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(57) ABSTRACT 

A vehicle-operation assist includes a circumferential-state 
imager for imaging a circumferential state of a vehicle with 
a camera and generating a circumferential-state image; a 
synthetic-image generator for generating a synthetic image 
by Superimposing on the circumferential-state image, an 
assumed-movement pattern of the vehicle performing a 
predetermined series of driving operations; and a display for 
displaying the synthetic image. The circumferential-state 
imager has at least one camera and a camera parameter table 
for storing characteristics of the camera and generating the 
circumferential-state image on the basis of the camera 
characteristics. 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 7 
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Fig. 9 
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Fig. 11 

Assumed-movement pattern Assumed-movement pattern 
  



Patent Application Publication Feb. 7, 2008 Sheet 12 of 44 US 2008/003.3606A1 

Fig. 12 
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Fig. 14 (a) Fig. 14 (b) 
Parking-operation 
Start position 

1401 
1401 

Parking-operation 
start position : 

s 

1402 
Current vehicle 
position 

1402 
Current vehicle 1403 
ositi 
POSltion ASSuited-move ent 

pattern 

Fig. 14 (c) 
Synthetic image 

  

  

  



US 2008/003.3606 A1 Feb. 7, 2008 Sheet 15 of 44 Patent Application Publication 

€OGLL0GL 
Ie?eu?e I ed eTaureo 

  

  

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Feb. 7, 2008 Sheet 16 of 44 US 2008/003.3606 A1 

Fig. 16 (a) 
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Fig. 21 (a) 
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Fig. 38 
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Fig. 39 

  



Patent Application Publication Feb. 7, 2008 Sheet 40 of 44 US 2008/003.3606 A1 

Fig. 40 

Circumscribed Parking-operation start position 
area (Solid line) 

Obstacle designation 
circle: b 

3208 

Contact-hazard 
alea 

32O 9 

Obstacle designation 
rectangle: a 32O7 

  

  

  

  



Patent Application Publication Feb. 7, 2008 Sheet 41 of 44 US 2008/003.3606 A1 

Fig. 41 
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DRIVING-OPERATIONASSIST AND RECORDING 
MEDIUM 

0001. This application is a continuation of U.S. patent 
application Ser. No. 09/581,004, filed Jul. 17, 2000, which 
is a U.S. National Phase Application of PCT International 
Application PCT/JP1999/05509, filed Oct. 6, 1999, the 
entire disclosure of which is incorporated herein by refer 
CCC. 

TECHNICAL FIELD 

0002 The present invention relates to a driving-operation 
assist for assisting driving operations of a vehicle and a 
recording medium for storing a program for making a 
computer execute all or some of functions of each means of 
the driving-operation assist. 

BACKGROUND ART 

0003. A conventional general driving-operation assist 
estimates a moving trace of a vehicle corresponding to a 
steering angle of a steering wheel for backward movement 
of the vehicle by a steering sensor for detecting the steering 
angle of the steering wheel. When a vehicle moves back 
ward, an image of a rear or side-rear field of view photo 
graphed by a camera is displayed and moreover, when the 
steering wheel is operated, a moving trace of the vehicle 
estimated correspondingly to the steering angle of the steer 
ing wheel is Superimposed on the image of the rear or 
side-rear field of view. According to the assist, driving 
operations by a driver will be performed as described below. 
That is, a driver moves a vehicle to a place where the vehicle 
can be probably parked while fixing the steering wheel of the 
vehicle. Then, at the place, the driver finds a steering angle 
capable of moving the vehicle to a space for parking the 
vehicle without operating any steering wheel while confirm 
ing a vehicle-moving trace estimated by operating the steer 
ing wheel. Then, by moving the vehicle backward toward a 
parking space while keeping the steering angle, parking is 
theoretically completed. 
0004. A conventional example of the above driving 
operation assist is disclosed in the official gazette of Japa 
nese Patent Laid-Open No. 1-14700. 
0005. However, to park a vehicle by using the above 
assist, it is necessary to find a place where the vehicle can 
be moved to a parking space and then determine a steering 
angle at which the steering wheel is fixed. To master these 
operations, skill is necessary. Moreover, when the size of a 
vehicle to be driven is changed, a sense differs. Therefore, 
the driving know-how accumulated during skill is not 
greatly useful. 
0006 Incidentally, to park a vehicle, it is generally dif 
ficult to complete parking operations while keeping a steer 
ing angle of a steering wheel constant from start of the 
parking operations except a case in which there is no 
obstacle nearby. For example, to perform parallel parking, a 
driver first moves a vehicle backward by turning the steering 
wheel in a proper direction while moving the vehicle to a 
place for parking the vehicle from a parking-operation start 
position and then, moves the vehicle to a target place by 
inversely turning the steering wheel when the vehicle prop 
erly moves backward. That is, in case of taking parallel 
parking as an example, it is difficult to park a vehicle while 
keeping a steering angle of a steering wheel constant. 
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0007 Moreover, as for a conventional assist, if a driver 
slightly moves the steering wheel of a vehicle, a moving 
route of the vehicle re-estimated by the slight steering-angle 
change is displayed. Therefore, the driver may be confused. 
0008 That is, as for a conventional driving-operation 
assist, a driver cannot intuitively find a place where a vehicle 
can be easily moved to a parking space at a glance while 
confirming an image obtained by synthesizing the parking 
space, a state around the space, and a route for guiding the 
vehicle to the parking space. 

DISCLOSURE OF THE INVENTION 

0009. The present invention is made to solve the above 
problems of an conventional driving-operation assist and its 
object is to provide a driving-operation assist by which a 
driver can directly confirm the relation between movements 
of a vehicle according to a predetermined series of driving 
operations and the circumferential state by displaying move 
ments of the vehicle when the driver performs the prede 
termined series of driving operations together with the 
circumferential state and the load of the driver can be 
reduced. 

0010 Furthermore, it is another object of the present 
invention to provide a recording medium for storing a 
program for making a computer execute all or some of 
functions of each means of the above driving-operation 
assist. 

0011 To solve the above described problems the present 
invention provides a driving-operation assist characterized 
by comprising: 

0012 circumferential-state imaging means for imaging a 
circumferential state of a vehicle with a camera and gener 
ating a circumferential-state image and/or storing the gen 
erated circumferential-state image; 
0013 synthetic-image generating means for generating a 
synthetic image by Superimposing on the circumferential 
state image, an assumed-movement pattern which is the 
Video data showing movement of the vehicle in case of 
performing a predetermined series of driving operations for 
the vehicle; and 
0014 displaying means for displaying the synthetic 
image. 

0015. Another aspect of the present invention is a record 
ing medium characterized by storing a program for making 
a computer execute all or some of functions of each means 
of the above driving-operation assist. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a block diagram showing a configuration 
of a driving-operation assist of a first embodiment of the 
present invention; 
0017 FIG. 2 shows a top view and an elevation view of 
a vehicle provided with cameras of an imaging section 101 
of a driving-operation assist of the first embodiment of the 
present invention; 
0018 FIG. 3 is an elevation view showing a viewpoint of 
a virtual camera of the driving-operation assist of the first 
embodiment of the present invention; 
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0.019 FIG. 4 is an illustration showing a circumferential 
state image viewed from the virtual camera of the driving 
operation assist of the first embodiment of the present 
invention; 
0020 FIGS. 5(a) and 5(b) are illustrations showing 
assumed-movement data of the driving-operation assist of 
the first embodiment of the present invention; 
0021 FIGS. 6(a) and 6(b) are illustrations showing 
assumed-movement data of the driving-operation assist of 
the first embodiment of the present invention; 
0022 FIG. 7 is an illustration showing a synthetic image 
of the driving-operation assist of the first embodiment of the 
present invention; 
0023 FIG. 8 is an illustration showing a synthetic image 
of the driving-operation assist of the first embodiment of the 
present invention; 
0024 FIG. 9 is an illustration showing movement of a 
vehicle at the time of performing parallel parking to the left 
side; 
0025 FIGS. 10(a) to 10(c) are illustrations showing 
synthetic images of the driving-operation assist of the first 
embodiment of the present invention: 
0026 FIG. 11 shows illustrations of variation of 
assumed-movement patterns stored in assumed-movement 
pattern storing means 108 of the driving-operation assist of 
the first embodiment of the present invention; 
0027 FIG. 12 is an illustration showing a modification of 
the synthetic image of the driving-operation assist of the first 
embodiment of the present invention: 
0028 FIG. 13 is a block diagram showing a configuration 
of a driving-operation assist of a second embodiment of the 
present invention; 
0029 FIGS. 14(a) to 14(c) are illustrations showing 
synthetic images of the driving-operation assist of the sec 
ond embodiment of the present invention; 
0030 FIG. 15 is a block diagram showing a configuration 
of a driving-operation assist of a third embodiment of the 
present invention; 
0031 FIGS. 16(a) to 16(c) are illustrations showing 
synthetic images of the driving-operation assist of the third 
embodiment of the present invention: 
0032 FIG. 17 is a block diagram showing a configuration 
of a driving-operation assist of a fourth embodiment of the 
present invention; 
0033 FIG. 18 is a block diagram showing a configuration 
of a driving-operation assist of a fifth embodiment of the 
present invention; 
0034 FIGS. 19(a) to 19(c) are illustrations showing 
synthetic images of the driving-operation assist of the fifth 
embodiment of the present invention: 
0035 FIG. 20 is a block diagram showing a configuration 
of a driving-operation assist of a sixth embodiment of the 
present invention; 
0.036 FIGS. 21(a) to 21(c) are illustrations showing 
synthetic images of the driving-operation assist of the sixth 
embodiment of the present invention: 
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0037 FIG. 22 is a block diagram of a configuration of a 
modification of the driving-operation assist of the sixth 
embodiment of the present invention; 
0038 FIG. 23 is a block diagram showing a configuration 
of a driving-operation assist of a seventh embodiment of the 
present invention; 
0039 FIG. 24 is a conceptual view showing a mapping 
table stored in a mapping table 2302 of the driving-operation 
assist of the seventh embodiment of the present invention; 
0040 FIG. 25 is a block diagram showing a configuration 
of a driving-operation assist of an eighth embodiment of the 
present invention; 
0041 FIGS. 26(a) to 26(c) are illustrations showing 
synthetic images of the driving-operation assist of the eighth 
embodiment of the present invention; 
0042 FIG. 27 is a block diagram showing a configuration 
of a driving-operation assist of a ninth embodiment of the 
present invention; 
0043 FIGS. 28(a) to 28(c) are illustrations showing 
synthetic images of the driving-operation assist of the ninth 
embodiment of the present invention; 
0044 FIG. 29 is a block diagram showing a configuration 
of a driving-operation assist of a tenth embodiment of the 
present invention; 
004.5 FIGS. 30(a) and 30(b) are illustrations showing 
synthetic images of the driving-operation assist of the tenth 
embodiment of the present invention; 
0046 FIG. 31 is a block diagram showing a configuration 
of a driving-operation assist of an eleventh embodiment of 
the present invention; 
0047 FIGS. 32(a) and 32(b) are illustrations showing 
synthetic images of the driving-operation assist of the elev 
enth embodiment of the present invention; 
0048 FIG.33 is an illustration showing a synthetic image 
of the driving-operation assist of the eleventh embodiment 
of the present invention; 
0049 FIG. 34 is an illustration showing a synthetic image 
of the driving-operation assist of the eleventh embodiment 
of the present invention; 
0050 FIG. 35 is an illustration showing a synthetic image 
of the driving-operation assist of the eleventh embodiment 
of the present invention; 
0051 FIG. 36 is a graph for explaining a contact-hazard 
evaluation function of the driving-operation assist of the 
eleventh embodiment of the present invention; 
0052 FIG. 37 is an illustration showing a synthetic image 
of the driving-operation assist of the eleventh embodiment 
of the present invention; 
0053 FIG. 38 is an illustration sic; expression showing 
a contact-hazard evaluation function of the driving-opera 
tion assist of the eleventh embodiment of the present inven 
tion; 

