
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2015/026823 Al
26 February 2015 (26.02.2015) P O P C T

(51) International Patent Classification: (74) Agent: CALLAGHAN, Terry S.; Price Heneveld LLP,
B60Q 1/08 (2006.01) B60Q 1/14 (2006.01) 695 Kenmoor, S.E., P.O. Box 2567, Grand Rapids,

Michigan 49501-2567 (US).
(21) International Application Number:

PCT/US20 14/05 1686 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
19 August 2014 (19.08.2014) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

61/867,216 19 August 2013 (19.08.2013) US OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

(71) Applicant: GENTEX CORPORATION [US/US]; 600 TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
North Centennial Street, Zeeland, Michigan 49464 (US). ZW.

(72) Inventors: LIKEN, Peter A.; 600 North Centennial Street, (84) Designated States (unless otherwise indicated, for every
Zeeland, Michigan 49464 (US). PIERCE, Phillip R.; 600 kind of regional protection available): ARIPO (BW, GH,
North Centennial Street, Zeeland, Michigan 49464 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

[Continued on nextpage]

(54) Title: VEHICLE IMAGING SYSTEM AND METHOD FOR DISTINGUISHING BETWEEN VEHICLE TAIL LIGHTS AND
FLASHING RED STOP LIGHTS

(57) Abstract: An imaging system for a vehicle is provided for distinguishing
between tail lights of another vehicle and a flashing red stop light. The system
includes an imager configured to image a forward external scene and to generate
image data corresponding to the acquired images; and a processor configured to
receive and analyze the image data to identify red light sources and to further
analyze each red light source to determine if the red light source is detected for a
predetermined time period. If the red light source is not detected within a prede
termined time period after it is detected, the processor determines that the red
light source is a flashing red stop light. Otherwise, if the red light source is de
tected for a predetermined time period, the processor determines that the red
light source may be a tail light of another vehicle.

FIG. 3



w o 2015/026823 Ai III III II II III III 1 1 II I III! 11III III II I II

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, — as to the applicant's entitlement to claim the priority of
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, the earlier application (Rule 4.1 ?'(in))
GW, KM, ML, MR, NE, SN, TD, TG).

Published:
Declarations under Rule 4.17:

— with international search report (Art. 21(3))
— as to applicant's entitlement to apply for and be granted

a patent (Rule 4.17(H))



VEHICLE IMAG ING SYSTEM AN D METHOD FOR DISTINGUISH ING BETWEEN

VEHICLE TAI L LIGHTS AND FLASHING RED STOP LIGHTS

FIELD OF THEINVENTI ON

[0001] The present inve ntion general ly re lates t o a system and method for imagi ng and

detecting objects in a scene forwa rd of a vehicle.

SUM MARY OF THEINVE NTI ON

[0002] According t o one aspect of the present inve ntio n, an imaging system is provided

for a vehicle. The imaging syste m com prises: an imager configured to image a scene

externa l and forwa rd of the vehicle and t o generate image data corresponding to the

acq ui red images; and a processor configu red t o receive and ana lyze the image data to

identify red light sources and f urther t o ana lyze each red light source to determine if the

red light source is detected for a predeterm ined time period, whe rein if the red light

source is not detected withi n a predetermi ned t ime period after it is detected, the

processor determines that the red light source is a flashing red stop light, othe rwise if the

red light source is detected for a predetermined time period, the processor determines

that the red light source may be a tai l light of another vehicle.

[0003] According to anothe r aspect of the present invention, a method is provided for

distinguishi ng between tail lights of anothe r vehicle and a flashing red stop light. The

method com prises the steps of: providing an imager for use in a vehicle; imaging a scene

exte rna l and forward of the vehicle and generating image data corresponding t o the

acq ui red images; receiving and ana lyzing the image data in a processor to identify red

light sources and furthe r analyze each red light source to dete rmi ne if the red light

source is detected for a predeterm ined time period; if the red light source is not detected

within a predetermi ned time period after it is detected, determini ng that the red light

source is a flashing red stop light; and otherwise if the red light source is detected for a

predetermi ned time period, determining that the red light source may be a tail light of

another vehicle.

