
US007542575B2 

(12) United States Patent (10) Patent No.: US 7,542,575 B2 
DeLine et a]. (45) Date of Patent: Jun. 2, 2009 

(54) DIGITAL SOUND PROCESSING SYSTEM (51) Int. Cl. 
FOR AVEHICLE H04B 1/00 (2006.01) 

H04R 1/02 (2006.01) 

Inventors. Jonathan E DeLine’ Raleigh’ U-S. Cl. ...................... .. Niall R Lynam, Holland, MI (US); 381/91 

Ralph A spooner Holland MI (Us). (58) Field of Classi?cation Search ................. .. 381/86, 
Phillip AMmh Holland ’MI (Us) ’ 381/91, 92, 122, 1114113, 3554356359, 

’ ’ 381/361, 365, 71.1, 71.4, 94.1*94.3, 71.7; 

(73) Assignee: Donnelly Corp., Holland, MI (US) _ _ _ 362/494 
See apphcation ?le for complete search h1story. 

( * ) Notice: Subject to any disclaimer, the term of this (56) References Cited 
patent is extended or adjusted under 35 
U_S_C_ 154(1)) by 1092 days_ US. PATENT DOCUMENTS 

2,972,018 A 2/1961 HaWley et a1. ............... .. 179/1 

(21) Appl. No.: 11/052,623 (Continued) 

(22) Filed: Feb. 7, 2005 FOREIGN PATENT DOCUMENTS 

DE 3605704 8/1987 
(65) Prior Publication Data _ 

(Contmued) 
US 2005/0156753 A1 Jul. 21, 2005 

OTHER PUBLICATIONS 

Related US, Application Data Adaptive Noise Cancelling: Principles andApplications, Proc. IEEE, 
vol. 63, pp. 1692-1716, Dec. 1975 by B. Widrow et a1. 

(63) Continuation-in-part of application No. 10/190,809, 
?led on Jul. 8, 2002, noW Pat. No. 6,906,632, Which is 
a continuation-in-part of application No. 09/466,010, 
?led on Dec. 17, 1999, noW Pat. No. 6,420,975, Which 
is a continuation-in-part of application No. 09/396, 
179, ?led on Sep. 14, 1999, noW Pat. No. 6,278,377, 
Which is a continuation-in-part of application No. 
09/382,720, ?led on Aug. 25, 1999, noW Pat. No. 
6,243,003, said application No. 09/466,010 is a con 
tinuation-in-part of application No. 09/449,121, ?led 
on Nov. 24, 1999, noW Pat. No. 6,428,172, said appli 
cation No. 10/190,809 is a continuation-in-part of 
application No. 09/687,778, ?led on Oct. 13, 2000, 
noW Pat. No. 6,547,133, Which is a continuation of 
application No. 09/057,428, ?led onApr. 8, 1998, noW 
Pat. No. 6,158,655, said application No. 09/466,010 is 
a continuation-in-part of application No. 09/448,700, 
?led on Nov. 24, 1999, noW Pat. No. 6,329,925, and a 
continuation-in-part of application No. 09/433,467, 
?led on Nov. 4, 1999, noW Pat. No. 6,326,613. 

(Continued) 
Primary ExamineriXu Mei 
(74) Attorney, Agent, or FirmiVan Dyke, Gardner, Linn & 
Burkhart, LLP 

(57) 
A digital sound processing system suitable foruse in a vehicle 
comprises an interior rearvieW mirror assembly that includes 
at least a ?rst microphone and a second microphone. The ?rst 
microphone generates a ?rst signal indicative of a vocal input 
With vehicle cabin noise included therewith and the second 
microphone generates a second signal indicative of a vocal 
input With vehicle cabin noise included therewith. A digital 
signal processor is provided that processes the ?rst signal and 
the second signal and that provides an output signal With 
reduced vehicle cabin noise. The digital signal processor 
preferably comprises a microprocessor executing at least one 
million instructions per second. 

ABSTRACT 

79 Claims, 10 Drawing Sheets 

MIRROR'MOUNTED DIGITAL SOUND PROCESSING SYSTEM 

I098 

DIGITAL SOUND 
PROCESSOR 

USER ADJUSTABLE 
ROLS I034 

0N STAR'" 

-*->_. VOICE-COMMAND 

+‘CELLULAR PHONE 

—->—-'|N-VEH|CLE COMPUTER 

+OINTERNET 



US 7,542,575 B2 
Page 2 

US. PATENT DOCUMENTS 6,172,613 B1 1/2001 DeLine et a1. ......... .. 340/815.4 
6,175,164 B1 1/2001 O’Farrell et al. .. 307/10.1 

3,098,121 A 7/1963 Wadsworth ------------------ -- 179/1 6,201,642 B1 3/2001 BOS .......................... .. 359/565 

3,841,732 A 10/1974 Marks 350/160R 6,222,447 B1 4/2001 SChO?eld 6161. .......... .. 340/461 
4,052,568 A 10/1977 JankoWski .. 179/15 6,243,003 B1 6/2001 DeLine et 31‘ 
4,187,396 A 2/1980 Luhowy -~ 17% 6,278,377 B1 8/2001 D6L1116 6161. ......... .. 340/815.4 

4,447,808 A 5/1984 Marcus - 340/696 6,299,316 B1 10/2001 11161611616161. ........... .. 359/604 
44841344 A 11/1984 Mal eta1~ 381/46 6,326,613 B1 12/2001 HeSliIl 6161. . 250/239 
47361432 A 4/1988 Cantrell ---- -- -- 381/83 6,329,925 B1 12/2001 s1<1v616161 ........... .. 340/815.4 

4,833,719 A 5/1989 Carma eta1~ 381/72 6,340,850 B2 1/2002 0’116116116161. ......... .. 307/10.1 
4,878,188 A 10/1989 Z1eg1er,Jr. ........... .. 364/724.01 6,355,920 B1 3/2002 scho?eld et a1‘ 250/206 
49301742 A 6/1990 Scho?eld eta1~ 6,366,213 B2 4/2002 D6L1116 6161. ......... .. 340/815.4 
4,959,865 A 9/1990 Stettiner et a1. ............. .. 381/46 6,386,742 B1 5/2002 DeLine et a1‘ ____________ u 362/494 

4,977,600 A 12/1990 Ziegler ........ .. 381/71 6,420,975 B1 7/2002 DeLine et a1‘ __ 340/815‘4 
5,012,077 A 4/1991 Takano -------- -- 235/380 6,428,172 B1 8/2002 111112616161. .............. .. 359/838 

5,033,082 A 7/1991 Eriksson et a1. .... .. 379/410 6,466,136 B2 10/2002 DeLine et a1‘ 
5,072,380 A 12/1991 Randelman et al. .. 364/406 6,483,438 B2 11/2002 DeLine et 31‘ 
5,138,664 A 8/1992 Kimura et a1. . . . . . . . . . . . .. 381/72 6,501,387 B2 12/2002 Skiver et 31‘ 

5,178,448 A 1/1993 Adams et al. 362/83.1 6,547,133 B1 4/2003 DeVries, Jr‘ et 31‘ 
5,251,263 A 10/1993 Andrea et a1. .. .... .. 381/71 6,553,308 B1 4/2003 Uhlmann et 31‘ 

5,310,999 A 5/1994 Claus et a1. 235/384 6,590,193 B2 7/2003 scho?eld et a1‘ 
5,381,473 A 1/1995 Andrea et a1. 379/387 6,590,719 B2 7/2003 Bos 
5,455,716 A 10/1995 Suman et a1. . . . . . . . . . . .. 359/838 6,593,565 B2 7/2003 Heslin et 31‘ 

5,479,155 A 12/1995 Zeinstra et al. .. 340/825.22 6,717,524 B2 4/2004 DeLine et 31‘ 
5,485,520 A 1/1996 Chaum et a1. . . . . . . . . . . . . .. 380/24 6,717,610 B1 4/2004 Bos et 31‘ 

5,530,240 A 6/1996 Larson et a1. ............. .. 250/214 6,756,912 B2 6/2004 Skiver et a1‘ 

55461458 A 8/1996 IWami 6,774,356 B2 8/2004 HeSliIl 6161. 
5,550,677 A 8/1996 Scho?eld et a1. .. 359/604 6,774,810 B2 g/2004 DeLine et a1‘ 
55661224 A 10/1996 U1 AZam er a1- -- 379/58 6,801,632 B2* 10/2004 OlSOIl ....................... .. 381/365 
5,590,038 A 12/1996 Pitroda ........ .. 395/241 6,832,719 B2 12/2004 Devries et 31‘ 

5,631,638 A 5/1997 Kaspar eta1~ 340/902 7,120,261 B1* 10/2006 T11111b11116161. ............. .. 381/86 
5,649,756 A 7/1997 Adams et a1. 362/83.1 7,360,932 B2 * 4/2008 Uken et a1‘ 362/494 
56631548 A 9/1997 Hayashi er a1 235/384 7,443,988 B2* 10/2008 T11111b11116161. . .. 381/86 