0054 FIG. 39 shows examples of assumed movement 
data of the driving-operation assist of the eleventh embodi 
ment of the present invention; 
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0.055 FIG. 40 is an illustration showing a synthetic image 
of the driving-operation assist of the eleventh embodiment 
of the present invention; 
0056 FIG. 41 is an illustration showing a synthetic image 
of the driving-operation assist of the eleventh embodiment 
of the present invention; 
0057 FIG. 42 is a block diagram showing a configuration 
of a driving-operation assist of a twelfth embodiment of the 
present invention; 
0.058 FIG. 43 is an illustration showing a synthetic image 
of the driving-operation assist of the twelfth embodiment of 
the present invention; 
0059 FIG. 44 is a block diagram showing a configuration 
of the driving-operation assist of the twelfth embodiment of 
the present invention; 
0060 FIG. 45 is an illustration showing a synthetic image 
of the driving-operation assist of the twelfth embodiment of 
the present invention; and 
0061 FIG. 46 is an illustration showing a synthetic image 
of the driving-operation assist of the twelfth embodiment of 
the present invention. 

DESCRIPTION OF SYMBOLS 

0062 101 Imaging section 
0063. 102 Superimposing means 
0064) 103 Camera parameter table 
0065 104 Space reconfiguring means 
0.066 105 Space-data buffer 
0067. 106 Viewpoint converting means 
0068. 107 Displaying means 
0069 108 Assumed-movement-pattern storing means 
0070 1301, 1501 Start detecting means 
0071) 1302, 1703 Integrating means 
0072) 1303, 1503, 1704 Space converting means 
0.073 1502 Image tracking means 
0074) 1701 Start inputting means 
0075) 1702 Driving controlling means 
0076) 1801 Trace correcting means 
0.077 2001 CG-image synthesizing means 
0078 2201 Camera 
0079) 2301 Mapping means 
0080) 2302 Mapping table 
0081 2501 Final-position inputting means 
0082) 2502 Start-position determining means 
0083 2503 Space fixing means 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0084 Embodiments of the present invention will be 
described below by referring to the accompanying drawing. 
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First Embodiment 

0085 First, a first embodiment of the present invention 
will be described by referring to the drawings. 
0086 FIG. 1 is a block diagram showing a configuration 
of the driving-operation-assist of this embodiment. The 
driving-operation assist of this embodiment is mainly used 
to assist driving operations for garaging or parallel parking 
and the like. 

0087 As shown in FIG. 1, the driving-operation assist of 
this embodiment is configured by an imaging section 101 
comprising N cameras (camera 1 to camera N), a camera 
parameter table 103 for storing camera parameters which are 
characteristics of the cameras, space configuring means 104 
for generating space data relating each pixel configuring an 
image output from each camera to a point in a three 
dimensional space in accordance with a camera parameter, 
viewpoint converting means 106 for generating an image 
viewed from a predetermined viewpoint as a circumferen 
tial-state image by referring to the space data, a space-data 
buffer 105 for temporarily storing the space data, assumed 
movement-pattern storing means 108 for storing assumed 
movement data including assumed-movement patterns, 
Superimposing means 102 for Superimposing the assumed 
movement pattern on the circumferential-state image and 
generating a synthetic image, and displaying means 107 for 
displaying a synthetic image. 

0088 An assembly including the imaging section 101, 
camera parameter table 103, space reconfiguring means 104. 
and viewpoint converting means 106 corresponds to circum 
ferential-state imaging means of the present invention and 
the Superimposing means 102 corresponds to synthetic 
image generating means of the present invention. 
0089 First, a detailed configuration of the imaging sec 
tion 101 and a procedure in which a circumferential-state 
image of the present invention is generated in accordance 
with video data imaged by the imaging section 101 will be 
described below. 

0090 FIG. 2 shows a top view and an elevation view of 
a vehicle provided with cameras of the imaging section 101. 
In this example, six cameras 201 to 206 are arranged on the 
roof portion of a vehicle as N=6. The six cameras 201 to 206 
are arranged so that a part of each camera overlaps with a 
part of the imaging range of other camera and no dead angle 
is produced flatly. 

0091. The camera parameter table 103 stores camera 
parameters of each of the above cameras (parameters show 
ing camera characteristics such as setting position, setting 
angle, lens-strain correction value, and focal distance of 
camera). The space reconfiguring means 104 generates 
space data relating each pixel configuring an image output 
from each camera in accordance with the camera parameters 
to a point in a three-dimensional space on the basis of a 
vehicle. The space-data buffer 105 temporarily stores the 
above space data and the viewpoint converting means 106 
generates an image viewed from an optional viewpoint Such 
as a viewpoint of a virtual camera 301 shown in FIG.3 as 
a circumferential-state image by referring to space data and 
thereby synthesizing pixels. 

0092 FIG. 4 shows a circumferential-state image viewed 
from the viewpoint of the virtual camera 301 shown in FIG. 
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3. This example shows a case of performing parallel parking, 
in which two vehicles currently parked are shown on the 
circumferential-state image as an obstacle 401 and an 
obstacle 402. 

0093. Then, a procedure will be described in which the 
Superimposing means 102 generates a synthetic image of the 
present invention and finally, the displaying means 107 
displays the synthetic image. 

0094. The assumed-movement-pattern storing means 108 
stores an assumed-movement pattern which is video data 
showing movement of a vehicle to which a typical vehicle 
driving operation is applied and time-series data showing the 
relation between vehicle moving distance (moving distance 
due to rotation of tire) and steering angle of steering wheel 
(rotation angle of steering wheel) as assumed-movement 
data of the present invention. 

0.095 Among stored assumed-movement data, the 
assumed-movement data for performing the driving opera 
tion of parallel parking to the left side is shown in FIG. 5 and 
the assumed-movement data for performing the driving 
operation for garaging to the right side is shown in FIG. 6. 
FIGS. 5(a) and 6(a) respectively show an assumed-move 
ment pattern which is video data corresponding to a driving 
operation according to the time-series data shown in FIGS. 
5(b) and 6(b) and showing operation start positions 501 and 
601 (corresponding to an assumed-movement start area of 
the present invention), operation end positions 502 and 602 
(corresponding to an assumed-movement end area of the 
present invention), and tire traces 503 and 603 (correspond 
ing to video data showing vehicle tire traces of the present 
invention). 

0.096 First, a driver selects one of the assumed-move 
ment patterns stored in the assumed-movement-pattern Stor 
ing means 108 by pattern selecting means (not illustrated). 
The Superimposing means 102 Superimposes a selected 
assumed-movement pattern (for example, FIG. 5(a)) on a 
circumferential-state image generated by the viewpoint con 
verting means 106 (for example, FIG. 4) to synthesize them 
and generate a synthetic image of the present invention, and 
the displaying means 107 displays the synthetic image. In 
this case, for example, by adjusting the operation start 
position 501 in FIG. 5(a) to the current position of the 
vehicle, the operation end position 502 becomes an opera 
tion end position when starting a driving operation corre 
sponding to the assumed-movement pattern from the current 
position, that is, a parking position. 

0097 FIG. 7 shows a synthetic image obtained by syn 
thesizing the assumed-movement patterns shown in FIG. 5 
and FIG. 8 shows a synthetic image obtained by synthesiz 
ing the assumed-movement patterns shown in FIG. 6. 

0098. That is, in FIG. 7 (FIG. 8), the driver can perform 
parallel parking to the left side (garaging to the right side) by 
moving the vehicle to a start position 701 (801) where the 
obstacles 401 and 402 (803 and 804) do not interfere with a 
parking position 702 (802), the tire trace 503 (603), and the 
start position 701 (801) and starting a series of driving 
operations according to time-series data from the position so 
as to park the vehicle at the parking position 702 (802). 

0099. A detailed procedure for moving the vehicle to the 
start position 701 (801) will be described below by using a 
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case of performing parallel parking to the left side as an 
example and referring to FIG. 9 and FIGS. 10(a) to 10(c). 
0.100 FIG. 9 is an illustration showing movement of a 
vehicle when performing parallel parking to the left side. As 
shown in FIG. 9, to park the vehicle at a target parking 
position 902, a driver of the vehicle must move the vehicle 
located at a current position 901 to a target start position 903 
by assuming the operation start position 501 when adjusting 
the operation end position 502 of the assumed-movement 
pattern (FIG. 5(a)) for performing parallel parking to the left 
side to the target parking position 902 as the target start 
position 903. 
0101 The relative positional relation between the opera 
tion end position 502 and the operation start position 501 in 
FIG. 5(a) corresponds to a case of performing a driving 
operation in accordance with the time-series data in FIG. 
5(b). As for an actual driving operation, fine adjustment can 
be made in accordance with fine adjustment of a currently 
operated Steering wheel. 
0102) When the driving-operation assist of this embodi 
ment is not used, the driver must move the vehicle to the 
target start position 903 by assuming the obstacles 401 and 
402 and the target parking position 902 in accordance with 
a scene which can be confirmed from the inside of the 
vehicle through direct viewing or a mirror. In this case, there 
is a problem that an operation for the driver to assume the 
obstacles 401 and 402 and the target parking position 902 in 
accordance with the scene which can be confirmed from the 
inside of the vehicle through direct viewing or a mirror 
requires skill. Moreover, even when a size of a vehicle or a 
position of a mirror is changed, there is a problem that a 
driver cannot easily correspond to the change. 
0.103 However, when the driving-operation assist of this 
embodiment is used, the assumed-movement pattern shown 
in FIG. 5(a) is superimposed on the circumferential-state 
image viewed from a viewpoint of a virtual camera as if 
being imaged from a position just above the vehicle as 
shown in FIG. 4 and thereby, the synthetic image shown in 
FIG. 7 is generated and displayed for a driver. 
0.104) Therefore, at the time of performing a driving 
operation for moving the vehicle to the target start position 
903 in FIG.9, the operation end position 502 when assuming 
the current position 901 as the operation start position 501 
is displayed as a parking position 1001 corresponding to the 
current position together with tire traces by displaying 
adjusting the current position 901 of the vehicle to the 
operation start position 501 in FIG. 5(a) as shown in FIGS. 
10(a) to 10(c). When the vehicle is located at the current 
position 901 where the parking position 1001 coincides with 
the target parking position 902, movement to the target start 
position 903 is completed. 

