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IMAGE PROCESSING APPARATUS AND requires a plurality of solid - state image pickup devices and 
METHOD FOR GENERATING A a complicated optical system for branching light . 

RESTORATION IMAGE As the second related - art method , a method can be listed 
wherein a single solid - state image pickup device is used 

5 such that the exposure time thereof is divided into a plurality 
Matter enclosed in heavy brackets [ ] appears in the of time periods to pick up a plurality of images and then the 
original patent but forms no part of this reissue specifica - images are synthesized . This method is disclosed in the 
tion ; matter printed in italics indicates the additions official gazette of Japanese Patent Laid - Open No . Hei 
made by reissue ; a claim printed with strikethrough 8 - 331461 and so forth . However , the second method has a 
indicates that the claim was canceled , disclaimed , or held 10 problem in that an image of a dynamic scene in which the 
invalid by a prior post - patent action or proceeding . intensity of light varies every moment cannot be picked up 

properly because the information measured with the differ 
CROSS REFERENCE TO RELATED ent sensitivities are picked up at different points of time and 

APPLICATIONS with different time widths . 
15 As the third related - art method , a method can be listed 

More than one reissue application has been filed for the wherein a single solid - state image pickup device is used 
reissue of U . S . Pat . No . 7 , 986 , 360 . The present application such that a plurality of light receiving elements adjacent 
is [ a continuation of U . S . patent application Ser . No . 10 , 466 , each other on an image pickup face thereof form a set which 
015 filed on Jan . 14 , 2004 which was the National Stage of corresponds to one pixel of an output image and have 
International Application No . PCT / JP02 / 00036 , filed on Jan . 20 sensitivities different from each other to pick up an image . 
9 , 2002 , and which claims priority to Japanese Patent This method is disclosed in the official gazette of U . S . Pat . 
Document Nos . P2001 - 000979 filed on Jan . 9 , 2001 ; and No . 5 , 789 , 737 . As a method for making the sensitivities of 
P2001 - 000980 filed on Jan . 9 , 2001 , the disclosures of which light receiving elements which form a solid - state image 
are herein incorporated by reference ] a reissue divisional pickup device different from each other , a method is avail 
application of U . S . application Ser . No . 13 / 951 , 178 , which is 25 able wherein the light receiving elements are covered with 
a reissue application of U . S . Pat . No . 7 , 986 , 360 , which is a filters having transmission factors different from each other . 
continuation of U . S . patent application Ser . No . 10 / 466 , 015 . Further , a technique which adapts the third related - art 
filed on Jan . 14 , 2004 , now U . S . Pat . No . 7 , 847 , 829 , issued method to a color image is disclosed in the official gazette 
Dec . 7 , 2010 , which was the National Stage of International of Japanese Patent Laid - Open No . 2000 - 69491 . 
Application No . PCT / JP02 / 00036 , filed on Jan . 9 , 2002 , and 30 The third related - art method is advantageous in terms of 
which claims priority to Japanese Patent Document Nos . the reduction of the cost and the reduction of the space in 
P2001 - 000979 filed on Jan . 9 , 2001 ; and P2001 - 000980 terms of which the first related - art method is disadvanta 
filed on Jan . 9 , 2001 , the disclosures of which are herein geous . Further , the third related - art method can solve the 
incorporated by reference . problem of the second related - art method that an image of a 

35 dynamic scene cannot be picked up properly . However , with 
BACKGROUND the third related - art method , since a plurality of light receiv 

ing elements adjacent each other form a set and correspond 
This invention relates to an image processing apparatus , to one pixel of an output image , in order to secure a 

and more particularly to an image processing apparatus resolution of output pixels , a number of image pickup 
suitable for use for production of a color image signal of a 40 devices including a number of light receiving elements equal 
wide dynamic range from an image signal acquired , for to several times the number of pixels of the output image , 
example , using a CCD image sensor of the single plate type resulting in a subject that a large unit cell size is required . 
or the like . As the fourth related - art method , a method can be listed 

A solid - state image pickup device such as a CCD ( Charge wherein an image pickup device having an ordinary 
Coupled Device ) or a CMOS ( Complementary Mental - 45 dynamic range is used to pick up an image with a mecha 
Oxide Semiconductor ) is utilized widely in image pickup nism applied thereto which makes the exposure different for 
apparatus such as a video camera and a digital still camera , each light receiving element corresponding to one pixel of 
part inspection apparatus in the field of the FA ( Factory an output image and the resulting image signals are subject 
Automation ) and optical measuring instruments such as an to predetermined image processing to produce an image 
electronic endoscope in the field of the ME ( Medical Elec - 50 signal of a wide dynamic range . The mechanism for making 
tronics ) . the exposure different among different light receiving ele 

Conventionally , a method is known wherein light inten - ments is implemented by producing a spatial sensitivity 
sity signals measured with different sensitivities among pattern by changing the light transmission factor or the 
different pixels are synthesized in order to increase the numerical aperture for each light receiving element . This 
dynamic range of image pickup apparatus and optical mea - 55 method is disclosed in a document ‘ S . K . Nayar and T . 
suring instruments in which a solid - state image pickup Mitsunaga , “ High Dynamic Range Imaging : Spatially Vary 
device is used . In the following , first to fourth related - art ing Pixel Exposures ” , Proc . of Computer Vision and Pattern 
methods of the type mentioned are described . Recognition 2000 , Vol . 1 , pp . 472 - 479 , June , 2000 ' . 
As the first related - art method , a method can be listed In the fourth related - art method , each of the light receiv 