5,671,996 A 9/1997 Bosetah ----- -- 362/831 7,447,320 B2* 11/2008 B1ys6116161. ............... .. 381/86 
5,673,325 A 9/1997 Andrea et a1. .. .... .. 381/92 2003/0020603 A1 1/2003 DeLine et 31‘ 

5,673,994 A 10/1997 Fant, Jr. et a1. ............ .. 362/831 2003/0191583 A1 10/2003 Uhlmann et 31‘ 
5,680,263 A 10/1997 Zimmermann et a1. .... .. 359/872 2004/0021956 A1 2/2004 Bos 

5,710,702 A 1/1998 Hayashiet a1. ..... .. 364/423.098 2004/0094692 A1 5/2004 scho?eld et a1‘ 
5,715,093 A 2/1998 Schierbeek et a1. ....... .. 359/601 2004/0199310 A1 10/2004 DeLine et a1‘ 
5,715,321 A 2/1998 Andrea et a1. ............... .. 381/92 2004/0240090 A1 12/2004 Skiver et a1‘ 
5,724,187 A 3/1998 Varaprasadetal. .. 359/608 2005/0006575 A1 1/2005 Heslin 
5,732,074 A 3/1998 Spaur et a1. ............... .. 370/313 Zoos/0007256 A1 1/2005 DeLine et 31‘ 
5,732,143 A 3/1998 Andrea et a1. ............ .. 381/71.6 

5,760,962 A 6/1998 Scho?eld et a1. .. 359/604 FOREIGN PATENT DOCUMENTS 
5,786,772 A 7/1998 Scho?eld et al. .......... .. 340/903 
5,793,027 A 8/1998 B611< ........................ .. 235/380 EP 0979758 2/2000 

5,796,176 A 8/1998 K16111616161. 307/10.1 JP 3169199 7/1991 
5,798,575 A 8/1998 0’116116116161. ......... .. 307/10.1 JP 10036144 A “998 

5,798,688 A 8/1998 SChO?eld .................. .. 340/438 JP 10330131 A 12/1998 

5,813,745 A 9/1998 F6111, Jr. 6161. . 362/83.1 JP 11050006 A “999 
5,820,245 A 10/1998 136611161161 6161. ......... .. 362/83.1 JP 11131880 5/1999 

5,825,897 A 10/1998 A1161166 6161. ............ .. 381/71.6 W0 W0 9801847 7/1997 
5,872,513 A 2/1999 F11Zg1bb6116161. 340/539 W0 W0 9734780 9/1997 
5,877,897 A 3/1999 SChO?eld 6161. .......... .. 359/604 W0 W0 9817046 4/1998 

5,878,353 A 3/1999 111AZ61116161. ........... .. 455/550 W0 W0 9858448 6/1998 

5,909,495 A 6/1999 A1161166 ........... .. .. 381/67 W0 W0 9830415 7/1998 

5,910,854 A 6/1999 V616p16s6d 6161. ....... .. 359/273 W0 W0 0072463 A2 11/2000 

5,924,212 A 7/1999 Domanski .................. .. 33/355 
5,929,786 A 7/1999 Scho?eld et al. . 340/903 OTHER PUBLICATIONS 

59381321 A 8/1999 B05 et a1~ ~~~~~~~~~~~~~~~~~~ -- 362/494 Adaptive Noise Cancelling for Speech Signals, IEEE Trans. Acoust. 
5,940,503 A 8/1999 Palett et a1. ............... .. 379/454 Speech and Signal Proc‘, Vol‘ ASSP_26, N0‘ 5, Oct, 1978 by M‘ 
5,962,833 A 10/1999 HayaShi ....... .. 235/384 Sambur, 

5,971,552 A 10/1999 O’FaTTen et a1~ ~~~~~~~~~~ -- 359/871 “Evaluation of Several Adaptive Algorithms for Canceling Acoustic 
5,995,898 A 11/1999 Tuttle ....................... .. 701/102 Noise in Mobile Radio Environments”, by Libeni, Joseph C, et a1‘, 
6,011,518 A 1/2000 Yamagishi et 31~ 343/713 IEEE Vehicular Technology Conference, vol. 41, May 19, 1991, pp. 
6,019,411 A 2/2000 Carter et a1. ............. .. 296/37.7 126.132, 

6,098,879 A 8/2000 Terranova ................. .. 235/384 “On the lmpommce of the Microphone Position for Speech Recog. 
6,124,886 A 9/2000 DeLine et a1~ - 348/148 nition in the Car”, by Johan Smolders et al., 1994 IEEE International 
6,139,172 A 10/2000 Bos et a1. .................. .. 362/494 Conference onAdelaide’NeWYork’NiAPr, 19, 1994,pp,429_432, 
6,152,590 A 11/2000 P01616161. ................ .. 362/545 Commonly assigned co_pending U‘S, Appl, NO‘ 10/793500, ?led 
6,154,306 A 11/2000 Varaprasad et a1. ....... .. 359/273 Mar, 4, 2004, entitled Vehicle System for avehicle, 
6,158,655 A 12/2000 DeVries, Jr. et a1. ...... .. 235/380 
6,163,083 A 12/2000 Kramer et a1. ........... .. 307/101 * cited by examiner 



US. Patent Jun. 2, 2009 Sheet 1 0f 10 US 7,542,575 B2 



US. Patent Jun. 2, 2009 Sheet 2 0f 10 US 7,542,575 B2 

5. mm F 

3434 34 d 3% 

/ // 
34b l2 

7; H64 



US. Patent Jun. 2, 2009 Sheet 3 0f 10 US 7,542,575 B2 



US. Patent Jun. 2, 2009 Sheet 4 0f 10 US 7,542,575 B2 

I20b 68 

I206. 

HSci 



US. Patent Jun. 2, 2009 Sheet 5 0f 10 US 7,542,575 B2 

,2 FIGS 



US. Patent Jun. 2, 2009 Sheet 6 0f 10 US 7,542,575 B2 

112d 

ISO 



US. Patent Jun. 2, 2009 Sheet 7 0f 10 US 7,542,575 B2 

3 22E 22:60 033622 3w: 
wmw 

6380i aéa 22E 83305 226 .255 

// Q2. \ 

.6532 

25cm 6.5 mammal 205.222 m2m=< \ m8 / 8N 9N EN 

ma \ mam cow 

6.865 

own 

mun 



US. Patent Jun. 2, 2009 Sheet 8 0f 10 US 7,542,575 B2 

omv 

mmw 

2 22E 5332a E58 3.20 

9B Q22 
5.. L .2 .ivll 

mmv @2365 

saw 

mmv 







US 7,542,575 B2 
1 

DIGITAL SOUND PROCESSING SYSTEM 
FOR A VEHICLE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application Ser. 
No. 10/190,809, ?led on Jul. 8, 2002 now US. Pat. No. 
6,906,632, Which is a continuation-in-part of application Ser. 
No. 09/466,010, ?led on Dec. 17, 1999, now US. Pat. No. 
6,420,975, Which is a continuation-in-part of application Ser. 
No. 09/396,179, ?led Sept. 14, 1999, now US. Pat. No. 
6,278,377, Which is a continuation-in-part of application Ser. 
No. 09/3 82,720, ?ledAug. 25, 1999, now US. Pat. No. 6,243, 
003, and application Ser. No. 09/466,010 is a continuation 
in-pan of application Ser. No. 09/449,121, ?led Nov. 24, 
1999, now US. Pat. No. 6,428,172, and application Ser. No. 
09/466,010 is a continuation-in-part of application Ser. No. 
09/433,467, ?led Nov. 4, 1999, now US. Pat. No. 6,326,613, 
and application Ser. No. 09/466,010 is a continuation-in-part 
of application Ser. No. 09/448,700, ?led Nov. 24, 1999, now 
US. Pat. No. 6,329,925, and application Ser. No. 10/190,809 
is a continuation-in-part of application Ser. No. 09/687,778, 
?led Oct. 13, 2300, now US. Pat. No. 6,547,133, Which is a 
continuation of application Set. No. 09/057,428, ?led Apr. 8, 
1998, now US. Pat. No. 6,158,655, all of Which are hereby 
incorporated herein by reference in their entireties. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to an interior rear 
vieW mirror sound processing system and, more particularly, 
to an interior rearvieW mirror sound processing system 
including a microphone for use in receiving an audio signal 
Within a vehicle and a digital sound processing system for 
providing a vocal signature signal indicative of speech 
detected by the vehicular microphone With an enhanced vocal 
content and a reduced ambient noise content. 

