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(57) ABSTRACT 

Disclosed herein is an image processing apparatus, in which 
an object image focused by a lens is split into a plurality of 
images by means of a light Splitting Section. These images 
are converted into image data items by a plurality of imaging 
devices which are arranged with their imaging area over 
lapping in part. The image data items are Stored temporarily 
in an image Storing Section. A displacement detecting Sec 
tion detects displacement coefficients (rotation angle R and 
parallel displacement S) from the image Signals representing 
the mutual Overlap region of two imageS which are to be 
combined and which are represented by two image data 
items read from the image Storing Section. The position of 
any Specified pixel of the image displayed is identified by the 
pixel Signal generated by the corresponding pixel of any 
imaging device. An interpolation Section performs interpo 
lation on the pixel values of the imaging device, thereby 
correcting the values of the other pixels of the image 
displayed and ultimately generating interpolated image Sig 
nals. The interpolated image Signals are combined with the 
image Signals produced by the imaging device, whereby a 
display Section displays a high-resolution image. 
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IMAGE DISPLAYINGAPPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an image process 
ing apparatus for forming either images of the parts of an 
object or images of an object which are identical but 
different in color, and for combining the images into a wide 
high-resolution image of the object. 

0003 2. Description of the Related Art 
0004 Image processing apparatuses using a Solid-state 
imaging device Such as a CCD are generally used in elec 
tronic Still cameras, Video cameras, and the like. It is 
demanded that an image processing apparatus have a higher 
resolution, particularly So high a resolution that the appara 
tuS may provide a wide image of an object. Also it is desired 
that the image processing apparatus have So high a resolu 
tion that it can form an image as wide as a panoramic image. 

0005 Two techniques are available for increasing the 
resolution of the image processing apparatus. The first 
technique is to use a Solid-State imaging device with a 
Sufficiently high resolution. The Second technique is to use 
a plurality of Solid-State imaging device for obtaining 
images of parts of an object, respectively, and to combine the 
images into a Single high-resolution image of the entire 
object. 

0006 More precisely, the first resolution-increasing tech 
nique is to use more pixels per unit area of the device chip. 
In other words, Smaller pixels are arranged in a greater 
number in the unit area, thus increasing the pixel density of 
the imaging device. 

0007. The second resolution-increasing technique is clas 
sified into two types. The first-type technique comprises the 
first Step of controlling the optical System incorporated in an 
image processing apparatus, thereby Switching the view 
field of the apparatus from one part of an object to another 
part and thus enabling the imaging devices to produce 
images of parts of an object, and the Second step of com 
bining the images, thus produced, into a high-resolution 
image of the entire object. The Second-type technique com 
prises the first step of dividing an optical image 600 of an 
object into, for example, four parts by means of prisms as 
shown in FIG. 1, the second step of applying the parts of the 
optical image to four imaging devices 611, 621, 631, and 
641, respectively, and the third step of combining the image 
data items output by the devices, thereby forming a single 
image of the object. In the Second-type technique, the 
imaging devices 611 to 641 are So positioned as to cover the 
predetermined parts of the object as illustrated in FIG. 2. 

0008. There is known another resolution-increasing tech 
nique similar to the Second-type technique described in the 
preceding paragraph. This technique uses a detector 611 
having four imaging devices 612 which are arranged in the 
Same plane in a 2x2 matrix, Spaced apart from one another 
for a predetermined distance as is shown in FIG. 3A to 3C. 
The view-field image 613 of an object (i.e., a broken-line 
Square) is intermittently moved with respect to the imaging 
device matrix by driving an optical System, in the Sequence 
indicated by FIGS. 3A, 3B, 3C, and 3D. The optical image 
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of an object need not be divided by prisms or Similar means, 
unlike in the Second-type technique. 
0009. The conventional resolution-increasing techniques, 
described above, are disadvantageous in the following 
respects. 

0010. The first technique can increase the resolution but 
to a limited degree, for two reasons. First, the number of 
pixels the existing manufacturing technology can form in the 
unit area of the device chip is limited. Second, the Smaller 
a pixel, the leSS Sensitive it has. A larger device chip may 
indeed be used to form more pixels on the chip. With the 
conventional manufacturing method, however, the ratio of 
defective pixels to good ones will increase if many pixels are 
formed on a large chip. Consequently, Solid-State imaging 
devices having a large image-receiving Surface can hardly 
be manufactured with a sufficiently high yield. 
0011. In the second resolution-increasing technique, the 
image data items output from the imaging devices (e.g., four 
devices) are combined to produce a single image. 
0012 To render the reproduced image substantially iden 
tical to the original image of the object, the images of the 
object parts should neither be spaced apart nor overlap one 
another. The images will be spaced apart or overlap unless 
the pixels arranged along that edge of one device which abut 
on the edge of the next device are Spaced by exactly the 
one-pixel distance from the pixels arranged along that edge 
of the next device. The imaging devices therefore need to be 
positioned with very high precision during the manufacture 
of the image processing apparatus. It takes much time to 
position the devices So precisely, inevitably reducing the 
manufacture efficiency and, ultimately, raising the cost of 
the image processing apparatus. 
0013 Also in the resolution-increasing technique similar 
to the Second-type technique, the imaging devices must be 
positioned with high precision. In addition, the optical 
System must be driven with high precision in order to 
intermittently move the View-field image of an object (i.e., 
a broken-line Square) with respect to the imaging-device 
matrix. A high-precision drive is indispensable to the image 
processing apparatus. The use of the drive not only makes it 
difficult to miniaturize or lighten the apparatus, but also 
raises the manufacturing cost of the apparatus. 
0014) A color image processing apparatus is known, a 
typical example of which is a So-called “three-Section color 
camera.” This color camera comprises a color-component 
generating System and three imaging devices. The color 
component generating System decomposes an input optical 
image of an object into a red image, a green image, and a 
blue image. The three imaging devices convert the red 
image, the green image, and the blue image into red signals, 
green Signals, and blue Signals-all being television signals 
of NTSC system or the like. The signals output from the 
three imaging devices are combined, whereby the red, green 
and blue images are combined, forming a single color image 
of the object. A color image with not color distortion cannot 
be formed unless the imaging devices are positioned or 
registered with high precision. 
0015 Images of parts of an object are combined, also in 
an image processing apparatus which has a plurality of 
optical imaging devices for photographing the parts of the 
object on photographic film, thereby forming a panoramic 
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image of the object. To form a high-quality panoramic 
image, the images of the object parts should neither spaced 
apart nor overlapping one another. Hence, the optical System 
incorporated in this image processing apparatus must be 
controlled with high precision. Consequently, the apparatus 
requires a complex device for controlling the optical System, 
and cannot be manufactured at low cost. 

SUMMARY OF THE INVENTION 

0016. Accordingly it is the object of this invention is to 
provide an image processing apparatus which either images 
of the parts of an object or images of an object which are 
identical but different in color, and for combining the images 
into a wide high-resolution image of the object. 

0.017. In a first aspect of the invention, there is provided 
an image processing apparatus for combining a plurality of 
images into a single large image Such that the images have 
overlap regions, comprising: image Storing means for Stor 
ing image data items representing the images, interpolation 
means for detecting a positional relation between a reference 
pixel and a given pixel in the Overlap area of each image 
from image data read from the image Storing means and 
representing the overlap area, and for interpolating the 
image data item read from the image Storing means and 
representing the image, in accordance with a displacement 
coefficient indicating the positional relation, thereby to gen 
erate interpolated image data; and image-Synthesizing 
means for combining the interpolated image data items 
generated by the interpolation means, thereby to form a 
Single large image. 

0.018. In a second aspect of the invention, there is pro 
Vided an image processing apparatus for combining a plu 
rality of images into a single large image Such that the 
images have overlap regions, comprising: light Splitting 
means for splitting an object image; a plurality of imaging 
devices arranged Such that an imaging area of each overlaps 
that of another; image Storing means for Storing image data 
items generated by the imaging devices and representing 
images overlapping one another and overlap regions of the 
images, displacement detecting means for detecting dis 
placement (i.e., a displacement coefficient consisting of a 
rotation angle R and a parallel displacement S) representing 
a relation between a reference pixel and a given pixel in the 
overlap area of each image from the image data item read 
from the image Storing means and representing the overlap 
area; interpolation means the image data items read from the 
image Storing means, in accordance with the rotation angle 
R and the parallel displacement S detected by the displace 
ment detecting means, thereby to generate interpolated 
image data items, and image-Synthesizing means for com 
bining the interpolated image data items generated by the 
interpolation means, there by to form a single large image. 

