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(57) ABSTRACT

A digital camera which performs digital processing on an
image obtained by image capturing has a three-dimensional
lattice point data table for image data conversion processing.
The digital camera holds a matrix coefficient set for per-
forming the conversion processing by matrix operation. In
the respective lattice points of the three-dimensional lattice
point data table, values corresponding to the conversion
processing with the matrix coefficient set are set. Then a raw
image file, including compressed image data obtained by
lossy compression on the image data converted by the
conversion processing and the held matrix coefficient set, as
attendant information, is generated.
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IMAGE CAPTURING APPARATUS, IMAGE
PROCESSING APPARATUS AND IMAGE
PROCESSING METHOD
BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to image processing
in an image capturing apparatus such as a digital camera.

[0003] 2. Description of the Related Art

1. Field of the Invention

[0004] Generally, regarding image processing within digi-
tal cameras, in performing various conversion processing
(for example, a gamma conversion) in, 3x3 matrix opera-
tion, a one-dimensional look-up table and the like are used.
These conversion processings are appropriate for reducing
the amount of hardware memory and gates in chip down-
sizing, and in scale reduction for energy saving. However, in
recent years, advancement in hardware microminiaturiza-
tion and reductions in IC power source voltage have
allowed, chip size reductions and more effective energy
savings to be realized. As a result, it is now possible to
mount a complex circuit, a large capacity memory and the
like within the IC. Accordingly, it is now becoming possible
to perform complex image processing within digital cameras
using a three-dimensional look-up table (hereinbelow,
referred to as a “three-dimensional lattice point data table”),
high-order matrix operation or the like.

[0005] However, in many cases, since the number of
lattice points and bits are constrained by the hardware within
the IC, high-precision image processing as in the case of
application software cannot be performed. Further, when
development processing (processing to develop a captured
image) is performed on raw image data by an application, it
is necessary to record data on the look-up table in an image
file obtained by image capturing. In this arrangement, the
file size of the raw image increases. For example, in an
m-grid three-dimensional lattice point data table, because
the number of grids in one dimension is m, the total number
of grids is m*. Accordingly, the m-grid three-dimensional
data table (three-dimensional look-up table), where three
n-byte values are allotted to the respective grids, requires a
capacity of m®>xnx3 bytes. More concretely, in a 9-grid 8-bit
three-dimensional lattice point data table requires a capacity
of 2187 (=9x9x9x1x3) bytes. In contrast to this, a 33-grid
16-bit three-dimensional lattice point data table requires a
hundredfold capacity, 215622 (=33x33x33x2x3) bytes. Fur-
ther, when there are multiple user-selectable three-dimen-
sional look-up tables, for the subsequent development pro-
cessing, it is desirable to record all the three-dimensional
look-up tables in a file. In this case, file size is further
increased, as well as the time required to save the file into
a memory. As a result, the number of image frames that can
be captured in a series is limited.

[0006] U.S. Pat. No. 5,073,818 discloses a printer having
a look-up table circuit for image processing. According to
this U.S. Pat. No. 5,073,818, because the file size increases
when the entire look-up table is stored, a look-up table for
actual image conversion is generated from correction func-
tions.

[0007] However, if all the data is generated using a look-
up table for image processing with high bit precision, the
data size of the look-up table becomes enormous, and the
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circuit scale increases. Further, to perform image processing
using high-order matrix operations for image processing
with high bit precision, a large number of multipliers are
required, and when the number of bits is increased, the gate
scale increases markedly. In actually, even when up to
two-dimensional matrix operations are used, the level of
freedom in image processing is limited with respect to
processing using a three-dimensional lattice point data table.

[0008] Further, when image processing is performed by an
application with an algorithm different from that used in
image processing within a camera, it is necessary to previ-
ously set coefficients for obtaining a similar processing
result in the camera. In this case, a large amount of data of
the three-dimensional lattice point data table, which is not
used in image processing within the camera, must be stored
in the ROM of the camera, and the efficiency of memory
usage is seriously lowered.

SUMMARY OF THE INVENTION

[0009] The present invention has been made in view ofthe
above problems, and provides an image capturing apparatus
for image processing using a lattice point data table, in
which a necessary memory capacity for storage of lattice
point data table or the like is reduced.

[0010] According to one aspect of the present invention,
there is provided an image capturing apparatus for perform-
ing digital processing on an image obtained by image
capturing, comprising:

[0011] a conversion unit adapted to perform conversion
processing on image data using a lattice point data table;

[0012] a holding unit adapted to hold a matrix coefficient
set for performing the conversion processing by matrix
operation; and

[0013] a setting unit adapted to calculate values of respec-
tive lattice points of the lattice point data table using the
matrix coefficient set, and set the values in the lattice point
data table used by the conversion unit.

