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(57) ABSTRACT 

A camera for taking a state behind a vehicle is installed in 
a position laterally shifted from the rear center of the 
vehicle. An image processing unit generates a rear image 
from a camera image by shifting merely a rectangular area 
of the camera image so that a vertical center line thereof can 
substantially accord With the center line along the length 
Wise direction of the vehicle. Furthermore, processing for 
correcting lens distortion may be performed. As a result, 
When the vehicle is moved straight backward, an object 
present on the center line of the vehicle moves vertically in 
substantially the center of the screen, so that a user can be 

Jun. 18, 2001 (JP) ................................... .. 2001-182,741 prevented from having an odd feeling to see the image. 
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MONITORING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a technique for a 
monitoring system for providing safety driving environment 
by displaying a processed image of the sate around a vehicle 
taken by a camera installed on the vehicle. 

[0002] As an apparatus for monitoring the state around a 
vehicle by using a camera, a system in Which an image taken 
by a camera installed on a rear trunk room or the like of a 

vehicle is presented to a driver is conventionally knoWn. 
Thus, the driver can be informed of the state in the rear of 
the vehicle. Furthermore, a system for supporting a parking 
operation in Which not only a camera image but also possible 
travel loci of tires overlapping the camera image are present 
has recently been knoWn. Thus, the driver can grasp the state 
ahead in a moving direction of the vehicle. 

[0003] A conventional system Will be described With ref 
erence to FIGS. 8A through 8C. FIG. 8A is a schematic 
diagram of a camera installation mode, FIG. 8B shoWs an 
exempli?ed camera image obtained in the camera installa 
tion mode of FIG. 8A, and FIG. 8C shoWs an image 
obtained When the vehicle is moved straight backWard by 25 
cm from the position Where the image of FIG. 8B is 
obtained. In the image of FIG. 8B, another vehicle parks just 
behind the vehicle, a dashed line A extending in the center 
indicates hoW the center of the vehicle behind approaches on 
the screen While the vehicle is moving straight backWard, 
and solid lines B1 and B2 on the left and right hand sides 
indicate hoW the left and right corners of the vehicle behind 
approach on the screen While the vehicle is moving straight 
backWard. 

[0004] In the example shoWn in FIGS. 8A through 8C, 
When the vehicle is moved straight backWard, an object 
present just behind the vehicle (i.e., another vehicle in this 
case) gets close to the vehicle in the doWnWard direction 
vertically on the screen. Therefore, it can be easily grasped 
Whether or not the center of the vehicle corresponds to the 
center of the object. 

[0005] If the camera is installed so as to face to substan 
tially the same direction as the straight reversing direction of 
the vehicle and to be positioned substantially at the center of 
the rear portion of the vehicle in the aforementioned con 
ventional monitoring system, the system is very useful for a 
user. This is because an object moving vertically on the 
screen can be identi?ed as an object present on an extended 

center line of the vehicle, and hence, the moving direction of 
the vehicle can be grasped intuitively on the basis of the 
displayed image. 

[0006] HoWever, if the camera is not installed at substan 
tially the center of the rear portion of the vehicle, this 
conventional system has a problem. 

[0007] For example, a license plate, a rear Windshield 
Wiper, a locking mechanism for a trunk room, a spare tire 
and the like are generally placed around the center of the rear 
portion of a vehicle, and hence it may be dif?cult to secure 
a place for installing the camera. Also, the position of the 
camera may be shifted so that a speci?ed direction or region 
can be easily taken. For example, the position of the camera 
may be shifted toWard the passenger’s seat side so that a 
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larger region on the passenger’s seat side Where a driver is 
dif?cult to see from the driver’s seat can be taken. 

[0008] In another camera installation mode shoWn in FIG. 
2, the camera faces to the straight backWard direction but its 
position is laterally shifted by approximately 50 cm from the 
center of the rear portion of the vehicle. FIG. 9A shoWs an 
exempli?ed camera image obtained in the camera installa 
tion mode of FIG. 2, and FIG. 9B shoWs an image obtained 
When the vehicle is moved straight backWard by approxi 
mately 25 cm from the position Where the image of FIG. 9A 
is taken. Also in FIG. 9A, the dashed line A and the solid 
lines B1 and B2 have the same meanings as in FIG. 8B. 

