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ABSTRACT

A System for transmission of information between the inte
rior and exterior of a vehicle. A single bus (conductor or
Conductor pair) Carries information between mirrors inside

and outside the vehicle. The bus supplies poWer to the
exterior mirror. When information is to be transmitted, this
power is interrupted or modulated
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OUTSIDE MIRROR COMMUNICATION
SYSTEM

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of the present
invention Will become apparent upon reading the folloWing
detailed description and upon reference to the draWings, in

FIELD OF THE INVENTION
The present invention relates to intra-vehicular commu

Which:
FIGS. 1a and 1b are a schematic diagram illustrating a
mirror communication system according to a particular

nications systems. More particularly, the present invention
relates to arrangements for communicating data betWeen
locations of the interior and the eXterior of an automobile.

embodiment of the present invention; and
FIG. 2 is a schematic diagram illustrating a mirror com
munication system according to a second embodiment of the

BACKGROUND

In order to reduce solar heating inside automobiles, many

present invention.

vehicular WindoWs incorporate loW-E metallic coatings.
While this solution has been effective in solar control, it has
the unfortunate side effect of RF shielding the interior of the
vehicle. As a result, the effectiveness of RF-based systems,
such as remote keyless entry, garage door openers, and tire

The invention is amenable to various modi?cations and
15

It should be understood, hoWever, that the intention is not to
limit the invention to the particular embodiments described.
On the contrary, the intention is to cover all modi?cations,

pressure monitoring systems, is reduced.
In addition, bus systems, such as CAN and 11850 type

equivalents, and alternatives falling Within the spirit and

systems, have been used to facilitate intra-vehicular com

scope of the invention as de?ned by the appended claims.

munication. These bus systems are used, for example, to
control outside mirror functions, such as mirror position,
electrochromic dimming, and turn indicators. It is not desir

DETAILED DESCRIPTION

able to provide access to the vehicle bus in the outside

mirror, hoWever, because such access may compromise

vehicle security.

25

in environments in Which an automobile interior is RF
shielded from the outside environment.

betWeen the inside of the vehicle and the outside of the
vehicle, and especially an outside mirror, Which Will accom
modate a solution to the foregoing problems. Moreover, it
has been found desirable to reduce as much as possible the
number of Wires betWeen the inside of the vehicle and the
outside mirrors.

According to one aspect of the present invention, poWer
and bidirectional data communication are provided over a

single Wire and ground pair to a module located in an outside
mirror. By adding a DC or loW frequency blocking and

matching network, the poWer and communication Wire pair

SUMMARY OF THE INVENTION
35

One aspect of the present invention is directed to a mirror

co-aXial cable or other RF cable is used) may be simulta

municating information betWeen locations inside and out
side the vehicle. ApoWer conductor delivers electrical poWer
to a ?rst module, preferably a mirror module, located outside
the vehicle. A control arrangement, responsive to a second
module (Which can also be a mirror module) located inside
the vehicle, selectively modulates an amount of electrical

neously sent over the same Wire.

According to one embodiment of the present invention, a
transmitter and poWer supply are located in the inside

45

According to another embodiment, the communication

55

the poWer to the outside mirror is interrupted, a capacitor in
the outside mirror provides needed poWer. In one
embodiment, the poWer supply modulates betWeen tWo
levels, e.g., 6 V and 8 V, to provide data communication
While maintaining a continuous supply of poWer to the

provides suppression of transient voltages present in auto
motive poWer systems, reducing the siZe and Weight of the
outside mirror electronics by eliminating the need for redun

dant protection circuitry.
In a ?rst embodiment, transmission of data to the inside
mirror is accomplished by means of a current loop. Acurrent
source in the outside mirror modulates the supply current
draWn by the outside mirror module. Data is detected by a
current sense ampli?er in the inside mirror. If different

module. Preferably, the modules are mirror modules.
The above summary of the present invention is not

modulation frequencies or methods are chosen for the trans

missions to and from the inside mirror, simultaneous bidi

intended to describe each illustrated embodiment or every

these embodiments.

