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(57) ABSTRACT 

An image data processing apparatus includes a data siZe 
conversion device that changes a data siZe of an image data 
at an optional ratio, the image data has a plurality of pixels 
each of Which includes any one of a plurality of color 
components, and the plurality of color components being 
arranged in a speci?c order. The data siZe conversion device 
neWly calculates a value of color component of each pixel 
after changing the data siZe based upon values of color 
components of a plurality of same color pixels before 
changing the data siZe, While maintaining the order of 
arrangement of the plurality of color components. 
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IMAGE DATA PROCESSING APPARATUS AND 
ELECTRONIC CAMERA 

[0001] The disclosure of the following priority application 
is herein incorporated by reference: 

[0002] Japanese Patent Application No. 2000-270396 ?led 
Sep. 6, 2000. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to an image data 
processing apparatus Which performs data siZe conversion 
upon image data Which have been imaged, for example, via 
color separation ?lters of the Bayer type, and to an electronic 
camera. 

[0005] 2. Description of the Related Art 

[0006] There is a per se knoWn type of electronic still 
camera Which performs speci?ed image processing upon 
image data produced from an image of a photographic 
subject Which has been imaged through a photographic lens 
by an imaging device incorporating an imaging element 
such as a CCD or the like and outputted by the imaging 
device. In an imaging device of such an electronic still 
camera, a color separation ?lter is provided upon the imag 
ing element for forming a colored image. FIG. 15 is a ?gure 
for explanation of a Bayer type color separation ?lter, in 
Which primary color ?lters for R color, G color, and B color 
are arranged in a checkerboard pattern in correspondence to 
the pixels of the imaging element. As shoWn in FIG. 15, in 
this Bayer arrangement, a ?lter for the same color compo 
nent is provided at each second pixel in both the horiZontal 
direction and the vertical direction in Which the pixels are 
arranged. It is necessary to treat image data Which has been 
imaged through such a color separation ?lter in such a 
manner as to preserve the Bayer arrangement. This is 
because, if the Bayer arrangement is disturbed, it becomes 
impossible to reproduce the colors of the photographic 
subject from the image data. 

[0007] In the case of performing reduction (shrinkage) 
siZe conversion upon the above described image data, if the 
pixel data are read out While subsampling or culling every 
second pixel, or every fourth pixel, . . . in the horiZontal 

direction and in the vertical direction, ie at a multiple of 
tWo, the order of the color components Which correspond to 
the pixel data before subsampling and the order of the color 
components of the pixel data Which have been subsampled 
and read out agree With one another. The shaded pixels in 
FIG. 15 are the pixel positions in the case of reading out at 
a rate of one pixel every ?ve pixels. When performing 
reduction siZe conversion by subsampling While reading out 
in this manner, it is only possible to perform siZe conversion 
at a reduction ratio by subsampling at a multiple of tWo in 
the horiZontal direction and the vertical direction respec 
tively, in other Words at a ?xed reduction ratio like 2/4, 2/6. 
Furthermore, even if it is arranged that the Bayer arrange 
ment after performing reduction siZe conversion is not 
disturbed, the spatial frequency is reduced by the subsam 
pling, Which gives rise to the problem of undesirable gen 
eration of moire due to subsampling. 

SUMMARY OF THE INVENTION 

[0008] The objective of the present invention is to provide 
an image data processing apparatus and an electronic camera 
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Which perform image data siZe conversion processing to 
convert image data siZe at any optional ratio Without con 
fusing the order of arrangement of the color components of 
image data Which have been imaged through a color sepa 
ration ?lter such as one of the Bayer type. 

[0009] An image data processing apparatus according to 
the present invention comprises a data siZe conversion 
device that changes a data siZe of an image data at an 
optional ratio, the image data has a plurality of pixels each 
of Which includes any one of a plurality of color compo 
nents, and the plurality of color components being arranged 
in a speci?c order. The data siZe conversion device neWly 
calculates a value of color component of each pixel after 
changing the data siZe based upon values of color compo 
nents of a plurality of same color pixels before changing the 
data siZe, While maintaining the order of arrangement of the 
plurality of color components. 

[0010] In this image data processing apparatus, it is pre 
ferred that an interpolation processing device that performs 
interpolation processing to obtain a value of color compo 
nent that a corresponding pixel does not possess, is further 
provided. The data siZe conversion device changes the data 
siZe of the image data before the image data is subjected to 
interpolation processing by the interpolation processing 
device. In this case, it is preferred that a changeover device 
that changes over image data to be supplied to the interpo 
lation device betWeen image data a data siZe of Which has 
been changed by the data siZe conversion device and image 
data a data siZe of Which has not been changed by the data 
siZe conversion device, is further provided. The interpola 
tion processing device performs the interpolation processing 
With a common algorithm on both the image data the data 
siZe of Which has been changed and the image data the data 
siZe of Which has not been changed. 

[0011] Also, it is preferred that the data siZe conversion 
device calculates the value of color component of each pixel 
after changing the data siZe by taking a relative positional 
relationship betWeen the each pixel after changing the data 
siZe and the plurality of same color pixels before changing 
the data siZe. 

[0012] An image data processing apparatus according to 
the present invention comprises: a color separation device in 
Which a plurality of color ?lters, each of Which passes light 
of one of a plurality of color components, are arranged in a 
speci?ed order, and Which separates an image of a subject 
into the plurality of color components; an imaging device 
Which images the image of the subject Which has been 
color-separated by the color separation device With a plu 
rality of pixels; an A/D conversion device Which A/D 
converts an image signal outputted from the imaging device; 
and a data siZe conversion device Which changes a data siZe 
of the image data after A/D conversion at an optional ratio. 
The data siZe conversion device neWly calculates a value of 
color component of each pixel after changing the data siZe 
based upon values of color components of a plurality of 
same color pixels before changing the data siZe, While 
maintaining the order of arrangement of the plurality of 
color components. 

[0013] An electronic camera according to the present 
invention comprises: a color separation device in Which a 
plurality of color ?lters, each of Which passes light of one of 
a plurality of color components, are arranged in a speci?ed 
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order, and Which separates an image of a subject into the 
plurality of color components; an imaging device Which 
images the image of the subject Which has been color 
separated by the color separation device With a plurality of 
pixels; an A/D conversion device Which A/D converts an 
image signal outputted from the imaging device; and a data 
siZe conversion device Which changes a data siZe of the 
image data after A/D conversion at an optional ratio. The 
data siZe conversion device neWly calculates a value of color 
component of each pixel after changing the data siZe based 
upon values of color components of a plurality of same color 
pixels before changing the data siZe, While maintaining the 
order of arrangement of the plurality of color components. 

[0014] An image data processing method according to the 
present invention comprises: obtaining an image data that 
has a plurality of pixels each of Which includes any one of 
a plurality of color components Which are arranged in a 
speci?c order; and changing a data siZe of the image data at 
an optional ratio. And a value of color component of each 
pixel after changing the data siZe is neWly calculated based 
upon values of color components of a plurality of same color 
pixels before changing the data siZe in order to change the 
data siZe While maintaining the order of arrangement of the 
plurality of color components. 