0019. In a third aspect of the invention, there is provided 
an image processing apparatus for combining a plurality of 
images into a single large image Such that the images have 
overlap regions, comprising: imaging means for intermit 
tently Scanning parts of an object image, thereby generating 
a plurality of image data items, image Storing means for 
Sequentially storing the image data items generated by the 
imaging means, reference image Storing means Storing an 
image data item representing a reference image; motion 
vector detecting means for comparing each image data item 
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read from the image Storing means with the image data item 
read from the reference image Storing means, thereby detect 
ing correlation between the reference image and the image 
represented by the image data item read from the image 
Storing means and detecting a motion vector; and image 
Synthesizing means for processing the image data items 
Stored in the image Storing means, in accordance with the 
motion vectorS detected by the motion vector detecting 
means, thereby combining the image data items. 
0020. In a fourth aspect of this invention, there is pro 
Vided an image processing apparatus for combining a plu 
rality of images into a Single large image Such that the 
images have Overlap regions, comprising: image Storing 
means for Storing image data items, a plurality of display 
means for displaying images represented by the image data 
items read from the image Storing means, interpolation 
means for interpolating the image data items in accordance 
with displacement coefficients for the display means, 
thereby generating interpolated image data items represent 
ing imageS which are to be displayed by the display means, 
adjoining one another without displacement; and image 
Synthesizing and displaying means for combining the image 
data items Stored in the image Storing means and for 
displaying the images represented by the image data items 
and adjoining one another without displacement. 
0021 Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 
0023 FIG. 1 is a diagram showing the positional relation 
of the optical System and the imaging devices-all incor 
porated in a conventional image processing apparatus; 
0024 FIG. 2 is a diagram showing the specific positions 
the imaging devices assume in a conventional image pro 
cessing apparatus, in order to cover the predetermined parts 
of the object; 
0025 FIGS. 3A to 3D are diagrams explaining how a 
view field image of an object is intermittently moved with 
respect to four imaging devices in a conventional image 
processing apparatus; 

0026 FIGS. 4A and 4B are a block diagram and a 
diagram, respectively, showing the basic structure and 
operation of an image processing apparatus according to the 
invention; 
0027 FIG. 5A is a diagram showing the imaging areas of 
the two CMDs incorporated in the apparatus shown in FIG. 
4A, and Fit. 5B is a diagram showing the positional relation 
which each screen pixel has with the nearest four CMD 
pixels; 
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0028 FIG. 6 is a block diagram showing an image 
processing apparatus according to a first embodiment of the 
present invention; 
0029 FIG. 7 is also a block diagram showing the dis 
placement-detecting circuit and the interpolation circuit, 
both incorporated in the apparatus shown in FIG. 6; 
0030 FIG. 8 is a diagram illustrating the imaging areas 
of the CMDS used in the apparatus of FIG. 6, which overlap 
each other in part; 
0.031 FIG. 9 is a diagram representing two displacement 
vectors resulting from the rotation and parallel movement of 
one CMD imaging area with respect to the other CMD 
imaging area, respectively; 
0.032 FIG. 10 is a diagram explaining how the displace 
ment-detecting circuit shown in FIG. 7 executes correlation; 
0.033 FIG. 11 is a diagram illustrating the positional 
relation a specified screen pixel has with four CMD pixels 
located around the Screen pixel, 
0034 FIG. 12 is a diagram showing the position of each 
pixel in the CMD 8 and that of the corresponding pixel of the 
CMD 9, in terms of vectors; 

0035 FIG. 13 is a block diagram which shows the 
displacement-detecting circuit and the interpolation circuit, 
both incorporated in an image processing apparatus accord 
ing to a Second embodiment of the present invention; 
0036 FIGS. 14A and 14B are diagrams showing the 
light-splitting Section of an image processing apparatus 
according to a third embodiment of this invention; 
0037 FIG. 15 is a diagram representing the light distri 
butions in the imaging areas of the CMDs 8 and 9 used in 
the third embodiment; 
0.038 FIG. 16 is a diagram illustrating the light distri 
butions which have been obtained by applying an inverse 
function to different light distributions; 
0.039 FIG. 17 is is a block diagram showing the image 
processing apparatus according to the third embodiment of 
the invention; 
0040 FIG. 18 is a block diagram showing an image 
processing apparatus according to a fourth embodiment of 
the present invention; 
0041 FIGS. 19A, 19B, and 19C are diagrams explaining 
how an input light flux applied may be applied through 
Separator lenses in various manners, in the apparatus shown 
in FIG. 18. 

0.042 FIG. 20 is a block diagram showing an image 
processing apparatus according to a fifth embodiment of the 
present invention; 
0.043 FIG. 21 is a diagram showing the imaging areas of 
the two CMDs incorporated in the apparatus shown in FIG. 
20; 

0044 FIG. 22A is a block diagram showing an image 
processing apparatus according to a sixth embodiment of 
this invention; 

004.5 FIG.22B is a diagram explaining how the CMDs 
arranged in the apparatus of FIG. 22A, 
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0046 FIGS. 23A to 23D are perspective views of four 
alternative light-Spitting Sections for use in an image pro 
cessing apparatus according to a Seventh embodiment of the 
present invention; 

0047 FIGS. 24A and 24B are a side view and a top view, 
respectively, of the light-splitting section shown in FIG. 
23A; 

0048 FIGS. 25A and 25B are a side view and a top view, 
respectively, of the light-splitting section shown in FIG. 
23B; 

0049 FIG. 26 is a diagram representing the imaging 
areas of the CMDS used in the seventh embodiment, and also 
the display area of the display Section incorporated in the 
Seventh embodiment; 

0050 FIG. 27 is a perspective view showing an image 
processing apparatus according to an eighth embodiment of 
the present invention; 

0051 FIGS. 28 and 29 are a plan view and a sectional 
View, respectively, explaining the first method of positioning 
CMDs; 

0.052 FIG. 30 is a side view of a CMD ceramic package 
having protruding metal terminals, 

0053 FIG.31 is a side view of a CMD ceramic package 
comprising a Substrate and Spacers mounted on both edges 
of the Substrate; 

0054 FIG. 32 is a plan view, explaining a method of 
positioning bare CMD chips on a ceramic Substrate; 

0055 FIGS. 33A to 33C are views, explaining a method 
of positioning CMDs, which is employed in the six embodi 
ment of the invention; 

0056 FIG. 34 is a side view, also explaining another 
method of positioning bare CMD chips on a ceramic Sub 
Strate, 

0057 FIG. 35 is a block diagram showing an image 
processing apparatus according to a ninth embodiment of the 
present invention; 
0058 FIG. 36 is a block diagram illustrating an image 
Synthesizing circuit incorporated in the ninth embodiment; 

0059 FIG. 37 is a diagram explaining the linear inter 
polation the image-synthesizing circuit performs, 

0060 FIG. 38 is a block diagram showing an image 
Synthesizing circuit which may be used in the ninth embodi 
ment, 

0061 FIG. 39 is a diagram explaining the linear inter 
polation which the circuit shown in FIG. 38 performs; 

0062 FIG. 40 is a block diagram showing an image 
processing apparatus according to a tenth embodiment of the 
present invention; 

0063 FIG. 41 is a block diagram showing a modification 
of the apparatus shown in FIG. 40; 

0064 FIGS. 42A, 42B, and 43C are diagrams showing 
various operators which are used as weighting coefficients in 
the apparatus shown in FIG. 40; 
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0065 FIGS. 43 and 44 are block diagram showing an 
image processing apparatus according to an eleventh 
embodiment of this invention; 
0.066 FIGS. 45A, 45B, and 45C are diagrams showing 
three alternative reference patterns which are alternatively 
used in the eleventh embodiment; 

0067 FIGS. 46A and 46B are diagrams showing two 
types of reference pattern filters which are alternatively 
incorporated in an image processing apparatus according to 
a twelfth embodiment of the invention; 
0068 FIG. 47 is a block diagram showing the apparatus 
which is the twelfth embodiment of this invention; 
0069 FIGS. 48A and 48B are diagrams explaining how 
a Synthesized image is rotated with respect to another image 
before being combined with the other image; 
0070 FIG. 49 is a block diagram showing an image 
processing apparatus according to a thirteenth embodiment 
of the invention, in which a Synthesized image is rotated as 
shown in FIGS. 48A and 48B; 
0071 FIGS. 50A and 50B are diagrams explaining how 
to eliminate an undesirable portion from the adjoining area 
of a Synthesized image, in the process of combining three or 
more images into a Single image; 
0.072 FIG. 51 is a block diagram illustrating an image 
processing apparatus according to a fourteenth embodiment 
of the invention, in which an undesirable portion is elimi 
nated from the adjoining area of a Synthesized image as is 
shown in FIGS. 50A and 50B; 
0.073 FIG. 52 is a block diagram showing a first-type 
Synthesis Section incorporated in an image processing appa 
ratus according to a fifteenth embodiment of the invention; 
0.074 FIG. 53 is a diagram showing the apparatus which 
is the fifteenth embodiment of the present invention; 
0075 FIG. 54 is a block diagram showing one of iden 
tical Second-type Synthesis Sections used in the apparatus 
shown in FIG. 53; 
0.076 FIG.55 is a diagram showing an image processing 
apparatus according to a sixteenth embodiment of the 
present invention; 
0077 FIG. 56 is a block diagram showing one of the 
identical third-type Synthesis Sections used in the Sixteenth 
embodiment; 

0078 FIG. 57 is a side view of a projector which is a 
Seventeenth embodiment of the invention; 

007.9 FIG. 58 is a block diagram of the imaging section 
of the projector shown in FIG. 57; 
0080 FIG. 59 is a perspective view showing the half 
prism and the components associated therewith-all incor 
porated in the projector; 

0.081 FIG. 60 is a block diagram showing the system 
incorporated in the projector, for detecting the displacements 
of the LCDs used in the projector; 
0082 FIG. 61 is a block diagram showing another sys 
tem which may be used in the projector, to detect the 
displacement of the LCDs; 
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0.083 FIG. 62 is a CRT monitor according to the present 
invention; 
0084 FIG. 63 is a block diagram of an film-editing 
apparatus which is an eighteenth embodiment of this inven 
tion; 
0085 FIGS. 64A to 64E are diagrams various positions 
the line Sensors may assume in the apparatus shown in FIG. 
63, and showing the condition of an image formed; 
0.086 FIGS. 65A and 65B are block diagrams showing, 
in detail, an image processing apparatus according to a 
nineteenth embodiment of the invention; 
0087 FIG. 66 is a block diagram illustrating an image 
processing apparatus which is a twentieth embodiment of 
the present invention; 
0088 FIG. 67 is a block diagram showing an electronic 
camera which is a twenty-first embodiment of this in inven 
tion; 

