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(57) ABSTRACT 
In an automatic drive control system in a road environment 
in Which an infrastructure has been constructed so as to 

automatically steer a vehicle, the automatic steering of the 
vehicle is performed irrespective of lane markers attached 
on the road surface. A running command and a running 
course are determined on the basis of an obstacle detection 

signal, a vehicle position signal, road data, and traffic 
information signal for automatic driving. A target running 
locus is obtained on the basis of the set running course. The 
vehicle is automatically steered so as to trace and run along 
the obtained running target locus. 
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AUTOMATIC DRIVE CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to an automatic drive control 
system. 

[0003] 2. Description of the Related Art 

[0004] Hitherto, there has been knoWn an automatic drive 
control system for a vehicle such as an automobile, in Which 
a train of lane markers such as magnetic nails or the like 
provided on the road surface is used as a reference line and 
signals Which are generated from the lane markers are 
detected, thereby recogniZing a relative position of the 
vehicle With respect to the reference line and automatically 
steering the vehicle so as to adjust the center line of the 
vehicle along the reference line. 

[0005] As a prior art, for example, there is a system 
disclosed in Japanese Patent Kokai 9-62346. This system 
comprises: a navigation apparatus for detecting a position of 
a vehicle carrying the navigation apparatus by using not only 
signals Which are generated because of the magnetic nails 
but also signals from the global positioning system (GPS); 
and a communicating apparatus Which can receive various 
traffic information from beacons provided at every prede 
termined intervals on the sides of the road. In this system, a 
running line is set along the reference line in accordance 
With the running environment and the vehicle is steered 
along the set running line. 

[0006] In order to detect a running on a rut formed on the 
road, the system has a yaW rate sensor and a lateral accel 
eration sensor and detects a forming state of the rut by a 
camera mounted thereon, thereby setting the running line 
suitable for the road on Which the vehicle is running. 

[0007] In this system, the running line for the reference 
line can be made unspeci?ed by changing a positional 
relation betWeen the reference line and the center of the 
vehicle With the elapse of the time, thereby to prevent the 
formation of the rut. 

[0008] In the conventional automatic steering system, 
hoWever, the reference line is recogniZed by detecting the 
signals produced because of the magnetic nails on the road, 
and the automatic steering is performed so as to trace a 
desired running line. When, for example, positions of the 
magnetic nails 2 Which are arranged in a center portion of a 
lane 1 of a road do not exist on a smooth curve along a 
curvature of the lane, as shoWn in FIG. 1A, a running line 
3 Which is set by tracing the nails does not draW a smooth 
curve around the center of the lane. In other Words, a vehicle 
4 is so steered that a straight line 5 connecting tWo adjacent 
magnetic nails coincides With the vehicle center line. When, 
therefore, the steering is performed so as to trace the 
magnetic nails 2 Which are not correctly arranged on the 
center of the road as shoWn in FIG. 1A, the running line 3 
of the vehicle has a ZigZag form. 

[0009] When the setting interval of the magnetic nails in 
the longitudinal direction of the road is Wide, the recognition 
of the nails as a reference line is not stabiliZed, so that the 
vehicle is likely out of a desired course. 

[0010] As disclosed in Japanese Patent Kokai 9-62346, in 
the method of changing the position of the vehicle relative 
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to the reference line With the elapse of time, there has been 
a problem such that a predetermined running line is missing, 
since the change Width is limited to a detecting range of 
magnetic nail signal detecting means provided for the 
vehicle and the movement of the vehicle exceeding the 
signal detecting range is necessary or occurs for the refer 
ence line for the purpose of, for example, avoidance of an 
obstacle. 

SUMMARY AND OBJECTS OF THE 
INVENTION 

[0011] It is, therefore, an object of the invention to provide 
an automatic drive control system for a motor vehicle, Which 
can perform an automatic steering in accordance With a 
driving situation of the motor vehicle Without limiting to 
only a tracing operation of marks such as magnetic nails or 
the like provided on a road. 

