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(57) ABSTRACT 

An image taking apparatus including a plurality of imaging 
units each including a lens with a variable focal distance and 
an image sensing device is provided. The plurality of 
imaging units are disposed such that their viewpoints are 
Substantially coincident with each other and image areas 
partially overlap each other so as to allow it obtain a wide 
angle image by connecting a plurality of images obtained by 
the imaging units. Each imaging unit includes a set of 
mapping tables each of which represents the correspon 
dence, for a particular focal distance, between a particular 
coordinate system and a coordinate system in which an 
image taken by each image sensing device is represented. 

(22) Filed: Dec. 13, 2006 Each imaging unit further includes a controller adapted to 
select a mapping table corresponding to the focal distance, 

(30) Foreign Application Priority Data and a mapping unit adapted to map the image into the 
particular coordinate system according to the selected map 

Dec. 14, 2005 (JP)...................................... 2005-360811 ping table. 
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IMAGE TAKING APPARATUS, IMAGE 
PROCESSING METHOD, AND IMAGE 

PROCESSING PROGRAM 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

0001. The present application claims priority to Japanese 
Patent Application JP 2005-360811 filed in the Japanese 
Patent Office on Dec. 14, 2005, the entire contents of which 
are incorporated herein by reference. 

BACKGROUND 

0002 The present application relates to an image taking 
apparatus, an image processing method, and a computer 
program executable on a computer to implement the image 
processing method, for connecting into a single image a 
plurality of images taken by a plurality of imaging units 
disposed such that viewpoints (focal points) coincide with 
each other. 

0003. It is known to dispose a plurality of imaging optical 
systems (imaging means) Such that image areas thereof 
partially overlap each other thereby allowing it take a 
panoramic moving image (or a wide-angle image). How 
ever, there is large parallax among imaging optical systems, 
and this makes it difficult to precisely connect the plurality 
of image areas via the overlapping areas. 
0004 Japanese Patent No. 2974500 discloses a multi-lens 
image taking apparatus configured to detect registration 
errors in overlapping areas between adjacent images output 
from imaging systems, depending on Zooming and/or focus, 
and adjust the angle of convergence between adjacent imag 
ing systems so as to minimize the registration errors. 
0005. However, in the method disclosed in Japanese 
Patent No. 2974500, when overlapping areas include objects 
at different distances, it is difficult to precisely correct 
registration errors for all objects. 
0006 If an image taking apparatus is configured using a 
plurality of imaging optical systems having Small or no 
parallax, it is possible to precisely connect a plurality of 
images via overlapping areas. 
0007. However, when focus is changed, a corresponding 
change in focal distance causes registration errors in over 
lapping areas between images taken by adjacent imaging 
optical systems, which cannot be corrected without causing 
degradation in image quality. 

SUMMARY 

0008 Thus, it is desirable to provide a technique to 
precisely connect images taken by a plurality of imaging 
systems with Small registration errors in overlapping areas 
between adjacent images regardless of focus values of 
respective imaging Systems. 

0009. In view of the above, the present application in an 
embodiment provides an image taking apparatus including a 
plurality of imaging means each including a lens with a 
variable focal distance and an image sensing device, the 
plurality of imaging means being disposed such that their 
viewpoints are substantially coincident with each other and 
image areas partially overlap each other so as to allow it 
obtain a wide angle image by connecting a plurality of 
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images obtained by the respective imaging means, each 
imaging means including a set of a plurality of mapping 
tables prepared for various respective values of the focal 
distance, each mapping table representing the correspon 
dence for one of the various values of the focal distance 
between a particular coordinate system and a coordinate 
system in which an image taken by each image sensing 
device is represented, a controller adapted to select a map 
ping table corresponding to a focal distance used to take 
images by the image sensing devices, and a mapping unit 
adapted to map each image into the particular coordinate 
system in accordance with the correspondence described in 
the mapping table selected by the controller. 
0010. In this image taking apparatus configured in the 
above-described manner, the mapping table is dynamically 
Switched in accordance with a change in the focal distance, 
thereby allowing the images represented by the mapped 
image data output from the plurality of imaging systems to 
be precisely connected to each other via overlapping areas 
regardless of the focal distance. 
0011. The present application in an embodiment also 
provides an image processing method of obtaining a wide 
angle image by connecting images taken by a plurality of 
imaging means each including a lens with a variable focal 
distance and an image sensing device, the plurality of 
imaging means being disposed Such that their viewpoints are 
Substantially coincident with each other and image areas 
partially overlap each other, comprising the steps of select 
ing a mapping table from a set of a plurality of mapping 
tables prepared for various respective values of the focal 
distance used in an image taking operation, each mapping 
table representing the correspondence for one of the various 
values of the focal distance between a particular coordinate 
system and a coordinate system in which an image taken by 
each image sensing device is represented, and mapping each 
image taken by each image sensing device into the particular 
coordinate system in accordance with the correspondence 
described in the selected mapping table so that the image 
mapped into the particular coordinate system in accordance 
with the selected mapping table and the image mapped into 
the particular coordinate system by an adjacent imaging 
means overlap each other in an overlapping area which is 
maintained fixed regardless of the focal distance. 
0012. In this image processing method, the mapping table 
is dynamically Switched in accordance with a change in the 
focal distance, thereby allowing the images represented by 
the mapped image data output from the plurality of imaging 
systems to be precisely connected to each other via over 
lapping areas regardless of the focal distance. 
0013 As described above in an embodiment, advantage 
is provided that images taken by a plurality of imaging 
systems are precisely connected to each other via overlap 
ping areas between adjacent images regardless of the focus 
values (the focal distances) of the respective imaging sys 
temS. 

0014) Additional features and advantages are described 
herein, and will be apparent from, the following Detailed 
Description and the figures. 

