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IMAGE PROCESSING DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an image process 
ing device and, more particularly, to an image processing 
device Wherein images around a vehicle circumference are 
picked up to alloW the pickup images to be converted for 
provision to a driver. 

[0002] In recent years, attempt has heretofore been made 
to provide vehicle circumference display devices in driving 
assist systems that assist drivers for supplementing their 
visual ?elds during reverse driving of a vehicle like backing 
into a garage or parallel parking While pulling over to the 
kerb, or during running of a vehicle approaching to a blind 
intersection or a T-shaped road. 

[0003] Japanese Patent Application Laid-Open Publica 
tion No. 2001-163132 discloses a structure Wherein cameras 
pick up images around rearWard blind corners of a vehicle 
and resulting picked-up images are converted to images as 
vieWed from virtual camera positions different from real 
camera positions. That is, With such an image processing 
device, converting input images picked up at the real camera 
positions alloWs an area, in Which output images are pro 
vided, to be varied. 

SUMMARY OF THE INVENTION 

[0004] HoWever, upon studies conducted by the present 
inventors, such a structure is deemed to suffer from errors in 
production of cameras, errors in mounting the cameras 
caused by Workers for mounting the same and vibrations 
occurring during vehicle traveling With the resultant occa 
sions for optical axes of camera lenses to result in displace 
ment from predetermined positions, respectively. The pres 
ence of deviation in such optical axes becomes synonymous 
With the occurrence of deviation in camera image pickup 
areas and, hence, it is desired for the deviations of the optical 
axes to be calibrated. 

[0005] Here, it is conceivable that in order to alloW the 
image processing device to calibrate the deviations of the 
optical axes of the cameras for display of images to be 
provided, memories are implemented to incorporate address 
conversion tables, through Which the camera images are 
converted, With a vieW to correcting the deviations in the 
optical axes. 

[0006] HoWever, in such cases, need arises for the address 
conversion tables to be prepared for directions, in Which the 
optical axes are deviated, and the degrees of deviations, 
respectively; that is; there is a need for a huge amount of 
address conversion tables to be prepared, resulting in a 
tendency With an increase in a memory capacity of the image 
processing device. 

[0007] Further, it is conceivable that for the purpose of 
suppressing the increase in the memory capacity, the image 
processing device generates the address conversion tables on 
a real time basis upon taking the deviations of the optical 
axes into consideration. This results in an increase in the 
amount of calculations required for the generation of the 
address conversion tables, providing a tendency With an 
increase in operating load of a CPU. Under such conditions, 
if delays occur in inputting image data delivered from a 
plurality of cameras or in outputting image data to a monitor, 
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the CPU may conceivably operate in a disrupted status and 
it is deemed for a probability to occur With an inability of 
providing a display of images. 

[0008] In addition, upon other studies conducted by the 
present inventors, if a plurality of cameras, installed on a 
vehicle body, pick up images of circumferences around the 
vehicle to be provided to a driver While sWitching over the 
images picked up at respective image pickup positions, a 
probability occurs With the images being sWitched over in an 
interruptive fashion With the resultant occurrence of a ten 
dency for the driver to be unable to instantaneously recog 
niZe Which location of the vehicle circumference to be 
displayed. 
[0009] Here, it is conceivable for the images of the vehicle 
circumference to be consecutively displayed When sWitch 
ing an image, picked up by a camera installed at one mount 
position, over to an image, picked up by a camera installed 
at the other mount position, While implementing pan control 
in a Way to effectuate parallel shift in image pickup direc 
tions of the cameras under situations Where the cameras are 
?xed in place. By sWitching over the image, picked up by the 
one camera, to the other image picked up by the other 
camera When the image, picked up upon executing pan 
control of the one camera, overlaps With the image picked up 
by the other camera, it becomes possible for the driver to be 
easily recogniZe Which location of the vehicle circumference 
to be displayed. 

[0010] However, the mount positions and the image 
pickup directions (of the optical axes) of on-vehicle cameras 
are normally ?xed in place and become hard to be physically 
altered, resulting in a current status With a difficulty in 
consecutively sWitching over the images in actual practice. 