wherein incoming light beams branched to a plurality of 60 ing elements has only one kind of sensitivity . Consequently , 
optical axes having different optical transmission factors are each of pixels of an image picked up can acquire information 
measured by solid - state image pickup devices disposed on of a dynamic range which the image pickup device origi 
the individual optical axes . This method is disclosed in the nally has . However , by applying predetermined image pro 
official gazette of Japanese Patent Laid - Open No . Hei cessing to resulting image signals so that the sensitivities of 
8 - 223491 and so forth . However , the first method has a 65 all of the pixels may become equal to one another , an image 
problem in that it is disadvantageous in terms of the reduc having a wide dynamic range can be produced . Further , 
tion of the cost or the reduction of the space because it since all of the light receiving elements are exposed to light 
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at the same time , an image of a subject having some estimated value candidates and compensate for the non 
movement can be picked up properly . Furthermore , since linearity of the sensitivity characteristic appearing with the 
one light receiving element corresponds to one pixel of sum of the plurality of estimated value candidates . 
output image , the problem that a great unit size is required The luminance image production means may further 
does not occur with the fourth related - art method . 5 include noise removal means for removing noise compo 

As described above , the fourth related - art method can nents of the luminance candidate value to produce a lumi 
solve the problems of the first to third related - art methods . nance value . 
However , the fourth related - art method has a premise that a Each of the monochromatic image production means may 
monochromatic image is produced , and has a subject that a include monochromatic image candidate production means 
technique for producing a color image has not been estab - 10 for producing a monochromatic image candidate corre 
lished . More particularly , the fourth related - art method has sponding to the color and sensitivity mosaic image based on 
a subject that a technique of producing image signals of all the sensitivity mosaic pattern information and the color 
color components for all pixels from an image having mosaic pattern information , and modification means for 
different colors and / or different sensitivities among different modifying the monochromatic image candidate based on the 
pixels and making the sensitivity uniform has not conven - 15 luminance image to produce the monochromatic image . 
tionally been established . The monochromatic image candidate production means 

may calculate a plurality of monochromatic candidate values 
SUMMARY individually corresponding to the plurality of sensitivity 

characteristics , add the plurality of monochromatic candi 
The present invention has been made in such a situation 20 date values and compensate for the non - linearity of the 

as described above , and it is an object of the present sensitivity characteristic appearing with the sum of the 
invention to make it possible to use a color and sensitivity plurality of monochromatic candidate values to calculate 
mosaic image wherein the color and / or the sensitivity are pixel values of the monochromatic image candidate to 
different among different pixels to produce a restored image produce the monochromatic image candidate . 
wherein the pixels have a uniformed sensitivity character - 25 The monochromatic image candidate production means 
istic and each pixel has all of a plurality of color compo - may use a direction selective smoothing process to produce 
nents . the monochromatic image candidate corresponding to the 

A first image processing apparatus of the present inven - color and sensitivity mosaic image . 
tion is characterized in that it includes restoration means for The first image processing apparatus of the present inven 
restoring , based on a color and sensitivity mosaic image 30 tion may further include image pickup means for picking up 
wherein each of a plurality of pixels has one of a plurality an image of a subject to produce the color and sensitivity 
of color components and one of a plurality of sensitivity mosaic image . 
characteristics with respect to the intensity of light and a The restoration means may include sensitivity character 
plurality of ones of the pixels which have the same color istic uniformization means for uniformizing the sensitivity 
component and the same sensitivity characteristic are 35 characteristics of the pixels based on sensitivity mosaic 
arranged in a grating - like arrangement and besides a plu - pattern information representative of an arrangement of the 
rality of ones of the pixels which have the same color sensitivity characteristics of the color and sensitivity mosaic 
component irrespective of the sensitivity characteristic are image , and color interpolation means for interpolating color 
arranged in a grating - like arrangement , a restoration image components of the pixels based on color mosaic pattern 
wherein the sensitivities of the pixels are uniformized and 40 information representative of an arrangement of the color 
each of the pixels has all of the plurality of color compo - components of the color and sensitivity mosaic image . 
nents . The sensitivity characteristic uniformization means may 

The restoration means may include luminance image uniformize the sensitivity characteristics of the pixels of the 
production means for producing a luminance image corre color and sensitivity mosaic image based on the sensitivity 
sponding to the color and sensitivity mosaic image based on 45 mosaic pattern information and the color mosaic pattern 
sensitivity mosaic pattern information representative of an information to produce a color mosaic image , and the color 
arrangement of the sensitivity characteristics of the color interpolation means may interpolate the color components of 
and sensitivity mosaic image and color mosaic pattern the pixels of the color mosaic image based on the color 
information representative of an arrangement of the color mosaic pattern information to produce the restoration image . 
components of the color and sensitivity mosaic image , and 50 The sensitivity characteristic uniformization means may 
a plurality of monochromatic image production means each uniformize the sensitivity characteristics of the pixels of the 
for producing a monochromatic image corresponding to the color and sensitivity mosaic image without changing the 
color and sensitivity mosaic image based on the sensitivity kinds of the color components of the pixels of the color and 
mosaic pattern information , the color mosaic pattern infor - sensitivity mosaic image based on the sensitivity mosaic 
mation and the luminance image . 55 pattern information and the color mosaic pattern information 

The luminance image production means may include a to produce the color mosaic image . 
plurality of estimation means each for calculating an esti - The sensitivity characteristic uniformization means may 
mated value of a color component corresponding to each of uniformize the sensitivity characteristics of the pixels of the 
the pixels of the color and sensitivity mosaic image , and color and sensitivity mosaic image based on the sensitivity 
luminance candidate value calculation means for calculating 60 mosaic pattern information and the color mosaic pattern 
a luminance candidate value corresponding to each of the information to produce the color mosaic image and update 
pixels of the color and sensitivity mosaic image using a the color mosaic pattern information . 
plurality of the estimated values calculated individually by The sensitivity uniformization means may include com 
the plurality of estimation means . pensation means for compensating for the color components 