[0004] According to another aspect of the present invention, a non-transitory tangible

com puter reada ble medium is provided having stored thereo n softwa re instructions that,

when executed by a processor within a vehicle, cause the processor to distinguish



between a tail light of another vehicle and a flashing red stop light by executing the steps

comprising: controlling an imager t o image a scene external and forward of the vehicle

and generating image data corresponding t o the acquired images; receiving and

analyzing the image data in the processor t o identify red light sources and further analyze

each red light source to determine if the red light source is detected for a predetermined

time period; if the red light source is not detected within a predetermined time period

after it is detected, determining that the red light source is a flashing red stop light; and

otherwise if the red light source is detected for a predetermined time period,

determining that the red light source may be a tail light of another vehicle.

[0005] These and other features, advantages, and objects of the present invention will

be further understood and appreciated by those skilled in the art by reference t o the

following specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention will be more fully understood from the detailed description

and the accompanying drawings, wherein:

[0007] Fig. 1 is a block diagram of a system constructed according t o one embodiment;

[0008] Fig. 2 is a partial cross section of a rearview assembly incorporating the system of

Fig. 1;

[0009] Fig. 3 is a flow chart illustrating the steps of a method for distinguishing between

vehicle tail lights of another vehicle and a flashing red stop lamp;

[0010] Fig. 4A is a graphic illustration of an example of red light intensity that may be

detected over a number of frames as the controlled vehicle approaches a flashing red

stop light; and

[0011] Fig. 4B is a graphic illustration of the state of the high beam headlamps as

changed in response to the detected red light intensity shown in the example in Fig. 4A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] Reference will now be made in detail t o the present preferred embodiments,

examples of which are illustrated in the accompanying drawings. Wherever possible, the

same reference numerals will be used throughout the drawings t o refer t o the same or



like parts. In the drawings, the depicted structural elements are not to scale and certain

components are enlarged relative to the other components for purposes of emphasis and

understanding.

[0013] The embodiments described herein relate to an imaging system for a vehicle and

a method of detecting and/or categorizing objects in a scene forward of the vehicle. To

assist in the understanding of an application of these embodiments, examples are

provided that pertain to the use of the imaging system in an exterior light control system

for controlling exterior lights of a controlled vehicle in response t o image data acquired

from an image sensor, which captures images forward of the vehicle. Prior systems are

known for controlling exterior vehicle lights in response t o images captured forward of

the vehicle. In these prior systems, a controller would analyze the captured images and

determine if any preceding or oncoming vehicles were present in a glare area in front of

the vehicle employing the system. This "glare area" was the area in which the exterior

lights would cause excessive glare to a driver if the exterior lights were in a high-beam

state (or some state other than a low-beam state). If a vehicle was present in the glare

area, the controller would respond by changing the state of the exterior lights so as t o

not cause glare for the other driver(s). Examples of such systems are described in United

States Patent Nos. 5,837,994, 5,990,469, 6,008,486, 6,049,171, 6,130,421, 6,130,448,

6,166,698, 6,379,013, 6,403,942, 6,587,573, 6,611,610, 6,631,316, 6,774,988, 6,861,809,

7,321,112, 7,417,221, 7,565,006, 7,567,291, 7,653,215, 7,683,326, 7,881,839, 8,045,760,

8,120,652, and 8,543,254.

[0014] One of the challenges for such systems is t o distinguish lights from other vehicles

and nonvehicle light sources. If the system were unable to accurately make such

distinctions, it would respond to detection of a nonvehicle light source in the same way it

would respond to an oncoming or leading vehicle and would reduce its lighting level

when it does not need t o be reduced. Such unnecessary reduction in lighting levels can

be a distraction and a nuisance t o the driver. Current systems analyze a number of

different characteristics of each light source including brightness, size, shape, location,

motion, AC modulation, etc. t o compute a probability that a light source is a headlight or

tail light of another vehicle.

[0015] One particular nonvehicle light source that current systems sometimes do not

readily distinguish from vehicle tail lights is a flashing red stop light. As a result, the



system will often turn off high beams or otherwise reduce illumination levels upon

detecting a flashing red stop light at a considerably greater distance than is necessary.