[0011] That is, under situations Where for the purpose of 
employing certain on-vehicle cameras, Whose mount posi 
tions and image pickup directions are ?xedly secured, to 
consecutively provide a display from the image, picked up 
by one camera, to the image picked up by the other camera, 
address conversions are implemented on the images as 
vieWed from a virtual position, at Which the cameras are 
mounted, betWeen the tWo cameras, a display is provided in 
the same Way as that in Which the pan control is executed for 
the image pickup directions of the cameras and, hence, a 
need arises for the memory to implement vast amounts of 
address conversion tables, resulting in a tendency With an 
increase in the memory capacity. 

[0012] Further, When generating the address conversion 
tables on a real time basis in order to suppress such an 
increase in the memory capacity, all the same, the amount of 
calculations increases With the resultant tendency of an 
increase in operating load of the CPU. 

[0013] Therefore, the present invention has been com 
pleted With studies mentioned above and has an object to 
provide an image processing device that is able to execute 
image conversion With less memory capacity and less load 
in operation. 

[0014] Further, the present invention has an object to 
provide an image processing device that can consecutively 
sWitch over images display Without causing an enormous 
increase in a memory capacity and With simpli?ed opera 
tions even When using image pickup devices Whose mount 
positions and image pickup directions are ?xedly secured. 
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[0015] To achieve the above objects, one aspect according 
to the present invention provides an image processing device 
comprising: an input section through Which input image data 
is inputted from an image pickup device, the input image 
data being obtained thorough the image pickup device 
picking up an image of a circumference; a storage section 
storing an address conversion table describing a relation 
betWeen address information of the input image data and 
address information of display image data corresponding to 
a display resolution, the display resolution being de?ned 
With the number of piXels in height and Width directions of 
a display, and an address space of the address information of 
the input image data having a siZe greater in a height 
direction or a Width direction than that of the display image 
data; an image processing section processing the input 
image data to cut out image data, corresponding to the 
display resolution, from the input image data upon referring 
to the address conversion table, for thereby alloWing address 
information of the resultant cut out image data to be con 
verted to address information of the display image data; and 
an output section outputting the display image data, result 
ing from conversion of the address information by the image 
processing section, to the display. 

[0016] Stated in another Way, another aspect according to 
the present invention provides an image processing device 
comprising: inputting means for inputting image data from 
an image pickup device picking up an image of a circum 
ference; storing means for storing an address conversion 
table describing a relation betWeen address information of 
the input image data and address information of display 
image data corresponding to a display resolution, the display 
resolution being de?ned With the number of piXels in height 
and Width directions of a display, and an address space of the 
address information of the input image data having a siZe 
greater in a height direction or a Width direction than that of 
the display image data; image processing means for pro 
cessing the input image data to cut out image data, corre 
sponding to the display resolution, from the input image data 
upon referring to the address conversion table, for thereby 
alloWing address information of the resultant cut out image 
data to be converted to address information of the display 
image data; and output means for outputting the display 
image data, resulting from conversion of the address infor 
mation, to the display. 

[0017] Other and further features, advantages, and bene?ts 
of the present invention Will become more apparent from the 
folloWing description taken in conjunction With the folloW 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a block diagram shoWing a structure of a 
vehicle circumference display system having an image pro 
cessing device of a ?rst embodiment according to the 
present invention; 

[0019] FIG. 2A is a vieW shoWing an address conversion 
object image for the image processing device of the pres 
ently ?led embodiment; 

[0020] FIG. 2B is a vieW shoWing operations to provide a 
display of display images at different positions based on the 
address conversion object image shoWn in FIG. 2A, in the 
presently ?led embodiment; 
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[0021] FIG. 3A is a vieW shoWing image areas, corre 
sponding to a display mode of a monitor, in a vehicle 
circumference display system having an image processing 
device of a second embodiment according to the present 
invention; 
[0022] FIG. 3B is a vieW shoWing an overlay image, 
Which is shifted With respect to the image area shoWn in 
FIG. 3A, to be superimposed on such an image area, in the 
presently ?led embodiment; 