[0014] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments (with reference to the attached draw-

ings).
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

[0016] FIG.1is a block diagram showing the entire image
capturing apparatus according to a first embodiment of the
present invention;

[0017] FIG. 2 is a block diagram showing the details of an
image processor 7b in the image capturing apparatus in FIG.
1;

[0018] FIGS. 3A-3E illustrates color interpolation in

image processing according to the first embodiment;

[0019] FIG. 4 illustrates a three-dimensional lattice point
data table according to the first embodiment;
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[0020] FIG. 5 is a block diagram showing a functional
construction for raw image file generation according to the
first embodiment;

[0021] FIG. 6 is a flowchart showing raw image file
generation processing according to the first embodiment;

[0022] FIG. 7 is a block diagram showing the construction
of an image processing apparatus according to the first
embodiment;

[0023] FIG. 8 is a block diagram showing a functional
construction for raw data processing in the information
processing apparatus according to the first embodiment;

[0024] FIG. 9 is a flowchart showing raw image file
processing in the information processing apparatus accord-
ing to the first embodiment;

[0025] FIG. 10 is a block diagram showing the functional
construction for the raw image file generation according to
a second embodiment of the present invention;

[0026] FIG. 11 is a flowchart showing the raw image file
generation processing according to the second embodiment;
and

[0027] FIGS. 12A and 12B illustrate thumbnail image
generation according to the first embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0028] Preferred embodiments of the present invention
will now be described in detail in accordance with the
accompanying drawings.

First Embodiment

[0029] FIG.1 is a block diagram showing the construction
of a digital camera according to a first embodiment of the
present invention. In FIG. 1, light passed through an image
capturing lens 1 is formed into an image on an image capture
device 4 via an infrared cut-off filter 2 and an optical LPF 3.
As the image capture device 4, a CCD sensor, a CMOS
sensor or the like may be used. Generally, photodiode
sensors are two-dimensionally arrayed on a photoreception
surface of the image capture device 4. For example, one
color is allocated to one sensor by a color filter where
respective R (red), G (green) and B (blue) primary color
filters are arrayed in a predetermined pattern. Otherwise, it
may be arranged such that the image capture device 4 is
prepared in correspondence with the number of primary
colors, and one color is allocated to one image capture
device.

[0030] In correspondence with depression of a shutter
button 19, a CPU 15 performs the following image capturing
operation. First, light image-formed on the image capture
device 4 is converted by the respective sensors to electric
charges corresponding to incident light quantities. A signal
generated by a timing generator 16 is supplied to a horizon-
tal driver 17 for horizontal driving and a vertical driver 18
for vertical driving. The horizontal driver 17 and the vertical
driver 18 supply a driving signal to the image capture device
4 in accordance with the signal from the timing generator 16.
In accordance with the driving signals, the electric charges
accumulated in the sensors are transmitted from the image
capture device 4 and sequentially converted to voltage
signals.
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[0031] The voltage signals are sampled and gain-con-
trolled by a correlated double sampling/gain controller
(hereinbelow, abbreviated to “CDS/AGC”) 5, then con-
verted to digital signals by an A/D converter 6. The image
data converted to digital signals by the A/D converter 6 is
inputted into an image processing IC 7. In the image
processing IC 7, first, a WB circuit 7a calculates data for
white balance for the input image data. The data for white
balance and the image data are temporarily stored into the
memory 8.

[0032] The image data stored in the memory 8 is inputted
into the image processing IC 7 again, and subjected to the
following three processings.

[0033] (1) The image data converted to the digital signals
is subjected to lossless compression (reversible compres-
sion) by a lossless compression unit 74, and sent as raw data
to a CPU bus 10.

[0034] (2) The image data converted to the digital signals
is changed to a thumbnail image having a size smaller than
the original image size by down sampling such as thinning
processing by the thumbnail generator 7¢, and sent to the
CPU bus 10. Note that in the thinning processing, as in the
case of FIG. 12B, for example, the down sampling is
performed by averaging the raw image data in block units.

[0035] (3) To generate an image for JPEG compression,
first, image processing is performed by an image processor
7b (the details will be described later in FIG. 2). Then
YCbCr color-space image data, outputted as a result of the
processing, is inputted into a three-dimensional lattice point
data table 7e. The image data converted by the three-
dimensional lattice point data table 7e is raster-block con-
verted by the JPEG compression unit 7f thereby JPEG
compressed, and sent to the CPU bus 10.

[0036] Note that in the present embodiment, the three-
dimensional lattice point data table is synonymous with a
three-dimensional look-up table.

[0037] The lossless-compressed raw data and the JPEG-
compressed image data are stored into a memory 9 via the
CPU bus 10. The CPU 15 generates a raw image file having
the raw data stored in the memory 9 accompanied by the
JPEG compressed image. The JPEG compressed image is
attached as preview data of the raw data. The generated raw
image file is stored into an external memory 14 removably
connected via an interface 13. In the above construction, the
three-dimensional lattice point data table 7e is used for
generation of a preview JPEG image generated at the same
time of generation of the raw data and attached to the raw
image file. In the present embodiment, as described later,
three-dimensional lattice point data of the three-dimensional
lattice point data table 7e is generated from high-order
matrix coefficients. The matrix coefficients as a basis of the
three-dimensional lattice point data table 7e are also
attached to the raw image file.

