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SYSTEM AN D METHOD FOR CONTROLLING EXTERIOR VEH ICLE LIGHTS

RESPONSIVE TO DETECTION O F A SEMI-TRUCK

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the priority benefit of U.S. Provisional Patent Application

No. 61/678,658 entitled "SYSTEM AND METHOD FOR CONTROLLING EXTERIOR VEHICLE

LIGHTS RESPONSIVE TO DETECTION OF A SEMI-TRUCK," filed on August 2, 2012, by

Jeremy Schut et al., the entire disclosure of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention generally relates t o a system and method for controlling

exterior lights of a controlled vehicle, and more specifically relates to improvements in

systems that control exterior lights of a controlled vehicle in response to the detection of

other vehicles.

SUMMARY OF THE INVENTION

According t o one aspect of the present invention, an exterior light control system

is provided for controlling exterior lights of a controlled vehicle. The exterior light control

system comprises: an imaging system configured to image a scene external and forward

of the controlled vehicle and t o generate image data corresponding t o the acquired

images; and a controller configured t o receive and analyze the image data and for

generating an exterior light control signal that is used to control the exterior lights in

response t o analysis of the image data, wherein the controller is further configured to

analyze the image data t o detect a semi-truck, and wherein, when a semi-truck is

detected, the controller generates an exterior light control signal that indicates the

detection of a semi-truck.

According t o another aspect of the present invention, a method is provided for

controlling exterior lights of a controlled vehicle comprising the steps of: imaging a scene

external and forward of the controlled vehicle and generating image data corresponding

to the acquired images; receiving and analyzing the image data in a processor t o detect

at least one characteristic of the image data including those of oncoming vehicles and t o



detect an oncoming semi-truck having headlamps that are not detected; generating a

control signal that is used t o control the exterior lights in response t o analysis of the

image data; and generating a control signal for reducing the brightness of the exterior

lights if an oncoming semi-truck is detected.

According t o another aspect of the present invention, a non-transitory computer

readable medium is provided having stored thereon software instructions that, when

executed by a processor, cause the processor to generate control signals for controlling

exterior lights of a controlled vehicle, by executing the steps comprising: imaging a scene

external and forward of the controlled vehicle and generating image data corresponding

t o the acquired images; receiving and analyzing the image data in the processor t o detect

at least one characteristic of the image data t o detect an oncoming semi-truck; and

generating a control signal from the processor that is used t o control the exterior lights in

response t o analysis of the image data wherein, when a semi-truck is detected, the

control signal indicates the detection of a semi-truck.

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

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

and the accompanying drawings, wherein:

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

Fig. 2 is a partial cross section of a rearview assembly incorporating a system in

accordance with another embodiment;

Figs. 3A and 3B are a flow chart illustrating a routine for detecting oncoming

vehicles;

Figs. 4A and 4 B are a flow chart illustrating a routine for detecting groupings of

lights of an oncoming vehicle; and

Fig. 5 is a top plan view of a vehicle illustrating a world coordinate system.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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 t o scale and certain

components are enlarged relative t o the other components for purposes of emphasis and

understanding.

The embodiments described herein relate to 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 o r 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,

and 8,120,652, as well as in United States Patent Application No. 13/432,250 entitled

"VEHICULAR IMAGING SYSTEM AND METHOD FOR DETERMINING ROADWAY WIDTH"

and filed on March 28, 2012, by Jeremy A. Schut et al., the entire disclosures of which are

incorporated herein by reference.

United States Patent Application No. 13/432,250 entitled "VEHICULAR IMAGING

SYSTEM AND METHOD FOR DETERMINING ROADWAY WIDTH" filed on March 28, 2012,

by Jeremy A. Schut et al. discloses an exterior light control system that improves upon

the prior systems by determining a road model based on the roadway width and roadway

type (i.e., motorway, two-lane road, multi-lane road, etc.) in order to more accurately

discriminate between other vehicles and non-vehicle light sources, reflectors, and road



signs and t o allow different modes of operation depending upon the type of roadway on

which the controlled vehicle is traveling. More specifically, the roadway width may be

estimated from various objects detected in the forward scene, including lane markers,

reflectors, road signs, and any other objects that may be useful t o detect the edges of the

road. The roadway type may be determined from the roadway width. Other vehicle

parameters such as vehicle speed, yaw, roll, steering wheel position and vehicle

direction, may also be used when determining the roadway type and the road model.