[0023] FIG. 4A is a vieW shoWing image areas, corre 
sponding to a display mode of a monitor, in a vehicle 
circumference display system having an image processing 
device of a third embodiment according to the present 
invention; 
[0024] FIG. 4B is a vieW shoWing an overlay image, 
Which is displayed in a given position of a monitor in a 
superimposed relationship With the image area shoWn in 
FIG. 4A, in the presently ?led embodiment; 

[0025] FIG. 4C is a vieW shoWing a status under Which 
the image area shoWn in FIG. 4A is shifted to alloW the 
overlay image, shoWn in FIG. 4B, to be superimposed on 
the shifted image area for display, in the presently ?led 
embodiment; 
[0026] FIG. 5 is a block diagram shoWing a structure of a 
vehicle circumference display system having an image pro 
cessing device of a fourth embodiment according to the 
present invention; 

[0027] FIG. 6 is a vieW for illustrating a basic sequence of 
operations to restructure address conversion tables to alloW 
images to be displayed in accordance With an image layout 
in the image processing device of the presently ?led embodi 
ment; 

[0028] FIG. 7 is a ?oWchart for illustrating a basic 
sequence of operations to restructure the address conversion 
tables in the image processing device of the presently ?led 
embodiment; 
[0029] FIG. 8A is a vieW shoWing image pickup areas for 
a plurality of camera modules in a vehicle circumference 
display system having an image processing device of a ?fth 
embodiment according to the present invention; 

[0030] FIG. 8B is a vieW shoWing a picked-up image With 
no deviation in optical aXes When picking up images With a 
plurality of camera modules shoWn in FIG. 8A, in the 
presently ?led embodiment; 

[0031] FIG. 8C is a vieW shoWing a picked-up image With 
the occurrence of deviation in optical aXes When picking up 
the images With the plurality of camera modules shoWn in 
FIG. 8A, in the presently ?led embodiment; 

[0032] FIG. 9A is a vieW shoWing a display of picked-up 
images in piXels in the absence of deviation in the optical 
aXes When picking up the images With the plurality of 
camera modules shoWn in FIG. 8A, in the presently ?led 
embodiment; 
[0033] FIGS. 9B to 9D are vieWs shoWing picked-up 
images in piXels in the presence of deviation in the optical 
aXes When picking up the images With the plurality of 
camera modules shoWn in FIG. 8A, in the presently ?led 
embodiment; 
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[0034] FIG. 10 is a ?owchart illustrating a basic sequence 
of operations to calibrate the deviated optical aXes of the 
camera modules in accordance With a feature of an object in 
the image processing device of the presently ?led embodi 
ment; 

[0035] FIG. 11A is a vieW shoWing an address conversion 
object image in a vehicle circumference display system 
having an image processing device of a siXth embodiment 
according to the present invention; 

[0036] FIG. 11B is a vieW for illustrating operations to cut 
out pre-sWitchover image and a post-sWitchover image from 
the address conversion object image shoWn in FIG. 11A 
With a vieW to displaying intermediate images, in the pres 
ently ?led embodiment; 

[0037] FIG. 12 is a vieW shoWing a status Wherein the 
intermediate images are consecutively displayed betWeen 
the pre-sWitchover image and the post-sWitchover image in 
the image processing device of the presently ?led embodi 
ment; 

[0038] FIG. 13 is a vieW for illustrating a comparative 
eXample of the image processing device of the presently 
?led embodiment; and 

[0039] FIG. 14 is a vieW shoWing image conversion 
executed using address conversion tables of uni?ed address 
information betWeen input image data resulting from image 
picking-up, in the presently ?led embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0040] Hereinafter, image processing devices of various 
embodiments according to the present invention are 
described in detail With reference to FIGS. 1 to 14. 

First Embodiment 

[0041] First, an image processing device 1 of a ?rst 
embodiment according to the present invention is described 
in detail With reference to FIGS. 1 to 2B. 

