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Description

[0001] The present invention generally relates to rear-
view assemblies for vehicles, and more specifically re-
lates to rearview assemblies incorporating one or more
components for providing hands-free telephone use in a
vehicle.
[0002] Portable handheld cellular telephones have be-
come very popular due in large part to their portability.
However, recent concerns have arisen that the use of
handheld portable cellular telephones in a vehicle is a
dangerous distraction that may cause accidents due to
the need of the driver to hold onto the telephone and dial
numbers and to also hold the telephone to the driver’s
ear rather than keeping both hands on the steering wheel.
As a result, some governments have responded by pro-
hibiting the use of a handheld cellular telephone while
driving. Thus, the need for hands-free telephones for use
in vehicles has increased significantly.
[0003] Although hands-free telephones have been
previously integrated in vehicles, they have not become
very popular due in large part to the need for the driver
to have a separate cellular telephone service contract
with the service provider associated with the vehicle-in-
stalled telephone. Although a driver could reduce the
number of such service contracts by eliminating their
portable handheld cellular telephone, most people have
been reluctant to do so due to the fact that the vehicle-
installed telephone cannot be removed from the vehicle
and used elsewhere.
[0004] Commonly assigned United States Published
Patent Application No. 2002-0032510 A1 discloses a
system whereby a microphone and speakers may be in-
stalled in a rearview mirror assembly along with an audio
and data transceiver, such as one implementing the Blue-
tooth™ protocol. The ’510 published patent application
further discloses that, when placed in a vehicle and used
with a portable handheld cellular telephone that incorpo-
rates a similar audio/data transceiver, the vehicle occu-
pant who brings such a handheld portable cellular tele-
phone into the vehicle may utilize the microphone and
speakers in the rearview mirror assembly as a hands-
free telephone while still utilizing the cellular transceiver
in the portable telephone and hence requiring only a sin-
gle service contract with a cellular telephone service pro-
vider.
[0005] With vehicle-installed hands-free telephone
systems, it is typically desirable to utilize the vehicle’s
existing audio system as the speakers during a telephone
call. This eliminates the need and cost of providing ad-
ditional speakers elsewhere in the vehicle. However,
some vehicle audio systems do not include an audio input
jack that would enable use of the speakers by the hands-
free telephone system. Further, even in vehicles that
come with a standard radio having an audio input jack,
there is the possibility that the vehicle owner may replace
the radio with an after-market radio that does not include
such an input jack. In addition, if the hands-free telephone

system is sold as an after-market system, it may be dif-
ficult to access an audio input jack on the rear of the
vehicle radio and to run the appropriate wiring. Although
it may be possible to utilize an audio and data wireless
connection between the vehicle’s radio and the hands-
free telephone system, many vehicle radios are not cur-
rently equipped with audio and data wireless transceiv-
ers. For these reasons, it may be desirable to incorporate
and utilize internal speakers within the rearview mirror
assembly.
[0006] Providing speakers in a rearview mirror assem-
bly presents several challenges. First, the speakers have
to be relatively small and yet create an output loud
enough to be clearly heard over the typical background
noise present in a vehicle. Second, the hands-free mi-
crophone, if exposed to the loudspeaker output, will be-
come overloaded. Even when switching is used to shut
off either the speaker or the microphone, this overloading
can cause problems. Switching, though common in
hands-free telephones, is generally undesirable and can
be avoided provided the speaker sound is not loud rela-
tive to the driver’s speech level at the microphone. Thus,
there is the need for a rearview mirror assembly that in-
corporates speakers for use in a hands-free telephone
system and that incorporates such speakers in such a
manner so as to not interfere with the sound picked up
by the microphone subassembly, which is also located
on the rearview mirror assembly.
[0007] It has long been desired to improve microphone
performance in devices such as communication devices
and voice recognition devices that operate under a vari-
ety of different ambient noise conditions. Communication
devices supporting hands-free operation permit the user
to communicate through a microphone of a device that
is not held by the user. Because of the distance between
the user and the microphone, these microphones often
detect undesirable noise in addition to the user’s speech.
The noise is difficult to attenuate. Hands-free communi-
cation systems for vehicles are particularly challenging
due to the dynamically varying ambient noise that is
present. For example, bi-directional communication sys-
tems, such as two-way radios, cellular telephones, sat-
ellite telephones, and the like, are used in vehicles, such
as automobiles, trains, airplanes, and boats. For a variety
of reasons, it is preferable for the communication devices
of these systems to operate hands-free, such that the
user need not hold the device while talking, even in the
presence of high ambient noise levels subject to wide
dynamic fluctuations.
[0008] Bi-directional communication systems include
an audio speaker and a microphone. In order to improve
hands-free performance in a vehicle communication sys-
tem, a microphone is typically mounted near the driver’s
head. For example, a microphone is commonly attached
to the vehicle visor or headliner using a fastener such as
a clip, adhesive, hook-and-loop fastening tape (such as
VELCRO® brand fastener), or the like. The audio speak-
er associated with the communication system is prefer-
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ably positioned remote from the microphone to assist in
minimizing feedback from the audio speaker to the mi-
crophone. It is common, for example, for the audio speak-
er to be located in a vehicle adapter, such as a hang-up
cup or a cigarette lighter plug used to provide energizing
power from the vehicle electrical system to the commu-
nication device. Thus, although the communication sys-
tem designer knows the position of the audio speaker in
advance, the position of the microphone is unknown as
the user can position the microphone where they choose.
The position of the microphone relative to the person
speaking will determine the level of the speech signal
output by the microphone and may affect the signal-to-
noise ratio. The position of the microphone relative to the
audio speaker will impact feedback between the speaker
and microphone. Accordingly, the performance of the au-
dio system is subject to the user’s installation of the mi-
crophone. Additionally, the microphone will typically in-
clude a wire, which, if it is mounted to the surface of the
vehicle interior, will not be aesthetically pleasing. Alter-
natively, if the wire is to be mounted behind the interior
lining, the vehicle interior must be disassembled and then
reattached so that the wire can be hidden, which may
result in parts that rattle loudly or hang loosely from the
vehicle frame.
[0009] One potential solution to avoid these difficulties
is disclosed in United States Patent No. 4,930,742, en-
titled "REARVIEW MIRROR AND ACCESSORY
MOUNT FOR VEHICLES," issued to Schofield et al. on
June 5, 1990, which uses a microphone in a mirror mount-
ing support. Although locating the microphone in the mir-
ror support provides the system designer with a micro-
phone location that is known in advance and avoids the
problems associated with mounting the microphone after
the vehicle is manufactured, there are a number of dis-
advantages to such an arrangement. Because the mirror
is positioned between the microphone and the person
speaking into the microphone, a direct unobstructed path
from the user to the microphone is precluded. Addition-
ally, the location of the microphone on the windshield
detrimentally impacts microphone design flexibility and
overall noise performance of the microphone.
[0010] U.S. Patent Nos. 5,940,503, 6,026,162,
5,566,224, 5,878,353, and D 402,905 disclose rearview
mirror assemblies with a microphone mounted in the bez-
el of the mirror. None of these patents, however, disclose
the use of acoustic ports facing multiple directions, nor
do they disclose microphone subassemblies or systems
utilizing more than one microphone transducer. The dis-
closed microphone subassemblies do not incorporate
sufficient noise suppression components to provide out-
put signals with relatively high signal-to-noise ratios, and
do not provide a microphone having a directional sensi-
tivity pattern or a main lobe directed forward of the hous-
ing and attenuating signals originating from the sides of
the housing.
[0011] U.S. Patent Nos. 5,732,143, 5,825,897,
4,737,976, 5,835,607, 5,754,665, 5,917,921, 5,546,458,

5,353,376, and 5,212,764 disclose various hands-free or
voice recognition systems for use in vehicles. These sys-
tems employ two or more microphone transducers typi-
cally arranged in a horizontal linear array. Some of the
above-noted patents disclose placing the microphones
in or near the seats of the driver of the vehicle while others
do not specifically disclose how the microphones are
mounted in the vehicle. Some of these patents illustrate
the microphones being disposed on or around the vehicle
headliner in the vicinity of the front windshield. None of
these patents, however, address the specific problems
associated with mounting microphone subassemblies in
a rearview mirror assembly.
[0012] Commonly assigned PCT Publication Nos. WO
01/37519 A3; WO 02/065735 A2 and WO 03/041285 A1
disclose various forms of microphone subassemblies in-
tegrated into a rearview mirror assembly. The various
constructions of the microphone subassemblies and their
positioning and integration within the rearview mirror as-
sembly address various different problems associated
with mounting microphone subassemblies on a rearview
mirror assembly. Some of these constructions included
a microphone subassembly mounted to the bottom of a
rearview mirror assembly where the microphone sub-
assembly included one or two microphone transducers
ported to both the front and rear of the vehicle. In other
constructions, a microphone subassembly was mounted
on the top of the mirror and included one or two micro-
phone transducers. An advantage to mounting the mi-
crophone subassembly on top of the rearview mirror as-
sembly is that noise from the defroster or climate control
system is not as prevalent at the top of the rearview mirror
assembly. However, the microphone subassembly
mounted to the top of the rearview mirror assembly is
more likely to be impacted by the direct laminar airflow
from the windshield defroster. Accordingly, an air deflec-
tor or other airflow defense mechanisms are built into the
embodiment employing the microphone on the top of the
rearview mirror assembly. In yet another of the various
constructions disclosed in the above-noted PCT applica-
tions, two separate microphone subassemblies are
mounted to the rear of the rearview mirror assembly and
are spaced apart at opposite ends of the mirror assembly.
This arrangement provides several advantages, partic-
ularly when the microphone output is provided to a digital
signal processor (DSP).
[0013] Prior microphone arrays consist of two or more
microphones that have nearly identical characteristics
and operate in nearly identical conditions. Such arrays
can be linear, two-axis, or even three-axis. Typically, lin-
ear arrays are used to get maximum benefit cost ratio. A
linear array can only achieve directional advantage in the
planes containing the axis of the line of centers. A linear
array cannot differentiate between these planes so the
beam that aims at the driver also aims at a cone of loca-
tions around the axis of centers. Only the native trans-
ducer directional aspect is available to differentiate. Typ-
ically, microphone transducers having cardioid response
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curves are used to reduce the rear-facing planes. Micro-
phone arrays get their noise reduction advantages by
time of arrival alignment for sounds coming from the de-
sired speech location and exploiting the resulting de-cor-
relation of noise sources. The present assumption is that
all de-correlation comes from the time stagger and noise
enters from a different horizontal angle than desired
speech.
[0014] Prior art array microphones are based on the
use of the same basic directional aspect. This is often a
requirement such that when time of arrival is adjusted,
the speech signals will add. Differences in aiming angle
would interfere with this addition for sounds coming off
axis which the array aiming ability requires. In prior art
arrays, the microphone transducers must be placed close
enough together to achieve time alignment by simple
maximization of signal. This prevents wide spacing rel-
ative to the wavelength of the highest frequency sound
in the pass band. Conversely, a wide enough separation
is often required to have a difference of meaningful size
when the wavelength decreases. The combination of
these two effects typically forces the use of more than
two transducers to get effective array microphone oper-
ation through the entire audio band.
[0015] In a horizontal microphone array, there is a di-
rect tradeoff between reducing noise and harming de-
sired speech coming from passengers in the vehicle.
Typical microphone arrays reject speech from passen-
gers as well as noise. Although the prior art microphone
arrays are able to reject noise from the opposite side of
the vehicle cabin, in doing so, they also reject the speech
from passengers on the rejected side. If a conventional
horizontal microphone array were positioned either along
the top of the rearview mirror assembly or on the bottom
of the rearview mirror assembly, all of the microphone
transducers would be exposed to the same basic condi-
tion such that de-correlation is not present until the time
of arrival difference is present. Since the spacing be-
tween the microphone transducers must be relatively
small, there is a strong likelihood for overlap of noise
caused by flowing air effects, particularly flowing air ef-
fects originating from the vehicle defroster.
[0016] It is highly desirable to provide voice recognition
systems in association with vehicle communication sys-
tems, and most preferably, such a system would enable
hands-free operation. Hands-free operation of a device
used in a voice recognition system is a particularly chal-
lenging application for microphones, as the accuracy of
a voice recognition system is dependent upon the quality
of the electrical signal representing the user’s speech.
Conventional hands-free microphones are not able to
provide the consistency and predictability of microphone
performance needed for such an application in a control-
led environment such as an office, let alone in an uncon-
trolled and noisy environment such as an automobile.
[0017] Further, document US 2003/020603 A1 disclos-
es a digital sound processor to enhance the vocal to non-
vocal noise ratio of the signal processed by a vehicle

audio system such as a cellular telephone, emergency
communication device, or other audio device. Optionally,
an indicator is provided for use with the vehicular audio
system in order to provide a user of the audio system
with a status signal relating to a reception quality of a
vocal signal from the user. The microphone of the audio
system may be mounted within an accessory module,
which may be mounted to an interior surface of a vehicle
windshield. The accessory module provides a fixed ori-
entation of the microphone. The indicator may be mount-
ed at the accessory module or elsewhere at the mirror
assembly.

SUMMARY OF THE INVENTION

[0018] The underlying technical problem has been
solved by the rearview assembly for a vehicle according
to claim 1. Preferred embodiments are subjects of the
dependent claims.
[0019] Preferably, the rearview assembly comprises:
a mirror housing for attaching to the vehicle, the mirror
housing having a top, bottom, and rear surface; a mirror
disposed in the mirror housing and having a front surface;
a first microphone subassembly located on the top sur-
face of the mirror housing; and a second microphone
subassembly located on the bottom surface of the mirror
housing.
[0020] Preferably, the housing defines an interior
space that is acoustically separated into at least two
chambers; and a first speaker located in a first one of the
at least two chambers of the interior space of the housing.
The rearview assembly may further comprise a micro-
phone subassembly located at least partially within a sec-
ond one of said at least two chambers of the interior space
of the housing. The rearview assembly may additionally
or alternatively comprise a second speaker located in a
third one of the at least two chambers of the interior space
of the housing.
[0021] Preferably the housing defines an interior
space; the rearview assembly further comprising a de-
vice for providing a rearward view of a scene behind the
vehicle, the device being supported by the housing; and
a first speaker located in the interior space of the housing,
wherein a front acoustic chamber is defined between a
front of said first speaker and an interior surface of the
housing, the front acoustic chamber having a volume V,
at least one port having an acoustic resistance rA is pro-
vided through the housing in front of the front acoustic
chamber, and wherein the front acoustic chamber and
the at least one port are configured to satisfy the following
equation: 

where: f=resonance frequency;
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n=number of ports;
 i=width of port i;

li=length of port i;
d=wall thickness of the housing;
p=density of air (in g/cm3);
m=viscosity coefficient=1.86x10-4 for air; and
c=velocity of sound (in cm/sec).

[0022] Preferably the housing defines an interior
space; the rearview assembly further comprising a de-
vice for providing a rearward view of a scene behind the
vehicle, the device being supported by the housing; and
a first speaker located in the interior space of the housing,
wherein a front acoustic chamber is defined between a
front of the first speaker and an interior surface of the
housing, the front acoustic chamber, at least one port is
provided through the housing in front of the front acoustic
chamber, and wherein the at least one port and said front
acoustic chamber are configured such that the first
speaker exhibits a resonant frequency falling within the
range of about 2000 Hz to 4000 Hz.
[0023] According to the present invention, a vehicle
rearview assembly provides an image of a scene to the
rear of the driver of the vehicle. The rearview assembly
comprises: a housing for attachment to the vehicle; a
display positioned in the housing; an audio/data trans-
ceiver associated with the housing for receiving wireless
audio and data signals from a device proximate the ve-
hicle; and a controller positioned in the housing and cou-
pled to the display and the audio/data transceiver, the
controller being configured to control the display to indi-
cate the presence of a wireless connection to a device
proximate the vehicle, by showing a signal strength indi-
cator in the display showing the strength of the cellular
wireless signal.
[0024] Preferably, the vehicle rearview assembly com-
prises: a mounting structure for mounting to the vehicle;
the audio/data transceiver associated with the mounting
structure for transmitting and receiving wireless audio
and data signals to/from a device having a similar au-
dio/data transceiver; the controller being adapted to be
operative in a pairing mode and an operational mode,
during the pairing mode, the controller is adapted to
search for, discover and acquire a unique identification
code of a device with which the audio/data transceiver
is to be paired, during the operational mode, the controller
is adapted to determine whether a device having the
unique identification code is within the range of the au-
dio/data transceiver and to exchange data with the device
through the audio/data transceiver, also during the op-
erational mode, the controller is adapted to prevent the
exchange of certain data with detected devices that are
not paired with the audio/data transcever.
[0025] Preferably, the vehicle rearview assembly com-
prises: a mounting structure for mounting to the vehicle;
the audio/data transceiver being provided for transmitting
and receiving audio and data signals to/from a portable

telephone; a hands-free microphone associated with the
mounting structure for providing an audio signal to the
audio/data transceiver; at least one hands-free speaker
for receiving an audio signal from the audio/data trans-
ceiver; and the controller determining whether portable
telephones having predetermined identification codes
are within the range of the audio/data transceiver, the
controller being configured to establish a priority amongst
the portable telephones for use of the hands-free micro-
phone and the hands-free speakers, the controller being
adapted to exchange data with the portable telephones
through the audio/data transceiver causing the portable
telephone with the highest priority to disable its micro-
phone, wherein the controller is adapted to enable
speech to be picked up by the hands-free microphone
and to transmit to the portable telephone with the highest
priority through the audio/data transceiver.
[0026] These and other features, advantages, and ob-
jects of the present invention will be further understood
and appreciated by those skilled in the art by reference
to the following specification, claims, and appended
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] In the drawings:

Fig. 1A is an elevational view of the front of a rearview
mirror assembly constructed in accordance with a
first embodiment of the present invention;
Fig. 1B is an elevational view of the rear of the rear-
view mirror assembly of Fig. 1A;
Fig. 1C is an elevational view of a side of the rearview
mirror assembly of Fig. 1A;
Fig. 1D is a plan view of the top of the rearview mirror
assembly of Fig. 1A;
Fig. 1E is a plan view of the bottom of the rearview
mirror assembly of Fig. 1A;
Fig. 2 is an exploded perspective view of the rearview
mirror assembly shown in Fig. 1A;
Fig. 3 is an elevational view of the interior of a mirror
casing of the rearview mirror assembly shown in Fig.
1A;
Fig. 4 is an elevational view of the front of a micro-
phone subassembly of the present invention;
Fig. 5 is a plan view of the top of the microphone
subassembly of the present invention;
Fig. 6 is an elevational view of one end of the micro-
phone subassembly of the present invention;
Fig. 7 is a cross-sectional view of the microphone
subassembly shown in Fig. 4 taken along line VII-VII;
Fig. 8 is a cross-sectional view of the microphone
subassembly shown in Fig. 4 taken along line VIII-
VIII;
Fig. 9 is a cross-sectional view of the microphone
subassembly shown in Fig. 4 taken along line IX-IX;
Fig. 10 is a schematic top view of the microphone
subassembly of the present invention;
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Fig. 11 is an exploded perspective view of a portion
of the microphone subassembly of the present in-
vention;
Fig. 12 is an elevational view of the front of a rearview
mirror assembly constructed in accordance with a
second embodiment of the present invention;
Fig. 13 is an elevational view of the front of a rearview
mirror assembly constructed in accordance with a
third embodiment of the present invention;
Fig. 14 is an elevational view of the front of a rearview
mirror assembly constructed in accordance with a
fourth embodiment of the present invention;
Fig. 15 is an elevational view of the front of a rearview
mirror assembly constructed in accordance with a
fifth embodiment of the present invention;
Fig. 16A is a cross-sectional view of a portion of the
rearview mirror assembly shown in Fig. 1B taken
along line XVI-XVI;
Fig. 16B is a cross-sectional view of a portion of a
modified version of the rearview mirror assembly
shown in Figs. 1B and 16A;
Fig. 17A is a cut away elevational view of a portion
of the rear of a modified version of the rearview mirror
assembly shown in Fig. 1B;
Fig. 17B is a cut away elevational view of a portion
of the rear of a modified version of the rearview mirror
assembly shown in Fig. 1B;
Fig. 17C is a cut away elevational view of a portion
of the rear of a modified version of the rearview mirror
assembly shown in Fig. 1B;
Fig. 18 is a cross-sectional view of a portion of an-
other modified version of the rearview mirror assem-
bly shown in Figs. 1B and 16A;
Fig. 19 is a cut away elevational view of the front of
a rearview mirror assembly incorporating the struc-
ture shown in Fig. 18;
Fig. 20 contains plots illustrating the frequency re-
sponse curve for two rearview mirror assemblies with
different port configurations;
Fig. 21 is an electrical circuit diagram in block form
showing the circuitry associated with the rearview
mirror according to one embodiment;
Fig. 22 is an electrical circuit diagram in block form
showing an electrochromic mirror/compass system
that may be contained in the mirror housing of the
present invention;
Fig. 23 is an electrical circuit diagram in block form
showing the circuitry associated with the rearview
mirror according to one embodiment;
Fig. 24 is an electrical circuit diagram in block form
showing circuits to which the circuit of Fig. 23 may
be coupled over a vehicle bus;
Fig. 25 is an electrical circuit diagram in block form
showing various wireless devices that may be in
communication with or through the rearview mirror
assembly;
Fig. 26A is an elevational side view of a mirror mount
and attached housing constructed in accordance

with an embodiment of the present invention;
Fig. 26B is an elevational front view of the mirror
mount and attached housing shown in Fig. 26A;
Fig. 27A is an elevational side view of a mirror mount
and attached housing constructed in accordance
with another embodiment of the present invention;
Fig. 27B is an elevational front view of the mirror
mount and attached housing shown in Fig. 27A;
Fig. 27C is a plan view of the bottom of the mirror
mount and attached housing shown in Figs. 27A and
27B;
Fig. 28A is an elevational side view of a mirror mount
and attached housing constructed in accordance
with another embodiment of the present invention;
Fig. 28B is an elevational front view of the mirror
mount and attached housing shown in Fig. 28A;
Fig. 29A is an elevational view of the rear of a rear-
view mirror assembly constructed in accordance
with another embodiment of the present invention;
and
Fig. 29B is an elevational view of the front of the
rearview mirror assembly shown in Fig. 29A;
Fig. 30 is a close-up cut-away view of a display of a
rearview assembly of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0028] Reference will now be made in detail to the
present preferred embodiments of the invention, exam-
ples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numerals
will be used throughout the drawings to refer to the same
or like parts.
[0029] As noted above, the present invention pertains
to a vehicle rearview assembly that incorporates some
or all of the components of a vehicle communication and
control system. As used herein, a "rearview assembly"
is a structure that provides an image of a scene to the
rear of driver. As commonly implemented, such rearview
assemblies include an appropriately positioned mirror. A
rearview assembly may additionally or alternatively in-
clude an electronic display that displays an image as
sensed by a camera or other image sensor (see, for ex-
ample, commonly assigned U.S. Patent No. 6,550,949
entitled sensor (see, for example, commonly assigned
U.S. Patent No. 6,550,949 entitled "SYSTEMS AND
COMPONENTS FOR ENHANCING REAR VISION
FROM A VEHICLE," filed on September 15, 1998, by
Frederick T. Bauer et al.). Thus, a "rearview assembly"
need not include a mirror element. In the embodiments
described below, a rearview mirror assembly is shown
and described. It will be appreciated, however, that such
embodiments could be modified to include a display and
no mirror element.
[0030] As will be apparent to those skilled in the art,
certain aspects of the present invention may be imple-
mented in vehicle accessories other than a rearview as-
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sembly, such as an overhead console, a visor, an A-pillar
trim panel, an instrument panel, etc. With respect to those
implementations, the discussion below relating to rear-
view mirror assemblies is provided for purposes of ex-
ample without otherwise limiting the scope of the inven-
tion to such rearview assemblies.

