
Sony Exhibit 1051
Sony v. Optimum



(19) Japanese Patent Office (JP) (12) Published Patent Gazette (A) (11) Patent No.
JPA 2002-190979
(P2002-190979A)

(43) Publication date: 7.5.2002
(51) Int. Cl.7

H04N   5/228
G03B   7/20 
       19/02 
G06T   3/00 

// H04N  101:00

Identification code

200

FI
H04N  5/228         Z
G03B  7/20 
      19/02 
G06T  3/00        200
H04N 101:00

Theme code (reference)
2H002
2H054
5B057
5C022

Examination Request: Not yet made  Number of Claims: 11  OL (Total 11 pages)

(21) Application No.: Patent Application 2000-386385 (P2000-
386385)

(22) Application Date: 12.20.2000

(71) Applicant: 000004112
Nikon Corporation
3-2-3 Marunouchi, Chiyoda-ku, Tokyo

(72) Inventor Hideyasu Kuniba
3-2-3 Marunouchi, Chiyoda-ku, Tokyo
Nikon Corporation

(74) Agent 100072718
Patent Attorney Fumiou Furuya

F term (reference) 2H002 EB11 EB13
2H054 AA01 BB11
5B057 CA01 CA08 CA12 CA16 CB01 
      CB08 CB12 CB16 CC01 CD12 
      CE16 CH11 CH18
5C022 AA13 AB68 AC54 AC69
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(57) [Abstract]
[Problem to Be Solved] This invention relates to an electronic 
camera (or image processing program), and the purpose of this 
invention is to automatically perform correction processing of 
image data arising from the imaging lens.
[Means for Solving the Problem] An electronic camera is 
configured with an imaging unit that captures an image of an 
object formed on an imaging plane through an imaging lens to 
generate image data, and a correcting unit that corrects 
peripheral light attenuation, etc., in the image data based on 
lens information related to peripheral light attenuation of the 
imaging lens.

Imaging operation

Color interpolation processing

Obtain lens information for image data correction from imaging lens

Correction switch?

Compresses image data to generate an image compression file

Include lens information for image data correction (aperture data, 
correspondence D, angle θ, etc.) in the header of the image compression 

Calculate the light intensity distribution on the imaging plane from the 
aperture data in the lens information and obtain the correction coefficients

Multiply the pixel value of the image data by the correction 
coefficient to correct peripheral light attenuation

Obtain the correspondence D(h) between "image height h" and 
"image height h0 at the ideal image point" from the lens information

Based on the correspondence, find the ideal position of each pixel 
which eliminated the impact of distortion aberration

Obtain the "angle θ of the lens optical axis" from the lens information

Find the ideal position of each pixel which eliminated the impact of 
perspective distortion based on the angle θ

Create image data after position correction by weighted addition of 
pixel values based on the ideal position of each pixel

Compress the corrected image data to generate an image 
compression file

Recording of image compression file

End

DDDElectronic camera operation
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[Scope of patent claims] 
[Claim 1] An electronic camera, which is equipped with an 
imaging unit that captures an image of an object formed on an 
imaging plane through an imaging lens to generate image data, 
and a correcting unit that corrects peripheral light attenuation, 
etc., in the aforesaid image data based on lens information on 
peripheral light attenuation of the aforesaid imaging lens. 
[Claim 2] An electronic camera as described in Claim 1, wherein 
in such an electronic camera, the aforesaid lens information is 
aperture data related to the position and diameter of multiple 
pupils optically formed in the aforesaid imaging lens, and  
the aforesaid correcting unit calculates the light intensity 
distribution reaching the aforesaid imaging plane through the 
aforesaid multiple pupils based on the aforesaid aperture data, 
and corrects the luminance distribution of the aforesaid image 
data in a direction to eliminate the aforesaid light intensity 
distribution. 
[Claim 3] An electronic camera, which is equipped with an 
imaging unit that captures an image of an object formed on an 
imaging plane through an imaging lens and then generates 
image data, and 
a correcting unit for correcting the distortion aberration of the 
aforesaid image data based on lens information related to the 
distortion aberration of the aforesaid imaging lens.  
[Claim 4] An electronic camera as described in Claim 3, wherein 
in such an electronic camera, the aforesaid lens information is 
the correspondence between "image height h of the aforesaid 
imaging lens" and "image height h0 of the ideal image point," 
and 
the aforesaid correcting unit corrects the pixel positions of the 
aforesaid image data in the direction where the aforesaid image 
height h is roughly consistent with the aforesaid image height 
h0 based on the aforesaid correspondence. 
[Claim 5] An electronic camera, which is equipped with an 
imaging unit that captures the object image formed on the 
imaging plane through the imaging lens and then generates 
image data, and 
a correcting unit that corrects the perspective distortion of the 
aforesaid image data based on lens information about the 
perspective distortion of the aforesaid imaging lens 
[Claim 6] An electronic camera as described in Claim 5, wherein 
in such an electronic camera,  
the aforesaid lens information is lens information about the 
angle of the lens optical axis at the time of imaging, and 
the aforesaid correcting unit corrects the pixel positions of the 
aforesaid image data in the direction to eliminate perspective 
distortion in the aforesaid image data based on the angle of the 
aforesaid lens optical axis. 
[Claim 7] An electronic camera as described in any claim of 
Claim 1 to Claim 6, wherein in such an electronic camera, it is 
equipped with an operating member for correction prohibition 
that prohibits correction processing of the aforesaid image data 
by the aforesaid correcting unit. 
[Claim 8] An electronic camera, which is equipped with 
an imaging unit that captures the image of an object formed on 
the imaging plane through the imaging lens and then generates 
image data, and 
a file generation unit that generates an image file by combining 
the lens information on at least one of peripheral attenuation, 
distortion aberration, and perspective distortion of the aforesaid 