0105 That is, if a parking operation is started from the 
position when the synthetic image 1 in FIG. 10(a) is 
displayed on the displaying means 107, the parking position 
1001 overlaps with the obstacle 402. Therefore, a driver can 
confirm at a glance that the parking operation must be started 
from a position where the vehicle is further moved forward 
(upward in FIG. 10(a)). 
0106 Moreover, if a parking operation is started from the 
position when the synthetic image 2 in FIG. 10(b) is 
displayed on the displaying means 107, a tire trace overlaps 
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with the obstacle 401. Therefore, the driver can confirm at 
a glance that the parking operation must be started from a 
position where the vehicle is further moved backward 
(downward in FIG. 10(a)). 
0107 Furthermore, if a parking operation is started from 
the position when the synthetic image 3 in FIG. 10(c) is 
displayed on the displaying means 107, a tire trace does not 
overlap with the obstacle 401 or 402 and the driver can 
confirm at a glance that the parking position 1001 is a 
position suitable for parking. Therefore, it is possible to 
confirm that a parking operation can be started from the 
position. 
0108 Thus, by virtually synthesizing images showing the 
positional relation between a vehicle viewed from a position 
just above the vehicle, circumferential obstacles, parking 
end position, and tire traces and showing a synthesized 
image to a driver, the driver can directly confirm the 
positional relation between them at a glance. As a result, the 
driver can confirm a place Suitable for start of a parking 
operation at a glance, easily move a vehicle to the place, and 
start a parking operation. Therefore, it is possible to park the 
vehicle at a purposed position more safely and accurately. 
0109 Assumed-movement-pattern-operation start and 
end positions and a tire trace are intrinsic to each vehicle. 
For example, they are greatly different in small vehicle and 
large vehicle. This can be settled by storing an assumed 
movement pattern in the assumed-movement-pattern storing 
means 108 in FIG. 1 every vehicle. Therefore, a driver can 
perform driving operations while confirming the relation 
between an assumed-movement pattern corresponding to the 
vehicle and a circumferential obstacle even if the vehicle is 
changed to another one. 
0110 Moreover, when vehicles are changed, it is consid 
ered that positions of and the number of vehicle-mounted 
cameras shown in FIG. 2 are also changed. However, this 
can also be settled by the fact that the camera parameter 
table 103 in FIG. 1 stores camera parameters of each camera 
every vehicle and an image shown to a driver is not directly 
influenced. Therefore, the driver can perform driving opera 
tions while confirming the relation between an assumed 
movement pattern corresponding to a vehicle displayed in a 
synthetic image almost similarly displayed before vehicles 
are changed and a circumferential obstacle even if vehicles 
are changed and thereby, camera positions are changed. 
0111. As described above, according to this embodiment, 

it is possible to directly confirm a driving vehicle, an 
obstacle, and a purposed position at a glance in a driving 
operation Such as parallel parking conventionally requiring 
a considerable skill for a driver, perform more safe and 
accurate driving operation, and greatly decrease an opera 
tion load of the driver. 

0112 Moreover, a driver can perform a driving operation 
while confirming the relation between an assumed-move 
ment pattern corresponding to a vehicle and a circumferen 
tial obstacle or the like, almost similarly to a state before 
vehicles are changed even if vehicles are changed and 
thereby, it is possible to greatly decrease a load of a driver's 
skill for change of vehicles. 
0113 FIG. 11 shows a variation of assumed-movement 
patterns stored in the assumed-movement-pattern storing 
means 108 in FIG. 1. The patterns are right and left 
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parallel-parking assumed-movement patterns 1101 and 1102 
and right and left garaging assumed-movement patterns 
1103 and 1104. As described above, a driver selects any one 
of these patterns by pattern selecting means (not illustrated). 
Areas to be displayed as synthetic images are also deter 
mined as shown by outer frames of the assumed-movement 
patterns 1101 to 1104 in FIG. 11 correspondingly to the 
above four assumed-movement patterns. That is, an opera 
tion start position is assumed as a current vehicle position 
and a rectangular area including a tire trace and an operation 
end position is assumed as a synthetic-image area. 
0114 Though a vehicle is not imaged from a vehicle 
mounted camera in general, it is permitted in this case to 
hold CG data for a vehicle and actual-vehicle data and 
display these data in a synthetic image by Superimposing 
them on each other similarly to trace data. 
0115 For this embodiment, assumed-movement patterns 
of the present invention are described as video data showing 
an operation start position (assumed-movement start area of 
the present invention), an operation end position (assumed 
movement end area of the present invention), and tire traces 
(image data showing vehicle tire traces of the present 
invention). However, other pattern is also permitted, for 
example, it can be that traces (video data showing a vehicle 
moving area of the present invention) in which a projection 
of a vehicle moves are included instead of or together with 
tire traces. In short, it is only necessary that assumed 
movement patterns of the present invention serve as video 
data showing movement of a vehicle when assuming that a 
predetermined series of driving operations are previously 
applied to the vehicle. 
0116. Moreover, as described above, if directly display 
ing a tire trace and/or a vehicle moving area, there is no 
margin for contact between the vehicle and an obstacle or 
the like. Therefore, as shown in FIG. 12, it is also permitted 
to display a margin line 1201 set-outward by a predeter 
mined value (e.g. 50 cm) from a tire trace or the outer margin 
of a vehicle moving area. 
0.117) Furthermore, for this embodiment, it is described 
that a circumferential-state image of the present invention is 
obtained by synthesizing video data imaged by the imaging 
section 101 in real time. However, at a place where the same 
driving operation is frequently performed and circumferen 
tial state is hardly fluctuated, other pattern is also permitted, 
for example, it can be to store the data produced in accor 
dance with already-imaged video data in the space-data 
buffer 105 and use the data. 

Second Embodiment 

0118. Then, a second embodiment of the present inven 
tion will be described below by referring to the accompa 
nying drawings. 

0119 FIG. 13 is a block diagram showing a configuration 
of the driving-operation assist of the second embodiment of 
the present invention. The driving-operation assist of this 
embodiment is also mainly used to assist driving operations 
Such as garaging and parallel parking. Therefore, in this 
embodiment, it is assumed that a component with no expla 
nation is the same as the case of the first embodiment and a 
component provided with the same symbol as the case of the 
first embodiment has the function as the case of the first 
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embodiment unless otherwise explained. Moreover, it is 
assumed that each modified example described for the first 
embodiment can be applied to this embodiment by applying 
the same modification unless otherwise described. 

0120. As shown in FIG. 13, the configuration of the 
driving-operation assist of this embodiment is different from 
that of the driving-operation assist of the first embodiment in 
that start detecting means 1301, integrating means 1302, and 
space converting means 1303 are included. 
0121 The start detecting means 1301 to which a gear 
signal showing forward movement or backward movement 
and a steering-wheel-turning-angle signal showing a front 
wheel steering angle are input judges that a driving opera 
tion (parking operation) corresponding to an assumed 
movement pattern stored in the assumed-movement-pattern 
storing means 108 is started when a gear signal shows a 
backward-movement state and a front-wheel steering angle 
according to a steering-wheel-turning-angle signal reaches a 
certain value or more, which corresponds to operation start 
detecting means of the present invention. 
0122) The integrating means 1302 integrates the steering 
wheel rotation angle and the number of revolutions of rear 
wheels and computes a spatial movement change of a 
vehicle up to the current point of time after a driving 
operation (parking operation) is started, which corresponds 
to moving-position computing means of the present inven 
tion. 

0123 The space converting means 1303 moves an 
assumed-movement pattern in accordance with the spatial 
movement change and an assembly of the Superimposing 
means 102 and space converting means 1303 corresponds to 
synthetic-image generating means of the present invention. 
0.124. In this embodiment, a procedure until a circumfer 
ential-state image of the present invention is generated in 
accordance with video data imaged by the imaging section 
101 is the same as the procedure described for the first 
embodiment. Moreover, a procedure until an actual driving 
operation corresponding to an assumed-movement pattern is 
started in a procedure until the Superimposing means 102 
generates a synthetic image of the present invention and the 
displaying means 107 displays the synthetic image is the 
same as that described for the first embodiment. 

0125. A procedure until the superimposing means 102 
generates a synthetic image of the present invention and the 
displaying means 107 displays the synthetic image after an 
actual driving operation corresponding to an assumed 
movement pattern is started is described below by using a 
case of performing parallel parking to the left side as an 
example. 

0126 When a driver starts a driving operation corre 
sponding to parallel parking to the left side, a gear signal 
shows a backward-movement state and a front-wheel steer 
ing angle according to a steering-wheel-turning-angle signal 
reaches a certain value or more. Therefore, the start detect 
ing means 1301 judges that a driving operation (parking 
operation) corresponding to parallel parking to the left side 
is started, communicates to the integrating means 1302 that 
the driving operation (parking operation) is started, and 
thereafter inputs the steering-wheel-rotation-angle signal 
and the number-of-revolution-of-rear-wheel signal to the 
integrating means 1302. 
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0127. The integrating means 1302 integrates the input 
steering-wheel-rotation-angle signal and number-of-revolu 
tion-of-rear-wheel signal after start of the driving operation 
and computes the positional relation between a current 
vehicle position 1402 and a parking-operation start position 
1401 as shown in FIG. 14(a). 
0128. In accordance with the computed positional rela 
tion, the space converting means 1303 moves an assumed 
movement pattern 1403 corresponding to parallel parking to 
the left side so that the operation start position (501 in FIG. 
5) coincides with the parking-operation start position 1401 
as shown in FIG. 14(b). In other words, the space converting 
means 1303 spatially fixes the assumed-movement pattern 
1403 at a position when the parking operation starts after 
start of the driving operation. 
0129. After start of a driving operation, the superimpos 
ing means 102 synthesizes the assumed-movement pattern 
1403 spatially fixed at the parking-operation start position 
and the current vehicle position 1402 by superimposing the 
pattern 1403 and the position 1402 on a circumferential-state 
image to generate a synthetic image of the present invention 
as shown in FIG. 14(c). The displaying means 107 displays 
the synthetic image. Because circumferential-state images 
such as the obstacles 401 and 402 are naturally fixed in a 
space, the positional relation between the circumferential 
state images and the assumed-movement pattern 1403 is 
fixed in the synthetic image. Moreover, because a synthetic 
image is an image viewed from a viewpoint fixed on to a 
vehicle, only the current vehicle position 1402 is fixed on the 
screen when the vehicle moves and circumferential-state 
images and the assumed-movement pattern 1403 are dis 
played while they relatively move in FIG. 14(c). 
0.130 That is, according to this embodiment, a circum 
ferential-state image viewed from a viewpoint of a virtual 
camera moves in accordance with movement of an actual 
vehicle and the Superimposed and synthesized assumed 
movement pattern 1403 also moves in accordance with 
movement of a vehicle computed by the integrating means 
1302. Therefore, the circumferential-state image and the 
assumed-movement pattern 1403 show coincident move 
ment. Because a driver only has to operate a steering wheel 
along a tire trace of an assumed-movement pattern displayed 
at each point of time, a simpler and safer vehicle operation 
is realized. 

