US006742904B2
a2z United States Patent (10) Patent No.:  US 6,742,904 B2
Bechtel et al. 5) Date of Patent: Jun. 1, 2004
(54) VEHICLE EQUIPMENT CONTROL WITH (56) References Cited
SEMICONDUCTOR LIGHT SENSORS U.S. PATENT DOCUMENTS
(75) Inventors: Jon H. Bechtel, Holland, MI (US); 2,632,040 A 3/1953 Rabinow
Frederick T. Bauer, Holland, MI (US), 2,827,594 A 3/1958 Rabinow
Joseph S. Stam, Holland, MI (US); 3,601,614 A 8/1971 Platzer, Ir.
Robert C. Knapp, Coloma, MI (US); (List continued on next page.)
Robert R. Turnbull, Holland, MI (US);
David J. Schmidt, Holland, MI (US); FOREIGN PATENT DOCUMENTS
G. Bruce Poe, Hamilton, MI (US); DE 2946561 5/1981
David L. Plangger, Stevensville, MI DE 4424454 1/1996
(US); Robert H. Nixon, Burbank, CA DE 19526249 2/1996
(US); Eric R. Fossum, La Crescenta, (List continued on next page.)
?gu(sgf)l\fl“(%’st?y E. Steenwyk, OTHER PUBLICATIONS
’ Patent Abstract of Japanese Publication No. 59199347,
(73) Assignee: Gentex Corporation, Zecland, MI (US) published Nov. 12, 1984, entitled Wiper Controller for
. . Lo . Vehicle.
(*) Notice: Sub]ect. to any dlsclalmer,. the term of this Christopher M. Kormanyos, SAE Paper No. 980003, pp.
patent is extended or adjusted under 35 13-18
U.S.C. 154(b) by 238 days. Franz—Josef Kalze, SAE Paper No. 980005, pp. 23-26.
. J.P. Lowenau et al., SAE Paper No. 980007, pp. 33-38.
(21) Appl. No.: 10/085,784 Tobru Shimizu et al., SAE Paper No. 980322, pp. 113-117.
: ) p > PP
(22) Filed: Feb. 28, 2002 Primary Examiner—Mohammad Yunus Sikder
(65) Prior Publication Data (74) Antorney, Agent, or Firm—Price, Heneveld, Cooper,
US 2002/0093741 Al Jul. 18, 2002 Z‘;\)VM & Litton, LLPABSTRACT
Related U.S. Application Data
Equipment on automotive vehicle is controlled by a system
(60) Division of application No. 09/491,192, filed on Jan. 25, including at least one semiconductor light sensor having
2000, now Pat. No. 6,379,013, which is a continuation-in- variable sensitivity to light. Each light sensor generates a
part of application No. 09/307,941, filed on May 7, 1999, light signal indicative of the intensity of light incident on the
now Pat. No. 6,402,328, and a continuation-in-part of appli- 1SN SIS . . ¥ gl .
cation No. 09/307,191, filed on May 7, 1999, now Pat. No. light sensor. Control logic varies the sensitivity of the light
6,359,274, and a continuation-in-part of application No. sensor and generates equipment control signals based on
09}{.2%0{966, ﬁletd on t{\Pf~.13; 1?99f; HO“I.Patt; N0N6;3(1)g;‘2‘§;; received light signals. Sensitivity of light sensors may be
i b sonuaion gt o pptatin, No_ 9357, vrie by changingthe ntegrtion e orproducing rge
continuation-in-part of application No. 09/236,969, filed on from light incident on light transducers, by selecting
Jan. 25, 1999, now abandoned. between light transducers of different sensitivity within the
(51) Tt CL7 o GO2B 50§ 18t sensor, by using a ligh transducer with a sensitiviy
(52) US.CL ... 359/604; 359/601; 359/602; . - . o -
359/605: 359/608 Controlled equipment includes devices such as automati-
. i cally dimming rearview mirrors, headlamps, and moisture
(58) Field of Search ............cc........... 359/604, 601-603, removal means.

