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[0001]

AUTOMATIC HEADLAMP CONTROL
SYSTEM

imaging system With a vehicle axis in response to detection of
light sources and tracking of movement of the light sources as

CROSS REFERENCE TO RELATED
APPLICATIONS

the vehicle travels along the road.
[0007] These and other objects, advantages, purposes and
features of the present invention Will become apparent upon
revieW of the folloWing speci?cation in conjunction With the

The present application claims the bene?t of US.

provisional applications, Ser. No. 60/845,381, ?led Sep. 18,

draWings.

2006; and Ser. No. 60/837,408, ?ledAug. 11, 2006, Which are
hereby incorporated herein by reference in their entireties.

BRIEF DESCRIPTION OF THE DRAWINGS

FIELD OF THE INVENTION

and image sensing device and processor in accordance With

[0008]

[0002]

The present invention relates to automatic headlamp

FIG. 1 is a sectional vieW of an accessory module

the present invention;

control systems for vehicles and, more particularly, to auto

[0009]

matic headlamp control systems that automatically adjust the

as seen through the Windshield of a vehicle;

high and loW beam states of a vehicle headlamp.
BACKGROUND OF THE INVENTION

[0003]

Automotive forWard lighting systems are evolving

in several areas including the use of image-based sensors,

typically referred to as Automatic High Beam (AHB) control
systems, to maximize the use of high beam road illumination
When appropriate, the use of steerable beam systems, typi

cally referred to asAdaptive Front Lighting (AFL) systems, to
provide a greater range of beam pattern options particularly
for driving on curved roads or during turn maneuvers Wherein

the beam pattern may be biased or supplemented in the direc
tion of the curve or turn, and the combination of such AHB

and AFL systems.

[0004] US. Pat. No. 6,097,023 (Which is hereby incorpo
rated herein by reference in its entirety) describes an auto
matic high beam control system Which utiliZes an optical

system, an image sensor, and signal processing including
spectral, spatial and temporal techniques to determine ambi
ent lighting conditions, the road environment, and the pres
ence of other road users in order to automatically control the

selection of the appropriate forWard lighting state such that
user forWard vision is optimiZed While minimiZing the impact
of headlamp caused glare on other road users in all lighting
conditions.
[0005] While AHB systems that utiliZe the features and
concepts described Within the above identi?ed US. patent
have achieved performance levels that have resulted in con
siderable commercial success, it is desired to provide addi

tional features and techniques, Which may increase the utility,

improve the performance, facilitate the manufacture, and
simplify the installation of such systems.
SUMMARY OF THE INVENTION

[0006]

The present invention provides an automatic head

lamp control system that is operable to automatically control
or adjust the high beam state of a vehicle’s headlamps. The
headlamp control system is operable to spread out or de-focus
a captured image to spread out the imaging of a light source so
that an image of a distant light source is captured by at least
tWo pixels of an image array sensor. The image array sensor
thus may receive at least a portion of the light source (Which
may be a red tail light of a leading vehicle) on a red sensing

pixel to enhance early detection of the distance tail light. The
headlamp control system may provide enhanced control of
the headlamps When the vehicle is driven around curves or
bends in the road and may be operable in response to a

steering Wheel angle of the vehicle. The headlamp control
system may be adjustable to align the optical axis of the

[0010]

FIG. 2 is a perspective vieW of the accessory module

FIG. 3 is a side elevation and partial sectional vieW

of an image sensing device useful With the present invention;
[0011]

FIG. 4 is a plan vieW ofan array ofphoto sensors of

an image sensing device of the present invention;
[0012]

FIG. 5 is a side elevation of a lens and image sensing

device of the present invention;
[0013] FIG. 6 is another side elevation of a lens and image
sensing device similar to FIG. 5;
[0014]

FIG. 7 is a schematic of a focused light source and

de-focused light source as captured by pixels of an imaging
sensor;

[0015]

FIG. 8 is a side elevation of a lens and image sensing

device of the present invention;
[0016] FIG. 9 is a chart shoWing the region of interest and
average time gained in loW beam for several vehicles as the
vehicles travel around different degrees of curvatures in the

road;
[0017]

FIG. 10 is a perspective vieW ofa lens and image

sensing device of the present invention;
[0018] FIGS. 11A-D are schematics of a quad of pixels of
an image sensor in accordance With the present invention;
[0019] FIG. 12 is a graph of a plurality of line pro?les

generated in accordance With the present invention;
[0020] FIG. 13 is a graph ofthe slope ofthe line pro?les of
FIG. 12;
[0021]

FIG. 14 is a graph of the edge slope vs. focal dis

tance for the focusing algorithm of the present invention;
[0022]

FIG. 15A is a perspective vieW of a lens holder in

accordance With the present invention; and
[0023]
15A.

FIG. 15B is a plan vieW of the lens holder of FIG.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] In order to facilitate the description of features and
enhancements, some speci?c con?gurations, to be revieWed
in conjunction With the draWings, is described beloW. It Will
be understood that the components and values described are
for illustrative purposes and do not limit the scope of the
disclosed invention.
[0025] With reference to FIG. 1, a vehicle 10 includes an

automatic high beam control system 11 made up of an optical
system 12, an image sensor 13, a digital processor 14, a

printed circuit board assembly 15, Which contains all the
necessary electronic components and interconnections to

support operation of the image sensor 13 and digital proces
sor 14, a connection 16 to the vehicle Wiring system, and a
housing assembly or accessory module or Windshield elec
tronics module 18.
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[0026] The optical system 12 is held by features of the
housing assembly 18 in a constrained spatial relationship
With the image sensor 13, such that an optical system axis 17
is perpendicular to the active plane of the image sensor 13 and

passes generally through its center point, and such that the
distance betWeen the optical system 12 and the image sensor
13 may be adjusted to bring the optical system focal plane into
a predetermined relationship With the active plane of the
image sensor 13 during the manufacturing process and there
after locked in position. The housing assembly may utiliZe
aspects of the modules or assemblies described in US. Pat.

Nos. 6,968,736; 6,877,888; 6,824,281; 6,690,268; 6,672,744;
6,593,565; 6,516,664; 6,501,387; 6,428,172; 6,386,742;
6,341,523; 6,329,925; and 6,326,613; 6,250,148; and 6,124,
886, and/or US. patent application Ser. No. 10/456,599, ?led
Jun. 6, 2003 by Weller et al. for INTERIOR REARVIEW
MIRROR SYSTEM WITH COMPASS, now US. Pat. No.

7,004,593; Ser. No. 10/538,724, ?led Jun. 13, 2005 by HutZel
et al. for ACCESSORY SYSTEM FOR VEHICLE (Attorney

Docket DON01 P-1123), and/or Ser. No. 11/201,661, ?led
Aug. 11, 2005 by DeWard et al. forACCESSORY MODULE
FOR VEHICLE, now US. Pat. No. 7,480,149, and/or PCT

Application No. PCT/US03/40611, ?led Dec. 19, 2003 by

632, ?led May 11, 2005 by Bingle et al. for IMAGING
SYSTEM FOR VEHICLE (Attorney Docket DON01

P-1118),and/or US. provisional application Ser. No. 60/731,
183, ?led Oct. 28, 2005 by Gibson for CAMERA MODULE
FOR VEHICLE VISION SYSTEM, Which are hereby incor

porated herein by reference in their entireties.
[0029] The image sensor 13 is preferably, but not limited to,
a CMOS photosensor array, such as part number MT9V125

produced by Micron Corporation, With 640 roWs and 480
columns of 5.6 micron square photosensor elements and cir
cuitry to measure the quantity of photons that impinge each
photosensor element during a controllable period of time. In
the described con?guration, the image sensor is oriented such
that the 640 photosensor roWs are horiZontal and the 480

columns are vertical. Thus, in combination With the optical
system 12, the image sensor 13 has about a 48 degree hori
Zontal ?eld of vieW and about a 36 degree vertical ?eld of
view.