[0042] FIG. 1 is a block diagram shoWing a structure of a 
vehicle circumference display system S With the image 
processing device of the presently ?led embodiment; FIG. 
2A is a vieW shoWing address conversion object images to 
be used in the image processing device of the presently ?led 
embodiment; and FIG. 2B is a vieW for illustrating a process 
by Which display images indicative of different positions are 
displayed based on the address conversion object images 
shoWn in FIG. 2A, in the presently ?led embodiment. 

[0043] [Structure of Vehicle Circumference Display Sys 
tem] 
[0044] As shoWn in FIG. 1, the vehicle circumference 
display system S, including the image processing device 1, 
is comprised of a plurality of camera modules 2A, 2B 
(Which When generally named, may also be merely referred 
to as “camera modules” in brief) and a monitor 3, Which are 
installed on a vehicle V and to Which the image processing 
device 1 is connected. Although the presently ?led embodi 
ment Will be described beloW With reference to a case Where 
tWo camera modules 2A, 2B are provided, an arbitrary 
number of camera modules may be employed in principle in 
such a manner that one or more camera modules can surely 
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pickup images of a surrounding area of a moving object such 
as a vehicle, on Which one or more camera modules are 

installed, With a Wider range than a image to be displayed on 
the monitor 3. 

[0045] The cameral modules 2A and 2B are installed on 
the vehicle at different positions in different image pickup 
directions that are ?Xed in place. The camera module 2A is 
located in a rear of a vehicle body at a right side thereof to 
provide an image pickup direction covering a blind spot at 
a right side area of a driver and the camera module 2B is 
located in the rear of the vehicle body at a left side thereof 
to provide another image pickup direction covering a blind 
spot at a left side area of the driver. 

[0046] Further, the cameral modules 2 are comprised of 
image pickup lenses 21 and CCDs (Charge-Coupled 
Devices) 22, respectively. Incidentally, the camera modules 
2 include NTSC (National Television System Committee) 
cameras from Which image data are outputted to the image 
processing device 1 in accordance With NTSC systems, 
respectively. 

[0047] The image pickup device 1 takes the form of a 
structure that includes an internal bus 11 to Which other 
component elements, that is, input buffers 12A, 12B (Which 
When generally called, Will be merely referred to as “input 
buffers 12”), a CPU (Central Processing Unit) 13, an image 
converter (image processing section) 14, a table storage unit 
(table memory) 15 and an output buffer 16 are connected. 

[0048] The input buffers 12 are provided in compliance 
With the number of cameral modules 2, respectively. The 
input buffers 12A is connected to the camera module 2A and 
the input buffers 12B is connected to the camera module 2B. 
The input buffers 12 store input image data in the NTSC 
system once to alloW input image date to be read out at 
image conversion timings of the image converter 14. 

[0049] The table storage unit 15 stores address conversion 
tables 15a, 15b, 15c, . . . for respective image layouts to be 
provided to the driver. That is, under a situation Where a right 
area image and a left area image are displayed on the 
monitor 3 on a single screen, the address conversion tables 
based on such image layouts are used and When displaying, 
in addition to the right area image and the left area image, 
a loWer area image on the monitor 3 on the single screen, the 
address conversion tables based on such image layouts are 
used. 