[0015] A computer-readable computer program product 
according to the present invention containing a control 
program for image data siZe conversion processing. The 
control program comprises instructions of: obtaining an 
image data that has a plurality of pixels each of Which 
includes any one of a plurality of color components Which 
are arranged in a speci?c order; and changing a data siZe of 
the image data at an optional ratio. And a value of color 
component of each pixel after changing the data siZe is 
neWly calculated based upon values of color components of 
a plurality of same color pixels before changing the data siZe 
in order to change the data siZe While maintaining the order 
of arrangement of the plurality of color components. 

[0016] In this computer-readable computer program prod 
uct, it is preferred that the computer-readable computer 
program product is a recording medium on Which the control 
program is recorded. 

[0017] Also, it is preferred that the computer-readable 
computer program product is a carrier Wave in Which the 
control program is embodied as a data signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a ?gure shoWing the structure of a single 
lens re?ex electronic still camera Which is an embodiment of 
the present invention. 

[0019] FIG. 2 is a block diagram of an embodiment of a 
signal processing system in this single lens re?ex electronic 
still camera. 

[0020] FIG. 3 is a block diagram for explanation of a 
circuit Which performs line processing in the signal process 
ing system shoWn in FIG. 2. 

[0021] FIG. 4 is a block diagram for explanation of a 
circuit Which performs block processing in the signal pro 
cessing system shoWn in FIG. 2. 

[0022] FIG. 5 is a ?gure shoWing a color separation ?lter 
in the Bayer arrangement. 
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[0023] FIG. 6 is a ?gure for explanation of the details of 
the processing performed by a G interpolation circuit. 

[0024] FIG. 7 is a ?gure for explanation of the details of 
the processing performed by a band pass ?lter. 

[0025] FIG. 8 is a ?gure for explanation of the details of 
the processing performed by a loW pass ?lter. 

[0026] FIG. 9 is a ?gure for explanation of the details of 
the processing performed by a color difference signal gen 
eration circuit. 

[0027] FIG. 10 is a ?gure shoWing an example of data 
Which is processed by an interpolation/LPF circuit. 

[0028] FIG. 11 is a ?gure for explanation of the details of 
the processing performed by this interpolation/LPF circuit. 

[0029] FIG. 12 is a ?gure for explanation of the details of 
the processing performed by a median circuit. 

[0030] FIG. 13 is a ?oWchart shoiWg a program Which is 
started When a full press sWitch is actuated. 

[0031] FIG. 14 is a ?gure shoWing a color separation ?lter 
arranged according to the complementary color ?lter 
arrangement method. 

[0032] FIG. 15 is a ?gure for explanation of a subsam 
pling procedure for image data Which have been imaged 
through a color separation ?lter of the Bayer type. 

[0033] FIG. 16 is a ?gure illustrating that an image data 
siZe conversion processing program is provided via a record 
ing medium or a telecommunication line. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] In the folloWing, embodiments of the present 
invention Will be explained With reference to the ?gures. 

[0035] Embodiment 1 

[0036] As shoWn in FIG. 1, the single lens re?ex elec 
tronic still camera according to the present invention is 
comprised of a camera main body 70, a vieW?nder device 80 
Which can be ?tted to or removed from the camera main 
body 70, and an interchangeable lens 90 Which comprises a 
photographic lens 91 and an aperture 92 and Which can be 
?tted to or removed from the camera main body 70. Light 
from a photographic subject enters into the camera main 
body 70 through the interchangeable lens 90, and, before 
shutter release, is directed by a quick return mirror 71 Which 
is in its position shoWn by the dotted lines into the vieW 
?nder device 80, Where it is focused into an image upon a 
vieW?nder matte 81. This image of the photographic subject 
is also directed by a pentaprism 82 into an eyepiece lens 83. 
On the other hand, after shutter release, the quick return 
mirror 71 is rotated to its position shoWn by solid lines in the 
?gure, and the light from the photographic subject passes 
through a shutter 72 and forms an image upon an imaging 
device 73. Before shutter release, the image of the photo 
graphic subject is incident via a prism 84 and an imaging 
lens 85 upon a White balance sensor 86, and this White 
balance sensor 86 detects the color temperature of the 
photographic subject. 

[0037] FIG. 2 is a block diagram of the single lens re?ex 
electronic still camera according to the ?rst preferred 
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embodiment. A half press signal and a full press signal are 
respectively inputted to a CPU 21 from a half press sWitch 
22 and a full press sWitch 23, both of Which are actuated by 
the operation of a shutter release button not shoWn in the 
?gures. Furthermore, an actuation signal from a resiZe 
sWitch 40 for converting the data siZe of the image data is 
inputted to the CPU 21. When the half press signal is 
inputted to the CPU 21, the CPU 21 controls the operation 
of a CCD 26 of the imaging device 73 via a timing generator 
24 and a driver 25. The operational timings of an analog 
signal processing circuit 27 and of an A/D conversion circuit 
28 are controlled by the output signal of the timing generator 
24. Furthermore, the CPU 21 controls the driving of a White 
balance detection processing circuit 35. A color ?lter is 
provided upon the pixel region of the CCD 26. 

[0038] When subsequently to the actuation to ON of the 
half press sWitch 22 the full press sWitch 23 is actuated to 
ON, the quick return mirror 71 is rotated to its upper 
position. The light from the photographic subject Which 
passes through the interchangeable lens 90 is focused 
thereby into an image upon the light reception surface of the 
CCD 26, and signal electric charges are accumulated in the 
CCD 26 according to the brightness of the image of the 
photographic subject. These signal electric charges accumu 
lated in the CCD 26 are emitted by the driver 25 and are 
inputted to the analog signal processing unit 27 Which 
comprises an AGC circuit and a CDS circuit. This analog 
signal processing circuit 27 performs analog processing such 
as gain control, noise removal and the like upon the analog 
image signal Which has been inputted. The image signal 
after this analog processing is converted into a digital signal 
by the A/D conversion circuit 28. The image data Which has 
been thus converted into digital format is fed to an image 
processing circuit 29 Which may for example be an ASIC, 
Which performs image pre-processing such as White balance 
adjustment, contour compensation, gamma correction, and 
the like. 

[0039] The White balance detection processing circuit 35 
comprises a White balance sensor 35A (the White balance 
sensor 86 of FIG. 1) Which is a color temperature sensor, an 
A/D conversion circuit 35B Which converts the analog 
signal from the White balance sensor 35A into a digital 
signal, and a CPU 35C Which generates a White balance 
adjustment signal based upon this digital color temperature 
signal. The White balance sensor 35A may, for example, 
comprise a plurality of photoelectric conversion elements 
for red light, blue light and green light each of Which has its 
oWn characteristic sensitivity, and said White balance sensor 
35A receives light from the image of the photographic ?eld 
as a Whole. The CPU 35C calculates a R-gain and a B-gain 
based upon the output of a plurality of photoelectric con 
version elements. These calculated gains are transferred to 
predetermined registers of the CPU 21 and are stored 
therein. Furthermore, the White balance sensor 86 of FIG. 1 
may be constituted by a tWo dimensional CCD of 24 
columns><20 roWs. In this case, the CCD is divided into 16 
regions, and in each of the regions there is arranged a 
plurality of elements, each of Which has its oWn sensitivity 
to red light, blue light or green light. 