Many vehicles today use hands-free cellular telephones or 
other communication devices to avoid problems Which may 
arise When a driver of a vehicle has to hold a telephone While 
driving the vehicle. These hand-free devices include a micro 
phone to receive an audio signal from Within the vehicle. It is 
knoWn to include directional or polar microphones in these 
devices, Which constrain the area covered by the microphone 
to an area Where voices Would typically originate, such as a 
driver’s head area. In certain applications, these microphones 
are implemented in an interior rearvieW mirror, such that the 
microphone is positioned in front of the driver and at approxi 
mately the same level as the head of the driver. HoWever, the 
location of the mirror may be at a distance Which is beyond the 
optimal operative range of the microphone, due to the forward 
slant of the Windshield aWay from the driver and the location 
at Which the mirror is mounted thereto. Furthermore, rear 
vieW mirrors are adjustable to account for different siZed 
drivers, Which may result in the microphone being directed 
aWay from the head of the driver or other occupants, and thus 
receiving other noises from Within the cabin of the vehicle. 
An additional issue With knoWn mirror-mounted micro 

phones (such as interior rearvieW mirror assemblies With a 
microphone located Within the movable mirror housing and/ 
or the mirror mounting bracket, such as a header mounting 
bracket) is that typically, audio or communication devices in 
vehicles are optional. Accordingly, separate mirror housings 
and Wiring bundles or harnesses are required to accommodate 
the standard mirror and the optional mirror Which includes 
the microphone or other accessories such as a vehicle alarm 
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2 
status indicator. This leads to a proliferation of parts Within 
the vehicle assembly plants, Which further results in increased 
costs to the vehicle. 
Many vehicles Which offer hands-free communication 

devices mount the microphones in a headliner console rear 
Ward of the Windshield and along the ceiling of the interior 
cabin of the vehicle. By mounting the microphones in the 
headliner console, the microphones may be in a substantially 
?xed position and directed toWard the driver head area Within 
the vehicle. HoWever, this positions the microphone substan 
tially above the driver Where it may not optimally pick up the 
voice signal of the driver, since the driver’s voice is directed 
generally forWardly While the driver continues to vieW the 
roadWay, While the microphone is directed generally doWn 
Wardly from the ceiling. Furthermore, locating the micro 
phones in a headliner console adds to the vehicle costs, due to 
additional installation processes and more costly parts, such 
as additional ceiling trim, console components and the like. 
Also, locating the microphone in a headliner console fails to 
avoid the requirement of at least tWo separate headliner con 
soles to accommodate the optional microphone verses a con 
sole Without the microphone. 
An additional issue With communication devices in 

vehicles is that When the device is in use, the user may not be 
certain that the message conveyed is properly received by the 
other party. This may be especially troublesome When the 
other party is an automated voice system Which responds to a 
particular voice communication. When a remote receiving 
system is operating in voice recognition mode, it is particu 
larly important that alphanumeric speech text is accurately 
received and interpreted by the remote party. Thus, for 
example, if the vehicle operator says “Call Dan at extension 
three-?ve-seven-nine-six”, it is important that the remote 
party (Which often is a computer-based machine voice recog 
nition system that is operating in voice recognition mode) 
interprets this correctly and initiates the requested call, e. g., to 
Dan at Ext: 35796. In a vehicle environment, ambient noise 
from the like of traf?c noise, road noise, Wind noise, HVAC 
noise and engine noise can make it dif?cult for the remote 
party to voice recogniZe With clarity and accuracy the mes 
sage being telecommunicated. 

Therefore, there is a need in the art for a microphone Which 
may be mounted generally forWardly of the driver of the 
vehicle, and ?xedly mounted to maintain proper orientation 
With respect to the driver of the vehicle. There is also a need 
for a vehicular mirror based sound processing system that 
reliably and economically receives sound inputs from the 
vehicle interior cabin While the vehicle is operating, that 
distinguishes vocal speech input from non-vocal ambient 
noise, and that provides an output that is characteristic of the 
true speech input being provided, devoid of any confusing/ 
interfering ambient noise. 

SUMMARY OF THE INVENTION 

The present invention is intended to provide a vehicular 
sound processing system, preferably With some, and most 
preferably With most or all, of the system components pro 
vided as part of the interior rearvieW mirror assembly of the 
vehicle. The present invention also encompasses providing an 
indicator for a microphone or accessory module, and prefer 
ably for an indicator for a microphone mounted in, at or on an 
interior rearvieW mirror assembly to comprise part of an 
interior rearvieW mirror system. The microphone or acces 
sory module preferably mounts along an upper, inner edge of 
the Windshield of a vehicle to direct the microphone, Which is 
preferably a polar or directional microphone, generally 
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downwardly and rearwardly toward the driver of the vehicle, 
and mo st preferably, towards the head of the driver, in order to 
best pick up vocal communication from the driver’s mouth. 
The indicator provides an indication signal, preferably a 
visual indication signal, to the user of the microphone which 
indicates whether the voice communication from the user is 
adequately being received and preferably whether the com 
munication is adequately being discriminated from other 
audible inputs received by the microphone that are non-vocal. 
Thus, the indicator provides an indication signal that an 
adequately high vocal signal to audible non-vocal noise dis 
crimination ratio is occurring. The accessory module is adapt 
able for use on a vehicle with a rearview mirror which is 
separately mounted on the interior surface of the windshield 
such as a button mounted rearview mirror, and may further 
include a wire cover extending downwardly from the module 
to the mounting button of the rearview mirror. The wire cover 
functions to cover any mirror wiring harness which may 
connect the rearview mirror assembly to a vehicle wiring 
harness, typically within the headliner of the vehicle. 

According to an aspect of the present invention, an audio 
system for a vehicle comprises a microphone and an indica 
tor. The vehicle has a cabin and a windshield. The microphone 
is operable to receive audio signals from within the cabin. The 
audio signals include vocal signals generated by the human 
voices of vehicle occupants. The indicator is operable to 
communicate a receiving status of the audio signals to a user 
of the audio system and is adapted to indicate to the driver 
and/ or other occupants of the vehicle that a voice generated 
vocal signal is being appropriately received by the audio 
system that the microphone feeds, and that the vocal signal is 
being appropriately and substantially discriminated com 
pared to other audible non-vocal signals picked up by the 
microphone, such as HVAC noise, wind noise, music and the 
like. The indicator may communicate a receiving status of the 
microphone and/ or a receiving status of another party remote 
from the vehicle. Thus, the indicator operates to con?rm to 
the driver that verbal inputs/commands/messages/ sentences, 
as spoken by the driver have been received at the microphone 
and processed by the audio system with su?icient clarity and 
volume, such that the verbal inputs/commands/messages/ 
sentences have been adequately correctly received. This is of 
particular importance when the driver and/ or occupants of the 
vehicle are communicating via the microphone/ audio system 
in the vehicle via radio transmission to a receiver remote from 
the vehicle. Such remote receivers can provide a variety of 
services that are selected by and/ or are dependent on clear and 
audible voice input received from the vehicular audio system. 
For example, a concierge-type service can be provided, 
whereby a restaurant, address, etc., listing can be provided. 
Also, the vehicle occupant may be voice communicating with 
an automatic computer based service, such as airline reserva 
tion services and the like, where the driver must select menu 
items through verbal input of an alphanumeric (typically a 
number) input. Lack of clarity and/ or volume and/or the pres 
ence of noise may lead to an incorrect selection at the remote 
receiving party, unbeknownst to the vehicle based driver and/ 
or occupant. The indicator of the present invention thus pro 
vides to the driver and/or occupants of the vehicle an indica 
tion that verbal input to the audio system in the vehicle is 
being adequately correctly received by the audio system in 
the vehicle and/or, more preferably, is being adequately 
received after transmission to the remote receiver. Thus, by 
having an adequately clear reception by the remote receiver 
external to the vehicle con?rmed back to the vehicular audio 
system, and by having this indicated to the driver and/ or other 
occupants by the indicator of the present invention, protection 
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4 
is provided against inadequate communication, even caused 
by interference during the transmission from the vehicle to 
the remote receiver or receiving party. 

According to another aspect of the present invention, an 
accessory module comprises at least one microphone for 
receiving audio signals from within a cabin of a vehicle, at 
least one indicator, and a housing for mounting the micro 
phone. The vehicle includes a windshield, an interior rear 
view mirror mounted to an interior surface of the windshield, 
and a headliner extending along an upper edge of the wind 
shield. The indicator is operable to communicate a receiving 
status of the audio signals to a user of the audio system. The 
housing for the microphone is preferably mountable between 
the headliner and the rearview mirror. The microphone and 
indicator of the accessory module (and any other accessory 
housed within the accessory module) are electronically con 
nectable to a vehicle wiring within the headliner. Preferably, 
accessories, such as the microphone and the indicator, are 
detachably connectable to the vehicle wiring, such as by a 
plug and socket connector (for example, a multi-pin electrical 
plug and socket connector system), so that the module can be 
optionally installed to the vehicle with ease. This is particu 
larly advantageous in circumstances when the interior mirror 
is a non-electrical mirror, such as a base prismatic mirror. 