[0030]

In order to extract color information from the image

or image data, one of a number of ?lter types, each able to
transmit a particular band of Wavelength, covers the active

Donnelly Corp. et al. for ACCESSORY SYSTEM FOR

surface of each of the photosensor elements of the array. The
most commonly used color ?lter pattern, and therefore the

VEHICLE; PCT Application No. PCT/US03/03012, ?led
Jan. 31, 2003 by Donnelly Corporation for VEHICLE

most economically available as a standard feature of a com

ACCESSORY MODULE, and/ or PCT Application No. PCT/

Which either a blue, green or red pass ?lter is applied to the

US04/ 15424, ?led May 18, 2004 by Donnelly Corporation et

surface of each of the image sensor photosensor elements,

mercially available image sensor, is the Bayer pattern in

al. for MIRROR ASSEMBLY FOR VEHICLE, and/or Ire

such as shoWn in FIG. 4. Alternate roWs of the photosensor

land pat. applications, Ser. No. S2004/0614, ?led Sep. 15,

elements may be covered by alternating red and green ?lters
and alternating blue and green ?lters such that every 2 by 2
block of photosensors Within the array contains one red ?lter,
one blue ?lter and tWo diagonally opposite green ?lters. Since

2004; Ser. No. S2004/0838, ?led Dec. 14, 2004; and Ser. No.
S2004/0840, ?led Dec. 15, 2004, Which are all hereby incor
porated herein by reference in their entireties.
[0027] The accessory module or housing assembly 18

each photosensor is ?ltered to measure only the blue, green or

includes an outer housing 1811 that is removably attached to an

red light energy content of the portion of the image formed by

attachment plate 19, Which is ?xedly attached to the upper
central region of the inside surface of the vehicle’s Windshield
20 such that the optical system axis 17 is substantially hori

system 12 to the image sensor 13 also pass through a portion
of the vehicle’s Windshield sWept by the vehicle’s Windshield

the optical system at its active surface, it is necessary to
combine the measured values of ?ltered light from each of the
photosensors of a 2 by 2 block such that an interpolated red,
green and blue color value (RGB) may be assigned to the
center point of the block. The color value for each of the 2 by
2 blocks of the array is calculated, thus creating a 639 by 479
array of color values With the same spacing as the photosensor
array. This array of color picture elements is commonly
termed a pixel array. A variety of algorithms may be used to

Wiper system.

perform this interpolation, commonly termed demosaicing,

Zontal and substantially parallel to the vehicle’s principal
central axis. The housing assembly and attachment plate.
Preferably, the housing assembly 18 is positioned at the Wind
shield such that the light rays that pass through the optical

As shoWn in FIG. 3, optical system 12 includes a

and the particular algorithm may be selected depending on

lens 31, or combination of lenses or optical elements, With a

the particular the application, the desired ?nal image quality

focal length f (such as a focal length of, for example, about 4.5
mm), an optical stop, N (such as an optical stop of, for
example, about 1.8) and a spherical ?eld of vieW (FOV) 34
(such as about 60 degrees). Optical system 12 also includes a
cylindrical lens holder 32, an infrared ?lter 33, and an image
sensor 13 positioned With its active surface perpendicular to
optical axis 17. The infrared ?lter 33 facilitates the determi
nation of color attributes Within the visible light spectrum of
objects Within the monitored scene by preventing near infra

and available computing poWer. For the AHB control system
described herein, each pixel RGB value is derived by com
bining the red value, the average of the tWo green values, and
the blue value of its associated four photosensor elements.
[0031] Optionally, the imaging device or module may com
prise an imaging or intelligent headlamp control (IHC) mod
ule. For example, a intelligent headlamp control module may

red energy, With a Wavelength above about 750 nm, from

very dif?cult in an automated lens insertion situation. In order
to manufacture such an IHC module or lens holder 132, crush
ribs 132a may be disposed or established at an interior surface

[0028]

reaching the image sensor 13, and may be optionally placed at
the front (object side) or back (image side) of the optical
system 12, betWeen the optical system 12 and image sensor
13, or on the surface of the image sensor 13. The optical
system and lens holder and sensor may be located at an

imaging sensor module, such as by utiliZing aspects of the
modules described in US. patent application Ser. No. 10/ 534,

have a dimensionally small cavity around a lens holder 132

(FIGS. 15A and 15B), thus making threaded lens insertion

of the barrel 13219 of the lens holder. By introducing vertical
crush ribs to the barrel, the axes of motion are decreased to
one. In a threaded lens situation, the automated lens insertion
procedure could have as many as four axis of motion, thus
increasing the cost of the module or system.
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[0032] In order to accommodate the crush ribs, several lens
modi?cations may be needed, since a typical existing lens
often has threads Which may bind in the crush ribs. Thus, in

content of the image of the tail lamp at about 200 meters is
measured and results in a red component of the calculated

order to accommodate the crush ribs, the lens may be manu

pixel color value, it is desirable that the tail lamp image

factured or modi?ed to have a smooth bore in order to engage

dimension be in the order of about one and a half times that of
a photosensor element, such that no matter Where it lies or is
received on the photosensor array it Will cover at least a

the control surfaces of the ribs evenly along the barrel of the
lens holder.
[0033] The crush rib feature of the lens holder secures the
lens during manufacture. However, it is desirable to apply an
adhesive at the lens holder and lens to substantially perma
nently attach the lens to the plastic barrel of the lens holder.
Lateral grooves around the barrel of the lens may be provided

pixel value With no red content. In order to assure that the red

portion of at least one red detecting photosensor.
[0039] This could be achieved by reducing the ?eld of vieW
of the optical system by a factor of about three, resulting in a
horiZontal ?eld of vieW of about 16 degrees and a signi?cant
reduction in other aspects of system performance. It could
also be achieved by increasing the number of photosensor

to alloW the How of adhesive around the lens for a more
uniform lens attachment or securement. Such grooves do not
interfere With the crush ribs during insertion as much as

elements in each roW of the image sensor by a factor of about
three, With a corresponding reduction of photo sensor element

threads Would and alloW the How of adhesive greater than a

ments in each roW of the image sensor by a factor of about

substantially smooth bore.
[0034] In order to control alignment and precision of the

three, maintaining the photosensor element dimension, and
changing the optical system speci?cation in order to maintain

insertion of the lens doWn the barrel (toWard and aWay from
the imager), a gripper may be provided to isolate the head of
the lens betWeen tWo overlapping control surfaces that Would
hold the lens and control the toWard and aWay (from the

about a 48 degree horiZontal ?eld of vieW. HoWever, this is
typically not a practical solution due to the cost or availability
of such image sensors and the cost of the additional process

imager) motion during the focusing process.

amount of image data.
[0040] It is thus an aspect of the present invention to
increase the effective siZe of the image at the image sensor of

[0035] The control surface of the printed circuit board
(PCB) during the lens insertion process preferably facilitates
several criteria, both mechanical and electrical, during such
an automated process. The nest may secure the imager board

and backplate simultaneously in a repeatable orientation for
lens insertion. The nest may also alloW for electrical attach
ment to the ECU by Way of pogo pins or the like during the
focusing process. It may also articulate in order to secure the
ECU board to the backplate after the focusing process.
[0036] In order to achieve enhanced AHB control system
performance, it is desirable to detect the tail lamp of a leading
vehicle at about 200 meters. The minimum tail light emitting
surface area to meet legal requirements is about 50 cm2,
Which can be achieved using about an 80 mm diameter cir
cular or about a 71 mm square emitting surface. HoWever, in

most cases, tail lamp designs are driven by vehicle styling
considerations and a desire on the part of vehicle manufac

turers to exceed minimum requirements by a safe margin.