[0050] Here, the monitor 3 has a resolution of a display or 
a resolution of a monitor (so-called display resolution or 
monitor resolution: for the sake of convenience, an abbre 
viation such as a terminology “resolution” may be brie?y 
appeared in the description) that is de?ned by the number of 
piXels in a height direction (vertical direction) and the 
number of piXels in a Width direction (lateral direction) of a 
display screen of the monitor 3 such as QVGA (in 320 piXels 
Wide by 240 pixels tall: 320 piXels in a Width direction><240 
piXels in a height direction), VGA (640 piXels in a Width 
direction><480 piXels in a height direction) and the like. Each 
of the address conversion tables 15a, 15b, 15c, . . . to be 
stored in the table storage unit 15 includes a table describing 
both a memory address (address information) of input image 
data of the input buffers 12 from the cameral modules 2 and 
a memory address (address information) of the output buffer 
16 for display image data that is displayed on the monitor 3 
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and corresponds to the resolution of the monitor 3. Also, the 
memory address of input image data has an address space 
With a siZe greater than that of display image data in a height 
direction or a Width direction (particularly, With a greater 
number of pixels in the height direction or the Width 
direction). That is, the address conversion table describes a 
correspondence relation betWeen a coordinates of the 
memory address of the input buffers 12, that is, the inputted 
pickup image, and a coordinates of the memory address of 
the output buffer 16, that is, the display image to be provided 
on the monitor 3. Such address conversion tables are pre 
liminarily prepared based on speci?cations of the camera 
modules 2, that is, the camera modules 2A, 2B, mounting 
positions at and directions (orientations of optical axes) in 
Which images are picked up, and the like. Incidentally, in the 
presently ?led embodiment, the memory address (address 
information) of input image data of the input buffers 12 from 
the cameral modules 2 contains both a memory address 
(address information) of input image data of the input buffer 
12A from the cameral module 2A and a memory address 
(address information) of input image data of the input buffer 
12B from the cameral module 2B. Namely, the address 
conversion tables 15a, 15b, 15c, . . . make it possible to 
achieve conversion not only based on the address space in a 
siZe corresponding to the image to be provided on the 
monitor 3 but also based on the address space in a siZe 
greater than that of such an address space, corresponding to 
the image to be provided on the monitor 3, in a height 
direction or a Width direction. Of course, the conversion may 
be achieved based on an address space greater than the 
address space, both in the height direction and the Width 
direction, With the siZe corresponding to the image to be 
displayed on the monitor 3. 

[0051] The image converter 14 reads out either one of the 
address conversion tables 15a, 15b, 15c, . . . from the table 
storage unit 15 to alloW input image data, stored in the input 
buffers 12, to be stored in the output buffer 16 by referring 
to such an address conversion table. Since the address 
conversion table describes the memory addresses of the 
output buffer 16 in accordance With the image layouts, the 
display image data, to be stored in the output buffer 16 by 
the image converter 14, is converted to image data in an 
image layout represented by such an address conversion 
table. 

[0052] When this takes place, more particularly, the image 
converter 14 serves to determine an image area correspond 
ing to a display mode (With the resolution of the monitor) of 
the monitor 3 to be used in actual display after conversion 
upon referring to the associated address conversion table 
While achieving address conversion, forming reWriting 
operation, Which reWrites the respective pixels of image 
data, of the input buffers 12, contained in such an image 
area, into respective pixels of image data of the output buffer 
16. Although a need arises for cutting out the image area 
targeted to be address conversion in actual practice for the 
purpose of providing an image display in accordance With 
the display mode and the image layout of the monitor 3, the 
cut-out of the image area is executed by designating a 
leading pointer (address information) described in the 
address conversion table upon Which the operation is 
executed to cut out the image area from the address at such 
a leading pointer. Incidentally, the image converter 14 may 
include an LSI (Large Scale Integration), an FPGA (Field 
Programmable Gate Array) and a DSP (Digital Signal Pro 
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cessor) or may be substituted in the form of functions of the 
CPU 13 per se. Moreover, FIG. 1 shoWs only the leading 
pointer 15ap of the address conversion table 15a and, 
likeWise, the other address conversion tables have leading 
pointers, respectively, With leading pointers being also 
stored in memories, not shoWn, of the image converter 1 in 
correspondence With the respective address conversion 
tables. 

[0053] With such a structure, the image converter 14 
executes operation, in a manner as described beloW in detail, 
to calibrate deviation, resulting from physical deviation 
occurred in the optical axes (orientations of the optical axes) 
With respect to initial states at Which the camera modules 2 
are mounted, of the image to be displayed on the monitor 3. 

[0054] The output buffer 16 stores image data, subjected to 
address conversion by the image converter 14, that is, image 
data for display on the monitor 3 to output such image data 
to the monitor 3 under controls executed by the CPU 13. 