imaging lens and the image data generated by the aforesaid 
imaging unit.  
[Claim 9] An electronic camera as described in any claim of 
Claim 1 to Claim 8, wherein in such an electronic camera, 
the aforesaid imaging lens is an interchangeable lens, and 
it is equipped with an information acquiring unit that 
communicates with the aforesaid imaging lens mounted to the 
aforesaid electronic camera to acquire the aforesaid lens 
information from the aforesaid imaging lens side. 
[Claim 10] An electronic camera, which is equipped with an 
imaging unit that captures the image of an object formed on the 
imaging plane through an imaging lens and then generates 
image data, and 
a correcting unit that applies at least two of the following to the 
aforesaid image data: peripheral light attenuation correction, 
distortion aberration correction, magnification chromatic 
aberration correction, and perspective distortion correction,  
wherein the aforesaid correcting unit corrects the aforesaid 
image data in the following order of priority:  peripheral light 
attenuation correction,  distortion aberration correction, 
magnification chromatic aberration correction, and  
perspective distortion correction. 
[Claim 11] A machine-readable storage medium that stores an 
image processing program so that the computer can function as  
an image data acquiring unit to read image data from an image 
file,  
an information acquiring unit that reads lens information from 
the aforesaid image file regarding at least one of peripheral light 
attenuation, distortion aberration, and perspective distortion; 
and 
a correcting unit that corrects the aforesaid image data based on 
the aforesaid lens information obtained from the aforesaid image 
file. 
[Detailed description of the invention] 
[0001] 
[Technical field to which the invention belongs] This invention 
relates to an electronic camera for capturing an image of an 
object and generating image data. This invention relates to an 
image processing program for applying image processing to 
image data and its storage medium.  
[0002]  
[Conventional technology] In the past, image data captured by 
an electronic camera is often processed on a computer. In such 
an image processing program, it was also possible to correct 
defects caused by imaging lenses, such as the following: 
• distortion aberration correction,  
• peripheral light attenuation correction,  
• color shift correction,  
• perspective distortion correction, 
and so on. 
[0003]  
[Problems to be solved by the invention] By the way, in such 
conventional image processing programs, the user must select 
the correction processing items and then adjust the amount of 
correction one by one. Therefore, the user must determine the 
appropriate amount of correction for each image data one by one, 
which is time-consuming and labor intensive. In particular, there 
is a problem that when processing a large amount of image data 
that has already been photographed, the amount of correction  
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and correction items vary widely depending on the type of 
imaging lens used at the time of photographing, making the 
process cumbersome.  
[0004] In addition, in conventional image processing programs, 
the user freely decides the order of correction processes. 
Therefore, there was a risk that correction processes would be 
performed in an inappropriate order. If multiple corrections are 
performed in an inappropriate order, the image may have 
complex distortions that cannot be repaired. Therefore, the 
purpose of this invention is to provide an electronic camera that 
properly determines the amount of correction of image data. 
Another purpose of this invention is to provide an image 
processing program and its storage medium that appropriately 
determines the amount of correction of image data. Also, the 
purpose of this invention is to properly determine the order of 
correction processing of image data. 
[0005]  
[Means for solving the problems] In order to solve the above-
mentioned issues, the invention in each Claim is configured as 
follows. 
[0006] <<Claim 1>> The invention described in Claim 1 has the 
characteristics that it is equipped with an imaging unit that 
captures an image of an object formed on an imaging plane 
through an imaging lens to generate image data, and a correcting 
unit that corrects peripheral light attenuation, etc., in the image 
data based on lens information related to peripheral light 
attenuation of the imaging lens. 
[0007] <<Claim 2>> The invention described in Claim 2 has the 
characteristics that in such an electronic camera as described in 
Claim 1, the lens information is aperture data related to the 
position and diameter of multiple pupils optically formed in the 
imaging lens, and the correcting unit calculates the light 
intensity distribution reaching the imaging plane through the 
multiple pupils based on the aperture data, and corrects the 
luminance distribution of the image data in a direction to 
eliminate the light intensity distribution. 
[0008] <<Claim 3>> The invention described in Claim 3 has the 
characteristics that it is equipped with an imaging unit that 
captures an image of an object formed on an imaging plane 
through an imaging lens and then generates image data, and a 
correcting unit for correcting distortion aberration of the image 
data based on lens information related to distortion aberration of 
the imaging lens. 
[0009] <<Claim 4>> The invention described in Claim 4 has the 
characteristics that in such an electronic camera as described in 
Claim 3, the lens information is the correspondence between 
"image height h of the imaging lens" and "image height h0 of 
the ideal image point," and the correcting unit corrects the pixel 
positions of the image data in the direction where the image 
height h is roughly consistent with the image height h0 based on 
the correspondence. 
[0010] <<Claim 5>> The invention described in Claim 5 has the 
characteristics that it is equipped with an imaging unit that 
captures the object image formed on the imaging plane through 
the imaging lens and then generates image data, and a correcting 
unit that corrects perspective distortion of the image data based 
on lens information about the perspective distortion of the 
imaging lens. 
[0011] <<Claim 6>> The invention described in Claim 6 has the 
characteristics that in such an electronic camera as described in 
Claim 5, the lens information is lens information about the angle 
of the lens optical axis at the time of imaging, and the correcting 