Each of the estimation means may calculate a plurality of 65 of the pixels of the color and sensitivity mosaic image based 
estimated value candidates individually corresponding to the on the sensitivity mosaic pattern information , discrimination 
plurality of sensitivity characteristics , add the plurality of means for discriminating the validity of the color compo 



US RE47 , 062 E 

nents of the pixels of the color and sensitivity mosaic image pixels of the color and sensitivity mosaic image using a 
based on the sensitivity mosaic pattern information , and plurality of the estimated values calculated individually by 
modification means for modifying the color components of the processing of the plurality of estimation steps . 
the pixels compensated for by the compensation means The processing of each of the estimation steps may 
through an interpolation process in response to a result of the 5 calculate a plurality of estimated value candidate individu 
discrimination of the discrimination means . ally corresponding to the plurality of sensitivity character 

The sensitivity uniformization means may include calcu - istics , add the plurality of estimated value candidates and 
lation means for calculating estimated pixel values of the compensate for the non - linearity of the sensitivity charac 
color and sensitivity mosaic image based on the sensitivity teristic appearing with the sum of the plurality of estimated 
mosaic pattern information , and correction means for cor - 10 value candidates . 
recting the estimated pixel values calculated by the calcu - The luminance image production step may further include 
lation means . a noise removal step of removing noise components of the 

The color interpolation means may interpolate all of the luminance candidate value to produce a luminance value . 
color components of the pixels of the color and sensitivity Each of the monochromatic image production steps may 
mosaic image without changing the sensitivity characteris - 15 include a monochromatic image candidate production step 
tics of the pixels based on the sensitivity mosaic pattern of producing a monochromatic image candidate correspond 
information and the color mosaic pattern information to ing to the color and sensitivity mosaic image based on the 
produce a sensitivity mosaic image of the color components , sensitivity mosaic pattern information and the color mosaic 
and the sensitivity characteristic uniformization means may pattern information , and a modification step of modifying 
uniformize the sensitivity characteristics of the pixels of the 20 the monochromatic image candidate based on the luminance 
sensitivity mosaic image based on the sensitivity mosaic image to produce the monochromatic image . 
pattern information to produce the restoration image . The processing of the monochromatic image candidate 

The color interpolation means may include extraction production step may calculate a plurality of monochromatic 
means for extracting those of the pixels which have the same candidate values individually corresponding to the plurality 
sensitivity characteristic from the color and sensitivity 25 of sensitivity characteristics , add the plurality of monochro 
mosaic image , all color component interpolation means for matic candidate values and compensate for the non - linearity 
interpolating all of the color components of the pixels of the sensitivity characteristic appearing with the sum of the 
extracted by the extraction means , and synthesis means for plurality of monochromatic candidate values to calculate 
synthesizing those of the pixels having all of the color pixel values of the monochromatic image candidate to 
components interpolated by the all color component inter - 30 produce the monochromatic image candidate . 
polation means which have the same color component and The processing of the monochromatic image candidate 
have the different sensitivity characteristics to produce the production step may use a direction selective smoothing 
sensitivity mosaic image . process to produce the monochromatic image candidate 

A first image processing method of the present invention corresponding to the color and sensitivity mosaic image . 
is characterized in that it includes a restoration step of 35 The first image processing method of the present inven 
restoring , based on a color and sensitivity mosaic image tion may further include an image pickup step of picking up 
wherein each of a plurality of pixels has one of a plurality an image of a subject to produce the color and sensitivity 
of color components and one of a plurality of sensitivity mosaic image . 
characteristics with respect to the intensity of light and a The restoration step may include a sensitivity character 
plurality of ones of the pixels which have the same color 40 istic uniformization step of uniformizing the sensitivity 
component and the same sensitivity characteristic are characteristics of the pixels based on sensitivity mosaic 
arranged in a grating - like arrangement and besides a plu - pattern information representative of an arrangement of the 
rality of ones of the pixels which have the same color sensitivity characteristics of the color and sensitivity mosaic 
component irrespective of the sensitivity characteristic are image , and a color interpolation step of interpolating color 
arranged in a grating - like arrangement , a restoration image 45 components of the pixels based on color mosaic pattern 
wherein the sensitivities of the pixels are uniformized and information representative of an arrangement of the color 
each of the pixels has all of the plurality of color compo - components of the color and sensitivity mosaic image . 

The processing of the sensitivity characteristic uni 
The restoration step may include a luminance image formization step may uniformize the sensitivity character 

production step of producing a luminance image corre - 50 istics of the pixels of the color and sensitivity mosaic image 
sponding to the color and sensitivity mosaic image based on based on the sensitivity mosaic pattern information and the 
sensitivity mosaic pattern information representative of an color mosaic pattern information to produce a color mosaic 
arrangement of the sensitivity characteristics of the color image , and the processing of the color interpolation step may 
and sensitivity mosaic image and color mosaic pattern interpolate the color components of the pixels of the color 
information representative of an arrangement of the color 55 mosaic image based on the color mosaic pattern information 
components of the color and sensitivity mosaic image , and to produce the restoration image . 
a plurality of monochromatic image production steps each of The processing of the sensitivity characteristic uni 
producing a monochromatic image corresponding to the formization step may uniformize the sensitivity character 
color and sensitivity mosaic image based on the sensitivity istics of the pixels of the color and sensitivity mosaic image 
mosaic pattern information , the color mosaic pattern infor - 60 without changing the kinds of the color components of the 
mation and the luminance image . pixels of the color and sensitivity mosaic image based on the 

The luminance image production step may include a sensitivity mosaic pattern information and the color mosaic 
plurality of estimation steps each of calculating an estimated pattern information to produce the color mosaic image . 
value of a color component corresponding to each of the The processing of the sensitivity characteristic uni 
pixels of the color and sensitivity mosaic image , and a 65 formization step may uniformize the sensitivity character 
luminance candidate value calculation step of calculating a istics of the pixels of the color and sensitivity mosaic image 
luminance candidate value corresponding to each of the based on the sensitivity mosaic pattern information and the 

nents . 
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color mosaic pattern information to produce the color color and sensitivity mosaic image based on the sensitivity 
mosaic image and update the color mosaic pattern informa mosaic pattern information , the color mosaic pattern infor 
tion . mation and the luminance image . 