Rearview Assembly Construction

[0031] An example of an inside rearview mirror assem-
bly constructed in accordance with one embodiment of
the present invention is shown in Figs. 1A-1E, 2, and 3.
Although the illustrated rearview mirror assembly 10 is
shown as being designed for mounting directly to the
vehicle windshield, rearview mirror assembly 10 may al-
ternatively be mounted to the roof of the vehicle.
[0032] In general, rearview mirror assemblies include
a mirror housing 30 that may have a wide variety of the
possible designs, such as, for example, the mirror hous-
ing taught and claimed in U.S. Patent No. 5,448,397.
Rearview mirror assemblies also include a mirror 40
mounted in mirror housing 30, and a mounting bracket
35 that attaches mirror housing 30 to the vehicle. Such
mounting brackets typically include a mounting foot 36
that is directly mounted to the vehicle and to a mirror
stem 38 that extends between mounting foot 36 and mir-
ror housing 30. The structure of mounting foot 36 and
mirror stem 38 may vary considerably from one rearview
mirror assembly to the next. For example, mirror stem
38 may be pivotally mounted to mounting foot 36 or fix-
edly attached to mounting foot 36. Additionally, mirror
housing 30 is typically pivotally attached to mirror stem
38. Such pivotal attachments allow the driver to move
and position the mirror so as to allow the driver to a have
a clear field of view towards the rear of the vehicle. As
shown in Fig. 2, mirror housing 30 may be secured to
mirror stem 38 by means of a bolt 37 and a washer 39.
It will be appreciated, however, that any suitable means
may be utilized to mount mirror housing 30 to mirror stem
38. Together, mirror housing 30, mounting bracket 35,
and an optional mount housing 154 form a mounting
structure for securing a mirror to the vehicle.
[0033] The disclosed rearview mirror assembly may
also include one or more display, such as a display 45a
and display 45b housed within mirror housing 30 or
housed within mounting foot 36. As shown in Figs. 1C-
1E and 2, mirror housing 30 may include a mirror casing
31 and a bezel 32 that is mounted to mirror casing 31 so
as to secure mirror 40 and all the components in mirror
housing 30.
[0034] Fig. 2 shows an exemplary mechanical con-
struction of mirror housing 30 of rearview mirror assembly
10. As illustrated, the following components are mounted
in or on mirror housing 30: a mirror element 40; a first
printed circuit board 110; an optional second printed cir-
cuit board 112; a first RF antenna 114; an optional second
RF antenna 116; and an optional single or dual map
lamps, such as first and second map lamps 118a and

118b. Microphone subassemblies 140a and 140b may
be mounted to the rear, bottom and/or top of mirror hous-
ing 30. Preferably, a first microphone subassembly 140a
is mounted to the top of housing 30 and a second micro-
phone subassembly 140b is mounted to the bottom of
housing 30. Microphone subassemblies 140a and 140b
are described in more detail below under the heading
"Microphone Subassemblies." The rearview mirror as-
sembly may also include first and second speakers 400a
and 400b, which are described in detail below under the
heading "Speakers."
[0035] Although antennas 114 and 116 are shown as
being oriented horizontally and having a generally linear
shape (as would be true if the antennas were strip an-
tennas), those skilled in the art will appreciate that these
RF antennas may be helical or take any suitable form for
performing the functions that are described further below.
An example of a helical antenna that is particularly well
suited for use in a mirror housing is disclosed in com-
monly assigned U.S. Patent No. 6,431,712. Also, either
one or both of antennas 114 and 116 may be mounted
to the exterior of the rearview mirror assembly. Antenna
114 is preferably provided coupled to a wireless RF trans-
ceiver having both audio and data channels. Such an
audio/data transceiver preferably transmits and receives
data using the standardized Bluetooth™ protocol.
[0036] If provided, antenna 116 may serve as an an-
tenna for: remote keyless entry (RKE), tire pressure mon-
itoring, wireless toll booth payment, AM/FM radio, cellular
telephone service, a telematics system, a trainable ga-
rage door opener; etc.
[0037] Antennas 114 and 116 may be mounted in other
locations of the rearview mirror assembly or may be
mounted elsewhere in the vehicle. For example, the an-
tennas may be mounted in a mount housing 154 (de-
scribed below) along with a GPS or other satellite anten-
na. Examples of such a construction are disclosed in
commonly assigned U.S. Patent Application Publication
No. US 2002/0032510 A1.
[0038] Mirror 40 is preferably an electro-optic mirror
such as an electrochromic mirror. Rearview mirror as-
sembly 10 may further include a plurality of user push-
buttons 130, a glare sensor 124, an ambient light sensor
126, one or more LED indicators 152, and an optional
mount housing 154 attached to the mirror mount in which
a camera, compass sensors, rain sensor, sky light sen-
sor, satellite antenna, cellular telephone antenna, and/or
other components may be mounted. Housing 154 may
thus be provided for housing an image sensor array for
automatically controlling the beam pattern of the vehicle’s
exterior lights (i.e., low beam headlamps, high beam
headlamps, daytime running lights, fog lights, etc.). A
more detailed description of such a subassembly and the
manner in which it may be mechanically attached to a
rearview mirror assembly is provided in commonly as-
signed U.S. Patent No. 6,587,573 filed on March 5, 2001,
by Joseph S. Stam et al. entitled "SYSTEM FOR CON-
TROLLING EXTERIOR VEHICLE LIGHTS," and in PCT
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International Publication No. WO 01/70538 A3.
[0039] As best shown in Fig. 1D, mount housing 154
includes an opening for a sky light sensor 129, which
senses the ambient light level of the sky above and slight-
ly forward of the vehicle. Additionally, a window 155 is
provided through which the camera receives the light
from the forward scene to be imaged. As described in
more detail in the above-referenced patent application,
mount housing 154 is secured to mounting foot 36 of
mounting bracket 35.
[0040] Fig. 3 shows the detailed interior shell of casing
31 of mirror housing 30. The view shown in Fig. 3 repre-
sents the view of the casing shell when viewing it from
the direction in which the mirror would normally be locat-
ed so as to see the interior view of the sides and back
portion of housing 30. The housing should be configured
to allow for easy assembly of the various components to
mirror housing 30. As shown in Fig. 3, mirror housing 30
includes several strengthening ribs 164 and 164a that
extend radially outward from the center of an aperture
162a where a ball of stem 38 is received by a hub 162.
As described further below, interior walls 163 may be
provided to acoustically separate the interior portion of
the mirror casing 31 into three or more acoustic zones
with two of the zones being defined for speakers 400a
and 400b and a third (and optionally a fourth) zone being
defined for the microphone subassemblies.
[0041] As described in further detail below, a top mid-
dle portion of mirror housing 30 is substantially flat to
provide a flat surface 301 upon which microphone sub-
assembly 140a may be mounted. A rearward rim of sur-
face 301 includes an air deflector 300 as also described
further below. As best shown in Figs. 2 and 3, an aperture
302 is provided in flat surface 301 for receiving micro-
phone subassembly 140a. Surrounding the aperture 302
is a strengthening rim 303 that adds to the structural in-
tegrity of mirror housing 30 to provide sufficient support
for microphone subassembly 140a and to receive tabs
extending from the bottom of microphone subassembly
140a such that the microphone subassembly 140a may
be snapped into place within aperture 302. A similar ap-
erture is preferably provided in housing 30 for mounting
second microphone subassembly 140b to the bottom of
the housing.
[0042] Mirror housing 30 preferably includes an aper-
ture (not shown) through which a connector receptacle
attached to cable 85 is accessible. An additional aperture
126a is formed in housing 30 to allow light to strike am-
bient light sensor 126, which is discussed further below.
[0043] A plurality of switches (not shown) is mounted
to the forward facing surface of first circuit board 110 in
positions that correspond to pushbuttons 130. Pushbut-
tons 130 may include an inward extending plunger that
pushes against an actuator in the switch when a user
presses pushbutton 130. Displays 45a and 45b are
mounted on circuit board 110 or on an associated daugh-
ter circuit board so as to be viewable either from behind
mirror 40 or from a position adjacent mirror 40 in bezel

portion 32.
[0044] As will be apparent to those skilled in the art,
once all the electronic circuitry and microphone sub-
assemblies 140a and 140b have been appropriately at-
tached to mirror casing 31, and the appropriate electrical
connections are made, mirror 40 may be placed over the
opening in mirror casing 31, and bezel portion 32 may
be snapped into position across the opening of mirror
casing 31. Alternatively, mirror 40 and bezel portion 32
may be pre-assembled and then subsequently snapped
into place together as a unit.
[0045] Map lights 118a are preferably made with white
light emitting LEDs, as are disclosed in commonly as-
signed U.S. Patent Nos. 6,523,976 and 6,335,548. In ad-
dition a heat sink may be provided as disclosed in com-
monly assigned U.S. Patent No. 6,441,943 and U.S. Pat-
ent Application Publication No. US 2003/0043590 A1.

Microphone Subassemblies

[0046] The microphone subassemblies 140a and 140b
used in the present invention may or may not be mounted
in the rearview mirror assembly. For the reasons de-
scribed below, it is preferable to mount the microphone
subassemblies on the rearview mirror assembly. If the
microphone subassembly is not mounted in the rearview
mirror assembly, it may be incorporated in or attached
to the headliner, overhead console, visor, A-pillar seats,
door panels, steering wheel, console, or instrument panel
of the vehicle and communicatively coupled to the com-
ponents in the rearview mirror assembly by a wire or wire-
less signal. When the microphone(s) are installed after
vehicle manufacture and fastened to the headliner or vi-
sor, the position of the microphone(s) may vary depend-
ing on where the user installs the microphone(s). Such
potential for variance makes it very difficult to design an
optimal system. The position of the microphone(s) rela-
tive to the person speaking determines the level of the
speech signal output by the microphone(s) and may af-
fect the signal-to-noise ratio. Additionally, the position of
the microphone(s) relative to the audio speaker used for
the hands-free operation will have an impact on feedback
between the speaker and the microphone. Accordingly,
the performance of the audio system is subject to the
user’s installation of the microphone(s). Additionally, the
wire (if present) connecting the microphone to the rear-
view mirror will generally not be aesthetically pleasing.
Alternatively, if the wire is to be mounted behind the in-
terior lining, the vehicle interior must be disassembled
and then reattached so that the wire can be hidden, which
may result in parts that rattle loudly or hang loosely from
the vehicle frame.
[0047] Microphone subassemblies mounted on a mir-
ror housing receive not only direct sounds from the driver,
but also sounds reflected off the windshield. When a mi-
crophone subassembly is mounted on the bottom of the
mirror housing, there may be more of a time difference
between the arrival of the direct sound and the reflected
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sound than when the microphone subassembly is mount-
ed on the top of the mirror housing. When the arrival
times are far enough apart, the resulting combination pro-
duces a frequency response that has a series of frequen-
cies with no output. The series, when plotted, resembles
a comb, and hence is often referred to as the "comb ef-
fect."
[0048] Mounting the first microphone subassembly
140a on top of the mirror housing avoids the comb effect
in the desired pass band. The distance between the wind-
shield and the top of the mirror housing is much smaller
than that at the bottom of the mirror housing and thus the
reflected sound adds correctly to the direct sound creat-
ing a louder, but otherwise unaffected, version of the di-
rect sound, the end result being a higher signal-to-noise
ratio and better tonal quality. These are very important
attributes in hands-free telephony and vocal recognition
in an automotive environment.
[0049] A problem with mounting microphone sub-
assemblies to the top or back of the mirror housing results
from the fact that the microphone subassemblies are
closer to the windshield. When the windshield defroster
is activated, a sheet of air travels upward along the wind-
shield. Thus, when the microphone subassemblies are
placed on the back or top of the mirror housing, they are
exposed to more airflow as the air from the defroster
passes between the mirror housing and the window past
the microphone subassembly. This airflow creates tur-
bulence as it passes over the microphone subassembly,
which creates a significant amount of noise.
[0050] To solve this problem when a microphone su-
bassembly, such as microphone subassembly 140a, is
mounted to the top of a rearview mirror housing, the sec-
ond microphone subassembly 140b is mounted to the
bottom of the mirror housing 30 to ensure that at least
one of the microphones is not exposed to this problem
in the first place. As an additional measure, the deflector
disclosed in commonly assigned U.S. Patent Application
Publication No. US 2002/0110256 A1 and PCT Applica-
tion Publication No. WO 01/37519 A2 may be used. This
deflector (shown in the drawings as 300) extends upward
from the rear of mirror housing 30 so as to smoothly de-
flect the airflow from the defroster over and/or beside
microphone subassembly 140a so that it does not impact
the transducer or create any turbulence as it passes over
and around microphone subassembly 140a. Because
the airflow primarily would enter the rear of microphone
subassembly 140a, the deflector 300 is designed to re-
direct the air with minimal impact on the frequency re-
sponse of the microphone subassembly. This is impor-
tant for high intelligibility in the motor vehicle environ-
ment.
[0051] The two transducers of microphone assemblies
140a and 140b form an array with one transducer on top
of mirror housing 30 and the other transducer on the bot-
tom. Both are designed to take full advantage of those
situations in which they perform better. Such an arrange-
ment creates a condition when one of the two transducers

will have little noise for the conditions that favor it.
[0052] The present invention provides a superior mi-
crophone for a rearview mirror assembly. It takes advan-
tage of the unique characteristics of the rearview mirror
assembly and addresses the challenges to capturing
good audio in the challenging environment of an auto-
motive cab. Microphones must address noise from flow-
ing air, acoustic sources like defrosters, and effects like
the comb effect that distort the resulting response.
[0053] The present invention optimizes microphone
performance by supporting an optimum digital signal
processing (DSP) condition. DSP exploits differences
between noise and desired speech to remove noise from
speech. Generally, the desired speech is reinforced
through correlation. In other words, the speech in one
microphone subassembly output signal is added to the
speech in the other.
[0054] Noise is lowered through the use of de-correla-
tion. The same conditions that add speech signals cause
the noise signals to increase very little or even decrease.
In typical array microphones, the primary de-correlation
of noise results from the time of arrival or delay required
to correlate the desired speech. The present invention
adds another dimension to obtaining de-correlation of
noise. This is the result of having individual microphones
in profoundly different conditions. From a noise stand-
point, a very high degree of de-correlation exists inde-
pendent of the time of arrival difference.
[0055] The greatest challenge to microphone arrays
comes when neither microphone has significant speech
content. This present invention assures, for almost every
situation, one of the two microphone assemblies will have
a good signal-to-noise ratio (S/N) for a given noise con-
dition and/or narrow frequency band. Thus, significant
speech will typically be present in at least one channel
for the DSP to analyze, although the particular channel
may change with frequency or condition.
[0056] Consider defroster air flow. Typically, a top-
mounted microphone will be struck by the defroster air
flow while a bottom-mounted microphone will not. Con-
versely, a bottom-mounted microphone can be directly
struck by air from the center vents while the top is pro-
tected by the mirror body. In a similar fashion, HF noise
from one location in the vehicle cab will tend to enter one
of the microphone subassemblies efficiently and be
blocked by the mirror housing body in the other. The dif-
ference is greater than when left- or right-mounted mi-
crophone subassemblies are employed because the mir-
ror housing body is not directly in between.
[0057] If the rearview assembly employs speakers, the
speakers should preferably be located a great distance
from the microphone assembly(ies) to reduce overload-
ing. A center position horizontally allows both micro-
phones the greatest average distance to two speakers.
[0058] Yet another advantage when dealing with
speakers is easier acoustic echo canceling. In echo can-
celing the incoming audio signals sent to the speakers
is subtracted from the microphone signal(s). In order to
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accomplish the desired total removal the incoming signal
and the resulting signal must be first correlated then sub-
tracted. A common distance between both microphones
and both speakers means only one time of arrival offset
has to be made (if the speakers are far enough apart).
As is disclosed below, the speakers can be driven 180
degrees out of phase. This will cause the two acoustic
signals to null at the two center microphones, assuming
both have the same transfer function. Due to the relatively
large separation of speakers on a mirror assembly, the
HF portion of the band can take advantage of this without
causing unacceptable loudness decrease.
[0059] Finally, microphone assemblies positioned
near a sound reflecting surface such as the headliner,
suffer comb effects. Sound arriving from the reflecting
surface arrives later and either reinforces or nulls with
the direct sounds. The nulls being narrower and deeper
than the reinforcement. Since the bottom-mounted mi-
crophone subassembly 140b is farther from the reflecting
surface, the nulls occur at lower frequencies than those
of the top-mounted microphone subassembly 140a.
When added, the dips fill and the response improves.
These complex differences, which are direction depend-
ent, will add a further dimension to the noise verses
speech correlation, if the DSP can take advantage by
realigning the speech correlation.
[0060] As described above, in conventional horizontal
microphone arrays, there is a direct trade-off between
reducing cabin noise and harming passenger system
use. The inventive vertical array advantageously elimi-
nates this trade-off with all the passengers’ speech being
received as desired speech while noise locations can still
be addressed.
[0061] The vehicle’s defroster produces both acoustic
noise and a source of flowing air noise. The acoustic
noise is detected from below, rear and center of the mirror
housing. For a conventional array to use array processing
to reduce this noise, the array must form a beam at the
driver with the virtual beams barely missing the center
region. Most of the noise reduction comes from the native
transducer directional aspects. The inventive top and bot-
tom array can form a beam to the left (on the driver) and
will also get the passengers to the right in the virtual
beams. The defroster is located off-beam at a significant
angle such that there is a profound level of rejection of
noise from the defroster.
[0062] Defroster air will typically not impact the bottom
and, due to the top deflector, will impact the top differently
than the bottom in any case. The resulting de-correlation
of flowing air noise and the presence of one channel with
inherently low defroster noise assures little flowing air
noise in the final output. A conventional horizontal array
all on top or all on bottom exposes all transducers to the
same basic condition so de-correlation is not present until
the time of arrival difference is present. Since the spacing
must be relatively small, there is a strong likelihood for
overlap of flowing air effects.
[0063] An aspect of the inventive construction is to use