unit corrects the pixel positions of the image data in the direction 
to eliminate perspective distortion in the image data based on 
the angle of the lens optical axis. 
[0012] <<Claim 7>> The invention described in Claim 7 has the 
characteristics that in such an electronic camera as described in 
any claim of Claim 1 to Claim 6, it is equipped with an operating 
member for correction prohibition that prohibits correction 
processing of the image data by the correcting unit. 
[0013] <<Claim 8>> The invention described in Claim 8 has the 
characteristics that it is equipped with an imaging unit that 
captures the image of an object formed on the imaging plane 
through the imaging lens and then generates image data, and a 
file generation unit that generates an image file by combining 
the lens information on at least one of peripheral attenuation, 
distortion aberration, and perspective distortion of the imaging 
lens and the image data generated by the imaging unit.  
[0014] <<Claim 9>> The invention described in Claim 9 has the 
characteristics that in such an electronic camera as described in 
any claim of Claim 1 to Claim 8, the imaging lens is an 
interchangeable lens, and it is equipped with an information 
acquiring unit that communicates with the imaging lens 
mounted to the electronic camera to acquire the lens information 
from the imaging lens side. 
[0015] <<Claim 10>> The invention described in Claim 10 has 
the characteristics that it is equipped with an imaging unit that 
captures the image of an object formed on the imaging plane 
through an imaging lens and then generates image data, and 
a correcting unit that applies at least two of the following to the 
image data: peripheral light attenuation correction, distortion 
aberration correction, magnification chromatic aberration 
correction, and perspective distortion correction, wherein the 
correcting unit corrects the image data in the following order of 
priority:  peripheral light attenuation correction,  distortion 
aberration correction, magnification chromatic aberration 
correction, and  perspective distortion correction. 
[0016] <<Claim 11>> The invention described in Claim 11 has 
the characteristics that an image processing program is stored so 
that a computer can function as an image data acquiring unit to 
read image data from an image file, an information acquiring 
unit that reads lens information from the image file regarding at 
least one of peripheral light attenuation, distortion aberration, 
and perspective distortion; and a correcting unit that corrects the 
image data based on the lens information obtained from the 
image file. 
[0017]  
[Embodiments of the invention] The following is a description 
of the embodiments for Claims 1 to 11 based on the figures. Fig. 
1 is a diagram showing the electronic camera 11 and computer 
31. In Fig. 1, a replaceable imaging lens 12 is mounted on an 
electronic camera 11. This imaging lens 12 has a built-in in-lens 
memory 12a that stores lens information and other data, and an 
in-lens MPU 12b that controls the system within the lens. On the 
other hand, the imaging plane of the imaging element 13 is 
placed in the image space of the imaging lens 12. The output of 
the imaging element 13 is connected to the bus 16 via A/D 
converter 14 and the signal processing unit 15. 
[0018] The following configurations are connected to this bus 
16. 

 An in-camera microprocessor unit (MPU) 17 for system 
control 
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 Memory 16A for storing image data, etc. 
 An image correcting unit 18 that applies correction 

processing to image data  
 An image compressing unit 19 that compresses image data  
 A recording and reproducing unit 20 that performs recording 

and reproducing processing for a memory card 21 
 An external interface 22 for exchanging data with an external 