Such design and styling constraints often result in tail lamp
emitting surfaces With either a horiZontal or vertical dimen
sion of at least about 125 mm.

[0037] Using the above described optical system 12 and
imaging array 13, each photosensor element of the array has
an effective horiZontal ?eld of vieW FOVph and an effective

vertical ?eld of vieW FOVpv, Where:
FOVph :FOVpv:48 degrees/640 pixels:0.075
degrees/pixel.

Thus, each photosensor element of the array subtends a
region of a vertical plane at distance R meters from the

imager, Which measures ph by pv Where:
ph IpVIFOVphxRx 1 OOOXPI/l 80 mm:1.309><R mm.

[0038] Thus, at a distance of about 200 m, the portion of the
forWard scene subtended by each photosensor element of the
array measures about 262 mm by about 262 mm, Which is

approximately tWice the dimension of a typical tail lamp of a
vehicle. Since the dimension of the image of a tail lamp at
about 200 meters is in the order of half that of a photosensor

element, it is possible that the tail lamp image Will lie entirely
on the blue and green detecting photosensor elements of a 2
by 2 block of photosensor elements, and thus may result in a

dimension, or by increasing the number of photosensor ele

ing capacity required to handle the signi?cantly increased

a tail lamp at 200 meters, so that its presence and color may be

detected, Without changing the optical system or image sen
sor and While maintaining the ability to perform other object
detection tasks to support additional features and functions,
such as described beloW.

[0041]

The folloWing analysis of the optical system con

tained Within the AHB control system Will serve to explain the

principles used to establish an optimal con?guration.
[0042] FIG. 5 shoWs an imaging device having a thin lens
31 With focal length f mm, effective diameter a mm, and

optical stop N, Where NIf/a. An object plane OP, Which is
perpendicular to the optical axis of lens 31 and at a distance s

m from its optical center, and an image plane 13a parallel to
the object plane at a distance d m from, and on the opposite
side of, the optical center of lens 31. The focal length f is the
distance from the optical center of lens 31 to the point at
Which light rays from a distant point on the optical axis 17
converge. Light rays that pass through lens 31 behave accord
ing to the thin lens equation 1/s+1/d:1/f. Thus, an image of
the point P on the object plane OP is in focus at point I on the

image plane 13a.
[0043] FIG. 6 shoWs the same con?guration as FIG. 5 With
the addition of a point P' at distance s' from the optical center
of the lens 31. According to the thin lens equation (1), a

focused image of point P' Would be formed at point I' Which is
at distance d' from the optical center of the lens. HoWever,
since the image plane 1311 has remained at the distance d from

the lens, the light rays from point P' continue through point I'
and diverge until they reach the image plane 1311 resulting in
an unfocused image of point P' With diameter C, commonly
termed the circle of confusion.
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[0044] Consider noW the object point to be replaced by a
circular uniform light source of diameter D. When placed at

the quad. There are many different Ways in Which displays

point P, the image of the disc at the image plane Would appear

The most straight forWard Way is to collect each pixel’s inten
sity value and compile it into a 64-bit RGGB image. This

as a focused disc of diameter D' With uniform intensity (such
as shoWn at A in FIG. 7). A plot of image intensity across an
extended diametral line Would appear as line A' With a step

change from background image intensity to disc image inten
sity. When placed at point P', the previously described circle
of confusion, With diameter C, Would be created at the image
plane 13a for each point on the disc, resulting in an unfocused
image of the disc With diameter D", Where D":D'+C (such as
shoWn at B in FIG. 7). A plot of image intensity across an
extended diametral line Would appear as line B' With gradual

change from background intensity to full disc image intensity
over a distance equal to the circle of confusion, C.

[0045]

Rearranging equation (1) to solve for s:

s:?<s'><(C><N+?/(C><Nxs’+f2)
(3)
[0046] For the optical system described above, f:4.5 mm
and N:1.8. Thus, C:0.0056 mm, s':200 m, and s:1.933 m.

Thus, the same amount of light energy has been distributed
over a greater image area. By focusing the lens to focus an
image of an object P that is about 1.993 m from the lens, the
defocused object P' at about 200 m from the lens Will be
defocused to have a diameter that Will alloW the image to be
received by more than one pixel of the imaging array sensor or
camera. Such an expanded image of the light source (by

de-focusing the image of an object at about 200 meters) Will
be received by more than one pixel and Will be at least par

tially received by a red sensing pixel so that the system can
determine Whether or not a distant light source is a red light
source and thus Whether or not the distant light source may be

a taillight of a leading vehicle.

[0047]

Focusing or adjustment of the lens may be per

formed via any suitable focusing means, such as a linear slide

mechanism that has a high resolution motor and controller,
such as an MX-80 miniature slide With a Vix 250 IM motion

controller commercially available from Parker-Hanni?n.
Such as slide mechanism and motor may provide a resolution
of about 1 pm and a repeatability of about 2 pm or there

abouts. Such characteristics make good resolution possible
across the focus range so that the captured image data Will
illustrate or approximate an enhanced or optimum focus

value.
[0048]

Once an image Was loaded by the softWare, the

image may be analyZed by many different means including
line pro?les and color analysis. For the processing of the

and compilers interpret the intensity values from the imager.
method of compilation yields enhanced resolution because all
of the pixel data is transferred; hoWever, the ?le siZes may be
very large. Many softWare designers use compression tech
niques to keep the ?le siZes loWer.
[0051] The ?rst method of compression is to get the maxi
mum pixel value from the green pixels in the quad. The
second green pixel in the quad is set to the maximum green
pixel’s value. This method Works Well in most applications.
HoWever, since focus is directly related to the sharpness of the
edges of the target in an image, the green pixel values should
not be extended to alloW the edge to appear sharper than it is.
As shoWn by the edges B and C in FIGS. 11C and 11D, if the
edge of the target image lies across the imager in a vertical
orientation bisecting the tWo green pixels of the quad, the
second green pixel is then set to the maximum green pixel.
This alloWs for a false edge to be seen by the image processing
softWare. One Way that the quad detects the edge correctly is
if the edge of a target bisects the green pixels of the quad
evenly, as shoWn by edge A in FIG. 11B. To counter this
effect, softWare designers often average the green pixels
together to alloW the pixel to take into account the pixel
effected by the edge of a target image.
[0052]

While some visual resolution may be lost by aver

aging the green pixels, for matters of image processing the
data is typically more telling. If the target image edge falls on
the imager, such as edge B or C of FIGS. 11C and 11D, the
value Will be less than the maximum value because the green

pixels in the quad are averaged. By examining the difference
in intensity value of the quads either side of the averaged edge
quad, the edge location Within the quad can be approximated.
[0053] Focus is directly related to the sharpness of the
edges of the target image. Optionally, tWo image processing
tools may be used: a histogram and a line pro?le. After image
data are captured and stored, the automatic focus softWare
processes the image data With a histogram tool. A histogram
of a region of interest (ROI) in an image Will illustrate, using
a bar graph, the number of pixels at their respective intensity
value. The theory behind using a histogram is that as a black
and White target image is processed, a more focused image
Would have more pixels in extremes and feWer pixels in the
medium intensity range. HoWever, in order to create an algo
rithm to focus the imager, a more perceivable pattern to pre
dict the focal distance Was needed.

image data, a processor system or softWare, such as Data

[0054] Optionally, and desirably, the intelligent headlamp

Translation’s DT Vision Foundry©, may be used to analyZe
the images using softWare masks or regions of interest

control (IHC) may focus by capturing individual picture

(ROl’s). The exemplary DT Vision Foundry© softWare pro

consisting of several dark bars separated by different spacing.

vides an imaging softWare designed to assist machine vision

After ?nding the line pro?les across the target, the slope of the
line pro?les is calculated to ?nd the sharpness of the edges of

systems in operation, programming, and data management.

frames and measuring a line pro?le through a target image

the pixel gain values Which the line mask lays. The line pro?le

the target image. If the target image is sharp (in focus), the
peak of the slope Will be abrupt and large. If the edges of the
target image are blurry, the peak of the slope Will be smaller

tool graphically illustrates the gain values across the mask. It

and less abrupt (as can be seen With reference to FIG. 13).

