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VEHICLE LAMP CONTROLLER, VEHICLE
LAMP SYSTEM, AND VEHICLE LAMP
CONTROL METHOD

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Reissue Divisional of U.S. applica-
tion Ser. No. 15/265,289 filed Sep. 14, 2016, which is an

Application for Reissue of U.S. Pat. No. 8,838,343 issued on
Sep. 16, 2014, which was filed as U.S. patent application Ser.
No. 13/281,075 on Oct. 25, 2011, which claims priority from
Japanese Patent Application No. 2010-239736 filed on Oct.
26, 2010 and Japanese Patent Application No. 2011-1533592
filed on Jul. 12, 2011[, the entire contents of which are
incorporated herein by reference). This application is also a

Reissue Application for U.S. Pat. No. 8,838,343 issued on
Sep. 16, 2014, which was filed as U.S. patent application Ser.
No. 13/281,075 on Oct. 25, 2011.

FIELD OF INVENTION

The present invention relates to a vehicle lamp controller,
a vehicle lamp system, and a vehicle lamp control method.

DESCRIPTION OF RELATED ART

In an auto-leveling control, a position of an optical axis of
a vehicle headlamp 1s automatically adjusted in accordance
with an inclination angle of a vehicle in the pitch direction
to change the 1rradiating direction of the headlamp. Gener-
ally, 1n the auto-leveling control, a vehicle height sensor 1s
used as a vehicle inclination detection device, and the optical
ax1s position of the headlamp 1s adjusted 1n accordance with
the pitch angle of the vehicle detected by the vehicle height
sensor. According to other related art, the inclination detec-
tion device may include a gravity sensor (see, e.g., JP
2000-085459 A), a three-dimensional gyro sensor for detect-
ing the inclination angle of the vehicle with respect to a
horizontal plane (see, e.g., JP 2004-314856 A), an inclinom-
cter for detecting the inclination angle of the vehicle with
respect to the gravitational direction of the vehicle (see, e.g.,
JP 2001-341578 A), or an acceleration sensor for detecting
the gravity acceleration of the vehicle (see, e.g., JP 2009-
126268 A).

By using an acceleration sensor such as a gravity sensor
or a three-dimensional gyro sensor as a vehicle inclination
detection device, as compared with a vehicle height sensor,
an auto-leveling system can be provided at low cost and 1n
a weight saving manner.

In an auto-leveling control using an acceleration sensor,
an inclination angle detected by the acceleration sensor 1s an
inclination angle of a vehicle with respect to a horizontal
plane, including an inclination angle of the road surface with
respect to the horizontal plane and an inclination angle of the
vehicle with respect the road surface. The inclination angle
used 1n the auto-leveling control 1s the inclination angle of
the vehicle with respect the road surface. Theretfore, 1n the
auto-leveling control using the acceleration sensor, informa-
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2

tion on the inclination angle of the vehicle with respect the
road surface 1s extracted from the inclination angle of the
road surface with respect to the horizontal plane.

BRIEF SUMMARY

Illustrative aspects of the present invention provide, for an
auto-leveling control of a vehicle lamp using an acceleration
sensor, a new technology for extracting information on an
inclination angle of a vehicle with respect to a road surface
from a detection by the acceleration sensor.

According to an 1illustrative aspect of the present inven-
tion, a vehicle lamp controller 1s provided. The controller
includes a receiver configured to receive an acceleration
information detected by an acceleration sensor, a control
umt configured to derive a vehicle longitudinal direction
acceleration and a vehicle vertical direction acceleration
from the acceleration information, and to generate a control
signal for mnstructing an adjustment of an optical axis of a
vehicle lamp, based on a variation 1 a ratio between a
temporal change amount of the vehicle longitudinal direc-
tion acceleration and a temporal change amount of the
vehicle vertical direction acceleration during at least one of
an acceleration and a deceleration of a vehicle, and a
transmitter configured to transmit the control signal to an
optical axis adjusting portion of the vehicle lamp.

According to another illustrative aspect of the present
invention, a vehicle lamp system 1s provided. The vehicle
lamp system includes a vehicle lamp having an adjustable
optical axis, an acceleration sensor, and the controller
described above.

According to yet another illustrative aspect of the present
invention, a vehicle lamp control method 1s provided. The
method 1includes obtaining an acceleration information
detected by an acceleration sensor, deriving a vehicle lon-
gitudinal direction acceleration and a vehicle vertical direc-
tion acceleration from the acceleration information, calcu-
lating a varnation 1 a ratio between a temporal change
amount of the vehicle longitudinal direction acceleration and
a temporal change amount of the vehicle vertical direction
acceleration during at least one of an acceleration and a
deceleration of a vehicle, and adjusting an optical axis of a
vehicle lamp based on the ratio.

Other aspects and advantages of the invention will be
apparent from the following description, the drawings and
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic vertical sectional view of a vehicle
lamp system according to an first exemplary embodiment of
the present invention;

FIG. 2 1s a functional block diagram illustrating an
operation linkage between an irradiation controller of a
headlamp and a vehicle controller of a vehicle;

FIGS. 3A and 3B are diagrams illustrating a relationship
between a direction of a motion acceleration vector of a
vehicle and a vehicle attitude angle;

FIG. 4 1s a graph showing a relationship between a vehicle
longitudinal direction acceleration and a vehicle vertical
direction acceleration;

FIG. 5 1s a flow chart of the auto-leveling control of a
vehicle lamp system according to the first exemplary
embodiment;

FIG. 6 1s a diagram to explain the auto-leveling control of
a vehicle lamp system according to an third exemplary
embodiment of the present invention; and
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FIG. 7 1s a flow chart of the auto-leveling control of the
vehicle lamp system according to the third exemplary
embodiment.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present
invention will be described 1n detail. However, the following
exemplary embodiments do not limit the scope of the
claimed invention. Features of the following exemplary
embodiments and combinations of the features described
below are not necessarily essential to the present invention.

FIG. 1 1s a schematic vertical sectional view of the
internal structure of a vehicle lamp system according to an
first exemplary embodiment of the invention. A vehicle lamp
system 200 according to this exemplary embodiment 1s a
light distribution variable headlamp system including a pair
of right and left symmetrically configured headlamps dis-
posed apiece on the right and left of a vehicle 1n the vehicle
width direction. Since the right and left headlamps are
substantially the same in structure except that they are
arranged symmetrically right and left, description will be
given herein below of the structure of the right headlamp
210R and thus the description of the left headlamp will be
partially omitted. When describing the components of the
left headlamp that are the same or similar to those of the
right headlamp, for convenience of description, they are
given the same reference signs.

The headlamp 210R 1ncludes a lamp body 212 having a
front opening and a transparent cover 214 for covering the
opening. The lamp body 212 includes removable cover 212a
on 1ts rear side, which 1s removed when, for example,
replacing a light source 14. The lamp body 212 and trans-
parent cover 214 together form a lamp chamber 216. In the
lamp chamber 216, a lamp unit 10 (an example of a vehicle
lamp) 1s accommodated to wrradiate light forward from a
vehicle.

The lamp unit 10 has a lamp bracket 218 having a pivot
mechanism 218a serving as the pivot center of the lamp unit
10 1n the vertical and horizontal directions. The lamp bracket
218 1s threadedly engaged with an aiming adjustment screw
220 rotatably supported on the wall surface of the lamp body
212. Therefore, the lamp unit 10 can be fixed at such a given
position within the lamp chamber 216 as can be determined
according to the adjusted state of the aiming adjustment
screw [22( )] 220 and[,] with such position as the reference,
the attitude of the lamp unit 10 can be changed between a
forwardly inclined attitude and a backwardly inclined atti-
tude about the pivot mechanism 218a. Also, to the lower
surface of the lamp unit 10 there 1s fixed the rotation shafit
222a of a swivel actuator 222 used to form a curved road
light distribution variable headlamp or the like for 1llumi-
nating the vehicle advancing direction when the vehicle 1s
moving along the curved road. The swivel actuator 222 1s
fixed to a unit bracket 224.

To the unit bracket 224, there 1s connected a leveling
actuator 226 disposed outside the lamp body 212. The
leveling actuator 226 includes, for example, a motor capable
of expanding and contracting a rod 226a 1n the directions M,
N shown in FIG. 1. When the rod 226a 1s expanded 1n the
direction M, the lamp unit 10 1s swung about the pivot
mechamism 218a to take the backward inclined attitude.
Oppositely, when the rod 226a 1s contracted 1n the direction
N, the lamp umt 10 1s swung about the pivot mechanism
218a to take the forward inclined attitude. When the lamp
unit 10 takes the backward inclined attitude, there can be
made a leveling adjustment which directs the pitch angle of
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an optical axis O, that 1s, the vertical direction angle of the
optical axis O upwardly. Also, when the lamp umt 10 takes
the backward inclined attitude, there can be made a leveling
adjustment which directs the pitch angle of the optical axis
O downwardly.