[0009] In this case, another vehicle present just behind the 
vehicle is imaged in an area close to the edge of the screen, 
and hence, it is difficult to grasp, on the screen, the positional 
relationship betWeen the vehicle and the other vehicle 
behind. Also, When the vehicle is moved straight backWard, 
the other vehicle behind approaches not in the vertical 
direction but in an oblique direction on the screen. 

[0010] In still another camera installation mode shoWn in 
FIG. 6, the camera faces to a direction slightly toWard the 
center line rather than the straight backWard direction and its 
position is laterally shifted by approximately 50 cm from the 
center of the rear portion of the vehicle. FIG. 10A shoWs an 
exempli?ed camera image taken in the cameral installation 
mode of FIG. 6, and FIG. 10B shoWs an image obtained 
When the vehicle is moved straight backWard by approxi 
mately 25 cm from the position Where the image of FIG. 
10A is taken. Also in FIG. 10A, the dashed line A and the 
solid lines B1 and B2 have the same meanings as in FIGS. 
8B and 9A. 

[0011] In the case Where the position of the camera is 
shifted from the rear center of the vehicle, if the camera 
faces to the straight backWard direction of the vehicle as in 
FIG. 2, the visual range in a side rear region of the vehicle 
opposite to the camera installation position is small as is 
understood from FIG. 9A. In order to obtain a Well-balanced 
image on the right and left sides of the vehicle, the camera 
should face to a direction toWard the center line of the 
vehicle. When the images of FIGS. 10A and 9A are 
compared, it is understood that a left rear region of the 
vehicle is shoWn more largely in FIG. 10A. 

[0012] In this case, When the vehicle is moved straight 
backWard, another vehicle present just behind the vehicle 
approaches in a more oblique direction on the screen than in 
FIG. 9A. 

[0013] In this manner, in the conventional system, an 
object actually present just behind a vehicle is imaged in an 
area close to the edge of the screen or moves in an oblique 
direction on the screen When the vehicle is moved straight 
backWard. Therefore, When such an image is presented to a 
user, the user may have an odd feeling to see the image, 
Which makes it difficult to check Whether or not the vehicle 
is moving straight backWard or Whether or not the center of 
the vehicle corresponds to that of a target. As a result, there 
is a fear of a driving operation error. 

SUMMARY OF THE INVENTION 

[0014] An object of the invention is providing a rear image 
Which does not give an odd feeling to a user even When a 



US 2002/0191078 A1 

camera for taking an image of a state behind a vehicle is 
installed in a position shifted from the rear center of the 
vehicle. 

[0015] Speci?cally, the monitoring system of this inven 
tion comprises a camera for taking an image of a state 
behind a vehicle, installed in a rear portion of the vehicle in 
a position shifted from a center line along the lengthWise 
direction of the vehicle; and an image processing unit for 
receiving a camera image of the camera and generating a 
rear image of the state behind the vehicle on the basis of the 
camera image, and the image processing unit performs 
image processing for alloWing a vertical center line of the 
rear image to substantially accord With the center line along 
the lengthWise direction of the vehicle. 

[0016] According to the invention, in the rear image 
displayed on a display device, the center line along the 
lengthWise direction of the vehicle substantially accords 
With the vertical center line of the displayed image. There 
fore, When the vehicle is moved straight backWard, an object 
present on the center line of the vehicle is moved vertically 
in substantially the center of the screen, and hence, this 
image does not give an odd feeling to a user. In other Words, 
even When the camera is installed in a position laterally 
shifted from the rear center of the vehicle, the rear image as 
if it Were taken by a camera installed in the rear center of the 
vehicle and facing to the straight backWard direction can be 
presented to the user. As a result, the restriction in the 
installation position and the facing direction of the camera of 
the monitoring system can be reduced, so as to increase the 
freedom in the camera installation. 