0089 FIG. 68 is a block diagram showing the shake 
correcting circuit incorporated in the electronic camera of 
FIG. 67; 
0090 FIGS. 69A to 69D are diagram explaining how the 
imaging area of the camera (FIG. 67) moves, without 
Shaking, with respect to the image of an object; 
0091 FIGS. 70A to 70D are diagrams illustrating how 
the imaging area of the camera moves, while Shaking, with 
respect to the image of an object; 
0092 FIG. 71 is a diagram explaining the method of 
finding the correlation between a reference image and an 
object image by moving the object image with respect to the 
reference image; 
0093 FIGS. 72A and 72B are diagrams explaining how 
to determine the distance and angle by which an image has 
moved and rotated; 

0094) 
moved; 

0.095 FIGS. 74A and 74B are perspective views of the 
electronic camera (FIG. 67) and a recording section, 
explaining how to operate the camera in order to form an 
image of an object and record the image; 
0096 FIG. 75 is a diagram showing the imaging section 
of an electronic camera which is a twenty-Second embodi 
ment of the invention; 

0097 FIGS. 76A and 76B are diagram explaining the 
technique which is employed in a twenty-third embodiment 
of the invention in order to calculate the correlation between 
images with high accuracy; 

0.098 FIG. 77 is a block diagram showing a shake 
correcting circuit for use in a twenty-fourth embodiment of 
the invention; 

0099 FIG. 78 is a block diagram showing the correlated 
area selector incorporated in the circuit illustrated in FIG. 
77. 

0100 FIG. 79 is a diagram showing images one of which 
may be Selected by the image-Selecting circuit incorporated 
in the correlated area selector shown in FIG. 78; 

FIG. 73 is a diagram showing how an image is 
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01.01 FIGS. 80A, 80B, and 80C show three sets of 
coefficients for a convolution filter; 

0102 FIG. 81 is a circuit for obtaining the absolute sum 
of the value differences among adjacent pixels; 

0103 FIG. 82 is a side view showing the imaging section 
of an electronic camera; 

0104 FIG. 83 is a side view illustrating another type o an 
imaging Section for use in the electronic camera; 

0105 FIG. 84 is a cross-sectional side view of the 
imaging Section of an electronic camera which is a twenty 
fifth embodiment of the invention; 

0106 FIG. 85 is a circuit diagram showing the CMD in 
corporated in the imaging section of FIG. 84; 
0107 FIG. 86 is a block diagram of the processing 
section used in the imaging section shown in FIG. 84; 
0108 FIGS. 87A and 87B are a timing chart represent 
ing the timing of light-emission at the Stroboscopic lamp 
incorporated in the electronic camera shown in FIG. 84; 

0109 FIG. 88 is a cross-sectional side view of the 
imaging Section of an electronic camera which is a twenty 
sixth embodiment of the invention; 

0110 FIG. 89 is a timing chart explaining how the mirror 
is intermittently driven in the imaging section shown in FIG. 
88: 

0111 FIGS. 90A and 90B are cross-sectional side view 
of the imaging Section of an electronic camera which is a 
twenty-seventh embodiment of the invention, and FIG. 90C 
is a chart representing the timing of exposure performed in 
the imaging section of FIGS. 90A and 90B; 
0112 FIG. 91 is a block diagram illustrating the imaging 
Section of an electronic camera which is a twenty-eighth 
embodiment of the invention; 

0113 FIG. 92 is a block diagram showing an ultrasonic 
diagnosis apparatus which is a twenty-ninth embodiment of 
this invention and which is a modification of the embodi 
ment shown in FIG. 91; 

0114 FIG. 93 is a block diagram showing the imaging 
section of the twenty-ninth embodiment; 
0115 FIG. 94 is a diagram showing a convex-type ultra 
Sonic image; 

0116 FIG. 95A and 95B are diagrams explaining how to 
combine two images in the twenty-ninth embodiment of the 
invention; 

0117 FIG. 96 is a diagram how to synthesize an image; 
0118 FIGS. 97A,97B, and 97C are diagrams illustrating 
the imaging Section of an electronic camera which is a 
thirtieth embodiment of the present invention; 
0119 FIG. 98 is a block diagram showing an apparatus 
for reproducing the image taken by the imaging Section 
shown in FIGS. 97A, 97B, and 97C; 

0120 FIG. 99 is a block diagram showing, in detail, the 
image-Synthesizing circuit incorporated in the apparatus of 
FIG. 98; 
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0121 FIG.100 is a diagram explaining how three images 
overlap and how the coefficients for the overlap regions 
change; 

0.122 FIG. 101 is a block diagram illustrating the image 
adding Section incorporated in the imaging Section of FIG. 
97C; 

0123 FIG. 102 is a block diagram showing an electronic 
camera which is a thirty-first embodiment of the invention; 
0.124 FIG. 103 is a diagram showing the field of the view 
finder view of the camera illustrated in FIG. 102; 
0.125 FIG. 104A is a diagram explaining how to com 
bine a plurality of images into a wide image in a thirty 
Second embodiment of the invention; 
0126 FIG. 104B is a diagram showing the field of the 
view finder of the camera used in the thirty-second embodi 
ment, 

0127 FIG. 105A and 105B are side views showing an 
electronic camera which is a thirty-third embodiment of the 
invention and which is used to read data from a flat original; 
0128 FIG. 106 is a block diagram showing an image 
processing apparatus according to a thirty-fourth embodi 
ment of the present invention; 
0129 FIG. 107 is a plan view showing the photosensitive 
film used in the apparatus of FIG. 106; 
0.130 FIG. 108 is a diagram illustrating an address signal 
recorded on the magnetic tracks of the film shown in FIG. 
107; 

0131 FIGS. 109A, 109B, and 109C are diagrams show 
ing the positions which recorded images assume on the 
imaging area of the film; 
0132 FIG. 110 is a block diagram showing an image 
processing apparatus according to a thirty-fifth embodiment 
of the present invention; 
0.133 FIG. 111 is a perspective view showing the imag 
ing section of the apparatus shown in FIG. 110; 
0.134 FIG. 112 is a block diagram showing an image 
processing apparatus according to a thirty-sixth embodiment 
of the present invention; 
0.135 FIG. 113 is a diagram illustrating an address signal 
recorded on the magnetic tracks of the film used in the 
apparatus of FIG. 112; 
0136 FIGS. 114A and 114B is a block diagram showing 
an image processing apparatus according to a thirty-Seventh 
embodiment of the present invention; 
0.137 FIG. 115 is a diagram showing the interpolation 
circuit incorporated in the apparatus of FIG. 114; 

0.138 FIG. 116A is a diagram showing the reference 
areas used for detecting the displacement of a G image; 

0.139 FIG. 116B is a diagram showing areas which are 
Searched for that part of a R or B image which corresponds 
to a predetermined part of the G image; 
0140 FIG. 117 is a diagram illustrating displacement 
vectorS detected and processed in the thirty-Seventh embodi 
ment, 
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0141 FIG. 118 is a diagram showing, in detail, one of the 
identical correlation circuits used in the apparatus of FIG. 
114; 
0142 FIG. 119 is a diagram explaining how a pixel value 
is interpolated in the apparatus of FIG. 114; 
0143 FIG. 120 is a diagram showing, in detail, one of the 
identical coefficient calculators incorporated in the appara 
tus of FIG. 114; 
014.4 FIG. 121 is a diagram showing, in detail, one of the 
identical coefficient memories of the apparatus shown in 
FIG. 114; 
014.5 FIG. 122 is a diagram showing an imaging area in 
which a R image, a G image, and a B image overlap one 
another, 
0146 FIGS. 123A and 123B is a block diagram illus 
trating an image processing apparatus according to a thirty 
eighth embodiment of the invention; 
0147 FIG. 124 is a diagram showing a coefficient cal 
culator incorporated in an image processing apparatus 
according to a thirty-ninth embodiment of the present inven 
tion; 
0148 FIG. 125 is a diagram showing a coefficient 
memory used in the thirty-ninth embodiment; and 
014.9 FIG. 126 is a diagram illustrating one of LXL 
blocks of an image. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0150. The basic structure and operation of an image 
processing apparatus according to the present invention will 
be described, with reference to FIGS. 4A and 4B and FIGS. 
5A and 5B. 