On the mner wall surface of the lamp chamber 216
existing downwardly of the lamp unit 10, there 1s provided
a irradiation controller 228 [(controller, control unit)] for
carrying out the on/off control, light distribution pattern
formation control, optical axis adjustment and the like of the
lamp unit 10. In the case of FIG. 1, there 1s disposed a
irradiation controller 228R for controlling the headlamp
210R. This 1rradiation controller 228R also controls the
swivel actuator 222, leveling actuator 226 and the like. The
irradiation controller 228R may also be disposed outside the
headlamp 210R.

The lamp unit 10 may also 1include an aiming adjustment
mechanism. For example, 1n the connecting portion between
the rod 226a of the leveling actuator 226 and unit bracket
224, there may be disposed an aiming pivot mechanism (not
shown) which serves as the center of oscillation 1n the
aiming adjustment. Also, 1n the lamp bracket 218, there may
be disposed two aiming adjustment screws 220 of the above
type spaced from each other 1n the vehicle width direction.
By rotating the two aiming adjustment screws 220, the lamp
umt 10 can be swung vertically and horizontally about the
aiming pivot mechanism to thereby be able to adjust the
optical axis O vertically and horizontally. This aiming
adjustment 1s carried out, for example, 1n the vehicle ship-
ping time, 1 the vehicle safety check time, and in the
replacement of the headlamp 210R. The headlamp 210R 1s
adjusted to the attitude that 1s decided 1n design and, with
this attitude as the reference, the light distribution pattern
formation control and the optical axis position adjustment
control are carried out.

The lamp unit 10 includes a shade mechanism 18 1nclud-
ing a rotation shade 12, a light source 14, a lamp housing 17
with a reflector 16 supported on the inner wall thereot, and
a projection lens 20. The light source 14 may be, for
example, an incandescent lamp, a halogen lamp, a discharge
lamp and an LED. In this exemplary embodiment, the light
source 14 1s a halogen lamp. The reflector 16 retlects light
emitted from the light source 14. The light emitted from th
light source 14 and the light reflected by the reflector 16 are
in part guided through the rotation shade 12 to the projection
lens 20. The rotation shade 12 1s a cylindrical member
rotatable about a rotation shatt 12a, while 1t includes a cutout
portion cut out therefrom in the axial direction and multiple
shade plates (not shown). When the cutout portion or shade
plates are moved onto the optical axis O, a given light
distribution pattern i1s formed. At least a portion of the
reflector 16 1s formed to have an elliptic spherical surface
shape, and this elliptic spherical surface 1s set such that the
section shape including the optical axis O of the lamp unit
10 can provide at least a portion of the elliptic shape. The
elliptic spherical surface portion of the reflector 16 has a first
focus substantially 1n the center of the light source 14 and a
second focus on the rear focal plane of the projection lens
20.

The projection lens 20 1s disposed on the optical axis O
extending 1n the vehicle longitudinal direction. The light
source 14 1s disposed more backwardly of a rear focal plane
which 1s a focal plane including the rear focus of the
projection lens 20. The projection lens 20 1s a planoconvex
aspherical surface having a convex front surface and a flat
rear surface, and projects a light source image formed on the
rear focal plane, as a reversed 1image, on a virtual vertical
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screen ahead of the vehicle lamp system 200. Here, the lamp
unit 10 1s not limited to this structure. For example, the lamp
unit 10 may be a retlector type lamp unit that does not have
the projection lens 20.

FIG. 2 1s a function block diagram of the irradiation
controller of the above-structured headlamp and a vehicle
controller provided on a vehicle. As described above, since
the right headlamp 210R and left headlamp 210L are basi-
cally the same 1n structure, only the headlamp 210R will be
described here, while omitting the description of the head-
lamp 210L.

The 1rradiation controller 228R of the headlamp 210R
includes a receiver 228R 1, a [control] controller/control unit
228R2, a transmitter 228R3 and a memory 228R4. The
irradiation controller 228R controls a power circuit 230
according to information obtained from a vehicle controller
302 carnied on a vehicle 300, thereby carrying out the
turn-on control of the light source 14. Also, the 1rradiation
controller 228R controls a shade controller 232, a swivel
controller 234 and a leveling controller 236 ([a] ar example
ol an optical axis adjusting portion) according to informa-
tion obtained from the vehicle controller 302. Various kinds
of information transmitted from the vehicle controller 302
are received by the receiver 228R1, while the [control]
controller/control unit 228R2 generates various control sig-
nals from this information, [as the arises,] together with
information stored in a memory 228R4. These control
signals are transmitted by the transmitter 228R3 to the
power circuit 230 of the lamp unit 10, shade controller 232,
swivel controller 234, leveling controller 236 and the like.
The memory 228R4 may be, for example, a nonvolatile
memory.

The shade controller 232 rotationally controls a motor 238
connected to the rotation shaft 12a of the rotation shade 12
to thereby move a desired shade plate or the cutout portion
onto the optical axis O. The swivel controller 234 controls
the swivel actuator 222 to adjust the angle of the optical axis
O of the lamp umt 10 with respect to a vehicle width
direction (right and left directions). Specifically, when the
vehicle makes a turn, for example, when going along a
curve, or when turning to the right or left, the controller 232
directs the optical axis O of the lamp unit 10 1n a direction
where the vehicle 1s going to move from now. The leveling
controller 236 controls the leveling actuator 226 to adjust the
optical axis O of the lamp unit 10 with respect to the vehicle
vertical direction (a pitch angle direction). For example, it
adjusts the attitude of the lamp unit 10 according to the
forwardly or backwardly inclined attitude of the vehicle
when 1ncreasing or decreasing a carrying load or when
increasing or decreasing the number of occupants, thereby
adjusting the arrival distance of the forward 1rradiation light
to the optimum distance. The vehicle controller 302 supplies
similar information to the headlamp 210L as well, while the
irradiation controller 2281 [(controller, control unit)] pro-
vided in the headlamp 210L executes similar control to the
irradiation controller 228R.

Light distribution patterns to be formed by the headlamps
210L, 210R can be switched according to the operation
contents of the light switch 304 by a dniver. In this case,
according to the operation of the light switch 304, the
irradiation controllers 2281 and 228R control the motor 238
through the shade controller 232 to determine the light
distribution pattern to be formed by the lamp unit 10. Or, the
headlamps 210L, 210R may not be controlled by the opera-
tion of the light switch 304 but may be automatically
controlled such that they can detect the state of the vehicle
300 or vehicle peripheral conditions using various sensors to
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thereby form the optimum light distribution pattern. This
light distribution pattern automatic formation control may be
carried out, for example, when the light distribution pattern
automatic formation control 1s instructed by the light switch
304.

In order to detect a target object such as a vehicle ahead
or an oncoming vehicle, a camera 306 such as a stereo
camera 1s connected to the vehicle controller 302. The image
processor 308 executes a given 1mage process such as a
target object recognition process on image frame data pic-
tured by the camera 306, and the recognition results are
supplied to the vehicle controller 302. Also, the vehicle
controller 302 1s also capable of obtaining information
supplied from a steering sensor 310, a vehicle speed sensor
312, a navigation system 314, an acceleration sensor 316
and the like respectively carried on the vehicle 300. Thus,
according to the moving state and attitude of the vehicle 300,
the 1rradiation controllers 2281, 228R can select the light
distribution pattern to be formed and can change the direc-
tion of the optical axis O.

Next, description will be given below specifically of the
auto-leveling control that 1s carried out by the above struc-
tured vehicle lamp system 200. FIGS. 3A and 3B are
diagrams 1illustrating the relationship between a direction of
a vehicle motion acceleration vector and a vehicle attitude
angle. FIG. 3A shows a state where a vehicle attitude angle
Ov (which will be discussed later) remains unchanged,
whereas FIG. 3B shows a state where the vehicle attitude
angle Ov has changed. In FIGS. 3A and 3B, a motion
acceleration vector [a] o and a resultant acceleration vector
3 (which are generated when the vehicle 300 advances) are
respectively shown by solid line arrows, whereas a motion
acceleration vector [a] o and a resultant acceleration vector
3 (which are generated when the vehicle 300 decelerates or
backs) are respectively shown by broken line arrows. FIG.
4 1s a graph of the relationship between the vehicle longi-
tudinal direction acceleration and vehicle vertical direction
acceleration.

For example, when a baggage 1s carried 1n the baggage
room of the rear portion of the vehicle or when an occupant
sits on the rear seat, the vehicle takes the backward inclined
attitude; and, when the baggage has been removed or when
the occupant has got off the vehicle, the vehicle inclines
forward from the backward inclined attitude. The 1rradiation
direction of the lamp umt 10 also varies according to the
change of the attitude of the vehicle 300 and thus the
forward 1rradiation distance increases or decreases accord-
ingly. The irradiation [control unit] controller 2281, 228R
receive the values detected by the acceleration sensor 316
through the vehicle controller 302, controls the leveling
actuator 226 through the leveling controller 236 to deter-
mine the pitch angle of the optical axis O as an angle
corresponding to the vehicle attitude. Thus, by carrying out
the auto-leveling control which makes the leveling adjust-
ment of the lamp unit 10 real time according to the vehicle
attitude, even when the vehicle attitude changes according to
the state of use of the vehicle 300, the arrival distance of the
forward 1rradiation can be adjusted to the optimum.