In one form, the rearview mirror is electronically con 
nected to the vehicle wiring harness. Preferably, the accessory 
module further includes a wire cover to encase a wire harness 
between the rearview mirror and the accessory module. More 
preferably, the microphone, indicator and mirror are connect 
able with the vehicle wiring in the headliner. 

According to another aspect of the present invention, an 
accessory module for a vehicle comprises at least one micro 
phone for receiving audio signals from within a cabin of the 
vehicle, a microphone housing for mounting the microphone, 
and an interior rearview mirror assembly. The vehicle 
includes a windshield and a headliner extending along an 
upper, inner edge of the windshield. The microphone is elec 
tronically connectable to a vehicle wiring harness within the 
headliner. The microphone housing is mountable to the wind 
shield adjacent to the headliner. The mirror assembly includes 
a mirror wire harness and a mirror housing. The mirror wire 
harness is electronically connectable to the vehicle wiring 
harness in the headliner. An indicator may be provided for the 
audio system to communicate an audio signal receiving status 
to a user of the audio system. 

In one form, the mirror assembly further includes a mount 
ing button for mounting the mirror assembly to an interior 
surface of the windshield. The mounting button may be inter 
connected to the microphone housing via a wire cover extend 
ing between the microphone housing and the mounting but 
ton and at least partially encasing the mirror wire harness 
and/or the mounting button itself. The indicator may be 
mounted on at least one of the accessory module, the mirror 
housing, a module/pod attached to the mounting button, and 
the mounting button. 

In another form, the microphone housing includes a mirror 
mounting arm which extends generally downwardly there 
from. The mirror housing is pivotally interconnected to a 
lower end of the mounting arm. The mirror wire harness is at 
least partially encased within the mounting arm. 

Accordingly, the present invention provides an indicator 
for a microphone or accessory module for use with an audio 
system, such as a hands-free cellular telephone, audio record 
ing device, emergency communication device or the like. The 
indicator provides a signal to a user of the audio system which 
communicates whether a human vocal audio signal being 
received by the audio system is above a threshold level and/or 
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is at least substantially discriminated from other audible 
noise, so that the vocal signal to non-vocal audible signals 
received by the audio system from the microphone exceeds a 
predetermined threshold ratio. Preferably, this ratio is at least 
2:1. Most preferably, this ratio is at least 10:1. The micro 
phone and indicator may be mounted in the vehicle cabin, and 
preferably is mounted as part of the interior rearvieW mirror 
system. The accessory module may contain the microphone 
and/ or the indicator and is preferably mounted above the 
mirror betWeen the mirror and the headliner of the vehicle, 
Which provides a ?xed location of the microphone for main 
taining proper orientation of the microphone With respect to 
the vehicle interior. The indicator may be mounted at the 
accessory module, a rearvieW mirror housing, behind the 
mirror re?ector in the housing so as to illuminate through the 
re?ector, a rearvieW mirror mounting portion or a headliner of 
the vehicle. Because the accessory module is a separate com 
ponent from the mirror and headliner, additional mirror or 
headliner console components for mounting the microphone 
are not required. The present invention facilitates feWer parts 
in the assembly plant since the headliner and mirror assembly 
may be the same part regardless of Whether the audio or 
communication device associated With the invention is to be 
installed Within the vehicle. Furthermore, because the acces 
sory module does not require special headliners or mirrors, 
the accessory module may be easily installed as an aftermar 
ket device. 

According to another aspect of the present invention, an 
interior rearvieW mirror assembly is provided including at 
least one microphone coupled With a digital sound processor, 
most preferably supplied as a module comprising at least one 
microphone that provides an output to a microprocessor 
based control that performs digital sound processing on the 
microphone output in order to enhance the human vocal sig 
nal received and in order to reduce any non-vocal signal 
components from ambient noise in the vehicle cabin. 

In one form, an interior rearvieW mirror digital sound pro 
cessing system suitable for use in a vehicle equipped With an 
audio system is provided comprising an interior rearvieW 
mirror assembly. The interior mirror assembly includes at 
least one microphone capable of producing an audio output in 
response to detection of vocal input. The vocal input signal 
has vehicle cabin noise (such as from road noise, HVAC 
noise, Wind noise, Windshield noise, tra?ic noise engine noise 
etc) superimposed thereon. The interior mirror assembly fur 
ther includes a digital sound processor. The digital sound 
processor receives a signal indicative of the microphone 
audio output; and the digital signal processor processes the 
signal indicative of the microphone audio output and provides 
an output vocal signal With substantially reduced vehicle 
cabin noise 

These and other objects, advantages, purposes and features 
of this invention Will become apparent upon revieW of the 
folloWing speci?cation in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of the microphone module of 
the present invention; 

FIG. 2 is a side elevation shoWn partially in section of the 
microphone module in FIG. 1; 

FIG. 3 is a similar side elevation as that in FIG. 2, shoWing 
an alternate electrical connection and mounting bracket for 
the microphone module; 

FIG. 4 is a sectional plan vieW of the microphone module 
taken along the line IV-IV in FIG. 3; 
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6 
FIG. 5 is a similar side elevation as that in FIG. 2, shoWing 

a microphone module Without a Wire cover but including a 
self-coiling Wire harness; 

FIG. 6 is an elevation looking forWardly in a vehicle cabin 
of a microphone module and mirror housing having controls 
mounted thereon; 

FIG. 7 is a side elevation shoWn partially in section of a 
microphone module and mirror housing having various elec 
trical and/ or electronic components therein; 

FIG. 8 is a similar side elevation as that in FIG. 2 of an 
alternate embodiment of the present invention, having a rear 
vieW mirror mounted to an arm extending doWnWardly from 
the microphone module; and 

FIG. 9 is a perspective vieW of an interior rearvieW mirror 
incorporating the present invention. 

FIG. 10 is a side elevation of an interior rearvieW mirror 
assembly shoWn partially in section and incorporating the 
present invention; 

FIG. 11 is a schematic diagram of a ?rst embodiment of a 
digital sound processing system incorporating the present 
invention; 

FIG. 12 is a schematic diagram of a second embodiment of 
a digital sound processing system incorporating the present 
invention; 

FIG. 13 is a side elevation shoWn partially in section of an 
alternate embodiment of an interior rearvieW mirror assembly 
incorporating the present invention; 

FIG. 14 is a front perspective vieW of an interior rearvieW 
mirror assembly incorporating the present invention; 

FIG. 15 is a schematic diagram of an interior mirror assem 
bly linked to an exterior mirror assembly incorporating the 
present invention; 

FIG. 16 is a schematic diagram of a further embodiment of 
a digital sound processing system incorporating the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW speci?cally to the draWings, and the illus 
trative embodiments depicted therein, an accessory or micro 
phone module 10 is mounted adjacent to a vehicle Windshield 
12, as shoWn in FIG. 1. Microphone module 10 may be 
implemented in the vehicle in association With an audio sys 
tem, such as a cellular telephone, a recording device, such as 
a dictation system, an emergency communication device, 
such as the ONSTARTM system commercially available in 
certain General Motors vehicles, or any other audio device 
Which may include a microphone or audio receiving device. 
Preferably, the manually actuated buttons to operate the 
ONSTARTM system are mounted at a movable housing 16b of 
an interior rear vieW mirror assembly 16, such as is shoWn 
generally at 13 in FIG. 1. The vehicle includes a headliner 14, 
Which at least partially covers the ceiling of an interior pas 
senger compartment of the vehicle and has a forWard edge 
1411 Which interfaces With an upper edge 12a of Windshield 
12. An interior rearvieW mirror assembly 16 may be mounted 
to an interior surface 12b of Windshield 12, typically at a 
position spaced doWnWardly from upper edge 12a and the 
position of module 10. Microphone module 10 includes at 
least one microphone 18 Which is ?xedly secured Within a 
microphone housing 20 and is directed toWard an area gen 
erally de?ned by the location of a head of a typical driver of 
the vehicle. An indicator 72 is included for providing an audio 
signal receiving status message to a user of the audio system. 
The message conveys to the user Whether the audio signal Was 
adequately received by the microphone 18 and/ or a receiving 
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party of the audio system Which is remote from the vehicle. 
The audio system of the vehicle, such as the ONSTARTM 
vehicle system, communicates With the receiving party, typi 
cally via a satellite transmission of radio frequencies or via a 
terrestrial radio frequency transmission system involving 
multiple receivers, transmitters, and/ or repeaters. Micro 
phone module 10 may further include a Wire cover 22 Which 
extends doWnWardly betWeen housing 20 and mirror assem 
bly 16 to encase or cover a mirror Wire harness 24, Which may 
be included in mirror assembly 16 to provide poWer or control 
signals to components or accessories Which may be mounted 
Within or associated With mirror assembly 16. 
As shoWn in FIG. 2, mirror assembly 16 may include a 