[0055] The CPU 13 recogniZes a command on an image 
layout and a command on image sWitchover, determined 
upon operations of an operation input unit, not shoWn, 
manipulated by a driver, and determines an address conver 
sion table to be used in image converting operations to be 
executed in the image converter 14. Further, the CPU13 
controls image conversion timings for the image converter 
14 in respect of image data, delivered from the input buffers 
12, and timings at Which image data are outputted from the 
output buffer 16 to the monitor 3, thereby sWitching over the 
images to be displayed on the monitor 3. 

[0056] [Address Converting Operations] 
[0057] Next, the address converting operations, to be 
executed by the image processing device 1 With the structure 
set forth above, are described beloW in detail. 

[0058] With the monitor 3 represented in a display mode 
(the resolution of the monitor 3) With a QVGA (320 pixels 
in a Width direction><240 pixels in a height direction) and a 
CCD 22 represented With the number of pixels in a Width 
direction and a height direction, that is, image data stored in 
the input buffers 12 represented With the number of pixels in 
a Width direction and a height direction, With VGA (640 
pixels in a Width direction><480 pixels in a height direction), 
suppose a required image is cut out for address converting 
operation based on such inputted image data of VGA. 

[0059] Therefore, the address conversion table is required 
to have an address conversion object area that corresponds 
to an image area With a siZe greater than an aspect siZe the 
display mode of the monitor 3 (the resolution of the monitor 
3) in a height direction or a Width direction or in both 
directions. 

[0060] More particularly, an address space, corresponding 
to image data targeted for the address converting operations 
to be executed, is set to be 400 pixels Wide by 300 pixels tall 
(400 pixels in a Width direction><300 pixels in a height 
direction). Then, as shoWn in FIG. 2, among a camera image 
(input image data) 200 With 640 pixels Wide by 480 pixels 
tall (640 pixels in a Width direction><480 pixels in a height 
direction) picked up in the image pickup areas of the camera, 
an image 201 (targeted as address conversion object image 
data) in 400 pixels Wide by 300 pixels tall is targeted as an 
address conversion object. 
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[0061] That is, the address conversion table stores a cor 
respondence relation of address information in 400 pixels 
Wide by 300 pixels tall to be targeted as the address 
conversion object to address information 320 in 320 pixels 
Wide by 240 pixels tall for the monitor 3. 

[0062] Further, the address conversion tables are prepared 
for the camera modules 2, respectively, for respective cases 
With their optical axes ?xed in preset values. Incidentally, if 
the address conversion object image 201 becomes closer to 
a contoured area of the camera image 200, distortion occurs 
in an image at a peripheral edge of the contour and, hence, 
the address conversion tables are set to have address con 
version object areas each in a range With a resolution greater 
than that of the monitor 3 but in a range not to cause 
distortion in the image. 

[0063] Furthermore, leading pointers are set on the 
address conversion tables for the camera modules 2, respec 
tively. That is, the address conversion table 15a, typically as 
shoWn in FIG. 1, has a leading pointer 15ap set on address 
information at a leftWard and upper end of the address 
conversion information area, thereby permitting an image to 
be cut out in 320 pixels Wide by 240 pixels tall for the 
monitor 3 from the leading pointer 15ap. Such a structure 
similarly applies to other address conversion tables. 

[0064] With such an operation, When reading out camera 
images from the input buffers 12, the image converter 14 
reads out data from the input buffers 12 that serves as a 
source from Which data is read out, that is, leading pointers 
and address conversion tables corresponding to the camera 
modules 2, respectively. Then, the image converter 14 cuts 
out an image area 202A for display on the monitor 3 as 
shoWn in FIG. 2A; that is, a display image 203A, shoWn in 
FIG. 2B, is replaced in the output buffer 16, thereby 
enabling such an image 203A to be displayed on the monitor 
3. 