Then, using the road model, the system may track the positioning (or "world

positioning") relative to the controlled vehicle, the movement, the brightness, the size,

the color, and other characteristics of various detected light sources t o determine if the

light sources appear to be on the roadway. If so, the light sources are more likely t o be

another vehicle to which the system responds by appropriately controlling the exterior

lights.

One of the modes in which the exterior lighting control systems may operate is a

motorway mode. The motorway mode is selected when the system determines that the

controlled vehicle is traveling on a motorway (i.e., an expressway or divided highway). In

the motorway mode, the system may not be responsive t o oncoming vehicles because

the presence of a guard rail or other barrier in the median blocks the headlamps of

oncoming vehicles making them hard t o detect. However, such barriers also block light

from the controlled vehicle that would otherwise cause glare t o drivers of oncoming

vehicles. Examples of exterior light control systems that detect motorways and operate

in a motorway mode are disclosed in United States Patent Nos. 6,861,809 and 8,045,760,

the entire disclosures of which are incorporated herein by reference.

A problem has been found to exist in that semi-truck drivers can experience glare

from bright exterior lights of oncoming vehicles even when driving on a motorway with a

barrier in the median due to the height of the cab of the semi-truck. Thus, the prior

systems which did not detect oncoming vehicles if their headlamps were blocked by such

a barrier also did not reduce the brightness of the exterior lights, thereby tending to

cause excessive glare t o the drivers of oncoming semi-trucks whose headlamps are also

blocked by the barrier.



Accordingly, the exterior light control system of the present invention is capable

of detecting oncoming semi-trucks despite being unable t o detect their headlamps due t o

a barrier, and responds t o the presence of an oncoming semi-truck by reducing the

brightness of the exterior lights as perceived by the semi-truck driver. More specifically,

the system may reduce or suggest the reduction of the brightness of the exterior lights in

response t o detection of a semi-truck while in a motorway mode even when headlamps

of the semi-truck are not detected.

As explained in further detail below, the system looks for lights on the semi-truck

cabs and/or trailers by detecting groupings of lights that are in the forward scene and are

positioned in such a way within the image frame that they are within a defined range of

one another relative to the world surrounding the controlled vehicle and its image

sensor. The system may further determine whether the positions of the lights within the

group change in position from one image frame t o the next in a relative manner

suggesting that the lights of the group are moving collectively together. Once such a

group of lights is detected, the system may determine if the color and/or brightness of

the lights meets certain thresholds that further suggest the presence of a semi-truck (i.e.,

consistent colors of the lights in the group). The distance t o the light sources may then be

determined t o serve as an indicator as t o whether the semi-truck is close enough t o

justify reducing the perceived brightness of the exterior lights in at least the direction of

the detected semi-truck. Further, the relative position of the detected semi-truck may be

compared t o a road model for oncoming traffic t o determine whether the detected semi-

truck is, in fact, travelling along the same path as other oncoming vehicles.

Such road models may be determined by analyzing the relative world positions of

prior oncoming traffic as detected by the system. Road models may also be determined

using the controlled vehicle's navigational system. The road model may also allow the

system t o determine the relative height of the lights so as t o determine if they are likely

on a semi-truck cab or trailer. A system for determining a road model is disclosed in

United States Patent Application No. 13/432,250 entitled "VEHICULAR IMAGING SYSTEM

AND METHOD FOR DETERMINING ROADWAY WIDTH" and filed on March 28, 2012, the

entire disclosure of which is incorporated herein by reference.



A first embodiment of an exterior light control system 10 is shown in Fig. 1.

Exterior light control system 10 is provided for controlling exterior lights 80 and,

optionally, other equipment (50, 62) of a controlled vehicle. System 10 includes an

imaging system 20 and a controller 30. Imaging system 20 includes an image sensor

(201, Fig. 2) that is configured to image a scene external and forward of the controlled

vehicle and t o generate image data corresponding to the acquired images. Controller 30

receives and analyzes the image data and generates an exterior light control signal that is

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 to

analysis of the image data.