359/605-610, 265-272; 250/208.1, 208.2,
209, 226, 214 AL

15 Claims, 37 Drawing Sheets




US 6,742,904 B2

Page 2
U.S. PATENT DOCUMENTS 5,498,866 A 3/1996 Bendicks et al.
5,508,592 A 4/1996 Lapatovich et al.
3680951 A 8/1972 Jordan et al. 5537003 A 7/199 Bechtel et al.
oA A Zﬁg;g prean et al. 5550677 A 8/1996 Schofield et al.
4315159 A 2/1982 Niwa ct al. g’ggé’fjg i 1? 1996 Egger
4355271 A 10/1982 Noack ~8, /1997 Schrdder
4:443:057 A 4/1984 Baver et al. 5,614,788 A 3/1997 Mullins et al.
4465370 A 8/1984 Yuasa ct al. 5625210 A 4/1997 Lee et al.
4,580,875 A 4/1986 Bechtel et al. 5644418 A 7/1997 Woodward
4,620,141 A 10/1986 McCumber et al. 5,659,294 A 8/1997 Schréder
4,632,509 A 12/1986 Ohmi et al. 5,600,454 A 8/1997 Mori et al.
4,652,745 A 3/1987 Zanardelli 5,661,303 A 8/1997 Teder
4,669,826 A 6/1987 TItoh et al. 5,663,542 A 9/1997 Kobhr et al.
4,678,938 A 7/1987 Nakamura 5,666,028 A 9/1997 Bechtel et al.
4,690,508 A 9/1987 Jacob 5,712,685 A 1/1998 Dumas
4,692,798 A 9/1987 Seko et al. 5,715,093 A 2/1998 Schierbeek et al.
4,697,883 A 10/1987 Suzuki et al. 5,724,187 A 3/1998 Varaprasad et al.
4,793,600 A 12/1988 Gahan et al. RE35,762 E 4/1998 Zimmerman
4,798,956 A 1/1989 Hochstein 5,760,962 A 6/1998 Schofield et al.
4,799,768 A 1/1989 Gahan 5,789,737 A 8/1998 Street
4,819,071 A 4/1989 Nakamura 5,796,094 A 8/1998 Schofield et al.
4,859,867 A 8/1989 Larson et al. 5,796,106 A 8/1998 Noack
4,862,037 A 8/1989 Farber et al. 5,808,350 A 9/1998 Jack et al.
4,867,561 A 9/1989 Fujii et al. 5,811,793 A 9/1998 Pientka
4,871,917 A 10/1989 O’Farrell et al. 5,818,600 A 10/1998 Bendicks et al.
4,886,960 A 12/1989 Molyneux et al. 5,821,863 A 10/1998 Schroder et al.
4,891,559 A 1/1990 Matsumoto et al. 5,837,994 A 11/1998 Stam et al.
4,902,108 A 2/1990 Byker 5,841,126 A 11/1998 Fossum et al.
4,916,307 A 4/1990 Nishibe et al. 5,841,159 A 11/1998 Lee et al.
4,916,374 A 4/1990 Schierbeek et al. 5,872,437 A 2/1999 Pientka et al.
4,930,742 A 6/1990 Schofield et al. 5,904,493 A 5/1999 lLee et al.
4,956,591 A 9/1990 Schierbeek et al. 5,923,027 A 7/1999 Stam et al.
4,960,996 A 10/1990 Hochstein 5,942,853 A 8/1999 Piscart
4,967,319 A 10/1990 Seko 5,990,469 A 11/1999 Bechtel et al.
4973844 A 11/1990 O’Farrell et al. 6,008,486 A 12/1999 Stam et al.
4,987,354 A 1/1991 Steinmann 6,027,955 A 2/2000 Lee et al.
5,036,437 A 7/1991 Macks 6,097,023 A 8/2000 Schofield et al.
5,124,549 A 6/1992 Michaels et al. 6,196,688 Bl 3/2001 Caskey et al.
5,140,455 A 8/1992 Varaprasad et al.
25(1)3;2 2 ‘5‘; }gg; gechtel FOREIGN PATENT DOCUMENTS
214, ang

