US 20050073853A1

(19) United States
(12) Patent Application Publication (10) Pub. No.: US 2005/0073853 A1
Stain
(54)

(43) Pub. Date:

HEADLAMP CONTROL TO PREVENT
GLARE

(76) Inventor: Joseph S. Starn, Holland, MI (US)

Apr. 7, 2005

continuation of application No. 09/ 157,063, ?led on
Sep. 18, 1998, noW Pat. No. 6,049,171.

(60) Provisional application No. 60/339,762, ?led on Dec.
10, 2001.

Correspondence Address:
PRICE, HENEVELD, COOPER, DEWITT, &

Publication Classi?cation

LITTON,
LLP/GENTEX CORPORATION
695 KENMOOR, SE,

(51)
(52)

Int. Cl.7 ..................................................... .. B60Q 1/26
US. Cl. ............................................................ .. 362/503

P 0 BOX 2567

GRAND RAPIDS, MI 49501 (US)

(57)

ABSTRACT

(21)

Appl. No.:

10/993,765

(22)

Filed;

Nov_ 19, 2004

a controlled vehicle includes an array of sensors and a

Related US, Application Data

control unit. The array of sensors is capable of detecting
light levels in front of the controlled vehicle. The control

(63)

_

_

Continuation of application No. 10/235,476, ?led on

Sep. 5, 2002.
Continuation-in-part of application No. 10/197,834,
?led on Jul. 18, 2002, noW Pat. No. 6,593,698, Which
is a continuation of application No. 09/938,774, ?led
on Aug. 24, 2001, noW Pat. No. 6,429,594, Which is
a continuation of application No. 09/546,858, ?led on
Apr. 10, 2000, noW Pat. No. 6,281,632, Which is a

_

unit is in communication With the array of sensors and the
at least one exterior vehicle light and determines a distance
and an angle from the at least one exterior vehicle light of
the controlled vehicle to a leading vehicle. The control unit
is operable to control operation of the at least one exterior
vehicle light as a function of the distance and angle, based
on the output from the array of sensors, and prevent the at

least one exterior vehicle light from providing a disruptive
glare to a driver of the leading vehicle.
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HEADLAMP CONTROL TO PREVENT GLARE

[0001] This application is a continuation of US. patent
application Ser. No. 10/253,476, ?led on Sep. 5, 2002,

[0006] Thus, What is needed is a technique for reducing
the glare caused by loW-beam headlamps of SUVs and
trucks that does not involve loWering the mounting height of
loW-beam headlamps of the SUV/truck. Further, it Would be
desirable for the technique to function With both leading and
on-coming vehicles and be applicable to all vehicle types,

entitled

roads and environmental conditions.

CROSS-REFERENCE TO RELATED
APPLICATIONS

“HEADLAMP CONTROL TO PREVENT
GLARE,” Which claims the bene?t of US. Provisional
Patent Application Ser. No. 60/339,762, entitled “HEAD

LAMP CONTROL TO PREVENT GLARE,” Which Was

?led Dec. 10, 2001, and Which is hereby incorporated herein
by reference in its entirety.

SUMMARY OF THE INVENTION

[0007] An embodiment of the present invention is directed
to a system for controlling at least one exterior vehicle light
of a controlled vehicle and includes an array of sensors and

[0002] This application is a continuation-in-part of US.
patent application Ser. No. 10/197,834, entitled “CON

a control unit. The array of sensors is capable of detecting
light levels in front of the controlled vehicle. The control

TINUOUSLY VARIABLE HEADLAMP CONTROL,” ?led
Jul. 18, 2002, now US. Pat. No. 6,593,698, Which is a

unit is in communication With the array of sensors and the
at least one exterior vehicle light and determines an approxi
mate distance and an angle from the at least one exterior
vehicle light of the controlled vehicle to a leading vehicle.

continuation of US. patent application Ser. No. 09/938,774,
entitled “CONTINUOUSLY VARIABLE HEADLAMP
CONTROL,” ?led on Aug. 24, 2001, now US. Pat. No.

6,429,594, Which is a continuation of US. patent application
Ser. No. 09/546,858, entitled “CONTINUOUSLY VARI
ABLE HEADLAMP CONTROL,” ?led on Apr. 10, 2000,
now US. Pat. No. 6,281,632, Which is a continuation of US.

