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(57) ABSTRACT 

A forward condition detecting apparatus for vehicles has a 
laser radar device mounted on a vehicle. A front height 
sensor and a rear height sensor detect a front height and a 

rear height of the vehicle, respectively. An electronic control 
unit calculates an angle of inclination of the vehicle relative 
to a reference plane based on a difference betWeen the 
detected front height and rear height. The electronic control 
unit then calculates a laser beam radiation angle based on the 
calculated angle of inclination. The electronic control unit 
controls an angular position of the laser radar device based 
on the calculated radiation angle so that the laser beam may 
be maintained leveled generally in parallel With the refer 
ence plane irrespective of the inclination of the vehicle. The 
laser radar device is preferably mounted in a vehicle front 
headlight unit to be driven together With a headlight lamp. 
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FORWARD CONDITION DETECTING APPARATUS 
FOR VEHICLES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based on and incorporates 
herein by reference Japanese Patent Applications No. 2000 
56579 ?led Mar. 2, 2000 and 2000-78433 ?led Mar. 21, 
2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to an apparatus for vehicles 
for detecting forWard condition such as information existing 
ahead of a vehicle and related to safety drive. 

[0004] 2. Related Art 

[0005] Laser radar devices are proposed to detect vehicle 
forWard condition such as road conditions, preceding 
vehicles and the like. The laser radar device is generally 
installed on a front bumper of a vehicle. The laser radar 
device radiates a laser beam forWard in a predetermined 
angle relative to the reference plane such as the ground plane 
as long as the vehicle posture is stable, for instance, When 
the vehicle is at rest or in a cruising condition. As a result, 
the laser radar device is enabled to receive a re?ected beam 
from a front object and detect the front object as the forWard 
condition based on the received beam. 

[0006] The laser beam is radiated in the more upWard 
direction than in the predetermined angle direction, When 
the vehicle is loaded With heavy stuff at the rear side or the 
vehicle is accelerated. The laser beam is radiated in the more 
doWnWard direction than in the predetermined angle direc 
tion, When the vehicle is decelerated. In those instances, the 
forWard condition detecting operation Will be affected by the 
vehicle posture. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to 
provide a forWard condition detecting apparatus Which is 
capable of detecting forWard condition Without being 
affected by changes in vehicle drive condition or loading. 

[0008] It is another object of the present invention to 
provide a forWard condition detecting apparatus Which is 
simple in construction and is capable of being driven 
together With a front headlight lamp. 

[0009] A forWard condition detecting apparatus for 
vehicles has a laser radar device Which detects forWard 
condition of a vehicle. An electronic control unit calculates 
an angle of inclination of the vehicle. The electronic control 
unit then calculates a radiation angle based on the calculated 
angle of inclination. The electronic control controls an 
angular position of the laser radar device based on the 
calculated radiation angle so that a laser beam may be 
maintained radiated generally in parallel With the reference 
plane irrespective of the inclination of the vehicle. The angle 
of inclination of the vehicle is calculated based on a differ 
ence betWeen a front height and a rear height of the vehicle. 

[0010] Preferably, the laser radar device is provided in a 
front headlight unit and driven together With a front head 
light lamp in response to the calculated angle of inclination. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description made With reference 
to the accompanying draWings. In the draWings: 

[0012] FIG. 1 is a schematic vieW shoWing a forWard 
condition detecting apparatus according to a ?rst 
embodiment of the present invention; 

[0013] FIG. 2 is a sectional vieW of a laser radar 
device mounted in a front bumper of a vehicle in the 
?rst embodiment; 

[0014] FIG. 3 is a How diagram shoWing a radiation 
angle control process eXecuted in the ?rst embodi 
ment; 

[0015] FIGS. 4A and 4B are schematic vieWs shoW 
ing operation modes of the ?rst embodiment; 

[0016] FIGS. 5A and 5B are schematic vieWs of the 
laser radar device used in the ?rst embodiment; 

[0017] FIGS. 6A and 6B are schematic vieWs of a 
laser radar device required When no automatic lev 
eling operation is attained in the ?rst embodiment; 
and 

[0018] FIGS. 7A and 7B are a front vieW and a side 
vieW of a laser radar device mounted in a headlight 
unit of a vehicle according to a second embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0019] The present invention Will be described in detail 
With reference to various embodiments, in Which the same 
reference numerals are used to designate the same or similar 
parts. 

[0020] (First Embodiment) 
[0021] Referring ?rst to FIG. 1, a front height sensor 11F 
and a rear height sensor 11R are attached to a front Wheel 
side suspension and a rear Wheel-side suspension of a 
vehicle, respectively. The front suspension is provided 
betWeen a vehicle chassis and a front aXle of either right or 
left side, and the rear suspension is provided betWeen the 
vehicle chassis and a rear aXle of either right or left side. The 
front height sensor 11F detects a relative distance betWeen 
the vehicle chassis and the front aXle, and the rear height 
sensor 11R detects a relative distance betWeen the vehicle 
chassis and the rear aXle. The detected distances indicate a 
front height HF and a rear height HR of the vehicle, 
respectively. Output signals of the height sensors 11F and 
11R are input to an electronic control unit (ECU) 20 together 
With other sensor output signals, so that a laser radar device 
30 installed in a front bumper 15 beloW a headlight unit 10 
is controlled electronically through an actuator 35 from time 
to time. 