The acceleration sensor 316 1s, for example, a three-axis
acceleration sensor having an X axis, a Y axis and a Z axis
which are perpendicular to each other. The acceleration
sensor 316 1s mounted on the vehicle 300 such that the X
axis extends along the longitudinal axis of the vehicle 300,
Y axis extends along the right and leit axis of the vehicle 300
and 7 axis extends along the vertical axis of the vehicle 300
respectively. The acceleration sensor 316 detects the incli-
nation of the vehicle 300 with respect to the gravity accel-
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eration vector G and outputs the numerical values of the
respective axis components of the gravity acceleration vec-
tor G 1n the three axis directions. That 1s, the acceleration
sensor 316 can detect, as a vector, the inclination angle of a
vehicle with respect to a horizontal plane, 1.e. a summed
angle 0 mcluding a road surface angle Or (a first angle),
namely, the inclination angle of a road surface with respect
to the horizontal plane and a vehicle attitude angle Ov (a
second angle), namely, the inclination angle of the vehicle
with respect to the road surface. Also, the acceleration
sensor 316, while the vehicle 1s moving, detects a resultant
acceleration vector 3 1in which the gravity acceleration
vector G and a motion acceleration vector [a] o generated
due to the motion of the vehicle 300 are combined together,
and outputs the numerical values of the respective axis
components of the resultant acceleration vector {3 1n the three
axis directions. Here, the road surface angle Or, vehicle
attitude angle Ov and summed angle 0 are respectively
angles 1n the vertical direction of the X axis, in other words,
the pitch direction angles of the vehicle 300. Here, in the
tollowing description, the component of the acceleration
sensor 316 1 the Y axis direction, that 1s, the rolling
direction angle of the vehicle 300 1s not taken into consid-
eration. The acceleration sensor 316 may also be mounted
on the vehicle 300 in any other orientation. In this case, the
numerical values of the respective components of the X axis,
Y axis and X axis output from the acceleration sensor 316
are respectively converted to the components of the longi-
tudinal axis, lateral axis and vertical axis of the vehicle by
the 1rradiation controller 228R.

The object of the auto-leveling control 1s to absorb
variations in the forward irradiation distance of the vehicle
lamp caused by variations in the vehicle pitch direction
inclination angle to thereby keep the forward arrival distance
of the wrradiation light to the optimum distance. Therefore,
the inclination angle of the vehicle necessary for the auto-
leveling control 1s the vehicle attitude angle Ov. That 1s, it 1s
desirable that the optical axis position of the lamp unit 10 be
adjusted when the vehicle attitude angle Ov changes, and
that the optical axis position of the lamp unit 10 be main-
tained when the road surface angle Or changes. In order to
realize this, the vehicle attitude angle Ov 1s extracted from
the summed angle 0 obtained from the acceleration sensor
316.

The wvehicle 300 moves parallel to the road surface.
Therefore, the motion acceleration vector ¢ provides a
vector parallel to the road surface regardless of the vehicle
attitude angle Ov. Also, shown in FIG. 3A, when the vehicle
attitude angle Ov of the vehicle 300 1s 0°, theoretically, the
X axis of the acceleration sensor 316 (or the longitudinal
axis of the vehicle 300) 1s parallel to the road surface and,
therefore, the motion acceleration vector o. provides a vector
parallel to the X axis of the acceleration sensor 316. Thus,
when the magnitude of the motion acceleration vector o 1s
varied due to the acceleration or deceleration of the vehicle,
the locus of the leading end of the resultant acceleration
vector 3 to be detected by the acceleration sensor 316
provides a straight line parallel to the X axis. On the other
hand, as shown 1n FIG. 3B, when the vehicle attitude angle
Ov of the vehicle 300 1s not 0°, the X axis of the acceleration
sensor 316 1s shifted obliquely with respect to the road
surface and thus the motion acceleration vector a provides
a vector extending obliquely with respect to the X axis of the
acceleration sensor 316. Therefore, when the magnitude of
the motion acceleration vector a 1s varied due to the
acceleration or deceleration of the vehicle, the locus of the
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leading end of the resultant acceleration vector {3 provides a
straight line 1inclined with respect to the X axis.

In this case, the 1rradiation controller 228R receives
through the receiver 228R1 the vehicle longitudinal direc-
tion acceleration and the vehicle vertical direction accelera-
tion from the acceleration sensor 316. The [control] con-
trollev/control unit 228R2 calculates a ratio between the
temporal change amount of the vehicle longitudinal direc-
tion acceleration and the temporal change amount of the
vehicle vertical direction acceleration at least in one of the
acceleration and deceleration of the vehicle 300. For
example, the rradiation controller 228R, as shown 1n FIG.
4, plots points corresponding to the values detected by the
acceleration sensor 316 over a time during at least one of the
acceleration and a deceleration of the vehicle on a coordi-
nate system having a first axis (X axis) representing the
vehicle longitudinal direction acceleration and a second axis
(z axis) representing the vehicle vertical acceleration. Points
t,, t,», ..., 1, denote the values detected by the accel-
eration sensor 316 at timings t,, t,, . . ., t_1n a state shown
in FIG. 3A. Points t;,, t,,, . . . , t5 denote the values
detected by the acceleration sensor 316 at timings ft,,
t,, . .., t 1n a state shown in FIG. 3B. The irradiation
controller 228R calculates the slope of a straight line or a
vector obtained from at least two of the points as the ratio
described above. In this exemplary embodiment, the irra-
diation controller 228R obtains a linear approximation A, B
with respect to the plotted points t,,, t ., . .

* 3 tAH?‘ tBl!
tss, . .., {5, using the method of least squares or the like, and

calculates the slope of the linear approximation A, B as the
ratio.

When the vehicle attitude angle Ov 1s 0°, a linear approxi-
mation A parallel to the x axis 1s obtained from the values
detected by the acceleration sensor 316. That is, the slope of
the linear approximation A i1s 0. When the vehicle attitude
angle Ov 1s not 0°, a linear approximation B having a slope
corresponding to the vehicle attitude angle Ov 1s obtained.
Therefore, by measuring a variation 1n the ratio between the
temporal change amounts of the vehicle longitudinal direc-
tion acceleration and the vehicle vertical direction accelera-
tion during the acceleration or the deceleration of the vehicle
300, from the values detected by the acceleration sensor 316,
a variation 1n the vehicle attitude angle Ov can be obtained.
By using this information on the vaniation in the vehicle
attitude angle Ov, an auto-leveling control can be realized
with high accuracy.

The vehicle lamp system 200 according to this exemplary
embodiment, using the mformation about the vehicle atti-
tude angle Ov that can be obtained by detecting the above
ratio variation, carries out the following auto-leveling con-
trol. That 1s, firstly, the vehicle 300 1s set 1n a basic condition
in which the vehicle 300 1s placed on a horizontal plane, for
example, i the manufacturing factory of a vehicle manu-
facturer or 1n the repair shop of a dealer. The basic condition
1s also a condition 1n which only one person 1s 1n the vehicle
300, sitting on the driver’s seat of the vehicle 300, or a
condition in which the vehicle 300 1s vacant. Through the
switch operation of the nitialization processing apparatus of
the factory or through the communication of a CAN (Con-
troller Area Network) for connecting together the 1rradiation
controller [228F] 228R and acceleration sensor 316 through
the vehicle controller 302, an 1nitialization signal 1s trans-
mitted to the irradiation controller 228R. The nitialization
signal transmitted to the irradiation controller 228R 1s
received by the recerver 228R1 and is then transmitted to the
[control] controller/control unit 228R2. The [control] con-
troller/control unit 228R2, Jon] upor receiving the initial-
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1zation signal, uses the values output from the acceleration
sensor 316 and received by the receiver 228R1 as reference
inclination angles, and carries out an 1nitial aiming adjust-
ment. Also, the [control] controller/control unit 228R2
records the values output from the acceleration sensor 316 as
the reference value of the road surface angle Or (0r=0') and
the reference value of the vehicle attitude angle Ov (0v=0°)
into the memory 228R4 to thereby store these reference
values.

While a vehicle 1s moving, the vehicle attitude angle Ov
1s rarely varied due to an increase or a decrease in the
loading on the vehicle or 1n the number of occupants 1n the
vehicle. Thus, a vanation 1n the summed angle 0 while the
vehicle 1s moving can be regarded as a variation 1n the road
surface angle Or. Accordingly, when the summed angle O
varies while the vehicle is moving, the [control] controller/
control unit 228R2 prevents the generation of a control
signal for instructing the optical axis adjustment. Alterna-
tively, the [control] controller/control unit 228R2 may gen-
erate a control signal for instruction to maintain of the
optical axis position 1n response to a variation in the summed
angle 0 while the vehicle 1s moving, and the transmitter
228R3 may transmit 1t to the leveling controller 236.
Whether the vehicle 300 1s moving or not can be determined
by, for example, a vehicle speed obtained from the vehicle
speed sensor 312. “While the vehicle 1s moving” can be
defined as, for example, from the time when the vehicle
speed obtained from the vehicle speed sensor 312 exceeds 0
to the time when the vehicle speed obtained from the vehicle
speed sensor 312 becomes 0. “While the vehicle 1s moving”
can optionally be defined based on an experiment or simu-
lation by a designer.

