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least in part on data received from the sensor to provide a
power signal that causes illumination of the lamp device. In at
least some embodiments, this arrangement permits actuation
of the brake lamp or other lamp device in response to detec-
tion of a hazard event, such as rapid deceleration of the
vehicle. And, in at least some embodiments, this may be done
independently of actuation of the brake pedal by the driver.
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VEHICLE BRAKE LIGHTING

TECHNICAL FIELD

This invention generally relates to exterior vehicle lighting and, in particular, to

vehicle brake lighting,

BACKGROUND

Brake lights provides a visual indication to following vehicles of a deceleration of
the leading vehicle, which is usefl i helping to avoid vehicular accidents, A
conventional brake light operation involves detection of braking by the vehicle driver
(e.g., depression of the vehicle's brake pedal} aud iHuromation of left and right brake hghts

on the rear of the vehicle, as well as that of a center high-mounted stop lamp (CHMSL).

It has been proposed to modify the illumination of the brake lights based on a
sensed level of deceleration during a driver initiated braking event, WO 2009/049332
discloses a circuit that includes two accelerometers and a microcontroller used during
driver braking to measure deceleration and tlt of a car and to determine if the car is
undergoing emergency braking and, if so, to flash the brake lights rather than holding
them constantly on during the braking. One disadvantage in such a system is that it is
wholly dependent on driver brakiug to supply the operating power for the accelerometer
circuit and cannot independently determine and warn of sudden decelerations, Thus, the
systern is not able to provide visual warning in the event of sudden decelerations by
vehicle or external conditions other than braking or to continue to provide any such

warning following an accident once the driver has released pressure on the brake pedal.

In accordance with one aspect of the invention, there is provided a brake lamp
module for a vehicle, wherein the module includes a housing, lamp device, sensor, and
electronic control unit {ECU). The lamp device carried by the housing and has a lamp
inpul for receiving operating power to illuminate the lamp device. The sensor is carried
by the housing and has a sensor output. The ECU has a sensor input and power output, the

sensor input being coupled to the sensor oulput, and the power output being coupled to the
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larop toput. The ECU is configured based at least in part on data received via the sensor
mput to provide a power signal on the power output to thereby cause lumination of the
famp device via the lamp input. In at least some ermnbodiments, this arrangement permits
actuation of the brake lamp or other lamp device in response to detection of a hazard

event, such as rapid deceleration of the vehicle. And, in at least some embodiments, this

[¥5]

may be done independently of actuation of the brake pedal by the driver.

Ernbodiments of this brake lamp module may include one or more of the following
features, in any technical feasible combination.
The brake lamp module may include at least one additional sensor carried by the
iy housing, with each additional sensor having a sensor output coupled to the ECU.
And the power signal may be provided to the lamp device based upon
communications from all the sensor outputs,
The sensor may be an accelerometer,

— The ECU may be configured to provide the power signal to the lamp input

,._
()

independently of brake pedal actuation by a drniver of the vehicle.

— The ECU may be configured to detect a hazard event based at least in part on the
data received via the sensor input and {o provide the power signal in response to
the detection of the hazard event.

The ECU may be connected to the lamp device such that the lamp device may be

20 operated in response to either the power signal from the ECU or a separate brake

pedal actuation signal inputted into the brake lamp module.

In accordance with another aspect of the invention, there is provided a method of

illuminating a lamp device in a brake lamp module, including the steps of determmning a

Lh

25 hazard event at a vehicle in the absence of a brake pedal actuation alert from a brake pedal
assembly, wherein the determination is based at least in part on an output of a sensor in the

brake lamp module, and dluminating the lamp device i response to the determination,

Erabodiments of this method may wclode one or more of the following features, in
any technical feasible combination.
30 - The dhuminating step may be cartied out using vehicle power coupled to the brake

pedal assembly.
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The dlummating step may imclude varying the brightuess of the lamp device 1 a
repeatable pattern.