The control unit is also operable to control operation of the
at least one exterior vehicle light as a function of the distance

and angle, based on output from the array of sensors, and
prevent the at least one exterior vehicle light from providing
disruptive glare to a driver of the leading vehicle.

patent application Ser. No. 09/157,063, entitled “CON
TINUOUSLY VARIABLE HEADLAMP CONTROL,” ?led
on Sep. 18, 1998, now US. Pat. No. 6,049,171. The entire
disclosure of each of the above-noted applications is incor

[0008] According to another embodiment of the present

porated herein by reference. Priority under 35 U.S.C. §120
is hereby claimed to the ?ling dates of each of the above
identi?ed applications.

includes an array of sensors and a control unit. The array of

[0003] This application is related to US. patent applica
tion Ser. No. 10/208,142, entitled “LIGHT SOURCE
DETECTION AND CATEGORIZATION SYSTEM FOR
AUTOMATIC VEHICLE EXTERIOR LIGHT CONTROL
AND METHOD OF MANUFACTURING,” ?led on Jul. 30,

2002, now US. Pat. No. 6,774,988, Which is hereby incor

porated herein by reference in its entirety.

invention, an illumination control system for controlling at
least one exterior vehicle light of a controlled vehicle

sensors generates electrical signals that are provided to the
control unit, Which is in communication With the at least one

exterior vehicle light. The control unit is operable to acquire
and process electrical signals received from the array of
sensors to determine an illumination gradient associated
With the at least one exterior vehicle light on a road surface.
The control unit compares a sensed illumination range,
Which is based on the illumination gradient, to a desired
illumination range and is operable to control the at least one

exterior vehicle light to achieve a desired illumination range.

BACKGROUND OF THE INVENTION

[0009] According to another embodiment of the present

[0004] The present invention is generally directed to con
trolling exterior vehicle lights of a motor vehicle and, more
speci?cally, to controlling exterior vehicle lights of a motor

invention, an illumination control system for controlling at
least one exterior vehicle light of a controlled vehicle
includes a discrete light sensor and a control unit. The

vehicle so as to reduce glare to occupants of other motor

discrete light sensor generates electrical signals, Which are
provided to the control unit, Which is in communication With

vehicles and/or pedestrians, as Well as providing optimal
lighting for various roads/environmental conditions.

[0005] Currently, rearvieW mirror glare from trailing
vehicles is a signi?cant safety and nuisance concern, While

driving at night. Sport utility vehicles (SUVs) and trucks,
Which generally have headlamps mounted much higher than
passenger vehicles, may provide a much higher level of
rearvieW glare than typical passenger cars. This glare may be
especially disruptive in busy traf?c situations Where an SUV
or truck is folloWing a small passenger car. As a result of the

the at least one exterior vehicle light. The control unit is

operable to acquire and process electrical signals from the
discrete light sensor to determine When the at least one

exterior vehicle light should transition to a toWn lighting
mode. The discrete light sensor provides an indication of an

AC component present in ambient light, and the control unit
causes the at least one exterior vehicle light to transition to

the toWn lighting mode When the AC component exceeds a

predetermined AC component threshold.

glare experienced by drivers of passenger cars, When closely

[0010] According to still another embodiment of the

folloWed by an SUV or truck, various solutions, such as

tions such as reducing the mounting height limit of an SUV
or truck’s headlamps may generally require an objectionable

present invention, an illumination control system for con
trolling the at least one exterior vehicle light of a controlled
vehicle includes an imaging system and a control unit. The
imaging system obtains an image to a front of the controlled
vehicle and includes an array of sensors, Which each gen

reducing the mounting height limit of headlamps, have been
proposed to help alleviate this problem. Unfortunately, solu
change to the front end styling of the SUV or truck.

erate electrical signals that represent a light level sensed by

Additionally, the physical construction of large SUVs and

the sensor. The control unit is in communication With the at

trucks may make it impossible to reduce the mounting

least one exterior vehicle light and is operable to acquire

height signi?cantly.

electrical signals received from the array of sensors and to
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separately process the electrical signals. The control unit is
operable to examine a position and brightness of an on

coming vehicle headlamp over time, as indicated by the
electrical signals provided by the array of sensors, to deter
mine When a median Width is appropriate for the activation
of a motorWay lighting mode and causes the at least one

controlled re?ector positioned approximate the at least one
light source. The re?ector is controlled to provide a variable
illumination range for the at least one light source and is

controlled to distinguish betWeen vehicular and non-vehicu
lar light sources.

[0016] These and other features, advantages and objects of

exterior vehicle light to transition to the motorWay lighting
mode responsive to the determined median Width.
[0011] In another embodiment, an illumination control

the present invention Will be further understood and appre
ciated by those skilled in the art by reference to the folloW

system for controlling at least one exterior vehicle light of a
controlled vehicle includes an imaging system, a spatially
controlled variable attenuating ?lter and a control unit. The
imaging system obtains an image to a front of the controlled

BRIEF DESCRIPTION OF THE DRAWINGS

vehicle and includes an array of sensors that each generate

electrical signals representing a light level sensed by the
sensor. The ?lter is positioned approximate the at least one

exterior vehicle light and the control unit is in communica
tion With the at least one exterior vehicle light and the ?lter.