conventional mounting button 16a and a mirror housing 16b 
supporting a prismatic, electro-optic or electrochromic 
re?ective element 16d. Mounting button 1611 may be adhe 
sively secured to interior surface 12b of Windshield 12 at a 
location substantially beloW forWard edge 14a of headliner 14 
and upper edge 12a of Windshield 12, as is knoWn in the art. 
Mirror housing 16b is pivotally mounted to mounting button 
1611 via an arm 160, Which is pivotally interconnected to 
button 1611 or housing 16b, or both, such that housing 16b is 
pivotally adjustable about mounting arm 16c. Altemately, 
mounting arm 16c terminates at the vehicle headliner to piv 
otally mount the mirror assembly to the headliner of the 
vehicle. Mirror housing 16b encases a re?ector 16d (FIG. 7) 
for re?ecting an image of a scene generally rearWardly of the 
vehicle to the driver (and With the mirror housing being 
adjustable by the driver), and a beZel 16e Which retains re?ec 
tor 16d in housing 16b, as is Well knoWn in the art. Mirror Wire 
harness 24 extends generally upWardly from mirror housing 
16b to headliner 14 for electrical connection With a vehicle 
Wiring harness 28 (FIG. 3). Mirror Wire harness 24 provides 
electrical poWer and/ or control signals to the mirror assembly 
16 or various mirror mounted accessories Within assembly 
16, such as poWer for electro-optic/electrochromic mirrors, 
interior lights (such as map lights in the mirror housing), and 
displays such as for compass headings, temperatures, passen 
ger airbag status, or the like. 

Headliner 14 extends along upper edge 12a of Windshield 
12 and may be a plastic trim panel to secure a fabric ceiling 
cover and provide an aesthetically pleasing ?nish betWeen the 
Windshield and the fabric ceiling cover of the vehicle. Alter 
nately, headliner 14 may be a forWard portion of the fabric 
cover or a ceiling console. Headliner 14 may further include 
other trim or headliner console components (not shoWn), for 
storing various articles, such as sunglasses, garage door open 
ers or the like or for housing other components or accessories 
associated With the vehicle. 

Indicator 72 is operable With microphone 18 and the audio 
system to provide a signal to a user of the audio system, 
typically the driver of the vehicle, Which conveys a level of 
reception of the user’s vocal signal by the audio system. 
Indicator 72 may be used With microphone 18 as part of an 
interior rearvieW mirror system. The interior rearvieW mirror 
system may comprise a re?ective element positioned in a 
mirror housing 16b. The housing 16b may be pivotally 
mounted to a mounting arm 160 Which terminates at a mirror 
mount, such as at a mounting button or the like secured to the 
Windshield and/or a mount at a header of the vehicle. The 
mirror system may include pods, gondolas, modules, or the 
like, attached to one or more of the housing, arm and mount. 
The mirror system may further include a Wire cover and/or 
any microphone and/or accessory module. The mirror system 
may further include indicator 72, microphone 18 and/ or other 
vehicle accessories mounted at, on or in the mirror assembly 
16, such as at housing 16b, mounting arm 16c, mounting 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
button 16a, or a pod or module attached thereto. Indicator 72 
and microphone 18 and/or other accessories may otherWise 
be mounted at accessory module 10, Without affecting the 
scope of the present invention. 

Preferably, indicator 72 provides a receiving status signal 
in response to a reception of the audio signal by the audio 
system reaching a threshold level of clarity and/or volume. 
The signal may communicate the reception status of the 
microphone, so as to alert the driver to speak up or speak more 
clearly. Preferably, the indicator signal indicates When a 
human voice signal is being adequately received by the 
microphone. Alternately, or in addition to the reception status 
of the microphone, the indicator signal may communicate the 
reception status of a receiving party of the communication 
Which is remote from the vehicle, such as another party’s 
cellular phone or the ONSTARTM receiving station. For 
example, the indicator may be connected to a control (not 
shoWn) of the audio system and may receive a signal from the 
receiving party external to the vehicle, such as from the 
receiving station of the ONSTARTM system, Which indicates 
Whether the message sent by the user in the vehicle Was 
adequately received by the ONSTARTM system. 

Preferably, indicator 72 is operable With a control (not 
shoWn) Which discriminates betWeen vocal signals and other 
audible inputs received by microphone 18 Which are non 
vocal. The indicator 72 thus provides a signal that an 
adequately high voice signal to audible noise discrimination 
ratio is occurring. The indicator may indicate When an audible 
signal received by the audio system is above a threshold level. 
Preferably, the indicator indicates When the audible signal is 
a vocal signal Which is discriminated from other audible 
noise, such as HVAC noise, Wind noise, music and the like, so 
the vocal signal to non-vocal signal received by the audio 
system is at or above a predetermined threshold ratio. Pref 
erably, this ratio is at least approximately 2:1. Most prefer 
ably, this ratio is at least approximately 10:1. 

Preferably, indicator 72 provides a visual indication of the 
quality of the reception of the audio signals. Preferably, indi 
cator 72 is a solid state light emitter such as a light emitting 
diode (LED), is a phosphorescent element or display or is a 
tell-tale, such as an LED backlit icon. HoWever, indicator 72 
may be an incandescent bulb, an incandescent backlit tell 
tale, or any other illumination source, Without affecting the 
scope of the present invention. The indicator may then display 
When the microphone and/or audio system is receiving and 
distinguishing or discriminating a good signal. For example, 
if the signal is adequately received, indicator 72 may be 
activated to provide an illumination signal to the driver, and if 
the signal is poor or is breaking up betWeen the vehicle and the 
receiving end of the communication, the indicator may be 
deactivated or ?ashed to alert the user. Indicator 72 may also 
be operable as another signaling device When the audio sys 
tem is not in use or is over ridden When it is desired to display 
the status of another vehicle function. For example, indicator 
72 may provide a security system status indication (discussed 
beloW) or a status of other operable systems or controls Within 
the vehicle. Preferably, indicator 72 Would provide a status 
indication of a system or control Which is not typically acti 
vated When the audio system Would be in use, such as the 
security system, Which is typically activated When a driver 
leaves the vehicle. Preferably, the intensity of indicator 72 is 
modulated dependent upon the vehicle cabin ambient light 
level. Thus, for example, the indicator intensity is decreased 
during night time driving conditions to better suit the then 
darkened cabin lighting environment. This can be achieved 
such as by use of a photo-detector (such as the ambient and/or 
glare photodetector commonly used in electrochromic (EC) 
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automatic dimming interior rearvieW mirror assemblies) or 
may be tied to the vehicle lighting instrument panel system so 
that the intensity of indicator 72 dims in tandem With the 
dimming of, for example, the instrument panel displays. 

It is further envisioned that the indicator 72 may include 
multiple light emitters 72a, 72b, 72c, 72d, and 72e, as shoWn 
in FIG. 9. The number of indicators illuminated Would then 
provide an estimate to the user of the strength and/or quality 
of the audio signal being communicated. For example, if the 
signal is very strong or clear, all of the multiple light emitters 
may be illuminated, While if the signal is Weak, some number 
of emitters less than all Will be activated, depending on the 
strength or quality of the signal. Each emitter Would be acti 
vated in response to a different threshold level of signal qual 
ity being received by the audio system. 

Although indicator 72 is preferably one or more illumina 
tion sources, indicator 72 may alternately be an audible 
source, such as a loudspeaker or the like, Which may provide 
an audio signal to the user of the audio system to alert the user 
When the signal quality drops beloW a threshold level of 
acceptability. The audible source may provide an audible tone 
When the signal quality deteriorates, or may include a voice 
chip, such as a digital recording of a human voice message 
contained on a semi-conductor chip, to tell the user of the 
system to speak up, repeat the message or speak more clearly. 
It is further envisioned that the indicator 72 may provide an 
alphanumeric display, Which may provide a printed message 
or digital rating of signal quality to the user of the audio 
system. Each message displayed or number in a rating scale 
Would correspond to a different threshold level of signal 
quality, such as clarity and/or volume. 

