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OBSTACLE DETECTION DEVICE FOR 
VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a device for detecting an 
obstacle on a path forward of a running vehicle. 

2. Description of the Prior Art 
An obstacle detection device has been known that scans 

a speci?c area extended forward of a running vehicle to 
detect an obstacle. Such a device is disclosed in Japanese 
Patent Publication No. 3-6472, published for opposition in 
1990. 

In such an obstacle detection device, if a plurality of 
obstacles are detected within the speci?c area, it is necessary 
to assess how dangerous each of the obstacles is so that a 
vehicle control, such as production of an alarm, a braking 
control and steering control for avoiding the obstacles can be 
made afterward. 

If the obstacle is moving in the speci?c area, a rank of 
danger changes. Therefore, it is necessary to trace the 
moving obstacle in order to make a proper assessment. 
However, a conventional device cannot satisfy this require 
ment. 

Japanese Patent Public Disclosure No. 2-287180, laid 
open to the public in 1990, discloses a device for switching 
a direction of a radiation beam for detecting an obstacle in 
accordance with a moving direction of the vehicle in a 
turning action. 

However, the conventional device detects installations by 
the road, such as a guardrail or a sign pole, as an obstacle so 
that a control for avoiding a true obstacle is confused. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
an obstacle detection device which can properly assess a 
rank of danger of a plurality of obstacles appearing in a 
speci?c area extended forward of a running vehicle. 

It is another object of the present invention to properly 
assess a moving obstacle in the speci?c area. 

It is further object of the present invention to provide an 
obstacle detection device which can properly and precisely 
detect the obstacle. 
The above and other objects of the present invention can 

be accomplished by an obstacle detection device for a 
vehicle comprising area determining means for determining 
an obstacle detection area extended forward of a running 
vehicle in order to detect an obstacle which may interfere 
with the vehicle, split means for splitting the area into a 
plurality of small split zones, detecting means for detecting 
an obstacle in each of the small split zones, inferring means 
for inferring a path of the vehicle in the obstacle detection 
area, and judging means for judging a rank of danger of an 
obstacle in the obstacle detection area. 

In a preferred embodiment, the device further comprises 
ranking means for ranking the obstacles detected and the 
split Zones. The judging means judges the rank of the danger 
of each of the obstacles based on the ranks of both the 
obstacle and the small split zone where the obstacle belongs 
to. A control means is provided for the vehicle based on the 
judgment of the Judging means. Preferably, adjacent small 
split zones are partly overlapped with each other. 

Typically, the detecting means is constituted by a single 
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2 
scanning laser sensor. The area determining means deter 
mines the obstacle detection area within the scanning area of 
the laser sensor in processing a signal from the laser sensor. 
The split means splits the detection area into plural small 
split zones. 

According to the feature of the present invention, as 
aforementioned, the obstacle detection area is split into a 
plurality of small split zones which are ranked respectively. 
For example, if one small split zone is on an inferred vehicle 
path, the rank of danger is high. As the small split zone 
offsets from the inferred vehicle path, the rank of danger is 
lowered. As the small split zone is away from the running 
vehicle, the rank of danger is lowered. The obstacle in the 
small split zone is also ranked. An obstacle close to the 
vehicle, one coming toward the vehicle and the like are 
ranked as a high rank of danger. On the other hand, an 
obstacle distant from the vehicle, one going away and the 
like are ranked as a low rank of danger. Thus, even when a 
plurality of obstacles exist in the detection area, the 
obstacles are properly ranked to be assessed so that a proper 
control for avoiding the obstacle can be synthetically and 
e?iciently established. According to the present invention, 
the adjacent small split zones are provided to have an 
overlapped portion with each other so that if an obstacle is 
in the overlapped portion, the obstacle is monitored and 
assessed through both small split zones. As a result, even 
when a moving obstacle comes into the detection area, the 
sudden appearance of an obstacle in a small split zone of a 
high rank of danger can be prevented. There is no need to 
take a quick action for avoiding the obstacle. The detection 
area and small split zone are provided hypothetically for 
data processing. There is no fear of complicating the struc 
ture of the device. 

In another aspect of the invention, the device comprises 
excluding means for excluding data concerning a detected 
obstacle located in a predetermined part of the detection 
area. 