[0049] The imaging softWare Was used to process image
ROl’s using a line pro?le tool. The line pro?le tool examines

also may provide a data export tool Which enables the user to

[0055]

vieW and manipulate the intensity values gathered from the

examine the pixels in a one dimensional mask or line. Such a

imager.
referred to as a “quad”. The values taken from the imager are

line pro?le tool charts the intensity values detected by the
imager along the line mask, such as shoWn in FIG. 12. By
using the line pro?le tool, the edges of the target image are
able to be examined. The theory used for the line pro?le is that

typically intensity or gain values (0 to 255) from the pixels in

as the line mask crossed from a black to White or vise versa

[0050] lmager color values are independent to a color pixel.
Four pixels in a grid pattern, as shoWn in FIG. 11A, are often

Thus, a line pro?le tool may be implemented to
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target area, the detected intensity value curve Would have less
of a slope in an unfocused image than a more focused image.
The imaging software may include a derivative function to
?nd the slope of the line pro?le as shoWn in FIG. 13.

[0056]

To ?nd the slope, the intensity value of the pixels in

the line pro?le can be calculated in several Ways. HoWever, in
order to simplify the calculation, the folloWing method to ?nd
slope Was derived:

[0069]

capture image and verify correct focal distance With

line pro?le and histogram.
[0070] Since a single line pro?le may alloW for failure in
the above process, many line pro?les are preferably examined
and averaged in order to effectively focus a lens to an imager

in a production setting. HoWever, the single line pro?le used
in experimentation exhibits the predictability and repeatabil
ity of the focal length curve.
[0071] Thus, the softWare needed to control the auto-focus

system should accomplish three things: (1) control the
imager; (2) calculate image data; and (3) control the slide
table for adjustment. In order to control the imager, the digital

video signal from the imager may be coming in through USB,
WhereY is the intensity value of the pixels 1, 2, 3, 4 . . . n, and

and the softWare may capture individual frames for calcula
tion upon command. The softWare also may be capable of

Xis the position of that pixel along the line pro?le.
[0057] Once the slope had been determined by the above
equation, the maximum and minimum slopes from that image

reading and Writing exposure and gain values for image cap

Were recorded along With the reference distance aWay from
the starting back focal length as shoWn in FIG. 14. As the
images are processed, a pattern exists that references the

store multiple line ROI’s in order to take measurements
across the image. Line pro?les that correlate With the line

maximum and minimum slopes to focal length. This focal
length curve is the basis of the softWare algorithm.

[0058] After the slope of the line pro?le has been plotted,
the slope can be plotted against the back focal distance by
?nding the maximum and minimum slope. As shoWn in FIG.
14, the correlation betWeen rising edge slopes of several line
pro?les and back focal distances may be determined. Once
near-focus has been achieved, the curve of FIG. 14 provides a

reference to the nominal back focal length and creates a quick

focus procedure.
[0059]

After creating several “Slope vs. Distance” curves,

the tolerance range for the back focal distance may be
approximately 1100 microns from nominal. The tolerance

speci?cation given for the lens may be 1210 microns. These
tolerance stack-ups require an individual focus for each lens
to imager combination.
[0060] Using the same line pro?le slope plot as in FIG. 13,
the pixel length of the target image can be found to verify
magni?cation. Since the siZe of the target is critical in the IHC
algorithm, the magni?cation needs to be veri?ed during focus
calculations. To verify the magni?cation of the lens, the dis

tance, in pixels, is measured betWeen the peak rising edge
slope and the peak falling edge slope taken from a target near
the center of the ?eld of vieW. That pixel length is veri?ed
against a predetermined value for that target. The production

target has not been designed making that pixel length variable
to the target.

[0061]

The softWare design of the automated focus system

is a closed loop softWare controlled system that utiliZes the
focus curve as shoWn in FIG. 14 as a virtual feedback. The

design proposal for the focus algorithm created by the author
is as folloWs:

[0062]

move slide to preset near focus distance (greater

than nominal focal distance);

[0063] capture image and process line pro?les;
[0064] increment slide toWard imager by 25 steps (mi

crons);
[0065] capture image and process line pro?les;
[0066]

repeat steps 3 and 4 one or more times;

[0067]

calculate present focal distance according to pre

calculated focal curve;
[0068] move to nominal focal distance according to pre
calculated focal curve; and

ture.

[0072]

The GUI must be able to interactively place and

ROI’s are calculated to ?nd the measure of focus at that

speci?c position. The derivative of each line pro?le is taken in
order to ?nd the slope of the line pro?le. After these calcula
tions are complete for one image, the peak slopes from each

line pro?le Will be averaged together. This number Will be
compared to a stored table that the program Will be able to
access in order to ?nd the approximate distance (number of
steps) aWay from nominal focus. After the nominal focus has
been reached by means of line pro?le, the GUI is able to

calculate histograms from multiple rectangular ROI’s. These
histograms may reveal the percentage of data betWeen the tWo
peaks of the histograms, and the control may average that
percentage to give a validation to the line pro?le. The soft
Ware and control are further able to either virtually or physi

cally interface to the slide controller package in order to input
distances and command operations to the slide controller.
[0073] After completing several iterations of the focus
experiment, several conclusions Were made. The target
design should have a White object on a black background With

angled edges by Which line pro?les and histograms may
discern a sharp focused edge. The histogram method of
detecting focus Was adequate for detecting focus. HoWever,
this method required the motion control to step through many
increments of focal length until the histogram criteria reached
acceptable limits. Although this method Would be adequate
and relatively simple to implement, the line pro?le method
revealed a more calculable and immediate pattern of focus.

[0074]

The line pro?le method of measuring focus is

readily chartable and predictable across the focal distance

range. HoWever, although the boundary region betWeen a
White and black target may be readily examined, Whereby the
sharpness of the target is only measured at that point in the
target image, more line pro?les may be needed to be per
formed across the image for real-World or non black and

White target applications.
[0075]

Thus, the mathematical algorithm and the curve data

methodology discussed above may be implemented as a focus

algorithm for present and future forWard facing imager sys
tems (and optionally rearWard facing imager systems and/or
sideWard facing imager systems and the like). Although each
imager and lens combination Will have its oWn focus curve
data, the initial data collection Will be a minimal component
to the setup procedure. Preferably, the focus can and should
be attained by going directly to a calculated focal distance
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processed by initial out-of-focus images captured by the
imager. By using this procedure, attaining focus in a produc

to, a loW beam state, even in the absence of other road users in

the high beam illumination region. One such circumstance

tion scenario can be greatly hastened.

occurs When the vehicle is driven round a bend With a short

[0076]

radius of curvature. In this situation the value of the long
range illumination resulting from the use of high beams is
reduced since it is not aligned With the vehicle trajectory and

Real lenses do not typically focus all rays perfectly

due to spherical or other aberrations, diffraction effects from
Wave optics and the ?nite aperture of the lens, resulting in an
unfocused image With a circle of confusion CL, Which is an
essentially constant value dependent on lens quality and inde
pendent of the distance of the object or the image from the
optical center of the lens. The combined effects result in a

typically illuminates off road regions. HoWever, the Wider
short range beam pattern resulting from the use of loW beams
can provide increased illumination along the left or right hand

curving vehicle trajectory.

total circle of confusion CT for images received by the image

[0083]

sensor. Further, the magni?cation M of the lens is de?ned as

improve existing AHB control systems by inhibiting high

the ratio of the image dimension Ll to the object dimension
LO. Thus, MILl/LO.

beam selection When improved relevant road illumination
may be provided by the use of loW beam headlights, and in

[0077] High volume component manufacturing and assem
bly processes used in the production of optical systems at loW
cost typically result in part to part variations in their optical

particular When the radius of curvature of the current, or

characteristics. Additionally, dimensional tolerances are

associated With the manufacture of the housing assembly
components, With the placement of the imaging array die in
its package, and With the placement of the imaging array on
the printed circuit board assembly.