Indicator 72 and microphone 18 may be connected to a 
control (not shoWn) Which monitors the audio signals 
received by microphone 18. The control may be operable to 
discriminate betWeen different audio signals, such as betWeen 
voice signals and non-voice signals, such as music, fan noise, 
and Wind noise. The control may be further operable to pro 
vide a message via indicator 72 to alert the user of the audio 
system to turn doWn a radio in the vehicle, turn doWn or off a 
bloWer for a heating, ventilation and air conditioning system, 
roll up the WindoWs of the vehicle, and/or adjust other sources 
of non-voice signals Within the vehicle, such as turn signals or 
the like, in response to a detection of one or more of these 
non-voice signals. Alternately, or in addition thereto, the con 
trol may further be operable to automatically adjust the vol 
ume of the radio, the fan speed of the bloWer, the WindoW 
setting and the like in response to such a detection. The 
control and indicator may also alert the user of the system if 
multiple voices are being received simultaneously, such as via 
conversations betWeen passengers in the vehicle or conversa 
tions on the radio, Which may detract from the clarity of the 
signal being received by the microphone. 
The audio system and microphone may further include a 

learning mode, Whereby the audio system/microphone com 
bination learns the vocal characteristics of a particular driver 
or occupant, so that the ratio of vocal signals to non-vocal 
noise signals received by the system can be enhanced. The 
learning mode may be operable in a memory system, such as 
is knoWn in the automotive art, Whereby a group of drivers 
and/ or occupants, typically one, tWo or three individuals, may 
be recogniZable by the audio system. The learning mode may 
be operable to recogniZe a particular individual’s voice via 
the operator selecting the learning mode and speaking a brief 
message to the microphone. The audio system then receives 
the individual’s voice message and repeats the message back 
to the individual via a speaker or alphanumeric display. This 
process is continued until the message is accurately recog 
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niZed and repeated by the audio system. The recogniZed vocal 
characteristics may then be stored to memory for future use 
by the individual. A security feature for the audio system 
and/or any vehicle accessory and/or the vehicle itself can be 
provided via voice recognition. 

Preferably, indicator 72 is mounted at, in or on the mirror 
housing 16b, either at, Within or on or adjacent the beZel 16e. 
This is preferred because the driver of the vehicle is typically 
the person using the audio system, and this location provides 
optimal visibility of the indicator to the driver, since the 
mirror housing is adjusted to be directed toWard the driver. 
Indicator 72 may otherWise be mounted in the housing 16b 
and behind the mirror re?ector 16d, so as to illuminate 
through the re?ector. HoWever, as shoWn in the Figures, indi 
cator 72 may alternately be positioned at accessory module 
10, mirror mounting portion 16a, or headliner 14, and may be 
positioned at any other location Where the indicator is visible 
to the user of the audio system, Without affecting the scope of 
the present invention. It is further envisioned that indicator 72 
may be implemented With a microphone 18 Which is mounted 
at mirror housing 16b or mirror mounting portion 1611, as 
shoWn in FIGS. 2, 3, 7 and 9, in applications Without an 
accessory module. As shoWn in FIG. 2, microphone 18 and 
indicator 72 may alternately be positioned at a pod 17, Which 
may be attached to mounting portion 16a, arm 160, or housing 
16b of mirror assembly 16.A speaker 42 may also be included 
With microphone 18 and indicator 72, in applications either 
With or Without accessory module. 
By providing an indication of the receiving status of vocal 

signals received by the audio system, the present invention 
signi?cantly reduces the possibility that a message Will not be 
received clearly, correctly, and/or accurately by the receiving 
party. The vehicle based user of the audio system is alerted 
immediately if the microphone is not adequately receiving 
and/ or is not adequately/ correctly/ accurately interpreting the 
message and/or if the other party to the communication is not 
adequately receiving the message. Accordingly, the user may 
speak up or speak more clearly, or adjust the volume of other 
noises or conversations Within the vehicle to correct the 
reception concerns. The user may also re-send the message if 
it Was not properly being received by the other party. The 
present invention is especially useful When the other party is 
an automatic or computer based voice recognition system. 
The user in the vehicle Will be alerted by indicator 72 that the 
message sent may not have been properly received by the 
voice system and may then re-send the message or try again 
later in order to ensure that the message is properly received. 
The audio system is connected to indicator 72 and micro 

phone 18. Microphone 18 may share its audio receiving func 
tion With a plurality of audio systems, such as a cellular 
phone, the ONSTARTM system, a recording device, such as a 
digital recording device, and/or other systems Which receive 
audio signals. Preferably, a digital recording device is incor 
porated in the interior rearvieW mirror system, such as Within 
the interior rearvieW mirror housing. One or more functions 
may be selected at one time. For example, if the microphone 
is being used With a cellular phone function, it may also be 
used to provide an input to the recording device. The function 
of microphone may be manually selected by controls, such as 
sWitches or buttons, Within the cabin of the vehicle or may be 
voice selected and controlled. Microphone 18 and the audio 
system may also be voice activated to further ease the opera 
tion of the audio system. This is preferred because it may be 
dif?cult to manually activate and control the audio system 
While driving the vehicle. Also, voice activation of the system 
substantially precludes the likelihood of leaving the system 
on When it is not in use, Which Would drain the vehicle’s 
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battery over time, since the audio system Would be automati 
cally deactivated When voices are not received by the micro 
phone. Microphone 18 may also function as a receiver for one 
or more other vehicular functions and controls, such as voice 
activated headlamps, alarm systems, radios, cruise control, 
WindoWs, cellular phones, message recorders, pagers, back 
up aids, Windshield Wipers, rain sensors and the like. 

Optionally, the interior rearvieW mirror system can include 
a display of the status of the vehicle tire in?ation (such status 
can be provided by monitoring the ABS braking system and/ 
or by individual tire pres sure sensors in the individual vehicle 
tires). The interior rearvieW mirror system may also include a 
PSIR (passenger side in?atable restraint) display for indicat 
ing the status of a PSIR. The tire in?ation display, the PSIR 
display or other displays indicating the status of vehicular 
accessories or functions may be provided at the interior rear 
vieW mirror assembly, such as at, on or in the mirror housing, 
mounting arm, mounting button, or pod/module attached to 
the housing, arm or mounting button. 

The interior rearvieW mirror system may further include a 
camera and/or display, for providing an image of an area not 
vieWable by the rearvieW mirror When it is adjusted for driv 
ing conditions. Preferably, the camera may be directed toWard 
the rear seats of the vehicle so as to function as a child minder. 

The portion of the vehicle being vieWed by the camera (pref 
erably a CCD and, most preferably, a solid state CMOS 
camera) is preferably illuminated. Preferably, the video cam 
era selected, such as a CMOS camera, is sensitive in the 
near-infrared region and so has night vision capability. Most 
preferably, the illumination is provided (preferably, mounted 
at and illuminating from the mounting site of the camera 
itself) by one or more near-infrared illumination sources, 
such as light emitting diodes Which emit e?iciently in the 
near-infrared portion (Wavelengths from approximately 0.75 
microns to about 1.5 microns), but Which do not emit e?i 
ciently in the visible portion (Wavelengths beloW approxi 
mately 0.75 microns) of the electromagnetic spectrum. 
Therefore, the interior cabin of the vehicle may be illumi 
nated With radiation in a range Which the camera is sensitive 
to, such that the system can form a clear image of the area on 
the display, While the cabin is not illuminated With visible 
light Which, at night, may be su?icient to cause glare or 
discomfort to the driver and/ or passengers in the illuminated 
area. 

Although the mirror system and/or vehicle is described 
above as including one or more of a camera, pager system, 
cellular phone and the like, it is further envisioned that these 
accessories and others may be portable or dockable With a 
connecting port of the vehicle or mirror system. An individual 
or driver of the vehicle may use the personal pager, cellular 
phone, video camera, electronic personal organizers, such as 
a PILOT unit or the like, remote from the vehicle, such as at 
home, in a business o?ice, or the like, and may then dock, 
plug in or otherWise connect the device to the connecting port 
for use Within the vehicle. The devices may be dockable at the 
interior rearvieW mirror assembly, or may be dockable else 
Where in the vehicle, Without affecting the scope of the 
present invention. The dockable device may, When docked 
into the vehicle, may personaliZe the controls and functions of 
the vehicle to suit that individual driver. Thus, features such as 
seat position, radio station selection, mirror ?eld of vieW 
orientation, climate control, and other similar vehicle func 
tions may be set to suit the individual preferences, or restric 
tions (such as a restriction from use of a cellular phone, or the 
like) for that particular driver. Such dockable portable devices 
may be especially useful to provide a security function and/or 
for tracking, logging, accounting for individual users, such as 
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Would be desirable for ?eet operators, car rental operators, 
school bus ?eet operators, and the like. 
Microphone 18 may be mounted to accessory module 10, 

Which includes Wire cover 22 (FIGS. 1 and 2) Which extends 
betWeen a loWer edge 200 of housing 20 and mounting button 
16a of mirror 16. Mirror harness 24 is encased Within Wire 
cover 22 to retain harness 24 and provide a ?nished appear 
ance to the electrical connection of mirror 16 to vehicle Wir 
ing harness 28. Preferably, Wire cover 22 is telescopingly 
extendable and retractable to adapt the length to different 
mounting locations of mounting button 16a relative to head 
liner 14 on various vehicles. As best shoWn in FIG. 2, Wire 
cover 22 may extend or retract by sliding upWardly or doWn 
Wardly Within housing 20. This facilitates implementation of 
microphone module 10 in various vehicles and further facili 
tates the aftermarket installation of module 10 in vehicles 
having a button-mounted interior rearvieW mirror. 

