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(7) ABSTRACT

Output of each sensor arrangement is supplied to an ECU
through a communication bus line. A value of a turning
radius of a vehicle, which is used for adjusting directions of
optical axes of swivel lights, is computed based on the
output of each sensor arrangement in the ECU. When a
majority of the computed values fall within a predetermined
allowable range, the majority of the computed values are
determined as normal, and the remaining of the computed
values is determined as abnormal. The communication bus
line is determined as abnormal when none of the output from
the sensor arrangements is obtained. An optical axis control
angle is computed based on the normal computed values and
is used to drive actuators to adjust directions of the optical
axes of the swivel lights.
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AUTOMATIC OPTICAL-AXIS ADJUSTING
DEVICE FOR AUTOMATICALLY ADJUSTING
DIRECTIONS OF OPTICAL AXES OF FROM
LIGHTS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and incorporates
herein by reference Japanese Patent Application No. 2000-
344194 filed on Nov. 10, 2000.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention:

[0003] The present invention relates to an automatic opti-
cal-axis adjusting device for automatically adjusting direc-
tions of optical axes of front lights of a vehicle.

[0004] 2. Description of Related Art:

[0005] When the vehicle makes a turn, it is possible to
adjust the directions of the optical axes of the front lights
with respect to a turning direction or traveling direction of
the vehicle to improve visibility of a driver. Various control
parameters can be used for controlling the directions of the
optical axes of the front lights. For example, in one previ-
ously proposed automatic optical-axis adjusting device for
automatically adjusting the directions of the optical axes of
the front lights, a turning radius of the vehicle is used as the
control parameter. To provide a less erroneous turning radius
of the vehicle, a computing means first computes a value of
the turning radius based on each one of output information
of a steering wheel sensor arrangement, output information
of a vehicle wheel speed sensor arrangement that includes
left and right vehicle wheel speed sensors, and output
information of a yaw rate sensor arrangement. Next, the
computed value of the turning radius derived from the
output information of the steering wheel sensor arrange-
ment, the computed value of the turning radius derived from
the output information of the vehicle wheel speed sensor
arrangement, and the computed value of the turning radius
derived from the output information of the yaw rate sensor
arrangement are averaged to obtain the less erroneous turn-
ing radius. Then, an optical axis control angle is computed
based on this turning radius and is used to adjust the
directions of the optical axes of the front lights. In such an
instance, it is advantageous to transmit the output informa-
tion from each sensor arrangement to the computing means
through a communication bus line. The use of the commu-
nication bus line allows a reduction in the number of signal
lines for connecting between the sensor arrangements and
the computing means in the vehicle.

[0006] However, in the above automatic optical-axis
adjusting device, if the output information of any one of the
steering wheel sensor arrangement, the vehicle wheel speed
sensor arrangement and the yaw rate sensor arrangement
includes an erroneous value due to, for example, a failure of
that sensor arrangement, the averaged turning radius, and
hence the optical axis control angle, becomes erroneous.

[0007] Furthermore, if noises are present in the commu-
nication bus line, the information from each sensor arrange-
ment may become abnormal, resulting in improper adjust-
ment of the directions of the optical axes of the front lights.
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SUMMARY OF THE INVENTION

[0008] The present invention addresses the above disad-
vantages. Thus, it is an objective of the present invention to
provide an automatic optical-axis adjusting device for auto-
matically adjusting a direction of an optical axis of each
corresponding front light of a vehicle in a more reliable
manner with use of a plurality of sensor arrangements.