rearvieW mirror housing (or any other convenient location
Within the vehicle interior). A microprocessor in the inside
mirror interrupts or, preferably, modulates poWer to the
outside mirror brie?y to provide data transmission. When

outside mirror module. Any additional poWer needed by the
outside mirror can be supplied by the capacitor.
This poWer supply and data transmission circuit also

chromic element used as an RF antenna Within the ?rst

implementation of the present invention. The ?gures and the
detailed description that folloW more particularly exemplify

can be combined With the transmission line connecting the
outside mirror With an RF transceiver. Thus, poWer,

bi-directional serial data, and bi-directional RF signals (if

communication arrangement for use in a vehicle for com

arrangement includes a poWer conductor con?gured and
arranged to deliver electrical poWer to a ?rst module located
outside the vehicle. Atransistor arrangement is responsive to
a control signal and selectively interrupts or modulates the
delivery of electrical poWer delivered to the ?rst module.
When poWer is so modulated, an optional capacitor, coupled
to the ?rst module, sustains electrical poWer to the ?rst
module. A transmitter arrangement located Within a second
module inside the vehicle transmits information to the ?rst
module When delivery of the electrical poWer is modulated.
In one aspect, a DC or loW frequency blocking and matching
netWork isolates poWer and data signals from an electro

The present invention is applicable to a variety of systems
and arrangements for using outside electrochromic mirror
elements as transmitting and receiving antennas. The inven
tion has been found to be particularly advantageous for use

There is a need for a bi-directional communication system

poWer delivered to the ?rst module. A transmitter arrange
ment inside the second module transmits information to the
?rst module When the electrical poWer delivered to the ?rst
module is modulated.

alternative forms. Speci?cs thereof have been shoWn by Way
of eXample in the draWings and Will be described in detail.

65

rectional communication is possible.
Referring noW to the draWings, FIGS. 1a and 1b disclose
a mirror communication system 103 and outside mirror
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Another example circuit arrangement for implementing

circuit 105 according to one embodiment of the present
invention. A poWer source 100, Which includes transistors

the mirror communication system is illustrated in FIG. 2.

Q1 and Q2 provides regulated poWer to the outside mirror.
PoWer is interrupted When an input signal drives the OECi

The arrangement of FIG. 2 is considerably simpler than the
system shoWn in FIGS. 1a and 1b. In this embodiment, the

DATAiOUT line to a logic “HIGH” state.

transmitter, the receiver, or both are located inside the

vehicle, preferably inside of the rearvieW mirror assembly.
The only circuitry located in the outside mirror is an optional
matching netWork 200, Which includes a capacitor C1 and

Interrupting poWer creates a time WindoW alloWing data
to be transmitted to and from the outside mirror. In order to
detect transmissions from the outside mirror, a current

ampli?er U1, and associated circuitry. Ferrite beads E1, E2,

inductors L2 and L3. Electrochromic drive is supplied to the
electrochromic element using the RF transmission line. As
With the embodiment depicted in FIGS. 1a and 1b , any of
a variety of matching netWork topologies can be used to

and E3 or RF chokes in the poWer and data path isolate the

implement the matching netWork 200.

sensing ampli?er 102 acts as a receiver for receiving data
transmitted by outside mirror circuit 105. This current
sensing ampli?er 102 includes a resistor R8, an operational

RF signals from the rest of the circuitry and prevent signal

sWitching diode or other sWitch can be used to bypass the

By using a single conductor combined With a chassis
ground to transmit data and poWer to and from the outside
mirror module, the number of electrical Wires is reduced
compared to that used With conventional electrochromic
mirror systems. Further, using the outside mirror modules as
antennas is particularly advantageous in vehicles in Which a
loW-E metallic WindoW coating shields RF transmission
from the interior of the vehicle to the exterior. Moreover,
vehicle security is enhanced because the vehicle bus is
retained Within the vehicle interior.
The various embodiments described above are provided
by Way of illustration only and should not be construed to
limit the invention. For example, it Will be understood that
the interior mirror can be on the vehicle bus itself, Without
the bus extending to the outside mirror. Moreover, the

preampli?er during transmissions from the inside mirror.

system is equally adaptable to the use of multiple outside

One example of an application that Would bene?t from this

mirrors, for example, Where there is a driver’s side and a
passenger side rearvieW mirror. And, of course, the inven
tion is not so limited to the outside mirrors. Any functional
module outside the vehicle that is responsive to communi

loss.
In one implementation, a voltage regulator poWers a
microprocessor or other logic located in the outside mirror.