[0038] Note that a control program to realize the above
processing by the CPU 15 is stored in the memory 8 or the
memory 9.

[0039] Next, the image processing performed by the
image processor 76 will be described in more detail with
reference to FIG. 2. FIG. 2 is a block diagram showing the
details of the image processor 7b.
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[0040] In FIG. 2, the image data inputted from the
memory 8 is first supplied to the white balance processor
7b1. The white balance processor 761 performs white bal-
ance processing on the image data using a white balance
coefficient. Note that the white balance coefficient is calcu-
lated by the CPU 15 based on the data for white balance
calculated by the WB circuit 7a. The white balance coeffi-
cient is stored in the memory 8, and set in the register of the
IC 7 in accordance with necessity. Otherwise, it may be
arranged such that the white balance processing is per-
formed on the input image data using a preset white balance
coeflicient (e.g., a white balance coefficient previously set in
correspondence with a light source such as daylight, tung-
sten, fluorescent lamp or the like). The white-balance-
processed image data is inputted into the color interpolation
unit 7562, and subjected to color interpolation processing. As
shown in FIGS. 3A-3C, R, G and B planes (FIG. 3C) are
generated from the data patterns (FIG. 3A) and (FIG. 3B)
where RGB are arrayed in lattice.

[0041] Next, the RGB plane image data is subjected to
color optimization by a masking processor 763 using, e.g.,
3x3 matrix operation (expression (1)).

R'=m11xR+ml12xG+m13xB
G'=m21xR+m22xG+m23xB
B'=m31xR+m32xG+m33xB (€8]

[0042] The image data is supplied via the masking pro-
cessor 763 to a gamma converter 7b4. The gamma converter
7b4 performs gamma conversion on the image data. A YUV
converter 765 converts the RGB signal image data gamma-
converted by the gamma converter 764 into YUV signals of
luminance and color difference components, thereby gener-
ates Y, Cb and Cr planes (FIG. 3D). The conversion to the
YUYV signals is performed for false color processing and
edge emphasis processing.

[0043] Upon generation of JPEG image, the luminance
signal (Y) among the YUV signals is edge-emphasized by an
edge emphasis circuit 759. Further, the color difference
component signals (UV) among the YUV signals are sub-
jected to noise processing by a median filter 7548.

[0044] The edge-emphasized Y signal and the noise-pro-
cessed UV signals are inputted into the three-dimensional
lattice point data table 7e and color-converted. The YUV
data outputted from the three-dimensional lattice point data
table 7e¢ is JPEG-compressed by the JPEG compression unit
/8

[0045] Next, the three-dimensional lattice point data table
7e will be described in detail. FIG. 4 illustrates a part of the
three-dimensional lattice point data table. In this example,
RGB signals are inputted, however, in FIGS. 1 and 2, YUV
signals are inputted. The YUV signals may be converted to
RGB signals within the three-dimensional lattice point data
table 7e, otherwise, a YUV three-dimensional lattice point
data table may be used.

[0046] When [R1, G1, B1]=[155, 155, 140] holds as the
input data, the position in the three-dimensional lattice point
data table having nine lattice points (9 grids) is as shown in
FIG. 4, i.e., the data position is surrounded by eight lattice
points. In this case, when simple linear interpolation is
performed on the input data, the value of Red can be
calculated using data interpolation between positions P1 and
P2, data interpolation between positions P3 and P4, data
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interpolation between positions P5 and P6, and data inter-
polation between positions P7 and P8. Note that P1=[128,
128, 128] holds, P2=[160, 128, 128] holds, P3=[128, 160,
128] holds, and P4=[160, 160, 128] holds. Further, P5=[128,
128, 160] holds, P6=[160, 128, 160] holds, P7=[128, 160,
160] holds, and P8[160, 160, 160] holds.

[0047] Assuming that the value of the [128, 128, 128]
lattice point (P1)is [130, 120, 120] and that of the [ 160, 128,
128] lattice point (P2) is [165, 120, 120], the value in the
position [155, 128, 128] is

(165-130)+(160-128)x(155-128)+130=159.5 )

[0048] Similarly, interpolation is performed in other three
positions (P3-P4, P5-P6, P7-P8), and the value of Red in the
point [155, 155, 140] is determined. For example, weighting
is performed using inverse proportion of distances between
the respective line segments P1-P2, P3-P4, P5-P6 and P7-P8
and the point [155, 155, 140] and averaging is performed.
These calculations are also performed regarding Green and
Blue, thus, RGB values in the point [155, 155, 140] are
determined.

[0049] As the above calculations are very simple, the
circuit scale can be far smaller than that in the case of
high-order matrix operation.