[0009] To achieve the objective of the present invention,
there is provided an automatic optical-axis adjusting device
for automatically adjusting a direction of an optical axis of
at least one front light of a vehicle. The automatic optical-
axis adjusting device includes a control parameter comput-
ing means for computing a value of a control parameter,
which is used for adjusting the direction of the optical axis
of the at least one front light, based on output information of
each one of a plurality of sensor arrangements. The auto-
matic optical-axis adjusting device also includes a sensor
output judging means for determining whether each value of
the control parameter, which is derived from the output
information of a corresponding one of the plurality of sensor
arrangements, is normal. The sensor output judging means
first determines whether a majority of the values fall within
a predetermined allowable error range. If the majority of the
values fall within the predetermined allowable error range,
the sensor output judging means determines the majority of
the values as normal and the remaining of the values as
abnormal. The automatic optical-axis adjusting device fur-
ther includes a control angle computing means for comput-
ing an optical axis control angle, which is used for adjusting
the direction of the optical axis of the at least one front light,
based on the output information of at least one sensor
arrangement, from which the normal value of the control
parameter is derived. The automatic optical-axis adjusting
device also includes an optical axis adjusting means for
adjusting the direction of the optical axis of the at least one
front light based on the optical axis control angle by driving
an actuator that turns the optical axis of the at least one front
light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention, together with additional objectives,
features and advantages thereof, will be best understood
from the following description, the appended claims and the
accompanying drawings in which:

[0011] FIG. 1 is a schematic view showing an entire
structure of an automatic optical-axis adjusting device for
automatically adjusting directions of optical axes of front
lights of a vehicle according to an embodiment of the present
invention;

[0012] FIG. 2 is a schematic view showing illuminating
zones of headlights and illuminating zones of swivel lights
in the automatic optical-axis adjusting device according to
the embodiment of the present invention;

[0013] FIG. 3 is a flowchart depicting a first part of an
abnormality specifying and optical axis adjusting operation
carried out in a CPU of an ECU provided in the automatic
optical-axis adjusting device according to the embodiment;
and

[0014] FIG. 4 is a flowchart depicting a second part of the
abnormality specifying and optical axis adjusting operation.
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DETAILED DESCRIPTION OF THE
INVENTION

[0015] An embodiment of the present invention will be
described with reference to the accompanying drawings.

[0016] With reference to FIG. 1, left and right headlights
10L, 10R as well as left and right swivel lights 111, 11R are
arranged at a front of the vehicle as vehicle front lights.
Optical axes of the swivel lights 111, 11R can be turned
horizontally in a left or right direction separately from or
integrally with optical axes of the headlights 10L, 10R
through a swivel control. A reference numeral 20 denotes an
electronic control unit (ECU). The ECU 20 is formed as a
logical operation circuit that includes a CPU 21, a ROM 22,
a RAM 23, a backup (B/U) RAM 24, an input-output (I/O)
circuit 25 and an internal bus line 26. The CPU 21 is a
central processing unit that carries out various known arith-
metic operations. The ROM 22 stores control programs. The
RAM 23 stores various data. The internal bus line 26
interconnects the components of the ECU 20.

[0017] A throttle valve position signal of a throttle valve
position sensor 13, a steering angle signal of a steering angle
sensor (also referred to as a steering angle sensor arrange-
ment) 15, a yaw rate signal of a yaw rate sensor (also
referred to as a yaw rate sensor arrangement) 16, wheel
speed signals of left and right vehicle wheel speed sensors
(together constituting a vehicle wheel speed sensor arrange-
ment of the present invention) 17, 18 and various other
sensor signals are inputted to the ECU 20 through, for
example, a communication bus line 19 acting as an external
bus line that constitutes a car area network (CAN). The
throttle valve position signal is used to determine whether
the vehicle is in a running state or in a parking state
(non-running state). The steering angle signal indicates a
steering angle of a steering wheel 14 from a neutral point in
the left or right direction. The yaw rate signal indicates a
change rate of a vehicle turning angle about a vertical axis
that extends through a center of gravity in the vehicle. The
vehicle wheel speed signals of the left and right vehicle
wheel speed sensors 17, 18 indicate vehicle wheel speeds of
left and right vehicle wheels, respectively. Output signals
from the ECU 20 are inputted to actuators 121, 12R of the
left and right swivel lights 111, 11R. Optical axes of the left
and right swivel lights 111, 11R are adjusted based on the
output signals from the ECU 20, as will be described in
greater detail below.