The device may comprise distance detecting means for 
detecting a distance between the vehicle and an installation 
by a road or such as a guardrail, sign pole. The predeter 
mined part is determined in accordance with the distance. As 
another example, a lane opposite to a running lane of the 
vehicle is designated as the predetermined part when the 
vehicle runs on a substantially straight path. When the 
vehicle runs on a curved path, an area beyond an outer edge 
of the path in a radial direction of a turning action is 
designated as the predetermined part. Thus, the obstacle can 
be detected properly, excluding the installation by the road 
and a object beyond the installation, since the guardrail and 
the sign pole do not form obstacles to the vehicle. 

Further objects, features and advantages of the present 
invention will become apparent from the Detailed Descrip 
tion of Preferred Embodiments which follows when read in 
light of the accompanying Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an obstacle detection device 
in accordance with the present invention; 

FIG. 2 is a schematic perspective view of a scan area for 
the obstacle; 

FIG. 3 is a plan view showing a detection area; 

FIG. 4 is a ?owchart of a detecting procedure of an 
obstacle; 

FIG. 5 is a schematic view of split zones in the detection 
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area; 

FIG. 6 is a flow chart of an obstacle detecting procedure; 

FIG. 7 is a ?ow chart of a routine for assessment of the 
obstacle; 

FIG. 8 is a ?ow chart of a ranking procedure of the 
obstacle detected; 

FIG. 9 is a table for assessing a rank of danger of the 
obstacle; 

FIG. 10 is a ?ow chart of a routine changing a size of split 
zone in accordance with a yawing rate; 

FIG. 11 is a schematic view showing a change of split 
zone; 

FIG. 12 is a flow chart of a routine for changing a size of 
an overlapped portion of the split zone in accordance with a 
road frictional coefficient; 

FIG. 13 is a flow chart of a routine for changing a size of 
a speci?c split zone in accordance with a driving condition 
of the vehicle; 

FIG. 14 is a schematic view showing a change of the 
speci?c split zone in accordance with the driving condition; 

FIG. 15 is a schematic view showing another example of 
a change of the speci?c split zone in accordance with the 
driving condition; 

FIG. 16 is a plan view showing a detection area when the 
vehicle runs on a substantially straight path; 

FIG. 17 is a conceptional view showing an image pro 
cessing device; 

FIG. 18 is a block diagram of the image processing 
device; 

FIG. 19 is a plan view showing a detection area when the 
vehicle makes a left turn; 

FIG. 20 is a plan view showing a detection area when the 
vehicle makes a right turn; 

FIG. 21 is a ?ow chart of a routine for determining the 
detection area. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereinafter, a preferred embodiment of the present inven» 
tion will be explained taking reference with the drawings. 

FIG. 1 shows a schematic view of an obstacle detection 
device in accordance with the present invention. The detec 
tion device 1 is provided with radiation device 2 for pro 
ducing a laser provided on a front portion of a vehicle and 
a receptor 3 for receiving re?ection light from the radiation 
device 2. The radiation device 2 and the receptor 3 are 
connected with a controller 4 which controls them. The 
controller 4 receives a signal from a steering angle sensor 5 
for detecting a steering angle 6 of the vehicle and a signal 
from a vehicle speed sensor 6 for detecting a vehicle speed 
v. The controller 4 judges a rank of danger of an obstacle 
detected based on signals various sensors including the 
steering angle sensor 5 and vehicle speed sensor 6 to 
produce a control signal to alarm device 7 and automatic 
braking device 8 for avoiding the obstacle. 

The controller 4 preferably includes a microprocessor to 
execute a program and to accomplish a predetermined 
objective. The controller 4 can be seen functionally to have 
the following sections. Namely, the controller 4 is provided 
with inferring section 10 for infen'ing the path of the vehicle 
based on the signals from the steering angle sensor 5 and the 
vehicle speed sensor 6, a determining section for determin 
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4 
ing a detection area 10 for detecting an obstacle which may 
hinder running of the vehicle, splitting section 11 for split 
ting the detection area into a plurality of small split zones, 
detecting section 12 for detecting one or more obstacles for 
each of the split zones based on signals from a radiation 
device 2 and a receptor 3, and judging section 13 for ranking 
danger of the split zones taking account of the path of the 
vehicle and danger of the obstacles in accordance with the 
location and movement thereof so as to judge synthetically 
the danger of the obstacles. 
The radiation device, as illustrated in FIG. 2, is provided 