computer 31 
Moreover, the in-camera MPU 17 communicates with the in-
lens MPU 12b via the lens communication contact 12c provided 
in the lens mounting part. The electronic camera 11 is also 
provided with a correction switch 17a to turn on/off the 
correction process. The switch output of the correction switch 
17a is input to the in-camera MPU 17. 
[0019] [Correspondence with this invention] The following is an 
explanation of the above-mentioned configuration of this 
embodiment and its correspondence with this invention. 
Moreover, the correspondence here is for illustrative purposes 
only and is not intended to limit this invention.  
[0020] For the correspondence between the descriptions in 
Claims 1 to 6 and this embodiment, the imaging unit 
corresponds to the imaging element 13 and the correcting unit 
corresponds to the image correcting unit 18. For the 
correspondence between the description in Claim 7 and this 
embodiment, the operating component corresponds to the 
correction switch 17a. For the correspondence between the 
description in Claim 8 and this embodiment, the imaging unit 
corresponds to the imaging element 13, and the file generating 
unit corresponds to the image compressing unit 19 and the 
record and reproducing unit 20. For the correspondence between 
the description in Claim 9 and this embodiment, the imaging 
lens corresponds to the imaging lens 12, and the information 
acquiring unit corresponds to the in-camera MPU 17. For the 
correspondence between the description in Claim 10 and this 
embodiment, the imaging unit corresponds to the imaging 
element 13 and the correcting unit corresponds to the image 
correcting unit 18. For the correspondence between the 
description in Claim 11 and this embodiment, the computer 
corresponds to the computer 31, and the storage medium 
corresponds to the storage medium 32 shown in Fig. 1, or a hard 
disk or system memory in the computer 31. 
[0021] [Explanation about operation of the electronic camera 
11] Fig. 2 is a flow chart explaining the operation of the 
electronic camera 11. The following is an explanation of the 
operation of the electronic camera 11 in order of the step 
numbers shown in Fig. 2.  
[0022] Step S1: In response to the operation of the release button 
(not shown in the figure) on the electronic camera 11, the in-
camera MPU 17 controls the imaging element 13 and the 
imaging lens 12 to perform the image capture operation. This 
imaging operation outputs the image data sequentially from the 
imaging element 13. Such image data are digitized through the 
A/D converting unit 14 and then provided to the signal 
processing unit 15. The signal processing unit 15 applies gamma 
correction, black level correction, etc., to this image data in real 
time, and then temporarily stores the processed image data in 
the memory 16a. 

[0023] Step S2: The signal processing unit 15 performs color 
interpolation processing on the image data in the memory 16a to 
generate image data in which all RGB color components are 
included. 
[0024] Step S3: The in-camera MPU 17 communicates with the 
in-lens MPU 12b on the imaging lens 12 side to obtain the lens 
information to be used in the image data correction process. This 
lens information consists of the following groups of data. 

 Aperture data at the time of image capture  
 Data table D(h) for distortion aberration at the time of image 

capture  
 Optical axis angle θ during image capture 
 Focal length f at the time of image capture 
 Object distance s1 (distance from the object's focus plane to 

the front principal point of the imaging lens 12) calculated from 
the lens position at the time of image capture.  
[0025] Step S4: Here, the in-camera MPU 17 determines the 
switch state of the correction switch 17a. If the correction switch 
17a is in the OFF state, the in-camera MPU 17 moves the 
operation to step S5. On the other hand, if the correction switch 
17a is in the ON state, the operation moves to step S7. 
[0026] Step S5: The image compressing unit 19 compresses the 
image data into an image compression file. 
[0027] Step S6: The recording and reproducing unit 20 stores 
the lens information obtained in step S3 in the header section of 
this image compression file. After such operation, the in-camera 
MPU 17 omits the image data correction process described 
below and moves the operation to step S15. 
[0028] Step S7: The image correcting unit 18 obtains aperture 
data from the lens information obtained in step S3. Such 
aperture data are information on the position and diameter of 
multiple pupils (aperture images such as the aperture, inner wall 
of the lens barrel, and lens frame that are visible from the image 
space side) optically formed on the imaging lens 12. The image 
correcting unit 18 calculates the light intensity distribution that 
passes through multiple pupils in order to reach the imaging 
plane, calculates the correction coefficient that eliminates 
changes in the light intensity distribution, and creates a 
correction table. 
[0029] The concept of this calculation process for aperture data 
is explained below. Fig. 3 shows a schematic diagram of the 
positional relationship between the imaging plane of imaging 
element 13 and two pupils A1 and A2. In Fig. 3, pupil A1 with 
radius r1 is placed at a distance of D1 from the imaging plane. 
In addition, pupil A2 of radius r2 is positioned at a distance of 
D2 from the imaging plane. The outermost pupil A2 has the 
coordinates (x2,y2) and is considered to have a small area ds. 
This small area ds is the perfect diffusion surface of luminance 
Io. In this case, the brightness da(x,y) arriving from this small 
area ds to the pixel position (x,y) on the imaging plane is: 
[Equation 1] 
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However, not all light departing from pupil A2 reaches the imaging 
plane. For example, light departing from the small area ds′ shown 
in Fig. 3 does not reach the pixel position (x,y) on the imaging plane 
because it is blocked by pupil A1 along the way. Thus, to determine 
the coordinates (x1,x1) where the line segment connecting the 
coordinates (x2,y2) of pupil A2 and the pixel position (x,y) on the 
imaging plane intersects with pupil A1, it is:
[Equation 2] 