[0050] For example, in the case of matrix operation up to
third order is:

Red =m0l X R+m02X G +m03x B+ 3)

mO4AX RXR+m05XGXG +m06xXBXBX+
mO7TXRXG+mO8XRXB+m0IXGXBX+
MmIOXRXRXG+mIIXRXRXB+mI2XRXRXR+
MmI3XRXGXG+mldXGXGXB+mISXGXGXG +
mI6XRXBXB+mlTXGXBXB+ml8XBXBXB+

mlIXRXGxB

[0051] The calculation processing requires 19 coeflicients,
45 multiplications and 18 additions. Further, similar calcu-
lations are performed for Green and Blue.

[0052] Although the above matrix operation can be real-
ized with hardware, the circuit scale is inevitably increased.
In the present embodiment, the three-dimensional lattice
point data table is not directly stored, but a high-order matrix
coeflicient set as a basis of the three-dimensional lattice
point data table is stored within the camera. Then the
three-dimensional lattice point data table is generated using
the high-order matrix coefficient set. For example, the above
m01-m19 matrix coeflicient set is stored, and prior to
development processing, R, G and B values of the respective
lattice points of the three-dimensional lattice point data table
are substituted into the expression (3) and Red values in the
respective lattice points are obtained. Similarly, Green and
Blue values in the respective lattice points are obtained. In
this manner, the three-dimensional lattice point data is
generated, and the generated data is set in the three-dimen-
sional lattice point data table 7e.

[0053] FIG. 5 is a block diagram showing a functional
construction for setting of the three-dimensional lattice point
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data table according to the first embodiment. FIG. 6 is a
flowchart showing three-dimensional lattice point data table
setting processing by the CPU 15. In FIG. 5, a matrix
acquisition unit 51, a mapping unit 52 and an image file
generation unit 53 are functions realized by executing the
control program stored in the memory 8 or 9 by the CPU 15.
At step S501, the matrix acquisition unit 51 obtains a matrix
coeflicient set. The matrix coefficient set is stored in e.g. the
memory 9. Note that in FIG. 5, plural matrix coefficient sets
are stored in the memory 9, and one appropriate matrix
coeflicient set is selected in accordance with an image-
captured scene (a landscape scene, a portrait scene or the
like) selected by a user. At step S502, the mapping unit 52
calculates the values in the respective lattice points of the
three-dimensional lattice data table 7e using the matrix
coeflicient set obtained at step S501 and sets the values in
the three-dimensional lattice point data table 7e. In the
present embodiment, a 9-grid lattice point data table where
the respective lattice point data include three 1-byte values
is generated from a 3x19 matrix coefficient set.

[0054] When an image file is generated using raw data,
obtained by lossless compression or the like directly on
output from the CCD or CMOS sensor array, without
execution of the main image processing such as white
balance processing, the process proceeds from step S503 to
step S504. At step S504, lossless-compressed raw image
data and JPEG-compressed JPEG image data are generated
by the image processing IC 7 and stored into the memory 9.
The image file generator 53 obtains the lossless-compressed
raw image data and the JPEG-compressed JPEG image data
from the memory 9. At step S505, the image file generator
53 generates a raw image file using the lossless-compressed
raw data, the JPEG image data and the matrix coefficient set
obtained from the memory 9. The JPEG image data and the
matrix coefficient set are recorded in the raw image file as
attendant information. At step S506, the generated raw
image file is stored in the external memory 14. Note that as
shown in FIG. 5, when plural types of matrix coeflicient sets
are stored in the memory 9, at step S505, the image file
generator 53 obtains all the matrix coefficient sets and
records them as attendant information in the raw image file.
Note that it may be arranged such that only the matrix
coeflicient set used in generation of the lattice point data of
the three-dimensional lattice point data table 7e is recorded
as attendant information in the raw image file.

[0055] Note that as the raw data, any data may be used as
long as it is not subjected to at least main image processing
such as white balance processing, color separation process-
ing to separate data into luminance and color signals, or
color interpolation processing on output signals from a
Bayer array.

[0056] Further, the raw image file is not limited to the
above raw image file structure as long as attendant infor-
mation including raw data and matrix coefficient set and
JPEG image data are mutually linked.

[0057] When a new raw image file is generated, the above
steps S503 to S506 are repeated. Note that when the matrix
coeflicient set is changed due to change of image-captured
scene or the like, the processing from step S501 is per-
formed, and a three-dimensional lattice point data obtained
by using a new matrix coefficient set is set in the three-
dimensional lattice point data table.
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[0058] As described above, according to the digital cam-
era of the first embodiment, as a matrix coefficient set is
described in place of a three-dimensional lattice data table in
an image file, the data amount of the raw image file can be
reduced.

[0059] The three-dimensional lattice point data table on
the digital camera side has been described as above, how-
ever, the construction to generate a three-dimensional lattice
point data table from the above-described matrix coefficients
can be applied to an application which operates on an
information processing apparatus.