5,220,317 A 6/1993 Lynam et al. EP 0479169 4/1992
5,235,178 A 8/1993 Hegyi EP 0285724 12/1992
5,243,215 A 9/1993 Enomoto et al. EP 0675345 10/1995
5,276,389 A 1/1994 Levers EP 0711683 5/1996
5,306,992 A 4/1994 Drége EP 0869032 10/1998
5,313,072 A 5/1994 Vachss FR 2641237 7/1990
5,329,206 A 7/1994 Slotkowski et al. FR 2726144 4/1996
5,336,980 A 8/1994 Tlevers GB 2056059 3/1981
5,338,691 A 8/1994 Enomoto et al. iy 8-166221 6/1996
5,386,111 A 1/1995 Zimmerman iy 97126998 5/1997
5,386,128 A 1/1995 Fossum et al. WO 8605147 9/1986
5,410,455 A 4/1995 Hashimoto WO 9427262 11/1994
5,416,318 A 5/1995 Hegyi WO 9501561 1/1995
5,426,294 A 6/1995 Kobayashi et al. WO 9735743 10/1997
5,451,822 A 9/1995 Bechtel et al. WO 9843850 10/1998
5,471,515 A 11/1995 Fossum et al. WO 9923828 5/1999
5,483,346 A 1/1996 Butzer WO 9947396 9/1999
5,488,416 A 1/1996 Kyuma WO 0022881 472000



U.S. Patent Jun. 1, 2004 Sheet 1 of 37 US 6,742,904 B2




U.S. Patent Jun. 1, 2004 Sheet 2 of 37 US 6,742,904 B2

150" 158° /<

158

150" 158° / 66
. . s 150
L 7 .

Fir. 7



US 6,742,904 B2

Sheet 3 of 37

Jun. 1, 2004

U.S. Patent

v / 0y /
&4
H3LS0K430 43990430
% ~ "~ T , Y
HOWHIN HOBYIN
MEINYY3Y MINEVRY o (S)amvI0vaH
HOI3L HONALN
‘ 99
319G1 T0ULNOD
99/ , h _ b9
HOSNAS LHONY HOSNIS LHOI1
HOSNIS HOSNIS Shas i HOSNAS SIS L
FNLSION JHNLSION g YT FAEnY
w11 ‘ o \ g NP \ sy
3L HOSN3S LHOMT HOSNS 2O HOSNS LH9I1
S IN3IENY [N3IANY 1NIGAY %
QHVAYS QHYMAYS GHVAAYS 9oL
\- o1 \ g s \gg)



US 6,742,904 B2

Sheet 4 of 37

Jun. 1, 2004

U.S. Patent

bli

0/

c8l

=

to

NN
JOYINGD

w
ki

T . 802 Sﬁ
' HIONASNYYL | ,
mmmopmm_% - be ol ooz ser || 88}
v Q301BIHS 1 %« ..\.E
oo et 22| [isd
. q (]
81z -~ 7 f ézw_w
m%mk@ - 0 a &0z IH 193INNOJHILNI
Q -OL-LHOIT | 3870d
o NOILVYS3IN \ o T 9
03504x3 . ol-ogy 9
3570d 138
m:\ Nd1N0 \ w61 902/
081
om_>

J

NEH




US 6,742,904 B2

Sheet 5 of 37

Jun. 1, 2004

U.S. Patent

ANIL

9 b

b2 oA 822
by
867 pez
m " 1870d
vl I I R, 1ndIN0
o P4 bZZ
U S .
AT B o NOILYH9ILNI
A 967 082 2zg
............................................................ B
Q%N ...................................................... = - .. HUMZZOQZWHZ_
922 022
.......................... -"
061 J04INGD




US 6,742,904 B2

Sheet 6 of 37

Jun. 1, 2004

U.S. Patent

,; - (L
! ] R ]
JNIL
e \ K .............................................................
952 062 bo2
61 Ve ; ...............
mmmx\\\ mvm‘\\\ 0pz