[0040] If the resiZe sWitch 40 is set for image siZe con 
version, the digital image data Which has thus been pre 
processed is further subjected to image data siZe conversion 
processing. The image data after resiZe processing is then 
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subjected to format processing (image post-processing) for 
J PEG compression, and then is temporarily stored in a buffer 
memory 30. 

[0041] This image data Which has been stored in the buffer 
memory 30 is processing into image data for display by a 
display image generation circuit 31, and is then displayed 
upon an external monitor 32 such as a LCD or the like as the 
result of photography. Furthermore, this image data Which 
has been stored in the buffer memory 30 is also subjected to 
data compression at a predetermined compression ratio by 
the JPEG method, and is then stored upon a recording 
medium 34 such as a compact ?ash memory card (CF card) 
or the like. 

[0042] FIGS. 3 and 4 are block diagrams shoWing the 
details of the image processing circuit 29. FIG. 3 shoWs a 
line processing circuit 100 Which performs line by line 
signal processing upon the image data from the CCD 26. The 
12 bit R, G, and B signals Which are outputted from the A/D 
conversion circuit 28 are subjected to the abovementioned 
image pre-processing. And FIG. 4 shoWs a block processing 
circuit 200 Which performs signal processing upon the 
image data Which have been processed by the line process 
ing circuit 100 for each n X m pixels data at a time, in other 
Words one block at a time. Image post-processing may be 
performed upon the image data in the manner described 
above for each 20x20 pixel region, for each 16x16 pixel 
region, for each 12x12 pixel region, or for each 8x8 pixel 
region, as appropriate. It should be understood that, in this 
speci?cation, the image processing circuit 29 Will be 
explained in terms of a hardWare implementation thereof for 
the convenience of description, although in actual fact it 
could be implemented in softWare by utiliZing a plurality of 
processors. 

[0043] In FIG. 3, the line processing circuit 100 is shoWn 
as being comprised of a defect correction circuit 101, a 
digital clamp circuit 102, again circuit 103, a White balance 
circuit 104, a black level circuit 105, a gamma correction 
circuit 106, and an average value and histogram calculation 
circuit 107. 

[0044] The defect correction circuit 101 corrects the data 
in the output of the CCD 26, each line at a time in point order 
(point by point), for any pixels Which has any defect (Which 
are speci?ed in advance, and Whose addresses are set into 
registers of the CPU 21). For each line at a time in point 
order, the digital clamp circuit 102 subtracts from the signal 
for each pixel of this line outputted by the CCD 26 the 
Weighted average of the signals from a plurality of pixels, 
Which are thus used as so-called optical black. For each line 
at a time in the output of the CCD 26 in point order, the gain 
circuit 103 impartially multiplies each of the R, G, and B 
signals Which are outputted from the CCD 26 by a prede 
termined gain, and also performs deviation correction of the 
sensitivity of the CCD 26 for the G signal. Moreover, the 
gain circuit 103 also performs deviation correction of sen 
sitivity ratio of the CCD 26 for the R and B signals. 

[0045] For each line at a time in the output of the CCD 26 
in point order, the White balance circuit 104 multiplies the R 
and B signals by the White balance adjustment coef?cients 
Which are determined in advance as described above and are 
stored in advance in the registers of the CPU 21, in other 
Words by the R gain and the B gain. Based upon the image 
data Which have been corrected by this White balance circuit 
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104, the White balance is further subjected to ?ne adjustment 
by a White balance ?ne adjustment circuit Which Will be 
described hereinafter. For each line at a time in the output of 
the CCD 26 in point order, the black level circuit 105 adds 
to each of the R, G, and B signals a value Which is 
determined in advance and is stored in a register of the CPU 
21. And the gamma correction circuit 106 performs gamma 
correction using a gradation look up table for each line at a 
time in the output of the CCD 26 in point order. It should be 
understood that the 12 bit R, G, and B signals are converted 
by this gamma correction into 8 bit RGB data. 

[0046] The average value and histogram calculation cir 
cuit 107 extracts from Within the image data after gamma 
correction the image data for a 512x512 region Which is 
speci?ed, for example, by taking the central portion of the 
focus detection region as a center, and calculates a RF-gain 
for White balance ?ne adjustment for the R signal and a 
BF-gain for White balance ?ne adjustment for the B signal 
using the folloWing Equations (1) and These calculated 
values for the RF-gain and the BF-gain are stored in registers 
of the CPU 21. FIG. 5 is a ?gure shoWing a color separation 
?lter Which is arranged over the pixel region of the CCD 26 
and Which utiliZes the Bayer arrangement. For example, if 
an arrangement of color ?lters like that shoWn in FIG. 5 is 
provided over the above mentioned speci?ed 512x512 pixel 
region, the average values of the R, G, and B signals are 
calculated by using the Equations (3) through (5), and, as 
shoWn in Equations (1) and (2), the RF-gain and the BF-gain 
for White balance ?ne adjustment are calculated from the 
ratio of the average value G-ave of the G signal to the 
average value R-ave of the R signal, and the ratio of the 
average value G-ave of the G signal to the average value 
B-ave of the B signal, respectively. 

[0047] [Equations 1] 

BF—gain=G—ave/B—ave (2) 

[0048] in Which: 

R—ave=R—sum/R—pixel number (3) 

G—ave=G-sum/G—pixel number (4) 

B—ave=B-sum/B—pixel number (5) 

[0049] It has been found by experience that excellent 
results are obtained for adjustment of White balance (the 
overall White balance) by this average value method in 
Which the average values for gradation of each of the R, G, 
and B signals resulting from the input data are obtained. 

[0050] In FIG. 4, the block processing circuit 200 is 
comprised of a White balance ?ne adjustment circuit 210, an 
image data siZe conversion processing circuit 240, a 
changeover circuit 250, and an interpolation/contour pro 
cessing circuit 220. The White balance ?ne adjustment 
circuit 210 performs ?ne adjustment of the White balance, 
With respect to the R signal and the B signal Which are stored 
in the buffer memory 30 after the above described process 
ing up to the gamma correction circuit 106, by multiplying 
each of the R and B signals in the speci?ed pixel region by, 
respectively, the RF-gain and the BF-gain Which are used for 
White balance ?ne adjustment and Which have been calcu 
lated by the average value circuit 107. 