Accordingly, the embodiments described herein are provided t o better distinguish a

flashing red stoplight from vehicle tail lights such that the system will not reduce the

illumination level of the exterior vehicle lights until the vehicle is within 100 meters of the

stop light or even within 50 meters of the stop light.

[0016] To detect that a light is a red flashing light, the system analyzes the image data

and identifies a red light source, which at this point may be a tail light or a red flashing

light. Because the frequency at which red flashing stop lights flash is governed by law and

therefore known, the system may then determines whether the identified red light

source is flashing at the known frequency. The specific manner by which the system may

perform this function is described further below following a description of an example of

the basic structure of the system.

[0017] A first embodiment of an imaging system 10 is shown in Fig. 1. Imaging system 10

may be provided for controlling exterior lights 80 and, optionally, other equipment (50,

62) of a vehicle. System 10 includes an imager 20 and a processor 30. Imager 20 includes

an image sensor (201, Fig. 2) that is configured t o image a scene external and forward of

the vehicle and t o generate image data corresponding t o the acquired images. Processor

30 receives and analyzes the image data t o detect objects in the forward scene, and

wherein the analysis of the image data performed by processor 30 may further include

categorizing objects detected in the image data. If used in an exterior light control

system, processor 30 may generate an exterior light control signal that may be used t o

control exterior lights 80 and may generate control signals t o control any additional

equipment (50, 62). These control signals are generated in response t o analysis of the

image data.

[0018] If imaging system 10 is used in a vehicle equipment control system, processor 30

may be configured to directly connect t o the equipment (50) being controlled such that

the generated control signals directly control the equipment. Alternatively, processor 30

may be configured t o connect to an equipment control (60 and 70), which, in turn, is

connected t o the equipment being controlled (62 and 80) such that the control signals

generated by processor 30 only indirectly control the equipment. For example, in the

case of the equipment being exterior lights 80, processor 30 may analyze the image data



from imager 20 so as t o generate control signals that are more of a recommendation for

an exterior light control 70 t o use when controlling exterior lights 80. Thus, it can be said

that the control signals are used to control the equipment. The control signals may

further include not just a recommendation, but also a code representing a reason for the

recommendation so that equipment controls 60 and 70 may determine whether or not

t o override a recommendation.

[0019] As shown in Fig. 1, various inputs (such as inputs 21-24) may be provided to

processor 30 that may be taken into account in analyzing the image data or forming a

recommendation or direct control signal. In some cases, such inputs may instead be

provided to equipment control (60 and 70). For example, input from manual switches

may be provided to equipment control (60 and 70), which may allow equipment control

(60 and 70) to override a recommendation from processor 30. It will be appreciated that

various levels of interaction and cooperation between processor 30 and equipment

controls (60 and 70) may exist. One reason for separating control functions is t o allow

imager 20 t o be located in the best location in the vehicle for obtaining images, which

may be a distance from the equipment to be controlled and to allow communication over

the vehicle bus 25.

[0020] According t o one embodiment, the equipment that imaging system 10 can control

may include one or more exterior lights 80 and the control signal generated by processor

30 may be an exterior light control signal. In this embodiment, exterior lights 80 may be

controlled directly by processor 30 or by an exterior light control 70, which receives a

control signal from processor 30. As used herein, the "exterior lights" broadly include any

exterior lighting on the vehicle. Such exterior lights may include headlamps (both low and

high beam if separate from one another), tail lights, foul weather lights (such as fog

lights), brake lights, center-mounted stop lights (CHMSLs), turn signals, and back-up

lights, etc. The exterior lights may be operated in several different modes including

conventional low-beam and high-beam states. They may also be operated as daytime

running lights, and additionally as super-bright high beams in those countries where they

are permitted.