[0078] Forward facing image capture and signal processing
components, such as incorporated in the described AHB con

trol system, may be used to obtain information regarding the
location, movement and other characteristics of many objects
of relevance to the driving task or operation of the vehicle
Within the image sensor’s ?eld of vieW, in order to provide
additional features and functions, such as, but not limited to,

Thus, an aspect of the present invention is to

instantaneous, vehicle trajectory falls beloW a predetermined
threshold value.
[0084] The threshold value is ideally determined based on

the speci?c high and loW beam patterns generated by the
lighting equipment installed on the vehicle. Additionally,
since headlight beam patterns are typically asymmetric, and
since the distance to the edge of the road is different When
driving round a left or right hand curve, the left and right hand
vehicle trajectory radius of curvature threshold values may be
different.
[0085] The current or instantaneous vehicle trajectory
radius of curvature may be obtained or derived from several

sources, including, but not limited to steering Wheel angular

tra?ic lane detection and lane departure Warning, traf?c sign
recognition, tra?ic light status detection, fog detection, rain

position. The correlation betWeen the vehicle trajectory
radius of curvature and steering Wheel angular position may
be readily established With knoWledge of the vehicle

sensing, and/ or to supplement or complement the use of other

mechanical con?guration. Thus, steering Wheel angular posi

sensors or sensing technologies in the provision of other
features and functions such as, but not limited to, adaptive

tion thresholds Which are substantially equivalent to vehicle
trajectory radius of curvature thresholds may be derived.

cruise control, pre-crash sensing, pedestrian detection, etc.,

Typically, the current, or instantaneous, angular position of

thus increasing the utility and value of the AHB control sys
tem and reducing the cost and space requirements associated
With providing each of the features and functions as indepen
dent stand-alone systems.
[0079] In order to provide optimum detection and charac

the vehicle steering Wheel is measured by a rotary encoder, or
equivalent sensing device, and is made available to other

teriZation of the Wide range of objects of relevance or interest

in support of the above listed features and functions, amongst
others, under a Wide range of lighting conditions, it is neces
sary to consider the requirements of each detection task or
group of similar detection tasks.

[0080]

Typical ?xed beam forWard lighting systems offer

tWo beam patterns, loW and high, With loW beam preferably
providing the maximum forWard and lateral road illumination
Without causing direct glare to other oncoming or leading
vehicle operators such that it may be used in all driving

conditions, and high beam preferably providing the maxi
mum forWard illumination range With reduced lateral cover

vehicle control systems either directly or via a vehicle com
munication bus such as a CAN or the like. By accessing this
signal or vehicle bus message, and comparing it to a prede

termined threshold, high beam activation may be inhibited to
achieve the previously described bene?ts.
[0086] If the vehicle is driven round a long steady curve
With a radius of curvature Which corresponds to the steering

Wheel angular threshold, it is possible that the instantaneous
steering Wheel angular value Will oscillate about the angular
threshold, resulting in a potentially annoying or inappropriate
oscillation betWeen high and loW beam states. Thus, the AHB
control system may incorporate a time based ?lter, Which may

be adaptive, and Which may be non-symmetrical, to regulate
What might otherWise be frequent annoying or inappropriate
sWitching betWeen the loW and high beam states. Depending

age to provide improved forWard visibility during night driv

on the characteristics of the time based ?ltering system, it

ing When other road users are not present Within the extended

may be bene?cial to incorporate hysteresis in the angular
threshold values, such that the values for left and right
increasing steering Wheel angles are greater than the values

illuminated region, that is, the region in Which they Would be
subject to glare from the vehicle’s high beam headlamps.
[0081] Optionally, AHB control systems may incorporate a
loW speed threshold beloW Which high beam selection is
inhibited, in order to avoid activation of high beams When
unnecessary, such as When driving at a speed Which is safe

given the forWard visibility provided by the loW beam light
ing, or When undesirable, such as When driving on city roads.
[0082] There are, hoWever, circumstances above this loW
speed threshold in Which it is desirable to maintain, or sWitch

for left and right decreasing steering Wheel angles.
[0087] Automatic image based high beam control systems
(such as described in Us. Pat. No. 6,097,023, Which is hereby
incorporated herein by reference in its entirety), in Which an
image of the scene forWard of the vehicle is focused by an
optical system, may have a horiZontal ?eld of vieW equal to,

but not limited to, approximately +/—22.5 degrees about the
imaging system centerline. The image may be focused or
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imaged onto a rectangular array image capture device such as,
but not limited to, a 640x480 CMOS color imager, Which

response to the vehicle trajectory radius of curvature, in order
that it corresponds to the current region of in?uence of the

captures image data and provides sequential frames of data

high beam pattern.

indicative of the light energy re?ected or emitted by objects in
the region subtended by each element of the array. The image

[0092] Typical AFL systems are responsive to the vehicle
trajectory radius of curvature and provide improved road

capture rate may be at a rate in the range of about 5 to 120

surface illumination When driving on curved roads by
mechanically, or otherWise, adjusting the beam direction or

times per second or more, With processing being performed
on the data to determine the presence, location and charac
teristics of objects Within the monitored scene and to deter
mine characteristics of the monitored scene, such as general

illumination level, and to utiliZe several de?ned regions of the
monitored scene for several different purposes. For example,

the region of the scene Which generally corresponds to the
region of in?uence of the vehicle high beam pattern, may be
used to determine the need to inhibit high beam activation if
other road users are detected Within that region. The regions
to the left and right of the ?rst region may be used to anticipate
the upcoming entry of other road users into the ?rst region in
order to facilitate a rapid and appropriate response upon entry
or just prior to entry of the ?rst region. The upper central
region of the monitored scene may be used to determine
ambient lighting conditions such that a ?rst threshold may be
established beloW Which loW beam headlights are activated,
and a second threshold may be established above Which high
beam activation may be inhibited, While the loWer horiZontal

portion of the ambient lighting condition detection region
may be used to detect urban lighting conditions or the like.

Other processing of the captured image data may be imple
mented depending on the particular application of the image
sensor and processor, While remaining Within the spirit and
scope of the present invention.
[0088] While the segmentation of the monitored scene into
?xed regions, such as described above, provides many ben
e?ts and ef?ciencies to the image processing routines used to
characterize vehicular light sources, ambient lighting condi

tions, and non-vehicular light sources etc., they only provide
optimal performance When they are appropriately aligned
With the monitored scene, such as When driving on a ?at

straight road. Much of the typical driving experience, hoW
ever, is on curved and undulating roads. It is, therefore, desir
able to have dynamic segmentation of the monitored scene

such that the various regions employed align appropriately
according to the upcoming road topology and geometry.
[0089]

An additional aspect of the present invention is to

improve the performance of AHB control systems by provid

providing supplementary illumination in the direction of the
curve. While this provides a solution to the problem
addressed above for ?xed beam systems, it introduces a short

coming for a typical ?xed beam high beam control system
When used to control high beam selection in anAFL system.