Third Embodiment 

0131 Then, a third embodiment of the present invention 
will be described below by referring to the accompanying 
drawings. 
0.132 FIG. 15 is a block diagram showing a configuration 
of the driving-operation assist of the third embodiment of 
the present invention. The driving-operation assist of this 
embodiment is also mainly used to assist driving operations 
for garaging, parallel parking and the like. Therefore, in this 
embodiment, it is assumed that a component with no expla 
nation is the same as the case of the first embodiment and a 
component provided with the same symbol as the case of the 
first embodiment has the same function as the case of the 
first embodiment unless otherwise explained. Moreover, 
each modified example described for the first embodiment 
can be applied to this embodiment by applying the same 
modification unless otherwise described. 
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0133. As shown in FIG. 15, the configuration of the 
driving-operation assist of this embodiment is different from 
that of the driving-operation assist of the first embodiment in 
that start detecting means 1501 and image tracking means 
1502, and space converting means 1503 are included. 
0134) The start detecting means 1501 has the same func 
tions as the start detecting means 1301 in FIG. 13 described 
for the second embodiment except that a steering-wheel 
turning-angle signal or a number-of-revolution-of-rear 
wheel signal is not output to any other unit. 
0135 The image tracking means 1502 stores positional 
information of the whole or a part (e.g. operation end 
position) of video data for assumed-movement patterns on 
the basis of the whole or a part (e.g. obstacle) of video data 
for circumferential-state images on a synthetic image when 
a driving operation (parking operation) is started and cor 
responds to positional-information storing means of the 
present invention. 
0136. The space converting means 1503 moves an 
assumed-movement pattern in accordance with the posi 
tional information and an assembly configured by the Super 
imposing means 102 and space converting means 1503 
corresponds to synthetic-image generating means of the 
present invention. 
0137 In this embodiment, a procedure until a circumfer 
ential-state image of the present invention is generated in 
accordance with video data imaged by the imaging section 
101 is the same as that described for the first embodiment. 
Moreover, a procedure until an actual driving operation 
corresponding to an assumed-movement pattern is started in 
a procedure until the Superimposing means 102 generates a 
synthetic image of the present invention and the displaying 
means 107 displays the synthetic image is the same as that 
described for the first embodiment. 

0138 A procedure until the superimposing means 102 
generates a synthetic image of the present invention and the 
displaying means 107 displays the synthetic image after an 
actual driving operation corresponding to an assumed 
movement pattern is started is described below by using a 
case of performing parallel parking to the left side as an 
example. 

0139 When a driver starts a driving operation corre 
sponding to parallel parking to the left side, a gear signal 
shows a backward-movement state and a front-wheel steer 
ing angle according to a steering-wheel-turning-angle signal 
reaches a certain value or more. Therefore, the start detect 
ing means 1501 judges that a driving operation (parking 
operation) corresponding to parallel parking to the left side 
is started and communicates to the image tracking means 
1502 that the driving operation (parking operation) is 
started. 

0140. When the image tracking means 1502 receives the 
information showing that the driving operation (parking 
operation) is started, there is obtained the video data for an 
end-position circumferential image 1603 including a part of 
the obstacle 402 which is a part of the video data for a 
circumferential-state image and a parking-operation end 
position 1602 on the then synthetic image (FIG. 16(a)) 
through the space-data buffer 105, and the video data is 
stored. After start of the driving operation, the means 1502 
finds the portion concerned of the obstacle 402 from a 
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circumferential-state image at each point of time (obtained 
through the space-data buffer 105), adjusts the portion 
concerned of the obstacle 402 in the end-position circum 
ferential image 1603 to the portion concerned of the obstacle 
402 in a circumferential-state image, and thereby determines 
the positional relation between the parking-operation end 
position 1602 and the circumferential-state image at that 
point of time. That is, the image tracking means 1502 tracks 
the positional relation between the parking-operation end 
position 1602 and the circumferential-state image at each 
point of time. 
0.141. According to the positional relation, the space 
converting means 1503 moves an assumed-movement pat 
tern corresponding to parallel parking to the left side so that 
the operation end position (502 in FIG. 5) coincides with the 
parking-operation end position 1602. In other words, after 
start of the driving operation, the space converting means 
1503 spatially fixes the assumed-movement pattern to a 
position at start of the parking operation. 

0142. As shown in FIG. 16(c), after start of the driving 
operation, the Superimposing means 102 Superimposes the 
assumed-movement pattern 1605 spatially-fixed to the posi 
tion at start of the parking operation and the current vehicle 
position 1604 on a circumferential-state image and synthe 
sizes them to generate a synthetic image of the present 
invention. The displaying means 107 displays the synthetic 
image. Because circumferential-state images of the 
obstacles 401 and 402 or the like, are naturally fixed in a 
space, the positional relation between the circumferential 
state image and the assumed-movement pattern 1403 is fixed 
in the synthetic image. 

0.143 Moreover, in FIG. 16(c), because the synthetic 
image is an image viewed from a viewpoint fixed on a 
vehicle, if the vehicle moves, only the current vehicle 
position 1604 is fixed on the screen and the circumferential 
state image and the assumed-movement pattern 1605 are 
displayed while they relatively move. That is, as for the 
driving-operation assist of this embodiment, if a procedure 
is executed under the same condition as the case of the 
driving-operation assist of the second embodiment, the 
synthetic image shown in FIG. 16(c) becomes same as the 
synthetic image shown in FIG. 14(c). 
0144. According to this embodiment, because a circum 
ferential-state image viewed from a viewpoint of a virtual 
camera moves in accordance with movement of an actual 
vehicle and the Superimposed and synthesized assumed 
movement pattern 1605 also moves in accordance with the 
movement of the vehicle. Therefore, both show coincident 
movement. Because a driver only has to operate a steering 
wheel along trace data for an assumed-movement pattern 
displayed at each point of time, a simpler and safer vehicle 
operation is realized. 

Fourth Embodiment 

0145 Then, a fourth embodiment of the present invention 
will be described below by referring to the accompanying 
drawings. 

0146 FIG. 17 is a block diagram showing a configuration 
of the driving-operation assist of the fourth embodiment of 
the present invention. The driving-operation assist of this 
embodiment is also mainly used to assist driving operations 
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for garaging, parallel parking and the like. Therefore, it is 
assumed that a component with no explanation is the same 
as the case of the first embodiment and a component 
provided with the same symbol as the case of the first 
embodiment has the same function as the case of the first 
embodiment unless otherwise explained. Moreover, it is 
assumed that each modified example described for the first 
embodiment can be applied to this embodiment by applying 
the same modification unless otherwise described. 

0147 As shown in FIG. 17, the configuration of the 
driving-operation assist of this embodiment is different from 
that of the driving-operation assist of the first embodiment in 
that start inputting means 1701, driving controlling means 
1702, integrating means 1703, and space converting means 
1704 are included. 

0148. The start inputting means 1701 is used for a driver 
to input and designate start of an actual driving operation 
(parking operation) corresponding to an assumed-movement 
pattern, which corresponds to operation start detecting 
means of the present invention. 
014.9 The driving controlling means 1702 automatically 
controls operations of a vehicle by controlling a steering 
wheel rotation angle and the number of revolutions of rear 
wheels in accordance with time-series data (e.g. FIG. 5(b)) 
corresponding to an assumed-movement pattern when a 
driving-operation start instruction is input, which corre 
sponds to operation controlling means of the present inven 
tion. 

0150. The integrating means 1703 integrates a steering 
wheel rotation angle and the number of revolutions of rear 
wheels and computes a spatial movement change of a 
vehicle up to the current point of time after a driving 
operation (parking operation) is started, which corresponds 
to moving-position computing means of the present inven 
tion. That is, the integrating means 1703 has the same 
function as the integrating means 1302 in FIG. 13 described 
for the second embodiment. 

0151. The space converting means 1704 moves an 
assumed-movement pattern in accordance with the spatial 
movement change and an assembly constituted of the Super 
imposing means 102 and space converting means 1704 
corresponds to synthetic-image generating means of the 
present invention. That is, the space converting means 1704 
has the same functions as the space converting means 1303 
in FIG. 13 described for the second embodiment. 

0152. In this embodiment, a procedure until a circumfer 
ential-state image of the present invention is generated in 
accordance with video data imaged by the imaging section 
101 is the same as that described for the first embodiment. 
Moreover, a procedure until an actual driving operation 
corresponding to an assumed-movement pattern is started in 
a procedure until the Superimposing means 102 generates a 
synthetic image of the present invention and the displaying 
means 107 displays the synthetic image is the same as that 
described for the first embodiment. 

0153. A procedure until the superimposing means 102 
generates a synthetic image of the present invention and the 
displaying means 107 displays the synthetic image after an 
actual driving operation corresponding to an assumed 
movement pattern is started is described below by using a 
case of performing parallel parking to the left side as an 
example. 
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0154) A driver locates a vehicle at a position suitable for 
start of a parking operation while viewing a synthetic image 
displayed on the displaying means 107 before starting the 
parking operation and then, inputs an instruction for start of 
the parking operation to the start inputting means 1701. The 
start inputting means 1701 communicates that the driving 
operation start instruction is input to the driving controlling 
means 1702 and integrating means 1703 through the 
assumed-movement-pattern storing means 108. 
0.155. When receiving a parking-operation start instruc 
tion, the driving controlling means 1702 automatically con 
trols driving of a vehicle by generating a steering-wheel 
rotation-angle control signal and a number-of-revolution-of 
rear-wheel control signal in accordance with the time-series 
data (FIG. 5(b)) corresponding to an assumed-movement 
pattern and controlling a steering-wheel control system and 
a rear-wheel control system. 
0156. In case of receiving a parking-operation start 
instruction, the integrating means 1703 integrates a steering 
wheel-operation-angle signal and a number-of-revolution 
of-rear-wheel signal to compute the positional relation 
between the current vehicle position 1402 and the parking 
operation start position 1401 as shown in FIG. 14(a). 
0157. As shown in FIG. 14(b), the space converting 
means 1704 moves the assumed-movement pattern 1403 
corresponding to parallel parking to the left side so that the 
operation start position (501 in FIG. 5) and the parking 
operation start position 1401 coincide with each other in 
accordance with the computed positional relation. In other 
words, after start of a driving operation, the space converting 
means 1704 spatially fixes the assumed-movement pattern 
1403 to the parking-operation start position. 
0158. A subsequent procedure in which the superimpos 
ing means 102 generates a synthetic image and the display 
ing means 107 displays the synthetic image is the same as 
that described for the second embodiment. When the vehicle 
reaches a predetermined parking position, the driving con 
trol means 1702 stops the vehicle in accordance with the 
time-series data and thereby, the parking operation is com 
pleted. 