Controller 30 may be configured t o directly connect to the equipment (50) being

controlled such that the generated control signals directly control the equipment.

Alternatively, controller 30 may be configured t o connect t o an equipment control (60

and 70), which, in turn, is connected to the equipment being controlled (62 and 80) such

that the control signals generated by controller 30 only indirectly control the equipment.

For example, in the case of the equipment being exterior lights 80, controller 30 may

analyze the image data from imaging system 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. 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. Further, as

described in detail below, the control signal may include an indication of the detection of

a semi-truck. Such a semi-truck detection indication is particularly useful when an

equipment control (60 and 70) that is separate from controller 30 performs the direct

control of the equipment.

By providing a semi-truck detection indication, controller 30 provides additional

information to exterior light control 70 and/or equipment control 60 that was not

previously made available t o such equipment controls. This allows the vehicle

manufacturer more flexibility in how they choose to respond to the semi-truck detection

indication. Examples of which are t o turn the high beam lighting off; extend the delay

following a determination that the semi-truck is no longer detected so as t o delay turning



the high beam lighting back on; only reduce the brightness of the exterior lights in the

direction of the semi-truck so as t o create a "tunnel" through which the semi-truck is

traveling; extend the delay for which time the "tunnel" is created; and/or to simply

respond in the same manner as if an oncoming vehicle were otherwise detected. If the

system is going to respond in the same manner as t o any detected oncoming vehicle, the

semi-truck detection indication may instead be a vehicle detection indication.

The present imaging system improves upon the above-mentioned exterior light

control systems by providing a system that allows auto manufacturers t o respond in a

manner of their choosing to the semi-truck detection indication. This also allows one

common system to be used for all manufacturers regardless of whether they wish to

change or maintain a particular illumination pattern in response to such an indication.

Further, different features of equipment control may be enabled or disabled based upon

the detection of an oncoming semi-truck. In addition, different equipment may respond

differently to the semi-truck detection indication.

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

controller 30 that may be taken into account in 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 t o equipment

control (60 and 70), which may allow equipment control (60 and 70) to override a

recommendation from controller 30. It will be appreciated that various levels of

interaction and cooperation between controller 30 and equipment controls (60 and 70)

may exist. One reason for separating control functions is t o allow imaging system 20 t o

be located in the best location in the vehicle for obtaining images, which may be a

distance from the equipment t o be controlled and t o allow communication over the

vehicle bus 25.

According to one embodiment, the equipment that system 10 controls may

include one or more exterior lights 80 and the control signal generated by controller 30

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

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

control signal from controller 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, 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.

The exterior light brightness 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 o r 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 or 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.

Imaging system 20 may be any conventional system. Examples of suitable imaging

systems 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., the entire

disclosures of which are incorporated herein by reference.



The imaging system includes an image sensor (or camera) t o capture images that

may then be displayed and/or analyzed in order to control vehicle equipment in addition

t o 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., the entire disclosures of

which are incorporated herein by reference.

In the example shown in Fig. 1, imaging system 20 may be controlled by controller

30. Communication of imaging system 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, o r other suitable means. Controller 30 serves t o perform

equipment control functions by analyzing images from imaging system 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. Controller 30 may control the imaging system t o be activated in several different

modes with different exposure times and different readout windows. Controller 30 may

be used t o both perform the equipment or exterior light control function and control the

parameters of imaging system 20.

Controller 30 can also take advantage of the availability of signals (such as vehicle

speed and yaw) communicated via discrete connections o r 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 to the controller 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 controller 30 that the vehicle is in reverse, responsive to

which the controller 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 to dictate to controller 30 whether the vehicle exterior lights 80 should be

automatically or 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 to a manually actuated

switch (not shown) to 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.

Controller 30 can control, at least in part, other equipment 50 within the vehicle

which is connected to controller 30 via vehicle bus 42. Specifically, the following are

some examples of one or more equipment 50 that may be controlled by controller 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.

In addition, controller 30 may be, at least in part, located within a rearview

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

use a second controller (or controllers), 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 controller 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 controller 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 controller 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, 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.