The sensitivity uniformization step may include a com - The luminance image production step may include a 
pensation step of compensating for the color components of 5 plurality of estimation steps each of calculating an estimated 
the pixels of the color and sensitivity mosaic image based on value of a color component corresponding to each of the 
the sensitivity mosaic pattern information , a discrimination pixels of the color and sensitivity mosaic image , and a 
step of discriminating the validity of the color components luminance candidate value calculation step of calculating a 
of the pixels of the color and sensitivity mosaic image based luminance candidate value corresponding to each of the 
on the sensitivity mosaic pattern information , and a modi - 10 pixels of the color and sensitivity mosaic image using a 
fication step of modifying the color components of the pixels plurality of the estimated values calculated individually by 
compensated for by the processing of the compensation step the processing of the plurality of estimation steps . 
through an interpolation process in response to a result of the The processing of each of the estimation steps may 
discrimination of the discrimination means . calculate a plurality of estimated value candidates individu 

The sensitivity uniformization step may include a calcu - 15 ally corresponding to the plurality of sensitivity character 
lation step of calculating estimated pixel values of the color istics , add the plurality of estimated value candidates and 
and sensitivity mosaic image based on the sensitivity mosaic compensate for the non - linearity of the sensitivity charac 
pattern information , and a correction step of correcting the teristic appearing with the sum of the plurality of estimated 
estimated pixel values calculated by the processing of the value candidates . 
calculation step . 20 The luminance image production step may further include 

The processing of the color interpolation step may inter - a noise removal step of removing noise components of the 
polate all of the color components of the pixels of the color luminance candidate value to produce a luminance value . 
and sensitivity mosaic image without changing the sensitiv . Each of the monochromatic image production steps may 
ity characteristics of the pixels based on the sensitivity include a monochromatic image candidate production step 
mosaic pattern information and the color mosaic pattern 25 of producing a monochromatic image candidate correspond 
information to produce a sensitivity mosaic image of the ing to the color and sensitivity mosaic image based on the 
color components , and the processing of the sensitivity sensitivity mosaic pattern information and the color mosaic 
characteristic uniformization step may uniformize the sen - pattern information , and a modification step of modifying 
sitivity characteristics of the pixels of the sensitivity mosaic the monochromatic image candidate based on the luminance 
image based on the sensitivity mosaic pattern information to 30 image to produce the monochromatic image . 
produce the restoration image . The processing of the monochromatic image candidate 

The color interpolation step may include an extraction production step may calculate a plurality of monochromatic 
step of extracting those of the pixels which have the same candidate values individually corresponding to the plurality 
sensitivity characteristic from the color and sensitivity of sensitivity characteristics , add the plurality of monochro 
mosaic image , an all color component interpolation step of 35 matic candidate values and compensate for the non - linearity 
interpolating all of the color components of the pixels of the sensitivity characteristic appearing with the sum of the 
extracted by the processing of the extraction step , and a plurality of monochromatic candidate values to calculate 
synthesis step of synthesizing those of the pixels having all pixel values of the monochromatic image candidate to 
of the color components interpolated by the processing of produce the monochromatic image candidate . 
the all color component interpolation step which have the 40 The processing of the monochromatic image candidate 
same color component and have the different sensitivity production step may use a direction selective smoothing 
characteristics to produce the sensitivity mosaic image process to produce the monochromatic image candidate 

A program of a first recording medium of the present corresponding to the color and sensitivity mosaic image . 
invention is characterized in that the program includes a The program of the first recording medium of the present 
restoration step of restoring , based on a color and sensitivity 45 invention may further include an image pickup controlling 
mosaic image wherein each of a plurality of pixels has one step of controlling a process of picking up an image of a 
of a plurality of color components and one of a plurality of subject to produce the color and sensitivity mosaic image . 
sensitivity characteristics with respect to the intensity of The restoration step may include a sensitivity character 
light and a plurality of ones of the pixels which have the istic uniformization step of uniformizing the sensitivity 
same color component and the same sensitivity character - 50 characteristics of the pixels based on sensitivity mosaic 
istic are arranged in a grating - like arrangement and besides pattern information representative of an arrangement of the 
a plurality of ones of the pixels which have the same color sensitivity characteristics of the color and sensitivity mosaic 
component irrespective of the sensitivity characteristic are image , and a color interpolation step of interpolating color 
arranged in a grating - like arrangement , a restoration image components of the pixels based on color mosaic pattern 
wherein the sensitivities of the pixels are uniformized and 55 information representative of an arrangement of the color 
each of the pixels has all of the plurality of color compo - components of the color and sensitivity mosaic image . 
nents . The processing of the sensitivity characteristic uni 

The restoration step may include a luminance image formization step may uniformize the sensitivity character 
production step of producing a luminance image corre - istics of the pixels of the color and sensitivity mosaic image 
sponding to the color and sensitivity mosaic image based on 60 based on the sensitivity mosaic pattern information and the 
sensitivity mosaic pattern information representative of an color mosaic pattern information to produce a color mosaic 
arrangement of the sensitivity characteristics of the color image , and the processing of the color interpolation step may 
and sensitivity mosaic image and color mosaic pattern interpolate the color components of the pixels of the color 
information representative of an arrangement of the color mosaic image based on the color mosaic pattern information 
components of the color and sensitivity mosaic image , and 65 to produce the restoration image . 
a plurality of monochromatic image production steps each of The processing of the sensitivity characteristic uni 
producing a monochromatic image corresponding to the formization step may uniformize the sensitivity character 
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istics of the pixels of the color and sensitivity mosaic image The restoration step may include a luminance image 
without changing the kinds of the color components of the production step of producing a luminance image corre 
pixels of the color and sensitivity mosaic image based on the sponding to the color and sensitivity mosaic image based on 
sensitivity mosaic pattern information and the color mosaic sensitivity mosaic pattern information representative of an 
pattern information to produce the color mosaic image . 5 arrangement of the sensitivity characteristics of the color 