at a front portion of the vehicle 14 and is a scanning laser 
which scans a sector area of an expansion angle 5 with a 
sector beam. The angle 6 is determined so that a width of the 
area is 2 m at a point of 10 m ahead of the vehicle and 20 
m at a point of 100 m ahead of the vehicle 14. The receptor 
3 is a scanning sensor which receives a re?ected light from 
an obstacle which is irradiated by the scanning laser. The 
detecting portion 10 calculates a distance between the 
vehicle and the obstacle based on a time period from the 
radiation device to the receptor. The obstacle to the vehicle 
is detected basically on an area shown by a hatched area S 
in FIG. 3. In FIG. 3, references v, 8, 5, [3, R, lmax are a vehicle 
speed, steering angle, expansion angle of the detection area, 
side slip angle of the vehicle body, turning radius of the 
vehicle and maximum distance for detecting the obstacle, 
respectively. Meanwhile, the side slip angle [3, and turning 
radius R is provided by the following equations. 

Wherein 

A: stability factor (m/2s2)(s, K,—sjKf)/K]K, (s2/m2) 
s: wheel base (m) 

N: steering gear ratio (—) 
rn: vehicle weight (kg) 
sf: distance from a gravity center of the vehicle to a front 

wheel (m) 
s,: a distance from the gravity center of the vehicle to the 

rear wheels (m) 

K,: cornering power of a rear wheel tire (N/radian) 
Kf: cornering power of a front wheel tire (N/radian) 
The maximum detection distance lmax is a maximum 

distance in which the vehicle detects the obstacle and can 
stop without hitting the obstacle. Thus, the maximum detec 
tion distance 1mm can be expressed by the following equa— 
tion. 

u: friction coe?‘icient (—) 
g: gravity acceleration (mlsz) 
Next, a control for judgment of a rank of danger of the 

obstacle and for avoiding the obstacle will be explained 
hereinafter. 

Referring to FIG. 4, there is shown a ?ow chart of the 
control. The controller 4, ?rst of all, detects the steering 
angle 6 and vehicle speed through the steering angle sensor 
5 and vehicle speed sensor 6 (step 1). Then, the controller 4 
speculates the side slip angle [3 and the turning radius R (step 
2). Next, the controller 4 speculates a path of the vehicle 14 
(step 3). Thereafter, the controller sets up a detection area for 
detecting an obstacle within the area scanned by the laser, 
splits the area into a plurality of small split zones and ranks 
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the split zones with regard to a degree of danger. In the 
illustrated embodiment, the area is split into a collision zone 
S1 where the vehicle is highly likely to collide with the 
obstacle therein, a close zone S2 where the vehicle is not 
likely to collide with the obstacle therein but likely in on 
close to the obstacle, and an alert zone where the obstacle 
therein is not so highly dangerous but had better be watched 
out for the time being. Each of the split zones is speci?ed by 
an expansion angle 5 around a center axis of the split zone 
oll’set by an offset angle q) from a center of the path of the 
vehicle and a distance L from the vehicle. 

In FIG. 5, ranked split zones are shown schematically. As 
shown in FIG. 5, the offset angle ¢ is increased for the 
collision zone S1, the close zone S2 and the alert zone S3 in 
this order. This means that as the olfset from the path of the 
vehicle is increased, the rank of danger of the split zone is 
lowered. In step 4, the controller splits the detection area into 
a plurality of the small split zones. The procedure is the same 
as that of the ranking of the detection area as aforemen 
tioned. Thus, the split zone is de?ned by the olfset angle (1) 
and the expansion angle 8. The expansion angle 6 can be 
changed in accordance with a driving condition. Although 
each of the small split zones can be the same expansion 
angle 5, it is possible to provide different expansion angles 
8 for the small split zones. Further, it is possible to provide 
an overlapped portion for the adjacent small split zones. The 
overlapped portion may be changed in size in accordance 
with the driving condition so that the detection of the 
obstacle can be facilitated. 