0151 AS FIG. 4A shows, the apparatus comprises an 
light-splitting 1, an imaging Section 2, an image-Storing 
Section 3, a displacement-detecting Section 4, an interpola 
tion Section 5, an objective lens 6, a image-Synthesizing 
Section 7, and a display Section 31. The imaging Section 2 
has two CMDs 8 and 9 (i.e., solid-state imaging devices). As 
shown in FIG. 4B, the CMDs 8 and 9 are positioned with 
Such precision that they receive two parts of the optical 
image which over lap in part. 
0152. In operation, the objective lens 6 applies an optical 
image of an object (not shown) to the light-splitting Section 
1. The Section 1 Splits the input light into two parts repre 
Senting two parts of the image which overlap in part. The 
parts of the image are applied to the CMDs 8 and 9 of the 
imaging section 2. The CMDs 8 and 9 converts the image 
parts into image Signals, which are Supplied to the image 
Storing Section 3. The Section 3, e.g., a frame memory, 
temporarily Stores the image Signals. 
0153. Then, the displacement-detecting section 4 detects 
the positional relation between one of the pixels of either 
CMD (Charge Modulation Devices) and the corresponding 
pixel of the Screen of the display Section 31, from the image 
Signal read from the image-Storing Section 3 and represent 
ing the overlap regions d of the two image parts shown in 
FIG. 5A, wherein the black dots indicate the pixels of the 
CMDs and the white dots indicates the pixels of the display 
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Screen. More specifically, the Section 4 performs correlation 
on the value of each CMD pixel, thereby calculating two 
conversion factors, i.e., rotation angle R and displacement S. 
0154) In accordance with the conversion factors, the 
interpolation Section 5 interpolates the value of each Screen 
pixel from the values of the CMD pixels located near the 
Screen pixel, thereby producing an interpolated pixel Signal 
representing the Screen pixel. Thus, the Second 5 outputs the 
interpolated pixel Signals representing all pixels of the 
display Section 31, to the image-synthesizing Section 7. 
O155 The image-synthesizing section 7 combines the 
image Signals produced by the interpolation Section 5 with 
the image Signals read from the image-Storing Section 3, 
thereby generating image Signals which represent a single 
continuous image of the object. These image Signals are 
supplied to the display section 31. The section 31 displays a 
high-resolution image of the object. 
0156 Schematically shown in FIG. 5A are the imaging 
area a (i.e., an MXN pixel matrix) of the CMD 8, the imaging 
area b (i.e., an MXN pixel matrix) of the CMD 9, and the 
display area c of the display Section 31. AS is evident from 
FIG. 5A, the display area c is an (u--v)xw pixel matrix and 
is completely covered with the imaging areas a and b which 
overlap at regions d. In the instance shown in FIG. 5A, each 
pixel of the display area c assumes the same position as the 
corresponding pixel of the imaging area a. 
O157 AS has been described, the displacement-detecting 
Section 4 detects the positional relation (i.e., rotation angle 
R and displacement S), between each pixel of the imaging 
area band the corresponding pixel of the display area c, from 
the image Signals read from the image-Storing Section 3 and 
representing the Overlap regions d. To detect the positional 
relation, the Section 4 needs the values of the pixels d, d, 
. . . d (u--v)w of the display area c-all indicated by white 
dots. For the values of the pixels d (i=1 to u, j=1 to w) of 
the display area c, the values of the pixels of CMD 8 are 
utilized. The value for each of the remaining pixels A of the 
display area c, i.e., the pixels dii (i=u4-1 to u+V, j=1 to w), is 
interpolated from the values of the four pixels B, C, D and 
E of the imaging area b which surround the pixel di, as is 
illustrated in FIG. 5B. 

0158. In order to calculate the value for any desired pixel 
of the display area c, it suffices to position the CMDs 8 and 
9 with Such precision that their imaging areas a and b 
completely cover the display area c of the display Section 31 
and overlap in part appropriately. Even if the pixels of either 
imaging area are deviated from the corresponding pixels of 
the display area c for a distance of Several pixels, the 
apparatus can form a high-resolution Single image of an 
object. It is therefore not necessary to position the CMDs 8 
and 9 with high precision on the order of a one-pixel 
distance as in the conventional image processing apparatus. 
Hence, the image processing apparatus according to the 
invention can be easily manufactured, and its manufacturing 
cost can be low. 

0159. An image processing apparatus, which is a first 
embodiment of the invention, will now be described, with 
reference to FIGS. 6 to 12. 

0160 The apparatus has a half prism la comprised of two 
right-angle prisms connected together. Two CMDs 8 and 9 
(i.e., two-dimensional Solid-state imaging devices) 8 and 9 
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are mounted on the top and back of the half prism la, 
respectively. The CMDs 8 and 9 are position such that their 
imaging areas overlap in part. 
0.161 To the half prism la, an optical system 6 applies 
light which represents an image of an object (not shown). 
The half prism la splits the input light into two parts. The 
parts of the input light are applied to the CMDs 8 and 9. 
Each of the CMDs 8 and 9 converts the input light into an 
image signal, under the control of a CMD driver 32. 
0162 The image signals output by the CMDs 8 and 9 are 
supplied to pre-amplifiers 10 and 11, which amplify the 
signals. Low-pass filters (LPFs) 12 and 13 remove nose 
components from the amplified image Signals. The Signal 
output by the filters 12 and 13 are input to A/D converts 14 
and 15, respectively. The A/D converts 14 and 15 converts 
the input signals into digital image Signals, which are The 
amplified image Signals are Supplied to Subtracters 16 and 
17. 

0163) The FPNs (Fixed Pattern Noises) of the CMDs 8 
and 9, stored in FPN memories 18 and 19, are supplied to the 
subtracters 16 and 17, respectively. The subtracter 16 takes 
the FPN of the CMD 8 from the image signal output from 
the A/D converter 14. Similarly, the subtracter 16 takes the 
FPN of the CMD 9 from the image signal output from the 
A/D converter 15. The image signals output by the subtract 
ers 16 and 17 are input to signal processors (SPs) 20 and 21, 
which perform y correction or outline emphasis on the input 
image Signals. 
0164. The image signals processed by the processors 20 
and 21 are Stored into frame memories 22 and 23, respec 
tively. At a proper time, the image Signals are read from the 
frame memories 22 and 23 and Supplied to a displacement 
detecting circuit 24. The circuit 24 detects the displacement 
of the overlap regions of the imaging areas of the CMDs 8 
and 9. The displacement is defined by two conversion factor 
R and S. The factor R represents the rotation matrix R which 
one CMD imaging area has with respect to the other CMD 
imaging area. The factor S represents the displacement 
vector which results from a parallel movement of one CMD 
imaging area with respect to the other CMD imaging area. 

0.165. The displacement, or the conversion factor R and 
S, are Supplied from the circuit 24 to an interpolation circuit 
25. The circuit 25 interpolates the pixel values read from the 
frame memory 23 in accordance with the conversion factors 
R and S. The pixel values, thus interpolated, are input to a 
parallel-serial (PS) converter 29, along with the signals read 
from the frame memory 22. The converter 29 converts the 
pixel values and the Signals into Serial Signals. The Serial 
Signals are written into a frame memory 30 and read 
therefrom to a display section 31. The display section 31 
displays a high-resolution Single image of the object. 
0166 The image processing apparatus has a System con 
troller 33. The controller 33 controls the FPN memories 18 
and 19, the frame memories 22 and 23, the interpolation 
circuit 25, the PS converter 29, and the CMD driver 32. 

0167 The displacement-detecting circuit 24 and the 
interpolation circuit 25 will be described in detail, with 
reference to FIG. 7. 

0168 The displacement-detecting circuit 24 comprises 
correlators 24a and 24b and a coefficient calculator 24c. The 
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correlators 24a and 24b receive the image Signals read from 
the frame memories 22 and 23, respectively, and perform 
correlation on the input image Signals. The image Signals, 
thus processed, are input to the coefficient calculator 24c. 
The calculator 24c detects the displacement of the overlap 
regions of the CMD imaging areas, i.e., the conversion 
factors R and S. 

0169. The conversion factors R and S are stored into the 
memories 26 and 27 incorporated in the interpolation circuit 
25. In the interpolation circuit 25, the factors R and S read 
from the memories 26 and 27 are input to a coordinates 
converting circuit 35. 
0170 The coordinates value X1 of the point designated 
by the System controller 33 is input via a coordinates Selector 
34 to the coordinates-converting circuit 35. The circuit 35 
converts the coordinates value X to a coordinate value X, 
using the conversion factors R and S, in accordance with a 
predetermined conversion formula (10) which will be 
described later. The coordinate value X2 pertains to the 
imaging area of the CMD 9. The value X is supplied from 
the coordinates-converting circuit 35 to a data-reading cir 
cuit 36 and an interpolation coefficient calculator 37. 
0171 From the coordinate value X the data-reading 
circuit 36 produces pixel values V, V, V, and V, which are 
input to a linear interpolation circuit 38. Meanwhile, the 
interpolation coefficient calculator 37 calculates interpola 
tion coefficients a, b, c, and d from the coordinate value X 
and inputs these coefficients a, b, c, and d to the linear 
interpolation circuit 38. In the linear interpolation circuit 38, 
the pixel values V, V, V, and Ve are Supplied to four 
multipliers 39, respectively, and the interpolation coeffi 
cients a, b, c, and d are Supplied also to the multipliers 39, 
respectively. The first multiplier 39 multiples the pixel value 
V, by the coefficienta; the second multiplier 39 multiples the 
pixel value V by the coefficient b; the third multiplier 39 
multiples the pixel value V by the coefficient c, and the 
fourth multiplier 39 multiples the pixel value V by the 
coefficient d. Further, in the linear interpolation circuit 38, 
the outputs of the multipliers 39 are input to and adder 40. 
The adds the outputs of the multipliers 39, generating an 
interpolation value V. 