the mirror housing body as the head is used in a biological
model (in this case, as if the head was on its side). A
typical mirror housing body is 3.5 inches deep, ideal for
DSP and the mirror housing body actually lies in between
rather than offset as it is when the microphone assem-
blies are on the top, bottom or rear. The mirror body fully
blocks HF and air flow resulting in profound noise corre-
lation differences.
[0064] Speech sound arrives with little time offset, yet
noise arrives with great offset. It is easier to time align
the speech and yet obtain very effective noise de-corre-
lation.
[0065] One advantage inherent to the inventive top and
bottom array is the degree of de-correlation. The advan-
tages noted can be expanded upon by adding left and
right directionality. Preferably, the maximum sensitivity
lobe of the transducer of the bottom microphone sub-
assembly is aimed roughly toward the left and the max-
imum sensitivity lobe of the transducer of the top micro-
phone subassembly is aimed at the equivalent angle in
the other direction. Thus, there will be side to side direc-
tional difference as well as vertical time of arrival differ-
ence. In some cases, the opposite (where the top trans-
ducer lobe is aimed to the left) might be superior so both
situations should be considered as desirable.
[0066] A side to side aspect allows the DSP to separate
by horizontal angle using the directional amplitude differ-
ence. Further, this helps the DSP determine driver
speech from front seat passenger speech. Thus, the front
seat passenger can be processed as desired speech or
undesired interference.
[0067] The bottom mounted microphone transducer is
best aimed to the left because the bottom receives better
in the highest frequencies. Since missing driver high fre-
quencies is a concern, by aiming the bottom to the left,
the driver’s high frequencies are best captured. The ad-
vantage the top-mounted microphone subassembly has
is preserved and the energy received by the top-mounted
subassembly 140a will likely be dominant in the mid and
lower frequencies.
[0068] It should be noted one single microphone sub-
assembly construction can be used for both top and bot-
tom subassemblies as the act of placing it on the inverted
surface also inverts the aiming direction. At present, the
preferred angle is roughly 45 degrees. A preferred mi-
crophone subassembly construction is described further
below with respect to Figs. 4-11.
[0069] Using DSP (Digital Signal Processing), it is pos-
sible to provide automatic selection of the best of the two
speech signals produced by the two microphone sub-
assemblies 140a and 140b. This can be done on a narrow
band or broadband basis. It is also possible to use time
and phase differences to reject signals outside angular
difference using two microphone subassemblies. The
usual format of using two or more microphones is to make
a linear array in the plane across the top or bottom of the
mirror. This creates a beam that is focused in the plane
at right angles to the line between the microphones. This
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beam is focused to the left and rejects noise and the
passenger speech. It is known that the defroster and air
conditioner in the dashboard represents a source of
noise. Depending on the construction of the HVAC, the
microphone subassembly at the top or bottom of the mir-
ror housing 30 will see a large level of airflow but seldom
does both the top and bottom subassembly see the same
level of noise. Also, the present invention is particularly
well suited for use in convertibles where the noise level
at the top of the mirror housing may be significantly dif-
ferent than at the bottom.
[0070] By placing a microphone subassembly at the
top and bottom of the mirror housing 30, several potential
benefits are achieved. The beam formed using two mi-
crophones now can be aimed to the left and the right.
The rejection of noise below the mirror is greater as all
noises are out of the beam. The noise from airflow of the
defroster or air conditioner is different for the two micro-
phones between the top and bottom of the mirror housing.
This difference can be used to reject airflow noise on the
microphones.
[0071] The microphone subassemblies 140a and 140b
may be substantially identical. Only one of the two mi-
crophone subassemblies is shown and described in de-
tail. Microphone subassembly 140a includes a micro-
phone housing 215, a transducer 225, and a circuit board
226. The microphone housing 215 (Figs. 4-6) is generally
rectangular, although the housing could have a generally
square foot print, an elongated elliptical or rectangular
foot print, or any other shape desired by the microphone
designer. The microphone housing 215 includes front
ports 216 that face upward and rear ports 218 that down-
ward. The ports 216 and 218 provide sound passages
through the microphone housing. The ports 216, 218 can
have any suitable opening shape or size. In the embod-
iment shown in Figs. 4-11, microphone housing 215 in-
cludes four front ports 216a-216d provided in the front
surface (i.e., the side of the housing facing upward) of
microphone housing 215, and four rear ports 218a-218d
in the rear surface (i.e., the side of the housing facing
downward) of microphone housing 215. The front and
rear ports are similar in shape and position and are pref-
erably symmetrical. Although four ports are illustrated on
each of the front and rear of the microphone housing, it
will be appreciated that the number of ports may be dif-
ferent (i.e., three ports on each of the front and back of
microphone housing 215) and that ports may additionally
be provided on the top of the microphone housing, such
as the slotted ports disclosed in U.S. Patent Application
Publication No. 2002/0110256 A1.
[0072] The microphone housing 215 also includes re-
silient mounting tabs 240 for insertion into openings (not
shown) in the back surface of mirror housing 30 to thereby
secure microphone subassembly 140a to mirror housing
30. For example, the tabs can be generally L-shaped in
profile for insertion into the mirror housing 30. Alternately,
the tabs 240 can be elongate snap connectors that slide
into an opening (not shown) in the back surface of the

mirror housing and snap into engagement with the inside
surface of the mirror housing 30 after full insertion. The
microphone housing 215 can be integrally molded plas-
tic, stamped metal, or of any other suitable manufacture.
[0073] The transducers 225 used in the microphone
subassemblies 140a and 140b are preferably substan-
tially identical. The transducers 225 can be any suitable,
conventional transducers, such as electret, piezoelectric,
or condenser transducers. The transducers may be, for
example, electret transducers such as those commer-
cially available from Matsushita of America (doing busi-
ness as Panasonic) or from Primo, and may advanta-
geously be unidirectional transducers. If electret trans-
ducers are employed, the transducers can be suitably
conditioned to better maintain transducer performance
over the life of the microphone subassemblies. For ex-
ample, the diaphragms of the transducers 225 can be
baked prior to assembly into the transducers.
[0074] The circuit board 226 has a conductive layer on
one of its surfaces that is etched and electrically connect-
ed to the leads of transducer 225. The transducer leads
may be connected to a pre-processing circuit that may
be mounted to the conductive layer of circuit board 226.
Although the pre-preprocessing circuit can be mounted
on the circuit board 226 in the microphone housing, it will
be recognized that the such a circuit, as well as other
circuits such as a digital signal processor (DSP), can al-
ternatively be mounted on a printed circuit board in mirror
housing 30, and further that in the case of an electro-
optic mirror, such as an electrochromic mirror 40, the
circuits can be mounted on a common circuit board 110
with the mirror electrical components, or the circuits and
the mirror electrical components can be mounted on sep-
arate circuit boards within mirror housing 30. Further still,
such processing circuits may be located elsewhere in the
vehicle, such as in the mirror assembly mount, an over-
head console, an on-window console, an A-pillar, or in
other locations. Examples of such processing and pre-
processing circuits are disclosed in commonly assigned
U.S. Patent Application Publication No. 2002-0110256-
A1.
[0075] The electrical connection of the transducer
leads and the components of a pre-processing or other
processing circuit are preferably by electrical traces in
the conductive layer of the circuit board, formed by con-
ventional means such as etching, and vias extending
through the dielectric substrate of the printed circuit
board. The circuit board may include holes for receipt of
posts on microphone housing 215. Such posts may be
heat-staked to the circuit board substrate after the posts
are inserted through the holes therein to secure the con-
nection of the circuit board 226 to the microphone hous-
ing 215 and insure that the microphone subassembly pro-
vides acoustically isolated sound channels between the
transducer 225 and the ports 216 and 218, as described
in greater detail herein below.
[0076] To assemble the microphone subassembly
140a, the transducer 225 is first mounted on the circuit
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board 226. As will be described in detail below, an acous-
tic dam 230 (Figs. 7-11) is preferably inserted between
the circuit board 226 and microphone housing 215. The
transducer 225, circuit board 226, is then secured to the
microphone housing 215 with the acoustic dam 230 ther-
ebetween.
[0077] Microphone transducer 225 is preferably
mounted sideways through a hole 234 formed in printed
circuit board 226. A portion of transducer 225 would thus
extend below the bottom surface of circuit board 226 and
a portion would also extend above a top surface of printed
circuit board 226. Mounting the transducer in this orien-
tation and position relative to the circuit board provides
several advantages. First, the electrical contacts on the
transducers may be directly soldered to traces on the
printed circuit board. This avoids the need for manually
connecting wires to the transducer contacts and subse-
quently manually connecting those wires to the circuit
board. Thus, the transducer may be mounted to the circuit
board using conventional circuit board populating devic-
es.
[0078] Another advantage of mounting the transducers
such that they extend above and below the surfaces of
the printed circuit board is that one side of the circuit
board may include a conductive layer serving as a ground
plane. Such a ground plane may shield the transducers
from electromagnetic interference (EMI) that may be pro-
duced by other components within the rearview mirror
assembly or in other components within the vehicle. Such
EMI can introduce significant noise into the signal deliv-
ered by the transducers. In a preferred embodiment,
each transducer is mounted in a circuit board having a
conductive ground plane facing the acoustically active
portion of the transducer while the circuit components
are mounted to the opposite side.
[0079] Microphone subassembly 140a further includes
a windscreen 245, which protects the transducer and cir-
cuit board from the external environment. Windscreen
245 is preferably made of a hydrophobic heat-sensitive
adhesive-coated fabric and is adhesively attached to the
underside and inner surfaces microphone housing 215
across ports 216 and 218. Microphone housing 215 is
preferably tightly bonded about circuit board 226 to pro-
vide a water-impervious enclosure for transducer 225.
[0080] While it has been typical in conventional micro-
phones to minimize the acoustic resistivity of a wind-
screen by increasing the porosity of the windscreen, the
microphone subassembly of the present invention ad-
vantageously utilizes a windscreen with a higher acoustic
resistivity by decreasing the porosity of the windscreen
and yet obtaining not only better water-resistant proper-
ties, but to also improve the acoustic characteristics for
the microphone subassembly. The use of a high acoustic
resistance windscreen is particularly advantageous
when the microphone subassembly is mounted on a rear-
view mirror assembly since significant noise may be in-
troduced from the windshield defroster. Specifically, the
acoustic resistivity of windscreen 245 may be increased

to at least about 1 acoustic Ω/cm2 and preferably has an
acoustic resistivity of at least about 2 acoustic Ω/cm2,
and more preferably has an acoustic resistivity of at least
about 8 to 9 acoustic Ω/cm2. Further, as described below,
the acoustic resistivity of windscreen 245 may be varied
to also vary the directionality and polarity of the micro-
phone subassembly.
[0081] With the microphone transducers 225 of the two
microphone subassemblies 140a and 140b sealed in
separate housings and having their own windscreens,
the ports and acoustic resistivity of the windscreens may
be different for the different microphone subassembly
transducers so as to compensate for any effects experi-
enced by the transducers as a result of the positioning
of the transducers on the vehicle accessory. For exam-
ple, when one microphone subassembly (i.e., 140a) is
to be positioned closer to the windshield as a result of
typical tilting of mirror housing 30, its polar pattern may
be slightly different from that of the other microphone
subassembly 140b. Thus, by selecting an appropriate
microphone housing design/port configuration and wind-
screen resistivity, the effects of the differences resulting
from the positioning of the transducers of the two assem-
blies may be compensated such that the transducers ex-
hibit the desired polar patterns and other characteristics.
While the windscreen has been described above as con-
sisting of a hydrophobic fabric, it will be appreciated that
the windscreen may be molded integrally across the ports
of the microphone housing. Such an arrangement would
simplify the manufacturing of the microphone subassem-
bly by requiring less parts and less manufacturing steps.
Further, it would more likely provide a more effective seal
between the windscreen and the microphone housing.
[0082] To attempt to obtain a desired sensitivity accu-
racy for the transducers, a laser trim tab may be added
to the gain stage connected to each transducer. The
transducers may then be acoustically excited by a cali-
brated sound source and the output of the transducers
is monitored. The laser trim tab is then trimmed to pre-
cisely set the gain and thereby obtain precise sensitivity
accuracy.
[0083] To gain the full benefits from mounting the mi-
crophone subassemblies on the top and bottom surfaces
of mirror housing 30, acoustic dam 230 may be em-
ployed. This is because the microphone subassemblies
are preferably recessed into the mirror housing to protect
the rear ports 218 from direct air impingement from de-
froster airflow. This situation in turn decreases the effec-
tive "D" by adding delay to the sound arriving at the rear
port. Sound traveling from the rear to the front takes some
additional time to reach the rear port. The difference be-
tween the arrival at the front or rear forms the phase
difference that produces the null. This difference is re-
duced altering the resulting null angle. In other words,
the microphone should be made more directional to have
the correct manifested directional properties when re-
cessed into the rear of the mirror housing.
[0084] All prior art assumes the transducer portion is
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free within the containment shell. In other words, sound
waves are passing by the transducer and it responds to
them as passing waves. In the case of "D" extension, a
greater portion of the available pressure difference from
these passing waves is yielded. This is used to compen-
sate for reduced wave intensity due to the impact of the
port resistance of the outer shell.
[0085] The acoustic dam 230 does not function like a
"D" extender but rather forms an additional pressure dif-
ference effectively funnelling acoustic energy into the
transducer. This is accomplished by dividing the interior
space into acoustic zones. It is the difference in external
"D" between these regions that causes the increased
pressure difference.
[0086] For example, dam 230 forms defined regions
of the outer grill that impact specific zones since trans-
ducer 225 passes through a hole in dam 230, one side
is the virtual front of the transducer and the other the
back. The center of the port area feeding each zone acts
like the port of a microphone of that size. In other words,
if these ports on the average are 1 inch apart, then the
microphone has an effective external "D" of 1 inch. The
virtual aiming direction is also determined by this center
of area location. In other words, if the microphone is
aligned straight forward but the two virtual ports are ro-
tated 45 degrees, then the aiming point for the actual
microphone will be rotated 45 degrees.
[0087] In the embodiment shown in Figs. 7-11, dam
230 does not completely separate the zones it forms
when dividing the acoustic chamber defined by the hous-
ing 215 and circuit board 226. This allows the pressure
to equalize between the zones. Flowing air creates dif-
ferent pressures in each zone. By connecting these
zones, this pressure difference is reduced. This connec-
tion does not impact acoustic pressure differences be-
cause they are the result of a consistent external pressure
difference and because flowing air noise is a near DC
phenomenon. The length of the dam 230 in relation to
the length of the open acoustic chamber area determines
the weighting factor of the external ports 216 and 218.
Those ports near or over the open regions 232 have little
impact on the virtual "D" and conversely those farthest
from the openings 232 have the greatest impact. As a
result, dam width can be used to tune the design to op-
timize the desired directional aspects and the flowing air
rejection. The best ratios are from 50 percent dam to 90
percent dam.
[0088] The dam extends and acoustically seals the typ-
ically narrow thickness dimension of the microphone
housing 215. Any gap close to the center of the dammed
zones allows the pressure difference to cross equalize
thereby lowering the difference the transducer perceives.
Thus, as shown in Figs 7-9 and 11, groove forming mem-
bers 250 may be provided on the top of circuit board 226
so as to receive and hold acoustic dam 230 and thereby
ensure an acoustic seal between the dam and the circuit
board. Similarly, a groove 252 may be provided on the
top inner surface of microphone housing 215 to receive,

hold and create an acoustic seal with dam 230. To en-
hance the acoustic seal of dam 230 about the periphery
of transducer 225, an epoxy 254 may be applied there-
between.
[0089] The general effectiveness of providing such an
acoustic dam 230 in combination with a very high acous-
tic resistivity windscreen 245 is described in more detail
in commonly assigned PCT Application No.
PCT/US02/32386.
[0090] There are several useful variations on the basic
dam. These include forming more than two zones sup-
porting more than one transducer in a single outer hous-
ing. Since these zones are acoustically as separate as
the outer ports, a single housing can hold multiple trans-
ducers to gain the advantage of a large nitration volume
and yet have each transducer act as if it were in its own
separate housing as far as acoustic directional properties
are concerned. It will be appreciated that acoustic dam
230 could be an integral extension of a circuit board or
microphone housing rather than a separate element.
[0091] The acoustic dam design frees the designer
from the tradeoffs of the prior art. Large housings can be
used, yet act as several smaller ones. Transducers can
be aimed internally different from the aiming direction of
the external microphone without using ducts that impair
higher frequency performance.
[0092] One aspect derived from this design is the ability
to create highly directional microphones with directional
attributes that do not vary with frequency to the degree
prior art microphones do. In a typical microphone design,
in order to increase the directional aspect from omni-
directional through all possibilities to bi-directional, the
transducer’s internal damping must be lowered. The as-
signee’s prior "D" extender designs modestly improved
this relationship by adding additional directional pres-
sures. The new acoustic dam allows very directional mi-
crophones with very high damping factors. In other
words, the acoustic resistance is so high that it swamps
out the other variables that cause directional parameters
to change with frequency.
[0093] Finally, by allowing port areas to set aiming di-
rection and effective "D," the dam design supports the
use of any housing styling (even non-symmetrical de-
signs) since port area can be symmetrical and the acous-
tic dam can form regions of the correct volume. In this
case, the advantage takes the form of freedom of physical
design, and thus housings that are larger and have more
complex exterior shapes can be used.
[0094] As described above, the inventive microphone
subassemblies are preferably located on the top and bot-
tom of a rearview mirror assembly housing. Neverthe-
less, the certain aspects of the inventive microphone su-
bassemblies may be implemented in microphones
mounted at other locations on a mirror assembly, includ-
ing on the mirror assembly mounting structure, the rear
or sides of the mirror housing, as well as in any other
vehicle accessory such as a headliner, sun visor, over-
head console, A-pillar, or a console extending between
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the headliner and a mirror assembly. For example, the
above-described acoustic dam may be employed in var-
ious microphone subassemblies whether used in vehicle
applications or any other non-vehicle applications.
[0095] Fig. 12 shows a rearview mirror assembly 10a
constructed in accordance with a second embodiment of
the present invention. The rearview mirror assembly 10a
of the second embodiment differs from that of the first
embodiment in that top-mounted microphone subassem-
bly 140a is recessed into the top surface of mirror casing
31.
[0096] Fig. 13 shows a rearview mirror assembly 10b
constructed in accordance with a third embodiment of
the present invention. The rearview mirror assembly 10b
of the third embodiment differs from that of the first em-
bodiment in that bottom-mounted microphone sub-
assembly 140b is recessed into the bottom surface of
mirror casing 31.
[0097] Fig. 14 shows a rearview mirror assembly 10c
constructed in accordance with a fourth embodiment of
the present invention. The rearview mirror assembly 10c
of the second embodiment differs from that of the first
embodiment in that top-mounted microphone subassem-
bly 140a is recessed into the top surface of mirror casing
31 and bottom-mounted microphone subassembly 140b
is recessed into the bottom surface of mirror casing 31.
[0098] Fig. 15 shows a rearview mirror assembly 10d
constructed in accordance with a fifth embodiment of the
present invention. This embodiment differs in that it in-
cludes four microphone subassemblies, including sub-
assemblies 140a and 140c mounted to the top of mirror
housing 30 and subassemblies 140b and 140d mounted
to the bottom of mirror housing 30. Such an arrangement
is particularly advantageous in that it not only takes ad-
vantage of the aforementioned advantages pertaining to
a vertical array of microphone transducers, but also
achieves all the advantages of a horizontal array to there-
by allow for more of a three-dimensional audio imaging
capability. Such a capability allows the connected DSP
to more readily identify desired speech based upon the
position of the source of such sounds and to more readily
identify and remove noise.