The processing of the sensitivity characteristic uni and sensitivity mosaic image and color mosaic pattern 
formization step may uniformize the sensitivity character information representative of an arrangement of the color 
istics of the pixels of the color and sensitivity mosaic image components of the color and sensitivity mosaic image , and 
based on the sensitivity mosaic pattern information and the a plurality of monochromatic image production steps each of 
color mosaic pattern information to produce the color producing a monochromatic image corresponding to the 
mosaic image and update the color mosaic pattern informa - color and sensitivity mosaic image based on the sensitivity 
tion . mosaic pattern information , the color mosaic pattern infor 

The sensitivity uniformization step may include a com mation and the luminance image . 
pensation step of compensating for the color components of 1 The luminance image production step may include a 
the pixels of the color and sensitivity mosaic image based on plurality of estimation steps each of calculating an estimated 
the sensitivity mosaic pattern information , a discrimination value of a color component corresponding to each of the 
step of discriminating the validity of the color components pixels of the color and sensitivity mosaic image , and a 
of the pixels of the color and sensitivity mosaic image based luminance candidate value calculation step of calculating a 
on the sensitivity mosaic pattern information , and a modi - 20 luminance candidate value corresponding to each of the 
fication step of modifying the color components of the pixels pixels of the color and sensitivity mosaic image using a 
compensated for by the processing of the compensation step plurality of the estimated values calculated individually by 
through an interpolation process in response to a result of the the processing of the plurality of estimation steps . 
discrimination of the discrimination means . The processing of each of the estimation steps may 

The sensitivity uniformization step may include a calcu - 25 calculate a plurality of estimated value candidates individu 
lation step of calculating estimated pixel values of the color ally corresponding to the plurality of sensitivity character 
and sensitivity mosaic image based on the sensitivity mosaic istics , add the plurality of estimated value candidates and 
pattern information , and a correction step of correcting the compensate for the non - linearity of the sensitivity charac 
estimated pixel values calculated by the processing of the teristic appearing with the sum of the plurality of estimated 
calculation step . 30 value candidates . 

The processing of the color interpolation step may inter - The luminance image production step may further include 
polate all of the color components of the pixels of the color a noise removal step of removing noise components of the 
and sensitivity mosaic image without changing the sensitiv - luminance candidate value to produce a luminance value . 
ity characteristics of the pixels based on the sensitivity Each of the monochromatic image production steps may 
mosaic pattern information and the color mosaic pattern 35 include a monochromatic image candidate production step 
information to produce a sensitivity mosaic image of the of producing a monochromatic image candidate correspond 
color components , and the processing of the sensitivity ing to the color and sensitivity mosaic image based on the 
characteristic uniformization step may uniformize the sen - sensitivity mosaic pattern information and the color mosaic 
sitivity characteristics of the pixels of the sensitivity mosaic pattern information , and a modification step of modifying 
image based on the sensitivity mosaic pattern information to 40 the monochromatic image candidate based on the luminance 
produce the restoration image . image to produce the monochromatic image . 

The color interpolation step may include an extraction The processing of the monochromatic image candidate 
step of extracting those of the pixels which have the same production step may calculate a plurality of monochromatic 
sensitivity characteristic from the color and sensitivity candidate values individually corresponding to the plurality 
mosaic image , an all color component interpolation step of 45 of sensitivity characteristics , add the plurality of monochro 
interpolating all of the color components of the pixels matic candidate values and compensate for the non - linearity 
extracted by the processing of the extraction step , and a of the sensitivity characteristic appearing with the sum of the 
synthesis step of synthesizing those of the pixels having all plurality of monochromatic candidate values to calculate 
of the color components interpolated by the processing of pixel values of the monochromatic image candidate to 
the all color component interpolation step which have the 50 produce the monochromatic image candidate . 
same color component and have the different sensitivity The processing of the monochromatic image candidate 
characteristics to produce the sensitivity mosaic image . production step may use a direction selective smoothing 

A first program of the present invention is characterized in process to produce the monochromatic image candidate 
that it causes a computer to execute a restoration step of corresponding to the color and sensitivity mosaic image . 
restoring , based on a color and sensitivity mosaic image 55 The first program of the present invention may further 
wherein each of a plurality of pixels has one of a plurality include an image pickup controlling step of controlling a 
of color components and one of a plurality of sensitivity process of picking up an image of a subject to produce the 
characteristics with respect to the intensity of light and a color and sensitivity mosaic image . 
plurality of ones of the pixels which have the same color The restoration step may include a sensitivity character 
component and the same sensitivity characteristic are 60 istic uniformization step of uniformizing the sensitivity 
arranged in a grating - like arrangement and besides a plu - characteristics of the pixels based on sensitivity mosaic 
rality of ones of the pixels which have the same color pattern information representative of an arrangement of the 
component irrespective of the sensitivity characteristic are sensitivity characteristics of the color and sensitivity mosaic 
arranged in a grating - like arrangement , a restoration image image , and a color interpolation step of interpolating color 
wherein the sensitivities of the pixels are uniformized and 65 components of the pixels based on color mosaic pattern 
each of the pixels has all of the plurality of color compo - information representative of an arrangement of the color 
nents . components of the color and sensitivity mosaic image . 
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The processing of the sensitivity characteristic uni sensitivity characteristics with respect to the intensity of 
formization step may uniformize the sensitivity character - light and a plurality of ones of the pixels which have the 
istics of the pixels of the color and sensitivity mosaic image same color component and the same sensitivity character 
based on the sensitivity mosaic pattern information and the istic are arranged in a grating - like arrangement and besides 
color mosaic pattern information to produce a color mosaic 5 a plurality of ones of the pixels which have the same 
image , and the processing of the color interpolation step may sensitivity characteristic irrespective of the color component 
interpolate the color components of the pixels of the color are arranged in a grating - like arrangement such that totaling 
mosaic image based on the color mosaic pattern information 5 pixels including an arbitrary pixel and four pixels neigh to produce the restoration image . boring upwardly , downwardly , leftwardly and rightwardly The processing of the sensitivity characteristic uni - 10 of the arbitrary pixel include all of the color components , a formization step may uniformize the sensitivity character 
istics of the pixels of the color and sensitivity mosaic image restoration image wherein the sensitivities of the pixels are 