The method can include the siep of receiving the brake pedal actuation alert and
operating the lamp device in response to the received brake pedal actuation alert

mdependently of any determaination of the hazard event.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred excmplary embodiments of the invention will hereinalier be described in
conjunction with the appended drawings, wherein like designations denote tike elements,

and wherein:

FIG. 1 is a top view of a vehicle having an excmplary vehicle brake lighting

system;
FIG. 2 is a perspective view of an exemplary brake lamp module;
FIG. 3 is a schematic view of the brake lamp module of FIG. 2; and

FIG. 4 is a flowchart llustrating one exemplary embodiment of a method using the

brake lighting systom.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Automotive vehicles have various brake lighting systems to give uotice to and
warn target drivers that an object driver is depressing the brakes. FIG. | illustrates a brake
lighting system 10 in a vehicle or object vehicle 12 having multiple brake lamp modules
14 coupled to a power source 15. The brake lamp modules 14 may be located in various
rearward- and/or sideward-facing regions of the vehicle such as in the taillight region, n
the side mirror assemblics, and in rear-facing windows {e.g., carrying a CHMSL). The
implementations described herein inclade a brake lighting system that may provide notice
to and warn surrounding drivers of a deceleration ovent even when the vehicle's brake

pedal is not depressed.

A partial schematic of the brake lighting systern 10 1s shown in FIG. 3 illustrating
one exemplary brake light module 14 (see also FIG. 2) having an electronic control

module (ECU) 16, The system 10 further includes a brake pedal assembly 18 that
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includes a brake pedal 20, and the asserubly 18 is coupled 1o the module 14 via power
and/or control circuitry 40, As will be explained in greater detail below, both the brake
light module 14 and the brake pedal assembly 18 may be scparately coupled to vehicle

power 15,

The brake pedal assembly 18 may include all electrical and mechanical
components necessary to operatively apply the brakes i the vehicle 12, This may inchude
the brake pedal 20 as well as a sensor 38 for detecting when the brake pedal is depressed
or otherwise actuated. The brake pedal assembly I8 may have an output 70 for
commuutcating a brake pedal actuation alert n vesponse to actuation of the brake pedal
(i.c., a pedal actuation event). While the output 70 may be suitable for coupling to a
conmmunication bus or other technology, in at least one implementation, the output may be
connected to a power source PSJ/ availabie to the pedal assembly 18 and providing a
voltage (c.g., 12V or some other suitable voltage for dluminating one or more brake lamp
modules 14). Brake pedal assemblies are generally known and therefore will not be
described further, The circuitry 40 coupled to the brake pedal assembly 18 may be
coupled to the output 70 and may include cables, wires, traces, or any other suitable means
for conveying power and/or communication between the various electronic components
and assemblies. All means for conveying power and/or control are contemplated (e.g.,

including clectro-optical devices and wireless communication).

The power and control circuitry 40 may couple the brake pedal assembly 18 to the
brake lamp module (BLM} 14 and the various BLMs 14 (o the vehicle power source 15 (as
shown 1o FIG. 1). The BLM 14 may include a housing 3¢ carrying the ECU 16, a lamp
device 52, and at least one sensor 54, For llusirative purposes, FIG. 3 illustrates threo
sensors 54, 56, 58 although it will be appreciated that in some embodiments only a single
seusor may be used. The housing 50 may include any container or structure for carrying
the lamp device 52 and the sensors 54, 56, S8, Examples of the housmg 50 include side

mirror assemblies (FIG. 2) and taillight assemblics,

The lamp device 52 may include one or more light elements 60. The construction,
assembly, and use of light element technology is known to skilled artisans; examples of
light clements include incandescent light elements, flucrescent light elements, halogen
light elements, hght-emitting diode (LED) light clements, high-intensity discharge (HID)

light elements, and any other suitable lighting technology. In FIG. 3, an inpwt 72 of the

-4
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larup device 52 18 coupled to the ECU 16 and the device 52 is also shown coupled to

ground Grd.