[0060] FIG. 7 is a block diagram showing the construction
of an image processing apparatus. As the information pro-
cessing apparatus, a general personal computer may be used.
In FIG. 7, a CPU 501 realizes respective processings by
executing a program stored in a ROM 502 or RAM 503. The
ROM 502 holds a basic input/output system, a boot program
and the like in the information processing apparatus. The
RAM 503 functions as a main memory of the CPU 501. A
program installed in an external storage device 504, to be
executed by the CPU 501, is loaded into the RAM 503. A
display 505 performs various displays under the control of
the CPU 501. An input device 506 has a keyboard, a pointing
device and the like. An interface 507 is connectable with,
e.g., the external memory 14 of the digital camera, for
reading a raw image file recorded in the external memory 14
into the RAM 503 or the external storage device 504.

[0061] Various applications are installed into the external
storage device 504, and loaded into the RAM 503 upon
execution. Note that as the external storage device 504, a
hard disk is generally used. Hereinbelow, an application to
process a raw image file generated by the above-described
digital camera will be described.

[0062] FIG. 8 is a block diagram showing a functional
construction for image processing realized by the informa-
tion processing apparatus. The respective units are functions
realized by executing a control program loaded in the RAM
503 by the CPU 15. FIG. 9 is a flowchart showing image
processing performed by the information processing appa-
ratus (CPU 15). First, at step S601, a raw image file
generated by the above-described image file generator 53 is
obtained. Then at step S602, the matrix acquisition unit 58
obtains a matrix coefficient set from a header of the image
file. As described above, when plural matrix coefficient sets
are recorded, one of them is selected by the user. For
example, the application causes the user to select an image-
captured scene, and a matrix coeflicient set is selected in
accordance with the selected scene. At step S603, the
mapping unit 59 calculates values corresponding to the
respective lattice points of a three-dimensional lattice point
data table 512 (three-dimensional lattice point data) using
the matrix coefficient set obtained by the matrix acquisition
unit 58. Then, the three-dimensional lattice point data is set
in the three-dimensional lattice point data table 512. Note
that the mapping unit 59 generates a 33-grid lattice point
data table where the respective lattice point data include
three 2-byte values from a 3x19 matrix coefficient set.

[0063] At step S604, the raw data acquisition unit 510
obtains raw data from the raw image file, and at step S605,
image processing using the lattice point data table 512 is
performed on the obtained raw data, and a processed image
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513 is obtained. That is, step S605 corresponds to a proces-
sor using the image processor 511 and the three-dimensional
lattice point data table 512.

[0064] Note that although not described in the above
processing, a preview display of the image is produced using
the JPEG image written in the raw image file (written in the
header of the image file).

[0065] In the above application, conversion processing
using the three-dimensional lattice point data table 512 can
be realized by high-order matrix operation. However, it
takes much time in such matrix operation. Accordingly, in
the present embodiment, a three-dimensional lattice point
data table is generated from a matrix coefficient set and
processing time is reduced by using the generated three-
dimensional lattice point data table. For example, in the case
of 33-grid three-dimensional lattice point data table, calcu-
lation for 33x33x33=35937 points is performed for RGB,
thereby a three-dimensional lattice point data table can be
generated. In comparison with matrix operation for 10,000,
000 pixel data, the calculation time in the processing of the
present embodiment is Y300. Accordingly, even when con-
version processing using the three-dimensional lattice point
data table is performed thereafter, i.e., even when the
generation of the three-dimensional lattice point data table
and the conversion processing using the table are performed,
the calculation time can be reduced.

[0066] Further, in a case where a raw image file is struc-
tured so as to have the three-dimensional lattice point data
table 512 as above as data, when the data is stored in 16-bit
precision, the data amount exceeds 210 Kbytes. Further,
when such three-dimensional lattice point data is stored for
plural sets in the memory in the camera and all the lattice
point data are written as attendant information into a raw
image file by image-sensing data, it is apparent that much
time is required for image file writing.

[0067] Regarding the above construction, according to the
present embodiment, the data amount of image file can be
reduced and writing time can be reduced by storing a
high-order matrix coefficient set (e.g., 3x19 matrix coeffi-
cients) as a basis of a three-dimensional lattice point data
table. Further, a three-dimensional lattice point data table
having grids corresponding to a necessary number of grids
can be generated from the matrix coefficients. For example,
a three-dimensional lattice point data table in the camera has
nine points per one dimension, while the application can
generate a three-dimensional lattice point data table having
33 points per one dimension from the same matrix coeffi-
cient set. Accordingly, high precision can be maintained in
the application. There is a difference in precision between
color representation inside the camera and that in the appli-
cation, however, it is effective that priority is given to the
color representation precision in the application, while pri-
ority is given to high-speed processing on amount-reduced
data inside the camera.

Second Embodiment

[0068] Next, the image processing in the digital camera
according to a second embodiment will be described with
reference to FIG. 10.

[0069] The digital camera itself performs development
processing and generates JPEG data, or the digital camera
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generates raw data. The raw data is obtained by performing
lossless compression or the like on output from CCD or
CMOS sensor array without execution of main image pro-
cessing such as white balance processing. Such raw data is
used in desirable imaging by image processing with an
information processing apparatus outside the camera. The
image processing on the raw data in the information pro-
cessing apparatus may be the same as the image processing
within the camera, however, image processing in the infor-
mation processing apparatus may not especially be the same
as the image processing within the camera. It may be
arranged such that image processing which cannot be per-
formed with hardware is realized on an application so as to
provide a more excellent image. As an example, in the
application software shown in the first embodiment, the
number of lattice points of the three-dimensional lattice
point data table is not necessary the same as that of the
hardware of the camera.