[0012] According to the invention, there is provided an 
automatic drive control system for a motor vehicle, com 
prising: radar means for detecting an existence of an 
obstacle in front of a vehicle so as to produce an obstacle 
detection signal; photographing means for photographing a 
road surface in front of the vehicle so as to produce a video 
signal; image processing means for generating a vehicle 
position signal indicative of a position of the vehicle in the 
Width direction of the road from an image represented by the 
video signal; a navigation apparatus for generating road data 
indicative of coordinates of the road in front of the current 
position of the vehicle; communicating means for receiving 
a traffic information signal for automatic driving; running 
command generating means for generating a running com 
mand; running course setting means for setting a running 
course on the basis of the running command, obstacle 
detection signal, vehicle position signal, road data, and 
traffic information signal for automatic driving; and target 
running locus calculating means for obtaining a target run 
ning locus on the basis of the set running course, Wherein the 
vehicle is steered so as to trace the target running locus. 

[0013] Since the vehicle sets the running course on the 
road Where it is running, it is unnecessary to provide the lane 
markers such as magnetic nails or the like on the road 
surface and detecting the signals from the lane markers even 
for the automatic staring for the motor vehicle. Even in the 
running state of the vehicle such as lane change, branching, 
or junction in Which the detection of the lane markers is 
interrupted (discontinued), smooth steering for the vehicle 
can be maintained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGS. 1A and 1B are diagrams shoWing target 
running loci of vehicles according to the prior art and the 
invention; 

[0015] FIG. 2 is a block constructional diagram shoWing 
an embodiment of the invention; 

[0016] FIG. 3 is a ?oWchart for explaining a process for 
deciding a running command in a Whole plan ECU in FIG. 
2; and 

[0017] FIG. 4 is a ?oWchart for explaining a ?tting 
process in the Whole plan ECU in FIG. 2. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0018] An embodiment of the invention Will noW be 
described in detail hereinbeloW With reference to the draW 
ings. 
[0019] FIG. 2 shows a block constructional diagram of an 
automatic drive control system as an embodiment of the 
invention. In the system, a laser radar 10 for detecting an 
existence of an obstacle located in front of a vehicle and a 
CCD (Charge Coupled Device) camera 11 serving as pho 
tographing means for recogniZing a form of a road surface 
of the road in front of the vehicle and a positional relation 
betWeen the oWn vehicle and a lane are provided for a front 
portion of the vehicle (not shoWn). Avideo signal obtained 
by the CCD camera 11 is supplied to an ECU (Electronic 
Control Unit) 12 for image processing. The ECU 12 is 
constructed by a microcomputer and generates road surface 
data and position data indicative of the oWn vehicle on the 
lane on the basis of the video signal from the CCD camera 
11. Outputs of the laser radar 10 and ECU 12 for image 
processing are supplied to a Whole plan ECU 13. Outputs of 
a navigation apparatus 14 and a communicating apparatus 
15 are supplied to the Whole plan ECU 13. 

[0020] In this instance, as an infrastructure constituting the 
automatic running system, beacons controlled by a manage 
ment center are provided at every predetermined intervals on 
the sides of the road. The communicating apparatus 15 
receives traffic information signals for automatic driving 
from the beacons. The navigation apparatus 14 has: a GPS 
(Global Positioning System) apparatus 16; a distance sensor 
17; a yaW rate sensor 18; an acceleration sensor 19; and road 
map information 20 in Which road map data have been 
recorded. The navigation apparatus obtains running infor 
mation by a navigation controller 21. Since the construction 
and operation of the navigation apparatus 14 have been 
Well-knoWn, they are not described in detail here. 

[0021] The Whole plan ECU 13 ?rst decides running 
commands such as lane maintaining of the lane or lane 
change by a run instructing process 23 on the basis of 
information regarding the obstacle located in front of the 
vehicle from the laser radar 10 and road information or 
traf?c information in a predetermined distance in front of the 
vehicle from the communicating apparatus 15. In this 
instance, by simultaneously referring to vehicle running 
information (direction, speed, acceleration, and the like) and 
map information from the navigation apparatus 14, more 
accurate running information can be obtained. 