When the vehicle 1s stopped, the control unit 228R2
subtracts the reference value of the vehicle attitude angle Ov,
which 1s read out from the memory 228R4, from the current
summed angle 0 detected by the acceleration sensor 316 to
calculate the road surface angle Or. The road surface angle
Or 1s recorded 1nto the memory 228R4 as the new reference
value of the road surface angle Or. “When the vehicle 1s
stopped” 1s, for example, the time when the value detected
by the acceleration sensor 316 becomes stable after the
vehicle speed obtaimned by the vehicle speed sensor 312
became 0. The reason why it 1s the time when the value
detected by the acceleration sensor 316 becomes stable 1s
that it takes a little time for the attitude of the vehicle 300 to
become stable after the vehicle 300 stops and thus, 1n a state
where the vehicle attitude is not stable, 1t 1s diflicult to detect
the accurate summed angle 0. The “the time when the value
becomes stable” may be defined as the time when the
variations in the values detected by the acceleration sensor
316 per unit time becomes equal to or less than a threshold,
or as the time when a given period of time has elapsed after
the vehicle speed detected by the vehicle speed sensor 312
became 0. The time “when the vehicle 1s stopped”, the
“threshold” and the “given period of time™ can optionally be
set based on an experiment or simulation by a designer.

While the vehicle 1s stopped, 1t 1s rare that the vehicle 300
moves and the road surface angle Or changes. Thus, a
variation 1n the summed angle Or while the vehicle 1s
stopped can be regarded as a variation 1n the vehicle attitude
angle Ov. Thus, when the summed angle 0 varies while the
vehicle is stopped, the [control] comrtroller/control unit
228R2, using the vehicle attitude angle Ov obtained from the
values detected by the acceleration sensor 316 and the
reference value of the road surface angle Or read out from the
memory 228R4, generates a control signal for instructing the
optical axis adjustment. More specifically, while the vehicle
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is stopped, the [control] controller/control unit 228R2 cal-
culates the vehicle attitude angle Ov repetitively at given
timings. The vehicle attitude angle Ov can be obtained by
subtracting the road surface angle Or stored in the memory
228R4 from the current summed angle 0 received from the
acceleration sensor 316. When the difference between the
calculated vehicle attitude angle Ov and the reference value
of the vehicle attitude angle Ov stored 1n the memory 228R4
is equal to or more than a threshold, the [control] controller/
control unit 228R2 generates a control signal according to
the newly obtained vehicle attitude angle Ov. This can avoid
frequent optical axis adjustments and, as a result, the control
burden of the [control] controller/control unit 228R2 can be
reduced and the life of the leveling actuator 226 can be
extended. The thus generated control signal 1s transmitted to
the leveling controller 236 by the transmitter 228R3,
whereby an optical axis adjustment according to the control
signal can be carried out. The calculated vehicle attitude
angle Ov 1s recorded ito the memory 228R4 as a new
reference value.

“While the vehicle 1s stopped” means, for example, a
period from the time when the value detected by the accel-
cration sensor 316 becomes stable to the time when the
vehicle starts moving. The “time when the vehicle starts
moving’ means, for example, the time when the vehicle
speed detected by the [acceleration] vehicle speed sensor
312 exceeds 0. “While the vehicle 1s stopped™ can optionally
be defined based on an experiment or simulation by a
designer.

During at least one of the acceleration and deceleration of
the vehicle, for example, for a given time when the vehicle
starts or stops, the [control] controller/control unit 228R2
records the values output from the acceleration sensor 316.
The [control] controller/control unit 228R2 plots the
recorded output values on a coordinate system having a first
axis representing the vehicle longitudinal direction accel-
eration and a second axis representing the vehicle vertical
direction acceleration, and using the method of least square,
calculates linear approximations continuously or at every
given time. The [control] comtroller/control unit 228R2
generates a control signal for instructing the optical axis
adjustment of the lamp unit 10 according to a variation in the
slope of the obtained linear approximations, thereby cor-
recting the optical axis position. The [control] controlier/
control unit 228R2 also corrects the reference value of the
vehicle attitude angle Ov stored 1n the memory 228R4. For
example, the [control] controller/control unit 228R2 com-
pares the currently obtained slope of the linear approxima-
tion with the previously obtained slope of the linear approxi-
mation and, when there 1s a varniation in the slope of the
linear approximation, carries out a correction process
according to this slope variation.

For example, where the vehicle attitude angle Ov stored 1n
the memory 228R4 1s p° and the accumulated value of
variations 1n the slope of the linear approximation from the
first calculation 1s g°, or where the variation amount of the
vehicle attitude angle 6v while the vehicle is stopped[.] (that
1s, a difference between the vehicle attitude angle Ov stored
when the vehicle 1s stopped and the vehicle attitude angle Ov
stored when the vehicle starts moving) 1s p°, and a slope
difference between a linear approximation calculated when
the vehicle previously started moving and a linear approxi-
mation calculated when the vehicle starts moving 1s q°, the
[control] controller/control unit 228R2 generates a control
signal for adjusting the optical axis position only by an error
(p—q)° of the vehicle attitude angle Ov and the transmitter
228R3 transmits this control signal. Also, the [control]
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controller/control umt 228R2 corrects the reference value of
the vehicle attitude angle Ov stored 1n the memory 228R4
only by (p—q)°. Thus, as described above, by rewriting the
reference values of the road surface angle Or and vehicle
attitude angle Ov repetitively, there can be prevented a
possibility that the detection errors or the like of the accel-
eration sensor 316 can be accumulated to thereby deteriorate
the accuracy of the auto-leveling control. Or, the accuracy
deterioration of the auto-leveling control can be reduced.

The method for correcting the optical axis position and
the reference value of the vehicle attitude angle Ov may also
be as follows. That 1s, when there cannot be avoided
disturbances such as the inclination of the vehicle attitude
due to the acceleration or deceleration of the vehicle 300 and
the inclination of the vehicle attitude due to the turning of
the vehicle 300, there 1s a possibility that the amount of
variations in the slope of the linear approximation can
deviate greatly from the amount of varniations 1n the vehicle
attitude angle Ov. In this case, even when the optical axis
position and the reference value of the vehicle attitude angle
Ov are corrected by the variation amount of the slope of the
linear approximation, they deviate from the actual vehicle
attitude angle Ov. Also, since the varied slope of the linear
approximation raises a high possibility that the actual
vehicle attitude angle Ov deviates from the reference value
stored, there 1s a possibility that, even when the optical axis
1s adjusted using the reference value stored, the auto-
leveling control cannot be carried out with high accuracy.
Theretfore, when a variation in the above-mentioned ratio or
in the slope of the linear approximation 1s detected, the
[control] controller/control unit 228R2, as the correction
control of the optical axis position according to this slope
variation, moves the optical axis position nearer to the
horizontal direction or to the 1imitial position to thereby draw
the reference value of the vehicle attitude angle Ov nearer to
0°. Due to this, even when the optical axis position of the
lamp unit 10 cannot be made to follow a vanation 1n the
vehicle attitude angle Ov with high accuracy, there can be
realized a failsafe function which moves the optical axis
position nearer to the horizontal direction or to the mnitial
position to thereby secure the visibility of a driver.

Here, the [control] controller/control unit 228R2 may also
be structured such that, when a difference between the
calculated vehicle attitude angle Ov and the reference value
of the vehicle attitude angle Ov stored 1n the memory 228R4
1s equal to or more than a threshold, 1t stores the calculated
vehicle attitude angle Ov into the memory 228R4 as a new
reference value. Similarly, the [control] controller/control
unit 228R2 may also be structured such that, when a
difference between the calculated road surface angle Or and
the reference value of the road surface angle Or stored 1n the
memory 228R4 1s equal to or more than a threshold, 1t stores
the calculated road surface angle Or into the memory 228R4
as a new reference value. This can prevent the reference
value of the road surface angle Or or vehicle attitude angle
Ov from being rewritten frequently. Also, the [control]
controller/control unit 228R2 may also calculate the road
surface angle Or when the summed angles 0 1n the start and
stop times of the vehicle 300 differ from each other. This can

reduce the control burden of the [control] controller/control
unit 228R2.

Also, the [control] controller/control unit 228R2 may also
previously store the values detected by the acceleration
sensor 316 1n the acceleration and deceleration times of the

vehicle 300 from one-time start to stop thereof and, 1n the
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vehicle stop time or the like, may calculate a linear approxi-
mation to thereby perform the above-mentioned correction
pProcess.