Portions of system 10 can be advantageously integrated into a rearview assembly

200 as illustrated in Fig. 2, wherein imaging system 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 imaging

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

microcontroller and light sensors.

Referring to Fig. 2, image sensor 201 is mounted within rearview mount 203,

which is mounted to 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.

Controller 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, controller 30 may be

connected to imaging system 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).

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.

Additional details of the manner by which system 10 may be integrated into a

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

disclosure of which is incorporated herein by reference. Alternative rearview mirror

assembly constructions used t o implement exterior light control systems are disclosed in

U.S. Patent No. 6,587,573, the entire disclosure of which is incorporated herein by

reference.

The method for controlling exterior lights of a controlled vehicle will now be

described with reference to Figs. 3A-5. This method is described below as being

implemented by controller 30 using image data received from imaging system 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 computer readable medium or software modifications or

updates t o existing software residing in a non-transitory computer readable medium.

Such software o r software updates may be downloaded into a first non-transitory

computer readable media 32 of controller 30 (or locally associated with controller 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.



Figs. 3A and 3B show a general flow chart illustrating various steps t o be executed

by controller 30. As shown in Fig. 3A, the method may begin with step 300 in which

controller 30 determines whether certain prerequisites have been met for determining if

there is an oncoming vehicle of concern (i.e., a semi-truck) when in a motorway mode

relative to each light in the detected light list. In particular, controller 30 determines (a)

whether it is in a motorway mode, (b) if world position estimates are available for the

lights in the detected light list, (c) if grouping information is available for the lights, and

(d) if road model information is available for the scene. If these prerequisites have not

been met, controller 30 will advance to step 302 (Fig. 3B) in which it determines that the

light in the light list is not representative of an oncoming vehicle. If these prerequisites

have been met, controller 30 will advance to step 304.

In step 304, controller 30 determines whether the light in the light list is part of a

group of lights. Details of an example how this is determined is described below with

respect to Figs. 4A and 4B. If the light is not part of a group of lights, controller 30

proceeds to step 302 in which it determines that the light in the light list is not

representative of an oncoming vehicle. If the light is part of a group of lights, controller

30 then determines whether the group of lights meets certain color and brightness

thresholds in step 306.

If, in step 306, controller 30 determines that the group of lights does not meet

certain color and brightness thresholds, controller 30 advances to step 302. Otherwise,

controller 30 advances to step 308 in which it determines whether the group of lights

meets certain distance criteria. Such distance criteria may, for example, be that the group

of lights is between about 5 meters and about 200 meters. If the group of lights does not

meet the distance criteria, controller 30 proceeds to step 302. If the group of lights does

meet the distance criteria, controller 30 computes a percent difference calculation

between the lights and the road model for oncoming traffic in step 310. This calculation

determines the likelihood that the group of lights is within the area where oncoming

traffic is expected.

Controller 30 next determines in step 312 (Fig. 3B) whether the percent

difference is below a defined threshold to thereby indicate that the group of lights is

likely within the area where oncoming traffic is expected. As an example, the percent



difference threshold may be about 60. If the percent difference is above the defined

threshold, controller 30 advances to step 302 where controller 30 makes the

determination that the light detected in the light list is not an oncoming vehicle. If the

percent difference is below the defined threshold, controller 30 proceeds to step 314

where controller 30 makes the determination that the light detected in the light list is an

oncoming vehicle in the form of a semi-truck.

After looping through steps 300-314 for each light in the detected light list (or

perhaps only until the first oncoming vehicle is detected in step 314), controller 30

proceeds to step 316 where it determines if any lights have been detected as oncoming.

If not, controller 30 determines that an oncoming vehicle has not been detected in the

scene in step 318. If any lights have been detected as oncoming, controller 30 determines

in step 320 that an oncoming vehicle in the form of a semi-truck has been detected in the

scene and controller 30 responds by generating a control signal indicating the detection

of a semi-truck. Exterior light control 70 may respond to this semi-truck detection

indication by reducing the brightness of the exterior lights 80 at least as projected in the

direction of the detected semi-truck.