Microphone module 10 is preferably secured to interior 
surface 12b of Windshield 12 at an interface junction 26 
betWeen forWard edge 14a of headliner 14 and interior sur 
face 12a of Windshield 12. HoWever, it is envisioned that 
microphone module 10 may be mounted in other locations. 
Housing 20 of microphone module 10 is preferably formed 
With a substantially ?at Windshield mounting surface 20a and 
a curved, concave headliner surface 20b, such that housing 20 
mounts to Windshield 12 along mounting surface 20a, While 
headliner surface 20b substantially uniformly engages head 
liner 14 to provide a ?ush, ?nished transition betWeen micro 
phone module 10 and headliner 14. Preferably, housing 20 is 
adhesively secured to interior surface 12b of Windshield 12, 
such as by bonding, pressuring sensitive adhesives, anaerobic 
adhesives, double faced tape, or the like. However, micro 
phone module 10 may optionally be mechanically secured to 
an intermediate mounting bracket adhered to the Windshield, 
or may be connected to the headliner itself, as discussed 
beloW, Without affecting the scope of the present invention. 
Microphone module 10 is preferably a plastic molded part, 
Which facilitates forming the part in various shapes to match 
the headliner/Windshield interface and to further facilitate 
providing the part in different colors to match optional inte 
rior colors of the vehicles. 

Mirror harness 24 may connect directly to vehicle Wiring 
28 While an accessory Wiring harness 30 may separately 
connect to the vehicle Wiring to provide poWer and/ or control 
signals to the accessories Within accessory module 10. Alter 
nately, mirror harness 24 may connect to module 10, Which 
may then be connectable to vehicle Wiring 28, as shoWn in 
FIGS. 3 and 7. Because microphone module 10 may be a 
separate module from the headliner and the mirror assembly, 
and because module 10 is preferably connected to the vehicle 
Wiring independent of Wires from the interior rear vieW mirror 
assembly to the vehicle Wiring, microphone module 10 may 
be easily removed or accessed for serviceability or replace 
ment Without having to remove or replace the mirror assem 
bly. This is a signi?cant advantage over the prior art because 
if the microphone is damaged, the more expensive compo 
nents, such as the mirror or headliner console, do not have to 
be replaced in order to repair or replace the microphone. 

Microphone module 10 may be mounted to Windshield 12 
such that microphone 18 is directed doWnWardly and rear 
Wardly toWard the driver’s seat of the vehicle to optimally 
receive audio signals therefrom. Preferably, microphone 18 is 
a directional or polar microphone, Which limits the audio 
signal received to signals Within the area toWard Which the 
microphone is directed. Such microphones are knoWn in the 
art and are commercially available as anAKG 400 Series or a 
501T Series microphone from A.K.G. Acoustics/GMBH in 
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Vienna, Austria. These microphones are operable to receive 
audio signals from Within the targeted area, While substan 
tially reducing or limiting the signals received from outside 
that area. By mounting microphone 18 Within housing 20 and 
directing microphone 18 doWnWard and rearWard toWard a 
typical location of a driver’s head, the audio signal detected 
by microphone 18 Will be dominated by a voice signal from 
the driver of the vehicle and Will substantially limit noise 
signals originating from other sources, such as the engine, 
road, Wind, HVAC, radio, turn signals and the like. Because 
microphone 18 may be ?xedly mounted Within housing 20, 
microphone 18 may be optimally directed toWard the area of 
interest, and Will not be adjusted or misdirected When the 
mirror is adjusted for a different driver of the vehicle. 

Altemately, multiple microphones may be implemented 
Within microphone module 10 to receive various signals from 
different directions. As is knoWn in the audio art, RMF tech 
niques may be implemented to digitiZe individual outputs 
from the multiple microphones and integrate the outputs to 
establish Which outputs are the loudest and Which have the 
presence of human audible signals verses noise. The signals 
Which have the greatest presence of human audible signals 
may then be selected over the signals of the other micro 
phones, thereby providing a voice signal to the communica 
tion device. 

Microphone module 10 further includes a microphone Wire 
harness 30 (FIG. 3), Which extends from microphone 18 
through headliner surface 20b of housing 20 and into head 
liner 14. Microphone 18 is preferably interconnectable to the 
vehicle harness by microphone harness 30 in a conventional 
manner. Preferably, microphone harness 30 comprises a pair 
of Wires for microphone 18. Clearly, hoWever, if multiple 
microphones are implemented in microphone module 10, 
multiple Wires (not shoWn) Will correspondingly be required. 
Furthermore, if indicator 72 is included in module 10, addi 
tional Wiring 3011 (FIG. 4) Will also be required. 
As shoWn in FIG. 2, the audio system may further include 

a loud speaker 42 for providing an audible signal to the driver 
and passengers of the vehicle. Speaker 42 may be mounted to 
housing 20 and includes a Wiring harness 43 for electrical 
connection to the vehicle Wiring 28, similar to microphone 
18. Speaker 42 may be a conventional diaphragm speaker, 
pieZo-electric speaker, such as a pieZo-electric ceramic 
speaker, or the like. Most preferably, speaker 42 is a pieZo 
electric ceramic moldable speaker. Additional speakers may 
be mounted Within the accessory module 10 or in a pod 17 
attached to the mirror mounting bracket 16a of the interior 
rear vieW mirror assembly. 

It is further envisioned that the audio system may include 
multiple microphones and/ or speakers positioned at different 
locations Within the vehicle to supplement one another in 
order to optimally receive and project the audio signals from 
and to the desired areas Within the vehicle. For example, as 
shoWn in FIG. 2, one or more microphones 18 and/ or speakers 
42 may be positioned in module 10, as Well as in mirror 
housing 16b, in mounting button 16a, and/ or Within a pod 17, 
Which may be mounted to mirror assembly 16 and extends 
doWnWardly beneath mirror housing 16b. Clearly, pod 17 
may alternately be positioned above or to either side of mirror 
housing 16b, Without affecting the scope of the present inven 
tion. The microphone 18 and speaker 42 may access and/or 
share the electronic circuitry of an electro-optic or electro 
chromic mirror. By providing one or more microphones and 
speakers Within the vehicle, the overall effectiveness of the 
audio system may be improved, since signals not optimally 
directed toWard the microphone Within the module, may be 
better received by the microphone in the pod, mirror housing, 
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or button. It is further envisioned that one or more indicators 
72 may be positioned at one or more locations Within the 
vehicle, such as at the module 10, mirror housing 16b, mount 
ing button 16a, and/or pod 17, as shoWn in FIG. 2. Micro 
phone 18 and/or speaker 42 may also be positioned at the 
mirror or pod assemblies in conjunction With microphones or 
speakers in a module 10 or in applications Where the vehicle 
does not include a microphone module. 

Although shoWn as having a microphone 18 Within a mod 
ule 10, the present invention includes implementation of a 
microphone 18 and indicator 72 in various locations Within 
the cabin of the vehicle. As shoWn in FIG. 9, microphone 18 
and indicator 72 may be mounted to mirror housing 16b. 
Alternately, microphone 18 and/ or indicator 72 may be 
mounted to the mirror mounting button 1611 or at a pod or 
other mounting device positioned in the vicinity of the mirror 
assembly 16. If the audio system includes a speaker and/ or a 
recording device, the speaker and/or recording device may be 
mounted to the mirror assembly or pod, or may be positioned 
elseWhere Within the cabin of the vehicle, either in the vicinity 
of the microphone and/or the indicator or remote therefrom. 

