
United States Patent 

USOO7312752B2 

(12) (10) Patent No.: US 7,312,752 B2 
Smith et al. (45) Date of Patent: Dec. 25, 2007 

(54) WIRELESS POSITION LOCATION AND FOREIGN PATENT DOCUMENTS 
TRACKING SYSTEM 

WO WOOOf 50918 8, 2000 

(75) Inventors: Derek M. Smith, San Diego, CA (US); 
James D. Adams, San Diego, CA (US); 
Nicolas C. Nierenberg, La Jolla, CA 
(US); Joseph C. Baker, Encinitas, CA (Continued) 
US 
(US) OTHER PUBLICATIONS 

(73) Assignee: Awarepoint Corporation, San Diego, 
CA (US) Written Opinion Of The International Searching Authority for 

International Application No. PCT/US20004/034608, Sep. 19, 
(*) Notice: Subject to any disclaimer, the term of this 2005. 

patent is extended or adjusted under 35 Continued 
U.S.C. 154(b) by 398 days. (Continued) 

Primary Examiner—Gregory C. Issing 
(21) Appl. No.: 10/968,814 (74) Attorney, Agent, or Firm—Clause Eight LLP; Michael 
(22) Filed: Oct. 18, 2004 Catania; Elaine Lo 

(65) Prior Publication Data (57) ABSTRACT 

US 2007/O247366 A1 Oct. 25, 2007 

Related U.S. Application Data Techniques for accurate position location and tracking Suit 
able for a wide range of facilities in variable environments 

(60) Provisional application No. 60/513,784, filed on Oct. are disclosed. In one aspect, a system for position location 
i.Essign, prisis, N. 3. comprises a plurality of sensors (e.g. a network monitor, an 
60,572.690 filed O via 19, 2004 pp environment sensor) for generating a measurements of a 

sy - ws y 19, plurality of sources, a plurality of objects or tags, each object 
(51) Int. Cl. generating measurements of the plurality of sources, and a 

GOIS3/02 (2006.01) processor for receiving the measurements and generating a 
H04O 7/20 (2006.01) position location for one or more objects in accordance with 

52) U.S. Cl. .................................... 342/464; 455/456.5 the received measurements. In another aspect, a position p p 
(58) Field of Classification Search ................ 342/463, engine comprises a mapped space of a physical environ 

342/.464, 465, 457; 455/4.56.1, 455, 456.5 ment, and a processor for updating the mapped space in 
See application file for complete search history. response to received measurements. The position engine 

(56) References Cited may receive second measurements from an object within the 

U.S. PATENT DOCUMENTS 

5,119, 104 A 6/1992 Heller ........................ 342/.480 
5,564,079 A * 10/1996 Olsson .................... 455,456.3 

(Continued) 

physical environment, and generate a position location esti 
mate for the object from the received second measurements 
and the mapped space. Various other aspects are also pre 
sented. 

2 Claims, 22 Drawing Sheets 

190A 
BEACON 
EMTR 
i302 

-ss 
BEACON Mitt NETWORK u-217 ER MONITOR 

NCSE 2A 

CBJECT 
172 METAFORK 

-- MONITOR 
2203 

BEACON 
EMITTER AR 

SOURCE 
352 

JAMMER 
1462 

NETWORK 
MONITOR 
i2OC 

1808 
180B 

180A POSITIONING 
? - ENGINE 

112 

PosiTION (UERY 

-- POSITION RESPONSE 

co 

  

  

Page 1 of 43 SAMSUNG EX-1047
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 7,312,752 B2 
Page 2 

U.S. PATENT DOCUMENTS 

6.259,406 B1* 7/2001 Sugiura et al. ............. 342/457 
6,342,854 B1* 1/2002 Duffett-Smith et al. ..... 342/457 
6,529,164 B1 3/2003 Carter ........................ 342/463 
6,674,403 B2 1/2004 Gray 
6,799,047 B1 * 9/2004 Bahl et al. ............... 455,456.1 
7,053,830 B2 * 5/2006 Krumm et al. ............. 342/451 