[0021] The brightness of the exterior lights may also be continuously varied between the

low, high, and super-high states. Separate lights may be provided for obtaining each of

these exterior lighting states or the actual brightness of the exterior lights may be varied



t o provide these different exterior lighting states. In either case, the "perceived

brightness" or illumination pattern of the exterior lights is varied. As used herein, the

term "perceived brightness" means the brightness of the exterior lights as perceived by

an observer outside the vehicle. Most typically, such observers will be drivers or

passengers in a preceding vehicle or in a vehicle traveling along the same street in the

opposite direction. Ideally, the exterior lights are controlled such that if an observer is

located in a vehicle within a "glare area" relative t o the vehicle (i.e., the area in which the

observer would perceive the brightness of the exterior lights as causing excessive glare),

the beam illumination pattern is varied such that the observer is no longer in the glare

area. The perceived brightness and/or glare area of the exterior lights may be varied by

changing the illumination output of one o r more exterior lights, by steering one or more

lights t o change the aim of one or more of the exterior lights, selectively blocking or

otherwise activating or deactivating some or all of the exterior lights, altering the

illumination pattern forward of the vehicle, or a combination of the above.

[0022] Imager 20 may be any conventional imager. Examples of suitable imagers are

disclosed in published United States Patent Application Publication Nos. US 20080192132

Al and US 20120072080 Al, and in United States Provisional Application

Nos. 61/500,418 entitled "MEDIAN FILTER" filed on June 23, 2011, by Jon H. Bechtel et

al.; 61/544,315 entitled "MEDIAN FILTER" and filed on October 7, 2011, by Jon H. Bechtel

et al.; and 61/556,864 entitled "HIGH DYNAMIC RANGE CAMERA LOW LIGHT LEVEL

FILTERING" filed on November 8, 2011, by Jon H. Bechtel et al.

[0023] The imager includes an image sensor (or camera) t o capture images that may

then be displayed and/or analyzed in order t o detect and optionally categorize objects o r

to optionally control vehicle equipment such as exterior lights. For example, such imagers

have been used for lane departure warning systems, forward collision warning systems,

adaptive cruise control systems, pedestrian detection systems, night vision systems,

terrain detection systems, parking assist systems, traffic sign recognition systems, and

reverse camera display systems. Examples of systems using imagers for such purposes

are disclosed in United States Patent Nos. 5,837,994, 5,990,469, 6,008,486, 6,049,171,

6,130,421, 6,130,448, 6,166,698, 6,379,013, 6,403,942, 6,587,573, 6,611,610, 6,631,316,

6,774,988, 6,861,809, 7,321,112, 7,417,221, 7,565,006, 7,567,291, 7,653,215, 7,683,326,

7,881,839, 8,045,760, and 8,120,652, and in United States Provisional Application



Nos. 61/512,213 entitled "RAISED LANE MARKER DETECTION SYSEM AND METHOD

THEREOF" and filed on July 27, 2011, by Brock R. Rycenga et al., and 61/512,158 entitled

"COLLISION WARNING SYSTEM AND METHOD THEREOF" and filed on July 27, 2011, by

Brock R. Rycenga et al., which together correspond t o published United States Patent

Application Publication No. US 2013/0028473 Al.

[0024] In the example shown in Fig. 1, imager 20 may be controlled by processor 30.

Communication of imager parameters as well as image data occurs over communication

bus 40, which may be a bi-directional serial bus, parallel bus, a combination of both, or

other suitable means. Processor 30 may perform equipment control functions by

analyzing images from imager 20, determining an equipment (or exterior light) state

based upon information detected within those images, and communicating the

determined equipment (or exterior light) state t o the equipment 50, equipment control

60, or exterior light control 70 through bus 42, which may be the vehicle bus 25, a CAN

bus, a LIN bus or any other suitable communication link. Processor 30 may control the

imager to be activated in several different modes with different exposure times and

different readout windows. Processor 30 may be used t o both perform the equipment o r

exterior light control function and control the parameters of imager 20.

[0025] Processor 30 can also take advantage of the availability of signals (such as vehicle

speed and yaw) communicated via discrete connections or over the vehicle bus 25 in

making decisions regarding the operation of the exterior lights 80. In particular, speed

input 21 provides vehicle speed information t o the processor 30 from which speed can

be a factor in determining the control state for the exterior lights 80 or other equipment.

The reverse signal 22 informs processor 30 that the vehicle is in reverse, responsive to

which the processor 30 may clear an electrochromic mirror element regardless of signals

output from light sensors. Auto ON/OFF switch input 23 is connected t o a switch having

two states t o dictate t o processor 30 whether the vehicle exterior lights 80 should be

automatically o r manually controlled. The auto ON/OFF switch (not shown) connected to

the ON/OFF switch input 23 may be incorporated with the headlamp switches that are

traditionally mounted on the vehicle dashboard or incorporated into steering wheel

column levels. Manual dimmer switch input 24 is connected t o a manually actuated

switch (not shown) t o provide a manual override signal for an exterior light control state.