[0051] If data siZe conversion has been set by the use of 
the resiZe sWitch 40, the image data siZe conversion pro 
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cessing circuit 240 converts the amount of data, in other 
Words the data siZe, Which has been generated for one 
photographic frame of image data Without performing any 
subsampling process. The image data after data siZe con 
version is outputted as image data for each 20x20 pixel 
region. The present invention is distinguished in particular 
by the fact that data siZe conversion is performed Without 
discarding the order of the color components Which corre 
sponds to the arrangement of the color components of the 
color separation ?lter Which is disposed over the pixel 
region of the CCD 26, and moreover Without loWering the 
spatial frequency of the image data. During conversion of 
the data siZe, it goes Without saying that information relating 
to the contours of the photographic subject and so on is 
preserved. 
[0052] In this description of the ?rst preferred embodi 
ment of the present invention, the example Will be employed 
of performing siZe conversion for a single frame by an area 
ratio of 9/16, in other Words When resiZing the data siZe in 
both the vertical direction and the horiZontal direction by a 
ratio of 3/4. The term of resiZing means that a neW image 
data Which has pixels a number of Which is different from 
and values of Which are different from the image data before 
resiZing is generated and that a neW pixel plane Which has 
a spatial frequency different from one in the image data 
before resiZing is generated. The resiZing process calculates 
the data for one pixel by linear interpolation by using data 
of the same color signals Which correspond to tWo adjacent 
pixels Which position every tWo pixels. In this 3/4 resiZing 
process, the data for three pixels is calculated per the data for 
each four pixels. The term of calculating by liner interpo 
lation means, as mentioned hereinafter, that Weighted coef 
?cients are obtained by taking the relative positional rela 
tionship betWeen pixels before resiZing and neW pixels 
generated by resiZing into account and a Weighted addition 
is performed With the Weighted coef?cients. As a result, a 
pixel position after resiZing is not overlapped With a pixel 
position after resiZing and a neW plane Which has a spatial 
frequency different from a plane before resiZing is gener 
ated. 

[0053] In the horiZontal direction, the ?rst RGRG . . . line 
shoWn in FIG. 5 Will be considered. For example, let the 
target pixel n be the one in the ?rst roW and the ?rst column 
Which provides a R signal. The values of the R component 
and the G component after the resiZing procedure are 
calculated according to the folloWing Equations (6) through 
(11): 
[0054] [Equations 2] 

[0055] According to the above Equations (6) through (11), 
for the R component, the three R components R(1,1), R(1,3), 
and R(1,5) in the group of target pixels from n to (n+8), in 
other Words in a range over Which 5 R signals are obtained, 
are calculated at almost equal intervals in the horiZontal 
direction. Furthermore, for the G component, the three G 
components G(1,2), G(1,4), and G(1,6) in the group of target 
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pixels from (n+1) to (n+9), in other Words in a range over 
Which 5 G signals are obtained, are calculated at almost 
equal intervals in the horiZontal direction. When calculating 
the data for each of the three colors using Equations (6) 
through (11), the next data are calculated by taking the target 
pixel (n+8) as the neW target pixel. Accordingly the 3/4 
resiZing procedure calculates three data elements from four, 
since among the groups described above of 5 R signals and 
G signals the end one overlaps the ?rst one of the next group. 

[0056] Next, again in the horiZontal direction, the second 
GBGB . . . line shoWn in FIG. 5 Will be considered. Taking 

the target pixel n as the one in the second roW and the ?rst 
column Which provides a G signal, then the values of the G 
component and the B component after the resiZing proce 
dure are calculated according to the folloWing Equations 
(12) through (17): 
[0057] [Equations 3] 

[0058] According to the above Equations (12) through 
(17), for the G component, the three G components G(2,1), 
G(2,3), and G(2,5) in the group of target pixels from n to 
(n+8), in other Words in a range over Which 5 G signals are 
obtained, are calculated at almost equal intervals in the 
horiZontal direction. Furthermore, for the B component, the 
three B components B(2,2), B(2,4), and B(2,6) in the group 
of target pixels from (n+1) to (n+9), in other Words in a range 
over Which 5 B signals are obtained, are calculated at almost 
equal intervals in the horiZontal direction. When calculating 
the data for each of the three colors using Equations (12) 
through (17), the next data are calculated by taking the target 
pixel (n+8) as the neW target pixel n. Accordingly the 3/4 
resiZing procedure calculates three data elements from four, 
since among the groups described above of 5 G signals and 
B signals the end one overlaps the ?rst one of the next group. 
The RGRG . . . line and the GBGB . . . line before siZe 

conversion respectively become a RGRG . . . line and a 

GBGB . . . line after siZe conversion, and thus the order of 

arrangement of the color components in each line before and 
after the resiZing procedure is the same. 

[0059] The same procedure is performed for resiZing the 
image data, Which has been resiZed in the horiZontal direc 
tion, in the vertical direction. Since the order of arrangement 
of the color components is the same before and after the 
resiZing procedure, as described above, this procedure for 
the vertical direction Will be explained With reference to 
FIG. 5. In this ?gure, for the RGRG line in the ?rst column, 
taking the target pixel m as the one in the ?rst roW and the 
?rst column Which provides a R signal, then the values of the 
R component and the G component after the resiZing pro 
cedure are calculated according to the folloWing Equations 
(18) through (23): 
[0060] [Equations 4] 
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[0061] According to the above Equations (18) through 
(23), for the R component, the three R components R(1,1), 
R(3,1), and R(5,1) in the group of target pixels from m to 
(m+8), in other Words in a range over Which 5 R signals are 
obtained, are calculated at almost equal intervals in the 
vertical direction. Furthermore, for the G component, the 
three G components G(2,1), G(4,1), and G(6,1) in the group 
of target pixels from (m+1) to (m+9), in other Words in a 
range over Which 5 G signals are obtained, are calculated at 
almost equal intervals in the vertical direction. When cal 
culating the data for each of the three colors using Equations 
(18) through (23), the next data are calculated by taking the 
target pixel (m+8) as the neW target pixel. Accordingly the 
3/4 resiZing procedure calculates three data elements from 
four, since among the groups described above of 5 R signals 
and G signals the end one overlaps the ?rst one of the next 
group. 

[0062] Next, again in the vertical direction, the second 
GBGB . . . column shoWn in FIG. 5 Will be considered. 

Taking the target pixel m as the one in the ?rst roW and the 
second column Which provides a G signal, then the values of 
the G component and the B component after the resiZing 
procedure are calculated according to the folloWing Equa 
tions (24) through (29): 

[0063] [Equations 5] 

[0065] According to the above Equations (24) through 
(29), for the G component, the three G components G(1,2), 
G(3,2), and G(5,2) in the group of target pixels from m to 
(m+8), in other Words in a range over Which 5 G signals are 
obtained, are calculated at almost equal intervals in the 
vertical direction. Furthermore, for the B component, the 
three B components B(2,2), B(4,2), and B(6,2) in the group 
of target pixels from (m+1) to (m+9), in other Words in a 
range over Which 5 B signals are obtained, are calculated at 
almost equal intervals in the vertical direction. When cal 
culating the data for each of the three colors using Equations 
(24) through (29), the next data are calculated by taking the 
target pixel (m+8) as the neW target pixel m. Accordingly the 
3/4 resiZing procedure calculates three data elements from 
four, since among the groups described above of 5 G signals 
and B signals the end one overlaps the ?rst one of the next 
group. The RGRG . . . line and the GBGB . . . line before 

siZe conversion respectively become a RGRG . . . line and 

a GBGB . . . line after siZe conversion, and thus the order of 

arrangement of the color components in each line before and 
after the resiZing procedure is the same. 