The control unit is operable to acquire electrical signals
received from the array of sensors and to process the
electrical signals and control the ?lter to vary an illumina
tion range of the at least one exterior vehicle light in
response to the electrical signals and to control the ?lter to

ing speci?cation, claims and appended draWings.

[0017] In the draWings:
[0018]

FIG. 1A is an electrical block diagram of an

exemplary imaging system;
[0019]

FIG. 1B is a side vieW of a leading vehicle

illustrating various geometric considerations;
[0020] FIG. 2 is a graph depicting the illumination, as a
function of the mounting height of a trailing vehicle’s
loW-beam headlamps, on a surface at a rearvieW mirror

position of the leading vehicle of FIG. 1B;

distinguish betWeen vehicular and non-vehicular light

[0021]

sources.

nation as a function of distance for various headlamp

[0012] In one embodiment, an illumination control system
for controlling at least one exterior vehicle light of a
controlled vehicle includes an imaging system, a spatially
controlled re?ector and a control unit. The imaging system
obtains an image to a front of the controlled vehicle and

FIG. 3 is a graph illustrating road surface illumi

mounting heights;
[0022]

FIG. 4 is a side vieW of another leading vehicle

illustrating various geometric considerations;

includes an array of sensors that each generate electrical

[0023] FIG. 5 is a graph depicting the relationship of the
position of an on-coming headlamp image, With respect to a

signals representing a light level sensed by the sensor. The
re?ector is positioned approximate the at least one exterior
vehicle light and the control unit is in communication With

vehicle for various median Widths;

the at least one exterior vehicle light and the re?ector. The

control unit is operable to acquire electrical signals received
from the array of sensors and to process the electrical signals
and control the re?ector to vary an illumination range of the
at least one exterior vehicle light in response to the electrical

center of the image, as captured by an array of sensors in a
controlled vehicle, as a function of distance to an on-coming

[0024] FIG. 6A is a side vieW of a high-performance
headlamp that implements a mask, according to an embodi
ment of the present invention;

[0025]

FIG. 6B is a front vieW of the mask of FIG. 6A;

[0026]

FIG. 6C is a side vieW of a high-performance

signals and to control the re?ector to distinguish betWeen
vehicular and non-vehicular light sources.
[0013] In another embodiment, a system for controlling at

headlamp that implements a mask, according to another
embodiment of the present invention;

least one headlamp of a controlled vehicle includes an array
of sensors and a control unit. The array of sensors is capable

sion devices that are used to control the illumination pro

of detecting light levels in front of the controlled vehicle and
the control unit is in communication With the array of
sensors and the at least one headlamp. The headlamp has a

high color temperature and the control unit receives data
representing the light levels detected by the array of sensors

to identify potential light sources and distinguish light that
is emitted from the headlamp and re?ected by an object from
other potential light sources. The control unit is also oper
able to control operation of the at least one headlamp as a

function of the light levels output from the array of sensors.
[0014] In yet another embodiment a controllable head
lamp includes at least one light source and a spatially

controlled variable attenuating ?lter positioned approximate

[0027]

FIGS. 7A-7B are front vieWs of variable transmis

duced by headlamps of a vehicle, according to an embodi
ment of the present invention;
[0028]

FIG. 8 is a side vieW of a headlamp that includes

a plurality of individual light emitting diodes;
[0029]

FIG. 9 is a diagram of a headlamp that utiliZes a

spatially controlled re?ector;
[0030] FIG. 10 depicts plots of the spectral distributions
of various vehicle exterior lights;

[0031] FIG. 11 depicts plots of the spectral re?ectance
ratios of various colored road signs;

the at least one light source. The ?lter is controlled to
provide a variable illumination range for the at least one

[0032] FIG. 12 depicts plots of transmission factors of red

light source and is controlled to distinguish betWeen vehicu
lar and non-vehicular light sources.

the present invention;

[0015] In still another embodiment, a controllable head
lamp includes at least one light source and a spatially

and infrared ?lter material, according to an embodiment of

[0033] FIG. 13 depicts plots of the quantum ef?ciency
versus Wavelength for an optical system, according to an

embodiment of the present invention;
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FIG. 14 depicts a graph of red-to-clear ratios for

sensor. The control unit is operable to examine a position

various light sources as detected by an optical system,
according to an embodiment of the present invention;

[0034]

and brightness of an on-coming vehicle headlamp over time,
as indicated by the electrical signals provided by the array of

[0035] FIG. 15A is a side vieW of a headlamp that
implements a rotatable mask, according to one embodiment

of the present invention;
[0036]

FIG. 15B is a front vieW of the mask of FIG. 15A;

[0037] FIG. 16A is a side vieW of a headlamp that
implements a rotatable mask, according to another embodi
ment of the present invention;

