)). The
alleged reason, "to improve robot work efficiency," is nothing more than a hindsight rationale
devoid of any showing of basis or suggestion to combine the references.

In fact, examination of the references themselves demonstrates no such basis. Noonan
expressly teaches a robotic device that operates on the basis of a stored map that defines travel
motion and/or guide path. The stored map and/or guide paths of Noonan define travel paths
that avoid obstacles -- assuming the human being who laid down the guide paths chose to do
so, and knew of the obstacles. If a new obstacle were to arise, nothing in Noonan suggests

that the device would avoid it.
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Ueno, in contrast, teaches a robotic device that operates under the control of a
spiral/random pattern running motion that requires the detection of walls/boundaries to work
properly, i.e., to terminate the spiral pattern running motion, to implement turning motions as
part of the random pattern running motion.

Thus, Noonan teaches a device that slavishly follows a guide path, much like a train
running down a track; while Ueno teaches a device having a completely different control
system. To modify the operation of the Ueno device by incorporating the track-following
aspect of Noonan would completely change of the nature of Ueno's robotic device. Moreover,
one could not conclude, without more, that such a modification would "improve robot work
efficiency.” And to modify Noonan by substituting the two-mode operation of Ueno would
completely change the nature of Noonan's device. Again, one could not conclude, without
more, that the quest to "improve robot work efficiency” would provide anyone skilled in the
art with the incentive to combine Noonan and Ueno. Thus, there has been no affirmative
showing of any suggestion to combine the teachings of these references.

In view of the foregoing, the Applicants respectfully submit that claims 1-20, 27-35,
and 37-41 are patentably distinguishable over the cited references of Noonan and Ueno, and
the Examiner is respectfully requested to reconsider the patentability of these claims.

35 USC 112 Rejection of Claims 15 and 21: The Examiner has rejected claims 15 and

21 under 35 USC 112, second paragraph. However, with regard to Claim 15, the Applicants
respectfully submit that one of ordinary skill in the art would readily understand what is
encompassed by "between approximately 5 and approximately 15" sensor interactions, as
recited in claim 15, and that is all that is required to pass muster under 35 USC 112, second
paragraph. See BJ Services Co. v. Halliburton Energy Services, 338 F.3 1368, 1372-73, 67
USPQ2d 1692 (Fed. Cir. 2003). In particular, page 32, lines 10-12 of the subject patent
application, the Applicants disclosed that in a preferred embodiment the mobile robot stays in
the room cleaning mode until a certain number of bounce interactions are reached, usually
between 6 and 13, which definitively apprises one of ordinary skill in the art of a preferred
range for such sensor interactions.

Claim 21 has been amended in response to the Examiner's objections to claim 21 as
set forth in Paragraph 2 of the Office Action. However, in view of the format of claim 21,

antecedent basis for the noted element in claim 13 is not required. That is, the preamble
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language of claim 21 uses the terminology "further comprising", which indicates that the
claimed subject matter of claim 21 comprises a mobile robot having the elements recited in

claim 13 plus an additional element, i.e., a clutter determining means. As described in the

specification at page 29, lines 4-7, "clutter" is defined as a measure of the number and
frequency of objects encountered as the robot moves over the surface.

Allowability of Claims 21-26: The Office Action does not contain a rejection of claim

21 in view of prior art, nor does it indicate its allowability. However, since the Action
indicates the allowability of claims 22-25, and claim 21 is drawn to the same general subject
matter as 22-25, i.e., a clutter determining means, the Applicants have treated claim 21 as
being drawn to allowable subject matter (but for the formal rejection noted above). In
particular, the Applicants have amended claim 21 to be an independent claim including all of
the limitations of independent claim 13 from which it depends. The Applicants have also
amended claim 26 to be an independent claim including all the limitations of independent
claim 13. The Applicants respectfully submit that independent claim 26 is also patentably
distinguishable over the cited references.

Specification: The Applicants have also herewith amended the specification to correct
grammar and ensure consistent language throughout, and consistency with reference numbers
in the drawings. No new matter has been added.

Drawings: The Applicants have amended FIGS. 2, 3, and 6C to incorporate reference
numerals set forth in the specification. FIG 9B has been amended so that the drawings uses
the same parameter format as set forth in the specification, i.e., "dwr" instead of "Dws" for
blocks 350 and 360. FIG. 12B has been amended, based upon the disclosure in the
specification, so that each of the True-False decision blocks, i.e. 435, 440, 445, 450, and 455,

includes both a "yes" path and a "no" path. No new matter has been added.

Conclusion:
The Applicants respectfully submit that claims 1-41, as amended herein, are
patentably distinguishable over the cited references and in condition for allowance. The
Examiner is therefore respectfully requested to reconsider the patentability of the claims. The

undersigned welcomes the opportunity to discuss the claims by way of telephonic interview,
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and should any questions arise, the Examiner is respectfully invited to contact the

undersigned.

},{espee(fully ubmitted,
!

./
A
David A. Jacgbs
Reg. No. 31,§70
Lucash, Gesmer & Updegrove, LLP
40 Broad Street
Boston, MA 02109
Tel: (617) 350-6800
Fax: (617) 350-6878
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Portable threshold locators (32B, 32C,

AUTONOMOUS VEHICULAR APPLIANCE, ESPECIALLY VACUUM CLEANER

32D) are placed in a room (120) at locations

to define at least part of a boundary within
which an autonomous vehicular appliance is
to be confined. Typically, the threshold lo-
cator is placed in a doorway (32B) or at the
top of a staircase (32D). The vehicle has a de-

tection system which allows the autonomous

o

vehicular appliance to detect the presence of
the portable threshold locator. The detection
system receives a signal from the threshold lo-
cator and the autonomous vehicular appliance

¥

vy
L
|

uses the received signal to avoid the threshold bk

marked by the locator (32B, 32C, 32D). Th