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(54) [Name of Invention] Image capturing apparatus and image restoring method  

(57) [Abstract]
[Problem to Be Solved] To restore an image to the 
frequency characteristics of the original image through 
a filter process using an inverse function, by defining 
the inverse function of the amplitude transfer function 
in advance according to the change, even when the 
zooming amount, the defocusing amount and the 
diaphragming amount changed. 
[Means for Solving the Problem] The image capturing 
apparatus of this invention is an invention, wherein the 
image after passing through the optical system is 
captured by the image processing means, and when the 
captured image A is processed by the image processing 
means, the image restoring means restores the image B 
obtained by the image processing means to the image 8 
with the frequency characteristics prior to passing 
through the optical system using the MTF filter 5 as the 
inverse function of the transfer function according to 
the amount of optical adjustment to the optical system.
[Selected representative figure] Fig. 1
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[Scope of patent claims] 
[Claim 1] 
An image capturing apparatus, wherein in such an image capturing apparatus that captures the image of an 
object through an optical system by image processing means and outputs the captured output after applying 
image processing by image processing means, it was equipped with an image restoring means wherein the 
image after passing through the optical system is captured by the aforesaid image processing means, and 
when the aforesaid captured image data is processed by the aforesaid image processing means, the image 
restoring means restores the image data obtained by the image processing means to the image with the 
frequency characteristics prior to passing through the aforesaid optical system using the inverse function of 
the transfer function according to the amount of optical adjustment to the aforesaid optical system. 
[Claim 2] 
An image capturing apparatus as described in Claim 1, wherein in such an image capturing apparatus, the 
aforesaid image restoring means is a correcting unit with a filter having the inverse function characteristics 
of the amplitude transfer function of the aforesaid optical system, and it restores the image to the frequency 
characteristics prior to passing through the aforesaid optical system using a filter with inverse function 
characteristics of the amplitude transfer function provided corresponding to the aforesaid amount of optical 
adjustment of the zooming amount, the defocusing amount, and/or the diaphragming amount.  
[Claim 3] 
An image capturing apparatus as described in Claim 2, wherein in such an image capturing apparatus, the 
aforesaid image restoring means divides the image data obtained by the aforesaid image processing means 
into equal portions and selects an amplitude transfer function corresponding to each of the equally divided 
images, and restores the image to the frequency characteristics prior to passing through the aforesaid optical 
system using a filter with inverse function characteristics of the selected amplitude transfer function. 
[Claim 4] 
An image capturing apparatus as described in Claim 3, wherein in such an image capturing apparatus, the 
image data obtained by the aforesaid image processing means can be divided into equal portions in the form 
of circles, squares, and polygons. 
[Claim 5] 
An image capturing apparatus as described in Claim 2, wherein in such an image capturing apparatus, the 
aforesaid image restoring means transforms the image data obtained by the aforesaid image processing means 
into polar coordinates and restores the image to the frequency characteristics prior to passing through the 
aforesaid optical system using the inverse function of the amplitude transfer function. 
[Claim 6] 
An image capturing apparatus as described in Claim 5, wherein in such an image capturing apparatus, the 
steps are to Fourier transform the polar coordinate-transformed image data, select the corresponding filter of 
the inverse function of the amplitude transfer function, perform filtering, inverse Fourier transform the 
filtered result, perform polar coordinate inverse transform, and then return to the image data on the time axis. 
[Claim 7] 
An image capturing apparatus as described in Claim 2, wherein in such an image capturing apparatus, the 
aforesaid image restoring means divides the image data obtained by the aforesaid image processing means 
into equal portions, performs a Fourier transform on each of the equally divided images, multiplies the 
Fourier transformed image data by the inverse function of the amplitude transfer function according to the 
pre-determined zooming amount, defocusing amount and/or diaphragming amount, and then performs 
inverse Fourier transform and stitches the inverse Fourier transformed images together to restore the images 
to the frequency characteristics prior to passing through the aforesaid optical system.  