[0038] FIG. 16B is a front vieW of the mask of FIG. 16A
in a ?rst position; and
[0039] FIG. 16C is a front vieW of the mask of FIG. 16A
in a second position.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0040] The present invention is directed to a system for
controlling at least one exterior vehicle light (e.g., loW-beam

headlamps, high-beam headlamps, tail lamps, fog lamps,
etc.) of a controlled vehicle and includes an array of sensors
and a control unit. The control unit is in communication With
the array of sensors and the at least one exterior vehicle light

and is capable of determining a distance and an angle from
the at least one exterior vehicle light of the controlled
vehicle to a leading vehicle. The control unit is operable to
control operation of the at least one exterior vehicle light as
a function of the distance and angle, based on the output
from the array of sensors, and prevent the at least one

exterior vehicle light from providing disruptive glare to a
driver of the leading vehicle.
[0041] In another embodiment of the present invention, an
illumination control system for controlling the at least one
exterior vehicle light of a controlled vehicle includes an
array of sensors and a control unit. The control unit is

operable to acquire and process electrical signals received
from the array of sensors to determine an illumination

sensors, to determine When a median Width is appropriate for
the activation of a motorWay lighting mode.

[0044] Referring noW to FIG. 1A, a block diagram of a
control system according to an embodiment of the present
invention is shoWn. A control system 40 for continuously

variable headlamps includes imaging system 42, control unit
44 and at least one continuously variable headlamp system
46. The control unit 44 may take various forms, such as a

microprocessor including a memory subsystem With an
application appropriate amount of volatile and non-volatile
memory, an application speci?c integrated circuit (ASIC) or

a programmable logic device (PLD). The imaging system 42
includes vehicle imaging lens system 48 operative to focus
light 50 from a region generally in front of a controlled
vehicle onto image array sensor 52. The imaging system 42
is capable of determining lateral and elevational locations of
headlamps from on-coming vehicles and tail lamps of lead
ing vehicles. The vehicle imaging lens system 48 may
include tWo lens systems, one lens system having a red ?lter
and one lens system having a cyan ?lter, Which permits the
image array sensor 52 to simultaneously vieW a red image
and a cyan image of the same region in front of the

controlled vehicle and thereby discriminate betWeen tail
lamps and headlamps. The image array sensor 52 may
include an array of pixel sensors.

[0045] The imaging system 42 may include an ambient
light lens system 54 operable to gather light 56 over a Wide
range of elevational angles for vieWing by a portion of the
image array sensor 52. Alternatively, the light 50, focused
through the vehicle imaging lens system 48, may be used to
determine ambient light levels. Additionally, a light sensor

completely separate from the imaging system 42 may be
used to determine ambient light levels. In one embodiment,
the imaging system 42 is incorporated into an interior
rearvieW mirror mount. In this case, the imaging system 42
may be aimed through a portion of the Windshield of the
controlled vehicle that is cleaned by at least one Windshield

gradient associated With the at least one exterior vehicle
light on a road surface. The control unit compares a sensed
illumination range, Which is based on the illumination
gradient, to a desired illumination range and is operable to
control the at least one exterior vehicle light to achieve a
desired illumination range.

Wiper.

[0042] In yet another embodiment of the present inven
tion, an illumination control system for controlling the at

receives digitiZed image data from and sends control infor
mation to the imaging array control and ADC 64, via serial
link 68.

least one exterior vehicle light of a controlled vehicle
includes a discrete light sensor and a control unit. The

control unit is operable to acquire and process electrical
signals from the discrete light sensor, Which provides an
indication of an AC component present in ambient light. The
control unit causes the at least one exterior vehicle light to

transition to the toWn lighting mode When the AC compo
nent exceeds a predetermined AC component threshold.

[0043] According to still another embodiment of the

[0046] The control unit 44 accepts pixel
58 and generates image sensor control
headlamp illumination control signals 62.
44 includes an imaging array control and

gray scale levels
signals 60 and
The control unit
analog-to-digital

converter (ADC) 64 and a processor 66. The processor 66

[0047] The control system 40 may include vehicle pitch
sensors 70, to detect the pitch angle of a controlled vehicle
relative to the road surface. Typically, tWo of the vehicle
pitch sensors 70 are desired. Each of the sensors 70 is
mounted on the chassis of the controlled vehicle, near the
front or rear axle, and a sensor element is ?xed to the axle.
As the axle moves relative to the chassis, the sensor 70

measures either rotational or linear displacement. To provide
additional information, the control unit 44 may also be

present invention, an illumination control system for con
trolling the at least one exterior vehicle light of a controlled
vehicle includes an imaging system and a control unit. The
imaging system obtains an image to a front of the controlled
vehicle and includes an array of sensors Which each generate

[0048]

electrical signals that represent a light level sensed by the

excessive light from headlamps 22 to be re?ected back to the

connected to a vehicle speed sensor 72, one or more mois

ture sensors 74 and may also be connected to a GPS receiver,
a compass transducer and/or a steering Wheel angle sensor.