0159. According to this embodiment, it is possible to 
obtain an advantage that a steering-wheel operation, and the 
like are automatically performed in addition to the advan 
tages described for the second embodiment after start of a 
driving operation is designated. Because a driver only has to 
confirm that a steering-wheel operation is automatically 
generated in accordance with the trace data for a displayed 
assumed-movement pattern at each point of time and moni 
tor that a new obstacle appears, a simpler and safer vehicle 
operation is realized. 

Fifth Embodiment 

0.160 Then, a fifth embodiment of the present invention 
will be described below by referring to the accompanying 
drawings. 
0.161 FIG. 18 is a block diagram showing a configuration 
of the driving-operation assist of the fifth embodiment of the 
present invention. The driving-operation assist of this 
embodiment is also mainly used to assist driving operations 
for garaging, parallel parking and the like. Therefore, it is 
assumed that a component with no explanation is the same 
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as the case of the first embodiment and a component 
provided with the same symbol as the case of the first 
embodiment has the same function as the case of the first 
embodiment unless otherwise explained. Moreover, each 
modified example described for the first embodiment can be 
applied to this embodiment by applying the same modifi 
cation unless otherwise described. 

0162. As shown in FIG. 18, the configuration of the 
driving-operation assist of this embodiment is different from 
that of the first embodiment in that trace correcting means 
1801 is included. 

0163 The trace correcting means 1801 corrects an 
assumed-movement pattern and time-series data in accor 
dance with a driving-operation start position and an opera 
tion end position input from a driver, which corresponds to 
pattern correcting means of the present invention. 
0164. In this embodiment, a procedure until a circumfer 
ential-state image of the present invention is generated in 
accordance with video data imaged by the imaging section 
101 is the same as that described for the first embodiment. 
Moreover, a procedure until an assumed-movement pattern 
stored in the assumed-movement-pattern storing means 108 
is displayed on a synthetic image by making the operation 
start position of the pattern coincide with the current vehicle 
position in a procedure until the Superimposing means 102 
generates a synthetic image of the present invention and the 
displaying means 107 displays the synthetic image is the 
same as that described for the first embodiment. 

0165 A procedure until a driver corrects an assumed 
movement pattern and time-series data by using the trace 
correcting means 1801 and the assumed-movement pattern 
and time-series data are displayed on a synthetic image after 
the assumed-movement pattern is displayed on the synthetic 
image is described below by using a case of performing 
garaging to the left side as an example. 
0166 As shown in FIG. 19(a), a case is assumed in which 
as a result of moving a vehicle to a current position 1901 
where an assumed-movement-pattern-operation end posi 
tion coincides with a target parking position 1902 in order to 
perform a garaging operation by assuming the target parking 
position 1902 as an operation end position so that a driver 
does not contact with an obstacle 1904 or 1905, it is found 
that a tire trace 1903 of the assumed-movement pattern 
interferes with the obstacle 1905. 

0167. When the assumed-movement-pattern storing 
means 108 Stores an assumed-movement pattern for a garag 
ing operation to another left side, it is possible to study 
whether a parking operation is Smoothly performed by 
selecting the assumed-movement pattern stored in the means 
108 by pattern selecting means (not illustrated). However, 
when the means 108 does not store the assumed-movement 
pattern or when another assumed-movement pattern also 
interferes with an obstacle, a driver corrects the assumed 
movement pattern. 

0168 First, the driver moves a pattern showing a vehicle 
present at the current position 1901 of a synthetic image 
(FIG. 190a)) displayed on the displaying means 107 to a new 
operation start position 1906 by inputting of a numerical 
value, a pointer, or other means as shown in FIG. 190b). 
0169. When the new operation start position 1906 is 
determined, the trace correcting means 1801 obtains a new 
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tire trace 1907 (refer to FIG. 19(c)) for a vehicle to move 
from the new operation start position 1906 to the target 
parking position 1902 and generates new assumed-move 
ment patterns and time-series data corresponding to the new 
assumed-movement patterns. 
0170 The superimposing means 102 adjusts an operation 
start position of the new assumed-movement pattern to the 
current position 1901 of a vehicle and generates a synthetic 
image as shown in FIG. 19(d) and the displaying means 107 
displays the synthetic image. 
0171 Therefore, a driver can park a vehicle to the target 
parking position 1902 by moving the vehicle so as to adjust 
an operation end position 1908 of the new assumed-move 
ment pattern to the target parking position 1902 and then, 
starting a driving operation (parking operation) in accor 
dance with the new assumed-movement pattern. 
0.172. It is permitted to store the generated new assumed 
movement pattern and time-series data in the assumed 
movement-pattern storing means 108 after updating an 
original assumed-movement pattern or to additionally store 
the new assumed-movement pattern and time-series data in 
the assumed-movement pattern storing means 108 without 
updating the original assumed-movement pattern. More 
over, it is permitted not to store them as temporary matters 
assumed-movement pattern and time-series data in the 
means 108. Furthermore, it is permitted that a driver selects 
renewed storage, additional storage, or non-storage each 
time. 

0173 Moreover, for this embodiment, it is described that 
an assumed-movement pattern to be renewedly stored or 
additionally stored in the assumed-movement-pattern Stor 
ing means 108 is automatically obtained in accordance with 
positions of a vehicle at start and end of driving input by a 
driver. However, it is also permitted to perform an actual 
driving operation, Sample time-series data at that time for the 
steering angle of a steering wheel, the number of revolution 
of wheels and the like, and generate and store an assumed 
movement pattern in accordance with the time-series data. 
0.174 According to this embodiment, it is possible to 
realize an extensible driving-operation assist compared to 
the driving-operation assist of the first embodiment. 

Sixth Embodiment 

0.175. Then, a sixth embodiment of the present invention 
will be described below by referring to the accompanying 
drawings. 
0176 FIG. 20 is a block diagram showing a configuration 
of the driving-operation assist of the sixth embodiment of 
the present invention. The driving-operation assist of this 
embodiment is also mainly used to assist driving operations 
for garaging, parallel parking and the like. Therefore, in this 
embodiment, it is assumed that a component with no expla 
nation is the same as the case of the first embodiment and a 
component provided with the same symbol as the case of the 
first embodiment has the same function as the case of the 
first embodiment unless otherwise explained. Moreover, 
each modified example described for the first embodiment 
can be applied to this embodiment by applying the same 
modification unless otherwise described. 

0177. As shown in FIG. 20, the configuration of the 
driving-operation assist of this embodiment is different from 
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that of the driving-operation assist of the first embodiment in 
that CG-image synthesizing means 2001 is included. 
0178 The CG-image synthesizing means 2001 stores 
three-dimensional data corresponding to the assumed-move 
ment patterns stored in the assumed-movement-pattern Stor 
ing means 108 and generates a three-dimensional (or two 
dimensional) image adjusted to a viewpoint of a 
circumferential-state image, which corresponds to a part of 
the function of assumed-movement-pattern storing means of 
the present invention and a part of the function of synthetic 
image generating means of the present invention. 
0179. It is assumed that the viewpoint converting means 
106 can change positions of a viewpoint automatically or in 
accordance with an input from a driver. 
0180 Moreover, as shown in FIG. 21(a), the assumed 
movement-pattern storing means 108 Stores positions of a 
plurality of virtual poles 2001 sic; 2101 arranged on the tire 
traces 503 together with stored assumed-movement patterns 
(operation start position 501, operation end position 502, 
and tire traces 503). The CG-image synthesizing means 
2001 previously generates and stores three-dimensional-data 
(refer to FIG. 21(b)) corresponding to the assumed-move 
ment patterns in accordance with the data for the assumed 
movement patterns and the virtual poles 2001 sic; 2101). 
0181. In this embodiment, a procedure until a circumfer 
ential-state image of the present invention is generated in 
accordance with the video data imaged by the imaging 
section 101 is the same as that described for the first 
embodiment. Moreover, a procedure until an actual driving 
operation corresponding to an assumed-movement pattern is 
started in a procedure until the Superimposing means 102 
generates a synthetic image of the present invention and the 
displaying means 107 displays the synthetic image is the 
same as that described for the first embodiment. 

0182. A procedure until the superimposing means 102 
generates a synthetic image of the present invention and the 
displaying means 107 displays the synthetic image after an 
actual driving operation corresponding to an assumed 
movement pattern is started is described below by using a 
case of performing parallel parking to the left side as an 
example. 
0183 Before starting an actual driving operation, a driver 
changes a viewpoint of a circumferential-state image used 
by the viewpoint converting means 106 to a viewpoint for 
viewing the rear from the back of the vehicle concerned 
from a position just above the vehicle concerned. Or, when 
the viewpoint converting means 106 detects that an actual 
driving operation corresponding to an assumed-movement 
pattern is started, the viewpoint is automatically changed to 
the latter viewpoint. Specific means for detecting that an 
actual driving operation is started includes, for examples, 
means same as the start detecting means 1301 described for 
the second embodiment. 

0184 Because viewpoints are changed, a circumferen 
tial-state-image which is an output from the viewpoint 
converting means 106 becomes the image shown in FIG. 
21(c). The CG-image synthesizing means 2001 generates a 
CG image viewed from a viewpoint same as the viewpoint 
used by the viewpoint converting means 106 by adjusting 
the current position of the vehicle concerned to the operation 
start position 501. In this case, the CG image becomes the 
image shown in FIG. 21 (d). 
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0185. The superimposing means 102 superimposes the 
CG image on a circumferential-state image and synthesizes 
them to generate a synthetic image of the present invention 
as shown in FIG. 21(e). The displaying means 107 displays 
the synthetic image. Because the synthetic image is an image 
viewed from a viewpoint fixed on a vehicle, the whole image 
is displayed while moving relatively when the vehicle 
moves in case of FIG. 21(e). 
0186. In this embodiment, because a driver can determine 
a parking start position while viewing the displayed image 
and confirming the relation between a virtual pole or an 
operation end position and an actual obstacle at a glance, the 
driver can perform a safe and secure driving operation. 
0187. In the above explanation, the CG-image synthesiz 
ing means 2001 generates a CG image from a viewpoint 
same as the viewpoint used by the viewpoint converting 
means 106 in real time. However, it is also permitted to use 
a configuration of previously generating a CG image viewed 
from a predetermined viewpoint position every assumed 
movement pattern and storing these CG images. 

0188 Moreover, in this embodiment, it is described that 
a circumferential-state image viewed from a virtual camera 
is generated similarly to the case of the first embodiment. 
However, when purposing only an image viewing the rear 
from the back of a vehicle without changing any viewpoint, 
it is also permitted to directly use an image imaged by a 
camera set to the viewpoint position concerned as a circum 
ferential-state image. A configuration of a driving-operation 
assist in this case is shown by the block diagram in FIG. 22. 
That is, the CG-image synthesizing means 2001 generates a 
CG image by obtaining the data for a viewpoint of a 
vehicle-mounted camera 2201 from the camera parameter 
table 103. 