[0093]

While the detection of leading and on-coming/ap

proaching vehicles occurs across a Wide ?eld of vieW, the
inhibition of high beam selection occurs in a narroWer ?xed

region Which corresponds to the region of in?uence of the
?xed high beam pattern. When driving around a curve With an

AFL system, the region of in?uence of the adaptive high
beam pattern is extended in the direction of the curve, thus
reducing the effective response time to a vehicle entering the
region of high beam inhibit from the direction of the road

curvature. It is, therefore advantageous to modify the region
of high beam inhibit in correspondence With the modi?ed

high beam pattern.
[0094] While this may be accomplished through image pro
cessing and scene analysis, it is preferable, in order to mini
miZe the complexity, and therefore to minimiZe the cost of

implementation, of the image processing algorithms
employed, to use a signal indicative of the vehicle trajectory
radius of curvature or the AFL system beam direction control

signal. As previously described, the steering Wheel angle may
be most conveniently used since it correlates to the vehicle

trajectory radius of curvature and is commonly available from
the vehicle data bus. The region of high beam inhibit may be
adjusted in a continuous fashion in correspondence With the
instantaneous high beam direction, or it may be adjusted in
one or more steps according to one or more steering Wheel

angle threshold values.
[0095]

An additional aspect of the present invention is to

improve the performance of exi sting AHB control systems by
improving the characteriZation of non vehicular light sources
When driving on curved roads.

[0096]

In order to enhance AHB control system perfor

mance, it is desirable to provide accurate detection and char
acteriZation of other vehicular roadusers in order to assure the

appropriate inhibition of high beam use. Additionally, all

ing a dynamic segmentation of the monitored scene.
[0090] When driving on a curved road, it is bene?cial to
extend the region used to detect and monitor vehicular light

acteriZed as non-vehicular in order to enhance or maximiZe

sources in the direction of road curvature in order to provide
a su?iciently early detection of other road users and thus the

and also to avoid the annoyance caused to the user by inap
propriate returns to loW beams due to the false characteriza

inhibition of high beams. This region may be extended in

tion of non-vehicular light sources as vehicular sources.

accordance With the vehicle trajectory radius of curvature as
determined by the steering Wheel angle or other means as

previously described. Additionally, the upcoming road con
dition may be anticipated by other means, such as vehicle
pitch as may be monitored by an accelerometer, combination
of accelerometers or other means, such as by detection of
vehicle roll, visible horiZon tilt and/or yaW detection and/or in

other light sources Within the monitored scene may be char

forWard vision by enabling high beams Whenever appropriate

[0097] Spatial, spectral and temporal techniques are typi
cally used to aid in the appropriate characteriZation of light
sources. It is, hoWever, particularly challenging to correctly
characterize light sources When driving round road curves
Which are provided With re?ective signs to indicate road
curvature. To achieve the greatest visibility of these signs or

[0091] An additional aspect of the present invention is to
improve the performance ofAHB control systems, When used

re?ectors, they are typically located and oriented to provide
the maximum possible re?ection of light from the host
vehicle headlights, that is, at a height above ground level
Which is similar to that of typical vehicle lights and oriented

in conjunction With adaptive forWard lighting (AFL) systems,
by actively changing the region of high beam inhibit in

back toWards the host vehicle as it progresses around the

response to a GPS output or the like.

such that they re?ect light from the headlight beams directly
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bend. Thus, the spectral and geometric characteristics and

[0105]

locations of these signs or re?ectors may be similar to that of
other vehicles traveling along the curve or bend in the road.

AHB control system, it is desirable to determine Which of the
array elements of the image capture device fall into each of
the de?ned regions. Since the regions are de?ned relative to
the forWard scene, it is desirable to determine a particular
point Within the forWard scene and to relate that point to a

[0098]

An additional aspect of the present invention is to

improve the performance of existing AHB control systems by
providing an automatic repeating alignment of the sensor to
the vehicle centerline and the horizontal plane such that the
various regions of interest Within the scene monitored by the
sensor are optimally maintained regardless of vehicle and

high beam control system module geometric manufacturing

In order to achieve optimum performance of the

particular array element of the image capture device.
[0106] The particular point in the forWard scene may be
de?ned as a particular distant point Which lies on the forWard
extended vehicle centerline on the horiZontal plane Which

and assembly tolerances, and other sources of misalignment

passes through the center of the optical system associated

such as vehicle attitude variations due to a Wide range of

With the image capture device. When driving on a substan

possible vehicle loading conditions.

tially ?at and substantially straight road, the distant point may

[0099]

be the point Within the forWard scene at Which the headlights
of an oncoming vehicle or the tail lamps of a sloWer leading
vehicle are ?rst detected. As the distance betWeen the host and

In order to take advantage of the environmental

protection offered by the vehicle cabin, the frequently
cleaned optically clear path offered by the vehicle Windshield
(Which is cleaned or Wiped by the WindshieldWipers When the
Wipers are activated), and the relatively high vantage point
offered at the upper region or top of the Windshield, AHB
control systems are preferably mounted centrally on the
upper inside surface of the front Windshield of a vehicle and
With a forWard ?eld of vieW through the region cleaned or

Wiped by the Windshield Wipers.
[0100] Typical vehicle body structures, Windshields and
assembly systems each contribute to the geometric tolerance
associated With the surface to Which the AHB control system
module is attached. The module also has some degree of

geometric tolerance associated With its components and
assembly methods. It is not unusual to encounter a total stack
up of tolerances Which result in a potential vertical and hori

Zontal misalignment of +/—2 degrees from the theoretically
ideal condition. This is a signi?cant value and may result in
errors in determining lane Widths and object siZes and dis
tances and the like.
[0101] It is knoWn to provide a mechanical adjustment
means to alloW for the correction of this misalignment at the
installation of the AHB control system to the vehicle. This is,

hoWever, often undesirable since it often is expensive to apply
manual labor to the alignment of components on each vehicle
equipped With an AHB control system on the vehicle assem

bly line. It is additionally undesirable since the alignment
procedure is subject to operator error.
[0102] Also, during the lifetime of the vehicle the Wind
shield may be damaged and require replacement. In such an
event it Would be necessary, and likely at an unacceptable

cost, to provide the alignment techniques, tools and equip
ment to every service operation that may be required to
replace a Windshield and remount the AHB control system
module in order to return the vehicle to its original perfor

target vehicles decreases, the image of the target vehicle
expands Within the imaged scene, toWards the left if traveling
in a leftWard lane, centrally if in the same lane, and toWards
the right if traveling in a rightWard lane. Thus the described
distant point may be called the focus of expansion or FOE.
[0107] In order to determine the imaging array element or
pixel Which subtends the FOE in the as assembled and as

loaded vehicle, it is necessary to identify the array element
Which ?rst detects a neW light source, Which has the potential
to be a vehicular source, Within that region of the monitored
scene Which could potentially contain the FOE, to continue to
track the light source as it expands in the image as the distance
betWeen the detected source and the host vehicle decreases
until it is con?rmed that the source is vehicular, and to moni

tor the host vehicle trajectory until it reaches the point in the
road Where the neW light source Would have been initially
detected in order to con?rm that the road traveled for the

duration of the monitoring period Was substantially ?at and
substantially straight. If it is determined that the point or light
source is a vehicle and the host vehicle and approaching

vehicle are traveling along a substantially ?at and substan
tially straight road, the location of the initial distant point or
FOE may be compared to an expected location and the axis of
the imaging system may be adjusted accordingly so that the
imaging system is directed at the desired or appropriate or

optimal angle relative to the vehicle. Optionally, the imaging
system may be adjusted in response to a detection of lane

markers along a straight and/or ?at road, and/or pitch infor
mation from a bus or accelerometer and/or roll information
from an accelerometer or bus information. Optionally, the

system may only monitor for neW light sources When the

steering Wheel angle or steering angle (SA) is approximately

adopt a Wide range of pitch and roll attitudes, causing anAHB

0 degrees, such as When the steering angle is about 0 degrees
+\—0.l degrees or other threshold angle. Thus, adjustment
and/or alignment of the image sensor may occur by tracking
movement of light sources through the images When the
vehicle is traveling substantially straight, so that the control

control system Which is attached to the vehicle to vieW the
forWard scene from perspectives different from the ideal, or

may compare the tracked light sources to expected locations
and paths through the captured images as the vehicle moves

initially considered design condition, potentially resulting in

along the substantially straight path and may adjust the ?eld

different headlight actuation decisions than contemplated by

of vieW or vieWing angle of the image sensor accordingly.
[0108] An additional aspect of the present invention is to
improve AHB control systems by providing a detection of left
and right hand road systems and an automatic con?guration

mance level.