[Claim 8] 
An image capturing apparatus as described in Claim 2, wherein in such an image capturing apparatus, the 
aforesaid image restoring means divides the image data obtained by the aforesaid image processing means 
into equal portions, selects the amplitude transfer function corresponding to each aforesaid equally divided 
image, and when restoring the image with the frequency characteristics prior to passing through the lens 
using the inverse function of the selected amplitude transfer function, the filter applied to the image to be 
processed is tilted according to the inclination of the filter from the center of the optical axis of the aforesaid 
optical system. 
[Claim 9] 
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An image restoring method wherein in such an image restoring method that captures the image of an object 
through an optical system by image processing means and outputs the captured output after applying image 
processing by image processing means, it was equipped with 
a step of capturing the image after passing through the optical system of the aforesaid image processing 
means and processing the aforesaid captured image data by the aforesaid image processing means,  
a step of determining the amount of optical adjustment for the aforesaid optical system for the image data 
obtained by the aforesaid image processing means, 
a step of selecting an inverse function of the transfer function according to the aforesaid amount of optical 
adjustment; and 
a step of restoring an image after passing through the aforesaid optical system to an image with the frequency 
characteristics prior to passing through the aforesaid optical system using the aforesaid inverse function. 
[Claim 10] 
An image restoring method as described in Claim 9, wherein in such an image restoring method, the aforesaid 
image restoring step is a correcting process with a filter having inverse function characteristics of the 
amplitude transfer function of the aforesaid optical system, and it restores the image to the frequency 
characteristics prior to passing through the aforesaid optical system using a filter with inverse function 
characteristics of the amplitude transfer function provided corresponding to the aforesaid amount of optical 
adjustment of the zooming amount, the defocusing amount, and/or the diaphragming amount. 
[Claim 11] 
An image restoring method as described in Claim 10, wherein in such an image restoring method, the 
aforesaid image restoring step divides the image data obtained by the aforesaid image processing means into 
equal portions and selects an amplitude transfer function corresponding to each of the equally divided images, 
and restores the image to the frequency characteristics prior to passing through the aforesaid optical system 
using a filter with inverse function characteristics of the selected amplitude transfer function. 
[Claim 12] 
An image restoring method as described in Claim 11, wherein in such an image restoring method, the image 
data obtained by the aforesaid image processing means can be divided into equal portions in the form of 
circles, squares, and polygons. 
[Claim 13] 
An image restoring method as described in Claim 10, wherein in such an image restoring method, the 
aforesaid image restoring step transforms the image data obtained by the aforesaid image processing means 
into polar coordinates and uses the inverse function of the amplitude transfer function to restore the image to 
the frequency characteristics prior to passing through the aforesaid optical system.  
[Claim 14] 
An image restoring method as described in Claim 13, wherein in such an image restoring method, the steps 
are to Fourier transform the polar coordinate-transformed image data, select the corresponding filter of the 
inverse function of the amplitude transfer function, perform filtering, inverse Fourier transform the filtered 
result, perform the polar coordinate inverse transform, and then return to the image data on the time axis.  
[Claim 15] 
An image restoring method as described in Claim 10, wherein in such an image restoring method, the 
aforesaid image restoring step divides the image data obtained by the aforesaid image processing means into 
equal portions, performs a Fourier transform on each of the equally divided images, multiplies the Fourier 
transformed image data by the inverse function of the amplitude transfer function according to the pre-
determined zooming amount, defocusing amount and/or diaphragming amount, and then performs inverse 
Fourier transform and stitches the inverse Fourier transformed images together to restore the images to the 
frequency characteristics prior to passing through the aforesaid optical system. 
[Claim 16] 
An image restoring method as described in Claim 10, wherein in such an image restoring method, the 
aforesaid image restoring step divides the image data obtained by the aforesaid image processing means into 
equal portions, selects the amplitude transfer function corresponding to each aforesaid equally divided image, 
and when restoring the image with the frequency characteristics prior to passing through the lens using the 
inverse function of the selected amplitude transfer function, the filter applied to the image to be processed is 
tilted according to the inclination of the filter from the center of the optical axis of the aforesaid optical 
system. 