Internal Speakers

[0099] As mentioned above, providing speakers in a
rearview mirror presents several challenges. The speak-
ers have to be very small and yet create an output loud
enough to be clearly heard over the typical background
noise present in a vehicle. To achieve an acceptable vol-
ume, however, requires relatively high sound pressure
levels. These high sound pressures, however, may ad-
versely affect any microphone provided on the mirror
housing. Specifically, any such microphone, if exposed
to the required loud speaker output, would become over-
loaded from the speaker output and would not be able
to pick up speech from a vehicle occupant. Also, the
speakers may cause the mirror housing to vibrate, which

causes the microphone transducer(s) to vibrate and
hence exhibit noise from such vibration.
[0100] As apparent from the above discussion, the
construction of a rearview mirror assembly providing
hands-free telephone functionality consists of many ele-
ments. On the front is the mirror surface and openings
for switches, light sensors, LEDs, and display elements.
On the back are more openings for sensors, electrical
connectors and the mirror mounting bracket, which se-
cures the mirror assembly to the vehicle. The primary
function of a mirror is to give a visual image of the rear
of the vehicle and not restrict the forward vision. As a
result, it is counter productive to place large openings on
the front of the mirror assembly or through the mirror
element as this reduces the mirror surface or restricts
the forward vision. Placing the loudspeaker(s) on the
rear, top or bottom surface protects the primary function
of the mirror. For best performance, the loudspeakers
should be in a sealed chamber or a chamber with con-
trolled porting. To achieve such a chamber requires ad-
ditional parts and seals. An alternative design is to use
closed cell foam strategically placed which creates a
semi-sealed chamber. There is a small amount of sound
leakage around the edges but it is small enough that good
performance is obtained from the loudspeaker(s) and it
isolates the sound from the numerous openings in the
mirror housing.
[0101] As size and weight in a mirror are a premium,
the loudspeakers should be efficient and ideally work
over a frequency range of 300 to 3400 Hz as this is the
range of telephone audio. By selecting a loudspeaker
with a resonance of 300 to 450 Hz and providing enough
of a back chamber, one can achieve good efficiency for
frequencies of 300 Hz and above. As described further
below, the front chamber can be tuned to resonate be-
tween 2000 and 4000 Hz and preferably at about 3000
Hz, to optimize the upper range of the telephone frequen-
cy range. This provides an acoustic boost and reduces
high frequency noise from the loudspeaker. In addition,
a grille cloth may be added to keep moisture, dust, and
dirt out, and also dampen the resonance to provide a
smoother response by increasing the acoustic resistance
of the ports.
[0102] As shown in Figs. 1A-3, in accordance with a
first embodiment, two speakers 400a and 400b are
mounted in the interior of the mirror housing 30 near op-
posite ends thereof with front ports 402 provided in mirror
housing 30 to allow sound generated by the speakers to
exit the mirror housing. As will be explained further below,
the size and shape of ports 402 are not arbitrarily chosen,
but rather are designed to cooperate with the size and
shape of a front acoustic chamber 406 (Figs. 16A and
16B) to provide a resonant frequency in the ranges noted
above and thereby boost the frequency response at the
most useful frequencies. Preferably, grille cloth is sealed
across the opening of ports 402 and is treated with a
hydrophobic material to repel water and thereby reduce
the likelihood that water could penetrate through to the
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speakers. Preferably, the color of the grille cloth is color-
matched to the color of the mirror housing as is the wind-
screen of the microphone subassemblies.
[0103] Speakers 400a and 400b are preferably con-
ventional speakers of the type commonly found in note-
book computers. Such speakers are typically rectangular
in shape. Rectangular speakers are preferred over cir-
cular speakers because rectangular speakers are not
symmetrical about a central axis and thus have less com-
plex resonance. The speakers are preferably driven us-
ing a class B amplifier, although other amplifiers may be
used, such as a class D amplifier.
[0104] By utilizing two speakers, the acoustic power
may be effectively doubled. The use of two speakers also
allows for smaller speakers to be utilized than would oth-
erwise be utilized if only one speaker was used. For ex-
ample, the rectangular speakers utilized in the embodi-
ment described herein, have a width of about 30 mm. By
using two speakers near each end of mirror housing 30
facing towards the windshield, and by placing them at a
uniform distance from the microphone, a dipole may be
created at the microphone(s). Speakers 400a and 400b
may be driven out of phase such that sound on the left
side of the microphone subassemblies is out of phase
with the sound on the right side. In the center, where
microphone subassemblies 140a and 140b are dis-
posed, there would be a null so that the effect of providing
the internal speakers would be minimized. Preferably,
the speakers are spaced as far as possible from the mi-
crophone subassemblies.
[0105] Speakers 400a and 400b may be directly driven
by two electrical signals that are out of phase. One ad-
vantage to utilizing direct electrical drive of the speakers
is that the extent to which the speakers are driven out of
phase may be dynamically adjusted in response to the
signal obtained from the microphone. In this manner, the
frequency band that is nulled may be adjusted. Such ad-
justment may be desirable due to the fact that the mirror
may be tilted in relation to the windshield and may differ
from one vehicle to another.
[0106] In some situations, it may not be desirable to
locate the speakers at uniform distances from the micro-
phone assemblies. Although a uniform distance would
make it easier for a DSP to perform echo cancellation
subtraction, a non-uniform spacing would be desired if
the sounds from the two speakers are not sufficiently out
of phase in which case it may be best to ensure that the
sounds from the speakers are not correlated.
[0107] Also, it may be desirable to keep the speakers
in phase, particularly to increase the sound level in the
vehicle cabin.
[0108] An additional advantage of utilizing two speak-
ers is the redundancy that is provided such that the failure
of one of the speakers would not stop output, but only
eliminate the benefits of utilizing two separate speakers.
[0109] The specific implementation of the first embod-
iment will now be described with respect to Figs. 1B, 2,
3, and 16A. Fig. 16A is a cross-sectional view of a portion

of rearview mirror assembly 10 taken along line XVI-XVI
of Fig. 1B. As shown in the drawings, speakers 400a and
400b are mounted to the inside rear wall of mirror housing
30 behind ports 402. A seal 404 is preferably provided
around the perimeter of each speaker 400a and 400b so
as to provide an acoustic seal between the front edges
of the speakers and the inside rear wall and to thereby
form a front speaker chamber 406 and respective rear
speaker chambers 408a and 408b. Seals 404 are pref-
erably made of an elastomeric material so as to dampen
any vibration that would otherwise be translated from the
speakers to mirror housing 30 and thereby significantly
lessen vibration translated from the speakers to the mi-
crophone subassemblies. In addition, similar elastomeric
seals may be placed between the circuit boards of mi-
crophone subassemblies and the mirror housing to fur-
ther reduce the amount of vibration experienced by the
microphone transducers.
[0110] As best shown in Figs. 2 and 3, the inside vol-
ume of mirror housing 30 is divided into at least three
acoustic chambers (408a, 408b, 408c, and 408d) that
are acoustically isolated from one another by inner walls
163 and ribs 164a. These isolated acoustic chambers
permit speakers 400a and 400b to be acoustically isolat-
ed from one another and to isolate the microphone sub-
assemblies 140a and 140b from speakers 400a and 400b
(at least within the interior of the mirror housing). In ad-
dition, inner walls 163 acoustically seal the rear cham-
bers 408a and 408b so that sound cannot escape through
the various openings in the mirror housing such as open-
ings 126a and 162a. Further, walls 163 provide additional
support and help to dampen vibration from speakers.
Preferably, circuit board 110 is acoustically sealed across
rear chambers 408a and 408b. An alternative construc-
tion would be to provide either a foam rubber or some
other acoustic barrier around the rears of each of speak-
ers 400a and 400b.
[0111] Fig. 16B shows a slight modification to the
above embodiment in which rear ports 405 are provided
that are acoustically coupled to rear chambers 408a and
408b. Such a port may be added to increase the bass
response of the speakers.
[0112] In the embodiments shown in Figs. 1B, 16A and
16B, three ports 402 are provided for each speaker. It
should be noted that other port configurations are possi-
ble. Figs. 17A, 17B, and 17C show examples of three
alternative port configurations that may be employed. As
described below, it is preferable that the ports 402, 402a,
402b, and 402c are designed so as to increase the res-
onance of the speakers at frequencies between about
2000 and 4000 Hz and preferably at about 3000 Hz.
[0113] According to another embodiment of the
present invention as shown in Figs. 18 and 19, speakers
400a and 400b are mounted to respective horizontal in-
ner walls 410 such that the front of the speakers are
aimed downward and open to a front acoustic chamber
406 through apertures 412 formed in walls 410. Front
ports 414 are provided either through bezel 32 or a por-
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tion of casing 31, which are acoustically coupled to front
acoustic chambers 406 and thus the fronts of the speak-
ers. In this manner, the speakers/mirror assembly
projects sound to the rear of the vehicle more directly
toward the vehicle occupants.
[0114] Having generally described the various embod-
iments pertaining to the speakers, certain design consid-
erations applying to each of the embodiments is de-
scribed below.
[0115] As mentioned above, it is advantageous to con-
figure the size of the front acoustic cavity 406 and the
size, shape, and number of the ports 402 to provide a
resonance at a frequency between about 2000 Hz and
4000 Hz and preferably at about 3000 Hz. Having a res-
onant frequency in this frequency range is important for
communications and for cutting through noise such as
that commonly found in a vehicle cabin environment.
Such a resonant frequency also helps prevent correlation
of the two signals from speakers at the microphone su-
bassemblies 140a and 140b.
[0116] To determine how to configure the ports and
front acoustic chamber, the equations listed below may
be utilized. First, one selects the desired resonant fre-
quency f (i.e., 3000 Hz). Then, the volume V of the front
acoustic chamber may be measured, typically by meas-
uring the volume of water required to fill chamber 406.
Using the measured volume V and the desired resonant
frequency f, the equation below may be used to deter-
mine the resulting acoustic capacitance CA of the volume
V (in cubic centimeters per second). 

where p=density of air, in grams per cubic centime-
ter, and
c=velocity of sound, in centimeters per second.

[0117] The acoustical resistance rA of the outer bound-
ary is equal to that of the ports 402. The acoustical re-
sistance of the ports 402 is primarily a function of the
acoustical resistance of the grille cloth fabric, which is a
measured quantity determined using Ohm’s law with
acoustic parameters. Thus, the acoustical resistance rA
= E/I, where E is the measured pressure across the grille
cloth fabric and I is the measured air flow. To measure
the pressure E across the fabric, a known and constant
air flow I is directed at the fabric while a pressure gauge
measures the pressure E across the fabric. The acous-
tical resistance rA may then be calculated using the above
equation. Knowing the acoustical resistance rA, acousti-
cal capacitance CA, and the desired resonant frequency
f, the corresponding impedance zA can be computed us-
ing the equation below would thus be: 

where rA=acoustical resistance of the boundary, in
acoustical ohms (or Rayls),

CA=acoustical capacitance of the volume, in cubic
centimeters per second,

ω=2πf, and

f= desired resonant frequency, in cycles per second.

[0118] Knowing the impedance zA required to obtain
the desired resonance frequency f, the dimensions of the
ports can be determined using the following equation.
The equation below pertains to a slit, however, it can be
used for a circular port by setting the width equal to the
length l. 

where m=viscosity coefficient, 1.86 x 10-4 for air,

p=density of air, in grams per cubic centimeter,

d=wall thickness of the mirror housing, in centime-
ters,

l=length of the slit normal to the direction of flow, in
centimeters,

 =width of the slit in the direction of the flow, in
centimeters,

ω=2πf, and

f=desired resonant frequency, in cycles per second.

[0119] If more than one port is employed, the dimen-
sions of the ports may be determined using the equation
above except that the value zA is first divided by the
number of ports (assuming they are of equal size). If the
ports are not of equal size, the sum of the impedances
for each of the ports should be equal to the value zA.
Thus, the front acoustic chamber and the at least one
port associated with each speaker satisfy the following
equation: 

where: f=resonance frequency;
n=number of ports;
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 i=width of port i;

li=length of port i;
d=wall thickness of the housing;
p=density of air (in g/cm3);
m=viscosity coefficient=1.86x10-4 for air; and
c=velocity of sound (in cm/sec).

[0120] To illustrate the effect of appropriately config-
uring the ports 402 and front acoustic chamber 406, plots
are provided in Fig. 20 with and without appropriately
configured ports. Specifically, Fig. 20 shows the frequen-
cy responses for two different speaker configurations im-
plemented in rearview mirror housings. The first plot A
is the frequency response of a speaker mounted in a
rearview mirror housing where the whole portion of the
housing in front of the speaker is removed such that the
front of the speaker is fully open. The second plot B is
the frequency response of a speaker mounted in a rear-
view mirror housing where the ports in the housing in
front of the speaker are similar to those in Fig. 1B and
are tuned to provide an enhanced resonance at 3000 Hz.
As will be apparent from a comparison of plots A and B,
a significant improvement is provided by tuning the ports
402 and front acoustic chamber 406 to the resonant fre-
quency of 3000 Hz.
[0121] It should be noted that the more ports that are
used, the higher the Q of the resultant configuration. The
Q is based on the combination of port inductance and
resistance. The port resistance is dependent upon the
size and number of the ports and on any cloth used to
cover the ports. Typically, more ports means less acous-
tic resistance.
[0122] In addition to the above means for reducing the
impact of the speakers on the performance microphone
subassemblies, various other techniques may be em-
ployed to minimize the impact of the speakers. More spe-
cifically, the microphone subassembly output signals
may be supplied to a DSP 590 (or 585) (Fig. 21), which
also receives the signals supplied to the speakers. By
monitoring the signals supplied to the speakers, DSP 590
can identify certain signal characteristics (e.g., frequency
components) corresponding to the speaker outputs and
use them in an echo cancellation algorithm and thereby
subtract them from the microphone output signals.
[0123] Although it is preferred to use a full duplex
mode, another technique is to use a half duplex mode in
which the microphones are effectively disabled or
switched off when a signal is supplied to the speakers.
[0124] Figs. 26A and 26B show yet another location
for the mounting of speaker(s) 400. Here, a speaker 400
is mounted within a housing 154 that is attached to or
otherwise associated with mirror mount 36. Speaker 400
may be mounted in housing 154 as a supplement to
speakers 400a and 400b provided in mirror housing 30
or may be provided in lieu of speakers in mirror housing
30. In the specific embodiment shown in Figs. 26A and

26B, a single speaker 400 may be mounted in housing
154 so as to face rearward and slightly downward. A plu-
rality of openings 900 may be provided to allow for the
passage of sound through the walls of housing 154.
Speaker 400 may be any conventional speaker. An array
of speakers may likewise be included in housing 154 in-
cluding woofers, tweeters, midranges, and combinations
thereof. The dashed lines represented by numeral 154’
in Fig. 26A represent an alternative construction for hous-
ing 154 such that the interior volume of housing 154 is
increased. Preferably, either speaker(s) 400 is shock
mounted to housing 154 or housing 154 is shock mounted
to mirror mount 36. Such shock mounting reduces me-
chanical vibration that is translated through the mount to
the mirror housing and mirror element.
[0125] Figs. 27A-27C show a modification to the em-
bodiment shown in Figs. 26A and 26B. In the modified
embodiment shown in Figs. 27A-27C, two speakers 400a
and 400b are provided in housing 154. Speakers 400a
and 400b are mounted such that they are aimed rear-
ward, but at different horizontal angles to one another.
An optional vent 902 may be provided in housing 154 to
serve as a speaker port. Additional power is provided by
using two speakers. By angling the axes of the speakers
outward, the high frequency components generated by
the speakers may be beamed so as to not flood the mirror,
thus reducing the stress on the echo canceller. In addi-
tion, by driving speakers 400a and 400b mechanically
out of phase, the mechanical vibration caused by each
speaker can effectively cancel one another as experi-
enced by the mirror mount, mirror housing and mirror
element.
[0126] Figs. 28A and 28B show yet another modifica-
tion whereby a single speaker 400 is provided in housing
154 so as to be aimed rearwardly along the longitudinal
axis of the vehicle. An optional vent 902 may be provided
on the opposite side of housing 154 to serve as a speaker
port. Although the speakers 400 shown in Figs. 26A, 26B,
28A, and 28B are shown as being aimed rearward and
away from the vehicle windshield, it may be desirable to
mount the speakers 400 to face the windshield such that
the sound produced by the speaker reflects off the wind-
shield. Figs. 29A and 29B show such an embodiment
where a speaker is mounted in housing 154 such that it
is aimed at the vehicle windshield. By aiming the speaker
at the windshield, sound from the speaker sounds like it
is coming from in front of the vehicle rather than from the
mirror assembly. Because people sometimes have a ten-
dency to look towards the direction of a voice, it may be
desirable that the driver’s tendency is to look forward of
the vehicle rather than at the mirror assembly while en-
gaging in a telephone call.
[0127] It should be noted that all of the features noted
above with respect to those embodiments in which the
speakers are mounted within the mirror housing 30, may
also be utilized when mounting the speakers in housing
154.
[0128] An added benefit of providing internal speakers
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in a rearview mirror assembly is that the speakers may
also be used for generating sound from the vehicle’s au-
dio system. For example, such speakers could be used
for a central or mono channel output from the vehicle’s
radio. Such a center channel is desirable in light of the
implementation of various multi-media equipment, such
as televisions, DVDs, and VCRs, in a vehicle.
[0129] Although a specific mirror assembly construc-
tion has been illustrated herein, it will be appreciated that
other constructions may be used such as that disclosed
in commonly assigned U.S. Patent Publication No. US
2004/0196577 A1.

Electrical System

[0130] Fig. 21 shows a first embodiment of an electrical
circuit 500 for use in association with the rearview mirror
assemblies discussed above. As shown, the transducers
of microphone subassemblies 140a and 140b are cou-
pled to a microphone processor circuit 580 such as a
DSP circuit. The output of microphone processor circuit
is supplied to a Bluetooth™ transceiver 585. Alternative-
ly, some or all of microphone processor circuit 580 may
be eliminated if Bluetooth™ transceiver 585 is equipped
with an integrated DSP circuit. An audio circuit 590 is
coupled to Bluetooth™ transceiver 585 to amplify audio
signals received therefrom and supplied the amplified
signals to speakers 400a and 400b. Bluetooth™ trans-
ceiver 585 is also coupled to one or more antennae 114
and to a Bluetooth™ controller 588, which performs con-
trol functions in response to receipt of data signals over
the antenna 114 and which generates signals to be trans-
mitted via transceiver 585 and antenna 114. With the
above described components, the system may commu-
nicate with a Bluetooth™ transceiver in a portable cellular
telephone 800 and thus perform hands-free telephone
calls using the cellular transceiver of the portable tele-
phone 800 and the microphones 140a and 140b and
speakers 400a and 400b of the rearview mirror assembly.
This structure is advantageous in that it minimizes the
duplicative telephone components that are included in
the mirror assembly while maximizing use of the compo-
nents already contained in the portable telephone, such
as any voice recognition circuitry, keypad, display, and
GPS circuitry.
[0131] Other circuitry that may be included in the mirror
assembly includes an electrochromic mirror/compass
system 520, which is described in more detail below with
respect to Fig. 22. Additionally, the mirror assembly may
include map lights 118, switches 130, and one or more
displays 45 controlled by one or more display control cir-
cuits 574. Such components may be coupled for common
control over a local bus 502. Control may be performed
by either or both the Bluetooth™ controller 588 and mi-
croprocessor 522 of circuit 520.
[0132] As shown in Fig. 22, electrochromic mirror/com-
pass system 520 may include an electrochromic mirror
40, a glare sensor 124, and ambient light sensor 126,

one or more displays 45, switches 130, memory 527, sky
light sensor 129, a magnetic compass sensor circuit 525,
and a microprocessor 522 to which all of the aforemen-
tioned components may be coupled. Preferably, magnet-
ic compass sensor circuit 525 is constructed in accord-
ance with commonly assigned U.S. Patent No. 6,653,831
entitled "MAGNETOMETER HAVING A DYNAMICALLY
ADJUSTABLE BIAS SETTING AND ELECTRONIC VE-
HICLE COMPASS INCORPORATING THE SAME," and
microprocessor 522 is programmed to determine the ve-
hicle heading in the manner disclosed in commonly as-
signed U.S. Patent Application Publication No.
2003/0167121 A1, entitled "ELECTRONIC COMPASS
SYSTEM,".
[0133] Fig. 23 shows a vehicle communication and
control system 600 according to another embodiment of
the present invention. As shown in Fig. 23, system 600
includes a GPS (or GLONAS or LORAN) receiver 680
that is coupled to a microwave antenna 650 via an an-
tenna connector 684. Antenna 650 and GPS receiver
680 are preferably mounted in mounting foot 36 of rear-
view mirror assembly 10. GPS receiver 680 may be cou-
pled to a local bus 502 via a cable 685, which extends
between mounting foot 36 in mirror housing 30. Local
bus 502 interconnects the various electrical components
that are preferably provided on the first and second print-
ed circuit boards 110 and 112 mounted within mirror
housing 30. Cable 685 may also be considered as an
extension of local bus 502.
[0134] Vehicle bus interface circuit 604 is preferably
mounted on the same printed circuit board as GPS re-
ceiver 680 and is connected to local bus 502 via cable
685. Vehicle bus interface 604 is then connected to the
vehicle bus 606 via cable 686, which extends from mount-
ing foot 36 to a connector provided between the roof and
headliner or within an overhead console. It is also pos-
sible to use an audio and data transceiver 585 in place
of bus interface 604 provided that there is a correspond-
ing compatible transceiver coupled to vehicle bus 606.
Preferably, any such audio and data transceiver is a Blue-
tooth™ transceiver, which utilizes the Bluetooth™ stand-
ard communication protocols.
[0135] . Both map lamps 118 and switches 130 maybe
coupled to local bus 502. Similarly, display 45 may be
coupled to a display control circuit 574 which, in turn,
may be coupled to local bus 502. Preferably, any map
lamp(s) 118 that are provided in the assembly utilize light
emitting diodes (LEDs) so as to minimize the size of the
lamp subassemblies and/or reduce the heat dissipation
from the lamps. Preferably, the lamps are constructed
using the white-light-emitting LEDs disclosed in any one
of: commonly assigned U.S. Patent Nos. 5,803,579,
6,539,306, 6,335,548, 6,132,072, and 6,639,360 and
commonly assigned U.S. Patent Application Publication
No. 2003/0043590 A1.
[0136] As described further below, internal cellular tel-
ephone 670 may be printed on circuit board 110 or 112
and connected to second RF antenna 116, which is also
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preferably mounted on mirror housing 30. Antenna 116
is preferably mounted on the exterior of mirror housing
30, however, those skilled in the art will appreciate that
this cellular telephone antenna may likewise be mounted
remotely from mirror assembly 10 or in mounting foot 36.
By mounting antenna 116 on mirror housing 30, however,
the vehicle communication and control system of the
present invention may be confined to a single integral
vehicle accessory--thereby eliminating the need for run-
ning additional wiring to a remote location and thus saving
substantial materials, manufacturing, and installation
costs.
[0137] Microwave antenna 650 may also be integrated
with cellular antenna 116, an RF antenna for a trainable
garage door opener transmitter, an RKE receiver, and/or
an antenna for a satellite CD radio.
[0138] Rearview mirror assembly 10 may further in-
clude a moisture sensor 672 that may be coupled to local
bus 502. Moisture sensor 672 is also preferably mounted
in mounting foot 36 so as to detect the presence of mois-
ture such as fog, rain, dew, or snow on the vehicle wind-
shield. A preferred moisture sensor is disclosed in com-
monly assigned U.S. Patent No. 5,923,027. As disclosed
in U.S. Patent No. 5,923,027, the output from moisture
sensor 672 may be analyzed to control the windshield
wipers and/or the window and mirror defrosters of the
vehicle. Because it is preferable to mount moisture sen-
sor 672 in mounting foot 36, moisture sensor 672 would
be coupled to local bus 502 via cable 685.
[0139] System 100 may also include an imaging sen-
sor 635 that is utilized for purposes of controlling the ve-
hicle headlights using headlamp controller 616 (Fig. 24).
Suitable sensors and headlamp controllers are disclosed
in commonly assigned U.S. Patent Nos. 5,837,994,
6,611,610, and 6,587,573. The imaging sensor utilizes
a low resolution pixel sensor to obtain an image from the
front of the vehicle to detect the presence or absence of
vehicles in front of the vehicle for purposes of controlling
the brightness of the vehicle headlamps. The images ob-
tained from the low resolution pixel sensor 635 may also
be stored in memory to provide a brief history of what
was in front of the vehicle, which may be particularly ad-
vantageous when determining the cause of an accident.
The memory in which such images are stored is prefer-
ably non-volatile memory unless suitable battery back-
up power is available in which case the memory may be
volatile memory. During normal operation, images from
sensor 635 are stored in volatile memory on a first-in/first-
out basis for processing to identify light sources. Upon
detection of a crash, a control circuit of the present in-
vention may transfer the images stored in the volatile
memory to the non-volatile memory for subsequent re-
trieval. In addition to use in sensing images, sensor 635
may be used as an ambient light sensor for controlling
an electrochromic mirror(s) 40 (Fig. 22).
[0140] As shown in Fig. 23, the vehicle communication
and control system of the present invention may also
include a speech synthesizer (or system for playback of