BRIEF DESCRIPTION OF THE FIGURES 

0015 FIG. 1 is a block diagram of an image taking 
apparatus including two imaging Systems according to an 
embodiment. 
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0016 FIG. 2 is a diagram showing an example of a 
correction of lens distortion. 

0017 FIG. 3 is a diagram showing an example of map 
ping of an image onto a cylindrical Surface. 

0018 FIG. 4 is a diagram showing two adjacent images 
mapped onto a cylindrical Surface according to an embodi 
ment. 

0.019 FIG. 5 is a diagram showing an image obtained by 
developing two output images onto a plane according to an 
embodiment. 

0020 FIG. 6 is a block diagram of an image taking 
apparatus including three imaging systems according to an 
embodiment. 

0021 FIG. 7 is a diagram showing an image obtained by 
developing three output images onto a plane according to an 
embodiment. 

DETAILED DESCRIPTION 

0022 Specific embodiments are described below with 
reference to FIGS. 1-7. In the embodiments described below, 
it is assumed by way of example that the image taking 
apparatus is a video camera for use as a monitor camera or 
the like. 

0023 FIG. 1 shows an image taking apparatus including 
two imaging systems according to an embodiment. As 
shown in FIG. 1, the image taking apparatus includes a first 
and second imaging systems (imaging means) which are 
disposed such that the viewpoints (focal points) of the two 
imaging systems coincide with each other and Such that 
image areas of adjacent imaging systems (the first and 
second imaging systems in this case) partially overlap each 
other. The image taking apparatus of this type is called a 
“co-viewpoint multiple optical system camera'. In the 
image taking apparatus of this type, because the imaging 
systems are disposed such that the viewpoints thereof are 
coincident with each other, there is no parallax among 
images formed by the plurality of imaging systems. Thus, it 
is possible to seamlessly connect the plurality of images by 
properly setting the projection center and projecting input 
images onto a single flat image plane (or non-planar image 
Surface). Various methods to connect a plurality of images 
are known. For example, a method is disclosed in Japanese 
Unexamined Patent Application Publication No. 2004 
184862. 

0024. The first imaging system includes an imaging opti 
cal system including lenses 1 and 4, an aperture 2, and a 
CCD (Charge Coupled Device) serving as an image sensing 
device, a CCD image processing unit 7, a backward map 
ping unit 8, a rewritable memory 9 (storage unit), an 
overlapping area evaluation unit 10, an overlapping area 
processing unit 11, a controller 12, a set of mapping tables 
13, and an output unit 14. The memory 9 may be of the 
nonvolatile type or volatile type. 
0.025 The aperture control unit 3 is a driving unit adapted 
to control the aperture value of the aperture 2 in accordance 
with a control signal supplied from the controller 12. 

0026. The focus control unit 5 is a driving unit adapted to 
control the focus (the focal distance) by moving the lens 4 
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along an optical axis in accordance with a control signal 
supplied from the controller 12. 
0027. When an image is captured via the lenses 1 and 4. 
the focus value and the aperture 2 are adjusted such that the 
image is focused on the CCD 6. The CCD image processing 
unit 7 performs various processes such as an analog-to 
digital conversion, a RGB conversion, etc. on the output of 
the CCD 6. The CCD image processing unit 7 also performs 
an image quality adjustment such as a color correction on the 
image signal output from the CCD 6 in accordance with a 
control signal Supplied from the controller 12. Although in 
the present embodiment the CCD is used as the image 
sensing device, other types of image sensing devices such as 
a CMOS (Complementary Metal Oxide Semiconductor) 
image sensing device may also be used. 
0028. The backward mapping unit (mapping unit) 8 per 
forms a process to precisely overlap the image obtained by 
the first imaging system with the image obtained by the 
second imaging system. At this stage, the image data 
obtained via the image processing by the CCD image 
processing unit 7 of each imaging system includes distortion 
due to lens distortion of each imaging system, a relative 
positioning error between the optical systems, and projec 
tion of an image in three-dimensional space onto a two 
dimensional plane of the CCD 6, and the distortion makes it 
difficult to obtain a beautiful boundary between the two 
images. To correct the distortion due to these factors, the 
backward mapping unit 8 disposed at a stage following the 
CCD image processing unit 7 performs a backward mapping 
process (hereinafter, referred to simply as mapping) so as to 
achieve precise overlapping between the images obtained by 
the two imaging systems. 
0029. The set of mapping tables 13 includes a plurality of 
mapping tables each of which represents the correspondence 
for a particular focus value (focal distance) between a 
particular coordinate system and a coordinate system in 
which the image taken by the CCD (image sensing device) 
6 is represented. Note that the plurality of mapping tables in 
the set of mapping table 13 are prepared for various different 
focus values such that each mapping table represents cor 
respondence for one of various different focus values. For 
example, the correspondence for mapping from the image 
taken by the CCD 6 to a non-planar image in a three 
dimensional coordinate system or further to a two-dimen 
sional plane image is described for each of various different 
focal distances in one of mapping table. A user is allowed to 
select whether the image is mapped onto a non-planar image 
or a two-dimensional-plane image. 

0030 The mapping information may be stored in a dedi 
cated mapping table memory during a production process of 
the image taking apparatus or may be stored in the memory 
9 or the like so that the mapping information is read from the 
memory 9 when the power of the image taking apparatus is 
turned on. 

0031. The mapping table 13 used in the mapping is 
properly switched depending on the focus value. More 
specifically, the controller 12 responsible for controlling the 
focus selects a proper mapping table corresponding to the 
focus value employed to take an image. In accordance with 
the mapping information described in the selected mapping 
table, the backward mapping unit 8 performs the mapping so 
that the overlapping part of the output image data is mapped 
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to a particular area of the memory 9 disposed at a stage 
following the backward mapping unit 8. 
0032. The overlapping area evaluation unit 10 reads the 
overlapping part between the image data output by the 
adjacent imaging systems from the memory 9 and evaluates 
the image quality thereof. The result of the evaluation is sent 
to the controller 12. 