uniformized and each of the pixels has all of the plurality of without changing the kinds of the color components of the 
pixels of the color and sensitivity mosaic image based on the color components . 
sensitivity mosaic pattern information and the color mosaic 15 The restoration means may includes luminance image 
pattern information to produce the color mosaic image . production means for producing a luminance image corre 

The processing of the sensitivity characteristic uni - sponding to the color and sensitivity mosaic image based on 
formization step may uniformize the sensitivity character sensitivity mosaic pattern information representative of an 
istics of the pixels of the color and sensitivity mosaic image arrangement of the sensitivity characteristics of the color 
based on the sensitivity mosaic pattern information and the 20 and sensitivity mosaic image and color mosaic pattern 
color mosaic pattern information to produce the color information representative of an arrangement of the color 
mosaic image and update the color mosaic pattern informa - components of the color and sensitivity mosaic image , and 
tion . a plurality of monochromatic image production means each 

The sensitivity uniformization step may include a com for producing a monochromatic image corresponding to the 
pensation step of compensating for the color components of 25 color and sensitivity mosaic image based on the sensitivity 
the pixels of the color and sensitivity mosaic image based on mosaic pattern information , the color mosaic pattern infor 
the sensitivity mosaic pattern information , a discrimination mation and the luminance image . 
step of discriminating the validity of the color components The luminance image production means may include a 
of the pixels of the color and sensitivity mosaic image based plurality of estimation means each for calculating an esti 
on the sensitivity mosaic pattern information , and a modi - 30 mated value of a color component corresponding to each of 
fication step of modifying the color components of the pixels the pixels of the color and sensitivity mosaic image , and 
compensated for by the processing of the compensation step luminance candidate value calculation means for calculating 
through an interpolation process in response to a result of the a luminance candidate value corresponding to each of the 
discrimination of the discrimination means . pixels of the color and sensitivity mosaic image using a 

The sensitivity uniformization step may include a calcu - 35 plurality of the estimated values calculated individually by 
lation step of calculating estimated pixel values of the color the plurality of estimation means . 
and sensitivity mosaic image based on the sensitivity mosaic Each of the estimation means may calculate a plurality of 
pattern information , and a correction step of correcting the estimated value candidates individually corresponding to the 
estimated pixel values calculated by the processing of the plurality of sensitivity characteristics , add the plurality of 
calculation step . 40 estimated value candidates and compensate for the non 

The processing of the color interpolation step may inter - linearity of the sensitivity characteristic appearing with the 
polate all of the color components of the pixels of the color sum of the plurality of estimated value candidates . 
and sensitivity mosaic image without changing the sensitiv - The luminance image production means may further 
ity characteristics of the pixels based on the sensitivity include noise removal means for removing noise compo 
mosaic pattern information and the color mosaic pattern 45 nents of the luminance candidate value to produce a lumi 
information to produce a sensitivity mosaic image of the nance value . 
color components , and the processing of the sensitivity Each of the monochromatic image production means may 
characteristic uniformization step may uniformize the sen - include monochromatic image candidate production means 
sitivity characteristics of the pixels of the sensitivity mosaic for producing a monochromatic image candidate corre 
image based on the sensitivity mosaic pattern information to 50 sponding to the color and sensitivity mosaic image based on 
produce the restoration image . the sensitivity mosaic pattern information and the color 

The color interpolation step may include an extraction mosaic pattern information , and modification means for 
step of extracting those of the pixels which have the same modifying the monochromatic image candidate based on the 
sensitivity characteristic from the color and sensitivity luminance image to produce the monochromatic image . 
mosaic image , an all color component interpolation step of 55 The monochromatic image candidate production means 
interpolating all of the color components of the pixels may calculate a plurality of monochromatic candidate values 
extracted by the processing of the extraction step , and a individually corresponding to the plurality of sensitivity 
synthesis step of synthesizing those of the pixels having all characteristics , add the plurality of monochromatic candi 
of the color components interpolated by the processing of date values and compensate for the non - linearity of the 
the all color component interpolation step which have the 60 sensitivity characteristic appearing with the sum of the 
same color component and have the different sensitivity plurality of monochromatic candidate values to calculate 
characteristics to produce the sensitivity mosaic image . pixel values of the monochromatic image candidate to 

A second image processing apparatus of the present produce the monochromatic image candidate . 
invention is characterized in that it includes restoration The monochromatic image candidate production means 
means for restoring , based on a color and sensitivity mosaic 65 may use a direction selective smoothing process to produce 
image wherein each of a plurality of pixels has one of a the monochromatic image candidate corresponding to the 
plurality of color components and one of a plurality of color and sensitivity mosaic image . 
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The second image processing apparatus of the present synthesizing those of the pixels having all of the color 
invention may further include image pickup means for components interpolated by the all color component inter 
picking up an image of a subject to produce the color and polation means which have the same color component and 
sensitivity mosaic image . have the different sensitivity characteristics to produce the 