Referring again to FIG. 3, microphone module 10 may 
alternately connect to the vehicle Wiring harness 28 via elec 
trical connectors 32 and 33. For example, a socket 33 may be 
provided in housing 20 of microphone module 10, such that 
vehicle Wiring harness 28 may include a corresponding male 
connector, such as a conventional tWelve pin connector, 
Which mates With socket 33. Microphone harness 30 may 
then extend from socket 33 to microphone 18, While remain 
ing Within housing 20. Similarly, mirror harness 24 may 
extend from socket 33 doWnWardly through housing 20 and 
Wire cover 22 to mirror assembly 16. By connecting both the 
mirror harness 24 and microphone harness 30 to the vehicle 
harness 28 With connectors 32 and 33, microphone module 10 
further facilitates simpli?ed installation of mirror assembly 
16 Within the vehicle. 
As shoWn in FIGS. 3 and 4, microphone module 10 may be 

mechanically secured to WindoW 12 and/or headliner 14. For 
example, a bracket 34 may be bonded or otherWise adhesively 
secured to interior surface 12d of Windshield 12. WindoW 
surface 20a of housing 20 may then be correspondingly 
formed With bracket 34 to engage the bracket for removable 
mounting of microphone module 10 to Windshield 12.As best 
shoWn in FIG. 4, bracket 34 may include a Windshield mount 
ing surface 34a and a pair of mounting ?anges 34b Which are 
offset from the position of mounting surface 34a and extend 
laterally outWardly from a pair of sideWalls 340, Which extend 
doWnWardly and rearWardly from mounting portion 34a. 
Windshield surface 20a of housing 20 may then be corre 
spondingly formed to slidably engage mounting ?anges 34b 
of bracket 34, such that housing 20 is slidable upWardly along 
bracket 34 until headliner surface 20b interfaces With head 
liner 14. At that point, one or more mounting pins or fasteners 
36 may be inserted through housing 20 and mounting ?anges 
34b to substantially secure the components together. Altema 
tively, or in addition to fasteners 36, a headliner fastener 38 
(FIG. 3) may extend through headliner surface 20b of housing 
20 and engage a bracket 40 Within headliner 14, thereby 
substantially securing housing 20 to both Windshield 12 and 
headliner 14. Mounting fasteners 36 and 38 may be threaded 
fasteners or push-pin or snap ?t type fasteners, to substan 
tially secure housing 20 to the respective brackets 34 and 40. 
It is further envisioned that the mounting bracket and micro 
phone housing may be correspondingly forrned to press-?t 
together or snap or otherWise lock together as the microphone 
housing is moved to the appropriate mounting location rela 
tive to the bracket. Clearly, other mounting brackets and/or 
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fasteners may be implemented to substantially secure micro 
phone module 10 relative to Windshield 12 or headliner 14, 
Without affecting the scope of the present invention. 

Referring noW to FIG. 5, microphone module 10 may be 
implemented Without a Wire cover. The mirror Wiring harness 
may extend freely doWnWardly from microphone housing 20 
to mirror housing 16b or may be adhered or otherWise secured 
or guided along interior surface 12b of Windshield 12 and 
further along arm 160 to mirror housing 16b. Altemately, as 
shoWn in FIG. 5, a mirror harness 24' may be implemented to 
provide an aesthetically pleasing spirally-coiled cord, similar 
to a conventional telephone cord, Which extends doWnWardly 
from loWer end 200 of housing 20 and curves rearWardly 
toWard housing 16b of mirror assembly 16. Mirror harness 24' 
may be electronically connectable With vehicle Wiring har 
ness 28 via conventional electrical connectors 32' and 33', 
While microphone harness 3 0 is electronically connected With 
the vehicle Wiring harness separately, as discussed above With 
reference to FIG. 2. Clearly, hoWever, mirror harness 24' and 
microphone harness 30 may be connectable to vehicle Wiring 
harness 28 by any other conventional means, Without affect 
ing the scope of the present invention. As discussed above 
With reference to FIGS. 2 and 3, housing 20 may be bonded to, 
adhesively secured or mechanically fastened to interior sur 
face 12b of Windshield 12 and/or to headliner 14. 

Although speci?c embodiments of the microphone module 
of the present invention are shoWn in FIGS. 2 through 5 and 
discussed above, clearly the scope of the present invention 
includes other means of mounting the microphone module 
and of covering or guiding the mirror harness betWeen the 
microphone module and the mirror. For example, the micro 
phone module may be mounted to the Windshield between 
mounting button 16a and headliner 14 and have Wire covers 
or the like extending from both upper and loWer ends of the 
module to cover Wires betWeen the headliner and the module 
and further betWeen the module and the mirror assembly. 
Alternatively, the microphone module may be mounted above 
and adjacent to the mirror mounting button 16a and include a 
Wire cover Which extends upWardly therefrom to sub stan 
tially encase the Wires extending from the module to the 
headliner for connection With the vehicle Wiring harness. It is 
further envisioned that the microphone module may be part of 
a plastic Wire cover extending upWardly from the interior rear 
vieW mirror assembly toWard the headliner. The Wiring har 
nesses associated With the mirror assembly, the microphone 
and the indicator may be routed and connected With the 
vehicle Wiring harness by any knoWn means Without affecting 
the scope of the present invention. The microphone, indicator 
and mirror assembly may be implemented as a single com 
ponent, Which requires feWer assembly plant installation pro 
cesses, thereby reducing the costs associated With the vehicle 
manufacture. It is further envisioned that microphone 18 and 
indicator 72 may be mounted anyWhere Within the cabin of 
the vehicle Without an accessory module. Preferably, both are 
positioned forWardly of the driver of the vehicle to optimally 
receive a voice signal from the driver and to be easily vieWed 
by the driver While looking forWardly. Preferably, the micro 
phone and indicator are mounted at the rearvieW mirror hous 
ing 16b, the mirror button 1611, the headliner 14, and/or a pod 
attached to the mirror assembly (such as a pod attached to the 
mirror button mount of the interior rearvieW mirror assem 
bly), Windshield or headliner. 

Although shoWn and described above as being imple 
mented With a button mounted interior rearvieW mirror 
assembly, an alternate embodiment of the present invention 
may incorporate a mirror assembly 116 With a microphone 
module 110, as shoWn in FIG. 8. Microphone module 110 
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preferably includes a microphone 118 and a microphone 
housing 120, Which are substantially similar to microphone 
18 and housing 20, discussed above With respect to micro 
phone module 10. HoWever, microphone module 110 further 
includes a mirror mounting arm 122, Which extends generally 
doWnWardly from a loWer portion 1200 of housing 120. Mir 
ror assembly 116 is pivotally mounted to a loWer end 12211 of 
arm 122 via a conventional ball and socket connection 11611. 
A mirror Wiring harness 124 extends from mirror assembly 
116 upWardly through arm 122 and further through housing 
120 and into header 14 of the vehicle for electrical connection 
With the vehicle Wiring harness. A microphone harness 130 
may also electronically connect microphone 118 With the 
vehicle Wiring harness, as discussed above With respect to 
microphone harness 30. Microphone module 110 and mirror 
assembly 116 may be electronically connected to the vehicle 
Wiring harness by any knoWn means, Without affecting the 
scope of the present invention. An indicator 172 may be 
included at module 110 and/or at mirror housing 116 to pro 
vide an audio signal receiving status to the driver of the 
vehicle or user of the audio system, similar to indicator 72, 
discussed above. Similar to microphone module 10, a Wind 
shield surface 12011 of housing 120 may be adhesively or 
mechanically secured along an interior surface 12b of Wind 
shield 12. 
As shoWn in FIG. 6, microphone module 10 may further 

include manual controls for the audio or communication 
device associated With microphone 18, such as buttons 44 for 
activating and/or adjusting the communication device. 
Microphone module 10 may further include other manual 
controls 46 for activating or adjusting other accessories or 
devices Within the vehicle, such as interior or exterior lights, 
or for selecting a function for microphone 18, such as a 
cellular phone versus an emergency communication device or 
recording device. Mirror housing 16b may also include con 
trols, buttons or sWitches, shoWn generally at 48, for selec 
tively activating, deactivating or adjusting one or more acces 
sories associated With the vehicle. For example, controls 48 
may activate map reading lights on mirror housing 16b, tem 
perature displays, compass heading displays or the like, 
Which may be displayed on a portion of mirror housing 16b 
and are thus easily visible to the driver of the vehicle. Alter 
natively, hoWever, controls 46 and 48 on microphone module 
10 and mirror housing 16b, respectively, may control acces 
sories or lights Which are located on or Within the vehicle and 
yet are remote from microphone module 10 and mirror 16. 

Referring noW to FIG. 7, an accessory module 10' may 
further include multiple accessories, components or devices 
associated With various control systems of the vehicle and 
connected With a vehicle control or the vehicle Wiring har 
ness. For example, accessory module 10' may include a 
microphone 18, an indicator 72, a loudspeaker 42, a Global 
Positioning System (GPS) antenna 50, a motion sensor 52, a 
rain sensor 54, a video device or camera 56, an interior light 
58, an automatic toll booth transducer 59, a security system 
status indicator 70, a compass and/or compass sensor 51, a 
temperature display and/ or temperature sensor 53, a tire pres 
sure indicator display 55, a seat occupancy detection antenna 
and/or transducer 57, and/or any other devices, components 
or circuitry Which may be useful to mount in accessory mod 
ule 10'. Preferably, camera 56 is a pixilated imaging array 
sensor, such as a CMOS imaging array or the like, a descrip 
tion ofWhich is disclosed in commonly assigned U.S. Pat. No. 
5,670,935, issued to Scho?eld et al., the disclosure of Which 
is hereby incorporated herein by reference. The module 10' 
may provide a location for these devices Which is highly 
visible and eases user interface by the driver or passengers of 












