As mentioned with respect to step 304 in Fig. 3A, an oncoming semi-truck may be

detected if, amongst other variables, the controller 30 has identified a group of lights.

Figs. 4A and 4B illustrate a routine by which controller 30 may identify groups of lights. In

this routine, controller 30 analyzes each light j in the detected light list relative to each

remaining light k in the detected light list (step 400). Controller 30 determines in step 402

whether the World_X and World_Z positions of light j and light k are within a defined

range. As shown in Fig. 5, the "World" is defined relative t o the controlled vehicle 500

where positions in this relative World may be designated using the coordinates World_X,

which is a direction lateral to the vehicle 500, and World_Z, which is a direction

longitudinal to the vehicle 500 (or in the direction of travel). By determining if the

positions of two light sources are within a defined range, the controller is determining

whether they could possibly be associated with the same semi-truck.

If, in step 402, controller 30 determines that the light k is not within a defined

range of light j (of, for example, 2.5 meters laterally), controller 30 returns to step 400 to

select the next remaining light k within the detected light list and again executes step



402. To compute whether the light k is within a defined range of light j , controller 30

determines whether atan(Light j [World_X]+2.5m/Light j [World_Z]) and

atan(Light j [World_X]-2.5m/Light j [World_Z]). Controller 30 thus continues to loop through

steps 400 and 402 until either a light k is found that is within the defined range of light j ,

or there are no lights k left in the list. In the latter case, controller 30 then selects a new

light j and continues the process of steps 400 and 402 for the new light j and the

remaining lights k in the light list.

If a light k is found that is within the defined range of light j , controller 30

proceeds to execute computational steps 404 through 410. In step 404, controller 30

computes a percent difference between the positions of light j and light k in World_X. In

step 406, controller 30 computes a percent difference between the positions of light j

and light k in World_Z. In step 408, controller 30 computes a percent difference between

the positions of light j and light k for the change in image position in the previous frame

and in the current frame captured by the image sensor. In step 410, the percent

differences computed in steps 404-408 are combined with empirically found feature

weights.

After step 410, controller 30 determines whether the combined percent

difference is below an empirically defined threshold in step 412. This combined percent

difference threshold may, for example, be about 20. If so, controller 30 groups light j and

light k in step 414 (Fig. 4B). If not, controller 30 does not group these particular lights and

returns t o step 400 to select the next light k .

Following step 414, controller 30 then determines whether light j or light k

already belongs in a group of lights. If so, controller combines all groups of lights t o which

lights j and k belong into one group in step 418 before returning to step 400 to process

the next light k relative to the current light j . If light j or light k does not already belong in

a group of lights, controller returns to step 400.

The routine in Figs. 4A and 4B is thus repeated for each light j in the detected light

list.

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 exterior light control system for controlling exterior lights of a controlled

vehicle, comprising:

an imaging system configured to image a scene external and forward of the

controlled vehicle and t o generate image data corresponding to the acquired images; and

a controller configured to receive and analyze the image data and for generating

an exterior light control signal that is used t o control the exterior lights in response t o

analysis of the image data,

wherein said controller is further configured t o analyze the image data to detect

a semi-truck, and

wherein, when a semi-truck is detected, said controller generates an exterior light

control signal that indicates the detection of a semi-truck.

2. The exterior light control system of claim 1 wherein:

said controller generates an exterior light control signal in response t o analysis of

the image data and in response t o a selected mode of operation, wherein one selected

mode of operation is a motorway mode, and

when in the motorway mode, if said controller detects a semi-truck, said

controller generates an exterior light control signal for reducing the brightness of the

exterior lights.

3. The exterior light control system of any one of claims 1 and 2 wherein said

controller is further configured to analyze the image data to detect a semi-truck even

when headlamps of the semi-truck are not detected.

4 . The exterior light control system of any one of claims 1 - 3, wherein said

controller detects a semi-truck by detecting groups of lights other than headlamps.



5 . The exterior light control system of any one of claims 1 - 4, wherein said

controller determines that detected lights belong in a group by determining whether the

lights are within a defined range of one another.

6. The exterior light control system of any one of claims 1 - 5, wherein said

controller determines that detected lights belong in a group by determining whether

positions of the lights change collectively together over time.