[0070] However, in the application software, although the
bit precision can be easily increased, the processing speed is
obviously lower than that in the hardware.

[0071] In the application, image processing different from
the image processing inside the camera can be realized by
increasing the processing speed with another method and
further handling inconvenience. On the other hand, when the
image processing inside the camera and that in the applica-
tion are different, if a common three-dimensional lattice
point data or common high-order matrix data is used, the
results of processing may be different. Accordingly, as
shown in the memory 9 in FIG. 10, three-dimensional lattice
point data for camera (9a) and a high-order matrix coeffi-
cient set (96) as a basis of three-dimensional lattice point
table data for the application, linked with each other, are
stored inside the camera. The matrix coefficient sets are set
such that the application can output the same image as a
JPEG image outputted from the digital camera main body.

[0072] Accordingly, the processing by the digital camera
(CPU 15) according to the second embodiment is as shown
in FIGS. 10 and 11. Note that a data setting unit 61 and an
image file generator 62 in FIG. 10 are functions realized by
executing a control program by the CPU 15. First, at step
S701, the data setting unit 61 obtains three-dimensional
lattice point data to be used from the memory 9, and sets the
data in the three-dimensional lattice point data table 7e.
When plural three-dimensional lattice point data exist, as in
the case of the first embodiment, three-dimensional lattice
point data to be used is selected in correspondence with e.g.
an image-captured scene selected by the user. The three-
dimensional lattice point data is held in the memory 9 as
shown in FIG. 10. In the memory 9, the three-dimensional
lattice point data and the matrix coeflicient sets are respec-
tively linked with each other.

[0073] When an image file using data obtained by lossless-
compressing raw data is generated, the process proceeds
from step S702 to step S703. At step S703, an image file
generator 62 obtains the lossless-compressed raw data and
the JPEG-compressed image data from the memory 9. As
described above, the lossless-compressed raw data and the
JPEG-compressed image data are generated by the image
processing IC 7 and stored in the memory 9. At step S704,
the image file generator 62 obtains a matrix coefficient set
corresponding to the three-dimensional lattice point data
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table 7e used in the JPEG compression from the memory 9.
Then at step S705, the image file generator 62 generates an
image file using the lossless-compressed raw data, the
JPEG-compressed image data, and the matrix coefficient set
obtained at step S704. Then at step S706, the generated
image file is recorded in the external memory 14. Note that,
as in the case of the first embodiment, when there are plural
matrix coeflicient sets in the memory 9, all the matrix
coeflicient sets may be attached to the raw image file, or it
may be arranged such that only the matrix coefficient set
used in the generation of the lattice point data of the
three-dimensional lattice data table 7e is attached.

[0074] When a new raw image file is generated, the above
steps S702 to S706 are repeated. Note that when the three-
dimensional lattice point data table is changed due to change
of' image-captured scene or the like, the processing from step
S701 is performed, and the three-dimensional lattice point
data table is set using new three-dimensional lattice point
data.

[0075] As described above, according to the second
embodiment, an image signal is subjected to image process-
ing by the image processor 7b, and three-dimensional lattice
point data to be set in the three-dimensional lattice point data
table 7e is obtained from the memory 9. Since it is unnec-
essary to calculate the three-dimensional lattice point data
from a matrix coefficient set as in the case of the first
embodiment, image storage processing in the camera can be
performed at a high speed. On the other hand, as in the case
of the first embodiment, a matrix coeflicient set is stored in
a raw image file. Accordingly, the application software on
the information processing apparatus side performs a similar
operation to that in the first embodiment.

[0076] As described above, according to the second
embodiment, even when different image processing methods
are used, as a pair of three-dimensional lattice point data and
high-order matrix data are used in the respective image
processings, images having the same color representation
can be obtained.

[0077] Note that in the second embodiment, a JPEG image
and a matrix coefficient set are attached to a raw image file,
further, three-dimensional lattice point data used in the
generation of the JPEG image may be recorded in the file.
In this case, as the three-dimensional lattice point data is
attached to the file, the application can grasp the three-
dimensional lattice point data used in the generation of the
JPEG image, and can use and reproduce the data.