15

In the implementation depicted in FIG. 1b, diodes D1 and
D4, resistor R15, and capacitors C8 and C4 form a voltage
regulator 104 for this purpose. It Will be appreciated,
hoWever, that certain types of loads do not require logic and
can be operated directly from the point labelled LEDi
POWER. Examples of these types of loads include, for

instance, puddle lamps, turn indicators, and preampli?ers.
An optional preampli?er 106 in the outside mirror facili
tates the use of relatively inexpensive tWisted pair Wiring for
RF reception. If bidirectional RF transmission is desired, a

25

arrangement is a garage door opener transmitter located in
the inside mirror combined With a remote keyless entry

system.
In the outside mirror module, an operational ampli?er U2
and its associated circuitry, indicated by the dashed lines on
FIG. 1b, form a data comparator 108 used to detect poWer
interruptions. This comparator 108 can be implemented
using, for example, a microprocessor or a dedicated logic

cation from a module inside the vehicle can bene?t for the
35

modi?cations and changes that can be made to these

embodiments Without strictly folloWing the example
embodiments and applications illustrated and described
herein, and Without departing from the true spirit and scope
of the present invention, Which is set forth in the folloWing
claims.
What is claimed is:

circuit. A resistor R3 and a transistor Q3 form a current
source 110, Which is used to transmit data from the outside

mirror 105 to the mirror communication system 103.

A DC blocking and matching netWork 112 formed by
capacitors C15 and C1 and inductor L1 isolates the poWer
and data signals from the electrochromic element. The

simple bi-directional communication arrangement described
herein. Those skilled in the art Will readily recogniZe various

1. For use in a vehicle, a communication circuit for
45

capacitor C15 performs DC blocking and RF coupling. The
inductor L1 and the capacitor C1 form an RF matching
netWork to match the antenna, Which is implemented here as
the electrochromic element. It Will be understood that other

communicating data signals betWeen a location inside the
vehicle and a rearvieW mirror assembly located outside the

vehicle, the communication arrangement comprising:
a poWer conductor con?gured and arranged to deliver

antenna structures such as a one-quarter Wave or helical

electrical poWer to a ?rst module located in said outside

structure could be used in the outside mirror as Well. While

rearvieW mirror assembly;

FIG. 1b depicts a particular topology for implementing the
matching netWork 112, it Will be appreciated by those skilled
in the art that any of a variety of conventional matching
netWork topologies can be used to implement the matching
netWork 112. Topologies other than the one depicted in FIG.

a control circuit, responsive to a second module located

inside the vehicle, for selectively reducing an amount
of electrical poWer delivered to the ?rst module; and
55

a transmitter circuit inside the second module and con

?gured and arranged to transmit data signals to the ?rst

1b may be appropriate in certain application environments,
e.g., particular combinations of loss requirements, antennas,

module in response to reduction of the electrical poWer
delivered to the ?rst module.

and transmission lines.
The mirror communication system 103 and the outside
mirror circuit 105 are connected using an interface 114. In

2. Avehicle communication circuit, according to claim 1,
Wherein the control circuit is con?gured and arranged to
selectively interrupt the delivery of electrical poWer to the
?rst module.
3. Avehicle communication circuit, according to claim 1,
Wherein the control circuit is con?gured and arranged to

the embodiment shoWn in FIGS. 1a and 1b , the interface

114 is implemented using a 50-ohm coaxial cable W1. It
should be noted, hoWever, that the interface 114 could be

implemented using other alternative conductors, including,
but not limited to, tWisted pair, single Wire With chassis
ground, or other Wiring.

65

modulate the amount of electrical poWer delivered to the
?rst module betWeen a ?rst voltage level and a second

voltage level, Wherein said second voltage level is loWer

US 6,229,435 B1
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than the ?rst voltage level, the second voltage level being

poWer delivered to the ?rst module along said poWer

delivered When information is transmitted from the second
module to the ?rst module.

conductor; and
transmitter means for transmitting, along said poWer
conductor to the ?rst module, an electrical data signal
in response to the altering of the electrical poWer

4. Avehicle communication circuit, according to claim 1,
further comprising a capacitor, coupled to the ?rst module,
con?gured and arranged to provide electrical poWer to the

delivered to the ?rst module.