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[Detailed description of the invention] 
[0001] 
[Technical field to which the invention belongs] 
This invention relates to an image capturing apparatus and image restoring method suitable for application, 
for example, to digital still cameras. 
[0002] 
[Conventional technology] 
Spatial frequency processing technology is conventionally used for image correction in image capturing 
apparatus. In this spatial frequency processing technology, the modulation transfer function (MTF) of each 
input/output apparatus is measured to determine the characteristics of the device, and correction is performed 
based on the device characteristics. 
[0003] 
For example, in Patent Document 1, for the purpose of eliminating noise in image data, which is greatly 
degraded by MTF filter processing, an image forming apparatus is disclosed, wherein the noise reduction 
converting unit converts the input image data from the scanner unit so that the difference value between the 
effective signal and noise components can be reduced, and the MTF filter then enhances the edges in the 
image processed by the noise reduction converting unit, and the noise reduction transforming and correcting 
unit then corrects the image data processed by the MTF filter processing unit with the transformation 
characteristics opposite to the noise reduction conversion characteristics of the noise reduction converting 
unit. 
[0004] 
In addition, in Patent Document 2, a grayscale test pattern with known grayscale characteristics is 
incorporated into the image input means to obtain an output image with the same sharpness regardless of the 
image input apparatus or input image, the signal spatial transformation coefficient is then calculated from the 
correspondence between the grayscale characteristics measured from the incorporated pattern image and the 
aforesaid known grayscale characteristics. A spatial frequency test pattern image with known spatial 
frequency characteristics is incorporated into the aforesaid image input means, and after the signal space of 
the incorporated pattern image is transformed using the signal spatial transformation coefficient, the spatial 
frequency characteristics measured from the transformed image and the aforesaid known spatial frequency 
characteristics are used to calculate the spatial frequency processing coefficient. An image processing method 
is disclosed in which the input image incorporated from the image input means is transformed using the 
signal spatial transformation coefficient, and then the spatial frequency characteristics are corrected using the 
calculated spatial frequency processing coefficient. 
[0005] 
[Patent Document 1] 
JPA2000-188688  
[Patent Document 2] 
JPH11 (1999)-225275  
[0006] 
[Problems to be solved by the invention] 
However, the technology described in Patent Document 1 above is for scanners and copiers that read and 
copy images, and the method of filtering the inverse characteristics of the MTF characteristics described here 
restores the frequency characteristics of the original image by applying convolution and integration 
processing to the image input to the CCD. In this method, the focal length is considered to be constant, and 
filter processing of the same frequency characteristics is applied equally to the entire input image. However, 
there is an inconvenience that it cannot restore a system in which the amplitude transfer function changes 
when the zooming amount, the defocusing amount, or the diaphragming amount changes. 
[0007] 
In addition, the technology described in Patent Document 2 is for scanners and copiers used to read and copy 
images. The method described here is to input a test signal to the CCD, convert the input test signal to image 
data, perform MTF correction processing using the inverse filter of the MTF, and adaptively change the filter 
characteristics so that the inverse filter will result in the frequency characteristics considered optimal. 
However, there is an inconvenience that the adaptive processing of filter characteristics is complicated. 
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[0008] 
Thus, this invention was made in consideration of such points, and its task is to provide an image capturing 
apparatus and image restoring method that can restore images based on the frequency characteristics of the 
original image by defining the inverse function of the amplitude transfer function in advance for the zooming 
amount, the defocusing amount, and the diaphragming amount, and performing filter processing using the 
said inverse function.  
[0009] 
[Means for solving the problems] 
The image capturing device of this invention is a device that when an image after passing through the optical 
system is captured by the image capturing means and the captured image data is processed by the image 
processing means, the image restoration means restores an image after passing through the optical system to 
an image with the frequency characteristics before passing through the optical system using the inverse 
function of the transfer function corresponding to the amount of optical adjustment to the optical system for 
the image data obtained by the image capturing means. 