Some or all of the inputs 21, 22, 23, 24 and outputs 42a, 42b, and 42c, as well as any



other possible inputs or outputs, such as a steering wheel input, can optionally be

provided through vehicle bus 25 shown in Fig. 1. Alternatively, these inputs 21-24 may be

provided to equipment control 60 or exterior light control 70.

[0026] Processor 30 can control or interact with, at least in part, other equipment 50

within the vehicle which is connected to processor 30 via vehicle bus 42. Specifically, the

following are some examples of one or more equipment 50 that may be controlled by

processor 30: exterior lights 80, a rain sensor, a compass, information displays,

windshield wipers, a heater, a defroster, a defogger, an air conditioning system, a

telephone system, a navigation system, a security system, a tire pressure monitoring

system, a garage door opening transmitter, a remote keyless entry system, a telematics

system, a voice recognition system such as a digital signal processor-based voice

actuation system, a vehicle speed control, interior lights, rearview mirrors, an audio

system, an engine control system, and various other switches and other display devices

that may be located throughout the vehicle.

[0027] In addition, processor 30 may be, at least in part, located within a rearview

assembly of a vehicle or located elsewhere within the vehicle. The processor 30 may also

use a second processor (or processors) such as equipment control 60, which may be

located in a rearview assembly or elsewhere in the vehicle in order t o control certain

kinds of equipment 62. Equipment control 60 can be connected to receive via vehicle bus

42 control signals generated by processor 30. Equipment control 60 subsequently

communicates and controls equipment 62 via bus 61. For example, equipment control 60

may be a windshield wiper control unit which controls windshield wiper equipment,

turning this equipment ON or OFF. Equipment control may also be an electrochromic

mirror control unit where processor 30 is programmed to communicate with the

electrochromic control unit in order for the electrochromic control unit t o change the

reflectivity of the electrochromic mirror(s) in response to information obtained from an

ambient light sensor, a glare sensor, as well as any other components coupled to the

processor. Specifically, equipment control unit 60 in communication with processor 30

may control the following equipment: exterior lights, a rain sensor, a compass,

information displays, windshield wipers, a heater, a defroster, a defogger, air

conditioning, a telephone system, a navigation system, a security system, a tire pressure

monitoring system, a garage door opening transmitter, a remote keyless entry, a



telemetry system, a voice recognition system such as a digital signal processor-based

voice actuation system, a vehicle speed warning, interior lights, rearview mirrors, an

audio system, a climate control, an engine control, and various other switches and other

display devices that may be located throughout the vehicle.

[0028] Portions of imaging system 10 can be advantageously integrated into a rearview

assembly 200 as illustrated in Fig. 2, wherein imager 20 is integrated into a mount 203 of

rearview assembly 200. This location provides an unobstructed forward view through a

region of the windshield 202 of the vehicle that is typically cleaned by the vehicle's

windshield wipers (not shown). Additionally, mounting the image sensor 201 of imager

20 in the rearview assembly permits sharing of circuitry such as the power supply,

microcontroller and light sensors.

[0029] Referring t o Fig. 2, image sensor 201 is mounted within rearview mount 203,

which is mounted t o vehicle windshield 202. The rearview mount 203 provides an

opaque enclosure for the image sensor with the exception of an aperture through which

light is received from a forward external scene.

[0030] Processor 30 of Fig. 1 may be provided on a main circuit board 215 and mounted

in rearview housing 204 as shown in Fig. 2 . As discussed above, processor 30 may be

connected t o imager 20 by a bus 40 or other means. The main circuit board 215 may be

mounted within rearview housing 204 by conventional means. Power and a

communication link 42 with the vehicle electrical system, including the exterior lights 80

(Fig. 1), are provided via a vehicle wiring harness 217 (Fig. 2).

[0031] Rearview assembly 200 may include a mirror element or a display that displays a

rearward view. The mirror element may be a prismatic element or an electro-optic

element, such as an electrochromic element.