[0066] As explained above, by performing resiZing pro 
cessing by a ratio of 3/4 in both the horiZontal direction and 
in the vertical direction, it is possible to convert the amount 
of data Which is generated for one photographic image to 
9/16 of its siZe. It should be understood that, although for the 
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convenience of explanation the calculation procedures for 
the horiZontal direction and for the vertical direction have 
been explained as being done separately, in actual fact, the 
calculation procedures in both these directions may be 
performed together as a matrix calculation. The results are 
the same When performing these calculations for the tWo 
directions together, as if they Were to be performed sepa 
rately and independently. 

[0067] The changeover circuit 250, upon commands from 
the CPU 21 (see FIG. 2), outputs to the interpolation/ 
contour processing circuit 220 either the image data for the 
20x20 pixel region Which is output in order from the White 
balance ?ne adjustment circuit 210, or the image data for the 
20x20 pixel region Which is output in order from the image 
data siZe conversion processing circuit 240. 

[0068] The interpolation/contour processing circuit 220 
performs formatting procedures for data compression 
according to the JPEG method for the block data of each 
20x20 pixel region in order, for the image data after White 
balance ?ne adjustment, or after image data siZe conversion. 
As results of this formatting procedure a Y signal of a 16x8 
pixel region, a Cb signal of an 8x8 pixel region, and a Cr 
signal of an 8x8 pixel region are generated. The luminance 
signal Y includes a luminance signal Y1 for the loW fre 
quency component of the G signal and a contour signal Y2 
for its high frequency component, as Will be described 
hereinafter. 

[0069] This interpolation/contour processing circuit 220 is 
comprised of a G interpolation circuit 221, a band pass ?lter 
(BPF) 222, a clip circuit 223, a gain circuit 224, a loW pass 
?lter (LPF) 225, a color difference signal generation circuit 
226, an interpolation/loW pass ?lter (LPF) circuit 228, a 
matrix circuit 229, an adder 230, and a median circuit 232. 

[0070] The G interpolation circuit 221 calculates by inter 
polation the G component for the pixel regions of the R 
signal or the B signal for the data in the 16x16 pixel region 
around the center of each block signal for each 20x20 pixel 
region of the image data Which is inputted from the White 
balance ?ne adjustment circuit 210, or from the image data 
siZe conversion processing circuit 240. In other Words, as 
shoWn in FIG. 6, for the input data set D20 for a 20x20 pixel 
region, the G interpolation circuit 221 calculates the G 
component of the vacancy (Which is the pixel in the third 
roW and the third column, and provides a B signal) in the 
middle of the 5x5 pixel data region D51 (from roW 1 column 
1 to roW 5 column 5), and substitutes this value as the G 
component of the pixel in the third roW and the third column 
of the output data set D16 (in Which the “B” is surrounded 
by a circle) of the 16x16 pixel region. 

[0071] Next, With regard to the input data set D20 of the 
20x20 pixel region, the G component of the vacancy (Which 
is the pixel in the fourth roW and the fourth column, and 
provides a R signal) in the center of the 5x5 pixel data region 
D52 (from the second roW second column to the sixth roW 
sixth column) is calculated, and this value is substituted as 
the G component of the pixel in the fourth roW and the fourth 
column of the output data set D16 (in Which the “R” is 
surrounded by a circle) of the 16x16 pixel region. By 
repeating this type of procedure, the G interpolation proce 
dure is performed for all the vacancies of the 16x16 pixel 
region, and thus the output data set D16 is obtained. And on 
the one hand the output data set D12 from this 12x12 pixel 
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region is outputted respectively to the band pass ?lter 222 
and the loW pass ?lter 225, While on the other hand the 
output data set D16 from the 16x16 pixel region is outputted 
to the color difference signal generation circuit 226. 

[0072] The band pass ?lter 222 extracts the medium 
frequency component from the G signal of the 12x12 pixel 
region Which is outputted from the G interpolation circuit 
221 (hoWever, this is the frequency component Which is high 
enough to be able to extract the contour of the photographic 
subject, and it may for convenience be termed the high 
frequency component) In other Words, as shoWn in FIG. 7, 
for the input data set D12 for a 12x12 pixel region, the BPF 
output data is obtained by multiplying the 5x5 pixel region 
data D5 (from roW 5 column 5 to roW 9 column 9) by the 
band pass ?lter coef?cient, and this value is substituted as 
the data item (the bold “G”) in the seventh roW and seventh 
column of the output data set D8 of the 8x8 pixel region. By 
repeating this type of procedure, all of the pixel data for the 
8x8 pixel region is substituted With the G data after BPF, and 
thus the output data set D8 is generated. 

[0073] The clip circuit 223 clips and cuts each element in 
the 8x8 pixel data region D8 Which is output from the band 
pass ?lter 222 to a set level. The gain circuit 224 multiplies 
the output of the clip circuit 223 by a gain Which is set in 
advance. 

[0074] The loW pass ?lter 225 extracts the loW frequency 
component in the G signal of the 12x12 pixel region Which 
is outputted from the G interpolation circuit 221. In other 
Words, as shoWn in FIG. 8, for the input data region D12 of 
the 12x12 pixel region, the 5x5 pixel data region D5 (from 
the ?fth roW and ?fth column to the ninth roW and ninth 
column) is multiplied by the loW pass ?lter coefficient and 
the LPF output data is obtained, and this value is substituted 
as the data (the hatched region) for the seventh roW and 
seventh column of the 8x8 pixel region output data set D8. 

[0075] By repeating this type of procedure, all of the pixel 
data for the 8x8 pixel region is substituted With the G data 
after LPF, and thus the output data set D8 is generated. 

[0076] The color difference signal generation circuit 226, 
as shoWn in FIG. 9, generates intermediate data D16-3 
Which include a (B-G) signal and a (R-G) signal, based upon 
the RGB signal input data D16-1 for the 16x16 pixel region 
and the G signal input data D16-2 for the 16x16 pixel region 
Which has been outputted from the G interpolation circuit 
221, among the image data Which has been inputted from the 
White balance ?ne adjustment circuit 210 or the image data 
siZe conversion processing circuit 240. Furthermore, the 
intermediate data D16-3 is separated into output data D16-4 
of a (B-G) color difference signal and output data D16-5 of 
a (R-G) color difference signal. 

