©
L

A0 YOO D

. US005245422A
United States Patent [19] (111 Patent Number: 5,245,422
Borcherts et al. [451 Date of Patent: Sep. 14, 1993
[54] SYSTEM AND METHOD FOR 1-106910 7/1989 Japan .
AUTOMATICALLY STEERING A VEHICLE 2-48704 2/1990 Japan .
WITHIN A LANE IN A ROAD gjg;gg §f iggg japan :
apan .
[75] Inventors: Robert H. Borcherts, Ann Arbor; 2-90379 3/1990 Japan .
Jacek L. Jurzak, Rochester Hills; 2-90380 3/1990 Japan .
Shih-Ping Liou, Ann Arbor; 2-90381 3/1990 Japan .
Tse-Liang A. Yeh, Rochester Hills, 9005957 5/19%0 PCT Int’l Appl. .
all of Mich. OTHER PUBLICATIONS
[73] Assignee: Zexel Corporation, Japan E. D. Dickmanns et al. Applications of Dynamic Mon-
[21] Appl. No.: 722,661 qcular Machine Vision. Machine Vision and Applica-
[22] Filed: Jun. 28. 1991 tions (1989) 1:241-261.
Primary Examiner—Victor R. Kostak
511 Ent, CLS crrcccrernenencnncenenenns HO4N 7/18 ) - .
Esz} LEX- o R 358/103; 364/424.02;  -Attorney, Agent, or Firm—Harness, Dickey & Pierce
[58] Field of Search .........ccovruccrerenncnee, 358/103, 105; [57) . ) . . .
364/424.01, 424.02, 426.01, 426.04; 180/179  An automatic vehicle steering system is provided for
X automatically steering a vehicle along a lane in a road.
(6] References Cited A video sensor is included for generating a plurality of
U.S. PATENT DOCUMENTS frames of video images of the road. A computer proces-
4,703,429 10/1987 SaKata eroocererrccr 364742604  SOT analyzes the frames to determine the lane bound-
4,757,450 7/1988 Etoh ...... e 364/426.04 aries of the road and the position of the vehicle. The
5,014,200 5/1991 Chundrlik et al. ............. 364/426.04 system advantageously utilizes engagement of a cruise
5,081,585 1/1992 Kurami et al. .....c.ceeeee... 358/103 X control switch and a steering control switch to initiate
5,087,969 - 2/1992 Kamada et al. .....cccecervevennee 358/103

CKE

A

FOREIGN PATENT DOCUMENTS

0354561 8/1989 European Pat. Off. .
0354562 8/1989 European Pat. Off. .
0361914 9/1989 European Pat. Off. .
1-66712 3/1989 Japan .

processing of the image data and automatic steering of
the vehicle. In such manner, the reliability and effi-
ciency of the system is increased while at the same time
minimizing complexity and cost.

27 Claims, 16 Drawing Sheets

80 60,
d 12 »
VIDEQ
20 l\"——‘ Ve
VIHEE;.ANGLE 7
IS 4\ [ agoms
| 14
I.ANEM.,
r \42
SEARCH
mencior |
16 V4 /“
N 40 NE A
STEERING CENTERING
ACTUATOR AL
18
6
PEDAL
32 38
= EE-{E ] {=
N T w3 w1
\ DRIVER INPUT ]

T
M

R

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Sep. 14, 1993 Sheet 1 of 16 5,245,422



https://www.docketalarm.com/

U.S. Patent Sep. 14, 1993

Sheet 2 of 16 5,245,422

<
o
o
S

e =)

| -

R

P v s F

|

= S %

1 2 Sy

1 . ~

1

[

[A)OCKET

LARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Sep. 14, 1993 Sheet 3 of 16 5,245,422

60 | 60

el 12 ®

,/°_m?l I\%ﬁ Va

WHEEL ANGLE 7
> AND DRIVER IMAGE R THROTTLE
STEER SENSOR PROCESSOR \ CONTROL
14
LANE
IDENTIFICATION \
42
SEARCH
AREA
PREDICTOR \
16 / /44
\ LANE
N\ STEERING 40 CENTERING
ACTUATOR ALGORITHM
18
\\ STEERING - 56
CONTROLLER
/54
; PEDAL
AUDIO AND VIDEO POSITIONS 38
32 INFORMATION
F [ 4
AUTO STEER CRUISE
e €——3 ACTIVATION CONTROL i
| SWITCH SWITCH
45\ 0 24 26 -
: N | DRIVER INPUT
Figure 3.

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
A M

L AR



https://www.docketalarm.com/

U.S. Patent Sep. 14, 1993 Sheet 4 of 16 5,245,422

66
T=2
T=1
34
T=0

36

— — — W — TS —— ——" W T VNS S— iy i

10

Figure 2B.

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g 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
O 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,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

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

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

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.

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