[0103]

Additionally, in normal use, a typical vehicle expe

riences many different loading conditions Which cause it to

the original system speci?cation.
[0104] Thus, it is bene?cial for an AHB control system to
include a feature Which automatically compensates for an

initial misalignment condition and additionally is capable of
correcting for temporary vehicle conditions and re-installa
tion misalignments Which may occur during the use of the
vehicle.

to assure appropriate left or right hand operation. AHB con
trol systems are often installed on both left and right hand
drive vehicles and may be con?gured differently for use on

left and right hand drive road systems, preferably having an
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asymmetric response to activity Within the monitored scene.
It is possible to con?gure the system to operate on either a left
or right hand drive vehicle and to supply the system to the
vehicle assembly plant for installation on a corresponding
either left or right hand drive vehicle. In such cases it is
desirable to identify the AHB control system module With a
particular part number in order to as sure the installation of the

correct con?guration, Which results in part number prolifera
tion and the potential for operator error, either at the module
manufacturing location Where the Wrong label may be
attached to the product, or at the vehicle assembly plant,
particularly if left and right hand drive vehicles are built on
the same assembly line, Where the Wrong part may be selected
for installation.
[0109] In order to reduce part number proliferation, it is
possible to provide a sWitch on the AHB control system
module in order to con?gure it for operation on a left or right
hand drive vehicle. This solution, hoWever, is also subject to
operator error and may result in incorrect and inappropriate

control of the vehicle high beams during nighttime driving.
Additionally, during the normal use of a right hand drive
vehicle, it may be driven on a left hand drive road system for
a period of time before returning to a right hand drive road
system and vice versa, such as When taking a vehicle by ferry
or Channel tunnel from the United Kingdom to mainland
Europe for vacation or in the course of business. Again it is
possible to provide a sWitch to alloW the vehicle operator to

con?gure the system appropriately for the country of use,
hoWever, this is inconvenient and may result in inappropriate
high beam activation in the event that the operator forgets to,

a curve and change its operation. If the AHBC system could

use steering Wheel angle (SWA) from the automobile bus, it
could react signi?cantly faster, With feWer mistakes, Without
the calculation penalties of internal SWA calculation.
[0113]

We have done several studies on hoW the steering

Wheel angle Will improve AHBC functionality When used
With AFLS. For example, 14 vehicles in 7 video clips Which
had both AFLS cars and standard cars Were studied. These
clips shoWed vehicles traveling on a curve and Were examined

to determine hoW to better detect these vehicles. The region of
interest Was extended manually in the direction of the curved
travel. The SWA Was not used during such examination and
evaluation, but it is envisioned that the use of steering Wheel

angle Would alloW these results to be done automatically.
Based on such evaluations, the optimum siZe and location of
the region of interest (ROI) may be found. The ROI is the
vehicle processing region. Surprisingly (and as shoWn in FIG.
9), the optimum ROI change Was not a linear function of the
SWA siZe. It Was just a simple rule to extend the ROI one
amount in the curve direction. During a sharp turn of the
vehicle, the vehicle is seen for a short time and for gentle
curves the vehicle is seen for a longer time. Results vary With

the orientation of the target vehicle With respect to the host
vehicle. This is related to the beam intensity pattern.
[0114] The smaller amount of gained loW beam time on a
sharp curve is not to be belittled. The total time that the
vehicle Was visible in the imaging system on sharp curves

averaged around 3-4 seconds. The addition of 0.6 seconds of
loW beam time is signi?cant since these vehicle detections
usually only had a couple seconds of loW beam, so the added
time is a signi?cant bene?t. For the gentle curves the vehicles

or is unaWare of the need to sWitch to the alternate con?gu
ration, or is unaWare of the availability of a recon?guration
sWitch. Thus, there is a need to provide an automatic con?gu

Were visible in the scene for longer, and Were detected in loW
beam for about 1.6 seconds more, thus the added time Was

ration of AHB control systems such that they analyZe the

signi?cant.

monitored scene, recogniZe a left or right hand drive road

[0115]

system and self con?gure accordingly.

tive front lighting, this effect may not be so static. Then the
ROI may need to be changed as a function of the steering
Wheel angle. The desired approach Was to extend the ROI 5 or

[0110] The system may track the light sources and adjust
the image sensor only When the steering angle is Within a
threshold value of straight or substantially straight, in order to
avoid misinterpretation of source locations. Also, the system

In the future When more target vehicles have adap

6 degrees in the direction of the curve denoted by the steering
Wheel angle. With no or small SWA, the ROI is unchanged.

may take into account the environment at Which the vehicle is

This approach is enough to provide signi?cant bene?t for the

traveling, and may not track and adjust When the vehicle is
traveling in high lighting environments, such as cities and the
like, and may function When there are limited other light

AHBC vehicle With AFLS. The AFLS system does point the

sources in the forWard ?eld of vieW. The system may also take

into account the speed of the vehicle and thus the speed of the

light moving through the captured images.
[01 1 1]

Optionally, When the vehicle is being passed on tight

curves or the like, the control may determine When to adjust
the headlamps of the vehicle in response to the location and

departure of the passing vehicle’s taillights Within the ?eld of
vieW. For example, the control may take into account situa
tions When the forWard vehicle departs the ?eld of vieW While

the steering angle of the subject vehicle remains relatively
constant, and may adjust the headlamps accordingly. Such
tracking may also provide an indication that the road contin
ues to curve ahead of the subject vehicle, and may provide
information useful in conjunction With an adaptive cruise

control (ACC) system and/or a lane departure Warning
(LDW) or the like.

[0112]

Adaptive Front Lighting vehicles can illuminate

curved road areas and vehicles that previously Were not illu

minated very Well. The AHBC algorithm could, at signi?cant
expense and speed penalties, decide When the vehicle Was on

headlights in the direction of the curve and this use of SWA
Will alloW the quicker detection of the target vehicle so that
the effect of the AFLS is minimiZed for other drivers. The
other vehicles Will not get as much unexpected glare at unex
pected angles on a curve, because they Will be detected sooner

by the host AHBC vehicle.
[0116] Optionally, the SWA may be used to ?lter out the
false alarm targets from re?ectors and house and yard lights
on curves. When the vehicle is driven along the road, the
system does not knoW hoW the road curves ahead and if it did,
such as through SWA, the system could better ?lter out such

false targets. This is particularly evident When the false target
is straight ahead, While the road curves. In such cases, the
false target is in the same position as a real vehicle. With the
use of the steering Wheel angle, this false alarm can be mini
miZed, and it is estimated that at least about a third of these
kinds of false alarms could be eliminated. These also are the
most resistant false alarms since they look the most like real
car lights.
[0117] Finally, the use of SWA could alloW us to better ?lter

out the non-straight roads that should be ignored to adapt the
focus of expansion. The system can accumulate the focus of
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expansion data When it detects the lane markers, and may only

[0121]

accumulate When the FOE is close enough to the manufac
turing value. The system could better ?lter out these curved
road times and should alloW the system to get a better,
quicker, measure of the real FOE for a given key cycle.
[0118] Therefore, the use of SWA Will alloW quicker use of

module or Windshield electronics module may include one or

more displays, such as for displaying the captured images or
video images captured by the imaging sensor or sensors of the
vehicle, such as the displays of the types disclosed in US. Pat.
Nos. 7,004,593; 5,530,240 and/or 6,329,925, Which are

loW beams on curves Where the AFLS system Will otherWise

hereby incorporated herein by reference, and/or display-on

glare opposing vehicles more than the non-AFLS vehicle.
The detection time, When loW beam is on, may preferably
increase by about 30 percent or more. The use of SWA Will

also alloW better ?ltering out of noise sources Which falsely

Optionally, the mirror assembly and/or accessory

demand or trans?ective type displays, such as the types dis

closed in US. Pat. Nos. 6,690,268; 5,668,663 and/or 5,724,
187, and/or in US. patent application Ser. No. 10/054,633,
?led J an. 22, 2002 by Lynam et al. forVEHICULAR LIGHT

trigger loW beam, and it Will more quickly provide adaptive
focus of expansion in general driving.