1ndina
4OSN3S

TYNIIS
T0HLINGD



U.S. Patent

300

Jun. 1, 2004

Sheet 7 of 37

214
\ NSRS INTEGRATION
\,; ' PULSE
308 \
T
RESE SENSOR | RAMP_GONT
SAMPLE LoGIC |
176
U
320
| LIGHT [ = uenr &
%TRANSDUCER l k (4/ LIGHT_CC@P
318 + v
322 DD 332
312 316 CsL N
75~ J lk (o
304 | RAMP . 230
S
, 1324 L
7Y & - T
SAMPLE "L 17 [ 314
340 354 —
RESET . l e 208
N 344 N 356
RAMP_CONT [ 7T [ 328
366 —
........ S
LIGHT 218
RAMP\} s 322
- ueHT_comp | [ ] [ 232

346

US 6,742,904 B2



U.S. Patent Jun. 1, 2004 Sheet 8 of 37 US 6,742,904 B2

380 -
\ A FA N lNTEGRMéION
308\ N S PULS
T
RESE SENSCOR RAMP_CONT
. SAMPLE LOGIC
Voo : 314 _7— T\ 328
g;g 310 206
1 T“_‘ 318 220
LIGHT ] .UGHT\ -
SRS - QT l LIGHT_COMP
‘ +
178 316 |°5L 332 J
312
= 304
OUTPUT
Ve 398
382 {° 396
\Q\\\ D Lg\_ 292
UGHT\\S~ NOISE L\< 394
TRANSDUCER R L e
R - 290 V NOISE_COMP
386 CSN'lL
384 a8

216 =

CR;




U.S. Patent

SAMPLE

RESET

RAMP_CONT

LIGHT

NOISE

RAMP

LIGHT_COMP

NOISE_COMP

OUTPUT |

Jun. 1, 2004 Sheet

9 of 37

US 6,742,904 B2

T ] —r
340 354 —
‘ . " 08
344 N 356
; 128
; 50 - 348 358 — 366 —
] 318
Jd
N 390
36T 4,0
%2
L1 [ [ 1 s
414 — 364
..... l N T a4
416 —_ K. 418
Vo ] 398
| .




U.S. Patent Jun. 1, 2004 Sheet 10 of 37 US 6,742,904 B2

306 449 448
447
\ y/ [ INTEGRATION.
, . S/} PULSE
{;« l: /‘! o~ L2’12’
328 308 314

RAMP_CONT RESET SAMPLE

Vpp

e et

GND

Vint I————-
434
VDD 440 —\— 438
20

RESET / - )
f 1 20 SAMPLE *

N
314 442
208 [ a21 é; 3
430 Bem! ,LIG\HT M@OM?
| +
vg—ia22 | Csix 378 332
L L EE 444
436 QUTPUT
Vop \ 322
398 445
L Q24 396
[azs 392
432 L= NOISE 2 394
az7 Ingg MISE_COMP

+.
Vg— 026 Cen 228 T—-RAMP_CONT
:& 388 Voo
L |

= e 71

RAMP Q28

S g T "

380 - L7324 LN\ 50

AAA~—

2’8\ ~
2. IZnr 0=
7 e Lo,
388—2L. 390



U.S. Patent

Jun. 1, 2004

Sheet 11 of 37

US 6,742,904 B2

452 Voo 450
L
| SENSITIVITY CONTROL )
= LIGHT
- OuTPUT SENSOR Z?’ly' 157
k454 _l_
Vpo 456
L
SENSITIVITY CONTROL ;
AND QUTPUT LIGHT »
. - SER g I
458 T
Vop
SENSITIVITY CONTROL . 460
C -
462 .
LIGHT
- ouTPUT SEI\?SOR Z% ﬁ
K-454 T
Voo 464
e
OUTPUT LIGHT f
= k SENSOR Z?“;'y' 16
454 - —é—
0SC ~|  COUNTER :
T I o
{472 474 - 470
i 478 ' |
E 212 ;
5 SENSOR 5
g 475f CONTROL SIGNAL | |
! GENERATOR ;