[0022] The ECU 20 includes a central processing unit 
(CPU) 21, a read-only memory (ROM) 22 for storing a 
control program and control constants, a random access 
memory (RAM) 23 for storing various data, a backup RAM 
24, an input/output circuit 25, and a bus 26 connecting those 
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circuits. The ECU 20 thus operate as a logical arithmetic unit 
Which controls the laser beam radiation angle radiated from 
the laser radar device 30. 

[0023] As shoWn in FIG. 2, the laser radar device 30 is 
constructed With a housing 31, a ?xed support 33, a movable 
link 34 and the actuator 35 such as a stepper motor. The 
housing 31 accommodates therein a laser beam generator 
(not shoWn) and a re?ected beam receiver (not shoWn). The 
?xed support 33 supports the housing 31 sWingably in an 
arroW direction. The movable link 34 connects the housing 
31 With the actuator 35, so that the housing 31 sWings in 
correspondence With horiZontal movement of the link 34 
When the link 34 is driven by the actuator 35. The laser radar 
device 30 is designed in such a manner that the laser beam 
is radiated at a predetermined angle relative to a reference 
plane (e.g., ground plane) assuming that only a driver is in 
the vehicle. That is, the laser beam is radiated normally With 
the predetermined angle being 0°, in parallel With the ground 
plane. 
[0024] The ECU 20, particularly the CPU 21 executes a 
control process as shoWn in FIG. 3 based on a control 
program stored in the ROM 22. This control process may be 
executed every predetermined time interval. 

[0025] Speci?cally, the CPU 21 reads in the front height 
HF and the rear height HR detected by the front height 
sensor 11F and the rear height sensor 11R, respectively, at 
step 101. The CPU 21 then calculates the pitch angle 0p (°) 
as folloWs relative to the predetermined reference plane 
(ground plane) by using the detected heights HF and HR and 
assuming a Wheel base betWeen the front axle and the rear 
axle is LW. The pitch angle 0p indicates inclination of the 
vehicle in the vehicle travel direction. 

6p=tan’1{(HF—HR)/LW} 
[0026] The CPU 21 calculates a radiation angle 0T at step 
103 based on the calculated inclination angle 0p so that the 
laser beam radiation angle is maintained in parallel With the 
ground plane. That is, the radiation angle GT is calculated as 
0T '=.—0p. This angle GT is a corrective value by Which the 
radiation angle caused by the vehicle inclination (0p) is 
corrected to the predetermined angle (0°). The CPU 21 then 
drives at step 104 the actuator 35 through the I/O circuit 25 
based on the calculated value 0T so that the laser beam may 
be maintained radiated at the predetermined angle relative 
the ground plane. 
[0027] In operation of the ?rst embodiment, as shoWn in 
FIG. 4A, the laser beam radiation is automatically corrected 
to the generally horiZontal direction (solid line) from the 
upWard-headed direction (dotted line) even When the vehicle 
front side is raised due to vehicle acceleration or heavy 
loading at the rear of the vehicle. Further, as shoWn in FIG. 
4B, the laser beam radiation is automatically corrected to the 
generally horiZontal direction (solid line) from the doWn 
Ward-headed direction (dotted line) even When the vehicle 
rear side is raised due to vehicle deceleration. Thus, accord 
ing to the ?rst embodiment, the laser radar device 30 is 
automatically leveled in such a manner the laser beam 
radiation angle can be maintained at a ?xed angle irrespec 
tive of changes in the vehicle posture so that any front 
condition existing ahead of the vehicle can be detected 
accurately. 
[0028] In the ?rst embodiment, the laser beam radiation 
angle may be calculated by using only one of the front height 
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HF or the rear height HR. It may also be calculated by 
detecting acceleration and deceleration of a vehicle. Further, 
the laser beam radiation angle may be corrected by ?ltering 
processing such as a moving average processing, Which 
correspond to vehicle stop, cruising and acceleration/decel 
eration conditions, by detecting a vehicle speed and accel 
eration/deceleration magnitude. 

[0029] The laser radar device 30 is comprised of, as shoWn 
in FIGS. 5A, 5B, 6A and 6B, a laser beam generator 301a, 
a polygon mirror 301b and a drive motor 301c, Which form 
a laser beam radiator 301 in the knoWn manner. Other 
components such as a laser beam receiver (not shoWn) are 
not shoWn in the ?gures. The polygon mirror 301b, Which 
re?ects the laser beam from the laser generator 301a front 
Ward When rotated by the drive motor 301c, has a plurality 
of inclined surfaces around its axis of rotation. The surfaces 
are inclined by predetermined angles 0i against the horiZon 
tal plane, respectively. The angles Eli are different from each 
other, so that the re?ected laser beams are directed up and 
doWn in each rotation of the polygon mirror 301b. 