prerecorded messages) 676, a voice recognition circuit
678, a microphone processor 580, an audio and data
transceiver 585 (used interchangeably throughout with
"Bluetooth™ transceiver," which is the preferred imple-
mentation), a Bluetooth™ control circuit 588, and an au-
dio circuit 590. Of these components, voice recognition
circuit 678, Bluetooth™ control circuit 588, and speech
synthesizer 676 are coupled to a local bus 502. Speech
synthesizer 676 responds to commands transmitted over
local bus 502 to generate synthesized speech signals
that are transmitted over a line 695 to audio circuit 590.
Audio circuit 590 may be connected to one or more
speakers 400a and 400b that are mounted inside the
rearview mirror assembly or remote therefrom so as to
play back the synthesized speech. Embodiments of the
invention utilizing internal speakers are discussed above
under the heading "Internal Speakers." Alternatively or
additionally, audio circuit 590 may transmit the audio sig-
nals via a dedicated connection to the vehicle audio sys-
tem so as to cause the audio system to interrupt (or su-
perimpose upon) any radio broadcast or other music
playing over the audio system and to produce the syn-
thesized speech. Alternatively, Bluetooth™ transceiver
585 may be used to provide an RF connection to the
vehicle’s audio system so as to eliminate the need for a
discrete connection 695 or a connection through the ve-
hicle bus.
[0141] Microphone processor 580 preferably provides
two separate output audio streams from the microphone
subassembly. The first audio stream, which is provided
on line 681 to voice recognition circuit 678, is processed
differently than a second audio stream provided on line
687 to Bluetooth™ transceiver 585. The noise reduction
processing performed by the digital signal processor in
microphone processor 580 renders the sounds detected
by the microphones better for human listening, however,
such noise reduction removes detail that is useful for
voice recognition. Thus, the second audio stream is fil-
tered differently than the first audio stream since the proc-
essed signal would not be as suitable for use by the voice
recognition circuit 678. Microphone processor 580 pref-
erably includes a digital signal processor (DSP), which
may be an integral DSP contained in Bluetooth™ trans-
ceiver 585.
[0142] Bluetooth™ transceiver 585 is configured to be
capable of transmitting and receiving both audio signals
and data signals. As illustrated, Bluetooth™ transceiver
585 is connected to first RF antenna 114. Both Blue-
tooth™ transceiver 585 and antenna 114 may be mount-
ed to or within mirror housing 30. It should be noted that
antennas 114 and 116 could conceivably be combined
and then used for both cellular telephone transmissions
and Bluetooth™ transmissions.
[0143] As described above, Bluetooth™ transceiver
585 may receive audio signals from microphones 140a
and 140b via microphone processor circuit 580 over line
687. These audio signals may be modulated and trans-
mitted via antenna 114. Bluetooth™ transceiver 585 is
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also coupled to audio circuit 590 and to voice recognition
circuit 678 such that audio signals received by Blue-
tooth™ antenna 114 may be played back through the
vehicle audio system or dedicated speakers 400a and
400b or otherwise transmitted to voice recognition circuit
678, which recognizes certain voice commands and
translates those commands into command signals that
are transmitted over local bus 502 and optionally over
vehicle bus 606. When data is to be transmitted by Blue-
tooth™ transceiver 585 to another device, the data is first
supplied to Bluetooth™ controller 588 over local bus 502
and then supplied to Bluetooth™ transceiver 585.
[0144] As shown in Figs. 21 and 23, rearview mirror
assembly 10 may also include an electrochromic mir-
ror/compass system 520 having a connection 121 to local
bus 502. As shown in Fig. 22, electrochromic mirror/com-
pass system 520 has a microprocessor 522 that is pref-
erably coupled at least to the interior electrochromic mir-
ror 40 and optionally to external electrochromic mirror(s),
which may be coupled thereto by discrete connection or
via local bus 502 and vehicle bus 606. As will be de-
scribed in more detail below, microprocessor 522 may
be programmed to change the reflectivity of the electro-
chromic mirror(s) 40 in response to information obtained
from an ambient light sensor 126, a glare sensor 124, as
well as any of the other components coupled to micro-
processor 522 either directly or through local bus 502 or
vehicle bus 606. As well known in the art, ambient light
sensor 126 is preferably mounted in a mirror housing of
a rearview mirror assembly in a forward-looking location
so as to be exposed to the light conditions in front of the
vehicle, whereas glare sensor 124 is typically mounted
in mirror housing 30 in a rearward-facing position so as
to sense glare from head lamps of vehicles behind the
vehicle. A more detailed description of the manner by
which microprocessor 522 may control electrochromic
mirror(s) 520 is provided in the above-referenced U.S.
Patent No. 6,166,698. Although mirror 40 is preferably
electrochromic, mirror 40 may alternatively be a simple
prismatic mirror. Alternatively, mirror 40 may be replaced
with a display device for providing an image from a rear-
ward facing camera.
[0145] Electrochromic mirror/compass circuit 520 may
also include a memory device 527 coupled to microproc-
essor 522. Memory device 527 may be external to mi-
croprocessor 522 or internal, depending upon the need
for additional memory. The depicted memory device 527
represents both volatile and non-volatile memory as
needed for the system.
[0146] As shown in Figs. 1A and 21-23, rearview mirror
assembly 10 may include a plurality of user-actuated
switches 130 that provide user input information to mi-
croprocessor 522. Such switches may cause microproc-
essor 522 to change information displayed on display 45
or to deactivate the electrochromic mirrors 40, or to ini-
tiate or answer a telephone call, to name just a few func-
tions that may be affected through user actuated switch-
es.

[0147] Display 45 may be located behind the reflective
surface of the mirror or mounted adjacent the mirror in
the mirror housing. Alternatively, display 45 may be
mounted in front of the reflective layer and across part
or the entire surface of the mirror. A suitable display for
mounting in front of the reflective layer is an organic LED
display. An example of such an organic LED display in
a mirror is disclosed in commonly assigned U.S. Patent
No. 6,356,376.
[0148] Display 45 may be a vacuum florescent or back-
lit liquid crystal display including at least ten seven-seg-
mented character display areas, and preferably including
at least sixteen such character portions. Using conven-
tional technology, such a large display requires a 42-volt
power supply. However, using the techniques disclosed
in commonly assigned U.S. Patent No. 6,346,698 entitled
"LOW EMI MULTIPLEXED DUAL DISPLAY," filed on Ju-
ly 22, 1999, by Robert R. Turnbull, the display may be
driven using a 12-volt power supply and will also exhibit
substantially lower electromagnetic interference.
[0149] The display may provide various information in-
cluding the vehicle heading, the external temperature,
telephone numbers, roaming information, telephone and
voice signal strength information, paging messages, con-
trol menus and selections, e-mail, navigational direc-
tions, diagnostic information, voice mail icons, traffic re-
ports, news, weather, tire pressure warnings, blind spot
warnings, stop sign/traffic light warnings, maintenance
reminders, and any other information available on the
Internet. Additionally, the display may be used to provide
positive feedback to the user as to which button a user
has depressed. For example, if a user has pressed a
"911" button, an indication to this effect maybe displayed
on display 45.
[0150] As explained further below, the display(s) may
additionally provide an indication that a portable hand-
held cellular telephone equipped with a Bluetooth™
transceiver has been identified and is in communication
with transceiver 585 within the mirror assembly 10. The
display may also be utilized to display the telephone
number and/or caller’s name to provide caller ID func-
tionality.
[0151] As noted above, display 45 may be mounted
behind mirror 40 such that the display is visible through
a window provided in the reflective surface of mirror 40.
The window may be formed by completely removing or
partially removing reflective material on the reflective sur-
face. Alternatively, the window may be provided by form-
ing a partially transmissive or partially reflective area in
the reflective surface. The window may also include a
number of regions devoid of reflective material. Creation
of such devoid regions allows the display to be visible
through the reflective surface of the mirror. The devoid
regions can be created in the reflective surface through
a number of techniques, such as etching (laser, chemical
or otherwise), masking during deposition, mechanical
scraping or sand-blasting. These techniques are well
known to those skilled in the art and as such are not

37 38 



EP 1 638 810 B1

21

5

10

15

20

25

30

35

40

45

50

55

further discussed herein. An example of an electrochro-
mic mirror having such a display window is disclosed in
commonly assigned U.S. Patent No. 5,825,527 by Jeffery
Forgette et al.
[0152] Preferably, the entire reflective surface could
be partially reflective and partially transmissive such that
no "window" need be provided and the display could be
positioned anywhere behind the mirror and have any size
or configuration. Display 45 may also be comprised of a
plurality of separate displays. Examples of electrochro-
mic mirror assemblies having partially transmissive re-
flective surfaces are disclosed in commonly assigned
U.S. Patent No. 6,356,376, entitled "ELECTROCHRO-
MIC REARVIEW MIRROR INCORPORATING A THIRD
SURFACE METAL REFLECTOR AND A DISPLAY SIG-
NAL LIGHT," filed on May 14,1999, by William L. Tonar
et al.
[0153] As will be explained in further detail below, ve-
hicle communication and control system 600 may include
an IR transmitter 634 for transmitting an IR signal into
the interior passenger area of the vehicle. This IR signal
may include any data or other information intended for
portable electronic devices that may be located in the
passenger area. If such devices have an RF receiver,
Bluetooth™ transceiver 585 may be used for that pur-
pose.
[0154] Vehicle communication and control system 600
may also include a receiver intended to receive RF sig-
nals or the like from remotely located transmitters such
as an RKE transmitter or tire pressure monitoring sen-
sors.
[0155] As will become apparent to one skilled in the
art from the description of the various functions below,
vehicle communication and control system 600 may in-
clude various combinations of the elements identified
above and shown in Fig. 23, and thus need not include
each and every element described above. Further, al-
though each of the elements shown in Fig. 23 may be
housed within rearview mirror assembly 10, some or all
of the components may be provided in other remote lo-
cations and transmit and receive information over vehicle
bus 106 or via RF Bluetooth™ transmissions. Further,
the various components that may be mounted in rearview
mirror assembly 10 may be mounted in either mounting
foot 36 or mirror housing 30 with appropriate electrical
connections made therebetween.
[0156] Fig. 24 shows an example of some systems and
other electrical devices within the vehicle that may be
connected to vehicle bus 606, and hence in electrical
communication with the various components that are
mounted in mirror assembly 10. Specifically, the following
are a few examples of the components that may be cou-
pled to vehicle bus 606: navigation system 710, external
rearview electrochromic mirrors 712, interior lights 714,
head lamp controller 616, tire pressure monitoring sys-
tem 718, speedometer 720, climate control system 722,
clock/display 728, engine control system 730, tempera-
ture sensor 732, audio system 734, odometer 736, the

vehicle windshield wiper controller(s) 738 and various
other switches 724 and other display devices 726 that
maybe located throughout the vehicle.
[0157] By providing both Bluetooth™ transceiver 585
and an internal telephone 670 in the vehicle communi-
cation and control system, any individuals in the vehicle
having a relatively low power portable cellular telephone
800 may effectively utilize a higher powered cellular tel-
ephone 670 when inside or otherwise within range of the
Bluetooth™ transceiver 585 in a manner similar to how
a ZONE™ telephone operates. See, for example, U.S.
Patent No. 5,745,850. More specifically, Bluetooth™
transceiver 585 may be trained or otherwise configured
to look for signals transmitted from a person’s portable
telephone 800 and then transfer the received signals to
internal telephone 670 for transmission at a higher power.
Likewise, incoming signals may be received by internal
telephone 670 and transferred to the portable telephone
handset 800 via Bluetooth™ transceiver 585. Internal tel-
ephone 670 may be provided for emergency calls only
and any cellular telephone calls are made through the
driver’s portable telephone 800, which in turn are trans-
mitted through internal telephone 670 which transmits at
a higher power level. Because a cellular service provider
is required to connect any 9-1-1 emergency calls regard-
less of the registration status of the cellular telephone,
the internal telephone 670 may be used for emergency
calls regardless of the presence of any portable tele-
phone 800 in the vehicle. Implementation of such a
hands-free system is particularly advantageous for vehi-
cles in Europe where use of handheld telephones in ve-
hicles is illegal. For example, once a user comes within
range of their vehicle, their portable telephone 800 may
be automatically disabled and the hands-free telephone
installed within the mirror is activated without disruption
of the telephone call. Such a hand-off from a portable
telephone 800 to internal telephone 670 may also occur
upon detection that the vehicle alarm has been deacti-
vated, a door has opened, the ignition key is inserted into
the vehicle ignition, the ignition is turned on, the vehicle
is put into gear, the vehicle is traveling above a threshold
speed, or any combination of these events. Likewise, any
of these events may trigger an automatic hand-off from
internal telephone 670 to portable telephone 800. For
example, detection that the vehicle ignition has been
turned off and/or opening of the door may trigger such
an automatic hand-off. Alternatively, a manually activat-
ed call transfer button or voice activated command may
be used to manually cause a call transfer. Such a manual
switch may be provided on either or both of portable tel-
ephone 800 and internal telephone 670.
[0158] To enable such call transfer, a unique ID code
associated with, and transmitted by, one or both of the
Bluetooth™ compatible transceivers of the portable tel-
ephone and internal telephone would be input into the
other so that the respective telephones are "paired" and
will not respond or attempt to transfer control, or partial
control, of a call function to the telephone of a third party.
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[0159] While it is generally desirable to transfer the en-
tire call functionality to internal telephone 670, it will be
appreciated that the call functions that are transferred
may be more limited. For example, it is possible to trans-
fer (or duplicate) the microphone and speaker functions
of portable telephone 800 to those of internal telephone
670. In this manner, the transceiver, antenna, and key-
pad of portable telephone 800 could continue to function
while enabling hands-free use of the speaker and micro-
phone of internal telephone 670 with the audio transmit-
ted through a Bluetooth™ or similar communication link.
As yet another example, the keypad and other call initi-
ation features (redial/speed/memory dialing) of portable
telephone 800 may remain functional while the transceiv-
er, antenna, microphone, and speakers of internal tele-
phone 670 are used.
[0160] Provided that portable cellular telephone 800
carried by a person is Bluetooth™ compatible, virtually
any level of interaction between internal telephone 670
and portable cellular telephone 800 is possible. For ex-
ample, cellular telephone 800 may include a unique serial
number that may be transmitted from cellular telephone
800 or a headset by its Bluetooth™ transceiver. When
the portable cellular telephone or headset is brought with-
in range of Bluetooth™ transceiver 585, any portion or
all of the telephony functions may be transferred to inter-
nal telephone 670 or just the functions of the microphones
and speakers. Conversely, a call initiated using the in-
ternal telephone 670 may be transferred to portable tel-
ephone 800. For example, the keypad on cellular tele-
phone 800 may be used as a means for initiating a tele-
phone call by internal telephone 670 or as user input for
inputting other data into the internal telephone transceiv-
er 670. Additionally, the microphone and/or speaker of
portable telephone 800 may be disabled with those func-
tions being performed by the microphone and speaker
within the vehicle while the remainder of the call process-
ing and call transmission is handled by portable cellular
telephone 800. Further still, the portable cellular tele-
phone could be used for RKE functions and/or disabling
the vehicle alarm or otherwise activating the lights within
or on the vehicle for illuminated entry. This can be per-
formed simply by having the Bluetooth™ transceiver 585
continuously monitored for the presence of another Blue-
tooth™ transceiver having the known unique identifica-
tion number corresponding to the driver’s cellular tele-
phone.
[0161] To further explain the above implementations
in more detail as well as other functional limitations, ref-
erence is made to Fig. 25. Fig. 25 shows a rearview mirror
assembly 10 and various devices with which the mirror
may share a wireless connection. Some of the other de-
vices that may be located in the vehicle may include a
first portable cellular telephone 800a, a second portable
cellular telephone 800b, a portable digital assistant
(PDA) or pocket PC 802, a portable laptop or notebook
computer 804, a headset 806, and a GPS unit 808. Other
devices outside the vehicle that may be wirelessly con-

nected to the circuitry in mirror 10 includes cellular tele-
phone towers 810, wireless access ports 812 such as
those exhibiting the "WiFi" 802.11a, b, g standards, GPS
satellites 814, and other remote devices 816 employing
Bluetooth™ transceivers. The external devices may be
provided in gas stations, ATMs, restaurant drive-through
windows, rest stops, etc. The wireless connections to the
mirror circuitry may be via infrared, Bluetooth™, WiFi,
satellite microwave, any of the conventional cellular tel-
ephone protocols, or various combinations thereof. To
allow all of these forms of communications to be per-
formed with and through the mirror assembly 10, the mir-
ror assembly may not only be equipped with the appro-
priate transceiver circuitry and antennae, but it may also
be configured to provide appropriate control over these
wireless transmissions while prioritizing use of the limited
resources within the mirror assembly or the vehicle. To
enable sufficient flexibility, the mirror assembly prefera-
bly provides a user-friendly interface that allows a user
to establish which wireless devices may connect to or
through the mirror assembly and/or vehicle and what lev-
el of interaction these devices may have with the mir-
ror/vehicle and possibly with each other. As explained
further below, the mirror assembly may establish priori-
ties for certain resources, such as the hands-free micro-
phone and speakers when more than one portable cel-
lular telephone 800a and 800b is present.
[0162] Because Bluetooth™ devices typically are con-
figured to automatically constantly look for other Blue-
tooth™ devices to communicate with; it may be prefera-
ble to configure the Bluetooth™ controller 588 in the mir-
ror assembly to only establish communication with de-
vices with which it has previously been "paired." In this
way, the mirror assembly will not establish a connection
with a Bluetooth™ enabled telephone or other device
being used by an unknown party proximate the vehicle.
Such a "pairing," however, may require that the mirror
assembly be trained to recognize and identify a particular
Bluetooth™ telephone or other device. Thus, a user in-
terface may be provided in the mirror assembly (or else-
where in the vehicle), that allows a user to instruct the
Bluetooth™ controller 588 to enter a searching mode to
discover and acquire the identification of all Bluetooth™
devices in range, and then to enter a pairing mode to
select which devices are to be "paired" with the mirror
assembly. Once a device has been "paired," the Blue-
tooth™ controller 588 may further prompt the user via
display 45b or 145 or via a synthesized voice played over
speakers 400a, 400b, to input the level of interaction that
will be permitted with the Bluetooth™ device. For exam-
ple, if the paired device is a portable cellular telephone
800a, the telephone 800a would automatically identify
itself to the Bluetooth™ controller 588 as a telephone.
The telephone 800a would also transmit not only its
unique Bluetooth™ ID, but also its assigned name (i.e.,
"HOMER_PHONE"). In addition, the telephone 800a
may transmit a list of its features, which may include voice
recognition, GPS, memory dial, etc. The Bluetooth™
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controller may then cause this assigned name 950 (Fig.
30) to be displayed on display 45b and inquire of the user
whether this telephone should be paired with the mirror
assembly and, if so, in what capacity. For example, the
Bluetooth™ controller may inquire what priority to assign
to telephone 800a for use of the hands-free microphone
and speakers. Such a prioritization would be desirable if
the mirror assembly is allowed to become paired with
more than one telephone, such as second telephone
800b. If both telephones are in use, the Bluetooth™ con-
troller needs to know which one to connect to the micro-
phone and speakers. Typically, the telephone with the
highest priority would be that of the person who drives
the vehicle most frequently. Display 45b may thus be
configured to display the assigned priority 952 of the tel-
ephone which it has identified. The Bluetooth™ controller
may also be configured to allow multiple telephones to
simultaneously communicate through the built-in repeat-
er (internal telephone transceiver 670), while only per-
mitting the telephone with the highest priority to use the
hands-free microphone and speakers.
[0163] In addition, the Bluetooth™ controller may be
programmed to cause the display 45b to display the iden-
tity (950, 954) of each paired Bluetooth™ device that is
detected within range, at least temporarily, and then sim-
ply display an indicator that a paired Bluetooth™ enabled
telephone or device is detected or is not detected. This
indicator may simply be the identity of the detected de-
vices. This provides feedback to the user as to which
devices are in communication with the mirror assembly.
The Bluetooth™ controller may be configured to transmit
the fact that it employs hands-free features and/or a re-
peater to the portable telephones 800a, 800b such that
the portable telephones can control themselves to disa-
ble their microphones and hand off a telephone call to
the interior telephone transceiver 670, whether it is in-
coming or outgoing, in response to an acknowledgement
from Bluetooth™ controller 588 that use of the hands-
free microphone and speakers is permitted. If such an
acknowledgement is not received, the telephone may still
utilize the repeater (if present) while enabling use of its
own microphone and speakers.
[0164] Alternatively, any one of the Bluetooth™ tele-
phones 800a, 800b may utilize just the microphone and
speakers in the mirror assembly while continuing to use
its own transceiver and antenna. This would allow hands-
free use when an internal telephone is otherwise not
present in the mirror assembly or vehicle. In such a con-
figuration, the portable telephone would only transmit au-
dio signals for playback on the speakers in the mirror or
otherwise in the vehicle and would receive from the Blue-
tooth™ transceiver in the mirror assembly audio signals
received by the microphone in the mirror including any
voice recognition commands. In the prior configuration,
which utilizes the internal telephone transceiver 670, the
entire telephone transmission is handed off to the internal
telephone transceiver. When the entire telephone trans-
mission is handed off to the internal telephone transceiv-