0033. The controller 12 an operation/process control unit 
such as a CPU (Central Processing Unit), which controls 
various operations and processes using a RAM (Random 
Access Memory) as a work area in accordance with a 
computer program Such as a program to control the whole 
image taking apparatus, an image processing program, etc. 
stored in a ROM (Read Only Memory). When the controller 
12 receives the result of the evaluation made by the over 
lapping area evaluation unit 110 of the second imaging 
system adjacent to the first imaging system, the controller 12 
precisely determines the difference in color from that 
obtained in the second imaging system. The controller 12 
adjusts the aperture value of the aperture 2 via the aperture 
control unit 3 and/or adjusts the image quality via the CCD 
image processing unit 7 so as to minimize the color differ 
CCC. 

0034. The controller 12 acquires from the lens 4 infor 
mation associated with the focus value employed when an 
image was taken or acquires information associated with the 
manual focusing operation performed by a user when an 
image was taken from the operation unit, and the controller 
12 stores the acquired information. 
0035. The overlapping area processing unit 11 sends 
image data (pixel data) with the overlapping-area size to the 
overlapping area processing unit 111 of the second imaging 
system adjacent to the first imaging system, and acquires 
image data with the overlapping-area size from the overlap 
ping area processing unit 111 of the second imaging system. 
If the overlapping area processing unit 11 receives the image 
data with the overlapping-area size from the second imaging 
system adjacent to the first imaging system, the overlapping 
area processing unit 11 performs a blending process Such as 
an alpha blending process or a texture blending process as an 
overlapping area treatment process. 
0036) The resultant image data subjected to the blending 
process is output to an external device via the output unit 14. 
The external device is allowed to obtain an image with a 
desired angle of view or a panoramic image with high image 
quality simply by placing, side by side, the images output 
from the respective image taking apparatus. As for the 
external device to which the image data output from the 
output unit 14 is input, for example, a display device Such as 
an LCD (Liquid Crystal Display) device or a recording/ 
playback apparatus such as an HDD (Hard Disk Drive) 
recorder/player may be used. 
0037. The second imaging system includes an imaging 
optical system including lenses 101 and 104, an aperture 
102, and a CCD (Charge Coupled Device) 106 serving as an 
image sensing device, a CCD image processing unit 107, a 
backward mapping unit 108, a rewritable nonvolatile 
memory 109, an overlapping area evaluation unit 110, an 
overlapping area processing unit 111, a controller 112 a 
mapping table set 113, and an output unit 114. These parts 
are similar to those of the first imaging system described 
above, and thus a duplicated explanation thereof is omitted 
herein. 
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0038 A method of producing the set of mapping tables 
13 is described below. The correspondence between the 
coordinate system in which the image taken by the image 
sensing device (CCD 6) is represented and the coordinate 
system in which the image is represented in a final form can 
be determined according to a known method, and the 
mapping tables can be produced according to the determined 
correspondence. The set of mapping tables 113 can be 
produced in a similar manner, and thus in the following 
explanation, the method of producing mapping tables is 
explained only for the set of mapping tables 13. 

0039. As described above, each mapping table 13 is 
described so as to represent a composite function of a lens 
distortion correction, a correction of relative positioning 
errors of optical systems, and a projective transformation of 
mapping a plane image to an image in three-dimensional 
space. The lens distortion correction may be made, for 
example, by a method known as the Tsai's camera model. 

0040 FIG. 2 shows an example of a correction of lens 
distortion. In FIG. 2, point O in each of an image 21 in an 
uncorrected State and an image 22 in a corrected State 
denotes the center of each image, and (Xc, Yc) denotes 
coordinates of the point O of each image. Note that the 
image center is defined as the intersection point of the 
optical axis of one imaging system and the image plane, that 
is, the uncorrected image 21 or the corrected image 22. If it 
is assumed that an arbitrary point Pd(Xd, Yd) of the uncor 
rected image 21 is converted into a point Pi(Xi, Yi) of the 
corrected image 22 as a result of the distortion correction, 
the conversion for the distortion correction can be math 
ematically represented as follows: 

r-VXd?-Yd? (1) 

where k1 and k2 are arbitrary values other than Zero. 
0041. The correction of the relative positioning error of 
the imaging system and the projective transformation can be 
generally represented in accordance with a pin-hole camera 
model as follows: 

X f O Cx Xw (2) 

y = 0 f Cy R Yw 
2. 0 0 1 Zw 

where the left side denotes the camera coordinate system, 
the first term on the right side denotes a TV matrix, the 
second term denotes a rotation matrix, the third term denotes 
a world coordinate system, f denotes the focal distance, and 
CX and Cy denote deviations of the imaging system from the 
image center in the X and y directions. In this equation, the 
rotation angle R can be represented as follows. 

cosy sin O1 O O cos P 0 -sinP 

R= -sin cos () () cosR sinR O 1 O 
O 0 1 0 -sin cosR sinP 0 cosp 
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where Y. R. and Prespectively denote the yaw, the roll, and 
the pitch of the imaging system. 

0042. As described above, the point on the image repre 
sented in the image taking coordinate system (camera coor 
dinate system) (x, y, z) is given by the product of coordinates 
in the world coordinate system (Xw, Yw, Zw), the rotation 
matrix R and the TV matrix. Note that the TV matrix 
represents the projective transformation from the world 
coordinate system to the image taking coordinate system 
(camera coordinate system). 
0043. Because Cx and Cy respectively represent devia 
tions of an imaging system (camera) in the X direction and 
in they direction from the optical axis center (image center), 
and R (roll), P (pitch), and Y (yaw) represent the position of 
the imaging system (camera), these parameters can be 
determined via calibration of the imaging system (camera). 