?rst module upon activation of the control circuit.

13. A communication system, according to claim 12,
Wherein the altering means is con?gured and arranged to
selectively interrupt the delivery of electrical poWer to the

5. Avehicle communication circuit, according to claim 1,
further including means for modulating a second electrical
data signal transmitted from the ?rst module to the second
module.

6. Avehicle communication circuit, according to claim 1,
further comprising a voltage regulator circuit, con?gured to
provide poWer to logic circuitry located in the ?rst module.
7. Avehicle communication circuit, according to claim 1,
further comprising a DC blocking and matching netWork for
isolating poWer and data signals from an electrochromic

?rst module.

14. A communication system, according to claim 12,
Wherein the altering means is con?gured and arranged to
modulate the amount of electrical poWer delivered to the
?rst module betWeen a ?rst voltage level and a second
15

element Within the ?rst module.
8. A vehicle communication circuit according to claim 1

from the second mirror module to the ?rst mirror module.

15. A communication system, according to claim 12,
further comprising a capacitor, coupled to the ?rst module,
con?gured and arranged to supply electrical poWer stored

Wherein one of the ?rst and second modules is a mirror

module.
9. A vehicle communication circuit for communicating

therein to the ?rst module in response to the altering means.

information betWeen a location inside a vehicle and a

rearvieW mirror assembly located outside the vehicle, the
vehicle communication circuit comprising:

voltage level, Wherein the second voltage level is loWer than
the ?rst voltage level, Wherein the second voltage level is
established When said electrical data signal is transmitted

16. A communication system, according to claim 12,
further including means for modulating electrical data sig
25

nals transmitted from the ?rst module to the second module.

a poWer conductor con?gured and arranged to deliver

17. A communication system, according to claim 12,

electrical poWer to a ?rst module located in said outside

further comprising a voltage regulator circuit, con?gured

rearvieW mirror assembly;

and arranged to provide poWer to logic circuitry located in
the ?rst module.

a transistor circuit, responsive to a control signal, for

selectively interrupting the delivery of electrical poWer

18. A communication system, according to claim 12,
further comprising a DC blocking and matching netWork for
isolating emanating data signals from an electrochromic
element Within the ?rst module.
19. A communication system for communicating data

delivered to the ?rst module;

a capacitor, coupled to the ?rst module, con?gured and
arranged to provide electrical poWer to the ?rst module
upon interruption of the delivery of electrical poWer;

35

a transmitter circuit, located Within a second module

mirror assembly located outside the vehicle, the communi

inside the vehicle and con?gured and arranged to

cation system comprising:

transmit information to the ?rst module in response to

a poWer conductor con?gured and arranged to deliver

interruption of delivery of the electrical poWer; and
a DC blocking and matching netWork for isolating poWer

electrical poWer to a ?rst module located in said outside

rearvieW mirror assembly;
means for selectively interrupting the delivery of electri

and data signals from an electrochromic element Within
the ?rst module.
10. Avehicle communication circuit according to claim 9

cal poWer delivered to the ?rst module;
electrical storage means for providing electrical poWer to

Wherein one of the ?rst and second modules is a mirror

module.
11. Avehicle communication circuit according to claim 9
Wherein one of the ?rst and second modules is a mirror

module.
12. For use in a vehicle, a communication system for

communicating data signals betWeen a location inside the
vehicle and a rearvieW mirror assembly located outside the

vehicle, the communication system comprising:
a poWer conductor con?gured and arranged to deliver

signals betWeen a location inside a vehicle and a rearvieW

45

the ?rst module upon interruption of the delivery of
electrical poWer;

transmitter means for transmitting electrical data signals
to the ?rst module in response to interruption of deliv
ery of the electrical poWer; and
a DC blocking and matching netWork for isolating data
signals from an electrochromic element Within the ?rst
module.
20. A vehicle communication circuit according to claim

electrical poWer to a ?rst module located in said outside

19 Wherein one of the ?rst and second modules is a mirror

rearvieW mirror assembly;

module.

means responsive to a second module located inside the

vehicle, for selectively altering the amount of electrical
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