Precipitation such as fog, rain or snoW may cause
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driver of the controlled vehicle. Precipitation may also
decrease the range at Which on-coming vehicles and leading
vehicles may be detected. Input from the moisture sensor 74
may therefore be used to decrease the full range of illumi
nation.

[0049]

A headlamp controller 76 controls at least one of

Automatic Aiming of LoW-beam Headlamps to
Prevent Glare to Other Vehicles

[0053] Set forth beloW are some computational examples
that illustrate the relative rearvieW glare increase provided
by high mounted loW-beam headlamps over standard pas
senger car loW-beam headlamps, as seen by a leading

the continuously variable headlamps 22. When multiple

vehicle. These examples are approximate computations only

headlamp controllers 76 are utiliZed, each of the headlamp
controllers 76 accepts the headlamp illumination control
signals 62, from control unit 44, and affects the headlamps
22 accordingly to modify an illumination range of light 78
leaving headlamp 22. Depending on the type of continu

and are not the result of speci?c measurements. The com
putations assume no obstruction betWeen the loW-beam

ously variable headlamp 22 used, the headlamp controller 76
may vary the intensity of the light 78 leaving the headlamp
22, may vary the direction of the light 78 leaving the
headlamp 22, or both.

[0050] The control unit 44 may acquire an image covering
a glare area, Which includes points at Which a driver of an

on-coming vehicle or leading vehicle Would perceive the
headlamps 22 to cause excessive glare. The control unit 44
processes the image to determine if at least one vehicle is
Within the glare area. If at least one vehicle is Within the

headlamp of a trailing vehicle and the rearvieW mirror
surface of the leading vehicle and do not account for rear

WindoW transmission loss. FIG. 1B depicts a leading vehicle

102 that is being folloWed by a trailing vehicle (not shoWn)
at a distance of about 15 meters, With respect to loW-beam

headlamps of the trailing vehicle and an internal rearvieW
mirror of the leading vehicle.

[0054] The illumination at the leading vehicle’s interior
rearvieW mirror, located about 1.2 meters above the road, is

determined by: computing the horiZontal and vertical angle
to each of the headlamps (assuming a headlamp separation
of about 1.12 m), determining the intensity of the headlamps
at that angle and dividing the determined intensity by the
distance squared. Information on the average position of

glare area, the control unit 44 changes the illumination

automotive rearvieW mirrors can be obtained from a paper

range. OtherWise, the headlamps 22 are set to a full illumi
nation range.

entitled “Field of VieW in Passenger Car Mirrors,” by M.
Reed, M. Lehto and M. Flannagan (published by the Uni

versity of Michigan Transportation Research Institute

[0051] The changes to illumination range and setting the

(UMTRI-200023)), Which is hereby incorporated herein by

headlamps 22 to a full illumination range typically occur

reference in its entirety. Information on the intensity of

gradually as sharp transitions in the illumination range may
startle the driver of the controlled vehicle, since the driver
may not be aWare of the precise sWitching time. Atransition
time of betWeen one and tWo seconds is desired for returning
to full illumination range from dimmed illumination range,
corresponding to loW-beam headlamps. Such soft transitions
in illumination range also alloW the control system 40 to
recover from a false detection of an on-coming vehicle or

average loW-beam headlamps can be obtained from a paper

entitled “High-Beam and LoW-Beam Headlighting Patterns
in the Us. and Europe at the Turn of the Millennium,” by
B. Schoettle, M. Sivak and M. Flannagan (published by

UMTRI (UMTRI 2001-19)), Which is also hereby incorpo
rated herein by reference in its entirety.

[0055] FIG. 2 is a graph that depicts the illumination (as
a function of mounting height of the trailing vehicle’s

leading vehicle. Since image acquisition time is approxi

loW-beam headlamps) on a surface at the rearvieW mirror

mately 30 ms, correction may occur Without the driver of the

position of a leading vehicle, assuming no obstructions and

controlled vehicle noticing any change.

based on the information set forth above. The graph of FIG.