0044. After the distortion correction is made, the position 
error correction and the projective transformation are per 
formed on the image 22 subjected to the distortion correc 
tion. More specifically, in the case of the projection onto a 
cylindrical Surface, polar coordinates of the image 23 pro 
jected onto the cylindrical Surface 24 Such as that shown in 
FIG. 3 are determined and substituted into equation (2). A 
mapping table is then produced in accordance with the result 
of the substitution. If mapping tables are produced for 
respective values of the focal distance fin equation (2), a set 
of backward mapping tables corresponding to the respective 
values of the focal distance f is obtained. 

0045 Referring to FIG. 4, the area of the image subjected 
to the mapping process for each of the plurality of imaging 
systems is explained below. FIG. 4 shows two output images 
Subjected to the mapping onto a cylindrical Surface in the 
first and second imaging systems. In FIG. 4, reference 
numerals 25 and 27 denote images obtained by performing 
the distortion correction on images taken by the respective 
first and second imaging systems. If the images 25 and 27 
subjected to the distortion correction are projected onto the 
cylindrical surface 24, images 26 and 28 are obtained. That 
is, the mapping data of the respective images (A) and (B) are 
given by the images 26 and 28. 
0046. In a case in which the images (A) and (B) adjoining 
each other via a connection line 29 as shown in FIG. 4 are 
output to an external device, mapping tables are prepared 
Such that an image area including the image (A) with a 
standard image size as measured on a display and an 
overlapping area 31 in which the image (A) overlaps the 
image (B) is covered for the image (A), and an image area 
including the image (B) with the standard image size as 
measured on the display and an overlapping area 30 in which 
the image (B) overlaps the image (A) is covered for the 
image (B), and the backward mapping is performed. Herein, 
the images (A) and (B) are images with the standard image 
size as measured on the display output from the respective 
imaging systems. The images with the standard image size 
as measured on the display are unit images forming a 
wide-angle image. That is, a wide-angle image or a pan 
oramic image is formed by combining a plurality of images 
with the standard image size as measured on the display. 
0047 For the above purpose, each of the image sensing 
devices of the adjacent imaging systems takes an image 
including the image (A) or (B) with the standard image size 
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as measured on the display and the overlapping area 31 or 
30 in which the image (A) or (B) with the standard image 
size as measured on the display overlaps with the image (B) 
or (A) taken by the adjacent imaging system. The overlap 
ping areas 31 and 30 are fixed in size regardless of the focal 
distance by properly performing mapping depending on the 
focal distance. 

0048. In the case in which the image taking apparatus is 
used as a monitor camera as in the present embodiment, the 
Zoom ratio is generally fixed to a particular value. However, 
in Some cases, it is desirable to change the Zoom ratio in 
monitor cameras. To meet Such a requirement, a set of 
mapping tables may be prepared for various values of the 
focal distance and for various values of the Zoom ratio. This 
makes it possible to properly perform mapping by selecting 
a correct mapping table corresponding to the focal distance 
and corresponding to the Zoom ratio. Thus, it is possible to 
precisely connect a plurality of images taken by imaging 
systems via overlapping areas whose size is fixed regardless 
of the Zoom ration. 

0049. The mapping of images taken by the first and 
second imaging systems is described in further detail below. 
0050. When the power of the imaging systems is turned 
on, the set of mapping tables 13 representing the correspon 
dence between the coordinate system in which the image 
taken by the CCD 6 is represented and a particular coordi 
nate system for each focal distance is read into a storage unit 
(not shown). 
0051. In the first imaging system, the controller 12 selects 
a mapping table corresponding to the focal distance used in 
the image taking operation from the mapping table 13. The 
backward mapping unit 8 maps the image taken via the CCD 
6 to an image in a particular coordinate system, for example, 
to a non-planar image on the cylindrical Surface 24, in 
accordance with the correspondence described in the 
selected mapping table. The resultant mapped image is 
stored in the memory 9. 
0052 Similarly, in the second imaging system, the image 
taken via the CCD 106 is mapped into the particular coor 
dinate system in accordance with the mapping table corre 
sponding to the focal distance used in the image taking 
operation, and the resultant mapped image is stored in the 
memory 109. 

0053) The image stored in the memory 9 of the first 
imaging system and the image stored in the memory 109 of 
the second imaging system represent images 26 and 28 
mapped onto the cylindrical surface 24 as shown in FIG. 4. 
These two images 26 and 28 are precisely connected to each 
other via the overlapping areas 30 and 31 regardless of the 
focal distance. 