7 . The exterior light control system of any one of claims 1 - 6, wherein said

controller determines that detected lights belong in a group by determining whether the

lights have at least one of color and brightness levels within threshold levels of one

another.

8 . The exterior light control system of any one of claims 1 - 7, wherein said

controller determines a position of a detected group of lights relative to a road model to

determine if the group of lights are those of a semi-truck.

9 . A method for controlling exterior lights of a controlled vehicle, comprising:

imaging a scene external and forward of the controlled vehicle and generating

image data corresponding to the acquired images;

receiving and analyzing the image data in a processor to detect at least one

characteristic of the image data including those of oncoming vehicles and t o detect an

oncoming semi-truck having headlamps that are not detected;

generating a control signal that is used t o control the exterior lights in response t o

analysis of the image data; and

generating a control signal for reducing the brightness of the exterior lights if an

oncoming semi-truck is detected.

10. The method of claim 9, wherein the step of receiving and analyzing the image

data to detect an oncoming semi-truck detecting a semi-truck includes detecting groups

of lights other than headlamps.



11. A non-transitory computer readable medium having stored thereon software

instructions that, when executed by a processor, cause the processor t o generate control

signals for controlling exterior lights of a controlled vehicle, by executing the steps

comprising:

imaging a scene external and forward of the controlled vehicle and generating

image data corresponding to the acquired images;

receiving and analyzing the image data in the processor to detect at least one

characteristic of the image data t o detect an oncoming semi-truck; and

generating a control signal from the processor that is used t o control the exterior

lights in response to analysis of the image data wherein, when a semi-truck is detected,

the control signal indicates the detection of a semi-truck.

12. The non-transitory computer readable medium of claim 11 having stored thereon

software instructions that, when executed by the processor, cause the processor to

generate control signals for controlling exterior lights of a controlled vehicle, by

executing the additional steps comprising:

further analyzing the image data in the processor to select a mode of operation,

wherein one mode of operation is a motorway mode; and

when in a motorway mode, generating a control signal for reducing the brightness

of the exterior lights if an oncoming semi-truck is detected.

13. The non-transitory computer readable medium of any one of claims 11 and 12,

wherein the processor is further configured to analyze the image data t o detect a semi-

truck even when headlamps of the semi-truck are not detected.

14. The non-transitory computer readable medium of any one of claims 11 - 13,

wherein the step of receiving and analyzing the image data t o detect an oncoming semi-

truck detecting a semi-truck includes detecting groups of lights other than headlamps.



15. The non-transitory computer readable medium of any one of claims 11 - 14,

wherein the determination that detected lights belong in a group includes determining

whether the lights are within a defined range of one another.

















A. CLASSIFICATION OF SUBJECT MATTER
B60Q 1/14 (2006.01)
B60Q 1/08 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B60Q 1/00, 1/02, 1/04, 1/06, 1/08, 1/14, G06K 9/00, 9/20

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), Espacenet, PAJ, USPTO

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A, D US 5837994 A (GENTEX CORPORATION) 17. 11.1998, col. 1, line 63-col. 2, 1-15
line 18, fig. 1-18

US 2008/0044062 Al (JOSEPH S. STAM) 2 1.02.2008, paragraphs [0003] -[0009], 1-15
[0048] -[0059], fig. 1-33

A JP 2010020483 A (DENSO CORP) 28.01 .2010, abstract, fig. 1-6 1-15

A, D US 6008486 A (GENTEX CORPORATION) 28. 12. 1999, abstract, col. 2, line 8- 1-15
col. 3, line 9, fig. 1-5

□ Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance "X" document of particular relevance; the claimed invention cannot be

Έ " earlier document but published on or after the international filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than "&" document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

19 October 2013 (19. 10.2013) 19 December 2013 (19. 12.2013)

Name and mailing address of the ISA/ FiPS Authorized officer
Russia, 123995, Moscow, G-59, GSP-5,
Berezhkovskaya nab., 30-1 N . Bedretdinov

Facsimile No. +7 (499) 243-33-37 Telephone No. (495) 531-64-8 1

Form PCT/ISA/210 (second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