ING SYSTEM, now US. Pat. No. 7,195,381; Ser. No.

[0119] The imaging sensor for the headlamp control of the
present invention may comprise any suitable sensor, and may

TRO-OPTIC MIRROR CELL, now US. Pat. No. 7,255,451;
Ser. No. 10/528,269, ?led Mar. 17, 2005, now US. Pat. No.

utiliZe various imaging sensors or imaging array sensors or
cameras or the like, such as a CMOS imaging array sensor, a
CCD sensor or other sensors or the like, such as the types

7,274,501; Ser. No. 10/533,762, ?led May 4, 2005, now US.
Pat. No. 7,184,190; Ser. No. 10/538,724, ?led Jun. 13, 2005

11/021,065, ?led Dec. 23, 2004 by McCabe et al. for ELEC

by HutZel et al. for ACCESSORY SYSTEM FOR VEHICLE

TROL USING IMAGING SENSOR, now US. Pat. No.

(Attorney Docket DON01 P-1123); Ser. No. 11/226,628,
?led Sep. 14, 2005 by Kamer et al. (Attorney Docket DON01
P-1236); Ser. No. 10/993,302, ?led Nov. 19, 2004, now US.
Pat. No. 7,338,177; and/or Ser. No. 11/284,543, ?led Nov. 22,
2005, now US. Pat. No. 7,370,983, and/or PCT Application

7,339,149; and/or Ser. No. 11/105,757, ?ledApr. 14, 2005 by

No. PCT/US03/29776, ?led Sep. 9, 2003 by Donnelly Corp.

described in US. Pat. Nos. 6,946,978; 7,004,606; 5,550,677;

5,760,962; 6,097,023; 5,796,094 and/or 5,715,093; and/or
US. patent application Ser. No. 09/441,341, ?led Nov. 16,
1999 by Scho?eld et al. for VEHICLE HEADLIGHT CON

Scho?eld et al. for IMAGING SYSTEM FOR VEHICLE

et al. for MIRROR REFLECTIVE ELEMENT ASSEMBLY;

(Attorney Docket DON01 P-1208), and/or PCT Application
No. PCT/US2003/036177 ?led Nov. 14, 2003, published Jun.

and/or PCT Application No. PCT/U S03/ 35381, ?led Nov. 5,
2003 by Donnelly Corp. et al. for ELECTRO-OPTIC
REFLECTIVE ELEMENT ASSEMBLY, and/or PCT Appli
cation No. PCT/US03/40611, ?led Dec. 19, 2003 by Don
nelly Corp. et al. for ACCESSORY SYSTEM FOR
VEHICLE, and/or PCT Application No. PCT/US2006/

3, 2004 as PCT Publication No. WO 2004/047421 A3, Which

are all hereby incorporated herein by reference in their entire
ties.

[0120] Optionally, the imaging sensor may be suitable for
use in connection With other vehicle imaging systems, such
as, for example, a blind spot detection system, Where a blind
spot indicator may be operable to provide an indication to the
driver of the host vehicle that an object or other vehicle has
been detected in the lane or area adjacent to the side of the host
vehicle. In such a blind spot detector/indicator system, the
blind spot detection system may include an imaging sensor or
sensors, or ultrasonic sensor or sensors, or sonar sensor or

sensors or the like. For example, the blind spot detection

system may utiliZe aspects of the blind spot detection and/or
imaging systems described in US. Pat. Nos. 7,038,577;

6,882,287; 6,198,409; 5,929,786; and/or 5,786,772, and/or
US. patent application Ser. No. 11/315,675, ?led Dec. 22,
2005 (Attorney Docket DON01 P-1253); and/or Ser. No.
11/239,980, ?led Sep. 30, 2005 (Attorney Docket DON01
P-1238), and/or US. provisional applications, Ser. No.
60/696,953, ?led Jul. 6, 2006; Ser. No. 60/628,709, ?led Nov.

018567, ?led May 15, 2006 by Donnelly Corp. et al., Which
are all hereby incorporated herein by reference, or may
include or incorporate video displays or the like, such as the

types described in PCT Application No. PCT/US03/40611,
?led Dec. 19, 2003 by Donnelly Corp. et al. forACCESSORY
SYSTEM FOR VEHICLE, and/ or US. patent application
Ser. No. 10/538,724, ?led Jun. 13, 2005 by HutZel et al. for
ACCESSORY SYSTEM FOR VEHICLE (Attorney Docket
DON01 P-1123); and/or Ser. No. 11/284,543, ?led Nov. 22,
2005, now US. Pat. No. 7,370,983, and/or US. provisional
applications, Ser. No. 60/732,245, ?led Nov. 1, 2005; Ser. No.

60/759,992, ?led Jan. 18, 2006; and/or Ser. No. 60/836,219,
?led Aug. 8, 2006 by Weller et al. for INTERIOR REAR
VIEW MIRROR ASSEMBLY WITH DISPLAY, Which are

hereby incorporated herein by reference.
[0122] The imaging sensor may be incorporated at or in an
accessory module or Windshield electronics module (such as
described above), or may be incorporated at or in an interior

17, 2004 by Camilleri et al. for IMAGING AND DISPLAY
SYSTEM FOR VEHICLE; Ser. No. 60/614,644, ?led Sep.
30, 2004; and/or Ser. No. 60/618,686, ?led Oct. 14, 2004 by
Laubinger forVEHICLE IMAGING SYSTEM, and/or of the

rearvieW mirror assembly of the vehicle, While remaining
Within the spirit and scope of the present invention. Option

reverse or backup aid systems, such as the rearWardly directed

more other accessories or features, such as one or more elec

vehicle vision systems described in US. Pat. Nos. 5,550,677;

trical or electronic devices or accessories. For example, illu
mination sources or lights, such as map reading lights or one
or more other lights or illumination sources, such as illumi

5,760,962; 5,670,935; 6,201,642; 6,396,397; 6,498,620;
6,717,610; 6,757,109; and/or 7,005,974, and/or of the rain
sensors described in US. Pat. Nos. 6,250,148 and 6,341,523,
and/ or of other imaging systems, such as the types described
in US. Pat. Nos. 6,353,392 and 6,313,454, and US. patent

ally, the mirror assembly and/ or module may support one or

nation sources of the types disclosed in US. Pat. Nos. 6,690,

268; 5,938,321; 5,813,745; 5,820,245; 5,673,994; 5,649,756;
5,178,448; 5,671,996; 4,646,210; 4,733,336; 4,807,096;

application Ser. No. 10/422,512, ?led Apr. 24, 2003, now

6,042,253; 6,971,775; and/or 5,669,698, and/or US. patent

US. Pat. No. 7,123,168, With all ofthe above referenced US.

application Ser. No. 10/054,633, ?led Jan. 22, 2002, now US.
Pat. No. 7,195,381; and/or Ser. No. 10/933,842, ?led Sep. 3,
2004 by Kulas et al. for INTERIOR REARVIEW MIRROR

patents, patent applications and provisional applications and
PCT applications being commonly assigned and being
hereby incorporated herein by reference.

ASSEMBLY, now US. Pat. No. 7,249,860, Which are hereby

