
US008081209B2 

(12) Ulllted States Patent (10) Patent N0.: US 8,081,209 B2 
Ji et a]. (45) Date of Patent: Dec. 20, 2011 

(54) METHOD AND SYSTEM OF SPARSE CODE 7,202,776 B2 4/2007 Breed 
BASED OBJECT CLASSIFICATION WITH g; greeg e: 3% 

, , ree e a . 

SENSOR FUSION 7,343,265 B2 * 3/2008 Andarawis et a1. ......... .. 702/188 

7,359,782 B2 * 4/2008 B d ........................... .. 701/45 
(75) IIWBIIIOFSI ZheIIgPiIIg Ji, Lansing, MI (Us); Danil 2005/0038573 A1 2/2005 Gbiizdy 

V. Prokhorov, Canton, MI (US) 2005/0273212 A1 12/2005 Hougen 
2007/0064242 A1* 3/2007 Childers ..................... .. 356/601 

(73) Assignee: Toyota Motor Engineering & 2007/0233353 A1 10/2007 Kade 
Manufacturin North America Inc 2007/0282506 A1 12/2007 Breed et a1. 

g ’ " 2008/0046150 A1* 2/2008 Breed ........................... .. 701/45 

Erlanger, KY (Us) 2010/0148940 A1* 6/2010 Gelvin et a1. .......... .. 340/28602 

( * ) Notice: Subject to any disclaimer, the term of this OTHER PUBLICATIONS 

gage? 11S sixlgeltdeg 0?; dadJusted under 35 Optimal In-Place Learning andthe Lobe ComponentAnalysis; Juyan 
' ' ' ( ) y ays' Weng and Nan Zhang. 

(21) Appl. N0.: 12/147,001 >i< Cited by examiner 

(22) Filed: Jun‘ 26’ 2008 Primary Examiner * Zami Maung 

. . . (74) Attorney, Agent, or Firm *Gifford, Krass, Spinkle, 
(65) PrIor Publication Data Anderson & Citkowski’ PC‘ 

US 2009/0322871 A1 Dec. 31, 2009 
(57) ABSTRACT 

(51) Int. Cl. . . . 
H04N 7/18 (2006 01) A system and method for object class1?cat1on based upon the 
G06F 15/16 (200601) fusion of a radar system and a natural imaging device using 

(52) U 5 Cl ' 348/115 sparse code representation. The radar system provides a 

(58) Field of Classi?cation Search 348/113i118 means of detecting the presence of an object Within a prede 
See a lication ?le for Com lete' histo termined path of a vehicle. Detected objects are then fused 

pp p ry' With the image gathered by the camera and then isolated in an 
(56) References Cited attention WindoW. The attention WindoW is then transformed 

5,963,653 
6,834,232 
6,856,873 
6,862,537 
6,885,968 
6,889,171 
7,049,945 
7,069,130 
7,085,637 
7,110,880 

A 
B1 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 

10/1999 
12/2004 
2/2005 
3/2005 
4/2005 
5/2005 
5/2006 
6/2006 
8/2006 
9/2006 

U.S. PATENT DOCUMENTS 

McNary et a1. 
Malhotra 
Breed et a1. 
Skrbina et a1. 
Breed et a1. 
Skrbina et a1. 
Breed et a1. 
YOPP 
Breed et a1. 
Breed et a1. 

'QQQQQQQ' ‘DI 
Layer 1 

(Recognition) 

L e: 0 
(Sparse Representation) 

into a sparse code representation of the object. The sparse 
code representation is then compared With knoWn sparse code 
representation of various objects. Each knoWn sparse code 
representation is given a predetermined variance and subse 
quent sparse code represented objects falling Within saidvar‘i 
ance Will be classi?ed as such. The system and method also 
includes an associative learning algorithm Wherein classi?ed 
sparse code representations are stored and used to help clas 
sifying subsequent sparse code representation. 

4 Claims, 5 Drawing Sheets 

“Vehicle” 

“Non-Vehicle" 

Layer 2 
(Association) 

Layer 3 
(Classes) 

AVS EXHIBIT 2006 
Toyota Inc. v. American Vehicular Sciences LLC 
IPR2013-00419

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent Dec. 20, 2011 Sheet 1 015 US 8,081,209 B2 

16 f- 1 0 
‘ i_i 

Camera 
Camera Calibration 

[so K24 /18 
Image 

. . . Sparse Projectlon —- WlIldOW —> - —> MILN 

Extraction Codmg 
Target 

1.17"" Kalman POiIll 

Radars) Filtering K 
14 2° 1 

22 

image / Top Down View: 

32\ _\ t : :i r’ 

l I I’? 

ImageNurnzlEl """"" """ """ """" " 

i it i I a 
Training Process: ________ _______ n 

_ ------ .... ....... __ 

' t, : 

-2O -10 0 1O 20 
t2] Show Grid: 

IE! E 

FIG-2 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent Dec. 20, 2011 Sheet 2 015 US 8,081,209 B2 

Z 

X World-Center 
F 3 Y Coordinate System 

0 1, 2° 

Max. Winn; / 
28 

X0 Vehicle 
A Max. Height ,1‘ 

"0' Camera-Center 
,’ Coordinate System 

,’ Projected Size 
, ' 1 Image Plane 

0C ' YC 

Randomly Selected 
Subpatches 

Natural Images 

26 

FIG-4 
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent Dec. 20, 2011 Sheet 3 015 US 8,081,209 B2 

'1 

Window Images (56*5 6) 

I.‘ HI Ill ||||||‘ lllli‘n 
Sparse Representation (36*431) 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent Dec. 20, 2011 Sheet 4 015 US 8,081,209 B2 

o~\ 
O_\ “v I. I n O \ f-Om e nce 

/ - 

O / “Non-Vehicle" 

0/ L 2 L 3 O (Assiygzitiunl (Ciggasres) 

. Layerl 
6 (Recognition) 

Layer 0 
(Sparse Representation) 

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.