0054 FIG. 5 shows an image obtained by developing the 
images 26 and 28 on the cylindrical surface 24 shown in 
FIG. 4 on a plane. The mapping data 26 of the image (A) 
mapped by the backward mapping unit 8 of the first imaging 
system includes the image (A) with a standard image size as 
measured on the display and the image of the overlapping 
area 31 where the image overlaps the adjacent image (B) of 
with the standard image size as measured on the display of 
the second imaging system. Similarly, the mapping data 28 
of the image (B) mapped by the backward mapping unit 108 
of the second imaging system includes the image (B) with a 
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standard image size as measured on the display and the 
image of the overlapping area 30 where the image overlaps 
the adjacent image (A) of with the standard image size as 
measured on the display of the first imaging system. 
0055. In the first and second imaging systems adjacent to 
each other, the image taken by the first imaging system 
extends beyond a connection boundary 29 into the overlap 
ping area 31 in which the image overlaps the image (B) with 
the standard image size as measured on the display taken by 
the second imaging system, while the image taken by the 
second imaging system extends beyond the connection 
boundary 29 into the overlapping area 30 in which the image 
overlaps the image (A) with the standard image size as 
measured on the display taken by the first imaging system. 
Note that the size of the overlapping area 30 is set to be equal 
to the size of the overlapping area 31. 
0056 Because the two images are very precisely aligned 
with respect to each in the overlapping areas 30 and 31, the 
aperture 2 (or 102) and the CCD image processing unit 7 (or 
107) can be controlled in accordance with the result of the 
evaluation of the image in the overlapping area in which the 
image overlaps the image with the standard image size as 
measured on the display taken by the adjacent imaging 
system, so that the difference in color between the adjacent 
imaging systems is minimized. 
0057 More specifically, the first imaging system has the 
overlapping area evaluation unit 10 (FIG. 1) to evaluate the 
image quality of the image in the overlapping part 30 
between the image (A) with the standard image size as 
measured on the display taken by the first imaging system 
and the image 28 taken by the second imaging system. 
Similarly, the second imaging system has the overlapping 
area evaluation unit 110 to evaluate the image quality of the 
image in the overlapping part 31 between the image (B) with 
the standard image size as measured on the display taken by 
the second imaging system and the image 26 taken by the 
first imaging system. 

0.058 As shown in FIG. 1, the data indicating the result 
of the evaluation made by the overlapping area evaluation 
unit 10 of the first imaging system is input to the controller 
12 of the first imaging system and also to the controller 112 
of the second imaging system, and the data indicating the 
result of the evaluation made by the overlapping area 
evaluation unit 110 of the second imaging system is input to 
the controller 112 of the second imaging system and also to 
the controller 12 of the first imaging system. In accordance 
with the evaluation results, the controllers 12 and 112 of the 
first second imaging systems adjust the image quality so that 
the difference in color in the overlapping areas is minimized. 
0059. In the embodiment described above, the image data 
in the overlapping areas are evaluated by both imaging 
systems adjacent to each other. Alternatively, the image 
quality of one of the image data may be fixed as a reference. 
For example, the image quality of the image obtained in the 
first imaging system may be fixed, and the image quality of 
the image obtained in the second imaging system may be 
adjusted with reference to the image quality of the image 
obtained in the first imaging system. 
0060 Each imaging system has an overlapping area 
processing unit to perform a particular process on the 
overlapping part between the image with the standard image 
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size as measured on the display taken by the present imaging 
system and the image taken by the adjacent imaging system. 
0061 More specifically, the first imaging system has an 
overlapping area processing unit 11 adapted to perform a 
blending process on the overlapping part 30 between the 
image (A) with the standard image size as measured on the 
display of the first imaging system and the image 28 taken 
by the second imaging system. Similarly, the second imag 
ing system has an overlapping area processing unit 111 
adapted to perform a blending process on the overlapping 
part 31 between the image (B) with the standard image size 
as measured on the display taken by the second imaging 
system and the image 26 taken by the first imaging system. 
Each of the overlapping area processing units 11 and 111 of 
the first and second imaging systems supplies the RGB pixel 
data of the overlapping area to the other overlapping area 
processing unit (FIG. 1). Each of the overlapping area 
processing units 11 and 111 analyzes the received pixel data 
in terms of the size and the image quality of the overlapping 
area of the adjacent imaging system and properly performs 
the process on the overlapping area in accordance with the 
analysis result. 
0062 More specifically, the overlapping area processing 
unit 11 of the first imaging system performs the blending 
process on the image data of the overlapping area 30 shown 
in FIG. 5 in accordance with the pixel data supplied from the 
second imaging system adjacent to the first imaging system. 
After completion of the blending process, the resultant 
image data of the overlapping area 30 is sent to the output 
unit 14. 

0063. In this process, only the image data of the over 
lapping area 30 may be sent to the output unit 14, or the 
image data of the image (A) with the standard image size as 
measured on the display including the image data of the 
overlapping area 30 may be sent to the output unit 14 via the 
overlapping area processing unit 11. In the case in which 
only the image data of the overlapping area 30 is Supplied to 
the overlapping area processing unit 11, the output unit 14 
acquires the remaining image data from the memory 9 and 
adds the acquired image data to the image data of the 
overlapping area 30 to obtain the whole image data (A) with 
the standard image size as measured on the display. The 
resultant image data (A) with the standard image size as 
measured on the display is output from the output unit 14 to 
an external device. 

0064. Similarly, in the second imaging system, in accor 
dance with the pixel data from the first imaging system 
adjacent to the second imaging system, the overlapping area 
processing unit 111 performs the blending process on the 
image data of the overlapping area 31 shown in FIG. 5. The 
resultant image data of the overlapping area 31 is sent to the 
output unit 114. The output unit 114 outputs the image (B) 
with standard image size as measured on the display includ 
ing the image of the overlapping area 31 Subjected to the 
blending process to an external device. 
0065. As described above, the image (A) output from the 
output unit 14 includes the overlapping area 30 that has been 
Subjected to the overlapping process, and the image (B) 
output from the output unit 114 includes the overlapping 
area 31 that has been Subjected to the overlapping process. 
This allows the external device to obtain a wide-angle image 
simply by aligning the image (A) and the image (B) side by 
side. 