Seventh Embodiment 

0189 Then, a seventh embodiment of the present inven 
tion will be described below by referring to the accompa 
nying drawings. 

0.190 FIG. 23 is a block diagram showing a configuration 
of the driving-operation assist of the seventh embodiment of 
the present invention. The driving-operation assist of this 
embodiment is also mainly used to assist driving operations 
for garaging, parallel parking and the like. Therefore, in this 
embodiment, it is assumed that a component with no expla 
nation is the same as the case of the first embodiment and a 
component provided with the same symbol as the case of the 
first embodiment has the same function as the case of the 
first embodiment unless otherwise explained. Moreover, it is 
assumed that each modified example described for the first 
embodiment can be applied to this embodiment by applying 
the same modification unless otherwise described. 

0191). As shown in FIG. 23, the configuration of the 
driving-operation assist of this embodiment is different from 
that of the driving-operation assist of the first embodiment in 
that mapping means 2301 and a mapping table 2302 are 
included. 

0.192 The mapping means 2301 fast performs the pro 
cessing for converting an image input from each camera of 
the imaging section 101 into an image viewed from an 
optional viewpoint. 
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0193 The mapping table 2302 stores the data used for the 
mapping means 2301 to perform conversion. 
0194 FIG. 24 is a conceptual view showing are example 
of a mapping table stored in the mapping table 2302. The 
mapping table is configured by cells equal to the number of 
pixels of a screen (that is, a synthetic image generated by the 
Superimposing means 102) displayed by the displaying 
means 107. That is, the mapping table is configured so that 
the number of horizontal pixels on a display screen becomes 
equal to the number of columns of the table and the number 
of vertical pixels on the display screen becomes equal to the 
number of rows of the table. Moreover, each cell has a 
camera number and pixel coordinates of an image photo 
graphed by each camera as data. 
0.195 For example, the top-left cell (cell in which the data 
(1, 10, 10) is entered) in FIG. 24 shows the top left, that is, 
the portion of (0,0) on the display Screen and the mapping 
means 2301 performs the processing of displaying the data 
for the pixel (10.10) of an image photographed by a camera 
No. 1 on a display screen (0,0)" in accordance with the data 
content (1,10,10) stored in the cell. By using the table, it is 
unnecessary to perform the computation for deciding the 
data for a pixel of a camera with which each pixel on a 
display screen should be replaced whether to replace the 
data for a pixel of a replaced one. Therefore, it is possible to 
realize to accelerate the processing. 
0196. When the viewpoint converting means 106 uses a 
plurality of viewpoints by changing them, it is necessary that 
the table shown in FIG. 24 is stored in the mapping table 
2302 every viewpoint. 

Eighth Embodiment 

0197) Then, an eighth embodiment of the present inven 
tion will be described below by referring to the accompa 
nying drawings. 
0198 FIG. 25 is a block diagram showing a configuration 
of the driving-operation assist of the eighth embodiment of 
the present invention. The driving-operation assist of this 
embodiment is also mainly used to assist driving operations 
for garaging, parallel parking and the like. Therefore, in this 
embodiment, it is assumed that a component with no expla 
nation is the same as the case of the first embodiment and a 
component provided with the same symbol as the case of the 
first embodiment has the same function as the case of the 
first embodiment unless otherwise explained. Moreover, it is 
assumed that each modified example described for the first 
embodiment can be applied to this embodiment by applying 
the same modification unless otherwise described. 

0199 As shown in FIG. 25, the configuration of the 
driving-operation assist of this embodiment is different from 
that of the driving-operation assist of the first embodiment in 
that final-position inputting means 2501, start-position 
determining means 2502, and space fixing means 2503 are 
included. 

0200. The final-position inputting means 2501 inputs a 
target end position of a driving operation by a pointer. It is 
also permitted to input the target end position by inputting 
a numerical value or through other means. 
0201 The start-position determining means 2502 obtains 
a start position of a driving operation corresponding to a 
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target end position input by the final-position inputting 
means 2501 in accordance with an assumed-movement 
pattern corresponding to the driving operation concerned. 
0202 The space fixing means 2503 makes the target end 
position coincide with the operation end position and there 
after, spatially fixes an assumed-movement pattern corre 
sponding to the driving operation, which has the functions of 
the integrating means 1302 and space converting means 
1303 in FIG. 13 (in FIG. 25, a rear-wheel-rotation-signal 
input and a steering-wheel-turning-angle signal input are not 
illustrated). 
0203 Moreover, it is permitted that the means 2503 has 
the functions of the image tracking means 1502 and space 
converting means 1503 in FIG. 15. In this case, however, it 
is necessary to receive an input of space data from the space 
buffer 105sic; space data buffer 105 similarly to the case of 
the image tracking means 1502 in FIG. 15. An assembly 
configured by the Superimposing means 102 and space 
fixing means 2503 corresponds to synthetic-image generat 
ing means of the present invention. 
0204. In this embodiment, a procedure until a circumfer 
ential-state image of the present invention is generated in 
accordance with the video data imaged by the imaging 
section 101 is the same as that described for the first 
embodiment. Moreover, a procedure until an assumed 
movement pattern stored in the assumed-movement-pattern 
storing means 108 is displayed on a synthetic image by 
adjusting an operation start position of the pattern to a 
current position of a vehicle in a procedure until the Super 
imposing means 102 generates a synthetic image of the 
present invention and the displaying means 107 displays the 
synthetic image is the same as that described for the first 
embodiment. 

0205) A procedure until a driver inputs a target end 
position of a driving operation by using the final-position 
inputting means 2501 and an assumed-movement pattern 
including a driving-operation start position corresponding to 
the target end position is displayed on the synthetic image 
after an assumed-movement pattern is displayed on a syn 
thetic image will be described below by using a case of 
performing garaging to the left side as an example. 
0206. As shown in FIG. 26(a), a case is assumed in 
which, as a result of driver's displaying a synthetic image of 
the present invention on the displaying means 107 to park a 
vehicle between the obstacles 401 and 402 so as not to 
contact them, the parking position 1001 which is the opera 
tion end position of the assumed-movement pattern 1403 
using the current position 901 of a vehicle as an operation 
start position overlaps with the obstacle 402. 
0207. The driver moves the parking position 1001 to a 
target position 2602 by using a pointer 2601 displayed on the 
screen of the displaying means 107. In this case, as shown 
in FIG. 26(b), the assumed-movement pattern 1403 moves 
together with the parking position 1001. Therefore, the 
operation start position of the assumed-movement pattern 
1403 is displayed as a start position 2603 for starting a 
parking operation. 

0208. As shown in FIG. 26(c), even after the above 
moving operation is completed, the current position 901 of 
the vehicle is still displayed on the screen of the displaying 
means 107. The driver only has to move the vehicle to the 
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start position 2603 while viewing the screen. In this case, 
because the assumed-movement pattern 1403 is fixed in a 
space by the space fixing means 2503, the relative positional 
relation between the assumed-movement pattern 1403 and 
the obstacles 401 and 402 is not changed. 
0209 According to this embodiment, because a driving 
operation start position can be efficiently obtained in addi 
tion to the advantages described for the first embodiment, it 
is possible to decrease the time required by start of the 
operation. 
0210 Moreover, it is permitted to add a start-position 
guiding means to the driving-operation assist of this embodi 
ment, which computes a relative positional relation with the 
current position 901 when the start position 2603 is deter 
mined, obtains time-series data for a steering-wheel rotation 
angle and the number of revolutions of rear wheels neces 
sary to guide a vehicle from the current position 901 up to 
the start position 2603, generates a steering-wheel-rotation 
angle control signal and a number-of-revolution-of-rear 
wheel control signal in accordance with the time-series data, 
controls a steering-wheel system and a rear-wheel driving 
system, and thereby automatically controls driving of the 
vehicle and automatically guides the vehicle from the cur 
rent position 901 up to the start position 2603. Thereby, 
because the vehicle is guided up to a start position without 
operations by the driver, simpler and safer vehicle opera 
tions are realized. 

Ninth Embodiment 

0211 Then, a ninth embodiment of the present invention 
will be described below by referring to the accompanying 
drawings. 
0212 FIG. 27 is a block diagram showing a configuration 
of the driving-operation assist of the ninth embodiment of 
the present invention. The driving-operation assist of this 
embodiment is different from that of the second embodiment 
only in that outputs of the start detecting means 1301 and the 
integrating means 1302 are input to the viewpoint convert 
ing means 106 and the viewpoint converting means 106 
changes viewpoints of a virtual camera in accordance with 
the outputs. 

0213 Therefore, in this embodiment, it is assumed that a 
component with no explanation is the same as the case of the 
second embodiment and a component provided with the 
same symbol as the case of the second embodiment has the 
same function as the case of the second embodiment unless 
otherwise explained. Moreover, it is assumed that each 
modified example described for the second embodiment can 
be applied to this embodiment by applying the same modi 
fication unless otherwise described. 

0214. In this embodiment, a procedure until a circumfer 
ential-state image of the present invention is generated in 
accordance with the video data imaged by the imaging 
section 101 is the same as that described for the first 
embodiment. Moreover, a procedure until an actual driving 
operation corresponding to an assumed-movement pattern is 
started in a procedure until the Superimposing means 102 
generates a synthetic image of the present invention and the 
displaying means 107 displays the synthetic image is the 
same as that described for the first embodiment. 

0215. A procedure until the superimposing means 102 
generates a synthetic image of the present invention and the 
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displaying means 107 displays the synthetic image after an 
actual driving operation corresponding to an assumed 
movement pattern is started will be described below by 
using a case of performing parallel parking to the left side as 
an example. 

0216. Before an actual driving operation is started, a 
viewpoint position of a virtual camera is fixed to a position 
just above a vehicle as described for the first embodiment by 
referring to FIG. 10, the current vehicle position 901 and the 
assumed-movement pattern 1403 using the position 901 as 
an operation start position is fixed on a screen as shown in 
FIG. 28(a), and circumferential-state images Such as the 
obstacles 401, 402 or the like, are displayed while relatively 
moving on the screen in accordance with movement of the 
vehicle. 