er 670, the internal telephone transceiver assumes the
identification of the portable cellular telephone such that
the cellular telephone towers 810 and the cellular service
provider do not recognize the difference. If the cellular
telephone service providers so permit, the internal tele-
phone transceiver disposed in the mirror assembly may
be configured so as to permanently learn and use the
identification information of those portable cellular tele-
phones used by the owners of the vehicle such that the
internal telephone transceiver may function as though it
were the portable telephone transceiver even when the
portable telephone transceiver was not present in the
vehicle.
[0165] Display 45b may also be configured to display
an indicator icon 956 showing that the BLUETOOTH™
feature is on or off. In addition, display 45b shows a signal
strength indicator 958 that shows the strength of the cel-
lular wireless signal. Further, an "IN USE" indicator 960
may be displayed to indicate that one of the identified
devices (950) is using either the BLUETOOTH™ con-
nection, the cellular telephone connection, or both.
[0166] In some implementations, the keypad of the
portable telephone may still be used for dialing and the
display 45b may still be utilized for displaying various
information. For hands-free implementations, either the
voice recognition unit in the mirror assembly or the voice
recognition feature of the portable telephone may be
used. If the portable telephone already employs voice
recognition circuitry, it may be desirable to simply utilize
this feature in the portable telephone rather than dupli-
cate this complex and expensive circuitry in the rearview
mirror assembly.
[0167] Likewise, if the portable telephone is equipped
with a GPS antenna and receiver, one need not be im-
plemented in the rearview mirror. GPS data from the port-
able telephone may be transmitted to the mirror assembly
via a wireless link such as Bluetooth™ and subsequently
utilized for providing location and navigation information
to the vehicle occupants. Such location and navigation
information may be displayed on display 45b and/or pro-
vided in an audible signal produced by speech synthe-
sizer 676. The GPS data may likewise be transmitted
directly to the mirror assembly from a standalone Blue-
tooth™ enabled GPS receiver device 808. Alternatively,
the GPS data may be transmitted indirectly to the mirror
assembly from a PDA 802 or notebook computer 804
that includes a GPS receiver or is otherwise in commu-
nication with a standalone GPS receiver device 808 or
other device such as telephone 800a having a GPS re-
ceiver. In addition, telephone numbers stored in a port-
able telephone, PDA, or notebook computer may be
transmitted via wireless link directly or indirectly to mirror
assembly 10.
[0168] Portable cellular telephones 800a and 800b
may be connected to headset 806 via a wired or wireless
link, such as a Bluetooth™ wireless link. Headset 806
may also be coupled to mirror assembly 10 via a Blue-
tooth™ wireless link.
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[0169] Mirror assembly 10 may include various switch-
es for controlling various telephones functions. These
buttons may change function depending upon a particu-
lar mode of operation currently being performed by the
mirror circuitry. For example, when a telephone call is in
progress, two of the switches on the mirror housing may
be used to adjust the volume of the speakers. These
same two switches may be used for other functions when
a telephone call is not in progress. For example, these
switches may be used to select the information display
mode of display 45 and/or display 145, or to activate map
lights. A switch may also be provided in the mirror as-
sembly to allow a user to select a portable telephone or
other device when more than one telephone or device is
detected as being present. For example, if two portable
cellular telephones are present that are both paired with
the mirror but which do not have respective priorities al-
ready established for use of the hands-free microphone
and speakers, the user may select which of the two tel-
ephones has priority.
[0170] The volume of the speakers may also be auto-
matically adjusted in response to the vehicle noise as
sensed by the microphone. Further, if the system in the
mirror knows that the microphone signal will be transmit-
ted via a Bluetooth™ wireless link, it may automatically
adjust the gain for the microphone signal prior to provid-
ing the signal to the Bluetooth™ transceiver in order to
compensate for the inherent signal loss occurring over
the Bluetooth™ wireless link. This automatic gain adjust-
ment feature is particularly advantageous if the system
is utilizing voice recognition features in a portable cellular
telephone while utilizing the microphone in the mirror.
[0171] To facilitate the implementation of Bluetooth™
components in a mirror assembly, the mirror housing may
include a PCMCIA slot and interface to receive a plug-in
Bluetooth™ transceiver and/or a WiFi transceiver.
[0172] In addition to the functions above, any of the
functions disclosed in U.S. Patent No. 6,166,698 and in
commonly assigned U.S. Patent Application Publication
No. US 2002/0032510 A1 may also be performed by the
inventive vehicle communication and control system.
[0173] The present invention has been described as
speakers, microphone subassemblies, and telematics
components associated with a rearview assembly. It will
be appreciated by those skilled in the art that various
other vehicle accessories and components may be in-
corporated in the rearview assembly in whole or in part
and in various combinations. Such vehicle accessories
and components may be mounted within, on or to the
mirror housing, the mirror mount, an attachment to the
mirror mount or housing, or in a console or other housing
associated with the rearview mirror assembly. Addition-
ally, any such vehicle accessories may share compo-
nents with one another, such as processors, sensors,
power supplies, communication lines/channels, wire har-
nesses and plugs, displays, switches, antennae, etc. Ex-
amples of other vehicle accessories, components or fea-
tures are described further below.

[0174] As illustrated in Figs. 1A-1E, rearview assembly
10 comprises a bezel 32 and a case 31. The bezel and
the case combine to define the mirror housing for incor-
poration of features in addition to a reflective element 40
and information displays 45a and 45b. Commonly as-
signed U.S. Patent Nos. 6,102,546, D 410,607,
6,407,468, 6,420,800, and 6,471,362 describe examples
of various bezels, cases and associated button construc-
tion that may be used with the present invention.
[0175] As described above, rearview assembly 10 may
include first and second illumination assemblies 118a
and 118b. Various illumination assemblies and illumina-
tors for use with the present invention are described in
commonly assigned U.S. Patent Nos. 5,803,579,
6,335,548, 6,441,943,6,521,916,6,670,207, and
6,523,976, as well as, commonly assigned U.S. Patent
Application No. 10/791,667 filed on March 2,2004, and
entitled "LIGHT EMITTING ASSEMBLY," and U.S. Pat-
ent Application Publication No. 2003/0043590 A1. Each
illumination assembly preferably comprises a reflector,
a lens and an illuminator (not shown). There may be two
illumination assemblies generally positioned to illuminate
a front passenger seat area and the second generally
positioned to illuminate a driver seat area. Alternatively,
there may be only one illumination assembly that illumi-
nates both seat areas and/or there may be additional
illuminator assemblies such as one to illuminate a center
console area, overhead console area or an area between
the front seats.
[0176] As noted above, rearview assembly 10 may in-
clude switches 130. Suitable switches for use with the
present invention are described in detail in commonly
assigned U.S. Patent Nos. 6,407,468, 6,420,800,
6,426,568, and 6,471,362, as well as commonly as-
signed U.S. Patent Application Publication No. US
2002/0024713 A1. These switches may be incorporated
to control the illumination assemblies, the displays, the
mirror reflectivity, a voice activated system, a compass
system, a telephone system, a highway toll booth inter-
face, a telemetry system, a headlight controller, a rain
sensor, a tire pressure monitoring system, a navigation
system, a lane departure warning system, an adaptive
cruise control system, etc. Any other display or system
described herein or within the references incorporated
by reference may be incorporated in any location within
the associated vehicle and may be controlled using the
switches.
[0177] Mirror assembly 10 may also include first and
second indicators 152. Various indicators for use with
the present invention are described in commonly as-
signed U.S. Patent Nos. 5,803,579, 6,335,548,
6,441,943, 6,521,916, 6,670,207, and 6,523,976 as well
as commonly assigned U.S. Patent Application No.
10/791,667 entitled "LIGHT EMITTING ASSEMBLY,"
filed on March 2, 2004, and U.S. Patent Application Pub-
lication No. 2003/0043590 A1. These indicators may in-
dicate the status of the displays, the mirror reflectivity, a
voice activated system, a compass system, a telephone
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system, a highway toll booth interface, a telemetry sys-
tem, a headlight controller, a rain sensor, a security sys-
tem, etc. Any other display or system described herein
or within the references incorporated by reference may
be incorporated in any location within the associated ve-
hicle and may have a status depicted by the indicators.
[0178] As also noted above, rearview assembly 10
may further include first and second light sensors 124
and 126 serving as glare and ambient sensors, respec-
tively. Preferred light sensors for use within the present
invention are described in detail in commonly assigned
U.S. Patent Nos. 5,923,027, 6,313,457, 6,359,274,
6,379,013, and 6,402,328, U.S. Patent Application Pub-
lication Nos. US 2002/0056806 A1 and US
2003/0127583 A1. The glare sensor 124 and/or ambient
sensor 126 automatically control the reflectivity of a self
dimming reflective element as well as the intensity of in-
formation displays and/or backlighting. The glare sensor
124 may also be used to sense headlights of trailing ve-
hicles and the ambient sensor is used to detect the am-
bient lighting conditions that the system is operating with-
in. In another embodiment, a sky sensor 129 may be
positioned to detect light levels generally above and in
front of an associated vehicle. The sky sensor 129 may
be used to automatically control the reflectivity of a self-
dimming element, the exterior lights of a controlled vehi-
cle and/or the intensity of information displays. The mirror
assembly may further include sun-load sensors for sens-
ing light levels towards the driver side and passenger
side of the vehicle so as to control the climate control
system of the vehicle.
[0179] Additionally, mirror assembly 10 may include
first, second, third, fourth and fifth operator interfaces 130
located in mirror bezel 32. Each operator interface is
shown to comprise a backlit information display "A," "AB,"
"A1," "C," and "12." It should be understood that these
operator interfaces can be incorporated any where in the
associated vehicle, for example, in the mirror case, ac-
cessory module, instrument panel, overhead console,
dash board, seats, center console, etc. Suitable switch
construction is described in detail in commonly assigned
U.S. Patent Nos. 6,407,468, 6,420,800, 6,426,568, and
6,471,362, as well as commonly assigned U.S. Patent
Application Publication No. US 2002/0024713 A1. These
operator interfaces may control the illumination assem-
blies, the displays, the mirror reflectivity, a voice activated
system, a compass system, a telephone system, a high-
way toll booth interface, a telemetry system, a headlight
controller, a rain sensor, a tire pressure monitoring sys-
tem, a navigation system, a lane departure warning sys-
tem, an adaptive cruise control system, etc. Any other
display or system described herein or within the refer-
ences incorporated by reference may be incorporated in
any location within the associated vehicle and may be
controlled using an operator interface or interfaces. For
example, a user may program a display or displays to
depict predetermined information or may program a dis-
play or displays to scroll through a series of information,

or may enter set points associated with certain operating
equipment with associated sensor inputs to display cer-
tain information upon the occurrence of a given event. In
one embodiment, for example, a given display may be
in a non-illuminated state until the engine temperature is
above a threshold, the display then automatically is set
to display the engine temperature. Another example is
that proximity sensors located on the rear of a vehicle
may be connected to a controller and combined with a
display in a rearview mirror to indicate to a driver the
distance to an object; the display may be configured as
a bar that has a length proportional to the given distance.
[0180] Although specific locations and numbers of
these additional features are depicted in Figs. 1A-1E, it
should be understood that fewer or more individual de-
vices may be incorporated in any location within the as-
sociated vehicle and as described within the references
incorporated herein.
[0181] As explained above, mirror mount 35 is included
for mounting the mirror assembly within a vehicle either
to the windshield or to the vehicle roof structure. It should
be understood that a host of accessories may be incor-
porated into the mount 35 or into the housing 154 at-
tached to mount 35 such as a rain sensor, a camera, a
headlight control, an additional microprocessor, addition-
al information displays, compass sensors, etc. These
systems may be integrated, at least in part, in a common
control with information displays and/or may share com-
ponents with the information displays. In addition, the
status of these systems and/or the devices controlled
thereby may be displayed on the associated information
displays.
[0182] The electrical output signal from either, or both,
of the sensors 124 and 126 may be used as inputs to a
controller (not shown) to control the reflectivity of reflec-
tive element 40 and, or, the intensity of any one or all of
the displays 45a and 45b. The details of various control
circuits for use herewith are described in commonly as-
signed U.S. Patent Nos. 5,883,605, 5,956,012,
6,084,700, 6,222,177, 6,244,716, 6,247,819, 6,249,369,
6,392,783 and 6,402,328. These systems may be inte-
grated, at least in part, in a common control with infor-
mation displays and/or may share components with the
information displays. In addition, the status of these sys-
tems and/or the devices controlled thereby may be dis-
played on the associated information displays.
[0183] The rearview assembly may also include a com-
pass sensor module that is either located in housing 30
or within mount 35, an accessory module 154 positioned
proximate mirror assembly 10 or at any location within
an associated vehicle such as under a dash board, in an
overhead console, a center console, a trunk, an engine
compartment, etc. The above-described compass sys-
tem may be integrated, at least in part, in a common
control with information displays and/or may share com-
ponents with the information displays. In addition, the
status of these systems and/or the devices controlled
thereby may be displayed on the associated information
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displays. Examples of suitable compass sensors are dis-
closed in commonly assigned U.S. Patent No. 6,653,831
entitled "MAGNETOMETER HAVING A DYNAMICALLY
ADJUSTABLE BIAS SETTING AND COMPASS INCOR-
PORATING THE SAME,". Suitable compass systems
are disclosed in commonly assigned U.S. Patent Nos.
6,023,229 and 6,140,933, in U.S. Patent Application Pub-
lication No. 2003/0167121 A1, and in PCT International
Application No. PCT/US04/05062 filed on February
24,204, and entitled "ELECTRONIC COMPASS SYS-
TEM,".
[0184] The controller (or controllers) used to control
the compass system may, at least in part, control the
mirror reflectivity, exterior lights, rain sensor, compass,
information displays, windshield wipers, heater, defrost-
er, defogger, air conditioning, telephone system, naviga-
tion system, security system, tire pressure monitoring
system, a garage door opening transmitter, remote key-
less entry, telemetry systems, voice recognition systems
such as digital signal processor based voice actuation
systems, and vehicle speed. The controller 522 (or con-
trollers) may receive signals from switches and or sen-
sors associated with any of the devices described herein
and in the references incorporated by reference herein
to automatically manipulate any other device described
herein or described in the references included by refer-
ence. The controller may be, at least in part, located out-
side the mirror assembly or may comprise a second con-
troller elsewhere in the vehicle or additional controllers
throughout the vehicle. The individual processors may
be configured to communicate serially, in parallel, via
Bluetooth™ protocol, wireless communication, over the
vehicle bus, over a CAN bus or any other suitable com-
munication. A multi-pin connector interface 964 may be
provided for such external connections.
[0185] Exterior light control systems are described in
commonly assigned U.S. Patent Nos. 5,990,469,
6,008,486, 6,130,421, 6,130,448, 6,255,639, 6,049,171,
5,837,994, 6,403,942, 6,281,632, 6,291,812, 6,469,739,
6,465,963, 6,429,594, 6,587,573, 6,611,610,
6,621,616,6,379,013, and 6,653,614; U.S. Patent Appli-
cation No. 10/645,801, entitled "IMAGE ACQUISITION
AND PROCESSING METHODS FOR AUTOMATIC VE-
HICULAR EXTERIOR LIGHT CONTROL," filed on Au-
gust 20,2003; and U.S. Patent Application Publication
Nos. US 2003/0107323 A1, US 2004/0008410 A1 and
US 2004/0021853 A1 may be incorporated in accord-
ance with the present invention. These systems may be
integrated, at least in part, in a common control with in-
formation displays and/or may share components with
the information displays. In addition, the status of these
systems and/or the devices controlled thereby may be
displayed on the associated information displays. As dis-
closed in U.S. Patent No. 6,587,573, both the compass
sensors and the imaging sensor array 155, may be
housed in an accessory housing 154 attached to mount
35.
[0186] Moisture sensors and windshield fog detector

systems are described in commonly assigned U.S. Pat-
ent Nos. 5,923,027 6,313,457, 6,681,163, and
6,617,564. These systems may be integrated, at least in
part, in a common control with information displays
and/or may share components with the information dis-
plays. In addition, the status of these systems and/or the
devices controlled thereby may be displayed on the as-
sociated information displays.
[0187] Commonly assigned U.S. Patent No. 6,262,831
describes power supplies for use with the present inven-
tion. These systems may be integrated, at least in part,
in a common control with information displays and/or may
share components with the information displays. In ad-
dition, the status of these systems and/or the devices
controlled thereby may be displayed on the associated
information displays.
[0188] The mirror assembly may further include one or
more antennae 940 for receipt and/or transmission of RF
signals. Appropriate receiving, transmitting, and/or
processing circuitry may further be included in or at-
tached to the mirror assembly. Such antennae may be
used for a cellular telephone system, a Bluetooth™ trans-
mitting/receiving system, a remote keyless entry (RKE)
system, a trainable garage door opener system, a tire
pressure monitoring system, a global positioning satellite
system, a LORAN system, etc. Some of these systems
may share a common antenna and receiving, transmit-
ting, processing, and display circuits where appropriate.
Examples of a tire pressure monitoring system incorpo-
rated in a rearview mirror assembly are disclosed in com-
monly assigned U.S. Patent Nos. 6,215,389, 6,696,935,
and 6,431,712 and in U.S. Patent Application No.
09/359,144 filed on July 21,1999, and entitled "DIREC-
TIONALLY-ADJUSTABLE ANTENNA SYSTEM USING
AN OUTSIDE MIRROR FOR AUTOMOTIVE APPLICA-
TIONS,". Examples of a GPS system incorporated in a
rearview mirror assembly are disclosed in commonly as-
signed U.S. Patent Nos. 6,166,698, 6,297,781,
6,396,446, and in U.S. Patent Publication Application No.
US 2002/0032510 A1. An example of a LORAN system
incorporated in a rearview mirror assembly is disclosed
in commonly assigned U.S. Patent Application Publica-
tion No. US 2002/0193946 A1. An example of both tele-
phone/telematics system and a Bluetooth™ system in-
corporated in a rearview mirror assembly is disclosed in
commonly assigned U.S. Patent Application No. US
2002/0032510 A1. Examples of a trainable garage door
opening systems and RKE systems incorporated in a
rearview mirror assembly are disclosed in U.S. Patent
No. 6,091,343.
[0189] The mirror may further include an infrared (IR)
transmitter/receiver for transmitting/receiving informa-
tion to and from the mirror assembly and possibly to and
from the vehicle. An example of such a rearview mirror
assembly is disclosed in commonly assigned U.S. Patent
No. 6,407,712.
[0190] The mirror assembly may further include one or
more of the same or different types of displays. Examples
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of different types of displays include vacuum fluorescent,
LCD, reverse LCD, LED, organic LED, dot matrix, backlit
indicia, etc. For displays intended to simultaneously dis-
play significant amounts of information, the display dis-
closed in commonly assigned U.S. Patent No. 6,346,698
may be used. The entire disclosure of which is incorpo-
rated herein by reference. Examples of backlit indicia
panel displays are disclosed in commonly assigned U.S.
Patent Nos. 6,170,956, 6,572,233, and 6,356,376. Var-
ious displays used in rearview mirrors are disclosed in
commonly assigned U.S. Patent No. 6,356,376 and in
U.S. Patent Application Publication No. US
2002/0154379 A1.
[0191] The wiring for the vehicle accessories in the
rearview mirror assembly housing may be run through
the mounting bracket and along the windshield (if the
mounting bracket does not already extend to the head-
liner) under a channel mount. An example of a rearview
mirror assembly in which the wiring for accessories in
the mirror assembly housing is routed through the mount-
ing bracket is disclosed in commonly assigned U.S. Pat-
ent No. 6,467,919.
[0192] While the present invention has been described
as being implemented with the sensors positioned within
the housing of a rearview mirror assembly, the sensors
could be mounted in the mounting foot or in any other
location of the rearview mirror assembly. Further still, any
or all of the various components of the inventive elec-
tronic compass may be mounted elsewhere in the vehi-
cle. It will be further appreciated that certain embodi-
ments of the present invention are novel and useful in
vehicles such as land-based vehicles (i.e., automobiles,
trucks, sport utility vehicles (SUVs), trains, motorcycles,
bicycles, mopeds, scooters, snowmobiles, all-terrain ve-
hicles (ATVs), and military vehicles) as well as in other
vehicles such as airplanes, marine vessels, and amphib-
ious vehicles.
[0193] Although the present invention is described as
utilizing a process whereby the signals output from the
magnetic sensing circuit are plotted in reference to one
another in a two- or three-dimensional coordinate sys-
tem, an analogous approach may be to process and an-
alyze the signals separately and then compare the results
of the separate analysis to arrive at a similar result.
[0194] The above description is considered that of the
preferred embodiments only. Modifications of the inven-
tion will occur to those skilled in the art and to those who
make or use the invention. Therefore, it is understood
that the embodiments shown in the drawings and de-
scribed above are merely for illustrative purposes and
not intended to limit the scope of the invention, which is
defined by the following claims as interpreted according
to the principles of patent law, including the doctrine of
equivalents.