The sensors 54, 56, 58 may include any sensing or detecting element for
determining or detecting vehicle motion, direction, and/or orientation or any changes to
any of the foregoing. The sensors 54, 56, 58 are coupled to the BECU 16 via outputs 74,
76, 78, respectively. In addition, the seunsors 54, 56, 58 may have mputs 82, 84, §6
{respectively} for receiving power via a power supply 87 i the ECU 16 {or {rom some
other source in the vehicle). Examples of sensors include gyroscopes, accelerometers,
vehicle speed sensors, vehicle divection sensors; however, other related or similar motion,
direction, orientation sensors arc also contemplated herein, The first sensor 54 may be an
accelerometer. Optional sensors 56, 58 may be single-axis gyroscopes. Or for example,
sensors 34, 50, 58 may all be accelerometers - e.g., oriented to receive data in each of the
X, Y, and 7 dwrections f(according to a Cartesian coordmate system).  Some
implementations may have less or more sensors; therefore, the illustrated sensors 54, 56,

38 are only exemplary.

In instances where sensor 54 is an accelerometer, it may be tuned to or designed
according to a predetermined threshold or sensitivity,  Or the accelerometer 54 may be
selected for the BLM 14 based on its sensitivity (e.g., according to its specifications). The
selected threshold may be correlated to or associated with a hazard event such as a vehicle
collision or loss of vehicle control; i.e., the accelerometer may be selected such that if its
threshold is reached or exceeded, it is hikely the vehicle is experiencing a hazard event.
For exanple, some 100G accelerometers may not provide a hazard alert (e.g., digital,
analog, or other suitable output) unless the accelerometer experionces 10Gs (e, 1G or
gravitational unit being a single unit of acceleration or approximately 9.81
meters/second/second). Other accelerometers may provide a hazard alert in relation to the
magnitude of the acceleration or deceleration experienced.  For example, if the
accelerometer experiences 5Gs, the hazard alert may be associated with a 5G value (e.g., a
SV signal}, or if the accelerometer experiences 4Gs, the hazard alert may be associated
with a 4G value (e.g., a 4V signal), etc. And in some instances, the accelerometer’s output
may be a combination of the two; ¢.g., a 3G accelerometer may provide a proportional
output for all experienced accelerations greater than or equal to 3Gs. Here, the examples

of 3Gs, 4Gs, and 5Gs are merely exemplary and the associated outputs may or may not be
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linear. In all instances of hazard alerts, the alert may be coromunicated via the output 74

{or, ¢.g., via outputs 76, 78 for sensors 56, 38, respectivelyl.

As used herein, the term hazard event may be broadly construed to include any
dangerous or potentially dangerous cvent experienced by the vehicle and detectable using
motion sensors such as sensors 54, 536, 538, For example, if the vehicle 12 rapidly slows
down effecting a hazard alert frorn the acceicrometer 54, the ECU 16 may assurue that the
vehicle collided with another vehicle or object. Or for example, if the vehicle swerves
from right to left {or vice versa) and actuates a semsor such as an accelerometer or
gyroscope, the HCU way assume that the driver of the wvehicle has fallen asleep or
otherwise lost control of the vehicle. Or for example, if the vehicle experiences a large
upward/downward vibration and actuates a vertically oriented accelerometer 54, the ECU
16 may assume that the vehicle has drifted out of its lane and across roadside rumble

strips.

The ECU 16 within the BLM 14 may include various processors, memory, ECU
circuitry, and optionally a power supply. For example, it may have one or more
processors 30 {e.g., processing units, controliers, microprocessors, micro-controllers,
discrete logic circuit(s)) having logic gates for implementing logic functions on data
signals, application spectfic integrated circuits (ASIC) with suitable logic gates, complex
programuable logic devices (CPLD), programmable or field-programmable gate arrays
(PGA/FPGA), and/or the like. The ECU also may have one or more memory devices or
compuier readable media 32 operatively coupled to the processor(s) 30 via ECU circuitry
88. In other embodiments, ECU 16 may be implemented in a simple analog circuit that
swiiches power or pulses of power to the lamp device 52 when a suitable sensor input is
received. In addition, the circuitry 88 may include coupling the sensor inputs 82, 84, 86 to
a power supply 87, The power supply 87 may be auxiliary vehicle power, or in one
implementation, the power supply 87 may be a capacitive or other storage device
providing temporary power in the absence of vehicle power {e.g., lighting the lamp device
52 via input 80 or powering the sensors in the absence of a braking pedal actuation event),
The storage device may be recharged from the power supplied to the assemibly during
brake pedal actuation as indicated by the dashed line wm FIG. 3. In one embodiment,

provided here only by way of example, the circuitry 88 may include a lamyp driver circuit
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90 providing vehicle power {o the lamp device 52 without interaction of the brake pedal
=

assembly.