[0018] In the present embodiment, as shown in FIG. 2, an
illuminating zone (measured during the low beam state) of
a light beam (left beam) emitted from the headlight 10L and
an illuminating zone (measured during the low beam state)
of a light beam (right beam) emitted from the headlight 10R
are substantially immovable. On the other hand, illuminating
zones of the swivel lights 111, 11R can be adjusted within
its swivel control range based on the steering angle signal of
the steering angle sensor 15, the yaw rate signal of the yaw
rate sensor 16, the wheel speed signals of the left and right
vehicle wheel speed sensors 17, 18, and the like.

[0019] The present embodiment will now be described
with reference to FIGS. 3 and 4, which indicate first and
second parts of an abnormality specifying and optical axis
adjusting operation carried out in the CPU 21 of the ECU 20,
respectively. The abnormality specifying and optical axis
adjusting operation is repeated in the CPU 21 at predeter-
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mined time intervals. Each abnormal flag described in
greater detail below is initialized when an ignition switch
(not shown) of the vehicle is turned on to start an internal
combustion engine of the vehicle.

[0020] With reference to FIG. 3, at step S101, it is
determined whether a throttle valve position of a throttle
valve is equal to or greater than a predetermined value, i.e.,
whether the throttle valve is opened for an amount equal to
or greater than a predetermined amount. If “NO” is returned
at step S101, i.e., if the vehicle is in the parking state, and
hence the throttle valve position is less than the predeter-
mined value, step S101 is repeated until the throttle valve
position becomes equal to or greater than the predetermined
value. If “YES” is returned at step S101, i.e., if the throttle
valve position is equal to or greater than the predetermined
value, and hence the vehicle is in the running state, control
moves to step S102.

[0021] At step S102, it is determined whether the steering
angle signal from the steering angle sensor 15 is present. If
“NO” is returned at step S102, i.e., if the steering angle
signal is not present, control moves to step S103. At step
S103, an abnormal flag X1 indicative of abnormality of the
steering angle sensor 15 is set to “17, and then control moves
to step S104. On the other hand, if “YES” is returned at step
S102, i.e., if the steering angle signal from the steering angle
sensor 15 is present, control skips step S103 and moves to
step S104.

[0022] At step S104, it is determined whether the yaw rate
signal from the yaw rate sensor 16 is present. If “NO” is
returned at step S104, i.e., if the yaw rate signal is not
present, control moves to step S105. At step S105, an
abnormal flag X2 indicative of abnormality of the yaw rate
sensor 16 is set to “1”, and then control moves to step S106.
On the other hand, if “YES” is returned at step S104, i.e., if
the yaw rate signal from the yaw rate sensor 16 is present,
control skips step S105 and moves to step S106.

[0023] At step S106, it is determined whether the left and
right vehicle wheel speed signals from the left and right
wheel speed sensors 17, 18 are present. In this instance, a
turning radius of the vehicle is computed based on a differ-
ence between the vehicle wheel speed measured with the left
wheel speed sensor 17 and the vehicle wheel speed mea-
sured with the right wheel speed sensor 18. Thus, only when
the vehicle wheel speed signals from the left and right wheel
speed sensors 17, 18 are both present, “YES” is returned at
step S106. IF “NO” is returned at step S106, i.c., if the
vehicle wheel speed signals are not present, control moves
to step S107. At step S107, an abnormal flag X3 indicative
of abnormality of the left and right vehicle wheel speed
sensors 17, 18 is set to “1”, and control moves to step S108.
On the other hand, if “YES” is returned at step S106, i.c., if
the vehicle wheel speed signals are present, control skips
step S107 and moves to step S108.