[0052]

2 illustrates the loW-beam headlamp mounting height over
the legal range, speci?ed in FMVSS 108, of 0.56 meters to

For a controlled vehicle With both high-beam and

loW-beam headlamps 22, reducing illumination range may

be accomplished by decreasing the intensity of high-beam
headlamps 22 While increasing the intensity of loW-beam
headlamps 22. Alternately, loW-beam headlamps can be left
on continuously for ambient light levels beloW a certain
threshold. For a controlled vehicle With at least one head

lamp 22 having a variable horiZontal aimed direction, the
aim of headlamp 22 may be moved aWay from the direction
of an on-coming vehicle When the illumination range is
reduced or changed. This alloWs the driver of the controlled
vehicle to better see the edge of the road, road signs,
pedestrians, animals and the like that may be on the curb side
of the controlled vehicle. The control unit 44 may determine
if any leading vehicle is in a curb lane on the opposite side
of the controlled vehicle from on-coming traf?c. If a leading
vehicle is not in the curb lane, reducing the illumination

range may include aiming headlamps 22 aWay from the
direction of on-coming traf?c. If a leading vehicle is
detected in a curb lane, the illumination range may be

reduced Without changing the horiZontal aim of headlamps
22.

1.37 meters. A typical passenger car may have headlamps
mounted at about 0.62 meters. In this case, the glare on the

rearvieW mirror of the leading vehicle is about 2.4 lux. For
a vehicle With headlamps mounted at 1 meter, the glare on
the rearvieW mirror of the leading vehicle increases to 5.8
lux. The situation becomes much more severe With large

trucks and SUVs With loW-beam headlamp mounting
heights higher than 1 meter. At the current U.S. maximum

headlamp mounting height, i.e., 1.37 meters, the glare at the
rearvieW mirror is approximately 91 lux. This large increase
is due to the fact that the intensity of loW-beam headlamps
is greatest at about 1.5 degrees beloW horiZontal and

decreases rapidly With increased vertical angle.

[0056] The problem of increased rearvieW mirror glare
With increased headlamp mounting height could be solved
by requiring manufacturers of larger vehicles to aim their
headlamps further doWnWard When they are mounted above
a predetermined height. HoWever, this solution comes at the
cost of decreased illumination range during normal driving,
When no leading vehicle is present. For example, in order for
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a vehicle With headlamps mounted at 1 meter to produce the

trailing vehicle (not shoWn). The angle betWeen the tail

glare equivalent of a vehicle With headlamps mounted at
0.62 meters (i.e., at 15 meters), the vehicle Whose headlamps
are mounted at 1 meter must be aimed doWnWard an

lamps of the leading vehicle and the camera of the trailing
vehicle can be determined from the position of the tail lamps
in the image. It should be appreciated that the difference in

additional 1.4 degrees. FIG. 3 depicts three curves of road

mounting height betWeen a camera mounted Within a vehicle

illumination as a function of distance for: a passenger car

and loW-beam headlamps of the vehicle is ?xed and, there
fore, can be knoWn for any given vehicle. As mentioned
above, the distance to the leading vehicle can be determined
in a number of Ways. For example, the distance to the
leading vehicle can be estimated by the brightness of the tail

With loW-beam headlamps mounted at 0.62 meters, a truck
or SUV With loW-beam headlamps mounted at 1 meter and
a truck or SUV With loW-beam headlamps mounted at 1
meter and aimed doWnWard an additional 1.4 degrees. As is

shoWn in FIG. 3, the doWnWard aim reduces the visibility
distance of the loW-beam headlamps signi?cantly. As a

result, simply aiming the headlamps doWn is generally
unacceptable during normal driving conditions, When no
leading vehicle is present.
[0057]

Additional information about the effects of mirror

glare resulting from different mounting heights can be found

in Society of Automotive Engineers (SAE) publication
J2584 entitled “Passenger Vehicle Headlamp Mounting
Height,” Which is also hereby incorporated herein by refer
ence in its entirety. This study recommends that headlamp
mounting height be limited to 0.85 meters to avoid project

ing undue glare into leading vehicles.
[0058] A solution Which limits the glare to leading

vehicles, While preserving the desired mounting height of
the headlamps, involves detecting the presence of leading
vehicles and adjusting the aim of the loW-beam headlamps

of the trailing vehicle, accordingly. Systems to vary the aim
of headlamps are currently commercially available on many
production vehicles. These systems typically use sensors in
the axles of a vehicle to detect changes in road pitch and vary
the aim of the headlamps to ensure a constant visibility

distance. Other systems provide motors for adjustment of
the aim of the headlamps, but rely on the driver to manually
adjust the aim of the headlamps through a manual adjust
ment knob located in the vehicle. Although such systems
Were not designed or used in conjunction With a means to

detect a leading vehicle to automatically reduce the angle of
the headlamps, When such vehicles are detected, such sys
tems can be used for this purpose.