The restoration means may include sensitivity character - 5 sensitivity mosaic image . 
istic uniformization means for uniformizing the sensitivity A second image processing method of the present inven 
characteristics of the pixels based on sensitivity mosaic t ion is characterized in that it includes a restoration step of 
pattern information representative of an arrangement of the restoring , based on a color and sensitivity mosaic image 
sensitivity characteristics of the color and sensitivity mosaic wherein each of a plurality of pixels has one of a plurality 
image , and color interpolation means for interpolating color 10 of color components and one of a plurality of sensitivity 
components of the pixels based on color mosaic pattern characteristics with respect to the intensity of light and a 
information representative of an arrangement of the color plurality of ones of the pixels which have the same color 
components of the color and sensitivity mosaic image . component and the same sensitivity characteristic are 

The sensitivity characteristic uniformization means may arranged in a grating - like arrangement and besides a plu 
uniformize the sensitivity characteristics of the pixels of the 15 rality of ones of the pixels which have the same sensitivity 
color and sensitivity mosaic image based on the sensitivity characteristic irrespective of the color component are 
mosaic pattern information and the color mosaic pattern arranged in a grating - like arrangement such that totaling 5 
information to produce a color mosaic image , and the color pixels including an arbitrary pixel and four pixels neighbor 
interpolation means may interpolate the color components of ing upwardly , downwardly , leftwardly and rightwardly of 
the pixels of the color mosaic image based on the color 20 the arbitrary pixel include all of the color components , a 
mosaic pattern information to produce the restoration image . restoration image wherein the sensitivities of the pixels are 

The sensitivity characteristic uniformization means may uniformized and each of the pixels has all of the plurality of 
uniformize the sensitivity characteristics of the pixels of the color components . 
color and sensitivity mosaic image without changing the The restoration step may include a luminance image 
kinds of the color components of the pixels of the color and 25 production step of producing a luminance image corre 
sensitivity mosaic image based on the sensitivity mosaic sponding to the color and sensitivity mosaic image based on 
pattern information and the color mosaic pattern information sensitivity mosaic pattern information representative of an 
to produce the color mosaic image . arrangement of the sensitivity characteristics of the color 

The sensitivity characteristic uniformization means may and sensitivity mosaic image and color mosaic pattern 
uniformize the sensitivity characteristics of the pixels of the 30 information representative of an arrangement of the color 
color and sensitivity mosaic image based on the sensitivity components of the color and sensitivity mosaic image , and 
mosaic pattern information and the color mosaic pattern a plurality of monochromatic image production steps each of 
information to produce the color mosaic image and update producing a monochromatic image corresponding to the 
the color mosaic pattern information . color and sensitivity mosaic image based on the sensitivity 

The sensitivity uniformization means may include com - 35 mosaic pattern information , the color mosaic pattern infor 
pensation means for compensating for the color components mation and the luminance image . 
of the pixels of the color and sensitivity mosaic image based The luminance image production step may include a 
on the sensitivity mosaic pattern information , discrimination plurality of estimation steps each of calculating an estimated 
means for discriminating the validity of the color compo - value of a color component corresponding to each of the 
nents of the pixels of the color and sensitivity mosaic image 40 pixels of the color and sensitivity mosaic image , and a 
based on the sensitivity mosaic pattern information , and luminance candidate value calculation step of calculating a 
modification means for modifying the color components of luminance candidate value corresponding to each of the 
the pixels compensated for by the compensation means pixels of the color and sensitivity mosaic image using a 
through an interpolation process in response to a result of the plurality of the estimated values calculated individually by 
discrimination of the discrimination means . 45 the processing of the plurality of estimation steps . 

The sensitivity uniformization means may include calcu - The processing of each of the estimation steps may 
lation means for calculating estimated pixel values of the calculate a plurality of estimated value candidates individu 
color and sensitivity mosaic image based on the sensitivity ally corresponding to the plurality of sensitivity character 
mosaic pattern information , and correction means for cor - istics , add the plurality of estimated value candidates and 
recting the estimated pixel values calculated by the calcu - 50 compensate for the non - linearity of the sensitivity charac 
lation means . teristic appearing with the sum of the plurality of estimated 

The color interpolation means may interpolate all of the value candidates . 
color components of the pixels of the color and sensitivity The luminance image production step may further include 
mosaic image without changing the sensitivity characteris - a noise removal step of removing noise components of the 
tics of the pixels based on the sensitivity mosaic pattern 55 luminance candidate value to produce a luminance value . 
information and the color mosaic pattern information to Each of the monochromatic image production steps may 
produce a sensitivity mosaic image of the color components , include a monochromatic image candidate production step 
and the sensitivity characteristic uniformization means may of producing a monochromatic image candidate correspond 
uniformize the sensitivity characteristics of the pixels of the ing to the color and sensitivity mosaic image based on the 
sensitivity mosaic image based on the sensitivity mosaic 60 sensitivity mosaic pattern information and the color mosaic 
pattern information to produce the restoration image . pattern information , and a modification step of modifying 

The color interpolation means may include extraction the monochromatic image candidate based on the luminance 
means for extracting those of the pixels which have the same image to produce the monochromatic image . 
sensitivity characteristic from the color and sensitivity The processing of the monochromatic image candidate 
mosaic image , all color component interpolation means for 65 production step may calculate a plurality of monochromatic 
interpolating all of the color components of the pixels candidate values individually corresponding to the plurality 
extracted by the extraction means , and synthesis means for of sensitivity characteristics , add the plurality of monochro 
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matic candidate values and compensate for the non - linearity information to produce a sensitivity mosaic image of the 
of the sensitivity characteristic appearing with the sum of the color components , and the processing of the sensitivity 
plurality of monochromatic candidate values to calculate characteristic uniformization step may uniformize the sen 
pixel values of the monochromatic image candidate to sitivity characteristics of the pixels of the sensitivity mosaic 
produce the monochromatic image candidate . 5 image based on the sensitivity mosaic pattern information to 