0172 To obtain the conversion factors R and S it is 
required that a reference points be set for the rotation and 
parallel movement of one of the CMD imaging areas with 
respect to the other CMD imaging area. In the first embodi 
ment, as FIG. 8 shows, the reference point is the center C 
of an overlap area 1, i.e., those portions of the imaging areas 
of the CMDs 8 and 9 which will overlap one another if the 
CMDs 8 and 9 are positioned precisely. In practice, the 
CMDs 8 and 9 cannot be positioned precisely, and an 
overlap area 2, i.e., the mutually overlapping portions por 
tions of the imaging areas of the CMDs 8 and 9, has a center 
C. which is displaced from the center C for a distance 
corresponding to the conversion factor S. AS can be under 
stood from FIG. 8, the overlap area 2 is rotated around the 
center C with respect to the overlap area 1 by an angle 
corresponding to the conversion factor R. 
0173 The conversion factors S and R can be obtained 
from, for example, displacement vectorS V and V2 in the 
overlap area 1 which are at positions P and P which are 
Symmetrical with respect to the center C. The Vectors V 
and V2 are presented by the following equations (1) and (2), 
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respectively, because of the Vectors r and S which result from 
the rotation of the imaging area the CMD 9 with respect to 
that of the CMD 8: 

Vector v=vector r-vectors 

Vector v=-(vector r)+vectors (1) 

0.174 where the vectors s and r are given as: 
vector r=L tan6 (2) 

0175. Therefore, the vectors s and r are: 
Vectors=(V+v)/2 (3) 
Vector r=(v-v)/2 (4) 

0176) The rotation matrix R the imaging area of the CMD 
9 has with respect to that of the CMD8 is represented by the 
following equation: 

R (C. C. (5) TV siné -cos() 

0177 Angle 0 is found from the equation (2) from the 
equation (2), as follows: 

0=tan'' (vector r)/L (6) 
0178. In the equation (6), L is a known amount, and 
vector r is determined by the equation (4). Hence, angel 0 
can be found, and the rotation matrix R can also be obtained. 
The rotation matrix R and the displacement vector S (i.e., the 
vector of the parallel displacement of the imaging area of the 
CMD 9), thus calculated from the displacement vectors v, 
and V2 at positions P and P2, are Stored as conversion factors 
R and S in the memories 26 and 27, respectively. 
0179 The correlation the correlators 24a and 24b ex-cute 
on the input image Signals may be one of the various types 
hitherto known. In this embodiment, the correlation is 
effected as is shown in FIG. 10. That is, the correlator 24a 
detects the position (x, y) where the absolute Sum of the 
reference area r and r of the CMD 8 is minimum in the 
search area S. of the CMD 9, and the correlator 24b detects 
the position (x, y) where the absolute Sum of the reference 
arear and r of the CMD 8 is minimum in the search area 
S. of the CMD 9. The coordinates values of these positions, 
(x1, y1) and (X2. 2), are input to the coefficient calculator 
24c. The calculator 24c performs the operations of the 
equations (3), (4), (6), and (5) sequentially on the coordi 
nates values (x, y) and (x, y), obtaining the rotation 
matrix R and the displacement vector S. The displacement 
vector S=(S,S). 
0180. The operation of the interpolation circuit 25 will be 
explained, with reference to FIGS. 6 and 7. 
0181. The interpolation circuit 25 performs linear inter 
polation on the four pixel values read from the frame 
memory 23, thereby finding the value of the pixel at the 
position designated by the system controller 33, as will be 
described with reference to FIG. 11. First, the value V, of the 
pixel A are obtained from the values V, V, V, and V of the 
four pixels B, C, D, and E which are located around the pixel 
A. More precisely, the values of V and v, which the pixels 
located at the intersections F and G of the vertical line 
passing the pixel A, the line BC connecting the pixels B and 
C, and the line DE connecting the pixels D and E are: 

0182 where BF=DG=m, and FC=GE=n. 
0183 Assuming FA=p and AG=q, then the value va for 
the pixel A can be given as: 

v=qv--pvp+q (8) 

0184. If it is assumed that the inter-pixel distance is “1,” 
then m+n=p+q=1. Hence, from the equations (7-a), (7-b), 
and (8), the value V, for the pixel A is calculated as follows: 

0185 where a=(1-p)(1-m), b=(1-p)m, c=p(1-m), and 
d=pm. Namely, the pixel value V can be obtained directly 
from m, p, and the values V, V, V, and V of the four pixels 
located around the pixel A. 
0186. It will now be explained how to find values form 
and p, with reference to FIG. 12. In the first embodiment, m 
and pare of Such values that the center C of the overlap area 
1 of the CMD 8 is considered the origin of the coordinate, 
the position any pixel assumes in the overlap area 1 is 
represented by vector X, the center C of the overlap area 2 
of the CMD 9 is regarded as the origin of the coordinate, and 
the position any pixel assumes in the overlap area 1 is 
represented by vector X. To find m and p, it is necessary to 
convert the coordinates of the position represented by the 
vector X into Vector X. In other words, coordinate conver 
Sion must be carried out. ASSuming that x=(i, j), and 
X=(i, j), and that the vectors X and X have different 
coordinate axes, the vector X will then be given as follows: 

0187 where R-1 means the rotation by angle of -0. In 
terms of the components of the VectorS X nd X, the equation 
(10-a) changes to: 

-sine cosé i - Sy 
i2 ( cost sine i-S (10-b) 

0188 The equation (10-b) shows that the coordinates (i1, 
j1) in the imaging area of the CMD 8 is equivalent to the 
following coordinates in the imaging area of the CMD 9: 

0189 The notation of (i, j) represents real numbers 
which define the coordinates of the pixel A shown in FIG. 
11. Hence, m and p are given as: 

m=i-(int)i. (11-a) 
p=j-(int)j. (11-b) 

0190 where the notation of (int) means integration of 
numbers. Similarly, the coordinates of the pixels B, C, D, 
and E are represented as follows: 

C=(int)i-1, (int)i.) 
D=((int)i, (int)i-1) (12) 
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0191 The conversion factors R and S calculated as 
described above are written into the memories 26 and 27 of 
the interpolation circuit 25 during the manufacture of the 
image processing apparatus. Thereafter it is unnecessary for 
the displacement-detecting circuit 24 to detect the conver 
Sion factor R or the conversion factor S. It suffices to read the 
factors R and S from the memories 26 and 27, respectively, 
whenever it is required to do So. 

0.192 Therefore, once the conversion factors R and S 
have been thus stored into the memories 26 and 27 of the 
interpolation circuit 25, the displacement-detecting circuit 
24 is no longer necessary in the image processing apparatus. 
Stated in another was, a user of the apparatus need not make 
use of the circuit 24. Usually, the circuit 24 is removed from 
the apparatus and used again in the factory to detect con 
version factors R and S for another apparatus of the same 
type. 

0193 It will now be explained how to use the image 
processing apparatus according to the first embodiment of 
the invention. 

0194 First, the user holds the apparatus at a proper 
position, thus placing the image of an object within the view 
field, which he or she wishes to photograph at high resolu 
tion. The user then pulses the shutter-release button of the 
apparatus, whereby two image Signals are Stored into the 
frame memories 22 and 23. These image Signals represent 
those parts of the optical image applied to the imaging areas 
of the CMD 8 and 9, respectively. 

0.195 Next, the image signals are read from the frame 
memories 22 and 23, ultimately inputting to the frame 
memory 30 the pixel signals representing the (u--V)xw 
pixels, i.e., the pixel d11 to d (u--v)w arranged in the display 
area c of the display section 31. As is evident from FIG. 5A, 
the values of the pixels of CMD 8 are utilized for those of 
the pixels d 11 to di (i=1 to u, j=1 to w) of the display area 
c. The value for each of the remaining pixels of the display 
area c, i.e., the pixels di (i=u4-1 to u+V, j=1 to w), is 
interpolated from the values of the four pixels B, C, D and 
E of the imaging area b of the CMD 9 which are located 
around the pixel of the display area c. More precisely, the 
System controller 33 designates the coordinates value X of 
any desired pixel d, and this value X, is input to the 
interpolation circuit 25. In the circuit 25, the coordinates 
Selector 34 Selects a coordinates value X representing the 
position the pixel di assumes in the Overlap area 1 of the 
CMD 8. The value x, thus selected, is input to the coordi 
nates-converting circuit 35. The circuit 35 calculates the 
coordinates value X of the from the coordinates value X 
pertaining to the imaging area a of the CMD 8, using the 
conversion factors R and S in accordance with the equation 
(10). The coordinate value x is input to both the data 
reading circuit 36 and the interpolation coefficient calculator 
37. 

0196. The data-reading circuit 36 calculates, from the 
coordinate value X, the coordinates of the four pixels B, C, 
D, and E around the pixel A in accordance with the equation 
(12). Then, the circuit 36 reads the pixel values V, V, V, 
and V from the frame memory 23, which correspond to the 
coordinates values thus calculated, and inputs these pixel 
values to the linear interpolation circuit 38. 

Sep. 20, 2001 

0197) The interpolation coefficient calculator 37 calcu 
lates m and p from the coordinate value X in accordance 
with the equation (11), thereby obtaining interpolation coef 
ficients a, b, c, and d. These coefficients a, b, c, and d are 
input to the linear interpolation circuit 38. 
0198 The linear interpolation circuit 38 interpolates the 
value V, of the pixel di from the pixel values V, V, V, and 
V and the interpolation coefficients a, b, c and d, in accor 
dance with the equation (9). The coordinates value V, thus 
calculated, is supplied to the PS converter 29. The coordi 
nate values for all other desired pixeld are calculated in the 
same way and input to the PS converter 29. The PS converter 
29 converts the pixel values, which are parallel data, to Serial 
data, or a continuous image Signal. The continuous image 
Signal is written at predetermined addresses of the frame 
memory 30. The image signal is read from the frame 
memory 30 and supplied to the display section 31. The 
display Section 31 displays a high-resolution Single image of 
the object. 
(0199 The value for each pixel di may be output to the 
display section 31 from the PS converter 29 immediately 
after it has been interpolated by the interpolation circuit 25. 
If this is the case, the frame memory 30 can be dispensed 
with. 