[0077] The interpolation/LPF circuit 228 inputs the 8 bit 
(B-G) signal and (R-G) signal of the 16x16 pixel region 
Which are outputted from the color difference signal gen 
eration circuit 226, performs interpolation calculation for 
this (B-G) signal and (R-G) signal one 5x5 pixel region at 
a time, and also simultaneously performs a loW pass ?ltering 
procedure in Which it extracts the loW band signal therefrom, 
so that as a result it outputs a (B-G) signal and a (R-G) signal 
of a 12x12 pixel region to the Cb and Cr matrix sections of 
the matrix circuit 229 respectively. Furthermore, a (B-G) 
signal and a (R-G) signal of a 8x8 pixel region are outputted 
to a Y matrix section of the matrix circuit 229. 
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[0078] When the R-G data for the 5x5 pixel region are as 
shown in FIG. 10, the above described interpolation calcu 
lation and loW pass ?ltering procedure are given by the 
following Equation (30): 
[0079] [Equations 6] 

[EQUATIONS 6] 

[0080] Where kc1-kc9 and Ktr-g are coefficients. 

[0081] Generally, if both an interpolation ?lter and a band 
limiting LPF are performed at the same time, there is a 
limitation upon the ?lter coefficient, as folloWs. For the sake 
of clarity, the concept Will be explained in terms of a single 
dimension. It Will be supposed that, among the sampling 
points after interpolation, the actual sampling points are at a 
period of N. For example, suppose that the sampling points 
after interpolation are a, a, b, b, a, a, b, b, . . . Where the points 
a are actual sampling points and the points b are interpolated 
points. Thus in this example the period N is 4. When 
performing interpolation With an odd-number degree sym 
metrical digital ?lter of (2n+1) degree (Where (2n+1) is 
larger than N), if the actual sampling points are uniform, it 
is necessary for the sampling points after interpolation also 
to be uniform, Which implies that the ?lter coef?cients are 
constrained as described beloW. 

[0082] If the k-th ?lter coef?cient is termed C(k), it is 
necessary for N sets of the sum of coef?cients to be equal to 
one another. 

[EQUATIONS 7] 

[0083] Here, as ?lter coef?cient indices, i is an integer 
greater than or equal to Zero and less than or equal to (2n+1), 
While k is an integer greater than or equal to Zero and less 
than n. 

[0084] In the tWo dimensional case, it Will be acceptable 
to construct a tWo dimensional ?lter by implementing 
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together tWo ?lters Which are constrained in the same 
manner in the horiZontal direction and in the vertical direc 
tion respectively. In this ?rst preferred embodiment of the 
present invention, N is equal to 2 since the sampling points 
are interpolated at a period of tWo pixels as shoWn in FIGS. 
5 and 10, and the sums of the odd numbered ?lter coef? 
cients and the sums of the even numbered ?lter coef?cients 
must be equal. In other Words, 

EC(2*i)=EC(2*i+1) 
[0085] And, in the tWo dimensional case, With a 5 
degree><5 degree symmetrical type ?lter as in the above 
mentioned Equation (30), a folloWing equation is achieved. 

2*kc6+2*kc8 

[0086] As an example, the case Will be explained of 
performing interpolation/LPF processing upon the (R-G) 
signal While referring to FIG. 11. For the (R-G) signal of the 
input data set D16 for the 16x16 pixel region, the data set D5 
for the 5x5 pixel region (from the third roW third column to 
the seventh roW seventh column) is multiplied by the 
interpolation/LPF ?lter coefficient, and the (R-G) data for its 
central region (the ?fth roW and the ?fth column) are 
calculated, and this is substituted as the ?fth roW ?fth 
column data element in the output data set D12 for the 
12x12 pixel region By repeating this type of procedure, all 
of the pixel data for the 12x12 pixel region for the (R-G) 
signal is subjected to interpolation/LPF processing, and thus 
the output data set D12 is obtained. The same procedure is 
performed for the (B-G) signal, and thus the output data for 
the 12x12 pixel region is generated. 

[0087] The matrix circuit 229 comprises a Y matrix sec 
tion, a Cb matrix section, and a Cr matrix section. The Y 
matrix section inputs the (B-G) signal and the (R-G) signal 
of the 8x8 pixel region from the interpolation/LPF circuit 
228, and also inputs the G signal of the 8x8 pixel region 
from the loW pass ?lter 225, and generates a luminance 
signal Y1 for the loW frequency component of the 8x8 pixel 
region according to the folloWing Equation (31). 

[0088] [Equation 8] 

[0090] Where Mkg, Mkrl, and Mkbl are matrix coef? 
cients. 

[0091] The Cb matrix section and the Cr matrix section 
respectively input the (B-G) signal and the (R-G) signal of 
the 12x12 pixel region from the interpolation/LPF circuit 
228, and respectively generate a Cb signal and a Cr signal 
of the 12x12 pixel region according to the folloWing Equa 
tions (32) and (33). 

[0092] [Equations 9] 
Cr(i,j)=[Mkr2xR-G(i,j)+Mkb2><B-G(i,j)] (32) 
Cb(i,j)=[Mkr3><R-G(i,j)+Mkb3><B-G(i,j)] (33) 

[0093] Where Mkr2, Mkr3, Mkb2 and Mkb3 are matrix 
coef?cients. 

[0094] The adder 230 adds together the luminance signal 
Y1 of the loW frequency component of the 8x8 pixel region 
Which is outputted from the matrix circuit 229, and the 
contour extraction signal Y2 of the high frequency compo 
nent of the 8x8 pixel region Which is outputted from the gain 
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circuit 224. This contour extraction signal Y2 Which is 
outputted from the gain circuit 224 consists of the high 
frequency component extracted from the G signal of the 
16x16 pixel region Which has been G interpolated, in other 
Words of an extracted contour. Accordingly a luminance/ 
contour extraction signal Y(Y1+Y2) for the image as a 
Whole is calculated by adding together in the adder 230 the 
luminance signal Y1 Which is calculated according to the 
above Equation (31) and the contour extraction signal Y2 
Which is calculated by the gain circuit 224. The result of this 
addition is stored in the buffer memory 30. 

[0095] The median circuit 233 inputs the Cb signal and the 
Cr signal of the 12x12 pixel region Which are outputted from 
the matrix circuit 229, performs median processing by 
utiliZing the nine points of 3x3 pixels Which are included in 
the 5x5 pixel region, and outputs the Cb signal and the Cr 
signal of the 8x8 pixels. 

[0096] In the median processing procedure of this ?rst 
preferred embodiment of the present invention, as shoWn in 
FIG. 12, among the data D12 (these data elements are 
marked With black dots) for the 12x12 pixels, the median 
?ltering procedure is performed upon the nine data elements 
D3-5 (marked With “X”) of 3x3 pixels (from the ?fth roW 
?fth column to the ninth roW ninth column) Which are 
included in a 5x5 pixel region. In other Words, these nine 
elements of data are sorted into ascending or descending 
order, and the median value thereof is taken as the data value 
after median processing. And the data item after median 
processing Which is obtained is substituted as the output data 
item D8 in the seventh roW seventh column of the 8x8 
pixels. By repeating this type of procedure, the output data 
D8 of the 8x8 pixels is obtained for the Cb signal and the Cr 
signal. The output data, consisting of the Cr signal and the 
Cb signal, is stored in the buffer memory 30. 