[0022] FIG. 3 is a ?oWchart shoWing an embodiment of a 
process for obtaining the running command in the Whole 
plan ECU 13 according to the invention. In FIG. 3, road data 
in front (for example, 100 meters ahead) of the vehicle 
generated from the navigation apparatus 14 and a vehicle 
position signal from the ECU 12 for image processing are 
obtained (step S1). Road information is obtained for all of 
the areas Where the vehicle may possibly visit from noW on 
in the run from the current position of the vehicle. By 
detecting an obstacle in the obstacle detection signal 
obtained from the laser radar 10 or obtaining a signal 
indicative of, for example, the presence or absence of an 
accident, a position of the accident, and the like in the traf?c 
information signal for automatic driving Which is received 
by the communicating apparatus 15 (step S2), a command is 
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issued for the run in a range from the current running lane 
to a lane Where those obstacles or an accident can be avoided 

(step S6). In this obstacle detection, a vehicle Which is 
running at a loW speed in front of the oWn vehicle may be 
regarded as an obstacle in case the distance betWeen both of 
the vehicles is narroW. 

[0023] When, in step S2, no detection signal is detected, it 
is discriminated Whether the running vehicle enters a road 
Whose Width decreases or not on the basis of the road data 
and vehicle position signal obtained in step S1 (step S3). 
When, in step S3, it is determined that the vehicle enters a 
Width decreasing point of the road, a discrimination is made 
Whether the current running lane disappears at the Width 
decreasing point or not (step S7). When, in step S7, it is 
detemined that the current running lane Will disappear, the 
operation in step S6 is executed. If NO in step S7, a 
command is issued for the run to keep the current running 
lane (step S5). When, in step S3, the Width decreasing point 
is not con?rmed, it is discriminated Whether that point is a 
branching point or not (step S4). When the branching point 
is noW con?rmed, the driver is urged to instruct Which lane 
the driver Wants to run or Whether he Wants to keep the 
current running lane (step S8). There issued a command for 
the run in a range from the current running lane up to the 
lane pointed out by the driver (step S9). When, in step S4, 
the branching point is not con?rmed, a command is issued 
for the run to keep the current running lane (step S5). 

[0024] When the vehicle enters the junction, the lane is not 
changed and the running command in step S5 is executed. 

[0025] When, as mentioned above, the running command 
is generated by the run command process 23, Within an 
information range Where the run instructing process 23 has 
decided the running command (for example, Within a range 
of 100 meters ahead of the motor vehicle), information 
regarding the decided running command is further extracted. 
The position in the road Width direction of the vehicle is 
obtained by the CCD camera 11. Apoint train serving as a 
running course in the information range in Which the current 
vehicle position is set to a start point and the running target 
point is set to an end point is determined by a target point 
train extracting process 24. On the basis of the point train 
obtained by the target point train extracting process 24, a 
pattern extracting process 25 and a ?tting process 27, Which 
Will be described hereinlater, are executed, so that a target 
running locus is determined. The Whole plan ECU 13 
transmits a vehicle steering signal based on the obtained 
target running locus to the vehicle control ECU 22. Since the 
construction and operation of the portion for obtaining the 
vehicle steering signal in accordance With the obtained 
target running locus are similar to those in the prior art as 
disclosed in Japanese Patent Kokai 9-62346, they are not 
described in detail here. 

[0026] FIG. 4 is a ?oWchart for explaining an embodi 
ment of the pattern extracting process 25 and ?tting process 
27 of the Whole plan ECU 13 according to the invention. In 
FIG. 4, a curvature in each point train is ?rst obtained by a 
calculation on the basis of the curve connecting the neigh 
boring points extracted by the target point train extracting 
process 24 (step S11). From the result in step S11, (an n 
number of) extremal values of the curvature and (an m 
number of) in?ection points of the curve are extracted (step 
S12). In the embodiment, a start point and an end point in the 
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point train are included in the in?ection points. Subse 
quently, the point train is divided into an (m+n—1) number 
of small segments on the basis of the result in step S12 (step 
S13). Apattern segment of the shape Which is ?tted into each 
small interval, namely, Which is adapted thereto is selected 
from a pattern segment library 26 (step S14). The pattern 
segment library 26 is means for storing basic elements such 
as straight line, arc, and the like and road patterns such as 
U-shape, S-shape, right/left lane change, junction, branch 
ing, and the like formed by a combination of those basic 
elements. If, as a result of the process in step S14, the 
relevant pattern exists in the small interval (step S15), the 
minimum alloWance radius of the curve Where the vehicle 
can run is determined by the running information serving as 
a basis for deciding the running command. When the curve 
is included in the pattern segment selected in step S14, the 
shape of the pattern segment is ?nely adjusted so that the 
radius of curvature of the curve is equal to or larger than the 
minimum alloWance radius (step S16). When, in step S15, 
the pattern segment of the shape adapted to the small interval 
does not exist, a change ratio of the curvature of the point 
train in the small interval is obtained by a calculation (step 
S17). A slack curve adapted to the small interval is deter 
mined (step S18). Step S18 relates to a process for obtaining 
an average curvature change of the point train by, for 
example, the method of least squares and deciding a param 
eter of clothoid (Cornu’s spiral). 