FIG. 5 1s a flow chart of the auto-leveling control of the
vehicle lamp system according to the first exemplary
embodiment. In the flow chart of FIG. 5, the processing
procedures of the respective parts are designated using
combinations of S (STEP) and numerals. Also, 1n a process
designated by a combination of S and a numeral, there 1s
carried out some check process. When the check result
thereol 1s positive, Y (YES) 1s added to designate, for
example, (5101; Y) and, oppositely, when the check result 1s
negative, N (NO) 1s added to designate, for example, (S101;
N). For example, 1n a state where an instruction for execu-
tion of an auto-leveling control mode 1s given by the light
switch 304, when the 1gnition i1s turned on, this flow 1s
carried out repetitively at a given timing by the 1rradiation
controller 228R ([control] controller/control unit 228R2)
and, when the 1gnition 1s turned off, 1t 1s ended.

Firstly, the [control] controller/control unit 228R2 deter-
mines whether a vehicle 1s moving (S101). If 1t 1s deter-
mined that the vehicle is moving (S101; Y), the [control]
controllev/control unit 228R2 determines whether the
vehicle 1s 1n an accelerating or decelerating mode or not
(5102). The acceleration or deceleration of the vehicle can
be detected, for example, from the value detected by the
acceleration sensor 316, or from whether an accelerator
pedal or a brake pedal (neither of them are shown) 1s pressed
down. If 1t 1s determined that the vehicle 1s 1n the acceler-
ating or decelerating mode (S102; Y), the [control] control-
lev/control unit 228R2 calculates a linear approximation
from the multiple values output from the acceleration sensor
316 and compares the slope of the currently calculated linear
approximation with the slope of the previously calculated
linear approximation (S103). The [control] controller/con-
trol unit 228R2 determines whether there 1s a vanation 1n the
slope of the linear approximation (5104). If it 1s determined
that there 1s a variation in the slope of the linear approxi-
mation (S104; Y), the [control] controller/control unit
228R2 generates a control signal for istructing the optical
axis adjustment to thereby correct the optical axis position
and the reference value of the vehicle attitude angle Ov
(S10S5). After that, even when a summed angle 0 detected by
the acceleration sensor 316 has varied, the [control] con-
troller/control unit 228R2 does not generate a control signal
for mstructing the optical axis adjustment but avoids the
optical axis adjustment, ending this routine. If 1t 15 deter-
mined that the vehicle 1s not 1 an accelerating or deceler-
ating mode (S102; N) [and] or that there is no variation in
the slope of the linear approximation (S104; N), the [control]
controller/control unit [22882] 228R?2 also avoids the optical
axis adjustment (5106) and ends this routine.

If 1t 1s determined that the vehicle 1s not moving (S101;
N), the [control] controller/control unit 228R2 determines
whether it is when the vehicle 1s stopped (S107). If 1t 1s
determined that iz is wher the vehicle 1s stopped (S107;Y),
the [control] controller/control unit 228R2 subtracts the
reference value of the vehicle attitude angle Ov from the
current summed angle 0 to calculate the road surface angle
Or (S108) and stores the calculated road surface angle Or into
the memory 228R4 as a new reference value (S109). The
[control] controller/control unit 228R2 then avoids the opti-
cal axis adjustment (S106) and ends this routine.

If it is determined that it is not when the vehicle is [not]
stopped (S107; N)|[.] because the vehicle is actually not
moving, [and] the [control] controller/control unit 228R2
subtracts the reference value of the road surface angle Or
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from the current summed angle 0 to calculate the vehicle
attitude angle 6v (S110). Next, the [control] controller/
control unit 228R2 determines whether a difference between
the calculated vehicle attitude angle Ov and the reference
value of the vehicle attitude angle Ov 1s equal to or more than
a threshold (S111). If it 1s determined that the difference 1s
less than the threshold (S111; N), the [control] controller/
control unit 228R2 avoids the optical axis adjustment (S106)
and ends this routine. If 1t 1s determined that the difference
is equal to or more than the threshold (S111; Y), the [control]
controller/control unit 228R2 adjusts the optical axis posi-
tion according to the calculated vehicle attitude angle Ov
(S112). The [control] controller/control unit 228R2 then
stores the calculated vehicle attitude angle Ov into the
memory 228R4 as a reference value (S113) and ends this
routine. It 1t 1s determined that the diflerence 1s equal to or
more than the threshold (S111; Y), the [control] controller/
control umt 228R2 adjusts the optical axis position accord-
ing to the calculated vehicle attitude angle Ov (S112). The
[control] controller/control unit 228R2 then stores the cal-
culated vehicle attitude angle Ov into the memory 228R4 as
a reference value (S113) and ends this routine.

Here, 1n the left headlamp 210L, the irradiation controller
228L., more specifically, the [control] controller/control unit
2281.2, carries out similar control. Alternatively, one of the
irradiation [portions] controllers 228L and 228R may cal-
culate the vehicle attitude angle Ov and road surface angle
Or, while the other may obtain the calculated vehicle attitude
angle Ov and road surface angle Or to adjust the optical axis
O.

While the vehicle 1s moving, generally, the period during
which the vehicle 300 maintains 1ts speed constant 1s short.
Thus, 1t can be presumed that, most of the time during 1ts
movement, the vehicle 1s accelerating or decelerating.
Therefore, it 1s possible to omit Step S102 for checking
whether the vehicle 300 1s accelerating or decelerating.

As described above, the vehicle lamp system 200 accord-
ing to this exemplary embodiment receives an acceleration
information from the acceleration sensor 316 1n such a form
that a vehicle longitudinal direction acceleration and a
vehicle vertical direction acceleration are [drivable] deriv-
able from the acceleration information, and adjusts the
optical axis of the lamp unmit 10 based on a variation 1n the
ratio between the temporal change amount of the accelera-
tion 1n the vehicle longitudinal direction and the temporal
change amount of the acceleration in the vehicle vertical
direction during at least one of the acceleration and decel-
eration ol the vehicle 300. Thus, the vehicle lamp system
200 according to this exemplary embodiment obtains infor-
mation about the vehicle attitude angle Ov using a new
extraction method which obtains a variation 1n the vehicle
attitude angle Ov from a variation 1n the ratio between the
temporal change amount of the acceleration in the vehicle
longitudinal direction and the temporal change amount of
the acceleration 1n the vehicle vertical direction during the
acceleration or deceleration of the wvehicle. That 1s, the
vehicle lamp system 200 according to this exemplary
embodiment obtains information about the vehicle attitude
angle Ov from the plot characteristic of the acceleration
sensor 316. Therefore, with use of the vehicle lamp system
200 according to this exemplary embodiment, there can be
provided a new technology which extracts information about
the vehicle attitude angle Ov from the summed angle Ov
detected by the acceleration sensor 316.

Further, according to the vehicle lamp system 200
described above, [when] the summed angle 6 varies while
the vehicle is moving|, a] due to a road surface situation. A
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road surface angle Or 1s dertved from the varied summed
angle O at a time when the vehicle is stopped and the
reference value of the vehicle attitude angle Ov and the
stored reference value of the road surface angle Or 1s
rewritten, and when the summed angle 0 varies while the
vehicle 1s stopped, a vehicle attitude angle Ov 1s derived
from the varied summed angle 0 and the reference value of
the road surface angle Or and the stored reference value of
the vehicle attitude angle Ov 1s rewritten. During the accel-
eration or the deceleration of the vehicle 300 and using
information about the vehicle attitude angle Ov extracted by
the above method, the vehicle lamp system 200 corrects the
optical axis position of the lamp unit 10 and the reference
value of the vehicle attitude angle Ov stored in the memory
228R4. Theretfore, the vehicle lamp system 200 can carry out
auto-leveling control using an acceleration sensor with high
accuracy.

A vehicle lamp system 200 according to a second exem-
plary embodiment 1s a system which derives a vehicle
attitude angle Ov from a ratio between the temporal change
amount of the acceleration in the vehicle longitudinal direc-
tion and the temporal change amount of the acceleration in
the vehicle vertical direction and, using the derived vehicle
attitude angle Ov, carries out an optical axis adjustment.
Now, description will be given below of this exemplary
embodiment. The components of this vehicle lamp system
200 according to the second exemplary embodiment, that
are similar to those of the first exemplary embodiment, are
given the same reference signs, and the description thereof
will be omitted.

The vehicle lamp system 200 according to this exemplary
embodiment, using information about the vehicle attitude
angle Ov to be obtained by detecting the above-mentioned
variation 1n the ratio, carries out the following auto-leveling
control. That 1s, firstly, the vehicle 300 set 1n a basic
condition 1 which the vehicle 300 moves on a horizontal
plane, for example, 1n the manufacturing factory of a vehicle
manufacturer or in the repair shop of a dealer. In this basic
condition, the vehicle 300 1s accelerated or decelerated. As
an initialization process, the [control] controller/control unit
228R2 receives acceleration mnformation from the accelera-
tion sensor 316 and calculates a ratio between the temporal
change amount of the acceleration 1n the vehicle longitudi-
nal direction and the temporal change amount of the accel-
eration 1n the vehicle vertical direction during at least one of
the acceleration and deceleration of the vehicle 300. The
[control] controller/control unit 228R2 stores the calculated

ratio into the memory 228R4 as a reference value of the
ratio.