[0024] At step S108, it is determined whether all the
abnormal flags X1, X2, X3 are set to “0 (zero)”. If “YES”
is returned at step S108, i.e., if the steering angle signal, the
yaw rate signal and the vehicle wheel speed signals are all
present, control moves to step S109. At step S109, a value
of the turning radius of the vehicle is computed through
three different ways. First, a first value of the turning radius
is computed based on the steering angle signal. Next, a
second value of the turning radius is computed based on the
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yaw rate signal. Then, a third value of the turning radius is
computed based on the vehicle wheel speed signals. There-
after, control moves to step S110 where it is determined
whether the turning radius can be determined from the first
to third computed values by applying a majority rule to
them. Here, if a majority of the first to third computed values
fall within a predetermined allowable error range, it is
determined that the turning radius can be obtained based on
the majority of the computed values. In this embodiment, the
computed values, which fall within the predetermined
allowable error range, are regarded as the same value.

[0025] If “NO” is returned at step S110, i.e., if the turning
radius of the vehicle cannot be determined from the first to
third computed values by applying the majority rule to them,
it is not possible to determine which sensor arrangement is
abnormal. Thus, control moves to step S111 where an optical
axis control angle (swivel control angle) is returned to its
initial value. On the other hand, if “YES” is returned at step
S110, ie., if the turning radius of the vehicle can be
determined from the first to third computed values by
applying the majority rule to them, control moves to step
S112. At step S112, one of the first to third values, which is
determined to be a minority upon application of the majority
rule, is determined as abnormal, and one of the sensor
arrangements 15-18, from which the abnormal value is
derived, is specified as abnormal. Then, control moves to
step S113 where the optical axis control angle (swivel
control angle) is computed based on the turning radius of the
vehicle, which is derived from the normal computed values
obtained by applying the majority rule to the first to third
computed values.

[0026] If “NO” is returned at step S108, control moves to
step S114 shown in FIG. 4. At step S114, it is determined
whether all the abnormal flags X1, X2, X3 are set to “1”. If
“YES” is returned at step S114, i.e., the steering angle
signal, the yaw rate signal, the vehicle wheel speed signals
are all absent, control moves to step S115. At step S115, the
communication bus line 19 is determined to be abnormal,
and a fail countermeasure is taken. One exemplary fail
countermeasure is illumination of a warning lamp provided
in a meter panel. Then, control moves to step S116 where the
optical axis control angle (swivel control angle) is set to its
initial value.

[0027] If “NO” is returned at step S114, i.e., if all the
abnormal flags X1, X2, X3 are not set to “1”, control moves
to step S117. At step S117, it is determined whether two of
the abnormal flags X1, X2, X3 are set to “1”. If “YES” is
returned at step S117, control moves to step S118. At step
S118, the two sensor arrangements that have its abnormal
flag X1, X2, X3 set to “1” are specified as abnormal, and, for
example, the warning lamp(s) provided in the meter panel is
illuminated. Thereafter, control moves to the above-de-
scribed step S116 where the optical axis control angle
(swivel control angle) is set to its initial value.

[0028] If “NO” is returned at step S117, i.e., if only one of
the abnormal flags X1, X2, X3 is set to “1”, control moves
to step S119. At step S119, the corresponding one sensor
arrangement that has its abnormal flag X1, X2, X3 set to “1”
is specified as abnormal, and a value of the turning radius is
computed based on the output of each one of the remaining
two sensor arrangements. Then, control moves to step S120
where it is determined whether the two computed values of

May 16, 2002

the vehicle turning radius obtained at step S119 fall within
the predetermined allowable error range. If “YES” is
returned at step S120, it is determined that the signals from
the remaining two sensor arrangements are reliable. Then,
control moves to the above-described step S113 shown in
FIG. 3 where the optical axis control angle (swivel angle) is
computed in the manner discussed above.

[0029] If “NO” is returned at step S120, ic., if the two
computed values of the turning radius obtained at step S119
do not fall within the predetermined allowable error range,
it is impossible to determine which one of the remaining two
sensor arrangements is reliable, so that control moves to the
above-described step S116. At step S116, the optical axis
control angle (swivel control angle) is set to its initial value.
After completion of any one of steps S111, S113, S116,
control moves to step S121 shown in FIG. 3. At step S121,
the actuators 121, 12R of the swivel lights 111, 11R are
driven based on the specified optical axis control angle
(swivel control angle), and the present routine ends.