[0030] The inclination of the vehicle (pitch angle 0p) is 
normally considered to vary in the range of +3° and —3° 
from the horiZontal plane. If the laser radar device 30 is ?xed 
to the vehicle chassis such as a front bumper and no 
automatic leveling is provided for the laser radar device 30, 
the polygon mirror 301b is required to have eight inclined 
surfaces (numbered from 1 to 8 in FIG. 6B) to cover the 
above variation in the pitch angle 0p. 

[0031] According to the ?rst embodiment, however, the 
laser radar device 30 is automatically leveled, thus mini 
miZing the range of variations in the angle of radiation of the 
laser beam, Which the laser radar device 30 is required to 
cover. Thus, the number of surfaces of the polygon mirror 
301b can be reduced to four (numbered from 1 to 4) as 
shoWn in FIG. 5B. As a result, the polygon mirror 301b can 
be siZed small and the laser beam generator 301a can be 
positioned close to the polygon mirror 301b, thus enabling 
use of a compact-siZed laser radar device. 

[0032] (Second Embodiment) 
[0033] In a second embodiment, as shoWn in FIGS. 7A 
and 7B, the laser radar device 30 is mounted in the headlight 
unit 10 Which is disposed right above the front bumper 15 
(FIG. 1). 
[0034] Speci?cally, the front headlight unit 10 has a cover 
lens 10a at the front side and a housing 12, Which jointly 
de?ne a closed chamber therein. In the chamber, a headlight 
lamp (not shoWn) is ?xed to a re?ector 13, and the re?ector 
3 is ?xed to a board 17. A design panel 16 is attached to the 
housing 12 at a position ahead of the re?ector 13. The board 
17 is attached to a support member 36 at a top side end 
thereof and to the movable link 34 at a bottom side end 
thereof. The laser radar device 30 comprising the laser beam 
radiator 301 and a laser beam receiver 302 is ?xedly 
attached to the board 17. The movable link 34 is coupled to 
the actuator 35 so that the bottom side of the board 17 is 
moved by the actuator 35 pivotally around its top side 
supported by the support member 36. As a result, the angles 
of radiation of the laser beam from the laser beam radiator 
301 and the headlight from the re?ector 17 are regulated 
simultaneously in response to the inclination of a vehicle by 
the ECU 20 in the same manner as in the ?rst embodiment. 
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The laser beam radiator 301 and the laser beam receiver 302 
may be provided at separate locations on the board 17 or the 
re?ector 13. 

[0035] According to the second embodiment, the laser 
radar device 30 can be protected from dust and Water by the 
cover lens 10a in addition to the automatic leveling of the 
angle of laser beam radiation. Further, the radiation angle of 
both headlight and laser beam can be automatically regu 
lated by one actuator 35. 

[0036] The present invention should not be limited to the 
disclosed embodiments and modi?cations, but may be 
implemented in many other Ways Without departing from the 
spirit of the invention. 

What is claimed is: 
1. A forWard condition detecting apparatus for vehicles 

comprising: 
parameter detecting means for detecting a parameter 

variable With inclination of a vehicle; 

angle calculating means for calculating an angle of incli 
nation of the vehicle relative to a reference plane based 
on the detected parameter; 

forWard condition detecting means movably installed on 
the vehicle for detecting forWard condition of the 
vehicle; and 

control means for controlling an angle of the forWard 
condition detecting means based on the calculated 
angle of inclination of the vehicle. 
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2. The forWard condition detecting apparatus as in claim 
1, Wherein the parameter detecting means includes a vehicle 
height sensor Which detects a height of the vehicle. 

3. The forWard condition detecting apparatus as in claim 
1, Wherein the forWard condition detecting means includes 
a laser radar device installed on a front bumper of the 
vehicle. 

4. The forWard condition detecting apparatus as in claim 
1, Wherein the control means compensates for a change of 
the angle of the forWard condition detecting means caused 
by a change in the angle of inclination of the vehicle. 

5. The forWard condition detecting apparatus as in claim 
1, Wherein: 

the parameter detecting means detects a front height and 
a rear height of the vehicle; and 

the angle calculating means calculates the angle of incli 
nation of the vehicle based on a difference betWeen the 
front height and the rear height. 

6. The forWard condition detecting apparatus as in claim 
1, Wherein the forWard condition detecting means includes 
a laser radar device installed Within a headlight unit of the 
vehicle. 

7. The forWard condition detecting apparatus as in claim 
6, Wherein the laser radar device is coupled With a headlight 
lamp of the headlight unit to be moved together With the 
head lamp by the control means. 