[0017] The image processing unit of the monitoring sys 
tem of this invention preferably performs parallel shifting 
processing at least on the camera image. Furthermore, the 
image processing unit preferably performs lens distortion 
correcting processing on the camera image. 

[0018] Moreover, the image processing unit of the moni 
toring system of this invention preferably performs process 
ing for converting the camera image into an image seen from 
a virtual vieWpoint set above the rear center of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a block diagram for shoWing an exem 
pli?ed structure of a monitoring system according to the 
invention; 
[0020] FIG. 2 is a diagram for shoWing an example of a 
camera installation mode; 

[0021] FIGS. 3A, 3B and 3C are diagrams of exempli?ed 
images for explaining image processing according to 
Embodiment 1 of the invention; 

[0022] FIGS. 4A, 4B, 4C and 4D are diagrams of exem 
pli?ed images for explaining image processing according to 
Embodiment 2 of the invention; 

[0023] FIGS. 5A, 5B and 5C are diagrams for shoWing 
virtual vieWpoints employed in FIGS. 4B through 4D and 
7B through 7D, respectively; 

[0024] FIG. 6 is a diagram for shoWing another camera 
installation mode; 

[0025] FIGS. 7A, 7B, 7C and 7D are diagrams of exem 
pli?ed images for explaining another image processing of 
Embodiment 2; 
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[0026] FIG. 8A is a diagram of a conventional camera 
installation mode and FIGS. 8B and 8C are diagrams of 
exempli?ed images obtained in the camera installation mode 
of FIG. 8A; 

[0027] FIGS. 9A and 9B are diagrams of exempli?ed 
conventional images obtained in the camera installation 
mode of FIG. 2; 

[0028] FIGS. 10A and 10B are diagrams of exempli?ed 
conventional images obtained in the camera installation 
mode of FIG. 6; and 

[0029] FIGS. 11A, 11B, 11C and 11D are diagram of 
exempli?ed images for explaining another image processing 
of Embodiment 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] Preferred embodiments of the invention Will noW 
be described With reference to the accompanying draWings. 
First, the entire structure of a monitoring system of this 
invention necessary for practicing each embodiment Will be 
described, and thereafter, a variety of examples of display 
screen modes Will be described in detail. 

[0031] FIG. 1 is a block diagram for shoWing the structure 
of the monitoring system of this invention. In the monitoring 
system of FIG. 1, an image processing unit 20 receives, as 
inputs, a plurality of camera images output from camera 
means 10 including cameras 11, so as to generate a neW 
image by transforming and synthesiZing the input camera 
images. This synthesiZed image is displayed by a display 
device 30. The image processing unit 20 corresponds to an 
image processor of this invention. 

[0032] The display device 30 of this invention is typically 
a liquid crystal display, and may be another display device 
such as a plasma display. Also, the display device of this 
invention may be used also as a vehicle-install type GPS 
terminal display (namely, a display of What is called a car 
navigation system) or may be separately prepared. 

[0033] The camera means 10 is a color or monochrome 
digital camera typically including a solid state image sensor 
such as a CCD or a CMOS device. Alternatively, the camera 
means 10 may include a combination of a lens and a prism 
or a mirror so as to transfer incident light to the lens and the 
prism or the mirror through a predetermined optical path to 
a camera device disposed aWay from the camera means 10. 

[0034] The image processing unit 20 transforms/synthe 
siZes a camera image of at least one camera, so as to generate 
a synthesiZed image in Which the input image is shifted 
laterally or a synthesiZed image as if it Were vertically or 
obliquely looked doWn from above the vehicle. In order to 
generate the synthesiZed image, it is necessary to perform 
image transforming processing and synthesiZing processing 
of partial images obtained by cutting out necessary areas of 
the transformed images (including processing such as 
smoothing boundaries betWeen the partial images (herein 
after referred to as the boundary processing) if a plurality of 
camera images are used). For this purpose, the structure of 
FIG. 1 includes a mapping table referring unit 21, and a 
mapping table is used for processing the camera images in 
one step. 
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[0035] An image synthesizing unit 22 receives the camera 
images from the cameras 1 through N and processes these 
camera images. The processing performed at this point are 

processing for transforming and cutting the images and 
processing for synthesizing cut partial images including 

the boundary processing). The processing (D and may be 
separately performed, or all or part of these processing may 
be performed in one step. In the structure of FIG. 1, the 
mapping table is included for performing the processing of 
the camera images in one step. 