In next step, the controller 4 detects the obstacle within 
the detection area. In this case, the controller 4 detects the 
direction q>j and distance lj. The controller 4 selects the 
closest obstacle to the vehicle among plural obstacles (oil, 1,) 
in the small split zone S,- in step 5. Referring to FIG. 6, the 
procedure for ?nding the closest obstacle of the number N 
of the obstacles is explained in the small split zone 8,. 

In FIG. 6, the controller 4 provides the parameter i which 
identi?es the small split zone S with a value 1 in step 1. 
Next, the controller 4 sets the initial value for the minimum 
distance L,- of the obstacle in the small split zones S,- at a 
relatively large value, such as 10000 (step 2). Then, the 
controller 4 sets an initial value of a parameter j for 
identifying the detected obstacle at a value 1. The controller 
4 judges whether or not the obstacle is in the small split zone 
Si in light of an angular location ¢j (step 4, 5). If the obstacle 
is in the small split zone S,- under consideration, the con 
troller 4 judges whether or not the distance lj of the obstacle 
is smaller than the predetermined value L,- (10000 in this 
embodiment). If the value lj is smaller than the value L,, the 
controller 4 renews the value of L,- (step 6). Then, the 
controller 4 renews the value of the parameter j to check up 
the next data representative of the obstacle (steps 7, 8). 
When the controller 4 checks all the obstacles in the small 
split zone S, the controller 4 renews the value of the 
parameter i for the small split zone. Then, the controller 4 
selects the closest obstacle with the same procedure in the 
next small split zone (step 9, 10). The controller 4 repeats the 
above procedures to select the number n of the closest 
obstacle ((1),, Li) for each small split zone SI-(step 11). 

In the procedure in step 6 of FIG. 4, the controller 4 
executes a subroutine of FIG. 7 and judges which split zone 
the obstacle belongs to among the collision zone S1, close 
zone S2 and alert zone S3. 

First of all, the controller 4 judges whether or not the 
obstacle is outside the left boundary of the close zone S2 in 
FIG. 5 in light of the direction q), of the obstacle. 

If this judgment is yes, namely, if the obstacle is outside 
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6 
of the left boundary of the close zone S2, the obstacle is in 
the alert zone S3. If the judgment is no, or if the obstacle is 
inside the left boundary of the close zone S2, the controller 
4 further judges whether or not the obstacle is outside the left 
boundary of the collision zone (step 2). If the obstacle is 
outside of the left boundary of the collision zone S1, the 
obstacle is in the close zone S2. If the obstacle is inside the 
left boundary of the collision zone S1, the controller 4 
further judges whether or not the obstacle is inside the right 
boundary of the collision zone (step 3). If the obstacle is 
outside the right boundary of the collision zone S1, the 
obstacle is in the collision zone S1. If the obstacle is outside 
of the collision zone S1, the controller 4 further judges 
whether or not the obstacle is inside the right boundary of 
the close zone 52 (step 4). If the judgment is yes, the 
obstacle is in the close Zone S2. If no, the controller 4 ?nds 
the obstacle is in the alert zone S3. 

Next, the controller 4 executes a danger judgment routine 
shown in FIG. 8 which covers a step 7 in FIG. 4 to judge a 
rank of danger of the obstacle in the detection area. 