The processing of the monochromatic image candidate produce the restoration image . 
production step may use a direction selective smoothing The color interpolation step may include an extraction 
process to produce the monochromatic image candidate step of extracting those of the pixels which have the same 
corresponding to the color and sensitivity mosaic image . sensitivity characteristic from the color and sensitivity 

The second image processing method of the present 10 mosaic image , an all color component interpolation step of 
invention may further include an image pickup step of interpolating all of the color components of the pixels 
picking up an image of a subject to produce the color and extracted by the processing of the extraction step , and a 
sensitivity mosaic image . synthesis step of synthesizing those of the pixels having all 

The restoration step may include a sensitivity character of the color components interpolated by the processing of 
istic uniformization step of uniformizing the sensitivity 15 the all color component interpolation step which have the 
characteristics of the pixels based on sensitivity mosaic same color component and have the different sensitivity 
pattern information representative of an arrangement of the characteristics to produce the sensitivity mosaic image . 
sensitivity characteristics of the color and sensitivity mosaic A program of a second recording medium of the present 
image , and a color interpolation step of interpolating color invention is characterized in that the program includes a 
components of the pixels based on color mosaic pattern 20 restoration step of restoring , based on a color and sensitivity 
information representative of an arrangement of the color mosaic image wherein each of a plurality of pixels has one 
components of the color and sensitivity mosaic image . of a plurality of color components and one of a plurality of 

The processing of the sensitivity characteristic uni - sensitivity characteristics with respect to the intensity of 
formization step may uniformize the sensitivity character - light and a plurality of ones of the pixels which have the 
istics of the pixels of the color and sensitivity mosaic image 25 same color component and the same sensitivity character 
based on the sensitivity mosaic pattern information and the i stic are arranged in a grating - like arrangement and besides 
color mosaic pattern information to produce a color mosaic a plurality of ones of the pixels which have the same 
image , and the processing of the color interpolation step may sensitivity characteristic irrespective of the color component 
interpolate the color components of the pixels of the color are arranged in a grating - like arrangement such that totaling 
mosaic image based on the color mosaic pattern information 30 5 pixels including an arbitrary pixel and four pixels neigh 
to produce the restoration image . boring upwardly , downwardly , leftwardly and rightwardly 

The processing of the sensitivity characteristic uni - of the arbitrary pixel include all of the color components , a 
formization step may uniformize the sensitivity character - restoration image wherein the sensitivities of the pixels are 
istics of the pixels of the color and sensitivity mosaic image uniformized and each of the pixels has all of the plurality of 
without changing the kinds of the color components of the 35 color components . 
pixels of the color and sensitivity mosaic image based on the The restoration step may include a luminance image 
sensitivity mosaic pattern information and the color mosaic production step of producing a luminance image corre 
pattern information to produce the color mosaic image . sponding to the color and sensitivity mosaic image based on 

The processing of the sensitivity characteristic uni - sensitivity mosaic pattern information representative of an 
formization step may uniformize the sensitivity character - 40 arrangement of the sensitivity characteristics of the color 
istics of the pixels of the color and sensitivity mosaic image and sensitivity mosaic image and color mosaic pattern 
based on the sensitivity mosaic pattern information and the information representative of an arrangement of the color 
color mosaic pattern information to produce the color components of the color and sensitivity mosaic image , and 
mosaic image and update the color mosaic pattern informa a plurality of monochromatic image production steps each of 
tion . 45 producing a monochromatic image corresponding to the 

The sensitivity uniformization step may include a com - color and sensitivity mosaic image based on the sensitivity 
pensation step of compensating for the color components of mosaic pattern information , the color mosaic pattern infor 
the pixels of the color and sensitivity mosaic image based on mation and the luminance image . 
the sensitivity mosaic pattern information , a discrimination The luminance image production step may include a 
step of discriminating the validity of the color components 50 plurality of estimation steps each of calculating an estimated 
of the pixels of the color and sensitivity mosaic image based value of a color component corresponding to each of the 
on the sensitivity mosaic pattern information , and a modi - pixels of the color and sensitivity mosaic image , and a 
fication step of modifying the color components of the pixels luminance candidate value calculation step of calculating a 
compensated for by the processing of the compensation step luminance candidate value corresponding to each of the 
through an interpolation process in response to a result of the 55 pixels of the color and sensitivity mosaic image using a 
discrimination of the discrimination means . plurality of the estimated values calculated individually by 

The sensitivity uniformization step may include a calcu - the processing of the plurality of estimation steps . 
lation step of calculating estimated pixel values of the color The processing of each of the estimation steps may 
and sensitivity mosaic image based on the sensitivity mosaic calculate a plurality of estimated value candidates individu 
pattern information , and a correction step of correcting the 60 ally corresponding to the plurality of sensitivity character 
estimated pixel values calculated by the processing of the istics , add the plurality of estimated value candidates and 
calculation step . compensate for the non - linearity of the sensitivity charac 

The processing of the color interpolation step may inter - teristic appearing with the sum of the plurality of estimated 
polate all of the color components of the pixels of the color value candidates . 
and sensitivity mosaic image without changing the sensitiv - 65 The luminance image production step may further include 
ity characteristics of the pixels based on the sensitivity a noise removal step of removing noise components of the 
mosaic pattern information and the color mosaic pattern luminance candidate value to produce a luminance value . 


















































