Page 11 of 15



US 2007/0132863 A1 

0.066 Alternatively, the overlapping area treatment pro 
cess may not be performed and the mapping data of the 
image (A) and the image (B) including the overlapping part 
may be supplied to the external device, and the overlapping 
area treatment process may be performed in the external 
device. In this case, because the overlapping area treatment 
process is performed in the external device, the processing 
load on the image taking apparatus is reduced. Also in this 
case, the overlapping area is mapped to a particular area, and 
thus the external device is allowed to perform the overlap 
ping area treatment process without needing any information 
associated with the image data of the overlapping area. That 
is, if the overlapping size is defined beforehand, the external 
device can perform the overlapping area treatment process 
in accordance with the predefined overlapping size, and thus 
it is not necessary to send any information other than the 
image data to the external device. 
0067. Alternatively, in the case in which the image taking 
apparatus does not perform the overlapping area treatment 
process, the data indicating the overlapping size may be 
Supplied together with the image data each time the image 
data is output to the external device. Still alternatively, the 
overlapping size may be predefined as a function of the total 
image size of the image to be output, or the overlapping size 
may be fixed to a particular value regardless of the total 
image size. 
0068. Other embodiments are described below with ref 
erence to FIGS. 6 and 7. In FIGS. 6 and 7, similar parts to 
those in FIG. 1 or 5 are denoted by similar reference 
numerals, and they are not explained in further detail herein. 
0069 FIG. 6 shows an image taking apparatus including 
three imaging systems each of which is similar to the two 
imaging systems shown in FIG.1. The third imaging system 
includes an imaging optical system including lenses 201 and 
204, an aperture 202, and a CCD 206 serving as an image 
sensing device, a CCD image processing unit 207, a back 
ward mapping unit 208, a rewritable nonvolatile memory 
209, an overlapping area evaluation unit 210, an overlapping 
area processing unit 211, a controller 212 a mapping table 
set 213, and an output unit 214. These parts are similar to 
those of the first or second imaging system described above, 
and thus a duplicated explanation thereof is omitted herein. 
0070. In the present example, the image taking apparatus 
is configured Such that transmission of data is allowed not 
only between the first and second imaging systems, but it is 
allowed to transmit various kinds of data between the second 
and third imaging systems. That is, as shown in FIG. 6, the 
data indicating the result of the evaluation made by the 
overlapping area evaluation unit 110 of the second imaging 
system is input to the controller 112 of the second imaging 
system and also to the controller 212 of the third imaging 
system, and the data indicating the result of the evaluation 
made by the overlapping area evaluation unit 210 of the third 
imaging system is input to the controller 212 of the third 
imaging system and also to the controller 112 of the second 
imaging system. In accordance with the evaluation results, 
the controllers 112 and 212 of the second and third imaging 
systems adjust the image quality So that the difference in 
color in the overlapping areas is minimized. 
0071. Each of the overlapping area processing units 111 
and 211 of the second and third imaging systems Supplies the 
RGB pixel data of the overlapping area to the other over 
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lapping area processing unit. Each of the overlapping area 
processing units 111 and 211 analyzes the received pixel 
data in terms of the size and the image quality of the 
overlapping area of the adjacent imaging system and prop 
erly performs the process on the overlapping area in accor 
dance with the analysis result. 
0072 FIG. 7 shows an image obtained by developing 
three images on a cylindrical Surface onto a plane. Note that 
the developed image is similar to that shown in FIG. 5 
except that it includes an additional image (C) obtained by 
the third imaging system. In the third imaging system, the 
mapping data 36 of the image (C) is obtained by mapping 
the image taken by the CCD 206 of the third imaging system 
into a particular coordinate system in accordance with a 
mapping table corresponding to the focal distance employed 
in the image taking operation, in a similar manner to the 
mapping data 26 or 28 of the image (A) or (B). 
0073. The mapping data 28 of the image (B) mapped by 
the backward mapping unit 108 of the second imaging 
system includes the image (B) with the standard image size 
as measured on the display and the image of the overlapping 
area 35 where the image overlaps the adjacent image (C) of 
with the standard image size as measured on the display of 
the third imaging system. Similarly, the mapping data 36 of 
the image (C) mapped by the backward mapping unit 208 of 
the third imaging system includes the image (C) with the 
standard image size as measured on the display and the 
image of the overlapping area 34 where the image overlaps 
the adjacent image (B) of with the standard image size as 
measured on the display of the second imaging system. 
0074 As with the images of the first and second imaging 
systems, the image taken by the second imaging system 
extends beyond a connection boundary 33 into the overlap 
ping area 35 in which the image overlaps of the image (C) 
with the standard image size as measured on the display 
taken by the third imaging system, while the image taken by 
the third imaging system extends beyond the connection 
boundary 33 into the overlapping area 34 in which the image 
overlaps the image (B) with the standard image size as 
measured on the display taken by the second imaging 
system, wherein the size of the overlapping area 34 is set to 
be equal to the size of the overlapping area 35. 
0075) Furthermore, as with the images of the first and 
second imaging systems, the two images are very precisely 
aligned with respect to each in the overlapping areas 34 and 
35, and the aperture 102 (or 202) and the CCD image 
processing unit 107 (or 207) are controlled in accordance 
with the result of the evaluation of the image in the over 
lapping area in which the image overlaps the image with the 
standard image size as measured on the display taken by the 
adjacent imaging system, so that the difference in color 
between the second and third imaging systems is minimized. 
0076 Furthermore, as with the images of the first and 
second imaging systems, each of the overlapping area pro 
cessing units 111 and 211 of the second and third imaging 
systems Supplies the RGB pixel data of the overlapping area 
to the other overlapping area processing unit (FIG. 6). Each 
of the overlapping area processing units 111 and 211 ana 
lyzes the received pixel data in terms of the size and the 
image quality of the overlapping area of the adjacent imag 
ing system and properly performs the process on the over 
lapping area in accordance with the analysis result. 
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0.077 Thus, it is possible to precisely connect three 
images taken by the first to third imaging systems. Similarly, 
it is also possible to precisely connect four or more images 
taken by an image taking apparatus including four or more 
imaging systems via overlapping areas with a fixed size. 