[0097] For each of the input data elements in the 20x20 
pixel region Which has been inputted to the block processing 
circuit 200 as described above, based upon the Y signal of 
the 16x8 pixels Which is generated by the adder circuit 230 
and upon the Cr signal and the Cb signal of the 8x8 pixels 
Which are generated by the median circuit 232, the JPEG 
compression circuit 33 extracts as one unit the Y, Cr, and Cb 
signals Which have been formatted to an 8x8 pixel by the 
JPEG compression method, and thus compresses the entire 
image by repeating a per se knoWn compression method. 
The compressed image data are stored upon the recording 
medium 34 via the CPU 21. 

[0098] The operation of an electronic still camera accord 
ing to the above construction Will noW be explained. When 
the full press sWitch 23 is actuated by the shutter release 
button being pressed, the quick return mirror is raised aWay 
from the optical path, and the execution of the photographic 
sequence program shoWn in FIG. 13 is commenced. In a 
step S21, each of the pixels of the CCD 26 accumulates 
electric charge, and after this accumulation has been com 
pleted the accumulated electric charge for all said pixels is 
read out (discharged) in order. In the next step S22, after the 
read out image signal has been processed by the analog 
signal processing circuit 27, it is converted into digital image 
data by the A/D conversion circuit 28. In the next step S23, 
this image data is inputted into the image processing circuit 
29, and the image processing described above is performed. 
This image processing circuit 29 performs procedures such 
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as White balance adjustment, gamma gradation correction, 
image data siZe conversion processing, JPEG formatting 
processing, etc. When this image processing has been com 
pleted the How of control proceeds to the next step S24, in 
Which the image data after image processing is temporarily 
stored in the buffer memory 30. In the next step S25, the 
image data is read out from the buffer memory 30, and this 
data is compressed by the J PEG compression circuit 33 And 
in a subsequent ?nal step S26, the image data after com 
pression is stored upon the recording medium 34, and then 
the procedure shoWn in FIG. 13 terminates. 

[0099] According to the ?rst preferred embodiment of the 
present invention as explained above, the folloWing bene? 
cial effects and results are obtained. 

[0100] (1) The image data siZe conversion processing 
circuit 240 performs resiZing processing upon the digital 
image data before the G interpolation processing is per 
formed by the G interpolation circuit 221 interior to the 
interpolation/contour processing circuit 220. For example, 
in the opposite case of performing resiZing processing after 
formatting processing has been performed by the interpola 
tion/contour processing circuit 220, it Would be necessary to 
perform resiZing processing for the Y signal, the Cb signal, 
and the Cr signal Which Were calculated by the formatting 
processing, i.e. for an amount of image data equivalent to the 
content of three images. By contrast, according to this ?rst 
preferred embodiment of the present invention, it is suf? 
cient to perform resiZing processing for only the amount of 
image data corresponding to a single image containing the 
R, G, and B signals. Accordingly, as compared With the 
alternative case of performing resiZing processing for the Y 
signal, the Cb signal, and the Cr signal and thus for an 
amount of image data equivalent to the content of three 
images, it is possible greatly to reduce the processing time 
and also the required memory capacity. 

[0101] (2) The Bayer arrangement of the color compo 
nents of the image data, in other Words of the R, G, and B 
signals, is preserved both before and after the image data 
siZe conversion processing circuit 240 performs the resiZing 
processing. Accordingly, the interpolation/contour process 
ing circuit 220, Without any relationship With the presence or 
absence of resiZing processing, is able to perform block 
processing by unifying n><m pixels (Where n and m may be 
20, 16, 12, or 8) and treating them a single block as 
described above. In other Words, the data after resiZing 
processing and the data Which did not perform resiZing 
processing can perform block processing With a common 
algorithm. By this means, the image data siZe conversion 
processing circuit 240 does not impose any change upon the 
circuitry of a conventional electronic still camera, and can 
easily be added later. 

[0102] (3) The image data siZe conversion processing 
circuit 240 calculates the data for one pixel by linear 
interpolation using the same color signals of tWo pixels each 
of Which is from ever toW pixels, so as to reduce the siZe of 
the data. Accordingly, it is possible to convert at any desired 
reduction ratio, Which is different from the case Where the 
data siZe is converted by a subsampling procedure. Further 
more, a high quality resiZed image is obtained in Which there 
is no tendency to generation of moire due to subsampling, 
since the generation of color artifact and reduction of the 
spatial frequency are suppressed by the calculation by linear 
interpolation. 
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[0103] In the above described resizing procedure, the data 
for one pixel is calculated by linear interpolation by using 
the data of the same color signals of the adjacent tWo pixels 
Which have another pixel betWeen them. It Would also be 
possible to perform an interpolation procedure based upon a 
Sinc function by using the data of the same color signals of 
the adjacent ?ve or six pixels each of Which sits every tWo 
pixels. To explain this With reference to FIG. 5, for example, 
in the case of performing a resiZing procedure by 3/4 in both 
the horiZontal direction and the vertical direction, taking the 
position held by the R signal in the ?rst roW and ?rst column 
as the target pixel n, the values of the R component and of 
the G component after the resiZing procedure in the hori 
Zontal direction are given by the folloWing Equations (34) 
through (39): 
[0104] [Equations 10] 

[0105] According to the above Equations (34) through 
(39), for the R component, in the range in Which the four R 
signals from the target pixel (n+4) through (n+10) are 
obtained, the three R components R(1,1), R(1,3), and R(1,5) 
are calculated at almost equal intervals in the horiZontal 
direction. Furthermore, for the G component, in the range in 
Which the four G signals from the target pixel (n+5) through 
(n+11) are obtained, the three G components G(1,2), G(1,4), 
and G(1,6) are calculated at almost equal intervals in the 
horiZontal direction. When three data elements for each 
color are calculated according to the above Equations (34) 
through (39), the next data are calculated by setting the 
target pixel (n+8) as the neW target pixel n. The calculations 
for the GBGB . . . line in the horiZontal direction are 

identical. The RGRG. line and the GBGB . . . line before siZe 

conversion respectively also become the RGRG . . . line and 

the GBGB . . . line after siZe conversion as Well, and the 

order of arrangement of the color components before and 
after the resiZing procedure is the same. 

[0106] The same procedure is performed in the vertical 
direction upon the image data Which have been subjected to 
the above described resiZing procedure in the horiZontal 
direction. For the ?rst RGRG . . . column in FIG. 5, taking 
the position held by the R signal in the ?rst roW and ?rst 
column as the target pixel m, the values of the R component 
and of the G component after the resiZing procedure in the 
horiZontal direction are given by the folloWing Equations 
(40) through (45): 
[0107] [Equations 11] 
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vertical direction are performed in the same manner, it is 
possible to convert the data Which constitute a single pho 
tographic image by 3/4 in both the horiZontal direction and 
the vertical direction, in other Words to convert the siZe of 
the entire data set by 9/16. It should be understood that, 
although for the convenience of explanation the calculation 
procedures for the horiZontal direction and for the vertical 
direction have been explained as being done separately, in 
actual fact, the calculation procedures in both these direc 
tions may be performed together as a matrix calculation. The 
results are the same When performing these calculations for 
the tWo directions together, as if they Were to be performed 
separately and independently. 