[0078] As described above, according to the first embodi-
ment, necessary lattice point data of three-dimensional lat-
tice point data table can be calculated by performing high-
order matrix operation as a basis of the three-dimensional
lattice data table. Accordingly, in a digital camera having a
three-dimensional lattice point data table, it is unnecessary
to directly hold the lattice point data used in the three-
dimensional lattice point data table. Further, when data
converted using the three-dimensional lattice point data
table stands among lattice points, as calculation can be made
from peripheral lattice points including the input data, the
interval between lattice points can be rough. Accordingly,
the amount of data stored inside the camera can be mini-
mized. Further, according to the second embodiment, as
three-dimensional lattice point data utilized inside the cam-
era and a matrix coefficient set to be attached to a raw image
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file are held, it is unnecessary to calculate the three-dimen-
sional lattice point data inside the camera. Further, the
matrix coefficient set utilized by the application and the
three-dimensional lattice point data table utilized inside the
camera can be adapted to the respective image processings
by the application and the camera. Accordingly, images
having the same color representation can be obtained by
both image processings.

[0079] Further, as the matrix coefficients include data
depending on the individual camera or camera model such
as bias error in sensor output and color filter characteristic.
Accordingly, the characteristics of individual camera or
camera model are absorbed in the matrix coefficients, the
user can perform appropriate color representation merely by
selecting a preferred image-captured scene without consid-
eration of such characteristics of individual camera or cam-
era model. In the application software, the same image as
that obtained by image sensing a predetermined chart can be
obtained.

[0080] Note that the data of the three-dimensional lattice
point data table may be L*, a*, b* or X, Y, Z as well as Red,
Green, Blue or Y, U, V. Further, the three-dimensional lattice
point data table 7e is positioned in the last of the calculation
processing for color-representation, however, the three-di-
mensional lattice point data table as described above may be
used in other conversion processing. Further, an image file
is delivered from the digital camera to the information
processing apparatus via the external memory, however, the
image file may be transferred using communication such as
USB. Further, the information processing apparatus may be
a printer. Further, in the above respective embodiments, the
application of the present invention to the three-dimensional
lattice point data table (three-dimensional look-up table) has
been described, however, the dimension of the lattice point
data table is not limited to the three dimension. For example,
the present invention is apparently applicable to a fouror
more dimensional lattice point data table, or two-dimen-
sional or one-dimensional lattice point data table (two-
dimensional look-up table or one-dimensional look-up
table).

[0081] The embodiments have been described in detail as
above, however, the present invention can be implemented
as a system, an apparatus, a method, a program or a storage
medium. More particularly, the present invention can be
applied to a system constituted by a plurality of devices or
to an apparatus comprising a single device.

[0082] Note that the present invention can be implemented
by supplying a software program directly or indirectly to a
system or apparatus, reading the supplied program code with
a computer of the system or apparatus, and then executing
the program code, thereby the functions of the foregoing
embodiments are implemented. In this case, the supplied
program corresponds to the flowcharts in the figure
described in the embodiments.

[0083] Accordingly, since the functions of the present
invention are implemented by the computer, the program
code installed in the computer also implements the present
invention. In other words, the claims of the present invention
also cover a computer program for the purpose of imple-
menting the functions of the present invention.

[0084] In this case, as long as the system or apparatus has
the functions of the program, the program may be executed
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in any form, such as an object code, a program executed by
an interpreter, or script data supplied to an operating system.

[0085] Example of storage media that can be used for
supplying the program are a floppy (registered trademark)
disk, a hard disk, an optical disk, a magneto-optical disk, an
MO, a CD-ROM, a CD-R, a CD-RW, a magnetic tape, a
non-volatile type memory card, a ROM, and a DVD (a
DVD-ROM and a DVD-R).

[0086] As for the method of supplying the program, a
client computer can be connected to a website on the Internet
using a browser of the client computer, and the computer
program of the present invention or an automatically-install-
able compressed file of the program can be downloaded to
a recording medium such as a hard disk. Further, the
program of the present invention can be supplied by dividing
the program code constituting the program into a plurality of
files and downloading the files from different websites. In
other words, a WWW (World Wide Web) server that down-
loads, to multiple users, the program files that implement the
functions of the present invention by computer is also
covered by the claims of the present invention.

[0087] It is also possible to encrypt and store the program
of the present invention on a storage medium such as a
CD-ROM, distribute the storage medium to users, allow
users who meet certain requirements to download decryp-
tion key information from a website via the Internet, and
allow these users to decrypt the encrypted program by using
the key information, whereby the program is installed in the
user computer.

[0088] Besides the cases where the aforementioned func-
tions according to the embodiments are implemented by
executing the read program by computer, an OS or the like
running on the computer may perform all or a part of the
actual processing so that the functions of the foregoing
embodiments can be implemented by this processing.

[0089] Furthermore, after the program read from the stor-
age medium is written to a function expansion board
inserted into the computer or to a memory provided in a
function expansion unit connected to the computer, a CPU
or the like mounted on the function expansion board or
function expansion unit performs all or a part of the actual
processing so that the functions of the foregoing embodi-
ments can be implemented by this processing.

[0090] According to the present invention, in an image
capturing apparatus which performs image processing using
a lattice point data table, the memory capacity necessary for
storage of the lattice point data table can be reduced.