0078. As described above, in the image taking apparatus 
Such as a multi-lens camera or an omnidirectional camera 
adapted to acquire a wide-angle image by connecting images 
output from a plurality of imaging systems, in particular, in 
the image taking apparatus in which the imaging systems are 
disposed such that images taken by the imaging systems 
partially overlap each other, a set of backward mapping 
tables which cover an area including an image with the 
standard image size as measured on the display and an 
overlapping area and which are switchable or rewritable is 
stored in a unit disposed at a stage following each CCD, and 
the mapping table is Switched depending on the focus (focal 
distance) such that output images taken by adjacent imaging 
systems can be precisely connected to each other via an 
overlapping area regardless of the focus value. That is, the 
backward mapping table is dynamically switched depending 
on a change in the focus value So that the overlapping area 
of the image data is precisely mapped to a particular area 
regardless of the focus value. 

0079 The overlapping part of each image is very pre 
cisely mapped to the particular area and the data in this area 
is evaluated with respect to the adjacent image. In accor 
dance with the result of the evaluation, the CCD image 
processing unit and the aperture are controlled so that the 
difference in color between the data output from the CCD 
image processing units of the adjacent imaging systems is 
precisely corrected. 

0080 A block (overlapping area processing unit) for 
performing a boundary treatment process such as a blending 
process in accordance with the overlapping data Supplied 
from adjacent imaging systems is disposed at a stage fol 
lowing the backward mapping unit for performing the 
mapping in accordance with a selected backward mapping 
table, whereby the boundary treatment process is performed 
on the image data by the overlapping area processing unit of 
each imaging system, and the resultant image data is output 
to an external device. Thus, the external device is allowed to 
obtain an image with a desired angle of view simply by 
placing the images side by side. 

0081. Thus, in the image taking apparatus such as a 
multi-lens camera or an omnidirectional camera adapted to 
obtain a wide-angle image by connection images output 
from a plurality of imaging systems, it is possible to obtain 
high-quality image with no blurring in the boundary area 
between adjacent imaging systems regardless of the focus 
Setting. 

0082. By exchanging the data of the backward mapping 
table, it is possible to easily obtain a mirror-inverted image, 
a vertically flipped image, or other converted images. In the 
present application, there is no particular restriction on the 
relative locations of the imaging systems of the image taking 
apparatus. That is, instead of arranging imaging systems in 
a horizontally line, they may be vertically arranged. There is 
no particular restriction also on the number of imaging 
systems, because the image subjected to the mapping pro 
cess is output separately from each imaging system. That is, 
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it is allowed to arrange as many imaging systems in the 
image taking apparatus as needed to obtain a desired angle 
of view. 

0083. Although in the embodiments described above, it is 
assumed that the present application is applied to a co 
viewpoint multiple optical system camera such as that 
disclosed in Japanese Patent No. 2974.500, the present 
application may also be applied to an image taking apparatus 
in which a plurality of cameras (imaging systems) are 
simply disposed in parallel, because viewpoints of a plural 
ity of imaging Systems in Such an image taking apparatus 
can be regarded as being coincident with each other when a 
subject to be taken is at sufficiently distant location. 
0084. The present application may also be achieved by 
Supplying a storage medium, on which a Software program 
implementing the functions of any of the embodiments 
described above is stored, to a system or an apparatus 
whereby a computer (or CPU or a similar control device) in 
the system or apparatus reads and executes the program code 
stored on the storage medium. 
0085 Specific examples of storage media which can be 
used in the present application to Supply the program code 
include a floppy disk, a hard disk, an optical disk, a 
magneto-optical disk, a CD-ROM disk, a CD-R disk, a 
magnetic tape, a nonvolatile memory card, and a ROM. 
0086. When one or more functions according to one of or 
a mixture of the above-described embodiments according to 
the present application are realized by executing the pro 
gram code on a computer, the operating system (OS) running 
on the computer may execute all or part of the process in 
accordance with the program code. Note that the realization 
in Such a manner also falls within the scope of the present 
application. 

0087. It should be understood that various changes and 
modifications to the presently preferred embodiments 
described herein will be apparent to those skilled in the art. 
Such changes and modifications can be made without 
departing from the spirit and scope of the present Subject 
matter and without diminishing its intended advantages. It is 
therefore intended that such changes and modifications be 
covered by the appended claims. 

The invention is claimed as follows: 
1. An image taking apparatus comprising a plurality of 

imaging means each including a lens with a variable focal 
distance and an image sensing device, the plurality of 
imaging means being disposed Such that their viewpoints are 
Substantially coincident with each other and image areas 
partially overlap each other so as to allow it obtain a wide 
angle image by connecting a plurality of images obtained by 
the respective imaging means, 

each imaging means including: 

a set of a plurality of mapping tables prepared for various 
respective values of the focal distance, each mapping 
table representing the correspondence for one of the 
various values of the focal distance between a particu 
lar coordinate system and a coordinate system in which 
an image taken by each image sensing device is rep 
resented; 
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a controller adapted to select a mapping table correspond 
ing to a focal distance used to take images by the image 
sensing devices; and 

a mapping unit adapted to map each image into the 
particular coordinate system in accordance with the 
correspondence described in the mapping table selected 
by the controller. 

2. The image taking apparatus according to claim 1, 
wherein the mapping tables in the set of mapping tables are 
prepared for respective different values off the focal dis 
tance, each mapping table representing, for one of various 
different focal distances, the correspondence in mapping 
from an image taken by each image sensing device to a 
non-planar image in a three-dimensional coordinate system 
or further to a two-dimensional plane image. 