When the vehicle 300 is actually in use, the [control]
controller/control unit 228R2 calculates a ratio between the
temporal change amount of the acceleration in the vehicle
longitudinal direction and the temporal change amount of
the acceleration in the vehicle vertical direction during at
least one of the acceleration and deceleration of the vehicle
300. The [control] controller/control unit 228R2 obtains a
vehicle attitude angle Ov from the reference value of the
ratio previously stored in the initialization process and the
current ratio, and carries out an optical axis adjustment using
the obtained vehicle attitude angle Ov.

For example, the [control] controller/control unit 228R2,
in the iitialization process, plots points corresponding to
the values detected by the acceleration sensor 316 on a
coordinate system having a {irst axis representing the vehicle
longitudinal direction acceleration and a second axis repre-
senting the vehicle vertical direction acceleration, obtains a
reference linear approximation from the plotted points, and
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calculates the slope of this reference linear approximation as
the reference value of the ratio. When the vehicle 1s 1n actual
use, the [control] controller/control unit 228R2 records, for
example, for a given period of time when the vehicle is
starting to move or is stopping [to move] movement, the
values output from the acceleration sensor 316, plots the
recorded output values on the coordinate system to find a
linear approximation and calculates the slope of the linear
approximation as the ratio. Here, an angle (0,5 1n FIG. 4)
formed between the reference linear approximation and the
linear approximation calculated under the vehicle actual use
state corresponds to the vehicle attitude angle Ov. Theretore,
by comparing the slopes of the two linear approximations or
the above-mentioned ratios, the vehicle attitude angle Ov can
be obtained.

As described above, the vehicle lamp system 200 accord-
ing to this exemplary embodiment obtains the vehicle atti-
tude angle Ov from the reference value of the ratio, that 1s
obtained while the vehicle 300 1s on the honizontal plane,
and the current ratio to thereby make the optical axis
adjustment. According to [the] ar auto-leveling control
system configured such that the reference value of the road
surface angle Or 1s rewritten when the summed angle O
vartes while the vehicle 1s moving, and such that the
reference value of the vehicle attitude angle Ov 1s rewritten
when the summed angle 0 varies while the vehicle 1s
stopped, the repetitive rewriting of the reference values can
increase the error of the adjustment. On the other hand, 1n
the auto-leveling control according to this exemplary
embodiment, the optical axis position can be adjusted with-
out increasing such adjustment error.

A vehicle lamp system 200 according to an third exem-
plary embodiment calculates a linear approximation using a
set of values output from the sensor during the acceleration
of the vehicle and values output from the sensor during the
deceleration of the vehicle. Now, description will be given
below of this exemplary embodiment. The components of
the vehicle lamp system 200 according to the third exem-
plary embodiment, that are similar to those of the first
exemplary embodiment, are given the same reference sings,
and the description thereof will be omitted.

FIG. 6 1s a diagram to explain the auto-leveling control of
the vehicle lamp system of the third exemplary embodiment.
As shown in FIG. 6, in the vehicle lamp system 200
according to this exemplary embodiment, the [control] con-
trollev/control unit 228R2 stores a first acceleration range
P1(+) and a second acceleration range P2(+) of the accel-
eration of the vehicle 300 as well as a first deceleration range
P1(-) and a second deceleration range P2(-) of the decel-
eration (negative acceleration) of the vehicle 300 as infor-
mation on [a] an acceleration range in which plotting is
carried out to calculate a linear approximation (this infor-
mation 1s hereinafter referred to as plot range information).
This plot range information has a set of an acceleration side
range and a deceleration side range. In this exemplary
embodiment, the plot range information has two sets, one set
including the first acceleration range P1(+) and first decel-
eration range P1(-), and the other set including the second
acceleration range P2(+) and second deceleration range
P2(-). The acceleration range and deceleration range can be
set based on the amount of time vanations 1n the vehicle
speeds to be detected by the vehicle speed sensor 312 or the
magnitude of the vehicle longitudinal direction components
that can be obtained from the values detected by the accel-
eration sensor 316. The plot range information 1s stored 1n,
for example, the memory 228R4.
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For example, during the time from the start of the vehicle
300 to the stop thereol, when the acceleration of the vehicle
300 1s within the first acceleration range P1(+) or within the
second acceleration range P2(+), or when the deceleration 1s
within the first deceleration range P1(-) or within the second
deceleration range P2(-), the [control] controller/control
unmt 228R2 records the values detected by the acceleration
sensor 316. The [control] controller/control unit 228R2 plots
points corresponding to the recorded detection values on a
coordinate system having a {irst axis representing the vehicle
longitudinal direction acceleration and a second axis repre-
senting the vehicle vertical direction, thereby calculating a
linear approximation. The [control] controller/control unit
228R2 calculates the linear appr0x1mat10n for example, at
the time when, while the vehicle 300 1s moving, the values
detected by the acceleration sensor 316 or the plotted values
thereol 1n the first acceleration range P1(+), first deceleration
range P1(-), the second acceleration range P2(+) and second
deceleration range P2(-) are arranged.

The [control] controller/control unit 228R2 corrects the
optical axis O and the reference value of the vehicle attitude
angle Ov based a vanation in the slope of the calculated
linear approximation at a given timing while the vehicle 1s
moving. More specifically, the [control] controller/control
unmt 228R2 calculates an error component AGe, which 1s a
difference between the reference value of the vehicle attitude
angle Ov and a vehicle attitude angle Ov obtained from the
slope of the linear approximation (a ratio between the
temporal change amount of acceleration 1 the vehicle
longitudinal direction and the temporal change amount of
acceleration 1n the vehicle vertical direction). For example,
the [control] controllier/control unit 228R2 calculates the
accumulated value of variations in the slope of the linear
approximation from the first time to the current time calcu-
lations to derive the vehicle attitude angle Ov, and finds the
error component AOe from this vehicle attitude angle Ov and
the reference value of the vehicle attitude angle Ov stored in
the memory 228R4. Or, the [control] controller/control unit
228R2, similarly to the second exemplary embodiment, may
obtain a vehicle attitude angle Ov from the slopes of the
previously stored reference linear approximation and the
calculated linear approximation, and may find an error
component AOe¢ from this vehicle attitude angle Ov and the
reference value of the vehicle attitude angle Ov stored 1n the
memory 228R4.

The [control] controller/control unit 228R2 corrects the
reference value of the vehicle attitude angle Ov such that the
error component ABe is reduced. In this case, the [control]
controller/control unit 228R2, when the absolute value of
the obtained the error component AOe exceeds a threshold
value Oth (|AOel|>0th), corrects the reference value of the
vehicle attitude angle Ov by a correction value Oc. Also, the
control unit 228R2 generates a control signal for adjusting
the optical axis position by the correction value Oc, thereby
correcting the optical axis position. Here, the [control]
controller/control unit 228R2 may also carry out the above-
mentioned correction process, for example, just after the
stop of the vehicle 300.

The “threshold value 0th™ and the “correction value 0c¢”
can be set in accordance with the resolution of the optical
axis control, the detection accuracy of the error component
AOe, or the detection resolution of the vehicle attitude angle
Ov using a variation 1n the slope of the linear approximation.
The threshold value 0th 1s set within the range of the error
that provides no obstacle to the optical axis control. The
correction value Oc 1s set, for example, based on the error
that 1s caused by, of error main factors, an error factor having,
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the smallest generation error value. Such error factor
includes, for example, vanations in the vehicle attitude
under the same load condition, that 1s, variations 1n the
suspension of the vehicle.

The correction value Oc 1s smaller than the threshold value
Oth. Due to this, even when the detection accuracy of the
error component AOe 1s low, the reference value of the
vehicle attitude angle Ov can be made to approximate
gradually to a correct value. For example, the resolution of
the angle detection using variations 1n the slope of the linear
approximation 1s 0.04°, while the threshold value 0Oth 1s set
for 0.1° and the correction value Oc 1s set for 0.03° respec-
tively. The “threshold value 0th” and “correction value Oc”
can be set based on an experiment or simulation by a
designer.

As described above, the plot range information has a set
of the acceleration side range and deceleration side range.
Due to such combination of the acceleration side range and
deceleration side range, the error component of the vehicle
attitude variations to be caused by acceleration and the error
component of the vehicle attitude varnations caused by
deceleration can cancel each other. This makes it possible to
calculate a linear approximation with higher accuracy. Also,
the first acceleration range P1(+) and first deceleration range
P1(-) as well as the second acceleration range P2(+) and
second deceleration range P2(-) are set respectively such
that the ranges of the magnitude (absolute values) of the
acceleration and deceleration are equal to each other. Due to
such setting, the error component of the vehicle attitude
variations to be caused by acceleration and the error com-
ponent of the vehicle attitude variations caused by decel-
cration can cancel each other. This makes i1t possible to
calculate a linear approximation with further higher accu-
racy.

