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(57) ABSTRACT 

The rear vehicle height HR is detected by the vehicle height 
sensor as vehicle inclination information by a CPU. Based 
on the rear vehicle height HR, the inclination angle of the 
headlight optical axis direction is computed with an inherent 
control constant corresponding to vehicle Specifications pre 
Set by a specification discrimination signal. Then, the head 
light optical axis direction is adjusted with reference to the 
pitch angle. 
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AUTOMATIC HEADLIGHT AIMING DEVICE FOR 
A VEHICLE 

FIELD OF THE INVENTION 

0001. The present invention relates to an automatic head 
light aiming device, and more particularly to an automatic 
headlight aiming device for a vehicle that automatically 
adjusts the direction of the optical axis of headlights 
mounted on a vehicle. 

BACKGROUND OF THE INVENTION 

0002 Presently, in a vehicle headlight, if the direction of 
the optical axis is directed upward when vehicle is inclined 
due to hills or other reasons, drivers of oncoming cars will 
be blinded. Or, if the direction of the optical axis is directed 
downward, the drivers, visual recognition of distance is 
adversely affected. Therefore, there is a demand for keeping 
the optical axis of headlights in a fixed direction. 
0003) A result of computation of the inclination angle of 
the headlight optical axis with respect to the horizontal plane 
will Sometimes vary with vehicle Specifications. A situation 
is considered where only one vehicle height Sensor, giving 
vehicle inclination information, detects vehicle height varia 
tion. Here, control constants vary with vehicle height Sensor 
location. Specifically, Sensors positioned on the front wheel 
Side or rear wheel Side of the driver's or front passenger's 
Seat, may result in a different computed vehicle inclination 
angle and consequently in an improperly adjusted headlight 
optical axis direction. 
0004) To obviate such a drawback, it is necessary to use 
an ECU (electronic control unit) set to specific control 
constants conformable to the vehicle's Specifications. To 
meet this need, a plurality of ECU's with different control 
constants are installed. However, since the ECUs have the 
Same external appearance in Spite of different product num 
bers, the wrong combination of the vehicle's Specifications 
and the ECU's may be combined. 
0005. In addition, in the conventional device the optical 
headlight axis direction is controlled by changing the control 
constant according to a change in a vehicle occupants 
Seating condition. If the control constant is frequently 
changed, the headlight optical axis direction will largely and 
unstably move the headlight optical axis. 
0006. Also, In JP-A-10-230777, using one vehicle height 
Sensor and a Seating Sensor mounted on the front passenger's 
Seat, the vehicle inclination angle is estimated and the 
inclination angle of the headlightS is changed. Since an 
ON/OFF signal from the seating sensor frequently varies 
with change in the occupant's Seating posture, the headlight 
aim will be frequently switched and unstably shifted accord 
ing to the Signal. Drives of other vehicles may mistake this 
for headlight flashing or a warning or a signal. 

SUMMARY OF THE INVENTION 

0007. Therefore, the present invention provides an auto 
matic headlight aiming device that properly adjusts the 
headlight optical axis direction with Seating change by 
adopting common ECU's despite a difference in vehicle 
Specifications. 
0008. In a first aspect of the invention, the headlight 
optical axis inclination angle with respect to the horizontal 
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plane is computed by an inclination angle computing means 
using inherent control constants according to inclination 
information detected by the inclination information detect 
ing means. The control constants are set by the control 
constant Setting means according to a specification discrimi 
nation Signal which expresses a difference between various 
Specifications of a vehicle. Thus the headlight optical axis 
direction is adjusted by the optical axis adjusting means 
based on the inclination angle. 
0009. In another aspect, the control constant is set by the 
control constant Setting means, according to an evaluation 
Signal, only once after vehicle installation. Therefore, the 
control constant once Set in conformity to vehicle Specifi 
cations will not improperly change due to noise or other 
CaSOS. 