0200 AS has been described, the image processing appa 
ratus according to the first embodiment of the invention can 
form a single high-resolution image of na object even if the 
CMDs 8 and 9 are not positioned precisely, since the 
interpolation circuit 25 interpolates the value for any desired 
pixel. Thus, the CMDs 8 and 8 need not be positioned with 
high precision, whereby the image processing apparatus can 
be manufactured at low cost. Moreover, Since the apparatus 
has no mechanical, movable components, it can be made 
Small and light. 
0201 In the first embodiment, the displacement-detect 
ing circuit 24 is incorporated during the manufacture of the 
apparatus and is removed therefrom after the conversion 
factors R and S are stored into the memories 26 and 27 of 
the interpolation circuit 25. Instead, the imaging Section of 
the apparatus can have a connector So that the circuit 24 may 
be connected to the imaging Section or disconnected there 
from. Further, the interpolation circuit 25 is not limited to 
the type which executes linear interpolation. Rather, the 
circuit 25 may be one which effects a higher interpolation 
Such as Spline interpolation or a Sinc interpolation. 
0202) An image processing apparatus, which is a second 
embodiment of the invention will be described, with refer 
ence to FIG. 13. 

0203 The first embodiment described above must pro 
ceSS a considerably large amount of data whenever an image 
of an object is photographed, performing the calculations 
based on the equations (9), (10), (11), and (12). The second 
embodiment is designed not to effect these calculations on 
the image Signals representing each image taken. To be more 
specific, as shown in FIG. 13, the second embodiment has 
an interpolation-coefficient writing circuit 28 and an inter 
polation circuit 25a replace the displacement-detecting cir 
cuit 24 and the interpolation circuit 25, respectively. The 
Second embodiment is identical to the first in all other 
respects. Its components identical to those of the first 
embodiment are therefore designated at the Same reference 
numerals in FIG. 13 and will not described in detail in the 
following description. 
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0204 As shown in FIG. 13, the interpolation-coefficient 
Writing circuit 28 comprises a displacement-detecting circuit 
24, a coordinates-converting circuit 35, an interpolation 
coefficient calculator 37, and a data-address detector 41. The 
coordinates-converting circuit 35 performs the operation of 
the equation (10), the interpolation coefficient calculator 37 
effects the operations of the equations (11) and (9), and the 
data-address detector 41 executes the operation of the equa 
tion (12). The circuit 37 calculates interpolation coefficients 
a, b, c, and d. The detector 41 detects the coordinates value 
of each pixel. The coefficients a, b, c, and d, and the 
coordinate value of the pixel are input to the interpolation 
circuit 25a. 

0205. In the interpolation circuit 25a, the coordinate 
value of the pixel is Stored into a data address memory 42, 
and the interpolation coefficients a, b, c, and d are Stored into 
four coefficient memories 43, 44, 45, and 46, respectively. 
The circuit 25a further comprises a coordinates selector 34, 
a data-reading circuit 36b, and a linear interpolation circuit 
38. 

0206 AS indicated above, the second embodiment effects 
the coordinate conversion of the equation (10), the interpo 
lation-coefficient calculation of the equation (11), and the 
coordinates-Value calculation of the equation (12) during the 
manufacture of the apparatus, and the results of these 
operations are Stored into the data-address memory 42 and 
the coefficient memories 43 to 46. Hence, it is only the 
operation of the equation (9) that the linear interpolation 
circuit 38 needs to accomplish. 
0207. The use of the data-address memory 42 and the 
coefficient memories 43 to 46, all incorporated in the inter 
polation circuit 25a, much reduces the amount of data that 
needs to be processed. This enables the apparatus to process, 
at Sufficiently high Speed, the image Signals which are 
Sequential generated by continuous imaging. 
0208. In the second embodiment, the interpolation-coef 
ficient writing circuit 28 may be connected to the apparatus 
only during the manufacture of the apparatus, and may be 
disconnected therefrom after the operations of the equations 
(10), (11) and (12) are performed and the results thereof are 
Stored into the data-address memory 42 and the coefficient 
memories 43 to 46. 

0209 An image processing apparatus, which is a third 
embodiment of this invention, will be described with refer 
ence to FIGS. 14A and 14B and FIGS. 15 to 17. The third 
embodiment is similar to the first embodiment shown in 
FIG. 6, and the same components as those of the first 
embodiment are denoted at the Same reference numerals in 
FIG. 17 and will not be described in detail. 

0210. In the first and second embodiments, the input light 
representing the optical image of an object is split into two 
parts by means of the half prismla. The use of the half prism 
la is disadvantageous in that one half of the input light is 
wasted. In the third embodiment, to avoid wasting of the 
input light, one of the prisms constituting the light-splitting 
Section has a coating on a part of its output Surface as is 
shown in FIG. 14A. Thus, the portions of the first prism 
have different transmission coefficients. 

0211 FIG. 14A shows an input light flux which is 
coaxial with the optical axis of the light-splitting Section. 
The upper half (shaded part) of the flux is reflected to a CMD 
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8 from the coated part of the output surface of the first prism, 
whereas the lower half of the flux passes through the first 
prism and the second prism, reaching a CMD 9. On the other 
hand, FIG. 14B shows an input light flux whose axis 
deviates upwards from the optical axis of the light-splitting 
Section. A greater upper (shaded) part of the flux is reflected 
to the CMD 8 from the coated part of the output surface of 
the first prism, whereas the smaller lower half of the flux 
passes through the first prism and the Second prism, forming 
a Small part of the input image on the upper edge portion of 
the CMD 9. 

0212. The amount of light input to the light-splitting 
Section is proportional to the area of the output aperture of 
the objective lens. Thus, when the input light flux is coaxial 
with the optical axis of the light-splitting Section as is shown 
in FIG. 14A, the light distributions in the imaging areas of 
the CMDs 8 and 9 are symmetrical with respect to the 
optical axis of the light-splitting Section, as is illustrated in 
FIG. 15. As is evident from FIG. 15, the light amount at the 
optical axis of the light-splitting Section is equal to the 
amount applied to the CMDs through the half prism 1a in the 
first and second embodiments. The light distributions in the 
imaging areas of the CMDs 8 and 9 are different, particularly 
in the Overlap areas thereof. 
0213 From the light distributions in the imaging areas of 
the CMDs 8 and 9 which are different, a displacement, if 
any, of the imaging area of one CMD with respect to that of 
the other CMD cannot be detected correctly. Namely, the 
displacement detected is erroneous. Further, if the light 
distributions on the CMDS differ, the image formed by the 
apparatus will have brightness distortion. In order to prevent 
Such brightness distortion, Some measures must be taken to 
render the light distributions on the CMDs equal. 
0214. In the third embodiment, use is made of light 
amount correcting circuits 47 and 48 as shown in FIG. 17. 
These circuits 47 and 48 amplify input image Signals origi 
nated from the CMDs 8 and 9, making the light distributions 
on the CMDs equal to each other as shown in FIG. 16. In 
other words, the circuits 47 and 48 apply an inverse function 
to the different light distributions on the CMDs 8 and 9. The 
light-amount correcting circuits 47 and 48 may be look-up 
tables. The light-splitting section 1b of the third embodiment 
comprises two prisms. One of the prisms has a coating on a 
part of its output surface as is shown in FIG. 14A and 
consists of two portions having different transmission coef 
ficients. 

0215 Consisting of two portions with different transmis 
Sion coefficients, this prism reduces the loSS of input light to 
a minimum, whereby the apparatus is made Suitable for 
photographing dark objects. In the third embodiment, the 
prisms have each two parts having greatly different trans 
mission coefficients. Each of them may be replaced by a 
prism which has Such a coating that its transmission coef 
ficient gradually changes in one direction. 
0216. An image processing apparatus, which is a fourth 
embodiment of the invention, will be described with refer 
ence to FIG. 18 and FIGS. 19A, 19B, and 19C. The fourth 
embodiment is also similar to the first embodiment (FIG. 6). 
The components identical to those of the first embodiment 
are denoted at the same reference numerals in FIG. 18 and 
will not be described in detail. 

0217 FIGS. 19A, 19B, and 19C explains how a light flux 
applied from an objective lens 6 is applied through the 
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separator lenses 1c, forming an image on CMDs 8 and 9 in 
various manners. To be more specific, FIG. 19A shows a 
light flux applied through the lenses 1c to the CMDs 8 and 
9, exactly along the optical axis of the lens 6. FIG. 19B 
shows a light flux extending along a line inclined to the 
optical axis of the objective lens 6, forming an image on the 
upper edge portion of the CMD 8 only. FIG. 19C shows a 
light flux extending along a line parallel to and deviating 
downward from the optical axis of the lens 6, forming an 
image on the upper edge portion of the CMD 9 only. When 
the input light flux is applied as shown in FIG. 19A or 19C, 
the lenses 1C Split the flux into to parts, and these pats of the 
flux form images on both CMDs 8 and 9 or on the CMD 9 
only, which overlap in part. A light shield 50 is arranged 
between the separator lenses 1c and the CMDs 8 and 9, 
extending in a horizontal plane containing the optical axis of 
the lens 6. Hence, the shield 50 prevents mixing of the two 
flux parts. 
0218. As can be understood from FIGS. 19B and 19C, 
the light distributions on the CMD 8 and 9 will differ unless 
the light flux is applied along the optical axis of the objective 
lens 6. The fourth embodiment therefore has two light 
amount correcting circuits 47 and 48 of the same type used 
in the third embodiment (FIG. 17). 
0219 AS indicated above, in the image processing appa 
ratus according to the fourth embodiment of the invention, 
the Separator lenses 1c are used, in place of prisms, to Split 
the input light flux into two parts. Since the lenses 1c are 
Smaller than prisms, the light-splitting Section of the appa 
ratus can easily be made Small. 
0220 Another image processing apparatus, which is a 
fifth embodiment of this invention, will be described with 
reference to FIGS. 20 and 21. As is evident from FIG. 20, 
the fifth embodiment is similar to the first embodiment 
(FIG. 18), and the same components as those of the first 
embodiment (FIG. 6) are denoted at the same reference 
numerals in FIG. 18 and will not be described in detail. 