2005.00751.18 A1* 4/2005 Lewis et al. ............. 455,456.5 

FOREIGN PATENT DOCUMENTS 

WO WOO2/O548.13 
WO WO O3,O21851 

OTHER PUBLICATIONS 

11 2002 
3, 2003 

International Search Report for International Application No. PCT/ 
US2004/034608, Sep. 19, 2005. 
International Search Report for PCT/US2004/034608, mailed Sep. 
19, 2005. 
RADAR: An In-Building RF-Based User Location and Tracking 
System. P. Bahl et al. IEEE Infocom 2000, pp. 775-784. 
Biatti, Roberto,et al. “Location-Aware Computing: a Neutral Net 
work Model for Determining Location in Wireless LANs.” Feb. 
2002. pp. 1-15. 
Liu Tong, et al. “Mobility Modeling, Location Tracking, and Tra 
jectory Prediction in Wireless ATM Networks.” IEEE Journal on 
Selected Areas in Comm. vol. 16, No. 6, Aug. 1998. 
Bahl, Paramvir, et al. "A Software System for Locating Mobile 
Users: Design, Evaluation and Lessons.” MSR-TR-2000-Feb. 12, 
2000. pp. 1-12. 
Bahl, Paramvir et al."RADAR: An In-Building RF-Based User 
Location & Tracking System”, in Proceedings of IEEE Infocom 
2000, Tel-Aviv, Isreal vol. 2, Mar. 2000, pp. 775-784. 
Krumm.John et al. “Minimizing Calibration Effort for an Indoor 
802.11 Device Location Measurement System.” MSR-TR 2003-82. 
U. of Maryland, Nov. 13, 2003. 
Youssef, Moustafa et al., “WLAN Location Determination Via Clus 
tering and Probability Distributions”. In IEEE PerCom Mar. 2003. 
pp. 1-8. 
Krishnan, P; Krishnakumar et al." A System for LEASE: Location 
Estimation Assisted by Stationary Emitters for Indoor RFWireless 
Network.” IEEE Infocom 2004. pp. 1-11. 
Gentile, Camillo et al. "Robust Location Using System Dynamics 
and Motion Constraints.” IEEE International Conference Journal, 
vol. 3, Jun. 24, 2004. pp. 1360-1364. 
Keimargungsi, Kamol & Krishnamurthy, Prashant, “Modeling of 
Indoor Positioning Systems Based on Location Fingerprinting.” 
IEEE InfoCom 2004, pp. 1-11. 
Youssef Moustafa, et al. “On the Optimality of WLAN Location 
Determination Systems.” Technical Report UMIACS-TR, U. of 
Maryland, College Park. 2003 pp. 1-6. 
Ganu, Sachin et al., “Infrastructure-Based Location Estimation in 
WLAN Networks.” Oct. 2003, pp. 1-5. 