[0036] A “mapping table” means a table in Which the 
corresponding relationships betWeen piXels of a synthesiZed 
image and piXel data of the respective camera images are 
described, and is used for rapidly generating a synthesiZed 
image. When such a mapping table is previously built 
through calculation using geometric conversion or manual 
operations, a desired synthesiZed image can be rapidly 
generated. 

[0037] The mapping table is speci?cally stored in, for 
eXample, a ROM (including a Writable erasable ROM such 
as an EE PROM) or a RAM. For storing the mapping table, 
mapping data obtained through calculation by a processor 
included in the image processing unit may be Written in a 
ROM or a RAM, or mapping table data provided as ?rm 
Ware may be Written in a RAM or a ROM by using data 
transfer means such as a communication line and a disk 
drive. 

[0038] NoW, examples of a variety of display screen 
modes according to this invention Will be described in detail. 

[0039] Embodiment 1 

[0040] In Embodiment 1, an eXample of processing 
employed in a camera installation mode in Which a camera 
2 facing to a straight backWard direction of a vehicle 1 is 
installed in a position laterally shifted from the rear center of 
the vehicle 1 as shoWn in FIG. 2 Will be described. The 
contents of this processing Will noW be described by using 
a camera image and a display screen mode resulting from the 
processing. 

[0041] FIG. 3A is a camera image taken in the cameral 
installation mode of FIG. 2 and FIG. 3B is a rear image 
obtained by shifting, in a leftWard direction, merely a 
rectangular area RC1 surrounded With a broken line in the 
image of FIG. 3A for the purpose of overcoming difficulty 
in grasping the image due to the lateral shift of the camera 
position. The rectangular area RC1 is set so that the vertical 
center line of the rectangular area can substantially accord 
With an actual center line CLl along the lengthWise direction 
of the vehicle 1 (indicated by a solid dashed line in the 
draWings). 

[0042] In this case, since merely the position of the camera 
2 is slightly shifted from the center of the vehicle 1, When 
the vehicle 1 is moved straight backWard, an object present 
just behind the vehicle on the center line CLl moves 
doWnWard in a substantially vertical direction on the screen. 
HoWever, oWing to the shift of the installation position of the 
camera 2, the center line CLl of the vehicle on the road 
surface is rather shifted in a rightWard direction on the 
monitor screen, and this rightWard shift is corrected by 
cutting out the rectangular area from the original image and 
shifting it in the leftWard direction. 
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[0043] As is understood from the image of FIG. 3B, the 
vertical center line of the rear image on the monitor screen 
can be made to substantially accord With the center line CLl 
of the vehicle merely by laterally shifting the camera image. 
Thus, When the vehicle is moved straight backWard, at least 
an object present on the center line CLl of the vehicle 1 can 
be made to move smoothly doWnWard in the substantially 
center of the screen. Therefore, When a driver reverses the 
vehicle toWard a target, it can be easily checked Whether or 
not the vehicle is reversing toWard the target on the basis of 
the movement in the center of the screen. 

[0044] Next, an eXample of the simplest method for esti 
mating an appropriate eXtent of the shift of the image Will be 
described. First, a center line of the vehicle is draWn on the 
road behind the vehicle. The length of the line depends upon 
the rear visual range of the camera and a length of 5 m 
suf?ces. Then, the state of the center line is taken by the 
camera, so as to calculate distances from the center of the 
image of average positions on the right and left hand sides 
of the center line. This distance corresponds to the eXtent of 
the image shift. 