0221 AS has been described, in the first embodiment, the 
values are interpolated for the pixels d of one half of the 
display Screen (i=u--1 to u+V, j=1 to w) are interpolated, 
whereas the values for the pixels of the other half of the 
screen are the pixel signals which the CMD 8 has output. 
The interpolated values of the Screen pixels may deteriorated 
in Some case, as compared to those which are the pixel 
signals output by the CMD 8, and the left and right halves 
of the image the first embodiment forms may differ in 
resolution. 

0222. The fifth embodiment is designed to form a single 
image of uniform resolution. As FIG. 21 shows, CMDs 8 
and 9 (FIG. 20) are so positioned that their imaging areas 
incline at the same angle to a display area of a display 
section 31 (FIG. 20). Thus, as is shown in FIG. 21, if the 
imaging area of the CMD 8 is inclined at angle 0 to that of 
the CMD 9, the imaging areas of the CMDs 8 and 9 incline 
at an angle of 0/2 to the display area. In this case, the values 
of the screen pixels di (i=1 to (u+V)/2, j=1 to w) defining the 
half display area left of the broken line are interpolated from 
the pixel signals output by the CMD 8, whereas the values 
of the screen pixels dii (i=(u+u)/2 to u+V, j=1 to w) defining 
the half display area on the right of the broken line are 
interpolated from the pixel signals output by the CMD 9. 
0223) The fifth embodiment has a CMD rotating mecha 
nism 49. The mechanism 49 rotates the CMDs 8 and 9, 
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inclining their imaging areas at the same angle to the display 
area, if the imaging areas of the CMDs 8 and 9 incline to the 
display area when the image processing apparatus is held 
with its display area extending horizontally. The angle by 
which the mechanism 49 rotates either imaging area to the 
display area is determined by the conversion factors R and 
S which has been detected by a displacement-detecting 
circuit 24. The fifth embodiment further comprises an addi 
tional interpolation circuit 25, which performs interpolation 
on the pixel signals output by the CMD 8 to calculate the 
values of the Screen pixels defining the left half display area 
(FIG. 20). 
0224 Since the CMD rotating mechanism 49 rotates the 
CMDs 8 and 9, if necessary, thereby inclining their imaging 
areas at the same angle to the display area, the image 
processing apparatus can form an image which is uniform in 
resolution. The imaging areas of the CMDs need not be 
inclined at the same angle to the display area; an image can 
be formed which has a substantially uniform resolution. 
0225. It should be noted that the CMD rotating mecha 
nism 49, which characterizes the fifth embodiment, may be 
incorporated in the first to fourth embodiments, as well. 
0226. An image processing apparatus, which is a sixth 
embodiment of the invention, will be described with refer 
ence to FIGS. 22A and 22.B. As may be understood from 
FIG. 22a, the sixth embodiment has components similar to 
those of the first embodiment shown in FIG. 6. Therefore, 
the same components as those of the first embodiment are 
denoted at the same reference numerals in FIG. 22A and 
will not be described in detail. 

0227. As is evident from FIG. 22A, four CMDs 51, 52, 
53, and 54, each having a 1000x1000 pixel matrix. Each 
CMD has as many as pixels as a general-purpose NTSC 
imaging device. Hence, the CMDs 51 to 54 can be manu 
factured with a much higher yield than HDTV imaging 
devices which has a 1920x1035 pixel matrix. As FIG.22B 
shows, the CMDs 51 to 54 are mounted on a half prism id 
and juxtaposed with the CMD 51 used as positional refer 
ence, Such that their imaging areas overlap at regions a, b, 
and c. 

0228. Like any embodiment described above, the sixth 
embodiment has a displacement-detecting circuit 24. The 
circuit 24 detects the displacements of the CMDs 52, 53, and 
54, each in the form of conversion factors S and R (i.e., 
displacement S and rotation angle R), from the image signals 
representing the overlap regions a, b, and c. The three 
displacement data items, each consisting of the factorSS and 
R, are input to three interpolation circuits 25, respectively. 
0229. In the sixth embodiment, the half prism id is used 
as light-splitting Section 1. Nonetheless, the half prism id 
may be replaced by Such two prisms as used in the third 
embodiment, one which has a coating on a part of its output 
Surface and consists of two portions having different trans 
mission coefficients. Further, each of the interpolation cir 
cuits 25 may have built-in coefficient memories as in the 
Second embodiment which is shown in FIG. 13. 

0230. Another image processing apparatus, which is a 
Seventh embodiment of the invention, will be described. The 
Seventh embodiment is identical to the six embodiment 
(FIG.22A), except in that its light-splitting Section is of any 
one of the types illustrated in FIGS. 23A, 23B, 23C, and 
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23D and differs from that of the sixth embodiment which is 
a half prism 1d on which four CMDs are mounted. 
0231 FIG. 23A shows the first type of the light-splitting 
Section 1 which comprises two wedge-shaped prisms 60 and 
61 and a beam splitter 63. The prisms 60 and 61 and the 
beam splitter 63 cooperate, Splitting the input light into four 
parts. The parts of the input light are applied to CMDs 55, 
56, 57, and 58, forming four parts of an object image on the 
imaging areas of the CMDs 55 to 58, respectively, as is 
illustrated in FIG. 26. 

0232 FIG. 24A is a side view of the light-splitting 
section 1 shown in FIG. 23A, and FIG. 24B is a plan view 
thereof. As clearly illustrated in FIGS. 24A and 24B, the 
wedge-shaped prisms 60 and 61 splits the input light into 
two parts, each of which is split by the beam splitter 63 into 
two parts. As a result, the input light is divided into four 
parts. The beam splitter 62 is formed of two right-angle 
prisms connected together. AS shown in FIG. 24A, a total 
reflection mirror coating is applied to the upper half of the 
interface between the right-angle prisms. 
0233 FIG. 23B shows the second type of the light 
splitting section 1 which is differs from the type of FIG. 
23A, in that two eccentric lenses 64 and 65 are used in place 
the two wedge-shaped prisms 60 and 61. Unlike the prisms 
60 and 61 which deflect a light flux, the eccentric lenses 64 
and 65 not only deflect a light flux but also forming an 
image. The objective lens 6 through the input light is applied 
to the eccentric lenses 64 and 65 may be that type which 
emits an afocal flux (see FIGS. 25A nd 25B). The light 
splitting section 1 of the second type (FIG. 23B) need not 
be positioned So precisely with respect to the objective lens 
6, owing to the use of the eccentric lenses 64 and 65. This 
facilitates the assembling of the image processing apparatus. 
Both eccentric lenses 64 and 65 are achromatic doublets, but 
can be lenses of any other types. 
0234 FIG.23C shows the third type of the light-splitting 
Section 1 which comprises four wedge-shaped prisms 66, 67, 
68, and 69. These lenses 66 to 69 are connected, side to side, 
forming a 2x2 matrix which has a concave at the center. The 
input light applied via the objective lens 6 onto the 2x2 
matrix are divided into four parts, i.e., an upper-left part, a 
lower-left part, and an upper-right part, and a lower-right 
part. Each of the wedge-shaped prisms is an achromatic 
prism consisting of two glass components which have 
different refraction indices. It is desirable that a telecenteric 
System be located at the output of the objective lens 6, to 
prevent distortion of the image which would otherwise occur 
due to the flux refraction caused by the wedge-shaped lens 
66 to 69. Hence, the telecenteric system serves to accom 
plish good image Synthesis. 

0235 FIG. 23D shows the fourth type of the light 
Splitting Section 1 which comprises four eccentric lenses 70, 
71, 72, and 73 which are connected, side to side, forming a 
2x2 matrix. It is desirable that this light-splitting Section 1 
be used in combination with an objective lens 6 which emits 
an afocal flux. 

0236. The seventh embodiment, which has a light-split 
ting Section comprising prisms or lenses, needs light-amount 
correcting circuits of type described above. 
0237 AS may be understood from the above description, 
the Seventh embodiment is an image processing apparatus 
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which has four Solid-state imaging devices. The imaging 
devices are not restricted to CMDs. Needless to say, they 
may be CCDs or AMIs. If CCDs for use in NTSCs, which 
are generally used imaging devices and have 768x480 pixels 
each, are utilized in the Seventh embodiment, the Seventh 
embodiment will form an image of resolution as high as 
about 1400x800 pixels. Alternatively, four imaging devices 
for use in PALS, each having 820x640 pixels, may be 
employed. In this case, the Seventh embodiment will form an 
image of higher resolution. 
0238 An image processing apparatus, which is an eighth 
embodiment of this invention, will be described with refer 
ence to FIG. 27. This embodiment is identical to the first 
embodiment (FIG. 6), except for the features which will be 
described below. 