From the above equation, the brightness a(x,y) of pixel position (x,y) 
on the imaging plane is:
[Equation 3]

Moreover, the limiting conditions for the integral range in the above 
equation is provided for the number of pupils. If the sensitivity of 
imaging element 13 is roughly equal, the above brightness a(x,y) is 
the light intensity distribution that is photoelectrically converted in 
the imaging element 13. Thus, the image correcting unit 18 
calculates this [Equation 3] by an analytical method or numerical 
method to obtain the brightness a(x,y) at multiple representative 
points (x,y). (Moreover, the above brightness a(x,y) is symmetrical 
to the optical axis unless there are special circumstances, such as 
the fact that the imaging lens 12 has a rectangular aperture built in. 
Thus, it is fine for several to several tens of representative points to 
be taken as the above-mentioned representative points at different 
image heights. In addition, it is further preferable to obtain the light 
intensity distribution that actually appears in the image data by 
adding the nonlinear grayscale conversion characteristics of the 
imaging element 13 and the signal processing unit 15 to the 

brightness a(x,y) of the representative points obtained in this way.)
The image correcting unit 18 interpolates the light intensity 
distribution of representative points obtained in this way to the 
increments required for pixel-by-pixel correction. The image 
correcting unit 18 calculates the inverse of this light intensity 
distribution to obtain the correction coefficient of peripheral light 
attenuation, which is used to create a correction table.
[0030] Next, the case in which the directional sensitivity of the 
imaging element 13 is not equal will be explained. In this case, the 
values of the directional sensitivity Sxy(ε,Φ) at the pixel position 
(x,y) of the imaging element 13 have actually been measured in 
advance and are stored as a data table in the image correcting unit 
18. Moreover, ε and Φ are the angles of light incidence, and are 
defined as shown in Fig. 4. The incidence angles ε and Φ have the 
following relationship with the variables in [Equation 1].
[Equation 4] 

By considering such directional sensitivity Sxy(ε,Φ), the brightness 
a(x,y) of the pixel position (x,y) on the imaging plane is:

[Equation 5] 

This brightness a(x,y) is the light intensity distribution that is 
photoelectrically converted in the imaging element 13. Thus, the 
image correcting unit 18 calculates this [Equation 5] by an 
analytical method or numerical method to obtain the brightness 
a(x,y) at multiple representative points (x,y). (Moreover, it is further 
preferable to obtain the light intensity distribution that actually 
appears in the image data by adding the nonlinear grayscale 
conversion characteristics of the imaging element 13 and the signal 
processing unit 15 to the brightness a(x,y) of the representative 

point obtained in this way.)
The image correcting unit 18 interpolates the light intensity 
distribution of representative points obtained in this way to the 
increments required for pixel-by-pixel correction. The image 
correcting unit 18 calculates the inverse of this light intensity 
distribution to obtain the correction coefficient of peripheral light 
attenuation, which is used to create a correction table. The above 
series of calculation methods can be used to obtain a correction table 
for peripheral light attenuation.

[Equation 1]

[Equation 2]

[Equation 3]

[Equation 4]

[Equation 5]
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[0031] Step S8: The image correcting unit 18 refers to the 
correction table obtained as described above based on the pixel 
positions of the image data to obtain the correction coefficients 
sequentially. The image correcting unit 18 multiplies this 
correction coefficient by the pixel value of the corresponding 
pixel position in the image data. As a result, the peripheral light 
attenuation in the image data is corrected.
[0032] Step S9: The image correcting unit 18 obtains a data table 
D(h) for distortion aberration from the lens information obtained 
in step S3. This data table D(h) is defined as follows based on 
the image height h and the image height h0 of the ideal image 
point.
D(h)=(h-h0)/h0
Fig. 5 is a diagram showing the relationship between the 
appearance of distortion aberration and the data table D(h). The 
in-lens memory 12a in the imaging lens 12 stores such a data 
table D(h) for each focal length and photographing distance (the 
distance from the object's focus plane to the imaging plane). The 
in-lens MPU 12b reads from this memory the data table D(h) 
that matches the focal length and the photographing distance at 
the time of photographing, and transmits it to the in-camera 
MPU 17 as lens information.
[0033] Step S10: The image correcting unit 18 calculates the 
image height h at each pixel position (x,y) of the image data as 
shown below:
[Equation 6]

[where (xc,yc) is the pixel position at the center of the optical axis]

The image correcting unit 18 calculates based on this image 
height h and the data table D(h)…
[Equation 7] 