[0045] On the other hand, in the case Where the camera is 
installed in the rear center of the vehicle, the travel locus of 
the center of the vehicle is a straight line (as shoWn in FIG. 
8B). HoWever, in the case Where the installation position of 
the camera is shifted from the center, the travel locus is a 
curve due to the lens distortion. Since the lens distortion is 
larger in an area farther from the center of the image, the 
curvature is larger as the shift of the installation position is 
larger. This curvature cannot be corrected merely by the 
lateral shift of the image. 

[0046] The lens distortion can be corrected by tWo-dimen 
sional image transformation for moving positions of respec 
tive piXels of the image in accordance With the characteristic 
of the lens of the camera. For eXample, a square lattice 
pattern is previously taken by a camera so as to measure hoW 
the respective lattice points are transformed by the lens 
distortion, and this transformation is reversely corrected. 
Thus, the lens distortion can be corrected. 

[0047] FIG. 3C shoWs an image obtained from the image 
of FIG. 3A by correcting the lens distortion and correcting 
the positional shift of the camera through the lateral shift of 
the image. In the image as shoWn in FIG. 3C, When the 
vehicle is moved backWard, an object present on the center 
line of the vehicle moves straight in the vertical direction in 
the center of the screen. Therefore, the moving direction of 
the vehicle and the positional relationship With an object 
around the vehicle can be more easily grasped. 

[0048] Embodiment 2 

[0049] In either or both of a camera installation mode in 
Which the installation position of the camera is largely 
shifted from the center line of the vehicle and a camera 
installation mode in Which the camera does not face to the 
straight backWard direction, it may be difficult to generate a 
user-friendly image through the image shifting processing 
and the distortion correcting processing described in 
Embodiment 1. 

[0050] Embodiment 2 corresponds to an aspect in Which a 
user-friendly image can be generated even in these camera 
installation modes. NoW, the contents of processing of 
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Embodiment 2 Will be described by using a camera image 
and a display screen mode resulting from the processing. 

[0051] First, in a ?rst camera installation mode of 
Embodiment 2, the installation position of the camera alone 
is largely shifted from the center of the vehicle as shoWn in 
FIG. 2. 

[0052] FIG. 4A shoWs camera images taken in the camera 
installation mode of FIG. 2, and FIGS. 4B through 4D 
shoW synthesiZed images as if they Were seen from a virtual 
vieWpoint obtained by subjecting the images of FIG. 4A to 
vieWpoint converting processing for the purpose of over 
coming difficulty in grasping the image due to the lateral 
shift of the camera position. FIGS. 5A through 5C shoW the 
virtual vieWpoints employed in the rear images of FIGS. 4B 
through 4D, respectively. Speci?cally, the virtual vieWpoint 
is in a position above the rear center of the vehicle and the 
camera faces to a straight backWard direction of the vehicle 
at an angle of 30 degrees against the road surface in FIG. 
5A; the virtual vieWpoint is in a position above the rear 
center of the vehicle and the camera faces to a straight 
backWard direction of the vehicle at an angle of 60 degrees 
against the road surface in FIG. 5B; and the virtual vieW 
point is in a position above the rear center of the vehicle and 
the camera faces straight doWnWard in FIG. SC. 

[0053] Each of the images of FIGS. 4B through 4D is 
processed through the virtual vieWpoint converting process 
ing so that the center line CLl along the lengthWise direction 
of the vehicle on the road surface can accord With the 
vertical center line of the screen. In addition, When the 
vehicle is moved straight backWard by 25 cm, an object on 
the center line CLl of the vehicle moves straight doWnWard 
in the vertical direction on the screen. 

[0054] Furthermore, as shoWn in FIGS. 5A through 5C, 
the virtual vieWpoint can be given an angle of depression 
independently of the angle of depression of the actually used 
camera. Therefore, the positional relationship With a feature 
on a road surface (such as a White line) can be more easily 
grasped by generating an image as if it Were looked doWn 
from further above. 