[0010] 
Therefore, according to this invention, the following functions are performed. 
In order to generate an image filtered by an optical system lens, an image of a certain block is cropped from 
the original image, and a frequency-domain image is generated from the cropped time-domain image. This 
frequency-domain image can represent the image on the frequency axis. Next, this frequency-domain image 
is multiplied by the filter of the inverse function of the transfer function according to the amount of optical 
adjustment for the optical system using a multiplier. Finally, the result of this multiplication is converted from 
the frequency domain back to the time domain, and in this way, it is possible to generate a lens-filtered image. 
[0011] 
Here, in the case of restoring the filter, it is possible to generate an image prior to passing through the lens if 
the filter of the curve of the inverse function of the curve of the transfer function can be obtained in 
accordance with the amount of optical adjustment for the optical system. 
[0012] 
The image restoring method of this invention captures the image after passing through the optical system by 
an aforesaid image processing means, processes the captured image data by the image processing means, 
determines the amount of optical adjustment for the optical system for the image data obtained by the image 
processing means, selects the inverse function of the transfer function according to the amount of optical 
adjustment, and uses the inverse function to restore the image after passing through the optical system to the 
image with the frequency characteristics prior to passing through the optical system. 
[0013] 
Therefore, according to this invention, the following functions are performed. 
In order to generate an image filtered by an optical system lens, an image of a certain block is cropped from 
the original image, and a frequency-domain image is generated from the cropped time-domain image. This 
frequency-domain image can represent the image on the frequency axis. Next, the amount of optical 
adjustment for the optical system is determined, the inverse function of the transfer function corresponding 
to the amount of optical adjustment for the optical system is selected for the image in the frequency domain, 
and the filter using the inverse function is multiplied by a multiplier. Finally, the result of this multiplication 
is converted from the frequency domain back to the time domain, and in this way, it is possible to generate a 
lens-filtered image. 
[0014] 
Here, in the case of restoring the filter, it is possible to generate an image before passing through the lens if 
the filter of the curve of the inverse function of the curve of the transfer function can be obtained in 
accordance with the amount of optical adjustment for the optical system. 
[0015] 
[Embodiments of the invention] 
The following is a description of the embodiments of this invention, referring to the diagrams as appropriate. 
[0016] 
[MTF] 
As the transfer function of an optical system, the optical transfer function (OTF) , which indicates how fine 
a sine wave pattern can be read by an optical system such as a lens, is expressed as a complex number. Its  
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absolute value is called the modulation transfer function (MTF), which indicates the transfer function of the 
amplitude. 
[0017] 
As shown in Fig. 12, the MTF shows the lens characteristics using the spatial frequency on the horizontal 
axis and the MTF on the vertical axis. The spatial frequency on the horizontal axis is the number of sine 
waves per 1mm in the image plane (line pair/mm). The MTF on the vertical axis is the transmittance of this 
sine wave. Therefore, a lens with high transmittance characteristics in the high frequency region is considered 
to be a good lens. 
[0018] 
[MTF measurement method] 
In order to measure MTF, as shown in Fig. 13, the front surface of the entrance pupil 131 is subdivided into 
meshes 133 of equal area, with one light ray 134 corresponding to each mesh 133 subdivision, and all light 
rays are tracked. The segmentation method adopts a segmentation method based on a rectangular-shaped 
mesh 134. Since axial aberration is subject to rotation, the tracking calculation is performed for a quarter 
(1/4) circle 132. The shape to be segmented can be circular, square, or polygonal.  
[0019] 
As shown in Fig. 14, a light ray 142 emitted from a light source 141 passes through the designated position 
of the entrance pupil 143 and is refracted to form a point 145 on the imaging surface 144. When a laser light 
ray 142 is used, the light is not dispersed, and when a single light ray 142 is emitted, it passes through the 
entrance pupil 143 and projects a point 145 on the imaging surface 144. In reality, however, the lens is placed 
before or after the entrance pupil 143. Therefore, due to the characteristics of the lens, the emitted light ray 
142 is affected by aberrations, etc., and as shown in Fig. 15, multiple dispersed points (point image 152) are 
projected on the image forming plane 151. 