The lamp driver circuit 94 may include diserete and/or integrated components;
here, the lamp driver circuit is merely illustrative and 18 shown as a transistor circuit 77
having a gate &, an input / for receiving a power source, and an output O for delivering or
providing power. The transistor circutt 77 may include various passive and active analog
components and/or various suitable digital components and may ioclade cables, wires,
traces, etc. The circuit 7/ may be arranged to receive power {e.g., a voltage or current) at
the mput 7 and then based upon the mputs at the gate G, deliver power (e.g., a voltage or
current} at the output . The value or magnitude of the output O may or may not be the
same as the input [; furthermore, the input 7 may recetve a voltage and the output O may
provide a current, or vice-versa. The lamp driver circuit 90 and the power and/or control
circuttry 40 from the brake pedal assembly 18 may both be coupled to the lamp device 52
via a pair of diodes D7 and D2, This OR-tied design allows activation of the lamp device
by either pedal actuation or by ECU 16 based on the sensor input. This has the advantage
that the lamp can be dlurminated by operation of the brake pedal assembly even if the ECU
fails or becomes disconnected. Diodes DI and D2 are coupled to a node N The node N
couples the diode D2 which is coupled to the output O of the transistor circuit 77 to the
nput 72 of the lamp device 52. The input { of the transistor circuit 7/ is coupled to a
power source P32 (e.g., shown here as +12V vehicle power; however other values may be
used). The gate & of the transistor circuit 77 is coupled to the output 74 of the sensor 54.
In some implementations, the outputs 76, 78 of the sensors 56, 58 may also be coupled to
the transistor circuit 77, It should be appreciated that the lamp driver circuit 98 could also

be located elsewhere in the BLM 14, in part or in its entirety,

In one mode of operation, the sensor 38 may be activated based upon a pedal
actuation eveut from the brake pedal 20. In the illustrated example, a pedal actuation alert
may be provided at the output 70 of the sensor 38 providing a voltage in response to the
occurrence of a pedal actuation eveunt {e.g., the +12V voltage), Power may thus be
comntunicated through the circuitry 40 to the BLM 14 and mio the lamp driver circuit 90
entering via the diode D7, Since the diode D2 way prevent reverse current flow, the
power may be delivered through node N and to the lamp device input 72 thereby

ithaminating the lamp device 52 when a vehicle driver deprosses the brake pedal.

~3
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However in asother mode of operation, if the sensor 54, the sensor 56, the sensor
58, or any combination of the sensors detect a hazard event and provide a hazard alert, the
voltage reccived at the gate G may be sufficient to actuate or activate the transistor circuit
71, When the traunsistor circuit 77 is actuated, power or a power signal from PS2 may be
delivered through the transistor circutt 90 {c.g., into mput 7 and out of output O) to the
diode D2, the node N and to the input 72 of the lamp device 52 thereby illuminating the
iight elements 60. Thercfore, in at least one implementation, the lamp device 52 may be
iltluminated 1o the absence of or without a pedal actuation event or the brake pedal 20

being depressed.