[0032] Additional details of the manner by which imaging system 10 may be integrated

into a rearview mirror assembly 200 are described in U.S. Patent No. 6,611,610.

Alternative rearview mirror assembly constructions used t o implement exterior light

control systems are disclosed in U.S. Patent No. 6,587,573.

[0033] The method for distinguishing between vehicle tail lights and flashing red stop

lights will now be described with reference t o Figs. 3A, 3B, and 4 . This method is

described below as being implemented by processor 30 using image data received from

imager 20. This method may be a subroutine executed by any processor, and thus this



method may be embodied in a non-transitory computer readable medium having stored

thereon software instructions that, when executed by a processor, cause the processor

t o control the equipment of the controlled vehicle, by executing the steps of the method

described below. In other words, aspects of the inventive method may be achieved by

software stored on a non-transitory tangible computer readable medium or software

modifications or updates to existing software residing in a non-transitory computer

readable medium. Such software or software updates may be downloaded into a first

non-transitory computer readable media 32 of processor 30 (or locally associated with

processor 30 or some other processor) typically prior t o being installed in a vehicle, from

a second non-transitory computer readable media 90 located remote from first non-

transitory computer readable media 32. Second non-transitory computer readable media

90 may be in communication with first non-transitory computer readable media 32 by

any suitable means, which may at least partially include the Internet or a local or wide

area wired or wireless network.

Fig. 3 shows a flow chart of the steps of the method for distinguishing between

vehicle tail lights and flashing red stop lights that may be executed by processor 30 when

interacting with imager 20. The method begins with imaging a scene external and

forward of the vehicle and generating image data corresponding to the acquired images

(step 300). Next, processor 30 receives and analyzes the image data to identify red light

sources (step 302) and further analyzes each red light source t o determine if the red light

source is detected for a predetermined time period (step 304). If the red light source is

not detected within a predetermined time period after it is detected (about one second),

processor 30 determines that the red light source is a flashing red stop light (step 306).

Otherwise, if the red light source is detected for a predetermined time period, processor

30 determines that the red light source may be a tail light of another vehicle (step 308). If

the imaging system is used to control vehicle equipment, such as exterior lights,

processor 30 may execute the optional step of generating a signal indicating the presence

of a vehicle tail light if other characteristics of the red light source indicate that the red

light source is a vehicle tail light. Such other characteristics may include any known

characteristics such as motion and brightness, for example. Optionally, processor 30 may

be configured to determine that the red light source is a flashing red stop light when it is

detected periodically and is not detected within the predetermined time period following



a period of detection. The frames of image data may be captured at a predetermined

image capture rate and the step of determining whether the red light source is a flashing

red stop light includes determining whether the red light source is not detected within a

predetermined number of frames acquired after a frame in which the red light source is

detected, wherein the predetermined number of frames corresponds t o the

predetermined time period multiplied by the predetermined image capture rate.

Processor 30 may further be configured t o generate a signal indicating that an

illumination level of the exterior lights should be reduced when a brightness of a red

flashing stop light exceeds a brightness threshold. An example of this method is further

described below with respect t o Figs. 4A and 4B.

[0035] Fig. 4A shows a graphic illustration of the intensity of red light detected as the

vehicle approaches a red flashing stop light. The horizontal scale is the number of

seconds of image data that has been captured. Fig. 4B shows the state of the high beam

headlamps for the same time period as shown in Fig. 4A. As illustrated in Fig. 4B, the

high beams are initially turned on, but turned off upon detecting a bright red reflector.

Because the detected light from the reflector is significantly reduced upon turning off the

high beams, the processor determines that the bright red reflected light was that from a

reflector and the processor returns the high beams t o an ON state.

[0036] As shown through the graph in Fig. 4A, a pulsing red light is detected of increasing

intensity. Between each pulse, however, the detected brightness returns t o zero on a

periodic basis. The frequency at which flashing red stop lights flash is typically within a

certain legally specified limit. Thus, processor 30 can detect that a pulsing red light is in

fact a stop light upon determining that the pulsing red light is pulsing at a frequency

corresponding t o that of a stop light.