[0091] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0092] This application claims the benefit of Japanese
Patent Laid-Open No. 2005-236734, filed on Aug. 17, 2005,
which is hereby incorporated by reference herein in its
entirety.
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What is claimed is:

1. An image capturing apparatus for performing digital
processing on an image obtained by image capturing, com-
prising:

a conversion unit adapted to perform conversion process-
ing on image data using a lattice point data table;

a holding unit adapted to hold a matrix coefficient set for
performing said conversion processing by matrix
operation; and

a setting unit adapted to calculate values of respective
lattice points of the lattice point data table using said
matrix coefficient set, and set the values in the lattice
point data table used by said conversion unit.

2. The apparatus according to claim 1, further comprising

a file generation unit adapted to generate an image file where
compressed image data, obtained by lossy compression on
image data converted by said conversion unit, and said
matrix coefficient set held in said holding unit are linked
with each other.

3. The apparatus according to claim 2, wherein said image
file includes a raw image, and said compressed image data
and said matrix coefficient set are included as attendant data
in said image file.

4. The apparatus according to claim 1, wherein said
conversion unit obtains a value in a position out of the lattice
points of said lattice point data table by interpolation pro-
cessing using the values of lattice points positioned in
vertices of a lattice including the position.

5. The apparatus according to claim 1, wherein said
holding unit holds plural matrix coefficient sets correspond-
ing to plural types of conversion processings,

and wherein said file generation unit generates an image

file including said plural matrix coefficient sets.

6. The apparatus according to claim 1, wherein said lattice
point data table is a three-dimensional lattice point data
table.

7. An image capturing apparatus for performing digital
processing on an image obtained by image capturing, com-
prising:

a conversion unit adapted to perform conversion process-
ing on image data using a lattice point data table;

a holding unit adapted to hold a lattice point data set and
a matrix coefficient set for performing said conversion
processing by matrix operation, linked with each other;

a setting unit adapted to set said lattice point data set in the
lattice point data table; and

a file generation unit adapted to generate an image file
including image data based on image data converted by
said conversion unit and a matrix coefficient set corre-
sponding to the lattice point data set by said setting
unit.

8. The apparatus according to claim 7, wherein said
holding unit holds plural lattice point data sets correspond-
ing to plural types of conversion processings and plural
matrix coefficient sets,

and wherein said setting unit sets a lattice point data set
selected from said holding unit in said three-dimen-
sional lattice point data table,
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further wherein said file generation unit generates a file

including said plural matrix coefficient sets.

9. The apparatus according to claim 8, wherein said file
generation unit generates said image file further including
said selected lattice point data table.

10. The apparatus according to claim 7, wherein said
image file includes a raw image, and said compressed image
data and said matrix coefficient set are included as attendant
data in said image file.

11. The apparatus according to claim 7, wherein said
lattice point data table is a three-dimensional lattice point
data table.

12. An information processing apparatus where an image
processing application operates, comprising:

a generation unit adapted to obtain a matrix coefficient set
from an image file and generate lattice point data using
said matrix coeflicient set;

a setting unit adapted to set the lattice point data generated
by said generation unit in a lattice point data table; and

a conversion unit adapted to obtain image data from said
image file and perform conversion processing using the
lattice point data table where the lattice point data is set
by said setting unit.

13. The apparatus according to claim 12, further com-
prising a selection unit adapted to, when plural matrix
coeflicient sets are included in said image file, cause a user
to select a matrix coefficient set.

14. The apparatus according to claim 12, wherein said
lattice point data table is a three-dimensional lattice point
data table.

15. An image processing method for an image capturing
apparatus for performing digital processing on an image
obtained by image capturing, comprising:

a conversion step of performing conversion processing on
image data using a lattice point data table; and

a setting step of reading a matrix coefficient set for
performing said conversion processing by matrix
operation from a holding unit holding the matrix coef-
ficient set, calculating values of respective lattice points
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of the lattice point data table using said matrix coeffi-
cient set, and setting the values in the lattice point data
table used at said conversion step.
16. An image processing method for an image capturing
apparatus for performing digital processing on an image
obtained by image capturing, comprising:

a conversion step of performing conversion processing on
image data using a lattice point data table;

a setting step of reading a lattice point data set and a
matrix coefficient set for performing said conversion
processing by matrix operation from a holding unit
holding the lattice point data set and the matrix coef-
ficient set linked with each other, and setting the data
set in said lattice point data table; and

a file generation step of reading a matrix coefficient set
corresponding to the lattice point data set at said setting
step from said holding unit, and generating an image
file including image data based on image data con-
verted at said conversion step and the read matrix
coeflicient set, linked with each other.

17. An image processing method performed by a com-

puter, comprising:

a generation step of obtaining a matrix coefficient set from
an image file, and generating lattice point data using
said matrix coeflicient set;

a setting step of setting the lattice point data generated at
said generation step in a lattice point data table; and

a conversion step of obtaining image data from said image
file, and performing conversion processing using the
lattice point data table where the lattice point data is set
at said setting step.

18. A control program, stored in a storage medium, for
executing the image processing method in claim 15 by a
computer.

19. A computer-readable memory holding a control pro-
gram for executing the image processing method in claim 15
by a computer.