[0030] Thus, the automatic optical-axis adjusting device
of the present embodiment includes a control parameter
computing means embodied by the ECU 20 for computing
the value of the turning radius (the control parameter), which
is subsequently used for adjusting the direction of the optical
axes of the swivel lights 111, 11R, based on each one of the
steering angle signal (output information of the steering
angle sensor arrangement), the yaw rate signal (output
information of the yaw rate sensor arrangement) and the left
and right vehicle wheel speed signals (output information of
the vehicle wheel speed sensor arrangement). The automatic
optical-axis adjusting device also includes a sensor output
judging means embodied by the ECU 20 for determining
whether each value of the turning radius, which is used as
the control parameter and is derived from the output infor-
mation of a corresponding one of the sensor arrangements,
is normal. The sensor output judging means first determines
whether the majority of the computed values fall within the
predetermined allowable error range. If the majority of the
computed values fall within the predetermined allowable
error range, the sensor output judging means determines the
majority of the computed values as normal and the remain-
ing of the computed values as abnormal. The automatic
optical-axis adjusting device of the present embodiment
further includes a control angle computing means embodied
by the ECU 20 for computing the optical axis control angle
(swivel control angle), which is used for adjusting the
directions of the optical axes of the swivel lights 111, 11R,
based on the output information of the sensor arrangements,
from which the normal value of the turning radius is derived.
The automatic optical-axis adjusting device also includes an
optical axis adjusting means embodied by the ECU 20 for
adjusting the directions of the optical axes of the swivel
lights 111, 11R based on the optical axis control angle by
driving the actuators 12, 12R that turn the optical axes of
the swivel lights 111, 11R, respectively.

[0031] That is, the steering angle signal from the steering
angle sensor 15, the yaw rate signal from the yaw rate sensor
16, and the left and right vehicle wheel speed signals from
the left and right wheel speed sensors 18, 17 are inputted to
the ECU 20 through the communication bus line 19 that acts
as the external bus line. The value of the turning radius of the
vehicle used for adjusting the directions of the optical axes
of the swivel lights 111, 11R is computed by the ECU 20
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based on each one of the steering angle signal from the
steering angle sensor 15, the yaw rate signal from the yaw
rate sensor 16, and the vehicle wheel speed signals from the
left and right wheel speed sensors 17, 18. When the majority
of the computed values fall within the predetermined allow-
able error range, the majority of the computed values are
determined as normal, and the remaining of the computed
values is determined as abnormal. The sensor arrangement,
from which the abnormal computed value is derived, is
specified as abnormal. Also, the communication bus line 19
can be determined as abnormal when none of the output
information from the sensor arrangements is obtained. The
actuators 121, 12R are driven to adjust the directions of the
optical axes of the swivel lights 111, 11R based on the
optical axis control angle (swivel control angle) computed
based on the output information of the sensor arrangements,
from which the normal computed value is derived. Thus, it
is possible to distinguish between the abnormality of the
sensor arrangement and the abnormality of the communica-
tion bus line. Furthermore, the sensor failure specifying
means outputs a sensor arrangement abnormal signal indica-
tive of abnormality of a corresponding one of the sensor
arrangements, from which the abnormal value of the control
parameter is derived, allowing identification of the abnormal
sensor arrangement. As a result, it is possible to take an
appropriate countermeasure.

[0032] The control angle computing means embodied by
the ECU 20 resets the optical axis control angle (swivel
control angle) to the initial value when the majority of the
values do not fall within the predetermined allowable error
range. That is, when it is impossible to determine whether
the computed values are normal, the optical axis control
angle (swivel control angle) is reset to the initial value. Thus,
the driver will not experience uncomfortable feeling upon
the control operation of the optical axes of the swivel lights
11L, 11R.