[0065] HoWever, here, on the condition that the camera 
image 200 is deviated upWard in FIG. 2A due to physical 
displacements of the optical axes of the camera modules 2, 
a difficulty is encountered in cutting out the image area 202A 
to be originally cut out in accordance With the leading 
pointer for corresponding one of the camera modules 2, 
resulting in an issue With an image area (shoWn as an image 
area 202B in FIG. 2A) being cut out under a position 
deviated from the image area 202A. That is, as shoWn in 
FIG. 2B, this results in an occasion Where no display image 
203A to be originally displayed on the monitor 3 is displayed 
but the display area 203B is caused to be erroneously 
displayed. 
[0066] On the contrary, the image processing device 1 of 
the presently ?led embodiment takes the form of a structure 
Wherein a correction is performed so as to cause the leading 
pointer to be displaced in a manner Which Will be described 
later in detail Whereby the image area 202A is cut out for 
display of the display image 203A Without causing alteration 
in the existing address conversion table. That is, the camera 
module 2 picks up the camera image 200 in a siZe corre 
sponding to the camera image pickup area for storage in the 
input buffers 12 and, subsequently, the deviated display 
image 203B can be sWitched over to the correct display 
image 203A depending on the physical deviation of the 
camera module 2. 

[0067] Further, the leading pointers of the address con 
version tables, Which are set in a Way to calibrate the 
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deviations in the optical axes, are set to be commonly used 
regardless of the image layouts to be displayed on the 
monitor 3, thereby eliminating a need for calibrating the 
deviations of the camera modules 2 for the image layouts to 
be provided to the driver, respectively. 

[0068] At the same time, the leading pointers of the 
address conversion tables, set in a Way to calibrate the 
deviations of the optical axes, are stored in a non-volatile 
memory, not shoWn, of the image processing device 1. This 
enables stored content to be sustained even When the image 
processing device 1 is poWered off, eliminating a need for 
the executions of calibrations on deviations of the optical 
axes of the camera modules 2, that is, calibrations of the 
calibrated image pickup areas Whenever the camera modules 
2 are used. 

[0069] [Image Calibrating Operations Based on Vehicle 
Information] 
[0070] Next, description is made of image calibrating 
operations to be executed for calibrations of deviations in 
the optical axes of the camera modules 2 based on vehicle 
information indicative of circumferences of an oWn vehicle. 

[0071] The image calibrating operations contemplate to 
vary the image areas, cut out from the camera images, based 
on vehicle information. When this takes place, the image 
converter 14 varies the leading pointer of the address 
conversion table for thereby varying the image area to be cut 
out upon referring to the address conversion table. 

[0072] Here, the address conversion tables, stored in the 
table storage unit 15, are prepared based on parameters such 
as directions (orientations of the optical axes) in and posi 
tions at Which the camera modules 2 are mounted, respec 
tively, under a status With no load on the oWn vehicle in the 
absence of occupants and packages. Accordingly, if a 
vehicle height changes due to some factors such as situations 
Where many occupants get in or many packages are loaded 
in the oWn vehicle, the optical axes of the camera modules 
2 are deviated, resulting in deviations in respective image 
pickup areas. That is, When the address conversion object 
area is cut out from the leading pointer stored With the 
address conversion table that is initially set, an issue arises 
With the occurrence of deviation in the image to be provided 
on the monitor 3. 

[0073] To address such an issue, With the presently ?led 
embodiment, sensors for detecting behaviors of the oWn 
vehicle, that is, vehicle height sensors (not shoWn), are 
mounted on the vehicle in the vicinity of mount positions of 
the camera modules 2, respectively, and the CPU 13 reads 
out sensor signals delivered from the vehicle height sensors 
to detect a current vehicle height of the oWn vehicle. 

[0074] Then, the CPU 13 obtains a difference betWeen the 
current vehicle height, read out from the vehicle height 
sensors, and the vehicle height, appearing When the vehicle 
bears no load, that is, during operation in Which the address 
conversion tables are calculated, thereby calculating a value 
indicative of hoW many number of pixels are involved in 
deviation typically in a height direction of the image pickup 
area of the camera module 2. 

[0075] Subsequently, the image converter 14 shifts the 
leading pointer by a value of deviation in pixels of the 
camera image pickup area, calculated by the CPU 13, to shift 
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