3. The image taking apparatus according to claim 1, 
wherein the image taken by each image sensing device 
includes an image with a standard image size as measured on 
a display that is a unit of a wide-angle image composed of 
a plurality of units and further includes an image in an 
overlapping area in which the image overlaps an image with 
the standard image size as measured on the display taken by 
adjacent imaging means, the size as measured on the display 
of the image in the overlapping area being maintained fixed 
regardless of the focal distance. 

4. The image taking apparatus according to claim 1, 
wherein in first and second imaging means adjacent to each 
other, 

an image taken by the first imaging means extends, 
beyond a connection boundary with an image with the 
standard image size as measured on a display taken by 
the second imaging means, into a first overlapping area 
in which the image taken by the first imaging means 
overlaps the image taken by the second imaging means, 
and 

the image taken by the second imaging means extends, 
beyond the connection boundary with the image with 
the standard image size as measured on the display 
taken by the first imaging means, into a second over 
lapping area in which the image taken by the second 
imaging means overlaps the image taken by the first 
imaging means, the first overlapping area having the 
same size as the size of the second overlapping area. 

5. The image taking apparatus according to claim 3, 
wherein each imaging means acquires, from adjacent imag 
ing means, a result of an evaluation of an overlapping part 
between the image with the standard image size as measured 
on the display taken by the current imaging means and the 
image taken by the adjacent imaging means, and corrects a 
difference in color of the overlapping part with respect to the 
color of the image taken by the adjacent imaging means on 
the basis of the acquired evaluation result. 

6. The image taking apparatus according to claim 5. 
wherein each imaging means further includes 

an aperture, and 
an overlapping area evaluation unit adapted to evaluate an 

overlapping part between an image with the standard 
image size as measured on the display taken by the 
present imaging means and an image taken by adjacent 
imaging means, 

and wherein the controller of each imaging means adjusts 
the aperture value of the imaging means and/or the 

Jun. 14, 2007 

image quality of the image taken by the image sensing 
device so that the difference in color is minimized in 
accordance with the evaluation result supplied from the 
overlapping area evaluation unit of the adjacent imag 
ing means. 

7. The image taking apparatus according to claim 3, 
wherein each imaging means sends, to the other imaging 
means, pixel data of the image in the overlapping area in 
which the image with the standard image size as measured 
on the display taken by the imaging means overlaps the 
image taken by the adjacent imaging means, each imaging 
means receives pixel data sent from the other imaging 
means, and each imaging means performs a blending pro 
cess on the image in the overlapping area in accordance with 
the received pixel data. 

8. The image taking apparatus according to claim 7. 
wherein 

each imaging means further includes an overlapping area 
processing unit adapted to perform a blending process 
on the overlapping part between the image with the 
standard image size as measured on the display taken 
by the imaging means and the image taken by the 
adjacent imaging means, and 

the overlapping area processing unit acquires the pixel 
data from the adjacent imaging means, performs the 
blending process on the overlapping part, and outputs 
the image with the standard image size as measured on 
the display including the overlapping part subjected to 
the blending process. 

9. An image processing method of obtaining a wide-angle 
image by connecting images taken by a plurality of imaging 
means each including a lens with a variable focal distance 
and an image sensing device, the plurality of imaging means 
being disposed such that their viewpoints are Substantially 
coincident with each other and image areas partially overlap 
each other, comprising: 

selecting a mapping table from a set of a plurality of 
mapping tables prepared for various respective values 
of the focal distance used in an image taking operation, 
each mapping table representing the correspondence 
for one of the various values of the focal distance 
between a particular coordinate system and a coordi 
nate system in which an image taken by each image 
sensing device is represented; and 

mapping each image taken by each image sensing device 
into the particular coordinate system in accordance 
with the correspondence described in the selected map 
ping table, so that the image mapped into the particular 
coordinate system in accordance with the selected 
mapping table and the image mapped into the particular 
coordinate system by an adjacent imaging means over 
lap each other in an overlapping area which is main 
tained fixed regardless of the focal distance. 

10. A computer program for obtaining a wide-angle image 
by connecting images taken by a plurality of imaging means 
each including a lens with a variable focal distance and an 
image sensing device, the plurality of imaging means being 
disposed such that their viewpoints are substantially coin 
cident with each other and image areas partially overlap 
each other, the computer program being executable on a 
computer to implement functions comprising: 

Page 14 of 15



US 2007/0132863 A1 Jun. 14, 2007 
9 

a function of selecting a mapping table from a set of a partially overlap each other so as to allow it obtain a wide 
plurality of mapping tables prepared for various respec- angle image by connecting a plurality of images obtained by 
tive values of the focal distance used in an image taking the respective imaging means, 
operation, each mapping table representing the corre 
spondence for one of the various values of the focal each imaging unit including: 
distance between a particular coordinate system and a 
coordinate system in which an image taken by each 
image sensing device is represented; and 

a set of a plurality of mapping tables prepared for various 
respective values of the focal distance, each mapping 
table representing the correspondence for one of the 

a function of mapping each image taken by each image various values of the focal distance between a particu 
sensing device into the particular coordinate system in lar coordinate system and a coordinate system in which 
accordance with the correspondence described in the an image taken by each image sensing device is rep 
Selected mapping table so that the image mapped into 
the particular coordinate system in accordance with the resented; 
Selected mapping table overlaps, in an overlapping a controller adapted to select a mapping table correspond 
area, with an image taken by adjacent imaging means ing to a focal distance used to take images by the image 
and mapped into the particular coordinate system, the sensing devices; and 
overlapping area being fixed regardless of the focal 
distance. a mapping unit adapted to map each image into the 

11. An image taking apparatus comprising a plurality of particular coordinate system in accordance with the 
imaging units each including a lens with a variable focal correspondence described in the mapping table selected 
distance and an image sensing device, the plurality of by the controller. 
imaging units being disposed such that their viewpoints are 
Substantially coincident with each other and image areas k . . . . 
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