In FIG. 8, the controller 4 calculates a relative speed Vj of 
the obstacle to the vehicle 14 based on a change in the 
distance lj (step 1). Next, the controller 4 sets threshold 
values l1, l2 and l3 for judging the rank of the danger of the 
obstacle based on a road friction coe?icient u, the relative 
speed Vj and vehicle speed v (step 2). In this case, the values 
l1, l2 and 13 are provided as l1<l2< 13. Next, the controller 4 
judges whether or not the relative speed Vj is positive, 
namely, the controller 4 judges whether or not the vehicle is 
running close to the object q) (step 3). If the relative speed V] 
is positive and the vehicle 14 is running toward the object ¢, 
the controller 4 judges whether or not the distance 1 of the 
object (1) is smaller than the threshold 12 (step 4). If this 
judgment is No, namely, if the distance of the object 4) is 
greater than the threshold 12, the controller 4 holds that the 
vehicle 14 is in a safe range and set a safety judgment ?ag 
J at a value hl (step 5). If the judgment in step 4 is yes, 
namely if the object ¢ is getting closer to the vehicle 14 
beyond the threshold 12, the controller 4 holds the object 4) 
is in an alarm range where the rank of the danger of the 
obstacle is not so high as a danger range but necessary to 
alarm. In this case the controller 4 sets the ?ag J at a value 
h2 (step 6). Next, the controller 4 further judges whether or 
not the distance 1 of the object ¢ is smaller than the threshold 
11 (step 7). If the judgment is No, or if the distance 1 of the 
object ¢ is greater than the threshold 11, no further action is 
taken even though the object q> is getting closer to the vehicle 
14. However, if the judgment in step 7 is Yes and the object 
¢ is getting closer to the vehicle 14 beyond the threshold 11, 
the controller 4 holds the object ¢ is in the danger range 
where the rank of danger is so high that an automatic control, 
such as an automatic braking action is to be taken. In this 
case, the controller 4 sets the flag at a value h3. 

In step 3 of the routine in FIG. 8, if the judgment is No, 
or if the relative speed Vj is negative, the controller 4 further 
judges whether or not the distance 1 of the object ¢ is smaller 
than the threshold 13 (step 9). If this judgment is No, the 
controller 4 holds the obstacle is in the safe range and sets 
the ?ag J at a value 0 (step 10). If the judgment is Yes in step 
9 and even if the object 4) is getting away from the vehicle 
14, the controller 4 sets the ?ag J at a value 1 to call the 
driver attention (step 11). As shown in FIG. 9, the controller 
4 makes a synthetic judgment for avoiding the danger in 
accordance with a ?ow chart in FIG. 9. In fact, the controller 
4 determines how to control the vehicle 14 in light of the 
distance and movement (h1, h2 and b3) of the obstacle or 
object ¢ and the zone (S1, S2 and S3) where the object ¢ is 
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located. For example, if the object o is in the collision zone 
S1 and the danger range hl, the rank of the danger is very 
high so that the controller 4 produces a command to make 
a quick braking action. If the object ¢ is in the collision zone 
S1 but in the safe range hl, the rank of the ranger is not so 
high so that the controller 4 does not take an action for 
avoiding the danger. According to the aforementioned con 
trol, the rank of the danger of the obstacle ¢ can be properly 
assessed. Thus, a sophisticated measure can be taken for 
avoiding the obstacle q). 

Meanwhile, the size of the small split zone can be 
changed in accordance with the driving condition of the 
vehicle to improve the measure for avoiding the obstacle. 

Next, it is explained that the overlapped portion of the 
small split zone is changed in accordance with the driving 
condition of the vehicle. The expansion angle 5,- of the small 
split zone S,- can be obtained through the following formula. 

Wherein 5",”: the expansion angle of a whole detection 
area 

n: split number of the detection area 

50: overlapped angle. 
Referring to FIG. 10, there is shown a ?ow chart of the 

control for changing the size of the overlapped portion in 
accordance with the driving condition. 
The controller 4 calculates a yawing rate dy based on the 

vehicle speed v and the steering angle 9 (steps 1 and 2). If 
the yawing rate dy is greater than the predetermined value 
yo, the controller 4 holds that the driving condition of the 
vehicle is not stable and provides the overlapped angle 6,, 
with a larger one 5w (steps 3 and 4). If the yawing rate do 
is not greater than the value yo, the controller 4 provides the 
overlapped angle 50 with a normal one 6,, to determine the 
expansion angle 8,- (steps 3, 5 and 6). 
As a result, the overlapped potion is increased in the 

unstable driving condition of a larger yawing rate dy as 
shown in FIG. 11 so that the movement of the obstacle 
across the different small split zones can be readily moni 
tored and therefore a responsive control for avoiding the 
obstacle can be accomplished. 

Alternatively, as shown in FIG. 12, the controller 4 
speculates the road frictional coe?icient u (step 2). If the 
coe?icient u is smaller than the predetermined value, the 
overlapped portion is increased (steps 3 and 4). In other 
modi?cations, the overlapped portion is also increased when 
a side force acting on the vehicle, slip angle of the vehicle 
wheel, slip ratio of the vehicle wheel, acceleration of the 
vehicle, and/or the steering angle is increased beyond a 
predetermined value. 