0217. As shown in FIG. 28(b), when the current vehicle 
position 901 comes to a position corresponding to the target 
parking position 902, a driver starts a driving operation 
corresponding to parallel parking to the left side. When the 
driving operation is started, a gear signal shows a backward 
movement state and a front-wheel steering angle according 
to a steering-wheel-turning-angle signal reaches a certain 
value or more. Therefore, the start detecting means 1301 
judges that the driving operation (parking operation) corre 
sponding to the parallel parking to the left side is started and 
communicates that the driving operation (parking operation) 
is started to the integrating means 1302 and viewpoint 
converting means 106. 
0218. The integrating means 1302 integrates input steer 
ing-wheel-rotation-angle signal and number-of-revolution 
of-rear-wheel signal after start of the driving operation to 
compute the positional relation between the current vehicle 
position 1402 and the parking-operation start position 1401 
as shown in FIG. 14(a). 
0219. In accordance with the computed positional rela 
tion, the space converting means 1303 moves the assumed 
movement pattern 1403 corresponding to the parallel park 
ing to the left side so that the operation start position (501 
in FIG. 5) of the pattern 1403 coincides with the parking 
operation start position 1401 as shown in FIG. 14(b). In 
other words, the space converting means 1303 spatially fixes 
the assumed-movement pattern 1403 to the position at start 
of the parking operation after start of the driving operation. 
0220. When the viewpoint converting means 106 
receives that the driving operation (parking operation) is 
started, it fixes the then viewpoint position of the virtual 
camera to a space (ground). That is, after start of the driving 
operation, the circumferential-state images (obstacles 401, 
402 or the like) are fixed on the screen. 
0221. After start of the driving operation, the superim 
posing means 102 Superimposes the assumed-movement 
pattern 1403 spatially fixed to the position at start of the 
parking operation and the current vehicle position 1402 on 
the circumferential-state images and synthesizes them to 
generate a synthetic image of the present invention as shown 
in FIG. 28(c). Because the viewpoint of the synthetic image 
is obtained by spatially fixing the viewpoint position of the 
virtual camera at start of the parking operation similarly to 
viewpoints of circumferential-state images. Therefore, the 
Superimposing means 102 generates the synthetic image by 
computing the positional relation computed by the integrat 
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ing means 1302 inversely to a viewpoint. That is, in this 
synthetic image (FIG. 28(c)), the circumferential-state 
images (obstacles 401, 402 or the like) and the assumed 
movement pattern 1403 are fixed on the screen and the 
current vehicle position 1402 is displayed while relatively 
moving on the screen in accordance with actual movement 
of the vehicle. 

0222. According to this embodiment, because a view 
point after start of a parking operation is fixed in a space, a 
driver can confirm a vehicle moving state to a circumfer 
ential state of a parking space at a glance. 
0223) When a movement assumed in accordance with an 
assumed-movement pattern includes a wide range or is 
complex and a range larger than the field of view of a camera 
of the imaging section 101 occurs after a driving operation 
is started, it is also permitted to display the range by using 
the data stored in the space-data buffer 105. 

Tenth Embodiment 

0224. Then, a tenth embodiment of the present invention 
will be described below by referring to the accompanying 
drawings. 
0225 FIG. 29 is a block diagram showing a configuration 
of the driving-operation assist of the tenth embodiment of 
the present invention. The driving-operation assist of this 
embodiment is different from that of the first embodiment 
only in that two cases are assumed in which a vehicle moves 
backward when turning a steering wheel up to the maximum 
angle clockwise and counterclockwise to tire rotation as 
default driving patterns stored in the assumed-movement 
pattern storing means 108 as shown in FIG. 30(b), two 
circumscribed area traces 604 in a space through which the 
whole of the vehicle passes in stead of the tire traces 603 
caused by assumed movements of the two cases are synthe 
sized by the Superimposing means 102 at the same time as 
shown in FIG. 30(a), and the synthesized result is displayed 
on the displaying means 107. 
0226. Therefore, in this embodiment, it is assumed that a 
component with no explanation is the same as the case of the 
first embodiment, a component provided with the same 
symbol as the case of the first embodiment has the same 
function as the case of the first embodiment unless otherwise 
explained. Moreover, it is assumed that each modified 
example described for the first embodiment can be applied 
to this embodiment by applying the same modification 
unless otherwise described. 

0227. According to this embodiment, two simplest cases 
are assumed in which a vehicle moves backward when 
turning a steering wheel up to the maximum angle clockwise 
and counterclockwise as shown in FIG. 30(b) as defaults of 
the assumed-movement storing pattern 108sic; assumed 
movement pattern storing means. Therefore, when the 
vehicle can be parked in accordance with the defaults of the 
assumed-movement storing pattern 108sic; assumed-move 
ment pattern-storing means, advantages can be obtained 
that it becomes unnecessary to change and select a plurality 
of assumed-movement storing patterns and an operating 
load of a driver can be reduced. 

0228 Moreover, it becomes unnecessary to change and 
select two left and right assumed-movement storing patterns 
by simultaneously synthesizing circumscribed area traces 
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604 produced due to assumed movements of the above 
described two cases by the Superimposing means 102 and by 
displaying the synthesized result on the displaying means 
107, and consequently there can be obtained such an effect 
that an operating load of the driver can be reduced. 
0229. Furthermore, as shown in FIG. 30(a), the circum 
scribed area traces 60 in a space through which the whole of 
the vehicle passes instead of the tire traces 603 are synthe 
sized by the Superimposing means 102, and the synthesized 
result is displayed on the displaying means 107, and thereby 
an advantage can be obtained that a driver can easily and 
more accurately confirm whether a portion of a vehicle to be 
protruded beyond a tire trace Such as the right front portion 
of the vehicle when parking the vehicle while turning 
left-backward contacts with an obstacle. 

Eleventh Embodiment 

0230. Then, an eleventh embodiment of the present 
invention will be described below by referring to the accom 
panying drawings. 
0231 FIG. 31 is a block diagram showing a configuration 
of the driving-operation assist of the eleventh embodiment 
of the present invention. The driving-operation assist of this 
embodiment is also mainly used to assist driving operations 
for garaging and parallel parking. Therefore, in this embodi 
ment, it is assumed that a component with no explanation is 
the same as the case of the first and fifth embodiments and 
a component provided with the same symbol as the case of 
the first and fifth embodiments has the same function as the 
case of the first and fifth embodiments unless otherwise 
explained. Moreover, it is assumed that each modified 
example described for the first and fifth embodiments can be 
applied to this embodiment by applying the same modifi 
cation unless otherwise described. 

0232 The configuration of the driving-operation assist of 
this embodiment is different from those of the first and fifth 
embodiments in that the obstacle inputting means 3101 and 
assumed-pattern correcting means 3102 shown in FIG. 31 
are included and the assumed-movement-pattern storing 
means 108 includes a movement pattern for changing back 
ward and forward movements of a vehicle while the vehicle 
moves as shown in FIG. 32(a). 
0233. In this case, a steering-wheel angle corresponding 
to tire rotation is stored in the assumed-movement-pattern 
storing means 108 in FIG. 31 as time-series data for 
assumed-movement patterns as shown in FIG. 32(b). As 
shown in FIG. 32(b), tire rotation of 0 to 0.8 shows back 
ward movement of a vehicle at which backward movement 
is changed to forward movement. In this case, the position 
of the vehicle is present at a backward- and forward 
movement changing position 3201 shown in FIG. 32(a). 
Then, the vehicle moves forward to a tire angle of 0.8 to 0.6. 
When the vehicle reaches the forward- and backward 
movement changing position 3202 shown in FIG. 32(a), 
forward movement is changed to backward movement again 
Such as a tire angle of 0.6 to 1.4. 
0234 Thus, by including a movement pattern for chang 
ing backward and forward movements during movement, it 
is possible to control a position and direction of a vehicle 
even if there is only a small spatial margin for an obstacle 
as shown in FIG. 32(a). 
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0235. In this embodiment, a procedure until a circumfer 
ential-state image of the present invention is generated in 
accordance with the video data imaged by the imaging 
section 101 is the same as that described for the first 
embodiment. A procedure until an assumed-movement pat 
tern stored in the assumed-movement-pattern storing means 
108 is displayed on a synthetic image of the present inven 
tion by adjusting an operation start position of the pattern to 
the current position of a vehicle in a procedure until the 
Superimposing means 102 generates the synthetic image and 
the displaying means 107 displays the synthetic image is the 
same as that described for the first embodiment. 

0236 A procedure until a driver corrects an assumed 
movement pattern and time-series data by using the trace 
correcting means 1801 and obstacle inputting means 3101 
after the assumed-movement pattern is displayed on a syn 
thetic image and the corrected assumed-movement pattern 
and time-series data are displayed on the synthetic image is 
described below by using a case of performing garaging to 
the right side as an example. 
0237 As shown in FIG. 33, a case is assumed in which 
a driver moves a vehicle to the current position 1901 where 
an operation end position of an assumed-movement pattern 
coincides with the target parking position 1902 in order to 
perform a garaging operation using the target parking posi 
tion 1902 as an operation end position so that the vehicle 
does not contact with an obstacle (a 3204, b 3205, or c 3206) 
and thereby, it is found that the circumscribed area 604 of the 
assumed-movement pattern may contact with the obstaclea, 
b, or c. 
0238 When the assumed-movement-pattern storing 
means 108 Stores an assumed-movement pattern for another 
garaging operation to the right side, it is permitted to select 
the assumed-movement pattern by pattern selecting means 
(not illustrated) and study if a parking operation can be 
smoothly performed. However, when the means 108 does 
not store the assumed-movement pattern or another 
assumed-movement pattern also interferes with an obstacle 
or the like, the driver corrects the assumed-movement pat 
tern. 

0239 First, the driver assumes a pattern showing the 
vehicle present at the current position 3200 of the synthetic 
image (FIG. 33) shown on the displaying means 107 in FIG. 
31 as the parking-operation start position 1901, assumes an 
area in the image in which the obstacle a, b, or c is present 
as an obstacle designation rectangle: a 3207 as shown in 
FIG. 34 by using the obstacle inputting means 3101 in FIG. 
31 or as an obstacle designation area: 3210 (refer to FIG. 36) 
by using an obstacle designation circle: b. 3208, and sets and 
inputs the obstacle designation rectangle or the obstacle 
designation area through numerical-value input, a pointer, or 
other means. Moreover, when it is necessary to correct the 
target parking position, the driver performs movement input 
through numerical-value input, a pointer, or other means. 
0240. When an obstacle area is input, the trace correcting 
means 1801 sets a contact-hazard area 3209 in an area 
having a circumference of 60 cm including the obstacle 
designation area: 3210 as shown in FIG. 35. Moreover, a 
contact-hazard evaluation function H3210 as shown in FIG. 
36 is provided for the area. The function is configured by 
synthesizing three quadratic functions which sharply 
increase as approaching for 10 cm or less from the obstacle 
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designation area: 3210, slowly decrease as separating up to 
10 cm or more, and become 0 for 60 cm or more. 
0241 Moreover, as shown in FIG. 37, an evaluation point 
3211 (Xiyi): (i=1-6) is set to six points around a certain area 
as shown in FIG. 37 and a trace evaluation point 3212 
(xi,yi)n:(n=1-N) about N items (tire rotation tim and tire 
angle km):(m=1-N) in the table shown in FIG. 32(b) is 
computed. 
0242. As shown by the expression in FIG. 38, a trace 
contact-hazard evaluation function H"3213 is obtained from 
the total of the contact-hazard evaluation function H3210 at 
the position of the trace evaluation point 3212. 
0243 The trace-contact-hazard evaluation function 
H"3213 becomes a function of N items (tire rotation tim and 
tire angle km) in the table in FIG. 32(b) as shown in FIG. 37. 
Therefore, by Successively correcting the diagram (tire rota 
tion tim and tire angle km) through the partial differential 
method, it is possible to obtain values (tire rotation tim and 
tire angle km) for minimizing the trace-contact-hazard 
evaluation function H"3213. 