A method 400 of operation for the present system is tllustrated in FIG. 4. The
method begins at step 410 where a hazard alert may be received by the ECU from at least
one sensor in the BLM 14. 'The alert may be any form of communication from the sensor
to the ECU mcluding digital or analog signaling; as previously described, this may include
a voltage having a predetermined threshold value. In step 420, it may be determined
whether the lamp driver circuit 90 should be actuated. This may occur during or in the
absence of a brake pedal actuation alert. This was previously iHustrated using a transistor
circuit; i.¢., the transistor circuit logically determined whether it should be actuated based
upon the gate & voltage; i.e., in the Ulustrated implersentation, actuation occurred when
the voltage at the gate & was equal to or greater than a predetermined threshold voltage
according to the design of the circuit 7/, And this determination may be accomplished by
the ECU in numerous ways, including other logic circuitry, software, firmware, ote. If the
famp driver circuil is not actuated, the method roturns to step 410 and begins again;
however, if it is determined that the lamp driver circuit 90 should be actuated, the method
proceeds to step 430, And at step 430, power is provided to the lamp device 52 — e.g., via
a power signal from the ECU. This power signal may include vehicle power {¢.g., from
P82y or it may be powered at least temporarily via the ECU's optional power supply 87.

After the lamp is tlluminated, the method 400 conclndes,

It should be appreciated that the method 400 contemplates a scenario in which the
sensors are actuated simultancous to the brake pedal 20 being depressed. Thus, in one
implementation of the method 400, the lamp device 52 may still dluroinate as power is
provided by both the circuitry 40 and the lamp driver circuit 90.  And in another

implementation, the ECU 16 may include circuitry, sofiware, ele. to sense or detoct a
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brake pedal actuation alext or signal and may cancel or block activation of the lamp via the
ECU 16. Therefore, the sensor(s) 54, 56, 58 may provide a hazard alert(s) and the brake
pedal assembly I8 mayv provide a pedal actuation alert contemporaneously and the lamp

device 52 will illuminate.

The previously described embodiment has been illustrated with discrete analog
components and cwrcuitry; however, 1t should be appreciated that s similar systermn may
designed using the processor 30 and memory 32, In addition, control sysiems within the
ECU 16 may be tuned to intelligently predict various hazard events. For example, the
ECU may be tuned or adjusted according to various environmental factors 1ucloding the
size, weight, center of gravity, etc, of the vehicle. And some ECUs 16 may be SMART

systems capable of learning the characteristics and habits of individual drivers,

Additional embodiments may include the manner in which the lamp device
ithuminates; e.g., the illumination may be tailored to the type of hazard event detected. For
example, the illumination may include tuming the light clements 60 ON and OFF
according to a pattern or predetermined frequency. Or the brightness of the light clements
60 may be increased or decreased or the color may be changed according to the type of
hazard. Or the ECU 16 may control the light elements 60 mdependently to create any
suitable illumination display or sequence. The processor 30 may control the power signal
delivered to the larmp device 32 or its individual light elements to accoroplish these various
illumination sequences, and the memory devices 32 may store these sequences therein.
Thus, the various illumination embodiments may be implemented during a hazard event or
based upon a hazard alert. For example, in a scenario where a collision is sensed, the ECU
16 may command a flashing sequence at a greater than norrsal brightness. Or for
example, if the hazard alert indicates the vehicle is swerving, the lights may dluminate ON

and OFF with a rapid {requency, or change color, ete.

The presently described system enables a modular assembly to be delivered by an
ortginal equipment manufacturer {(OEM) to an automotive manufacturer. By installing
such modules on their vehicles manufacturers limit vehicle design and mtegration time
and costs. This is particularly true since no additional or extra-modular circuitry may be
required except in some instances power. But of course, as previously explained, the

modular assembly described herein may not always require power either,
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Furthermore, the system and the moethod described above or parts thereof may be
mplemented using a computer program product may include instructions carried on a
computer readable medium for use by one or more processors of one or more computers
(e.g., within the HCU 16} to implement one or more of the method steps. The computer
program product may include one or more software programs (or applications) comprised
of program instructions in source code, object code, executable code or other formats; one
or more firntware programs; or hardware description language (HDL} files; and any
program related data. The dala may mclude data structures, look-up tables, or data in any
other suttable format. The program instructions may include program modules, routines,
programs, objects, coraponents, and/or the like. The computer prograrn can be executed