[0055] Next, in a second camera installation mode of 
Embodiment 2, the installation position of the camera is 
largely shifted from the center of the vehicle and the camera 
faces to a direction slightly oblique to the straight backWard 
direction of the vehicle as shoWn in FIG. 6. 

[0056] FIG. 7A shoWs camera images taken in the camera 
installation mode of FIG. 6, and FIGS. 7B through 7D 
shoW synthesiZed images as if they Were seen from a virtual 
vieWpoint obtained by subjecting the images of FIG. 7A to 
the vieWpoint converting processing for the purpose of 
overcoming difficulty in grasping the image due to the lateral 
shift of the camera position. The virtual vieWpoints 
employed in the images of FIGS. 7B through 7D also 
correspond to those shoWn in FIGS. 5A through 5C, 
respectively. 

[0057] When these images are compared With the images 
obtained in the ?rst camera installation mode, although there 
are differences in dead angle areas and the distortion of 
three-dimensional objects in the converted images because 
of the original difference in the camera range, a road surface 
area such as a White line is substantially the same as that in 
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the image obtained through the virtual vieWpoint converting 
processing of the camera image taken in the ?rst camera 
installation mode. 

[0058] FIGS. 11A trough 11D exemplify a case Where the 
image processing according to Embodiment 1 is applied in 
the camera installation mode shoWn in FIG. 6. FIG. 11B is 
an image obtained by shifting, in a leftWard direction, the 
rectangular area in the image of FIG. 11A, Which is an 
original camera image, FIG. 11C is an image obtained by 
correcting the lens distortion of the image of FIG. 11B, and 
FIG. 11D is an image obtained by rotating the image of 
FIG. 11C so as to conform the direction of the center line 
With the perpendicular direction of the image. Referring to 
FIG. 11D, the image remains unbalanced on the right and 
left sides, Which might be the limit in the tWo-dimensional 
image processing. In contrast, a more natural image as 
shoWn in FIGS. 7D can be generated by the virtual vieW 
point conversion. 

[0059] In order to realiZe a rear image described in each 
embodiment, a mapping table corresponding to an image to 
be displayed may be provided or a mapping table may be 
automatically built in accordance With the situation. 

[0060] Although merely one camera image is processed in 
each embodiment, it goes Without saying that a plurality of 
images are input to be converted into one image through the 
processing. 

[0061] A vehicle of this invention includes, an ordinary 
car, a light car, a truck, a bus and the like. In particular, the 
present invention is very effective in a vehicle in Which a 
camera cannot be installed in the rear center because of a 
spare tire or the like placed in the rear or for reasons in the 
design. Also, a special vehicle such as a crane truck and an 
eXcavator may be a vehicle of this invention as far as the 
technical idea of the invention is applicable. 

[0062] As described above, according to the invention, 
even When a camera is installed in a position laterally shifted 
from the rear center of a vehicle, a rear image as if it Were 
taken by a camera installed in the rear center and facing to 
a straight backWard direction can be presented to a user. As 
a result, the restriction in the installation position and the 
facing direction of the camera of the monitoring system can 
be reduced, so as to increase the freedom in the camera 
installation. 

What is claimed is: 

1. A monitoring system comprising: 

a camera for taking an image of a state behind a vehicle, 
installed in a rear portion of said vehicle in a position 
shifted from a center line along the lengthWise direction 
of said vehicle; and 

an image processing unit for receiving a camera image of 
said camera and generating a rear image of the state 
behind said vehicle on the basis of said camera image, 

Wherein said image processing unit performs image pro 
cessing for alloWing a vertical center line of said rear 
image to substantially accord With said center line 
along the lengthWise direction of said vehicle. 
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2. The monitoring system of claim 1, 

wherein said image processing unit performs parallel 
shifting processing at least on said camera image. 

3. The monitoring system of claim 2, 

Wherein said image processing unit performs lens distor 
tion correcting processing on said camera image. 
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4. The monitoring system of claim 1, 

Wherein said image processing unit performs processing 
for converting said camera image into an image seen 
from a virtual vieWpoint set above the rear center of 
said vehicle. 