[0037] Frames of image data are captured at a predetermined image capture rate of, for

example, five frames per second (one frame captured every 200 milliseconds). Thus, if a

red light is initially detected and then not detected within a predetermined number of

frames (e.g., about four frames) thereafter, processor 30 can determine that the pulsing

red light is a flashing red stop light. Given the known image capture rate, the

predetermined number of frames is selected t o correspond t o a predetermined time

period in which one would expect a stop light to turn on and then off based on the

known frequency at which such stop lights flash.



[0038] Accordingly, referring back to Fig. 4A, processor 30 would determine that the

pulsing red light appearing throughout the window of second 3 t o second 23 is a stop

light and therefore would not generate a control signal t o have the high beams turned

off. Thus, the high beams remain on as shown in Fig. 4B. However, at about second 23, a

tail light of another vehicle is detected where the brightness of which is superimposed

with that of the stop lamp in the graph of Fig. 4A where it is labeled "Tail Light detected."

Because the value of red light detected does not drop t o zero within a predetermined

number of frames or seconds, processor 30 may determine that a tail light of a vehicle

may be present and therefore generate a control signal indicating such presence which

causes the high beams to be turned off as shown in Fig. 4B.

[0039] Next, around frame 31, the tail light is no longer present and the value of red light

detected again periodically drops t o zero. Therefore, processor 30 determines that no

vehicles are currently present and that the red light is from a stop light, and thus

generates a control signal to turn the high beams back on. As shown in Fig. 4B, the high

beams then remain on until the brightness of the stop light exceeds a brightness

threshold (at about 70 seconds, at which point, processor 30 determines that the

controlled vehicle has neared the intersection where the stop light is located and then

generates a control signal t o turn the high beams off). The control signal may include an

indication that the basis for the command is an approaching intersection. Preferably,

processor 30 causes the high beams t o turn off within 100 meters of the red flashing stop

light, more preferably within 50 meters. Based on simulations, the above described

embodiment is capable of turning off the high beams within 50 meters of the red flashing

stop light.

[0040] It should be noted that processor 30 is capable of determining that a flashing red

light is a stop light as opposed to just some nonvehicle light. If processor 30 determined

that such a flashing red light was just a nonvehicle light source, processor 30 would not

necessarily know t o turn off the high beams as the brightness increased. Nevertheless,

when supplied with vehicle speed data, processor 30 may turn off the high beams when

the vehicle speed falls below a threshold.

[0041] The above description is considered that of the preferred embodiments only.

Modifications of the invention will occur t o those skilled in the art and t o those who

make or use the invention. Therefore, it is understood that the embodiments shown in



the drawings and described above are merely for illustrative purposes and not intended

to limit the scope of the invention, which is defined by the claims as interpreted

according to the principles of patent law, including the doctrine of equivalents.



CLAIMS

What is claimed is:

1. An imaging system for a vehicle, comprising:

an imager configured to image a scene external and forward of the vehicle and t o

generate image data corresponding t o the acquired images; and

a processor configured t o receive and analyze the image data to identify red light

sources and to further analyze each red light source to determine if the red light source is

detected for a predetermined time period, wherein if the red light source is not detected

within a predetermined time period after it is detected, said processor is configured to

determine that the red light source is a flashing red stop light, otherwise if the red light

source is detected for a predetermined time period, said processor is configured to

determine that the red light source may be a tail light of another vehicle.

2. The imaging system of claim 1, wherein said processor is configured to generate a

signal indicating the presence of another vehicle if said processor detects a tail light of the

other vehicle.

3. The imaging system of any one of claims 1 and 2, wherein the predetermined

time period is about one second.

4 . The imaging system of any one of claims 1-3, wherein said processor is configured

to determine that the red light source is a flashing red stop light when it is detected

periodically and is not detected within the predetermined time period following a period

of detection.

5 . The imaging system of any one of claims 1-4, wherein said processor is configured

to generate a signal indicating that an illumination level of the exterior lights should be

reduced when a brightness of a red flashing stop light exceeds a brightness threshold.



6. The imaging system of any one of claims 1-5, wherein frames of image data are

captured at a predetermined image capture rate and said processor is configured to

determine that the red light source is a flashing red stop light when the red light source is

not detected within a predetermined number of frames acquired after a frame in which

the red light source is detected, wherein the predetermined number of frames

corresponds to the predetermined time period multiplied by the predetermined image

capture rate.