In this exemplary embodiment, the first acceleration range
P1 (+) and first deceleration range P1 (-) are set such that
they respectively provide a range of given gentle accelera-
tion or deceleration. Also, the second acceleration range P2
(+) and second deceleration range P2 (-) are set respectively
such that they respectively provide a range of given rapid
acceleration or deceleration which 1s larger when compared
with the first acceleration range P1 (+) and first deceleration
range P1 (-). In this exemplary embodiment, since the plot
range information has a set of gentle and rapid acceleration
and deceleration ranges, when compared with a case
employing only a set of gentle acceleration and deceleration
or only a set of rapid acceleration and deceleration, a linear
approximation can be calculated with higher accuracy.

Here, for the first acceleration range P1 (+) and first
deceleration range P1 (-) as well as the second acceleration
range P2 (+) and second deceleration range P2 (-), there
may also be calculated linear approximations independently
of each other and the respective correction processes may be
carried out according to the slopes of the respective linear
approximations. In this case, according to the calculation
frequency or calculation accuracy of the set of the first
acceleration range P1 (+) and first deceleration range P1 (-)
as well as the set of the second acceleration range P2 (+) and
second deceleration range P2 (-), the weight of correction
may be different from each other, for example, the magni-
tude of the correction value Oc may be varied. Or, the
correction process may be carried out according to the
average of the slopes of the linear approximations calculated
respectively independently. Further, when, in the set of the
first acceleration range P1 (+) and first deceleration range P1
(—) as well as the set of the second acceleration range P2 (+)
and second deceleration range P2 (-), plots are arranged, a
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linear approximation may be calculated using these plots;
and, when the plots are not ready 1n both sets within a given
time, a linear approximation may be calculated using the
plots of the set in which the plots are ready at the that time.

The plot range information may have only the set of the
first acceleration range P1 (+) and first deceleration range P1
(—) or only the set of the second acceleration range P2 (+)
and second deceleration range P2 (-). For example, the set
of the first acceleration range P1 (+) and first deceleration
range P1 (-) set 1in the gentle acceleration and deceleration
range, when compared with the set of the second accelera-
tion range P2 (+) and second deceleration range P2 (-) set
in the rapid acceleration and deceleration range, has higher
frequency that the values detected by the acceleration sensor
316 are included 1n this range while the vehicle 1s moving,
thereby being able to increase the number of times of
correction processes. The number of sets of the acceleration
range and deceleration range contained in the plot range
information may be three or more.

The first acceleration range P1 (+) and first deceleration
range P1 (-) as well as the second acceleration range P2 (+)
and second deceleration range P2 (-) may also be set such
that the ranges of the magnitude of the acceleration or
deceleration are equal to each other and also the ranges of
the vehicle speed are equal to each other. In this case, since
an error component caused by acceleration and an error
component caused by deceleration can cancel each other, a
linear approximation can be calculated with further higher
accuracy. The range width of the acceleration and decelera-
tion ranges, the magnitude of the acceleration and decelera-
tion and the like can be set based on an experiment or
simulation by a designer.

FIG. 7 1s a flow chart of the auto-leveling control of the
vehicle lamp system according to the third exemplary
embodiment. This flow 1s executed repeatedly at a given
timing by the 1irradiation controller 228R, more specifically,
by the [control] controller/control unit 228R2, when an
ignition 1s switched on, for example, 1n a state where an
instruction for execution of the auto-leveling control mode
1s given by the light switch 304; and, when the 1gnition 1s
turned off, this flow 1s ended.

The [control] controller/control unit 228R2 determines
whether the vehicle 1s moving (S201). If 1t 1s determined that
the vehicle 1s moving (S201; Y), the control unit 228R2
determines whether the plots of the values detected by the
acceleration sensor 316 1n the set of first acceleration range
P1 (+) and first deceleration range P1 (-) as well as the set
of second acceleration range P2 (+) and second deceleration
range P2 (-) are ready (5202). When the plots are not ready
(S202; N), the [control] controller/control unit 228R2
avoilds the optical axis adjustment (S203) and ends this
routine. When the plots are ready (5202; Y), the [control]
controller/control unit 228R2 calculates a linear approxima-
tion (8204) and calculates an error component AOe which 1s
a difference between a vehicle attitude angle Ov derived
from the slope of the linear approximation and the reference
value of a vehicle attitude angle Ov stored in the memory
228R4 (S205).

The [control] controller/control unit 228R2 determines
whether the absolute value of the error component AO¢
exceeds the threshold value Oth (S206). If 1t 1s determined
that the absolute value of the error component AOe exceeds
the threshold value Oth (8206; Y), the control umt 228R2
corrects the reference value of the vehicle attitude angle Ov
and optical axis position by the correction value Oc (5207).
After then, the [control] controller/control unit 228R2
avoids the optical axis adjustment with respect to a variation
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in the summed angle 0 obtained from the value detected by
the acceleration sensor 316 (S203) and ends this routine. IT
it 1s determined that the absolute value of the error compo-
nent AOe 1s equal to or less than the threshold value 0Oth
(S206; N), the [control] controller/control unit 228R2
avoilds the optical axis adjustment without executing the
correction process (5S203) and ends this routine.

If 1t 1s determined that the vehicle 1s not moving (S201;
N), the [control] controller/control unit 228R2 determines
whether it is when the vehicle 1s stopped (5208). I 1t 1s
determined that it is when the vehicle 1s stopped (S208; Y),
the [control] controller/control unit 228R2 calculates the
road surface angle Or (S209) and stores the calculated road
surface angle Or as a new reference value (S210), avoids the
optical axis adjustment (S203) and ends this routine. It 1t 1s
determined that i is not when the vehicle 1s stopped (S208;
N), the [control] controller/control unit 228R2 calculates the
vehicle attitude angle Ov (S211) and determines whether a
difference between the calculated vehicle attitude angle Ov
and the reference value of the vehicle attitude angle Ov 1s
equal to or more than a threshold (5212). I1 the difference 1s
less than the threshold (S212; N), the [control] controller/
control unit 228R2 avoids the optical axis adjustment (S203)
and ends this routine. If the difference equal to or more than
the threshold (S212; Y), the [control] controller/control unit
228R2 adjusts the optical axis position according to the
calculated vehicle attitude angle Ov (5213), stores the cal-
culated vehicle attitude angle Ov as a reference value (S214)
and ends this routine.

As described above, 1n the vehicle lamp system 200
according to this exemplary embodiment, the [control] con-
trollev/control unit 228R2 calculates a linear approximation
from the plots of the values detected by the acceleration
sensor 316 when the acceleration of the vehicle 300 1s within
a given range and from the plots of the values detected by
the acceleration sensor 316 when the deceleration of the
vehicle 300 1s within a given range. Therefore, an error
component such as a vehicle attitude varniation caused by the
acceleration and an error component such as a vehicle
attitude variation caused by the deceleration can cancel each
other, thereby being able to calculate a linear approximation
having a slope that 1s closer to the vehicle attitude angle Ov.

Also, the [control] controller/control unit 228R2 carries
out a correction process at the time when plots are obtained
in the given acceleration range and deceleration range. In a
control system configured such that a correction 1s carried
out immediately after the vehicle stops by calculating a
linear approximation from the values detected by the accel-
eration sensor [316] and recorded from the moving start to
stop of the vehicle [300]. If there is an error in the calcu-
lation of the vehicle attitude angle Ov and optical axis
adjustment while the vehicle 1s stopped atfter the correction,
the vehicle [300] will move while containing such error.
However, this exemplary embodiment can avoid such
trouble.

Here, the vehicle lamp system 200 according to the above
respective exemplary embodiments 1s a mode of the inven-
tion. This vehicle lamp system 200 includes the lamp unit 10
capable of adjusting 1ts optical axis, acceleration sensor 316,
and irradiation controllers 2281, 228R for controlling the
lamp unit 10, while 1t carries out the above-mentioned
auto-leveling control using the irradiation controllers 228L,
228R.

The other mode of the invention includes the 1rradiation
controllers 2281, 228K respectively serving as control appa-
ratus. The 1rradiation controllers 228L, 228R respectively
include receivers 22811, 228R1 for receiving vehicle lon-
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gitudinal direction and vertical direction acceleration from
the acceleration sensor 316, [control] controllers/control
units 2281.2, 228R2 for carrying out the above auto-leveling
control, and transmitters 2281.3, 228R3 for transmitting
control signals generated by the [control] controllers/control
units 22812, 228R2 to a leveling controller 236. The 1rra-
diation controller 228 1n the vehicle lamp system 200
corresponds to a controller in a broad sense, while the
[control] controllers/control units 22812, 228R2 in the
irradiation controller 228 correspond to a controller 1n a
narrow sense.