…to obtain the ideal position (x',y') in pixel units, which 
eliminated the impact of distortion aberration.
[0034] Step S11: The image correcting unit 18 obtains the angle 
θ of the lens optical axis at the time of photographing from the 
lens information obtained in step S3.
[0035] Step S12: Fig. 6 is a diagram showing the occurrence 
situation of perspective distortion (distortion caused by 
perspective difference). Fig. 6A is a diagram showing a “swing 
and tilt” photographing situation using a so-called shift lens. In 
this case, the object and the imaging plane are kept in a parallel 
relationship, so there is no perspective distortion in the image of 
the object. On the other hand, Fig. 6B shows the state of 
photographing the object as if looking up at it, using the normal 
imaging lens 12. In this case, the parallel relationship between 
the object and the imaging plane is broken, so perspective 
distortion occurs in the image of object. In this case, the impact 
of perspective distortion can be eliminated by moving the pixel 

position (x', y') of h1′ to the pixel position (x1’,y1’) of hO′. This 
pixel position (x1',y1') is, 
[Equation 8] 

[where f is the focal length and s1 is the object distance].
Moreover, if s1 f, as in a landscape photo, it can be 
approximated to:
[Equation 9] 

Thus, the image correcting unit 18 substitutes the ideal position 
(x', y') obtained in step S10 into [Equation 8] or [Equation 9] to 
obtain the ideal position (x1’,y1’) which eliminated the impact 
of perspective distortion in pixel units.
[0036] Step S13: The image correcting unit 18 rearranges the 
pixel values based on the ideal position (x1’,y1’) of each pixel. 
At this time, the ideal position (x1’,y1’) of each pixel is not 
necessarily equally spaced. Thus, the image correcting unit 18 
prepares new pixel positions separated by equally spaced 
squares, and determines the pixel value of the new pixel position 
by weighted addition (interpolation process) of the pixel values 
of the ideal positions (x1’,y1’) in the neighborhood. Through 
this correction process (S7 to S13), image data can be generated 
which eliminates the effects of peripheral light attenuation, 
distortion aberration, and perspective distortion.
[0037] Step S14: The image compressing unit 19 compresses the 
corrected image data to generate an image compression file.
[0038] Step S15: The recording and reproducing unit 20 records 
the image compression file to a memory card 21. The above 
series of operations complete operation of the electronic camera 
11.
[0039] [Description of image processing program] Fig. 8 is a 
flow chart describing the image processing program executed by 
the computer 31. The following is an explanation of the image 
processing program according to the step numbers in Fig. 8. 
[0040] Step S31: The computer 31 decompresses the image 
compression file back to image data.
[0041] Step S32: The computer 31 determines whether or not 
lens information for image data correction (stored in step S6 

[Equation 7]

[Equation 8]

[Equation 9]

[Equation 6]
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above) exists in the header of the image compression file. Here, 
if no lens information exists, the computer 31 terminates the 
operation without performing the correction process. On the 
other hand, if lens information exists, the computer 31 moves 
the operation to step S37. 
[0042] Steps S33 to S39: The computer 31 performs the same 
correction process as in steps S7 to S13 above based on the lens 
information obtained from the image compression file. 
Moreover, for a detailed explanation, it is fine to refer to the 
above explanation of steps S7 to S13, so the explanation is 
omitted here. 
[0043] The above series of operations automatically perform 
correction processing on the computer 31 side for image 
compression files that have not been corrected by the electronic 
camera 11. 
[0044] [Effects of this embodiment] In this embodiment, the 
aperture data are used to calculate an accurate light intensity 
distribution that takes into account vignetting of the imaging 
lens and the impact of the cosine quadrature law. Therefore, it is 
possible to accurately correct the peripheral light attenuation. 
[0045] In addition, this embodiment performs distortion 
aberration correction based on the table data D(h) of distortion 
aberration. Therefore, it is possible to correct not only simple 
distortions such as barrel-shaped and pincushion-shaped 
distortions, but also complex distortions such as distortions in a 
shape of a jingasa [an ancient Japanese soldier’s hat], etc. 
[0046] Furthermore, this embodiment corrects perspective 
distortion. Therefore, image data without perspective distortion 
can be easily obtained without using special lenses such as shift 
lenses. 
[0047] In addition, the electronic camera 11 can prohibit the 
correction process using the correction switch 17a. In this case, 
the electronic camera 11 records the lens information for image 
data correction in an image compression file. Therefore, on the 
electronic camera 11 side, the image capture operation can be 
performed quickly without time-consuming image data 
correction processing. On the other hand, on the computer 31 
side, correction processing based on the lens information in the 
file is performed on the compressed image file that has not yet 
been corrected. Therefore, on the computer 31 side, the user 
does not need to input any special instructions for the amount of 
correction, and the correction process can be performed easily 
and properly. 
[0048] Furthermore, the electronic camera 11 acquires lens 
information from the currently mounted imaging lens 12. 
Therefore, the electronic camera 11 can flexibly accommodate 
a wide variety of interchangeable lenses and always correct the 
image data appropriately. 
[0049] In addition, in this embodiment, the correction process is 
performed according to the order of priorities:  peripheral light 
attenuation correction,  distortion aberration correction, and 

 perspective distortion correction. In this case, it is possible to 
avoid problems such as distortion of the shape of peripheral light 
attenuation due to pixel position correction or complex 
distortion of distortion aberration due to perspective distortion 
correction. 