0244. Thereby, as shown in FIG. 39, it is possible to 
correct an assumed-movement pattern from (tire rotation tim 
and tire angle km) first shown in FIG. 32(b) to (tire rotation 
tim and tire angle km) for minimizing the trace-contact 
hazard evaluation function H"3213. 

0245 When even one point of 10 cm or less is found in 
the obstacle designation area: 3210 from the contact-hazard 
evaluation function H about each point of trace evaluation 
points 3212 (Xiyi)n in (tire rotation tim and tire angle km) for 
minimizing the trace-contact-hazard evaluation function 
H"3213, a warning Careful is issued to a driver. When even 
one point of 0 cm or less is found in the obstacle designation 
area: 3210, a warning Parking not possible' is issued to a 
driver. 

0246 Because the corrected assumed-movement pattern 
is a movement pattern for minimizing the trace-contact 
hazard evaluation function H"3213, the assumed-movement 
pattern generates a trace having a larger margin from an 
obstacle as shown in FIG. 40 and thereby, a vehicle can be 
parked more safely. 
0247 As shown in FIG. 41, the superimposing means 
102 generates a synthetic-image by adjusting the operation 
start position 1901 of a corrected assumed-movement pat 
tern 3214 to a current vehicle position 3200 and the dis 
playing means 107 displays the synthetic image. 
0248. Therefore, when a driver starts a driving operation 
(parking operation) of a vehicle in accordance with the new 
corrected assumed-movement pattern 3214, the driver can 
park the vehicle at the target parking position 1902 in 
accordance with a movement pattern having a larger margin 
from an obstacle. 

0249. It is permitted to store generated new assumed 
movement pattern and time-series data in the assumed 
movement-pattern storing means 108 by updating an origi 
nal assumed-movement pattern or to additionally store the 
new assumed-movement pattern in the means 108 without 
changing the original assumed-movement pattern. More 
over, it is permitted to temporarily use them without storing 
them. Furthermore, it is permitted that a driver selects 
renewed storage, additional storage, or non-storage each 
time. 
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0250) Furthermore, this embodiment is described above 
by assuming that an assumed-movement pattern to be 
renewedly-stored or additionally-stored in the assumed 
movement-pattern storing means 108 can be automatically 
obtained in accordance with a position of a vehicle at start 
or end of a movement input from a driver. However, it is also 
permitted to perform an actual driving operation and 
thereby, Sample time-series data for the then steering angle 
of a steering wheel and the number of revolutions of wheels, 
generate an assumed-movement pattern in accordance with 
the time-series data, and store the pattern. 

Twelfth Embodiment 

0251 Then, a twelfth embodiment of the present inven 
tion will be described below by referring to FIGS. 42 to 46. 
0252) In the eleventh embodiment, it is assumed that an 
assumed-movement pattern shown in FIG. 32(a) is corrected 
in accordance with an obstacle area input from a driver. 
However, it is also permitted to correct two assumed 
movement patterns or more and select a preferable one. FIG. 
42 is different from FIG. 31 in that movement-pattern 
selection trace correcting means 3301 is used instead of the 
trace correcting means 3101. 
0253 First, operations of the twelfth embodiment are 
described. As shown in FIG. 43, a driver designates and 
inputs the target parking position 1902 on an image dis 
played on a display unit by assuming a current vehicle 
position as a parking-operation start position. The move 
ment-pattern selection trace correcting means 3301 extracts 
two assumed-movement patterns for parking a vehicle right 
backward as shown in FIG. 44 in accordance with a rough 
positional relation of the target parking position 1902 to the 
parking-operation start position out of a plurality of 
assumed-movement patterns stored in the assumed-move 
ment-pattern storing means 108. 
0254 Moreover, as shown in FIGS. 45 and 46, when the 
driver inputs an obstacle area on the image displayed on the 
display unit, the two assumed-movement patterns for 
respectively minimizing the trace-contact-hazard evaluation 
function H"3213 are corrected similarly to the case of the 
eleventh embodiment. In this case, by comparing the two 
minimized trace-contact-hazard evaluation functions 
H"3213 with each other and selecting a smaller one of the 
two functions H"3213, it is possible to select a safer 
assumed-movement pattern. Moreover, when the two trace 
contact-hazard evaluation functions H"3213 have the same 
value, a simpler assumed-movement pattern is selected by 
previously raising the priority of a function H"3213 allowing 
a simpler driving operation. 
0255 Therefore, when a spatial margin from an obstacle 

is Small, a safer movement pattern having a cutback is 
automatically selected as shown in FIG. 45. However, when 
a spatial margin from an obstacle is large, a simpler move 
ment pattern having no cutback is automatically selected as 
shown in FIG. 446(sic; FIG. 46). 
0256 According to the above configuration, a driver can 
automatically select an optimum assumed-movement pat 
tern only by inputting a target parking position and an 
obstacle area and thereby realize optimum parking through 
a safer and simpler driving operation. 
0257 According to this embodiment, it is possible to 
realize an extensible driving-operation assist compared to 
the driving-operation assist of the first embodiment. 
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0258. The above first to twelfth embodiments are 
described by assuming that circumferential-state imaging 
means of the present invention mainly generates an image 
viewed from a viewpoint of a virtual camera by using a 
plurality of vehicle-mounted cameras. However, it is also 
permitted to use one camera set to the ceiling of a roof 
provided parking lot. In short, it is possible to use any type 
of means as circumferential-state imaging means of the 
present invention as long as the means generates a circum 
ferential-state image by imaging a circumferential state of a 
vehicle with a camera and/or stores the generated circum 
ferential-state image. 

0259 Moreover, the above first to twelfth embodiments 
are described by assuming that driving-operation assist of 
the embodiments are respectively provided with assumed 
movement-pattern storing means of the present invention. 
However, it is also permitted to use any type of means as 
assumed-movement-pattern storing means of the present 
invention as long as an assumed-movement pattern can be 
input to the means each time. In short, it is permitted to use 
any type of driving-operation assist as driving-operation 
assist of the present invention as long as the driving 
operation assist includes circumferential-state imaging 
means for imaging a circumferential state of a vehicle with 
a camera and thereby generating a circumferential-state 
image and/or storing the circumferential-state image, Syn 
thetic-image generating means for Superimposing on the 
circumferential-state image, an assumed-movement pattern 
which is video data showing movement of the vehicle in the 
case of performing a predetermined series of driving opera 
tions for the vehicle and generating a synthetic image, and 
displaying means for displaying the synthetic image. 
Thereby, because at least a circumferential-state image and 
an assumed-movement pattern are Superimposed on each 
other and displayed on a synthetic screen, a driver can 
confirm the relation between the circumferential-state image 
and the assumed-movement pattern at a glance. 

INDUSTRIAL APPLICABILITY 

0260. As apparent from the above description, the present 
invention provides a driving-operation assist by which a 
driver can directly confirm the relation between vehicle 
movement according to a predetermined series of driving 
operations and a circumferential state by displaying the 
vehicle movement when the driver performs the predeter 
mined series of driving operations together with the circum 
ferential sate and a driver's load can be reduced. 

0261 That is, a driver can confirm a position for starting 
a driving operation Such as garaging or parallel parking, a 
place for finally stopping a vehicle, and a positional relation 
with an obstacle Such as other vehicle by the display image 
at a glance by using a driving-operation assist of the present 
invention. Therefore, it is expected that a driver's operation 
load is reduced and safety is improved. Moreover, by 
introducing an automatic-driving technique, it is possible to 
automatically perform every operation including garaging 
only by driver's moving a vehicle up to a parking-operation 
start position while viewing the movement trace data. 
0262 Furthermore, the present invention provides a 
recording medium for storing a program for making a 
computer execute all or some of functions of each means of 
a driving-operation assist of the present invention. 
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1. A vehicle operation assist for a vehicle mounted with a 
camera, comprising: 

a circumferential state imaging unit operable to generate 
a circumferential state image using an output image 
from the camera; 

a synthetic-image generating unit operable to generate a 
synthetic image by using the circumferential-state 
image, said synthetic image including an assumed 
movement pattern showing movement of the vehicle in 
case of performing a predetermined driving operation, 
said assumed-movement pattern including (i) a trace 
between a start position and an end position of the 
vehicle, and (ii) a synthetic image of the vehicle at the 
end position in case of performing the predetermined 
driving operation; and 

a display unit operable to display the synthetic image. 
2. The vehicle operation assist according to claim 1, 

wherein 

the assumed-movement pattern further includes a Syn 
thetic image of the vehicle at the start position in case 
of performing the predetermined driving operation. 

3. The vehicle-operation assist according to claim 2, 
wherein 

the synthetic image further includes a synthetic image of 
the vehicle at the current position. 

4. The vehicle-operation assist according to claim 1, 
wherein 

the synthetic image of the vehicle shows a circumscribed 
area of the vehicle. 

5. The vehicle operation assist according to claim 1, 
wherein 

the synthetic image of the vehicle is an actual-vehicle 
image. 

6. The vehicle operation assist according to claim 1, 
wherein 

the circumferential-state image is a virtual viewpoint 
image in which the vehicle and its surroundings are 
viewed from a virtual viewpoint, said virtual viewpoint 
being different from a viewpoint of the camera. 
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7. The vehicle-operation assist according to claim 8. 
wherein 

the predetermined viewpoint is a point fixed to the three 
dimensional space or the vehicle, and the circumferen 
tial-state imaging unit changes a predetermined view 
point automatically or through an input from a driver. 

8. The vehicle-operation assist according to claim 1, 
wherein 

the assumed-movement pattern includes virtual poles 
arranged on the outer edge of the vehicle movement 
area. 

9. The vehicle-operation assist according to claim 3, 
wherein 

the synthetic-image generating unit Superimposes the 
synthetic image of the vehicle at the start position in 
case of performing the predetermined driving operation 
on a position same as the current-position of the 
vehicle. 

10. The vehicle-operation assist according to claim 1, 
further comprising 

a pattern selecting unit selects one of the assumed 
movement patterns through an input from a driver. 

11. The vehicle-operation assist according to claim 1, 
wherein 

the trace included in assumed-movement pattern, showing 
a circumscribed area where the vehicle passes through 
in case of performing the predetermined driving opera 
tion. 

12. The vehicle-operation assist according to claim 1, 
wherein 

the synthetic-image generating unit generates a synthetic 
image by superimposing two or more of the assumed 
movement patterns on the circumferential-state image. 

13. The vehicle-operation assist according to claim 1, 
wherein 

the assumed-movement pattern includes a change from 
backward movement to forward movement or from 
forward movement to backward movement in the pre 
determined driving operation. 
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