[0059]

In one embodiment, such a leading vehicle detec

tion means may include a camera (i.e., an array of sensors)

and an image processing system as is described in US. Pat.
No. 6,281,632 entitled “CONTINUOUSLY VARIABLE

HEADLAMP CONTROL,” issued Aug. 28, 2001, Which is
hereby incorporated herein by reference in its entirety, and
PCT Application No. PCT/US01/08912, entitled “SYSTEM
FOR CONTROLLING EXTERIOR VEHICLE LIGHTS,”

published Sep. 27, 2001 (WO 01/70538), Which is also
hereby incorporated herein by reference in its entirety. Such
systems are capable of detecting the tail lamps of leading
vehicles and may determine the approximate distance to a

leading vehicle by the brightness of the tail lamps in an
image or by the separation distance betWeen the tWo tail
lamps of the leading vehicle. Since tail lamps are typically

lamps of the leading vehicle in the image. Alternatively, for
most vehicles With tWo tail lamps, the distance betWeen the
tWo tail lamps, Which remains Within a reasonable range for
production vehicles, can be used to estimate the distance to

the leading vehicle. For motorcycles or vehicles With only
one tail lamp, brightness can be used to estimate the distance

betWeen the trailing and leading vehicles. Finally, other
devices for determining distance, such as a radar, laser or
ultrasonic sensors, may be used. Such systems are already
incorporated in many production vehicles for use in con

junction With, for example, parking aids and adaptive cruise
control systems. For an example of one such system see US.

Pat. No. 6,403,942, entitled “AUTOMATIC HEADLAMP
CONTROL SYSTEM UTILIZING RADAR AND AN
OPTICAL SENSOR,” the entire disclosure of Which is

hereby incorporated herein by reference.
[0061] Once an estimate of the distance from the trailing
vehicle to the leading vehicle is determined, the angle

betWeen the controlled vehicle’s headlamps and the leading
vehicle (e.g., the rearvieW mirror of the leading vehicle) can
be determined. A detailed method for analyZing an image to
determine the location of light sources Within an image is set

forth in PCT Application No. PCT/US01/08912. Then, if the
trailing vehicle is close enough to the leading vehicle for
glare to disrupt the driver of the leading vehicle, the aim of
the headlamps can be set doWnWard to a level Which does

not cause disruptive glare (alternatively, or in addition, the
intensity of the headlamps may be adjusted). When no
leading vehicles are Within a close range, the headlamps of
the trailing vehicle can be aimed normally for proper road
illumination. Modi?cations to the above embodiment may
include a variety of methods for reducing the intensity of
light directed toWards the detected light source. These
methods include, but are not limited to: modifying the

horiZontal direction aim of the headlamps, modifying the
vertical direction aim of the headlamps, modifying the
intensity of the headlamps, enabling or disabling one of a

plurality of exterior lights and selectively blocking or attenu
ating light from the exterior lights in the direction of the
detected light source.

Automatic Aiming of Headlamps Using an Image
Sensor

[0062] As headlamp technology improves and vehicle
headlamps have become brighter, the potential for causing

lamps’ position in the image can also be used to determine
if excess glare is likely to be projected into the rearvieW
mirror of the leading vehicle.

glare to on-coming and leading drivers has become greater.
LoW-beam headlamps, Which are designed to prevent glare
to on-coming drivers, are typically aimed 1.5 degrees doWn
Ward and about 1.5 degrees right, With a sharp reduction in
intensity above the peak. HoWever, variations in the road

[0060] FIG. 4 depicts a leading vehicle 402 (With tail
lamps located 1 meter above the road) Whose rearvieW

driver. This problem becomes much more severe With neW

mirror is 15 meters ahead of loW-beam headlamps of a

technology headlamps, such as high-intensity discharge

mounted beloW the rear WindoW of most vehicles, the tail

and in vehicle loading can regularly cause the peak of these
headlamps to shine directly into the eyes of an on-coming
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(HID) headlamps, and, as a result, various groups have

[0068] bad Weather lights—lamps Which provide

attempted to design systems that perform active leveling of
these brighter headlamps. Current automatic leveling sys

front of a vehicle to aid the driver in seeing obstacles

tems provide sensors on each axle to determine the pitch of

the vehicle, relative to the road. Such systems may also

incorporate vehicle speed sensing to anticipate variations in
vehicle pitch With acceleration. These systems require that
the headlamp aiming, relative to the vehicle, be knoWn and
calibrated to properly aim the headlamps to compensate for
vehicle pitch variations.

good spread illumination on the road immediately in

in rain and fog;
[0069] motorWay lighting—lamps Which provide a
greater illumination range at higher speeds When
traveling on a motorWay (i.e., a road With lanes in

opposite directions separated by a median); and
[0070]

[0063] An embodiment of the present invention generally

improves on prior automatic headlamp leveling systems by
sensing the actual beam pattern, provided by, for example,
the loW-beam headlamps, on the road separately, or in

combination With the sensing of the vehicle’s pitch. By
looking at the illumination gradient on the road, it is possible
to compare the actual illumination range to the desired

illumination range and compensate for variance by adjusting
the headlamp’s aim. The desired illumination range may be
constant or may be a function of the current vehicle speed,

ambient light level, Weather conditions (rain/fog/snoW), the
presence or absence of other vehicles, the type of roadWay
or other vehicle and/or environmental conditions. For
example, a driver of a vehicle traveling at a high rate of

speed may bene?t from a longer illumination range, While

drivers traveling in fog may bene?t from headlamps aimed
loWer. Because road re?ectance is generally variable, it is
not normally suf?cient to look only at the illumination on the

road to determine the illumination range. Rather, it is
generally useful to look at the light level gradient With
increasing distance on the road surface.

toWn lighting—lamps With a shorter and

Wider illumination range appropriate for driving in
toWn and reducing glare to pedestrians and other
drivers.