0010. In another aspect of the invention, the headlight 
optical axis inclination with respect to the horizontal plane 
is computed by the inclination angle computing means based 
on an inclination information fed from the inclination infor 
mation detecting means. A vehicle occupant's Seating con 
dition is detected by the Seating condition detecting means. 
The response of the optical axis headlight adjustment by the 
optical axis adjusting means will change according to a 
result of Seating condition detection or timing to Start the 
optical axis adjustment will be delayed for a predetermined 
period of time. Therefore, it is possible to control a Substan 
tial change or unstable movement of the headlight optical 
axis direction if the vehicle occupants detected Seating 
condition varies frequently. 
0.011. In another aspect, the detection result is fed from 
the Seating condition detecting means during a vehicle 
driving is fixed. Unstable adjustment or control of the 
headlight optical axis is prevented that is likely to occur 
when the Seating condition detecting means is ignored. 
0012 Further areas of applicability of the present inven 
tion will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and Specific examples, while indicating 
preferred embodiments of the invention, are intended for 
purposes of illustration only, Since various changes and 
modifications within the Spirit and Scope of the invention 
will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The present invention will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 
0014 FIG. 1A schematic view showing of an automatic 
headlight aiming device for a vehicle according to the 
invention; 
0015 FIG. 2 is a cross-sectional view of a headlight 
according to the present invention; 
0016 FIG. 3 is a chart showing changes corresponding 
to vehicle Specifications using two Signal lines as a speci 
fication discrimination signal according to the invention; 
0017 FIG. 4 is a control routine for an optical axis 
adjustment control for the present invention; 
0018 FIG. 5 is a graphical view showing a plurality of 
control expressions corresponding to differences in the 
mounting position of the vehicle height Sensor according to 
the present invention; and 
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0.019 FIG. 6 is a time chart showing a transition state of 
various signals in the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020 Embodiments of an automatic headlight aiming 
device for a vehicle according to this invention will be 
described with reference to the accompanying drawings. 
0021 FIG. 1 is a schematic view showing the general 
configuration of the automatic headlight aiming device 
according to one embodiment of this invention. 
0022. In FIG. 1, a vehicle height sensor 11 is mounted on 
the rear wheel axle either on the driver's or front passenger's 
seat side of the vehicle. From the vehicle height sensor 11, 
the amount of relative displacement between the rear wheel 
axle and the vehicle body, that is, the rear vehicle height (the 
amount of displacement of the vehicle height on the rear 
wheel side) HR as the amount of displacement of the vehicle 
height, is input to an ECU 20. Furthermore, signals from 
other sensors (not shown) and a later-described specification 
discrimination signal for the automatic discrimination of 
vehicle specifications are also supplied to the ECU 20. The 
ECU 20 is. illustrated outside of the vehicle for the sake of 
convenience. 

0023 The ECU 20 is a logical operation circuit compris 
ing a CPU21 as a known central processing unit, a ROM 22 
Storing a control program, a RAM 23 Storing various kinds 
of data, a B/U (backup) RAM 24, an I/O (input/output) 
circuit 25, and a bus line 26 for connecting these parts. An 
output signal from the ECU 20 is input to an actuator 35 
located on the headlight 30 side, thereby adjusting the 
headlight optical axis direction 30. 
0024. In FIG. 2, the headlight 30 is comprised chiefly of 
a lamp 31, a reflector 32 Securing the lamp 31, a Support 
section 33 which supports the reflector 32 Swingable in the 
directions of the arrows, another movable part 34 which is 
movable while Supporting the reflector 32, and the actuator 
35 such as a step motor for driving the movable part 34 back 
and forth in the directions of the arrows. The initial optical 
axis headlights 30 is set based on that only the driver is in 
the vehicle. 

0.025 A specification discrimination signal for automatic 
discrimination of vehicle specifications at the ECU 20 may 
be input through communications from another ECU for 
instance. Also, as shown in FIG. 3, the Specification dis 
crimination Signal may be changed over to four kinds from 
Spec 1 to Spec 4 by combining connection (Short) or 
disconnection (Open) according to vehicle specifications, by 
using two signal lines No. 1 and No. 2 for the Specification 
discrimination signal. 
0026. Next, FIG. 4 is a flowchart showing an optical axis 
adjustment control routine that is conducted by the CPU 21 
of the ECU 20 under varied load conditions. The control 
routine is repeatedly carried out by the CPU 21 over a 
predetermined timing. 

0.027 FIG. 5 is a table showing various vehicle specifi 
cations, for instance, a plurality of control expressions fi 
(I=1, 2, 3) corresponding to different mounting positions of 
the vehicle height sensor 11, which are stored in the ROM 
22. The control expression f1 shown in FIG. 5 is for vehicle 
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height detection by the vehicle height Sensor 11, located on 
the front passenger's Seat Side, when an output Signal from 
a seating Sensor (not shown mounted thereon to detect the 
Seating condition of front passenger) is OFF. Specifically, 
this happens when the front passenger's Seat is not occupied. 
Square white blocks on the line of control expression f1 
indicate measured values of a pitch angle 0p (the incli 
nation angle with respect to a preset reference plane in the 
longitudinal direction of the vehicle) corresponding to the 
following load conditions. These conditions include the 
occupant's Seating condition being, in order of decreasing 
rear vehicle height HR (mm), one occupant only in the 
driver's Seat; one in either the driver's Seat or rear Seat; one 
in the driver's Seat and two in the rear Seat; and one in the 
driver's Seat and three in the rear Seat. 