on one computer or on multiple computers in communication with one another,

The program(s} can be embodied on computer readable media, which can include
one or more storage devices, articles of manufacture, or the like, Exemplary computer
readable media inclhude computer system memory 32, e.g. RAM (random access memory},
ROM (read only memory}; serniconductor memory, ¢.g. EPROM (erasable, programmable
ROM), EEPROM (electrically erasable, programmable ROM), flash wemory; magnetic or
optical disks or tapes; and/or the like. The computer readable medium may also include
computer to computer connections, for example, when data is transferved or provided over
a network or another communications connection (either wired, wireless, or a combination
thereof). Any combination(s) of the above examples is also included within the scope of
the computer-readable media. It is therefore to be understood that the method can be at
icast partially performed by any clectronic articles and/or devices capable of executing

instractions corresponding to one or more steps of the disclosed method.

It is to be understood that the foregoing is a description of one or more preferred
exemplary embodiments of the invention. The mvention is not limited to the particular
embodiment{s) disclosed herein, but rather 13 defined solely by the claius below,
Furthermore, the statements contained in the foregoing description relate to particular
embodiments and are not to be coustrued as [imitations on the scope of the invention or on
the definition of terms used in the claims, except where a term or phrase is expressly
defined above. Various other embodiments and various changes and modifications to the

disclosed embodiment(s) will become apparent to those skilled in the art.  All such other

- 10 -
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embodiments, changes, and modifications are intended o come within the scope of the

appended claims,

As used n this specification and claims, the terms “for example,” “for instance,”
“such as,” and “like,” and the verbs “comprising,” “having,” “including,” and their other
verb forms, when used in conjunction with a listing of one or more components or other
items, are cach to be construed as open-ended, meaming that the histing is not to be
considered as excluding other, additional components or ilems.  Other terms are to be
construed using their broadest reasonable meaning unless they are used in a context that

requites a different nterpretation,

~ 11~
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CLAIMS

1. A brake lamp module for a vehicle, comprising:

a housing;

a lamp device carried by the housing and having a lamp input for receiving
operating power to dluminate the lamp dovice;

a sensor carried by the housing and having a sensor output; and

an electronic control unit (ECU} having at least a sensor input and power output,
the sensor input being coupled to the sensor ouiput, and the power output being coupled to
the lamp input;

wherein the BCU s configured based at least in part on data received via the sensor
input to provide a power signal on the power output 1o thereby cause illumination of the

larnp device via the lamp input,

2. The brake lamp module of claim 1 further comprising at least one additional scnsor
carried by the housing, wherein ecach additional sensor has a sensor output coupled to the
ECU, wherein the power signal is provided to the lamp device based upon

communications from all the sensor outputs,

3. The brake larop module of claim 1 wheretn the seusor 18 an accelerometer.

4. The brake lamp module of claim 1 wherein the ECU is configured to provide the
power signal to the lamp input independently of brake pedal actuation by a driver of the

vehicle,

5. The brake lamp module of claim 1 wherein the ECU 18 configured to detect a
hazard event based at least in part on the data received via the sensor wput and to provide

the power signal in response to the detection of the hazard cvent.

6. The brake lamp module of claim | wherein the ECU is connected to the lamp
device such that the lamp device may be operated m response 1o cither the power signal
from the ECU or a separate brake pedal actuation sigual inputted into the brake lamp

module,
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7. A method of iHuminating a lamp device in a brake lamp module, comprising the
steps of:

determining a hazard event at a vehicle in the absence of a brake pedal actuation

[¥5]

alert from a brake pedal assembly, wherein the determimation 1s based at least in part on an
output of a sensor in the brake lamp module; and

tiluminating the lamp device in response to the determination.

8. The method of claim 7, wherein the illuminating step is carried out using vehicle

10 power coupled to the brake pedal assembly.

9. The method of claim 7, wherein the illuminating step includes varying the

brightness of the lamp device in a repeatable pattern.
13 19. The method of claim 7, further comprising the step of receiving the brake pedal

actuation alert and operating the lamp device in response to the reccived brake pedal

actuation alert independently of any deterrmnation of the hazard event,

- 13-
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