Next, a control for changing the size of the small split 
zone, such as collision zone S1, S2 and S3 in accordance 
with the driving condition, is explained. 

Referring to FIG. 13, the controller 4 receives the vehicle 
speed v and steering angle 6 (step 1). The controller 4 
determines a reference line of the detection area. Where an 
offset angle (1) of a moving direction Y of the vehicle 14 from 
a tangential line of a path and the side slip angle is B, the 
offset angle ¢ of the reference line or moving direction Y 
from the direction 0 of the vehicle is a value <I>—-B (step 2, 3). 
Next, the controller judges whether or not the steering angle 
9 is greater than a predetermined value 60 (step 4). If the 
steering angle 9 is not greater than the value 6, the controller 
4 further judges whether or not the vehicle speed v is smaller 
than a predetermined value v0 (step 5). If the vehicle speed 
v is not greater than the value v0, the controller 4 further 
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8 
judges whether or not the side force acceleration or is greater 
than a predetermined value on (step 6). If the side force 
acceleration is not greater than the predetermined value etc, 
the controller 4 further judges whether or not a change rate 
d6 of the steering angle is greater than the predetermined 
value d9o, and whether or not a ratio of the side force 
acceleration ot to a speculated side force acceleration ote is 
smaller than a predetermined value F (step 8). The specu 
lated side force acceleration oz is expressed as follows: 

Wherein R:(l+Av2)s(N/9) 
A: stability factor (m/2s2)(s, K,—sjKf)/K/K, (s2/m2) 
s: wheel base (m) 
N: steering gear ratio (~) 
m: vehicle weight (kg) 
sf: distance from the gravity center of the vehicle to the 

front wheels (m) 
s,: distance from the gravity center of the vehicle to the 

rear wheels (m) 
K,: cornering power of the rear wheels (N/radian) 
Kf: cornering power of the front wheels (N/radian) 
If either one of the above judgments is Yes, namely, if the 

steering angle 9 is greater than the predetermined value 60, 
or if the vehicle speed v is smaller than the predetermined 
value v0, or the side force acceleration on is greater than the 
predetermined value oro, or if the steering angle change rate 
d9 is smaller than the predetermined value dBo and if the 
ratio F of the side force acceleration Ct to the speculated side 
force acceleration or, is between a value 0 and 0.3, the 
controller 4 provides the expansion angle Q, of the collision 
zone S1 and expansion angle 5:2 of the close zone S2 with 
larger values 551w and 8:2,, respectively (step 9). If the above 
condition is not established, the controller 4 provided the 
expansion angles 5x1 and 5x2 with normal values 5x1,l and 
5,2,, respectively (step 10). In this case, if the ratio F of the 
side force acceleration ot to the speculated side force accel 
eration ore is smaller than the value 0.3, it is considered that 
the frictional coel?cient u is small. Thus, in this case, the 
controller 4 may expand the collision zone S1 and close zone 
S2. 

Thus, each of the small split zones has substantially the 
same size under the normal condition as shown in FIG. 14 
(a). However, under the speci?c condition as aforemen 
tioned, the sizes of the small split zones are different and the 
collision zone S1 and close zone S2 are relatively large as 
shown in FIG. 14(b). 

In determining the detection area, the controller 4 takes 
account of the offset angle q: of the reference line from the 
direction of the vehicle (step 11). Next, the controller 4 
judges whether or not the signal from the winker is intro 
duced (step 12). If this judgment is Yes, the controller further 
judges whether the signal is introduced from the left side or 
right side (step 13). If the signal is introduced form the right 
winker, it is considered that the vehicle is steered rightward. 
Thus, the controller 4 expands the expansion angle 5,; of the 
close zone S2 by an angle d8 (step 14). As a result, if the 
signal from the right winker is introduced to the controller 
4, the size of the close zone S2 is expanded as shown in FIG. 
15 (b). Thus, the size of the small split zone is changed 
taking account of the moving direction of the vehicle so that 
the obstacle can be properly detected. The same control is 
made when a signal from the left winker is introduced (step 
15). 

Hereinafter, there is explained another embodiment of the 
present invention. 
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