7 . The imaging system of any one of claims 1-6, wherein said processor is further

configured to generate a control signal that is used t o control exterior lights of the

vehicle in which the imaging system is used, in response t o analysis of the image data.

8 . The imaging system of any one of claims 1-7, wherein said processor is further

configured to generate a control signal that is used t o set the exterior lights of the vehicle

to a low beam state when a detected flashing red stop light reaches a predetermined

threshold brightness.

9 . A method for distinguishing between tail lights of another vehicle and a flashing

red stop light, comprising:

providing an imager for use in a vehicle;

imaging a scene external and forward of the vehicle and generating image data

corresponding to the acquired images;

receiving and analyzing the image data in a processor to identify red light sources

and further analyze each red light source t o determine if the red light source is detected

for a predetermined time period;

if the red light source is not detected within a predetermined time period after it

is detected, determining that the red light source is a flashing red stop light; and

otherwise if the red light source is detected for a predetermined time period,

determining that the red light source may be a tail light of another vehicle.

10. The method of claim 9, and further comprising generating a control signal that is

used t o control exterior lights of the vehicle in which the imaging system is used, in



response to analysis of the image data, wherein, when generating a control signal,

indicating the presence of another vehicle if a tail light of the other vehicle is detected.

11. The method of any one of claims 9 and 10, wherein the predetermined time

period is about one second.

12. The method of any one of claims 9-11, wherein the step of determining that the

red light source is a flashing red stop light includes determining whether the red light

source is detected periodically and is not detected within the predetermined time period

following a period of detection.

13. The method of any one of claims 9-12, wherein the control signal indicates that

an illumination level of the exterior lights should be reduced when a brightness of a red

flashing stop light exceeds a brightness threshold.

14. The method of any one of claims 9-13, wherein frames of image data are

captured at a predetermined image capture rate and the step of determining whether

the red light source is a flashing red stop light includes determining whether the red light

source is not detected within a predetermined number of frames acquired after a frame

in which the red light source is detected, wherein the predetermined number of frames

corresponds to the predetermined time period multiplied by the predetermined image

capture rate.

15. A non-transitory tangible computer readable medium having stored thereon

software instructions that, when executed by a processor within a vehicle, cause the

processor to distinguish between tail lights of another vehicle and a flashing red stop

light, by executing the steps comprising:

controlling an imager to image a scene external and forward of the vehicle and

generating image data corresponding to the acquired images;

receiving and analyzing the image data in the processor to identify red light

sources and further analyze each red light source to determine if the red light source is

detected for a predetermined time period;



if the red light source is not detected within a predetermined time period after it

is detected, determining that the red light source is a flashing red stop light; and

otherwise if the red light source is detected for a predetermined time period,

determining that the red light source may be a tail light of another vehicle.

16. The non-transitory tangible computer readable medium of claim 15, wherein the

software instructions cause the processor to generate a control signal that is used to

control exterior lights of the vehicle in which the imaging system is used, in response to

analysis of the image data, and when generating a control signal, to indicate the presence

of another vehicle if a tail light of the other vehicle is detected.

17. The non-transitory tangible computer readable medium of any one of claims 15

and 16, wherein the predetermined time period is about one second.

18. The non-transitory tangible computer readable medium of any one of claims 15-

17, wherein the step of determining that the red light source is a flashing red stop light

includes determining whether the red light source is detected periodically and is not

detected within the predetermined time period following a period of detection.

19. The non-transitory tangible computer readable medium of any one of claims 15-

18, wherein the control signal indicates that an illumination level of the exterior lights

should be reduced when a brightness of a red flashing stop light exceeds a brightness

threshold.

20. The non-transitory tangible computer readable medium of any one of claims 15-

19, wherein frames of image data are captured at a predetermined image capture rate

and the step of determining whether the red light source is a flashing red stop light

includes determining whether the red light source is not detected within a

predetermined number of frames acquired after a frame in which the red light source is

detected, wherein the predetermined number of frames corresponds to the

predetermined time period multiplied by the predetermined image capture rate.
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