Claims

1. A rearview assembly (10) for a vehicle for providing
an image of a scene to the rear of a driver, compris-
ing:

a housing (30) for attachment to the vehicle;
a display (45) positioned in said housing (30);
an audio/data RF transceiver (585) associated
with said housing (30) for receiving wireless au-
dio and data RF signals from a device proximate
the vehicle;
a controller (588) positioned in said housing (30)
and coupled to said display (45) and said au-
dio/data RF transceiver (585), said controller
(588) being configured to control said display
(45) to indicate the presence of a wireless con-
nection to a device proximate the vehicle by
showing a signal strength indicator (958) in the
display (45) showing the strength of the cellular
wireless signal;
a hands-free microphone (140) associated with
a mounting structure for providing an audio sig-
nal to said audio/data RF transceiver (585); and
at least one hands-free speaker (400) associat-
ed with said mounting structure for receiving an
audio signal from said audio/data RF transceiver
(585);
wherein said controller (588) is adapted to de-
termine whether portable telephones (800) hav-
ing predetermined identification codes are with-
in the range of said audio/data RF transceiver
(585), said controller (588) being configured to
establish a priority amongst the portable tele-
phones for use of said hands-free microphone
(140) and said hands-free speaker (400), said
controller (588) being adapted to exchange data
with the portable telephones through said au-
dio/data RF transceiver (585) causing the port-
able telephone with the highest priority to disable
its microphone, wherein said controller (588) is
adapted to enable speech to be picked up by
said hands-free microphone (140) and transmit-
ted to the portable telephone with the highest
priority through said audio/data RF transceiver
(585);
wherein said display (45) is configured to display
the identities of all of the portable telephones
having predetermined identification codes that
are within the range of the audio/data RF trans-
ceiver (585).

2. The rearview assembly of claim 1, wherein said dis-
play (45) is configured to display the identity of the
device to which a wireless connection is made.

3. The rearview assembly of claim 1, wherein said con-
troller (588) is adapted to determine whether a port-
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able telephone (800) having a predetermined iden-
tification code is within the range of said audio/data
RF transceiver (585) and is adapted to exchange
data with the portable telephone (800) through said
audio/data RF transceiver (585) causing the portable
telephone (800) to disable its microphone, wherein
said controller (588) is adapted to enable speech to
be picked up by said hands-free microphone (140)
and to transmit to the portable telephone (800)
through said audio/data RF transceiver (585).

4. The rearview assembly of claim 1, wherein said dis-
play (45) is configured to display the identity of the
portable telephone with the highest priority.

5. The rearview assembly of claim 1, wherein said con-
troller (588) is adapted to be operative in a pairing
mode and an operational mode, during the pairing
mode, said controller (588) is adapted to search for,
to discover and to acquire a unique identification
code of a device with which said audio/data RF trans-
ceiver (585) is to be paired, during the operational
mode, said controller (588) is adapted to determine
whether a device having the unique identification
code is within the range of said audio/data RF trans-
ceiver (585) and to exchange data with the device
through said audio/data RF transceiver (585), also
during the operational mode, said controller (588) is
adapted to prevent the exchange of certain data with
detected devices that are not paired with said au-
dio/data RF transceiver (585).

6. The rearview assembly of claim 5, wherein said dis-
play (45) is configured to display the identity of a
device with which said audio/data RF transceiver
(585) is paired.

7. The rearview assembly of claim 1, wherein said
housing (30) is a mirror housing in which a mirror
element (140) is disposed.

8. The rearview assembly of claim 1, wherein said
housing (30) defines an interior space that is acous-
tically separated into at least two chambers (406,
408), and the rearview assembly further comprises
a first speaker (400a) located in a first one of said at
least two chambers (406, 408) of said interior space
of said housing (30).

9. The rearview assembly for a vehicle of claim 1, fur-
ther comprising:

a mirror housing for attaching to the vehicle, said
mirror housing having a top, bottom, and rear
surface;
a mirror (40) disposed in said mirror housing and
having a front surface;
a first microphone subassembly (140a) located

on the top surface of said mirror housing; and
a second microphone subassembly (140b) lo-
cated on the bottom surface of said mirror hous-
ing.

10. The rearview assembly of claim 9 and further com-
prising:

a first speaker (400a) located in said mirror
housing; and
a second speaker (400b) located in said mirror
housing at an opposite side of said mirror hous-
ing.

11. The rearview assembly of claim 10, wherein said first
and second microphone subassemblies (140a,
140b) are located at a mid point between said first
and second speakers (400a, 400b).

12. The rearview assembly of claim 10, wherein said first
and second microphone subassemblies (140a,
140b) are not located at a mid point between said
first and second speakers (400a, 400b).

13. The rearview assembly of claim 9, wherein said sec-
ond microphone subassembly (140a, 140b) has a
maximum sensitivity in the direction of a driver of the
vehicle and said first microphone subassembly
(140a) has a maximum sensitivity in the direction of
a front seat passenger of the vehicle.

14. The rearview assembly of claim 9, wherein at least
one of said first and second microphone subassem-
blies (140a, 140b) comprises more than one trans-
ducer.

15. The rearview mirror assembly of claim 9, wherein at
least one of said first and second microphone sub-
assemblies (140a, 140b) comprises more than one
microphone.

16. The rearview assembly for a vehicle of claim 1,
wherein the housing (30) defines an interior space
that is acoustically separated into at least two cham-
bers (408); and
a first speaker (400a) located in a first one of said at
least two chambers of said interior space of said
housing (30).

17. The rearview assembly of claim 16 and further com-
prising a microphone subassembly (140) located at
least partially within a second one of said at least
two chambers of said interior space of said housing
(30).

18. The rearview assembly of claim 17 and further com-
prising a second speaker (400b) located in a third
one of said at least two chambers of said interior
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space of said housing (30).

19. The rearview assembly of claim 16 and further com-
prising a second speaker (400b) located in a second
one of said at least two chambers of said interior
space of said housing (30).

20. The rearview assembly of claim 16, wherein said first
speaker (400a) is mounted in said housing (30) so
as to create another acoustic chamber (406) in front
of said first speaker (400a).

21. The rearview assembly of claim 20, wherein said
housing (30) includes ports (402) acoustically cou-
pled to said another acoustic chamber (406), and
wherein said ports (402) and said another acoustic
chamber (406) are configured such that said first
speaker (400a) exhibits a resonant frequency falling
within the range of about 2000 Hz to 4000 Hz.

22. The rearview assembly of claim 16 and further com-
prising a device for providing a rearward view of a
scene behind the vehicle, said device being support-
ed by said housing (30).

23. The rearview assembly for a vehicle of claim 1,
wherein the housing (30) defines an interior space;
a device (40) for providing a rearward view of a scene
behind the vehicle; and
a first speaker (400a) located in said interior space
of said housing (30), wherein a front acoustic cham-
ber (406) is defined between a front of said first
speaker and an interior surface of said housing (30),
said front acoustic chamber (406) having a volume
V, at least one port (402) having an acoustic resist-
ance rA is provided through said housing (30) in front
of said front acoustic chamber (406), and wherein
said front acoustic chamber (406) and said at least
one port (402) are configured to satisfy the following
equation: 

where: f = resonance frequency;
n = number of ports;
ωi = width of port i;

li = length of port i;
d = wall thickness of the housing;
p = density of air (in g/cm3);
m = viscosity coefficient = 1.86x10-4 for air; and
c = velocity of sound (in cm/sec).

24. The rearview assembly of claim 23, wherein the res-
onant frequency f is about 3000 Hz.

25. The rearview assembly of claim 23, wherein said de-
vice (40) for providing a rearward view is supported
by said housing (30).

26. The rearview assembly for a vehicle of claim 1, fur-
ther comprising:

a device (40) for providing a rearward view of a
scene behind the vehicle; and
a first speaker (400a) located in said interior
space of said housing (300), wherein a front
acoustic chamber (406) is defined in front of said
first speaker (400a), at least one port (402) is
provided in front of said front acoustic chamber
(406), and wherein said at least one port (402)
and said front acoustic chamber (406) are con-
figured such that said first speaker (400a) ex-
hibits a resonant frequency falling within the
range of about 2000 Hz to 4000 Hz.

27. The rearview assembly of claim 26, wherein the res-
onant frequency is about 3000 Hz.

28. The rearview assembly of claims 22, 23, 25 or 26,
wherein said device (40) is a mirror element.

29. The rearview assembly of claims 23 or 26 and further
comprising a second speaker (400b) located in said
interior space of said housing (30).

30. The rearview assembly of claim 29, wherein a sec-
ond front acoustic chamber (408) is defined between
a front of said second speaker (400b) and an interior
surface of said housing (30), said second front
acoustic chamber (408) having a volume V, at least
one port (402) having an acoustic resistance rA is
provided through said housing (30) in front of said
second front acoustic chamber (408), and wherein
said second front acoustic chamber (408) and said
at least one port (402) are 

where: f = resonance frequency;
n = number of ports;
ωi = width of port i;

li = length of port i;
d = wall thickness of the housing;
p = density of air (in g/cm3);
m = viscosity coefficient = 1.86x10-4 for air; and
c = velocity of sound (in cm/sec).

31. The rearview assembly of claim 29, wherein a sec-
ond front acoustic chamber (408) is defined between
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a front of said second speaker (400b) and an interior
surface of said housing (30), said front acoustic
chamber (406), at least one second port (402) is pro-
vided through said housing (30) in front of said sec-
ond front acoustic chamber (408), and wherein said
at least one second port (402) and said second front
acoustic chamber (408) are configured such that
said second speaker (400b) exhibits a resonant fre-
quency falling within the range of about 2000 Hz to
4000 Hz.

32. The rearview assembly of claim 30 or 31, wherein
the resonant frequency of said second speaker
(400b) is about 3000 Hz.

33. The rearview assembly of claims 23 or 26 and further
comprising at least one microphone subassembly
(140a, 140b) supported by said housing (30).

34. The rearview assembly of claim 26, wherein said at
least one port (402) is provided through said housing
(30) and said front acoustic chamber (406) is defined
between the front of said first speaker (400a) and an
interior surface of said housing (30).

35. The rearview assembly of claim 26, wherein said de-
vice (40) for providing a rearward view is supported
by said housing (30).

36. The rearview assembly of claims 16, 23 or 26 and
further comprising a mounting structure for being
mounted to the vehicle proximate a vehicle wind-
shield, wherein said housing (30) is attached to said
mounting structure.

37. The rearview assembly of claim 36 and further com-
prising a mirror element, wherein said mounting
structure comprises a mirror housing and a mirror
mount and said mirror element is mounted in said
mirror housing.

38. The rearview assembly of claim 37, wherein the
housing (30) in which said first speaker (400a) is
mounted is separate from said mirror housing.

39. The rearview assembly of claims 16, 23 or 26, where-
in said first speaker (400a) is mounted in said hous-
ing (30) so as to be aimed at the vehicle windshield.

Patentansprüche

1. Rückspiegelanordnung (10) für ein Fahrzeug zum
Bereitstellen eines Abbilds einer Szene hinter einem
Fahrer, umfassend:

ein Gehäuse (30) zum Befestigen an dem Fahr-
zeug;

ein in dem Gehäuse positionierter Bildschirm
(45);
einen Audio-/Daten-HF-Sendeempfänger
(585), der zum Empfangen drahtloser Audio-
und Daten-HF-Signale von einer Vorrichtung in
der Nähe des Fahrzeugs mit dem Gehäuse (30)
verbunden ist;
eine Steuerung (588), die in dem Gehäuse (30)
positioniert und mit dem Bildschirm (45) und
dem Audio-/Daten-HF-Sendeempfänger (585)
gekoppelt ist, wobei die Steuerung (588) aus-
gestaltet ist, den Bildschirm (45) zu steuern, das
Vorhandensein einer drahtlosen Verbindung zu
einer Vorrichtung in der Nähe des Fahrzeugs
anzugeben, indem sie einen Signalstärkeanzei-
ger (958) in dem Bildschirm (45) zeigt, der die
Stärke des drahtlosen Mobilsignals zeigt;
ein Freisprechmikrofon (140), das zum Bereit-
stellen eines Audiosignals an den Audio-/Daten-
HF-Sendeempfänger (585) mit einer Befesti-
gungsstruktur verbunden ist; und
mindestens einen Freisprechlautsprecher
(400), der zum Empfangen eines Audiosignals
von dem Audio-/Daten-HF-Sendeempfänger
(585) mit der Befestigungsstruktur verbunden
ist;
wobei die Steuerung (588) angepasst ist, zu be-
stimmen, ob Mobiltelefone (800) mit vorgege-
benen Identifikationscodes innerhalb des Be-
reichs des Audio-/Daten-HF-Sendeempfängers
(585) liegen, wobei die Steuerung (588) ausge-
staltet ist, eine Priorität unter den Mobiltelefonen
zur Verwendung des Freisprechmikrofons (140)
und des Freisprechlautsprechers (400) festzu-
legen,
wobei die Steuerung (588) angepasst ist, Daten
mit den Mobiltelefonen durch den Audio-/Daten-
HF-Sendeempfänger (585) auszutauschen,
was das Mobiltelefon mit der höchsten Priorität
dazu veranlasst, sein Mikrofon abzuschalten,
wobei die Steuerung (588) angepasst ist, zu er-
möglichen, dass Sprache von dem Freisprech-
mikrofon (140) aufgenommen und an das Mo-
biltelefon mit der höchsten Priorität durch den
Audio-/Daten-HF-Sendeempfänger (585) über-
tragen wird;
wobei der Bildschirm (45) ausgestaltet ist, die
Identitäten aller Mobiltelefone mit vorgegebe-
nen Identifikationscodes, die innerhalb des Be-
reichs des Audio-/Daten-HF-Sendeempfängers
(585) liegen, anzuzeigen.

2. Rückspiegelanordnung nach Anspruch 1, wobei der
Bildschirm (45) ausgestaltet ist, die Identität der Vor-
richtung, zu der eine drahtlose Verbindung herge-
stellt wird, anzuzeigen.

3. Rückspiegelanordnung nach Anspruch 1, wobei die
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Steuerung (588) angepasst ist, zu bestimmen, ob
ein Mobiltelefon (800) mit einem vorgegebenen
Identifikationscode innerhalb des Bereichs des Au-
dio-/Daten-HF-Sendeempfängers (585) liegt, und
angepasst ist, Daten mit dem Mobiltelefon (800)
durch den Audio-/Daten-HF-Sendeempfänger (585)
auszutauschen, was das Mobiltelefon (800) dazu
veranlasst, sein Mikrofon auszuschalten, wobei die
Steuerung (588) angepasst ist, zu ermöglichen,
dass Sprache von dem Freisprechmikrofon (140)
aufgenommen und durch den Audio-/Daten-HF-
Sendeempfänger (585) an das Mobiltelefon (800)
übertragen wird.

4. Rückspiegelanordnung nach Anspruch 1, wobei der
Bildschirm (45) ausgestaltet ist, die Identität des Mo-
biltelefons mit der höchsten Priorität anzuzeigen.

5. Rückspiegelanordnung nach Anspruch 1, wobei die
Steuerung (588) angepasst ist, in einem Paarungs-
modus und einem Betriebsmodus betriebsfähig zu
sein, die Steuerung während des Paarungsmodus
(588) angepasst ist, einen eindeutigen Identifikati-
onscode einer Vorrichtung, mit der der Audio-/Da-
ten-HF-Sendeempfanger (585) zu paaren ist, zu su-
chen, zu entdecken und zu erfassen, die Steuerung
(588) während des Betriebsmodus angepasst ist, zu
bestimmen, ob eine Vorrichtung mit dem eindeuti-
gen Identifikationscode innerhalb eines Bereichs
des Audio-/Daten-HF-Sendeempfängers (585) liegt
und Daten mit der Vorrichtung durch den Audio-/Da-
ten-HF-Sendeempfänger (585) auszutauschen, und
außerdem im Betriebsmodus die Steuerung (588)
angepasst ist, den Austausch bestimmter Daten mit
erkannten Vorrichtungen, die nicht mit dem Au-
dio-/Daten-HF-Sendeempfänger (585) gepaart sind,
zu verhindern.

6. Rückspiegelanordnung nach Anspruch 5, wobei der
Bildschirm (45) ausgestaltet ist, die Identität einer
Vorrichtung, mit der der Audio-/Daten-HF-Sende-
empfänger (585) gepaart ist, anzuzeigen.

7. Rückspiegelanordnung nach Anspruch 1, wobei das
Gehäuse (30) ein Spiegelgehäuse ist, in dem ein
Spiegelelement (140) angeordnet ist.

8. Rückspiegelanordnung nach Anspruch 1, wobei das
Gehäuse (30) einen Innenraum bestimmt, der akus-
tisch in mindestens zwei Kammern (406, 408) ge-
trennt ist, und die Rückspiegelanordnung überdies
einen ersten Lautsprecher (400a) umfasst, der sich
in einer ersten der mindestens zwei Kammern (406,
408) des Innenraums des Gehäuses (30) befindet.

9. Rückspiegelanordnung für ein Fahrzeug nach An-
spruch 1, überdies umfassend:

ein Spiegelgehäuse zum Befestigen an dem
Fahrzeug, wobei das Spiegelgehäuse eine Ob-
er-, Unter- und Rückseite aufweist;
einen Spiegel (40), der in dem Spiegelgehäuse
angeordnet ist und eine Vorderseite aufweist;
eine erste Mikrofon-Unterbaugruppe (140a), die
sich an der Oberseite des Spiegelgehäuses be-
findet; und
eine zweite Mikrofon-Unterbaugruppe (140b),
die sich an der Unterseite des Spiegelgehäuses
befindet.

10. Rückspiegelanordnung nach Anspruch 9 und über-
dies umfassend:

einen ersten Lautsprecher (400a), der sich in
dem Spiegelgehäuse befindet; und
einen zweiten Lautsprecher (400b), der sich in
dem Spiegelgehäuse auf einer gegenüberlie-
genden Seite des Spiegelgehäuses befindet.

11. Rückspiegelanordnung nach Anspruch 10, wobei
sich die erste und zweite Mikrofon-Unterbaugruppe
(140a, 140b) auf einem Mittelpunkt zwischen dem
ersten und zweiten Lautsprecher (400a, 400b) be-
finden.

12. Rückspiegelanordnung nach Anspruch 10, wobei
sich die erste und zweite Mikrofon-Unterbaugruppe
(140a, 140b) nicht auf einem Mittelpunkt zwischen
dem ersten und zweiten Lautsprecher (400a, 400b)
befinden.

13. Rückspiegelanordnung nach Anspruch 9, wobei die
zweite Mikrofon-Unterbaugruppe (140a, 140b) eine
Höchstempfindlichkeit in der Richtung eines Fahrers
des Fahrzeugs aufweist, und die erste Mikrofon-Un-
terbaugruppe (140a) eine Höchstempfindlichkeit in
der Richtung eines Beifahrers auf dem Vordersitz
des Fahrzeugs aufweist.

14. Rückspiegelanordnung nach Anspruch 9, wobei
mindestens eine von der ersten und zweiten Mikro-
fon-Unterbaugruppe (140a, 140b) mehr als einen
Wandler umfasst.

15. Rückspiegelanordnung nach Anspruch 9, wobei
mindestens eine von der ersten und zweiten Mikro-
fon-Unterbaugruppe (140a, 140b) mehr als ein Mi-
krofon umfasst.

16. Rückspiegelanordnung für ein Fahrzeug nach An-
spruch 1, wobei das Gehäuse (30) einen Innenraum
bestimmt, der akustisch in mindestens zwei Kam-
mern (408) getrennt ist; und
einen ersten Lautsprecher (400a) in einer ersten der
mindestens zwei Kammern des Innenraums des Ge-
häuses (30).

59 60 



EP 1 638 810 B1

32

5

10

15

20

25

30

35

40

45

50

55

17. Rückspiegelanordnung nach Anspruch 16 und über-
dies umfassend eine Mikrofon-Unterbaugruppe
(140), die sich zumindest teilweise innerhalb einer
zweiten der mindestens zwei Kammern des Innen-
raums des Gehäuses (30) befindet.

18. Rückspiegelanordnung nach Anspruch 17 und über-
dies umfassend einen zweiten Lautsprecher (400b),
der sich in einer dritten der mindestens zwei Kam-
mern des Innenraums des Gehäuses (30) befindet.

19. Rückspiegelanordnung nach Anspruch 16 und über-
dies umfassend einen zweiten Lautsprecher (400b),
der sich in einer zweiten der mindestens zwei Kam-
mern des Innenraums des Gehäuses (30) befindet.

20. Rückspiegelanordnung nach Anspruch 16, wobei
der erste Lautsprecher (400a) in dem Gehäuse (30)
so montiert ist, dass eine weitere akustische Kam-
mer (406) vor dem ersten Lautsprecher (400a) ge-
schaffen wird.

21. Rückspiegelanordnung nach Anspruch 20, wobei
das Gehäuse (30) Ports (402) umfasst, die akustisch
mit der weiteren akustischen Kammer (406) gekop-
pelt sind, und wobei die Ports (402) und die weitere
akustische Kammer (406) derart ausgestaltet sind,
dass der erste Lautsprecher (400a) eine Resonanz-
frequenz aufweist, die in den Bereich von ungefähr
2000 Hz bis 4000 Hz fällt.

22. Rückspiegelanordnung nach Anspruch 16 und über-
dies umfassend eine Vorrichtung zum Bereitstellen
einer Rückansicht von einer Szene hinter dem Fahr-
zeug, wobei die Vorrichtung von dem Gehäuse (30)
gehalten wird.