0028. Furthermore, the control expression f2 shown in 
FIG. 5 corresponds to the inclination angle when no occu 
pant is in the front passenger's Seat when the vehicle height 
Sensor 11 is mounted on the driver's Seat Side and the output 
Signal from the Seating Sensor is OFF. Square blackboxes on 
the control expression f2 line indicate measured values of a 
pitch angle Op corresponding to the following load con 
ditions. They include the occupant's Seating condition, in 
order of decreasing rear vehicle height HR (mm), is one 
occupant only in the driver's Seat; one in the driver's Seat or 
the front passenger's Seat; one in the driver's Seat and two 
in the rear Seat; and one in the driver's Seat and three in the 
rear Seat. 

0029 Furthermore, the control expression f3 shown in 
FIG. 5 corresponds to a load condition with the front 
passenger's Seat occupied where the vehicle height Sensor 11 
is mounted on the driver's or front passenger's Seat Side and 
the output Signal from the Seating Sensor is ON. Rhombic 
black marks shown in the control expression f3 indicate 
measured values of the pitch angle Op corresponding to 
loaded conditions as follows. These include the occupants 
Seating condition being, in order of decreasing rear vehicle 
height HR (mm), one occupant in the driver's Seat and the 
front passenger's Seat; one in the driver's Seat, the front 
passenger's Seat and the rear Seat; one in the driver's Seat, 
one in the front passenger's Seat, and two in the rear Seat; 
and one in the driver's Seat, one in the front passenger's Seat, 
and three in the rear seat (all seats are occupied). Further 
more, round white marks for the rear vehicle height HR 
(mm) indicate the pitch angle 0p) when the vehicle is 
empty. 

0030. When the control routine of FIG. 4 is carried out, 
any one of the control expressions fi (I=1, 2, 3) in the table 
in FIG. 5 is predetermined according to the specification 
discrimination signal input in relation to the current vehi 
cle's Specifications. In the present embodiment, when the 
vehicle height Sensor 11 is located on the front passenger's 
Seat Side, the control expressions f1 to f3 are Selected 
according to the Specification discrimination Signal. When 
the vehicle height sensor 11 is located on the driver's seat 
Side, the control expressions f2 and f3 have been Selected 
according to the Specification discrimination signal. 

0031. In FIG.4, at Step S101, the rear vehicle height HR 
fed from the vehicle height sensor 11 is read in. Then, at Step 
S102, an output signal from the Seating Sensor is read in. 
Subsequently at Step S103, the pitch angle Op is computed 
by the control expression fi (HR) given by substituting the 
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rear vehicle height HR, that has been read in at Step S101, 
into the control expression fi (I=1, 2, 3) shown in FIG. 5 
corresponding to the output signal ON/OFF from the seating 
sensor read in at Step S102. 
0032. Next, at Step S104, a target optical axis adjusting 
angle 0T (s-0p) at which drivers of on-coming cars will not 
be blinded is computed with respect to the pitch angle 0p 
computed at Step S103. Then, at Step 105, the actuator 35 
is driven based on the target optical axis adjusting angle 0T 
computed at Step S104, thus completing the control routine. 
0033. The automatic headlight aiming device for a 
vehicle according to the present embodiment includes an 
inclination information detecting means which consists of 
the vehicle height sensor 11 for detecting the rear vehicle 
height HR from the vehicle height displacement as the 
vehicle inclination information. The device also has a con 
trol constant setting means for setting (with the CPU21) the 
control expression fi (i=1, 2, 3) by which the pitch angle 0p 
is computed from the rear vehicle height HR as an inherent 
control constant with respect to vehicle Specifications based 
on a specification discrimination signal which expresses a 
difference in vehicle Specifications. The device also has an 
inclination angle computing means for computing (with the 
CPU21) the pitch angle 0p corresponding to the inclination 
angle of the optical axis of the headlights from the horizontal 
plane by using the control expression fi Set by the control 
constant Setting means based on an output from the incli 
nation information detecting means. The device also has an 
optical axis adjusting means including the CPU 21 for 
adjusting the direction of the optical axis of the headlights 30 
by the target optical axis adjusting angle OT based on the 
pitch angle 0p computed by the inclination angle computing 
means, the actuator 35, etc. 
0034. Therefore, the rear vehicle height HR is detected by 
the vehicle height Sensor 11 as vehicle inclination informa 
tion by the CPU21. Based on the rear vehicle height HR, the 
pitch angle Op corresponding to the inclination angle of the 
headlight optical axis direction 30 from the horizontal plane 
is computed with the control expression fi (i=1, 2, 3) as an 
inherent control constant corresponding to vehicle Specifi 
cations preset by the Specification discrimination Signal. 
Then, the headlight optical axis direction 30 is adjusted with 
reference to the pitch angle Op. Since the control constant in 
the ECU 20 is set with respect to vehicle specifications, a 
common ECU 20 can be used despite varied vehicle speci 
fications. 