[0071] The goal of a typical AFS lighting system is to
provide automatic selection of the different lighting modes.
For example, rain sensing or fog sensing can be used to
activate bad Weather lights and steering Wheel angle can be
used to activate bending lights. HoWever, the activation of
the other illumination modes is not as straight forWard. That

is, activation of motorWay lighting modes and toWn lighting
modes requires a knoWledge of the environment. Vehicle
speed can be used to activate toWn lighting; hoWever, it is
possible that the illumination range may be unnecessarily
reduced When traveling at a loW speed out of toWn. Also,
ambient light level may be a useful indication of traveling in
a toWn. Finally, as is disclosed in US. patent application Ser.
No. 09/800,460, entitled “SYSTEM FOR CONTROLLING
EXTERIOR LIGHTS,” now US. Pat. No. 6,587,573, Which

is hereby incorporated herein by reference in its entirety, a
vehicle including a global positioning system (GPS) With a
map database indicating the types of roads on Which a
vehicle is traveling may be used to determine a proper mode

[0064] As is shoWn in FIG. 3, road illumination decreases

of lighting. HoWever, such systems are expensive and map

as the distance from the vehicle increases. By looking at a

data may not be available for all areas of the World.

vertical strip of pixels in the image corresponding to a
particular horiZontal angle and a range of vertical angles and
comparing the change in brightness across this strip to an
appropriate curve in FIG. 3, based on the mounting height
of the loW-beam headlamps for a particular vehicle, the

Additionally, inaccuracies in GPS systems may occasionally
cause such a system to incorrectly identify the road on Which
a vehicle is traveling.

[0072]

According to the present invention, a toWn is

current aim of the headlamps can be determined and
adjusted to provide a desired illumination range. Alterna
tively, a vertical linear array of photosensors can be used to

detected through the use of an optical sensor. Adiscrete light
sensor such as that described in PCT Application No.
PCT/US00/00677, entitled “PHOTODIODE LIGHT SEN

image road illumination and, thus, provide the road illumi
nation gradient.

(WO 00/43741), Which is hereby incorporated herein by

[0065] Further, in certain circumstances, re?ections from
lane markings can be used to indicate When a road bend is
ahead of the controlled vehicle such that a direction of the
headlamps of the controlled vehicle can be controlled to
bend With the road. Alternatively, in vehicles that include a

navigation system, e.g., a land-based system (such as Loran)
or satellite-based system (such as a global positioning sys

tem (GPS)), direction of the headlamps of the controlled
vehicle can be varied based on a location of the vehicle.

Control of AFS Lighting Using an Image Sensor
[0066] Adaptive front lighting systems (AFSs) are a neW
generation of forWard lighting systems, Which contain a
variety of technologies for improving a vehicle’s forWard
illumination. In addition to standard loW and high beams,
AFS lighting systems may include, for example, the folloW
ing illumination modes:

[0067] bending lights—lamps in Which the aim is
varied horiZontally or separate lamps are lit to pro

vide better illumination When turning;

SOR,” by Robert H. Nixon et al. and published Jul. 27, 2000
reference in its entirety, may be utiliZed. This sensor may be
used to measure the ambient light and also measure the 120

HZ (or 100 HZ in Europe) intensity ripple component,
produced by discharge street lighting poWered by a 60 HZ
AC source, by obtaining several light level measurements
during different phases of the intensity ripple. If there is a
signi?cant AC component in the ambient light level and the
vehicle speed is loW (for example, less than 30 mph), it is
likely that the vehicle is traveling in a toWn With signi?cant
municipal lighting and toWn lighting can be activated. By
examining the quantity of AC lights and the vehicle’s speed,
toWn driving conditions can be accurately determined. The
magnitude of the AC component may be used in combina
tion With the ambient light level and the vehicle’s speed to
make a proper determination of the use of toWn lighting. For

example, if the ambient light level is suf?cient such that
there Would not be a signi?cant safety risk from the reduced
illumination range, the speed of the vehicle is indicative of
driving in a toWn (e.g., beloW about 30 mph) and there is a
signi?cant AC component in the ambient lighting, toWn
lighting may be activated.