23. Rückspiegelanordnung für ein Fahrzeug nach An-
spruch 1, wobei das Gehäuse (30) einen Innenraum
bestimmt;
eine Vorrichtung (40) zum Bereitstellen einer Rück-
ansicht von einer Szene hinter dem Fahrzeug;
und
einen ersten Lautsprecher (400a), der sich in dem
Innenraum des Gehäuses (30) befindet, wobei eine
vordere akustische Kammer (406) zwischen einer
Vorderseite des ersten Lautsprechers und einer In-
nenseite des Gehäuses (30) bestimmt ist, wobei die
vordere akustische Kammer (406) ein Volumen V
aufweist, mindestens ein Port (402), der einen akus-
tischen Widerstand rA aufweist, durch das Gehäuse
(30) vor der vorderen akustischen Kammer (406)
hindurch vorgesehen ist, und wobei die vordere
akustische Kammer (406) und der mindestens eine
Port (402) ausgestaltet sind, die folgende Gleichung
zu erfüllen: 

wobei: f = Resonanzfrequenz
n = Anzahl der Ports
ωi = Breite von Port i;
li = Länge von Port i;
d = Wandstärke des Gehäuses;
p = Luftdichte (in g/cm3)
m = Viskositätskoeffizient = 1,86x10-4 für Luft,
und
c = Schallgeschwindigkeit (in cm/sec).

24. Rückspiegelanordnung nach Anspruch 23, wobei
die Resonanzfrequenz ungefähr 3000 Hz beträgt.

25. Rückspiegelanordnung nach Anspruch 23, wobei
die Vorrichtung (40) zum Bereitstellen einer Rück-
ansicht mittels des Gehäuses (30) gehalten wird.

26. Rückspiegelanordnung für ein Fahrzeug nach An-
spruch 1, überdies umfassend:

eine Vorrichtung (40) zum Bereitstellen einer
Rückansicht von einer Szene hinter dem Fahr-
zeug;
und
einen ersten Lautsprecher (400a), der sich in
dem Innenraum des Gehäuses (300) befindet,
wobei eine vordere akustische Kammer (406)
vor dem ersten Lautsprecher (400a) bestimmt
ist, mindestens ein Port (402) vor der vorderen
akustischen Kammer (406) vorgesehen ist, und
wobei der mindestens eine Port (402) und die
vordere akustische Kammer (406) derart aus-
gestaltet sind, dass der erste Lautsprecher
(400a) eine Resonanzfrequenz aufweist, die in
den Bereich von ungefähr 2000 Hz bis 4000 Hz
fällt.

27. Rückspiegelanordnung nach Anspruch 26, wobei
die Resonanzfrequenz ungefähr 3000 Hz beträgt.

28. Rückspiegelanordnung nach den Ansprüchen 22,
23, 25 oder 26, wobei die Vorrichtung (40) ein Spie-
gelelement ist.

29. Rückspiegelanordnung nach Anspruch 23 oder 26
und überdies umfassend einen zweiten Lautspre-
cher (400b), der sich in dem Innenraum des Gehäu-
ses (30) befindet.

30. Rückspiegelanordnung nach Anspruch 29, wobei ei-
ne zweite vordere akustische Kammer (408) zwi-
schen einer Vorderseite des zweiten Lautsprechers
(400b) und einer Innenseite des Gehäuses (30) be-
stimmt ist, wobei die zweite vordere akustische Kam-
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mer (408) ein Volumen V aufweist, mindestens ein
Port (402), der einen akustischen Widerstand rA auf-
weist, durch das Gehäuse (30) vor der zweiten vor-
deren akustischen Kammer (408) vorgesehen ist,
und wobei die zweite vordere akustische Kammer
(408) und der mindestens eine Port Folgendes sind: 

wobei: f = Resonanzfrequenz
n = Anzahl der Ports
ωi = Breite von Port i;
li = Länge von Port i;
d = Wandstärke des Gehäuses;
p = Luftdichte (in g/cm3)
m = Viskositätskoeffizient = 1,86x10-4 für Luft,
und
c = Schallgeschwindigkeit (in cm/sec).

31. Rückspiegelanordnung nach Anspruch 29, wobei ei-
ne zweite vordere akustische Kammer (408) zwi-
schen einer Vorderseite des zweiten Lautsprechers
(400b) und einer Innenseite des Gehäuses (30) be-
stimmt ist, die vordere akustische Kammer (406),
mindestens ein zweiter Port (402) durch das Gehäu-
se (30) vor der zweiten akustischen Kammer (408)
hindurch vorgesehen ist, und wobei der mindestens
eine zweite Port (402) und die zweite vordere akus-
tische Kammer (408) derart ausgestaltet sind, dass
der zweite Lautsprecher (400b) eine Resonanzfre-
quenz aufweist, die in den Bereich von ungefähr
2000 Hz bis 4000 Hz fällt.

32. Rückspiegelanordnung nach Anspruch 30 oder 31,
wobei die Resonanzfrequenz des zweiten Lautspre-
chers (400b) ungefähr 3000 Hz beträgt.

33. Rückspiegelanordnung nach Anspruch 23 oder 26
und überdies umfassend mindestens eine Mikrofon-
Unterbaugruppe (140a, 140b), die durch das Gehäu-
se (30) gehalten wird.

34. Rückspiegelanordnung nach Anspruch 26, wobei
der mindestens eine Port (402) durch das Gehäuse
(30) hindurch vorgesehen ist und die vordere akus-
tische Kammer (406) zwischen der Vorderseite des
ersten Lautsprechers (400a) und einer Innenseite
des Gehäuses (30) bestimmt ist.

35. Rückspiegelanordnung nach Anspruch 26, wobei
die Vorrichtung (40) zum Bereitstellen einer Rück-
ansicht von dem Gehäuse (30) gehalten wird.

36. Rückspiegelanordnung nach Anspruch 16, 23 oder
26 und überdies umfassend eine Befestigungsstruk-
tur zum Montieren an dem Fahrzeug in der Nähe

einer Fahrzeug-Windschutzscheibe, wobei das Ge-
häuse (30) an der Befestigungsstruktur befestigt ist.

37. Rückspiegelanordnung nach Anspruch 36 und über-
dies umfassend ein Spiegelelement, wobei die Be-
festigungsstruktur ein Spiegelgehäuse und eine
Spiegelhalterung umfasst und das Spiegelelement
in dem Spiegelgehäuse montiert ist.

38. Rückspiegelanordnung nach Anspruch 37, wobei
das Gehäuse (30), in dem der erste Lautsprecher
(400a) montiert ist, von dem Spiegelgehäuse ge-
trennt ist.

39. Rückspiegelanordnung nach Anspruch 16, 23 oder
26, wobei der erste Lautsprecher (400a) in dem Ge-
häuse (30) derart montiert ist, dass er auf die Fahr-
zeug-Windschutzscheibe gerichtet ist.

Revendications

1. Ensemble rétroviseur (10) pour véhicule destiné à
fournir une image d’une scène située derrière un
conducteur comprenant :

un boîtier (30) à fixer au véhicule ;
un afficheur (45) placé dans ledit boîtier (30) ;
un émetteur-récepteur RF de données/sons
(585) associé audit boîtier (30) afin de recevoir
des signaux RF de données et de sons sans fil
d’un dispositif à proximité du véhicule ;
un dispositif de commande (588) placé dans le-
dit boîtier (30) et accouplé audit afficheur (45)
et audit émetteur-récepteur RF de don-
nées/sons (585), ledit dispositif de commande
(588) étant configuré pour commander ledit af-
ficheur (45) afin d’indiquer la présence d’une
connexion sans fil à un dispositif à proximité du
véhicule par l’affichage d’un indicateur de force
de signal (958) dans l’afficheur (45) montrant la
force du signal cellulaire sans fil ;
un microphone mains-libres (140) associé à une
structure de montage afin de fournir un signal
audio audit émetteur-récepteur RF de don-
nées/sons (585) ; et
au moins un haut-parleur mains-libres (400) as-
socié à ladite structure de montage afin de re-
cevoir un signal audio provenant dudit émetteur-
récepteur RF de données/sons (585) ;
dans lequel ledit dispositif de commande (588)
est apte à déterminer si des téléphones porta-
bles (800) ayant des codes d’identification pré-
définis se trouvent au sein de la plage dudit
émetteur-récepteur RF de données/sons (585),
ledit dispositif de commande (588) étant confi-
guré pour établir une priorité parmi les télépho-
nes portables afin d’utiliser ledit microphone
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mains-libres (140) et ledit haut-parleur mains-
libres (400), ledit dispositif de commande (588)
étant apte à échanger des données avec les té-
léphones portables par le biais dudit émetteur-
récepteur RF de données/sons (585), ce qui
amène le téléphone portable ayant la plus haute
priorité à désactiver son microphone, dans le-
quel ledit dispositif de commande (588) est apte
à permettre le recueil de la parole par ledit mi-
crophone mains-libres (140) et sa transmission
au téléphone portable ayant la plus haute prio-
rité par le biais dudit émetteur-récepteur RF de
données/sons (585) ;
dans lequel ledit afficheur (45) est configuré
pour afficher les identités de tous les téléphones
portables ayant des codes d’identification pré-
définis qui se trouvent au sein de la plage de
l’émetteur-récepteur RF de données/sons
(585).

2. Ensemble rétroviseur selon la revendication 1 dans
lequel ledit afficheur (45) est configuré pour afficher
l’identité du dispositif avec lequel est établie une con-
nexion sans fil.

3. Ensemble rétroviseur selon la revendication 1 dans
lequel ledit dispositif de commande (588) est apte à
déterminer si un téléphone portable (800) ayant un
code d’identification prédéfini se trouve au sein de
la plage dudit émetteur-récepteur RF de don-
nées/sons (585) et est apte à échanger des données
avec le téléphone portable (800) par le biais dudit
émetteur-récepteur RF de données/sons (585),
amenant le téléphone portable (800) à désactiver
son microphone, dans lequel ledit dispositif de com-
mande (588) est apte à permettre le recueil de la
parole par ledit microphone mains-libres (140) et sa
transmission au téléphone portable (800) par le biais
dudit émetteur-récepteur RF de données/sons
(585).

4. Ensemble rétroviseur selon la revendication 1 dans
lequel ledit afficheur (45) est configuré pour afficher
l’identité du téléphone portable ayant la plus haute
priorité.

5. Ensemble rétroviseur selon la revendication 1 dans
lequel ledit dispositif de commande (588) est apte à
être opérationnel dans un mode d’appairage et un
mode opérationnel, pendant le mode d’appairage,
ledit dispositif de commande (588) est apte à cher-
cher, découvrir et acquérir un code d’identification
unique d’un dispositif avec lequel l’émetteur-récep-
teur RF de données/sons (585) doit être appairé,
pendant le mode opérationnel, ledit dispositif de
commande (588) est apte à déterminer si un dispo-
sitif ayant le code d’identification unique se trouve
au sein de la plage dudit émetteur-récepteur RF de

données/sons (585) et à échanger des données
avec le dispositif par le biais dudit émetteur-récep-
teur RF de données/sons (585), également pendant
le mode opérationnel, ledit dispositif de commande
(588) est apte à empêcher l’échange de certaines
données avec des dispositifs détectés qui ne sont
pas appairés avec ledit émetteur-récepteur RF de
données/sons (585).

6. Ensemble rétroviseur selon la revendication 5 dans
lequel ledit afficheur (45) est configuré pour afficher
l’identité d’un dispositif avec lequel ledit émetteur-
récepteur RF de données/sons (585) est appairé.

7. Ensemble rétroviseur selon la revendication 1 dans
lequel ledit boîtier (30) est un boîtier de miroir dans
lequel est disposé un élément miroir (140).

8. Ensemble rétroviseur selon la revendication 1 dans
lequel ledit boîtier (30) définit un espace intérieur
divisé au plan acoustique en au moins deux cham-
bres (406, 408) et l’ensemble rétroviseur comprend
en outre un premier haut-parleur (400a) situé dans
une première desdites au moins deux chambres
(406, 408) dudit espace intérieur dudit boîtier (30).

9. Ensemble rétroviseur pour véhicule selon la reven-
dication 1 comprenant en outre :

un boîtier de miroir à fixer au véhicule, ledit boî-
tier de miroir ayant une surface de dessus, une
surface de fond et une surface arrière ;
un miroir (40) disposé dans ledit boîtier de miroir
et ayant une surface avant ;
un premier sous-ensemble microphone (140a)
situé sur la surface de dessus dudit boîtier de
miroir ; et
un second sous-ensemble microphone (140b)
situé sur la surface de fond dudit boîtier de mi-
roir.

10. Ensemble rétroviseur selon la revendication 9 et
comprenant en outre :

un premier haut-parleur (400a) situé dans ledit
boîtier de miroir ; et
un second haut-parleur (400b) situé dans ledit
boîtier de miroir au niveau d’un côté opposé du-
dit boîtier de miroir.

11. Ensemble rétroviseur selon la revendication 10 dans
lequel lesdits premier et second sous-ensembles mi-
crophone (140a, 140b) sont situés à un point médian
entre lesdits premier et second haut-parleurs (400a,
400b).

12. Ensemble rétroviseur selon la revendication 10 dans
lequel lesdits premier et second sous-ensembles mi-
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crophone (140a, 140b) ne sont pas situés à un point
médian entre lesdits premier et second haut-
parleurs (400a, 400b).

13. Ensemble rétroviseur selon la revendication 9 dans
lequel ledit second sous-ensemble microphone
(140a, 140b) présente une sensibilité maximum
dans la direction d’un conducteur du véhicule et ledit
premier sous-ensemble microphone (140a) présen-
te une sensibilité maximum dans la direction d’un
passager avant du véhicule.

14. Ensemble rétroviseur selon la revendication 9 dans
lequel lesdits premier et/ou second sous-ensembles
microphone (140a, 140b) comprennent plus d’un
transducteur.

15. Ensemble miroir de rétroviseur selon la revendica-
tion 9 dans lequel lesdits premier et/ou second sous-
ensembles microphone (140a, 140b) comprennent
plus d’un microphone.

16. Ensemble rétroviseur pour véhicule selon la reven-
dication 1 dans lequel le boîtier (30) définit un espace
intérieur qui est divisé au plan acoustique en au
moins deux chambres (408) ; et
un premier haut-parleur (400a) situé dans une pre-
mière desdites au moins deux chambres dudit es-
pace intérieur dudit boîtier (30).

17. Ensemble rétroviseur selon la revendication 16 et
comprenant en outre un sous-ensemble microphone
(140) situé au moins partiellement au sein d’une
deuxième desdites au moins deux chambres dudit
espace intérieur dudit boîtier (30).

18. Ensemble rétroviseur selon la revendication 17 et
comprenant en outre un second haut-parleur (400b)
situé dans une troisièmes desdites au moins deux
chambres dudit espace intérieur dudit boîtier (30).

19. Ensemble rétroviseur selon la revendication 16 et
comprenant en outre un second haut-parleur (400b)
situé dans une deuxième desdites au moins deux
chambres dudit espace intérieur dudit boîtier (30).

20. Ensemble rétroviseur selon la revendication 16 dans
lequel ledit premier haut-parleur (400a) est monté
dans ledit boîtier (30) de manière à créer une autre
chambre (406) acoustique devant ledit premier haut-
parleur (400a).

21. Ensemble rétroviseur selon la revendication 20 dans
lequel ledit boîtier (30) comprend des ports (402)
accouplés au plan acoustique à ladite autre chambre
(406) acoustique et dans lequel lesdits ports (402)
et ladite autre chambre (406) acoustique sont con-
çus de sorte que ledit premier haut-parleur (400a)

montre une fréquence résonante tombant au sein
de la plage comprise entre environ 2 000 Hz et 4 000
Hz.

22. Ensemble rétroviseur selon la revendication 16 et
comprenant en outre un dispositif afin de fournir une
vue arrière d’une scène située derrière le véhicule,
le dispositif étant soutenu par ledit boîtier (30).

23. Ensemble rétroviseur pour véhicule selon la reven-
dication 1 dans lequel le boîtier (30) définit un espace
intérieur ;
un dispositif (40) destiné à fournir une vue arrière
d’une scène située derrière le véhicule ; et
un premier haut-parleur (400a) situé dans ledit es-
pace intérieur dudit boîtier (30), dans lequel une
chambre (406) acoustique avant est définie entre un
avant dudit premier haut-parleur et une surface in-
térieure dudit boîtier (30), ladite chambre (406)
acoustique avant ayant un volume V, au moins un
port (402) ayant une résistance acoustique rA est
fourni à travers ledit boîtier (30) devant ladite cham-
bre (406) acoustique avant et dans lequel ladite
chambre (406) acoustique avant et ledit au moins
un port (402) sont conçus pour satisfaire l’équation
suivante : 

où f = fréquence de résonance ;
n = nombre de ports ;
ωi = largeur du port i ;
li = longueur du port i ;
d = épaisseur de paroi du boîtier ;
p = densité de l’air (en g/cm3) ;
m = coefficient de viscosité = 1,86 3 10-4 pour
l’air ; et
c = vitesse du son (en cm/seconde).

24. Ensemble rétroviseur selon la revendication 23 dans
lequel la fréquence résonante f est d’environ 3 000
Hz.

25. Ensemble rétroviseur selon la revendication 23 dans
lequel ledit dispositif (40) destiné à fournir une vue
arrière est soutenu par ledit boîtier (30).

26. Ensemble rétroviseur pour véhicule selon la reven-
dication 1 comprenant en outre :

un dispositif (40) destiné à fournir une vue ar-
rière d’une scène située derrière le véhicule ; et
un premier haut-parleur (400a) situé dans ledit
espace intérieur dudit boîtier (300) dans lequel
une chambre (406) acoustique avant est définie
à l’avant dudit premier haut-parleur (400a), au
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moins un port (402) est prévu à l’avant de ladite
chambre (406) acoustique avant et dans lequel
ledit au moins un port (402) et ladite chambre
(406) acoustique avant sont conçus de sorte que
ledit premier haut-parleur (400a) présente une
fréquence résonante tombant au sein de la pla-
ge comprise entre environ 2 000 Hz et 4 000 Hz.

27. Ensemble rétroviseur selon la revendication 26 dans
lequel la fréquence résonante est d’environ 3 000
Hz.

28. Ensemble rétroviseur selon les revendications 22,
23, 25 ou 26 dans lequel ledit dispositif (40) est un
élément miroir.

29. Ensemble rétroviseur selon les revendications 23 ou
26 et comprenant en outre un second haut-parleur
(400b) situé dans ledit espace intérieur dudit boîtier
(30).

30. Ensemble rétroviseur selon la revendication 29 dans
lequel une deuxième chambre (408) acoustique
avant est définie entre un avant dudit second haut-
parleur (400b) et une surface intérieure dudit boîtier
(30), ladite deuxième chambre (408) acoustique
avant ayant un volume V, au moins un port (402)
ayant une résistance acoustique rA est prévu à tra-
vers ledit boîtier (30) à l’avant de ladite deuxième
chambre (408) acoustique avant et dans lequel ladite
deuxième chambre (408) acoustique avant et ledit
au moins un port (402) sont 

où f = fréquence de résonance ;
n = nombre de ports ;
ωi = largeur du port i ;
li = longueur du port i ;
d = épaisseur de paroi du boîtier ;
p = densité de l’air (en g/cm3) ;
m = coefficient de viscosité = 1,86 3 10-4 pour
l’air ; et
c = vitesse du son (en cm/seconde).

31. Ensemble rétroviseur selon la revendication 29 dans
lequel une deuxième chambre (408) acoustique
avant est définie entre un avant dudit second haut-
parleur (400b) et une surface intérieure dudit boîtier
(30), ladite chambre (406) acoustique avant, au
moins un second port (402) est prévu à travers ledit
boîtier (30) devant ladite deuxième chambre (408)
acoustique avant et dans lequel ledit au moins un
second port (402) et ladite deuxième chambre (408)
acoustique avant sont conçus de sorte que ledit se-
cond haut-parleur (400b) présente une fréquence ré-

sonante tombant au sein de la plage comprise entre
environ 2 000 Hz et 4 000 Hz.

32. Ensemble rétroviseur selon la revendication 30 ou
31 dans lequel la fréquence résonante dudit second
haut-parleur (400b) est d’environ 3 000 Hz.

33. Ensemble rétroviseur selon les revendications 23 ou
26 et comprenant en outre au moins un sous-en-
semble microphone (140a, 140b) soutenu par ledit
boîtier (30).

34. Ensemble rétroviseur selon la revendication 26,
dans lequel ledit au moins un port (402) est prévu à
travers ledit boîtier (30) et ladite chambre (406)
acoustique avant est définie entre l’avant dudit pre-
mier haut-parleur (400a) et une surface intérieure
dudit boîtier (30).

35. Ensemble rétroviseur selon la revendication 26 dans
lequel ledit dispositif (40) destiné à fournir une vue
arrière est soutenu par ledit boîtier (30).

36. Ensemble rétroviseur selon les revendications 16,
23 ou 26 et comprenant en outre une structure de
montage destinée à être montée sur le véhicule à
proximité d’un pare-brise de véhicule, dans lequel
ledit boîtier (30) est fixé à ladite structure de monta-
ge.

37. Ensemble rétroviseur selon la revendication 36 et
comprenant en outre un élément miroir dans lequel
ladite structure de montage comprend un boîtier de
miroir et une monture de miroir et ledit élément miroir
est monté dans ledit boîtier de miroir.

38. Ensemble rétroviseur selon la revendication 37 dans
lequel le boîtier (30), dans lequel est monté ledit pre-
mier haut-parleur (400a), est séparé dudit boîtier de
miroir.

39. Ensemble rétroviseur selon les revendications 16,
23 ou 26 dans lequel ledit premier haut-parleur
(400a) est monté dans ledit boîtier (30) de manière
à être dirigé vers le pare-brise du véhicule.
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