0035) In an automatic headlight aiming device for a 
vehicle of the present embodiment, the control expression fi 
(i=1, 2, 3) as the control constant based on the specification 
discrimination signal is Set, only once after installing on the 
vehicle, by the control constant Setting means through the 
CPU 21 of the ECU 20. Therefore, after the ECU 20 is 
installed corresponding to vehicle Specifications and the 
control constant in the ECU 20 is once set, the control 
constant will never be improperly set by noise. The vehicle 
specifications therefore are reliably combined with the ECU 
2O. 

0.036 When the above-described control routine is car 
ried out, the output signal from the Seating Sensor will 
frequently vary with change in the occupant's Seating poS 
ture. In this case, if the control expressions fi shown above 
in FIG. 5 are frequently changed, the computed pitch angle 
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0p will vary largely albeit the rear vehicle height HR has 
been Subjected to no change. Consequently, the optical axis 
direction of vehicle headlights 30 will present an unstable 
movement of the headlight optical axis direction. 

0037 To overcome these drawbacks, no change is made 
in the occupant's Seating condition during vehicle driving. 
Also, any change in the output signal Supplied from the 
Seating Sensor is ignored. This avoids adjustment control 
likely to frequently and Substantially change over the head 
light optical axis direction 30. 
0038 Next, the adjustment control of the headlight opti 
cal axis direction 30 during stoppage of the vehicle will be 
explained with reference to the time chart of FIG. 6. As 
shown in FIG. 6, the output signal from the Seating Sensor 
is OFF from time t1 to t3 and from tA1 to t7. It is ON before 
time t1, from time t3 to tak, and after time t7. The pitch angle 
Op is computed according to the output signal Supplied 
from the Seating sensor. As the control angle of the 
headlight optical axis direction 30 indicated at Measure 1, 
the pitch angle 0p computed according to the output Signal 
from the Seating Sensor is filtered for Smoothing during an 
ignore time constant, Such as Several to 10 Seconds, which 
can be disregarded if the headlight optical axis direction 30 
is controlled. Thus large and frequent changes are elimi 
nated. 

0039 For the control angle of the headlight optical 
axis direction 30 indicated at Measure 2, there is provided a 
fixed length of decision holding time Td (seconds) from 
when the output signal from the Seating sensor is changed. 
This prevents frequent changeover of the headlight optical 
axis direction 30. To prevent an abrupt change in the optical 
axis direction during changeover, a shorter filter time than in 
Measure 1 is used. Therefore, Since the decision holding 
time Td is Set corresponding to a change of the output Signal 
from the Seating Sensor during t1, the control angle of the 
headlight optical axis direction 30 is gradually changed after 
waiting until time t2. The output Signal from the Seating 
sensor is once changed over from OFF to ON from time t3 
to time t1. Since this change takes place within the range of 
the decision holding time Td (time t3 to time t5), the control 
angle will not be affected. Then, after the changeover of the 
output signal fed from the seating sensor from OFF to ON 
at time t7 and the lapse of the decision holding time Td (time 
t7 to time t8), the headlight optical axis control angle is 
gradually changed. 