Tao, Ping, et al. “Wireless LAN Location-Sensing for Security 
Applications.” Proceedings of the 2003 ACM Workshop on Wire 
less Security,2003. San Diego, CA. pp. 11-20. 
Ladd, Andrew M. et al. Robotics-Based Location Sensing using 
Wireless Ethernet. Proceedings of the Eighth ACM International 
Conference. Sep. 2002. Atlanta, GA. 
Smailagic, Asim, et al., “Determining User Location for Context 
Aware Computing Through the Use of a Wireless LAN Infrastruc 
ture.” Dec. 2000. pp. 1-8. 
Prasithsangaree, P. et al. "On Indoor Position Location with Wire 
less LANs.” Telecommunications Prog. & Dept. of Comp. Science. 
U. of Pittsburgh, 2001 pp. 1-5. 
Wallbaum, Michael, “Wheremops: An Indoor Geolocation System.” 
IEEE Int'l Symposium on Personal Indoor and Mobile Radio 
Communication. vol. 4, pp. 1-5, 2002. 
Betson, Andrew et al. “Cloudpoint: A WiFi Location Sensing Sys 
tem.” Final Report. Apr. 30, 2003. Waterford City, Ireland. pp. 
2-267. 
Tonteri, Teemu, “A Statistical Modeling Approach to Location 
Estimation.” May 25, 2001. Helsinki. pp. 1-53. 
Battiti,Roberto et al. “Statistical Learning Theory For Location 
Fingerprinting in Wireless LANs.” Oct. 2002. Trento, Italy. pp. 
1-11. 
Brunato, Mauro & Kall'O, Csaba Kiss, “Transparent Location 
Fingerprinting for Wireless Services.” Sep. 2002. Pante di Provo, 
Italy, pp. 1-4. 
Smailagic, Asim, et al. “Location Sensing and Privacy in a Context 
Aware Computing Environment.” Pervasive Computing.2001. pp. 
1-7. 
Myllymaki.P. et al. “A Probablilistic Approach to WLAN User 
Location Estimation.” Sep. 27, 2001. IEEE Workshop on Wireless 
LANs. pp. 1-12. 
Bahl, Paramvir & Padmanabhan, Venkata N. “User Location and 
Tracking in an In-Building Radio Network.” Feb. 1999. pp. 1-12. 
Bahl, Paramvir & Padmanabhan, Venkata N. “Enhancements to the 
RADAE User Location and Tracking System.” Microsoft Research 
Technical Report, Feb. 2000. pp. 1-13. 
Clark.Graham, National Scientific Corporation. “WiFi Tracker, TM 
Data Sheet.” Downloaded Aug. 29, 2004, pp. 1.2. 
Airespace Inc.. “Airespace Control System Location Tracking.” 
Copyright 2004. www.airespace.com pp. 1-3. 
AeroScout Enterprise Visibility Sollutions. “AeroScout Engine 
Data Sheet.” Copyright 2004. www.aeroscom. pp. 1.2. 
AeroScout Enterprise Visibility Solutions. “AeroScout T1 Tag Data 
Sheet.” Copyright 2002, www.aeroscout.com, pp. 1.2. 
AeroScout Enterprise Visiblity Sollutions. “AeroScout T2 Tag Data 
Sheet.” Copyright 2004. www.aeroscout.com pp. 1.2. 
Ekahau. Ekahau Positioning Engine(TM) 2.1 Data Sheet. Copyright 
2000-2004. www.ekahau.com pp. 1.2. 
PanCo Networks, “PanCo Proximity Platform. The Industry's First 
Intelligent Location Based System, Enabling Smarter 802.11 Wire 
less LANs.” Copyright 2003, pp. 1-2. 

* cited by examiner 

  

Page 2 of 43
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Dec. 25, 2007 Sheet 1 of 22 US 7,312,752 B2 

190A 
BEACON 
EMITTER 

BEACON 
EMITTER 

130A 
NOISE 
SOURCE 

150 

NETWORK 
MONITOR 

12OB 

NETWO 
MONITOR 

12OC 

BEACON 
EMITTER fia 
13OB o 

POSITIONING POSITION QUERY 
ENGINE 
1 10 POSITION RESPONSE 

  

    

    

  

  

    

  

  

  

  

  

  

  

    

    

  

  

  

    

  

  

Page 3 of 43
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Dec. 25, 2007 Sheet 2 of 22 US 7,312,752 B2 

220A 22OB 4. 4. 4. 220C - 220D 

22OE 22OF 22 4. OG 220H 
230 

22O 220.J 4. 220K 220L 

22OM 22ON 220O 22OP 4. 4. 4. 

PRIOR ART 

FIG. 2 

Page 4 of 43
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Dec. 25, 2007 Sheet 3 of 22 US 7,312,752 B2 

SENSOR 
INFORMATION 

NETWORK NETWORK MAPPED 

MONITOR YER SPACE 
NFORMATION 320 

310 

OBJECT 
NFORMATION 

to 
FIG. 3 

PROJECTION 
330 LOCATION 

    

    

  

Page 5 of 43
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