U.S. Patent Jun. 1, 2004 Sheet 12 of 37 US 6,742,904 B2

212 e INTEGRATION PULSE
” i
W 5 g 306
i [
SENSOR
176 LOGIC

LIGHT-TO 498
~ =~ VOLTAGE [ f
CIRCUIT

VOLTAGE-
494 , TO-PULSE
CIRCUIT
NOISE-TO
VOUTAGE |
CIRCUIT

486 J 492
500 y r

k LIGHT-TO 498

Hi Wy Ll

VOLTAGE- o % QUTPUT
502 TO-PULSE
- CIRCUIT
S LIGHTNR NQOISE-TQ
VOLTAGE 508
\TRANS CIRCUIT

504 \ 496 J ( 492
LIGHT-TO / 498

LIGHT -
= VOLTAGE 1
TRANSDUCER CIRCUIT

VOLTAGE-
TO-PULSE

NN — CIRCUIT
NN N NQISE-TO

SLIGHTS -
\ ~  VOLTAGE
TRANSDUCERY CIRCUIT

NSNS N S

oo / 496 /




U.S. Patent Jun. 1, 2004 Sheet 13 of 37 US 6,742,904 B2

212 - 77T INTEGRATION PULSE
™
_ 1
it
176
. Y
LIGHT-TO
LIGHT
> VOLTAGE [

TRANSDUCER CIRCUIT

U e
178 *
3
SNLIGHT o LIGHT-TO
§ TRANSDUCER - %?F%ﬁ%

\ 520 i j

i Y

e | LIGHT-TO = VOLTAGE- | OUTPUT
N VOLTAGE TO-PULSE F——
TRAN§DUC:ER © CIRCUIT —— CIRCUIT
NN

\>K 492J K 498

178

520
NN NOISE-TO
N TRANSDUGER J CIRCUIT

w'\ 495: |
a9 19

216



U.S. Patent Jun. 1, 2004

Sheet 14 of 37

US 6,742,904 B2

N
’ SENSOR
777 20 N
VRESET
530 {  RESET
308 542
Your
Vig
546
5 Z T s — 540 |
Crg>7< Cpp-7= S ol =72 Cpp
: T S - RO A ¥ 852
= = b % 0 © o !yl ; =
- - Tt A N S 550
538 --- L536 548 - 544
554
Vaur /
559
558
556

a9 2

INCIDENT LIGHT (LUX-SECONDS)



U.S. Patent Jun. 1, 2004 Sheet 15 of 37 US 6,742,904 B2

N Y. &2

562 { } K /540
—_J L J T
! -~ 568 5
E - —I'l— - : """""""""""""""""""""""""""""""""" : -5\3—-4
' : ,‘ : ..................................... ; )...._...:........-.-._A:
564 548
566 -- 538 -- ~- 544

iy, 27

\
Oy
N

N
\\\\\ N
\

AT

R AR Y




U.S. Patent Jun. 1, 2004 Sheet 16 of 37 US 6,742,904 B2

N [ep] (@2}

[an) o o
T

1

HALF ANGLE FIELD OF VIEW (DEGREES)

N
Q

OPTICAL GAIN

DISTANGE {mm)



U.S. Patent Jun. 1, 2004 Sheet 17 of 37 US 6,742,904 B2

172

7. 2o v "

&
e

2.5000 : : PACRE : ’

2.0000 :
ot 612
IJ o E g
m H ; ) : H
= % i 3 ;
=i 1.5000 3 3
< : % i :
m ; i i
e H Py :
m ; (I i
= ; 1 l\ i
= 1.0000 . ; ;
3 6105

0.5000

0000007720 460 500 540 580 620 660 700 74D 780

WAVELENGTH (nm)
7 Z



US 6,742,904 B2

Sheet 18 of 37

Jun. 1, 2004

U.S. Patent

T

600

™~ o N
ALIALLISNAS ANV T3Y

0

0
WAVELENGTH

-
/

nmj

(

630

N

N

)

AR

574

























































































