[0050] Furthermore, in this embodiment, position correction of 
distortion aberration and position correction of perspective 
distortion are performed only in the position calculation, and 
interpolation of pixel values is performed based on the final 
ideal position (x1’,y1’). Therefore, image degradation caused by 
repeated position correction of pixel positions can be suppressed 
to be as low as possible. 
[0051] [Supplementary matters of this embodiment] Moreover, 
in the above-mentioned embodiment, the following lens 
information is obtained from the imaging lens 12 side:  
aperture data,  data table D(h) relating to distortion aberration, 

 optical axis angle θ at the time of image capture,  focal 
length f, and  object distance s1. However, this invention is 
not limited to this embodiment. For example, there is of course 
no need to reacquire the lens information that is indicated from 
the electronic camera 11 side to the imaging lens 12 side. In 
addition, it is of course acceptable to detect the optical axis angle 
θ on the electronic camera 11 side by installing a posture sensor 
or the like on the electronic camera 11 side. 
[0052] In addition, in the embodiment described above, the case 
in which the electronic camera 11 performs the correction 
process continuously during the image capture operation was 
explained. However, this invention is not limited to this 
embodiment. For example, only image data and lens 
information may be recorded during image capture in order to 
minimize the possible photographing interval. In this case, it is 
preferable for the electronic camera 11 to apply correction 
processing to the image data later, utilizing free time, etc., 
during the image capture operation. 
[0053] Moreover, in the above-mentioned embodiment, lens 
information is acquired and the correction coefficient is 
calculated for each image data. However, this invention is not 
limited to this embodiment. For example, the electronic camera 
11 or computer 31 may store lens information and correction 
coefficient, which were used once, and reuse such stored data 
for the correction process for other image data. In this case, the 
time required for the second and subsequent correction 
processes can be reduced. 
[0054] In addition, in the above-mentioned embodiment, it is 
preferable to set a recording mode on the electronic camera side 
for RAW data (image data that are almost immediately after A/D 
conversion of the imaging element output, with almost no image 
processing on the electronic camera side). In this RAW data 
recording mode, it is preferable to include the lens information 
in the RAW data image file without correction processing based 
on the lens information. Moreover, on the computer side (image 
processing program side), if the RAW data image file contains 
lens information, it is preferable to perform additional correction 
processing based on the lens information in addition to image 
processing (color interpolation processing, etc.) specifically for 
such RAW data. 
[0055]  
[Effects of the invention] <<Claim 1>> The electronic camera 
described in Claim 1 corrects the peripheral light attenuation of 
the image data based on lens information about the peripheral 
light attenuation of the imaging lens. For this reason, it is 
possible to determine the degree of peripheral light attenuation  
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in the image data based on the lens information and to 
automatically determine the appropriate amount of peripheral 
light attenuation correction. Therefore, there is no need for the 
user to adjust the correction amount one by one, and the 
peripheral light attenuation correction process is less time-
consuming than in the past. 
[0056] <<Claim 2>> The electronic camera described in Claim 
2 acquires aperture data concerning the position and diameter of 
multiple pupils optically formed on the imaging lens as lens 
information. The electronic camera obtains the light intensity 
distribution on the imaging plane from such aperture data. The 
light intensity distribution on the imaging plane is accurate data 
that takes into account vignetting of the imaging lens and the 
impact of the cosine quadrature law. As a result, the peripheral 
light attenuation can be further corrected appropriately. 
[0057] <<Claim 3>> The electronic camera described in Claim 
3 corrects distortion aberration of the image data based on the 
lens information concerning the distortion aberration of the 
imaging lens. For this reason, it is possible to determine the 
degree of distortion aberration in the image data based on the 
lens information and to automatically determine an appropriate 
amount of correction for the distortion aberration. Therefore, 
there is no need for the user to adjust the correction amount one 
by one, and the process of correcting distortion aberration is less 
time-consuming than in the past. 
[0058] <<Claim 4>> The electronic camera described in Claim 
4 acquires the correspondence between "image height h of the 
imaging lens" and "image height h0 of the ideal image point" as 
lens information. The object light transmitted through the 
imaging lens forms an image at image height h when it should 
be formed at the image height h0, resulting in distortion 
aberrations such as barrel, pincushion, and jingasa-shaped 
aberrations. Thus, based on this correspondence, the electronic 
camera corrects the pixel positions in the direction where the 
image height h is roughly equal to the image height h0. As a 
result, distortion aberration can be corrected more appropriately. 
[0059] <<Claim 5>> The electronic camera described in Claim 
5 corrects the perspective distortion of the image data based on 
the lens information concerning the perspective distortion of the 
imaging lens. For this reason, it is possible to determine the 
degree of perspective distortion in the image data based on the 
lens information and to automatically determine an appropriate 
amount of perspective distortion correction. Therefore, there is 
no particular need for the user to adjust the correction amount 
one by one, and the perspective distortion correction process is 
less time-consuming than in the past. 
[0060] <<Claim 6>> The electronic camera described in Claim 
6 acquires the angle of the lens optical axis during 
photographing as lens information. The electronic camera 
calculates the perspective distortion on the imaging plane from 
this angle. For example, from this calculation, it is possible to 
determine the direction or degree to which the object is 
shrinking on the screen. The electronic camera corrects the pixel 
positions in the image data in a direction which eliminates the 
impact of this perspective distortion. As a result, the perspective 
distortion of the image data becomes less noticeable, and the 
perspective distortion can be further corrected appropriately. 
[0061] <<Claim 7>> The electronic camera described in Claim 
7 is provided with an operation component to prohibit correction 
processing of the correcting unit. This operation component 
enables the user to freely select whether or not to perform 
correction processing of the correcting unit. Moreover, it is 