0239). The seventh embodiment has a light-splitting sec 
tion which comprises four imaging devices. According to 
the present invention, however, the number of imaging 
devices used is not limited to four at all. The eighth 
embodiment of the invention is characterized in that a large 
number of lenses and a large number of imaging devices, 
that is, a lens array 74 and an CMD array 75, as is clearly 
shown in FIG. 27. The lenses and the CMDs have one-to 
one relation, and the CMDS have their imaging areas over 
lapping in part. The lens array 74 is has a light Shield formed 
on its entire Surfaces, except for the lenses. The lens array 74 
can be produced at low cost by means of, for example, 
preSS-processing. 

0240 The imaging devices used in the eighth embodi 
ment are not restricted to CMDs. Rather, they may be CCDs, 
MOS devices, or the like. 

0241. It will now be explained how the imaging devices 
are positioned in each of the fourth to eighth embodiments 
described above. In the fourth to eighth embodiments, the 
CMDs are located close to one another and cannot be located 
at such positions as shown in FIGS. 19A to 19C. Thus, they 
are positioned by one of various methods which will be 
described with reference to FIGS. 28 to 32 and FIGS. 33A 
to 33C, and FIG. 34. 

0242 FIGS. 28 and 29 are a plan view and a sectional 
View, respectively, explaining the first method of positioning 
CMDs. In this method, CMDs 81 and 82 are mounted, in the 
form of bare chips, on a ceramic substrate 80 as is shown in 
FIG. 28. AS is best shown in FIG. 29, a sectional view taken 
along line A-A in FIG. 28, the CMDs 81 and 82 are set in 
two Square recesses formed in the Surface of the ceramic 
Substrate 80 and fixed with adhesive 83. The rims of either 
square recess have been planed off, so that the adhesive 83 
is applied in Sufficient quantity. The recesses are positioned 
and formed so precisely that the CMDS 81 and 82 are 
positioned with Sufficient precision when they are Set in the 
recesses. The electrodes of the CMDS 81 and 82 are bonded 
to the electrodes formed on the ceramic Substrate 80, respec 
tively. The electrode on the Substrate 80 are, in turn, con 
nected to terminals 85 formed at the edges of the substrate 
80 for electrically connecting the CMDs 81 and 82 to 
external components. As shown in FIG. 30, the terminals 85 
may protrude downward from the edges of the ceramic 
Substrate 80. 

0243 The square recesses made in the surface of the 
substrate 80 not only serve the purpose of positioning the 
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CMDS 81 and 82 with required precision. But also do they 
Serve to provide a broad effective imaging area. The adhe 
sive 83 is applied to the sides of each CMD as shown in 
FIG. 29, not to the bottom of the CMD, so that the position 
of the CMD may be adjusted with respect to the optical axis 
of the light-splitting section. Where the adhesive 83 applied 
to the bottom of the CMD, the CMD might tilt or move to 
assume an undesirable position with respect to the optical 
axis of the light-splitting Section. 
0244. Each CMD may be fastened to the ceramic Sub 
strate 80 in another way. As FIG. 29 shows, a hole 87 may 
be in the Substrate 80 bored from the lower Surface thereof, 
and adhesive 88 may be applied in the hole. This method of 
securing the CMD to the substrate 80 is advantageous in two 
respects. First, it minimizes the risk that the adhesive should 
cover the light-receiving surface of the CMD. Second, much 
care need not be taken to apply the adhesive 88. 
0245 FIGS. 31 is a cross-sectional view, explaining the 
second method of positioning CMDs. In the second method, 
a ceramic substrate 80 is bonded to a prism or a quartz filter 
(not shown) by means of spacers 90 are mounted on both 
edges of the substrate 80. As a result, the Substrate 80 is 
Spaced away from the prism or the filter. Hence, no load is 
exerted from the prism or filter on the bonding wires 91 
formed on the substrate 80, provided that the height H of the 
spacers 90 is greater than that h of the bonding wires 91. 
0246 FIG. 32 is a plan view, explaining the third method 
of positioning bare CMDs. This method is to use a substrate 
80 having rectangular recesses in its surface. Bare CMD 
chips 82 are placed in the recesses, respectively, each 
abutted on one edge of the receSS and thereby positioned in 
the horizontal direction. The chips 82, thus positioned, are 
fixed to the substrate 80 by using adhesive. 
0247 FIGS. 33A to 33C explain the fourth method of 
positioning CMDS, which is employed to manufacture the 
image processing apparatus according to the Six embodi 
ment. FIG. 33A is a side view, FIG. 33B a front view seen 
in the direction of arrow B in FIG. 33A, and FIG. 33C a 
bottom view seen in the direction of arrow A in FIG. 33A. 
As shown in FIG. 33C, spacers 90 are mounted on a 
substrate 80, thereby protecting the bonding wires 91. 
0248 FIG. 34 is a side view, explaining the fifth method 
of positioning CMDs. In this method, two ceramic substrate 
80 are sutured to a backing member 92 which has a 
right-angle L croSS Section. Spacers 90 are mounted on the 
substrates 80, and a half prism 93 is abutted on the spacers 
90. Hence, the half prism 93 is secured, at its two adjoining 
Sides, to the ceramic Substrates 80 and Spaced away there 
from by the height H of the spacers 90. 
0249 Another image processing apparatus, which is a 
ninth embodiment of the invention, will be described with 
reference to FIG. 35. As comparison between FIG. 17 and 
FIG. 35 may reveal, the ninth embodiment is similar to the 
third embodiment but different in that an image-Synthesizing 
circuit 121. Therefore, the same components as those of the 
third embodiment (FIG. 17) are denoted at the same refer 
ence numerals in FIG.35 and will not be described in detail. 

0250) The image-synthesizing circuit 121 has the struc 
ture shown in FIG. 36. The circuit 121 comprises a pixel 
value converter 122 and a pixel selector 123. The value f of 
a input pixel and the value g of of another input pixel to be 

Sep. 20, 2001 

combined with the first-mentioned pixel are input to both the 
converter 122 and the selector 123. The pixel selector 123 
Selects Some pixels which are located near an overlap region, 
in accordance with the vector (coordinate value) Xi repre 
Senting the position of an output pixel. The pixel-value 
converter 122 converts the input values of the two pixels so 
as to display an image which has no discontinuity. More 
precisely, as FIG. 37 illustrates, the converter 122 converts 
the input values in accordance with the positions the pixels 
assume within an overlap region. 
0251 Alternatively, the image-synthesizing circuit 121 
may have the structure shown in FIG. 38. That is, the circuit 
121 may comprise a coefficient-Setting circuit 124, two 
multipliers 125a and 125b, and an adder 126. The circuit 124 
Sets weighting coefficients a and b for two input pixel values 
f and g. The multiplier 125a multiplies the pixel value f by 
the weighting coefficient a, and the multiplier 125b multi 
plies the pixel value g by the weighting coefficient b. The 
adder 126 adds the outputs of the multipliers 125a, gener 
ating the Sum, (fa+gb), which is input as an output pixel 
value to the frame memory 30 (FIG. 35). 
0252) The coefficient-setting circuit 124 sets the coeffi 
cients for either pixel at a value of “1.0” if the pixel is 
located outside the overlap region and at a value linearly 
ranging from “0.0” to “1.0” if the pixel is located in the 
overlap region. In FIG. 39, X is the ordinate in the direction 
of combining image parts, and P-P is the length of the 
overlap region. 

0253) As may be understood from FIGS. 38 and 39, the 
circuit 121 shown in FIG.38 does not change the input pixel 
values f and g without changing them if the pixels are 
located outside the overlap region. If the pixels are located 
in the overlap region, the circuit 121 linearly changes the 
weighting coefficients a and b, multiplies the values f and g 
by the coefficients a and b, respectively, obtaining fa and gb, 
and adds the values fa and gb, and outputs the Sum (fa+and 
gb) as an output pixel value. Hence, the resultant image has 
no brightness discontinuity which would otherwise result 
from the difference in Sensitivity between the imaging 
devices. Also the image-synthesizing circuit 121 can reduce 
geometrical discontinuity, if any, that occurs in the overlap 
region due to the correlation and the interpolation which the 
displacement-detecting circuit 24 and the interpolation cir 
cuit 25. Thus can the circuit 121 decrease, to Some degree, 
the brightness discontinuity and geometrical discontinuity in 
the vicinity of the Overlap region. Once the displacement 
detecting circuit 24 has detected the displacement, the 
light-amount correcting circuits 47 and 48 may be removed 
So that the image-synthesizing circuit 121 can be made 
Simple, comprising only an adder as is illustrated in FIG. 
35B. This is because, the circuit 121 no longer need to 
changes the coefficients a and b linearly, Since the light 
mounts on the imaging areas of the CMDS gradually change 
in the overlap region as is shown in FIG. 15. 
0254 To reduce the brightness discontinuity further, the 
bias gains of the SPS (Signal Processors) 20 and 21 may be 
adjusted. 
0255 An image processing apparatus, which is a tenth 
embodiment of the invention, will be described with refer 
ence to FIG. 40. The tenth embodiment is identical to the 
ninth embodiment (FIG. 35), except that a edge-emphasiz 
ing circuit 127 is connected between the output of an 












