[0027] Subsequently, an angle and a magni?cation of the 
pattern segment selected in correspondence to the small 
interval are determined so as to be adapted to the actual 
running road (step S19). The above processes are performed 
for all of the small segments or intervals (step S20). The 
angle and magni?cation of each pattern segment are further 
?nely adjusted and coupled so that the tangential directions 
in the coupling portions of the small intervals coincide, and 
a set target running locus is generated (step S21). 

[0028] A vehicle steering signal is formed on the basis of 
the target running locus generated by the processes of the 
Whole plan ECU 13 described above and the resultant 
vehicle steering signal is supplied to the vehicle control 
ECU 22. On the basis of the vehicle steering signal, the 
vehicle control ECU 22 generates control signals to be fed 
to a throttle actuator, a brake actuator, and a steering actuator 
(not shoWn), thereby automatically steering the vehicle. 

[0029] In this manner, a target running locus 8 is set by the 
Whole plan ECU mentioned above into a vehicle 7 in Which 
the automatic drive control system according to the inven 
tion. The vehicle 7 is steered so as to draW a smooth running 
locus in the center portion of a lane 6 of the road as shoWn 
in FIG. 1B. 

[0030] In the run instructing process 23, it is also possible 
to provide means (not shoWn) for detecting a steering 
command by a manual operation from the driver and to 
decide a running command in accordance With it. 

[0031] The laser radar 10, CCD camera 11, image pro 
cessing ECU 12, communicating apparatus 15, run instruct 
ing process 23, and target point train extracting process 24 
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correspond to radar means, photographing means, image 
processing means, communicating means, running com 
mand forming means, and running course setting means, 
respectively. The pattern extracting process 25 and ?tting 
process 27 correspond to target running locus calculating 
means. 

[0032] As described above, according to the automatic 
drive control system of the present invention, the running 
course is set on the basis of the obstacle detection signal, 
vehicle position signal, road data, traf?c information signal 
for automatic driving, and running command. The target 
running locus is obtained on the basis of the set running 
course and the vehicle can be automatically steered so as to 
trace and run along the obtained target running locus. The 
automatic steering of the vehicle can be, therefore, per 
formed irrespective of the lane markers such as magnetic 
nails or the like provided on the road surface. 

[0033] Even in the case Where there is a disorder in the 
arrangement of the lane markers or even in the running state 
such as lane change, branch, or junction such that the 
detection of the lane markers is interrupted, the smooth 
steering can be maintained. 

What is claimed is: 
1. An automatic drive control system for automatically 

steering a vehicle, comprising: 

radar means for detecting the existence of an obstacle in 
front of said vehicle and generating an obstacle detec 
tion signal; 

photographing means for photographing a road in front of 
said vehicle and generating a video signal; 

image processing means for generating a vehicle position 
signal shoWing a position of said vehicle in a road 
Width direction from an image shoWn by said video 
signal; 

a navigation apparatus for generating road data shoWing 
coordinates of the road in front of a current position of 
said vehicle; 

communicating means for receiving a traf?c information 
signal for automatic driving; 

running command generating means for generating a 
running command; 

running course setting means for setting a running course 
on the basis of said obstacle detection signal, said 
vehicle position signal, said road data, said traf?c 
information signal for automatic driving, and said 
running command; and 

target running locus calculating means for obtaining a 
target running locus on the basis of said set running 
course, 

Wherein a steering is performed so as to trace and run 
along said target running locus. 