A further mode of the invention includes a method for
controlling a vehicle lamp. This control method adjusts the
optical axis of the lamp unmit 10 based on a variation in the
ratio between the temporal change amount of the vehicle
longitudinal direction acceleration and the temporal change
amount of the vehicle vertical direction acceleration during
at least one of the acceleration and deceleration of the
vehicle 300.

While the present invention has been described with
reference to certain exemplary embodiments thereof, the
scope of the present invention 1s not limited to the exemplary
embodiments described above, and 1t will be understood by
those skilled in the art that various changes and modifica-
tions, including combinations of features of different exem-
plary embodiments described above, may be made therein
without departing from the scope of the present invention as
defined by the appended claims.

For example, 1n the respective exemplary embodiments,
the 1rradiation controller 228 may directly control the lev-
cling actuator 226 serving as an optical axis adjusting
portion, without a separate leveling controller 236. That 1s,
the 1rradiation controller 228 may function as the leveling
controller 236. The generation of a control signal for mstruc-
tion of the optical axis adjustment in the above respective
exemplary embodiments may also be carried out by the
vehicle controller 302. That 1s, the vehicle controller 302
may serve as a controller for carrying out the auto-leveling
control. In this case, the irradiation controller 228 controls
the drive of the leveling actuator 226 according to an
instruction from the vehicle controller 302.

In the first exemplary embodiment as well, similarly to the
third exemplary embodiment, a correction process using a
threshold value Oth and a correction value Oc may be carried
out.

What 1s claimed 1s:

[1. A vehicle lamp controller comprising:

a recerver configured to recerve an acceleration informa-

tion detected by an acceleration sensor;

a control unit configured to derive a vehicle longitudinal
direction acceleration and a vehicle vertical direction
acceleration from the acceleration information, and to
generate a control signal for mstructing an adjustment
of an optical axis of a vehicle lamp, based on a variation
in a ratio between a temporal change amount of the
vehicle longitudinal direction acceleration and a tem-
poral change amount of the vehicle vertical direction
acceleration during at least one of an acceleration and
a deceleration of a vehicle; and

a transmitter configured to transmit the control signal to
an optical axis adjusting portion of the vehicle lamp.}

[2. The controller according to claim 1, wherein the
control unit plots points corresponding to values detected by
the acceleration sensor, over a time during at least one of the
acceleration and the deceleration of the vehicle, on a coor-
dinate system having a first axis representing the vehicle
longitudinal direction acceleration and a second axis repre-
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senting the vehicle vertical direction acceleration, and
defines a slope of a straight line or a vector obtained from at
least two of the points as the ratio.]
[3. The controller according to claim 2, wherein the
control unit defines, as the ratio, the slope of the straight line
or the vector obtained from the values detected by the
acceleration sensor, the values including values detected by
the acceleration sensor while the acceleration of the vehicle
1s within a given range and values detected by the accelera-
tion sensor while the deceleration of the vehicle 1s within a
given range.]
[4. The controller according to claim 2, wherein the
control unit obtains a linear approximation with respect to
the points, and defines the slope of the linear approximation
as the ratio.]
[5. The controller according claim 1, further comprising a
memory,
wherein the control unit obtains a summed angle 1nclud-
ing a first angle and a second angle from the accelera-
tion information, the summed angle being an inclina-
tion angle of the vehicle with respect to a horizontal
plane, the first angle being an inclination angle of a
road surface with respect to the horizontal plane, and
the second angle being an inclination angle of the
vehicle with respect to the road surface, and
wherein a reference value of the first angle and a reference
value of the second angle are stored in the memory,

wherein, when the summed angle varies while the vehicle
1s stopped, the control unit generates the control signal
using the second angle, that 1s obtamned from the
summed angle and the reference value of the first angle,
and stores the second angle in the memory as the
reference value of the second angle,

wherein, when the summed angle varies while the vehicle

1s moving, the control unit does not generate the control
signal or generates a control signal for maintaining a
position of the optical axis, and when the vehicle stops,
the control unit stores the first angle, that 1s obtained
from the summed angle and the reference value of the
second angle, 1n the memory as the reference value of
the first angle, and

wherein, when the ratio varies, the control unit corrects

the position of the optical axis of the vehicle lamp
based on the variation in the ratio.]

[6. The controller according to claim 5, wherein the
control umt calculates a diflerence between the reference
value of the second angle and the second angle derived from
the ratio, and corrects the reference value of the second
angle such that the difference is reduced.]

[7. The controller according to claim 6, wherein, when the
difference exceeds a threshold value, the control unit cor-
rects the reference value of the second angle by a correction
value that is smaller than the threshold value.]

[8. The controller according to claim 1, wherein the
control unmit obtains an inclination angle of the vehicle with
respect to a road surface from the ratio and a reference value
of the ratio, that 1s obtamned during at least one of the
acceleration and the deceleration of the vehicle on a hori-
zontal plane, and generates the control signal using the
inclination angle of the vehicle with respect to the road
surface.]

[9. The controller according to claim 1, wherein the
acceleration information comprises a summed angle includ-
ing a first angle and a second angle from the acceleration
information, the summed angle being an inclination angle of
the vehicle with respect to a horizontal plane, the first angle
being an inclination angle of a road surface with respect to
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the horizontal plane, and the second angle being an incli-
nation angle of the vehicle with respect to the road surface.]

[10. The controller according to claim 1, wherein the
control unit 1s configured to obtain an inclination angle of
the vehicle with respect to a road surface based on the
variation in the ratio between the temporal change amount of
the vehicle longitudinal direction acceleration and the tem-
poral change amount of the vehicle vertical direction accel-
eration. ]

[11. A vehicle lamp system comprising:

a vehicle lamp having an adjustable optical axis;

an acceleration sensor; and

a controller configured to control the vehicle lamp,

wherein the controller comprises:

a receiver configured to receive an acceleration informa-
tion detected by the acceleration sensor;

a control unit configured to derive a vehicle longitudinal
direction acceleration and a vehicle vertical direction
acceleration from the acceleration information, and to
generate a control signal for mstructing an adjustment
of the optical axis of the vehicle lamp, based on a
variation in a ratio between a temporal change amount
of the vehicle longitudinal direction acceleration and a
temporal change amount of the vehicle vertical direc-
tion acceleration during at least one of an acceleration
and a deceleration of a vehicle; and

a transmitter configured to transmit the control signal to
an optical axis adjusting portion of the vehicle lamp.}

[12. The vehicle lamp system according to claim 11,
wherein the acceleration imnformation comprises a summed
angle including a first angle and a second angle from the
acceleration information, the summed angle being an incli-
nation angle of the vehicle with respect to a horizontal plane,
the first angle being an inclination angle of a road surface
with respect to the horizontal plane, and the second angle
being an inclination angle of the vehicle with respect to the
road surface.]

[13. The vehicle lamp system according to claim 11,
wherein the control umit i1s configured to obtain an inclina-
tion angle of the vehicle with respect to a road surface based
on the variation in the ratio between the temporal change
amount of the vehicle longitudinal direction acceleration and
the temporal change amount of the vehicle vertical direction
acceleration. ]

[14. A vehicle lamp control method comprising;

obtaining an acceleration nformation detected by an
acceleration sensor;

deriving a vehicle longitudinal direction acceleration and
a vehicle vertical direction acceleration from the accel-
eration information;

calculating a variation 1 a ratio between a temporal

change amount of the vehicle longitudinal direction
acceleration and a temporal change amount of the
vehicle vertical direction acceleration during at least
one of an acceleration and a deceleration of a vehicle;
and

adjusting an optical axis of a vehicle lamp based on the

ratio. ]

[15. The vehicle lamp control method according to claim
14, wherein the obtaining the acceleration information com-
prises obtaining a summed angle including a first angle and
a second angle from the acceleration information, the
summed angle being an inclination angle of the vehicle with
respect to a horizontal plane, the first angle being an
inclination angle of a road surface with respect to the
horizontal plane, and the second angle being an inclination
angle of the vehicle with respect to the road surface.]
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[16. The vehicle lamp control method according to claim
14 turther comprising obtaining an inclination angle of the
vehicle with respect to a road surface based on the variation
in the ratio between the temporal change amount of the
vehicle longitudinal direction acceleration and the temporal
change amount of the vehicle vertical direction accelera-
tion. ]

17. A method of controlling a part of the vehicle, com-
prising:

determining a temporal change amount of a vehicle

longitudinal divection acceleration and a temporal
change amount of a vehicle vertical divection accel-
eration detected by an acceleration sensor during at
least one of an acceleration and a deceleration of a
vehicle;

calculating information on a vehicle angle based on a

ratio between the temporal change amount of the
vehicle longitudinal divection acceleration and the
temporal change amount of the vehicle vertical divec-
tion acceleration; and

adjusting the part of the vehicle based on the information

on the vehicle angle.

18. The method according to claim 17, whevein the part
of the vehicle is a vehicle lamp, and an optical axis of the
vehicle lamp is adjusted based on the information on the
vehicle angle.
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