[0033] In the above embodiment, the three sensor arrange-
ments, i.e., the steering angle sensor arrangement, the yaw
rate sensor arrangement, and the vehicle wheel speed sensor
arrangement are used to compute the turning radius of the
vehicle. However, the present invention is not limited to this.
For example, the number of the sensor arrangements can be
more than three. Furthermore, in order to obtain the turning
radius of the vehicle, it is possible to use an image infor-
mation processing operation carried out with use of a CCD
camera, a forward information processing operation carried
out with use of a laser radar system, a forward information
processing operation carried out with use of a navigation
system or any other appropriate operation.

[0034] Furthermore, in the above embodiment, the throttle
valve position signal of the throttle valve position sensor 13
is used to determine whether the vehicle is in the running
state or in the parking state. The present invention is not
limited to this, and a signal of an accelerator pedal position
sensor, a fuel injection control signal or any other appropri-
ate signal can be used to determine whether the vehicle is in
the running state. Also, these signals can be directly supplied
to the ECU 20 without using the communication bus line 19.

[0035] Additional advantages and modifications will
readily occur to those skilled in the art. The invention in its
broader terms is therefore, not limited to the specific details,
representative apparatus, and illustrative examples shown
and described.
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What is claimed is:

1. An automatic optical-axis adjusting device for auto-
matically adjusting a direction of an optical axis of at least
one front light of a vehicle, said automatic optical-axis
adjusting device comprising:

a control parameter computing means for computing a
value of a control parameter, which is used for adjust-
ing said direction of said optical axis of said at least one
front light, based on output information of each one of
a plurality of sensor arrangements;

a sensor output judging means for determining whether
each said value of said control parameter, which is
derived from said output information of a correspond-
ing one of said plurality of sensor arrangements, is
normal, wherein:

said sensor output judging means first determines
whether a majority of said values fall within a
predetermined allowable error range; and

if said majority of said values fall within said prede-
termined allowable error range, said sensor output
judging means determines said majority of said
values as normal and the remaining of said values as
abnormal,

a control angle computing means for computing an optical
axis control angle, which is used for adjusting said
direction of said optical axis of said at least one front
light, based on said output information of at least one
said sensor arrangement, from which said normal value
of said control parameter is derived; and

an optical axis adjusting means for adjusting said direc-
tion of said optical axis of said at least one front light
based on said optical axis control angle by driving an
actuator that turns said optical axis of said at least one
front light.
2. An automatic optical-axis adjusting device according to
claim 1, wherein:

said actuator adjusts said direction of said optical axis of
said at least one front light in a left or right direction
with respect to a traveling direction of said vehicle; and

said control parameter is a turning radius of said vehicle.

3. An automatic optical-axis adjusting device according to
claim 1 wherein that said plurality of sensor arrangements
include a steering angle sensor arrangement.

4. An automatic optical-axis adjusting device according to
claim 3, wherein said plurality of sensor arrangements
include a yaw rate sensor arrangement.

5. An automatic optical-axis adjusting device according to
claim 4, wherein said plurality of sensor arrangements
include a vehicle wheel speed sensor arrangement that has
left and right vehicle wheel speed sensors.

6. An automatic optical-axis adjusting device according to
claim 1, wherein said control parameter computing means
receives said output information of said each one of said
plurality of said sensor arrangements through a communi-
cation bus line.

7. An automatic optical-axis adjusting device according to
claim 6, further comprising a communication bus line failure
specifying means that determines said communication bus
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line as abnormal and outputs a communication line abnor-
mal signal indicative of abnormality of said communication
bus line when none of said output information from said
sensor arrangements is obtained.

8. An automatic optical-axis adjusting device according to
claim 1, further comprising a sensor failure specifying
means that outputs a sensor arrangement abnormal signal
indicative of abnormality of a corresponding one of said
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sensor arrangements, from which said abnormal value of
said control parameter is derived.

9. An automatic optical-axis adjusting device according to
claim 1, wherein said control angle computing means resets
said optical axis control angle to an initial value when said
majority of said values do not fall within said predetermined
allowable error range.

#* #* #* #* #*
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