0040. The automatic headlight aiming device for a 
vehicle according to the present embodiment comprises an 
inclination information detecting means which consists of 
the vehicle height sensor 11 for detecting the rear vehicle 
height HR from the vehicle height displacement as vehicle 
inclination information, an inclination angle computing 
means for computing by the CPU 21 of the ECU 20, the 
pitch angle Op corresponding to the inclination angle of the 
optical axis of the headlights from the horizontal plane based 
on an output from the inclination information detecting 
means, an optical axis adjusting means including the CPU 
21 of the ECU 20 for adjusting the headlight optical axis 
direction 30 by the target optical axis adjusting angle AT 
based on the pitch angle Op computed by the inclination 
angle computing means, the actuator 35, etc., and a Seating 
condition detecting means which consist of a Seating Sensor 
(not shown) for detecting the occupants seating condition in 
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the vehicle. The optical axis adjusting means alters the 
response of adjustment of the headlight optical axis direction 
30 according detection Supplied from the Seating Sensor, or 
delays adjustment of the headlight optical axis direction 30 
for the decision holding time Td. 
0041. Therefore, headlights 30 optical axis adjustment is 
performed based on pitch angle Op corresponding to the 
headlights optical axis inclination angle in relation to the 
horizontal plane, based on the rear vehicle height HR 
detected by the vehicle height sensor 11. At this time, the 
response of optical axis adjustment of the headlights 30 is 
changed according to the detection fed from the Seating 
Sensor, and optical axis adjustment of the headlights 30 is 
delayed for a predetermined time. Therefore, Substantial 
change and unstable movement of the headlight optical axis 
direction 30 is prevented during frequent variation of the 
Seating Sensor detection. 
0042. In the automatic headlight aiming device for a 
vehicle according to the present embodiment, the optical 
axis adjusting means which consists of the CPU 21 of the 
ECU 20, the actuator 35, etc. fixes the detection supplied 
from the Seating Sensor. Adjustment causing an unstable 
changeover of the headlight optical axis direction 30 is 
prevented if the Seating Sensor is ignored presuming that the 
occupant's Seating condition will not vary during vehicle 
driving. 

0043. While the above-described embodiments refer to 
examples of usage of the present invention, it is understood 
that the present invention may be applied to other usage, 
modifications and variations of the same, and is not limited 
to the disclosure provided herein. 
What is claimed is: 

1. An automatic headlight aiming device for a vehicle, 
comprising: 

an information detecting means for detecting vehicle 
inclination information; 

a control constant Setting means for Setting inherent 
control constants according to vehicle Specifications 
based on a specification discrimination signal indicat 
ing a difference in vehicle Specifications, 

an inclination angle computing means for computing an 
inclination angle of a headlight optical axis of the 
vehicle with respect to a horizontal plane by using the 
control constants based on an output from the inclina 
tion information detecting means, and 

an inclination angle computing means for adjusting the 
optical axis of the headlights based on the inclination 
angle computed by the inclination angle computing 
CS. 

2. An automatic headlight aiming device for a vehicle 
according to claim 1, wherein the control constant Setting 
means Sets the control constants based on the Specification 
discrimination Signal only once after installation of Said 
control constant Setting means to the vehicle. 

3. An automatic headlight aiming device for a vehicle, 
comprising: 

an inclination information detecting means for detecting 
vehicle inclination information; 

Apr. 18, 2002 

an inclination computing means for computing an incli 
nation angle of a headlight optical axis of the vehicle 
with respect to a horizontal plane in based on an output 
from the inclination information detecting means, 

an inclination angle computing means for adjusting the 
headlight optical axis direction based on the inclination 
angle computed by the inclination computing means, 
and 

a Seating condition detecting means for detecting the 
driver's Seating condition in the vehicle; 

wherein the inclination angle computing means changes 
aiming response in a direction of the optical axis of 
headlights of the vehicle or delayS optical axis adjust 
ment for a predetermined time. 

4. An automatic headlight aiming device for a vehicle 
according to claim 3, wherein the inclination angle comput 
ing means operates with a detection result from the Seating 
condition detecting means fixed during driving of the 
vehicle. 

5. An automatic headlight aiming device for a vehicle, 
comprising: 

a height Sensor that measures a vertical position of a body 
of said vehicle with an axle of said vehicle; 

a processor responsive to a Specification discrimination 
Signal and a Seating Signal to calculate an inclination 
angle with respect to a horizontal plane, Said discrimi 
nation signal providing information regarding position 
ing of Seating Sensors, Said Seating Signal providing 
information regarding a Seating condition of Said 
Vehicle; and 

a headlight movable in response to an output signal of Said 
processor which represents said inclination angle, Said 
headlight moving to Said inclination angle in response 
to Said output Signal. 

6. An automatic headlight aiming device as claimed in 
claim 5, wherein Said processor delays adjusting Said head 
light for a predetermined amount of time. 

7. A method for adjusting an automatic headlight on a 
vehicle, Said method comprising the Steps of: 

reading a vertical position of an axle of Said vehicle 
relative to a body of said vehicle; 

calculating an inclination angle of Said vehicle based on 
a Seating condition of Said vehicle and Said vertical 
position of Said axle relative to Said body; and 

moving a headlight of Said vehicle in response to Said 
calculated inclination angle. 

8. An automatic headlight aiming device as claimed in 
claim 5, wherein the headlight gradually changes to Said 
inclination angle when the vehicle is Stopped. 

9. An automatic headlight aiming device as claimed in 
claim 8, wherein the headlight gradually changes to Said 
inclination angle only when Said Seating Signal remains 
unchanged for a predetermined time period. 