[0109] Embodiment 2 

[0110] In the folloWing description of the second preferred 
embodiment of the present invention, by Way of example, 
the case Will be explained of converting the siZe of a single 
photographic image by 9/4, in other Words of resiZing the 
data siZe of a single image both in the horiZontal direction 
and in the vertical direction by 3/2. This resiZing procedure 
calculates the data for one pixel by linear interpolation using 
the data of the same color signals of the adjacent tWo pixels 
each of Which is from every tWo pixels. In this 3/2 resizing 
procedure, the data of three pixels is calculated based upon 
the data of tWo pixels. 

[0111] In the horiZontal direction, the ?rst RGRG . . . line 
shoWn in FIG. 5 Will be considered. For example, let the 
position held by the R signal upon the ?rst line and the ?rst 
column be taken as the target pixel n. The values of the R 
component and of the G component in the horiZontal direc 
tion after the resiZing procedure are given by the folloWing 
Equations (46) through (51): 
[0112] [Equations 12] 

[0113] According to the above Equations (46) through 
(51), for the R component, the group from the target pixel n 
to (n+4), in other Words the three R components R(1,1), 
R(1,3), and R(1,5) are calculated at almost equal intervals in 
the horiZontal direction in the range Which is held by three 
R signals. Furthermore, for the G component, the group 
from the target pixel (n+1) to (n+5), in other Words the three 
G components G(1,2), G(1,4), and G(1,6) are calculated at 
almost equal intervals in the horiZontal direction in the range 
Which is held by three G signals. When three data elements 
for each color are calculated according to the above Equa 
tions (46) through (51), the next data set is calculated by 
setting the target pixel (n+4) as the neW target pixel n. 
Accordingly a 3/2 resiZing procedure is performed, since, 
from the group of the three R signals and three G signals 
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described above, the tail one overlaps the head one of the 
next group, thus ensuring that three data elements are 
calculated from tWo. The calculations for the GBGB . . . line 

in the horiZontal direction are identical. The RGRG . . . line 

and the GBGB . . . line before siZe conversion respectively 

also become the RGRG . . . line and the GBGB . . . line after 

siZe conversion as Well, and the order of arrangement of the 
color components before and after the resizing procedure is 
the same. 

[0114] The same procedure is performed in the vertical 
direction upon the image data Which have been subjected to 
the above described resizing procedure in the horiZontal 
direction. For the ?rst RGRG . . . column in FIG. 5, taking 

the position held by the R signal in the ?rst roW and ?rst 
column as the target pixel m, the values of the R component 
and of the G component after the resiZing procedure in the 
horiZontal direction are given by the folloWing Equations 
(52) through (57): 
[0115] [Equations 13] 

[0116] When three data elements for each color are cal 
culated according to the above Equations (52) through (57), 
the next data set is calculated by setting the target pixel (n+4) 
as the neW target pixel n. If the calculations for the GBGB 
. . . lines in the vertical direction are performed in the same 

manner, it is possible to convert the data Which constitute a 
single photographic image by 3/2 in both the horiZontal 
direction and the vertical direction, in other Words to convert 
the siZe of the entire data set by 9/4. It should be understood 
that, although for the convenience of explanation the calcu 
lation procedures for the horiZontal direction and for the 
vertical direction have been explained as being done sepa 
rately, in actual fact, the calculation procedures in both these 
directions may be performed together as a matrix calcula 
tion. The results are the same When performing these cal 
culations for the tWo directions together, as if they Were to 
be performed separately and independently. 

[0117] According to the second preferred embodiment of 
the present invention as explained above, it is contrived to 
be able to increase the image data siZe, since the image data 
siZe conversion processing circuit 240 calculates the data for 
one pixel by linear interpolation using the data of the same 
color signals of the adjacent tWo pixels Which have another 
pixel betWeen them. Furthermore, any desired magni?cation 
ratio may be employed. Yet further, there is no deterioration 
of the image quality after resiZing, since the generation of 
color artifact and reduction of the spatial frequency are 
suppressed by the calculation by linear interpolation. 

[0118] In the above described resiZing procedure, the data 
for one pixel is calculated by linear interpolation by using 
the data of the same color signals of the adjacent tWo pixels 
each of Which is from every tWo pixels. It Would also be 
possible to perform an interpolation procedure based upon a 
Sinc function by using the data of the same color signals of 
the adjacent four pixels each of Which sits every tWo pixels. 
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To explain this With reference to FIG. 5, for example, in the 
case of performing a resiZing procedure by 3/2 in both the 
horiZontal direction and the vertical direction, taking the 
position held by the R signal in the ?rst roW and ?rst column 
as the target pixel n, the values of the R component and of 
the G component after the resiZing procedure in the hori 
Zontal direction are given by the folloWing Equations (58) 
through (63): 
[0119] [Equations 14] 

[0120] According to the above Equations (58) through 
(63), for the R component, in the range Which is held by the 
three R signals from the target pixel (n+2) to (n+6), the three 
R components R(1,1), R(1,3), and R(1,5) are calculated at 
almost equal intervals in the horiZontal direction. Further 
more, for the G component, in the range Which is held by the 
three G signals from the target pixel (n+3) to (n+7), the three 
G components G(1,2), G(1,4), and G(1,6) are calculated at 
almost equal intervals in the horiZontal direction. When 
three data elements for each color are calculated according 
to the above Equations (58) through (63), the next data set 
is calculated by setting the target pixel (n+4) as the neW 
target pixel n. Accordingly a 3/2 resiZing procedure is 
performed, since, from the group of the three R signals and 
three G signals described above, the tail ones overlap the 
head ones of the next group, thus ensuring that three data 
elements are calculated from tWo. The calculations for the 
GBGB . . . lines in the horiZontal direction are identical. The 

RGRG . . . lines and the GBGB . . . lines before siZe 

conversion respectively also become the RGRG . . . lines 

and the GBGB . . . lines after siZe conversion as Well, and 

the order of arrangement of the color components before and 
after the resiZing procedure is the same. 

[0121] The same procedure is performed in the vertical 
direction upon the image data Which have been subjected to 
the above described resiZing procedure in the horiZontal 
direction. For the ?rst RGRG . . . column in FIG. 5, taking 

the position held by the R signal in the ?rst roW and ?rst 
column as the target pixel m, the values of the R component 
and of the G component after the resiZing procedure in the 
horiZontal direction are given by the folloWing Equations 
(64) through (69): 

[0123] If the calculations for the GBGB . . . lines in the 

vertical direction are performed in the same manner, it is 
possible to convert the data Which constitute a single pho 
tographic image by 3/2 in both the horiZontal direction and 
the vertical direction, in other Words to convert the siZe of 