preferable for the electronic camera to store the lens information 
that was scheduled to be used for the correction process together 
with the image file (or included in the image file) when the 
correction process is prohibited. In this case, it is possible to 
retrieve the lens information later and apply the appropriate 
correction to the image data. 
[0062] <<Claim 8>> The electronic camera described in Claim 
8 contains the lens information used for correction processing of 
the image data in the image file. Therefore, it is possible to 
retrieve the lens information later and apply appropriate 
correction to the image data. 
[0063] <<Claim 9>> In the electronic camera described in 
Claim 9, the imaging lens can be replaced. In this case, the 
electronic camera communicates with the installed imaging lens 
to obtain lens information which will be used for image data 
correction. Therefore, even if the imaging lens is replaced, the 
electronic camera can perform correction processing that is 
compatible with the installed imaging lens. In addition, the user 
also does not need to adjust the amount of correction each time 
the imaging lens is replaced. 
[0064] <<Claim 10>> The electronic camera described in Claim 
10 performs correction processing according to the following 
order of priorities:  peripheral light attenuation correction,  
distortion aberration correction, magnification chromatic 
aberration correction, and  perspective distortion correction. 
The following is an explanation of the problems when the above 
order of priorities is not followed. First, if either correction  or 

 is performed before correction , the circular shape of the 
peripheral light attenuation in the screen will be distorted by 
position correction of the pixel positions. For this reason, 
accurate peripheral light attenuation correction is difficult. In 
addition, if correction  is performed before correction , the 
shape of distortion aberration (or magnification chromatic 
aberration) in the image will be complexly distorted due to 
perspective distortion correction. For this reason, accurate 
distortion aberration correction (or magnification chromatic 
aberration correction) becomes difficult. Therefore, by 
performing correction processing according to the priority order 
of , , and , the above-mentioned problems can be avoided 
reliably and a good correction effect can be obtained. Moreover, 
since both distortion aberration correction and magnification 
chromatic aberration correction are position correction of the 
image height, it is preferable to correct them together without 
setting an order of priority. In other words, distortion aberration 
and magnification chromatic aberration can be corrected 
simultaneously by position correction of the actual image height 
to the ideal image height in units of color components. 
[0065] <<Claim 11>> By executing the image processing 
program described in Claim 11 on a computer, it is possible to 
apply appropriate correction processing to the image data in the 
image file based on the lens information recorded in the image 
file.  
[Brief description of the figures]  
[Fig. 1] It is a diagram showing the electronic camera 11 and the 
computer 31. 
[Fig. 2] It is a flow chart explaining the operation of the 
electronic camera 11. 
[Fig. 3] It is a diagram showing the positional relationship  
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between the imaging plane of the imaging element 13 and 
multiple pupils.
[Fig. 4] It is a diagram showing the definitions of the angles ε 
and Φ of the sensitivity by direction.
[Fig. 5] It is a diagram showing the relationship between the 
appearance of distortion aberration and the data table D(h).
[Fig. 6] It is a diagram showing the occurrence situation of 
perspective distortion.
[Fig. 7] It is a diagram viewed from the side about the situation 
in Fig. 6B.
[Fig. 8] It is a flow chart of the image processing program.
[Description of the reference numerals] 
11  electronic camera
12  imaging lens
12a  in-lens memory
12b  in-lens MPU
12c  lens communication contact

[Fig. 1]

13  imaging element
14  A/D converting unit
15  signal processing unit
16  bus 
16a  memory 
17  in-camera MPU
17a  correction switch 
18  image correcting unit 
19  image compressing unit 
20  recording and reproducing unit 
21  memory card 
22  external interface 
31  computer 
32  storage medium of image processing program 

[Fig. 2]
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[Fig. 3]

[Fig. 5]

[Fig. 4]

[Fig. 6]

[Fig. 7]
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[Fig. 8]
