[0020] 
Here, the axis of the point image 161 can be divided into two axes, circumferential (Sagittal) 162 and radial 
(Tangential) 163, as shown in Fig. 16. In other words, considering that the point image 161 was formed 
through a spherical lens, the circumferential (Sagittal) 162 direction (S-axis) of the image plane can be 
considered to have the same characteristics. The same can be said for the radial (Tangential) 163 direction 
(T-axis). As shown in Fig. 17, it is possible to obtain the intensity distribution of the point image 171 in the 
circumferential (Sagittal) 172 s direction and the radial (Tangential) 173 t direction. 
[0021] 
In the case of a lens with aberration, the intensity distribution of the image relative to the object point has a 
broadening effect. This point image intensity distribution can be decomposed into a polynomial sine wave 
function consisting of sine waves (cos) at various frequencies by Fourier expansion. The amplitude varies 
with frequency, generally decreasing with higher frequencies. Therefore, since the synthesis of the sine waves 
constitutes the point image intensity distribution, knowing the modulation reduction of the amplitude 
modulation for each sine wave at each frequency indicates the entire imaging performance of the system with 
respect to the object point. Therefore, the MTF can be obtained by Fourier transforming the intensity 
distribution of the point image, and its value is a function of frequency. In the case of lenses, the MTF value 
usually decreases as the frequency increases, and can be considered to be a low-pass filter. 
[0022] 
The MTF can measure more precise lens characteristics by shifting the light ray in the t direction of the 
entrance pupil. In other words, as shown in Fig. 18, the distance shifted in the t direction is proportional to 
the travel distance 184 of the image height of the point where point images 182 and 183 can be obtained on 
the image forming plane 181. 
[0023] 
Here, the point image intensity distribution in the s and t directions can be considered to be the same only in 
the case of On-axis 185. If the positions at which the light ray is shifted in the t direction are 1 and 2, the 
MTF curves of t1, s1, t2, and s2 obtained by Fourier transformation of the intensity distribution of point 
images 182 and 183 are as shown in Fig. 19. 
[0024] 
[MTF curve] 
As mentioned earlier, the spatial frequency on the horizontal axis of the MTF curve is expressed as the   
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number of line pairs/mm. Also, black and white are counted as one piece. In other words, if the highest 
frequency of the MTF curve is 300 line pairs/mm, it can be considered that the lens is capable of representing 
300 white and 300 black line pairs per 1mm. When this is considered in terms of the image, as shown in Fig. 
20, 600 pixels are required to express 300 black and white line pairs each. 
[0025] 
After examining the MTF characteristics of various lenses, it was found that the highest frequency market is 
300 line pairs/mm. Therefore, if 600 or more pixels are cropped from the image, the frequency bandwidth 
can be set to 1:1 with the MTF frequency bandwidth. However, for the convenience of FFT processing, we 
decided to crop 512 pixels and filter at the highest frequency of 256 line pairs/mm. 
[0026] 
Fig. 1 is a diagram of generating a lens-filtered image. 
Thus, in order to generate a lens-filtered image as shown in Fig. 1, a 512x512 image B(2) is cropped from 
the original image A(1), and Fourier transformation (FFT) 3 is applied to image B(2) to generate FFT image 
4. This FFT image 4 can represent the image on the frequency axis. Next, this FFT image 4 is multiplied by 
the MTF filter 5 using a multiplier 6. Finally, inverse Fourier transformation (IFFT) 7 is applied to the result 
of this multiplication to generate a lens-filtered IFFT image 8. 
[0027] 
The same is true in the case of applying restoration filtering. If the MTF filter 5 of the IMTF curve of the 
inverse function of the MTF curve as shown in Fig. 2 can be obtained, it will be possible to generate an image 
before passing through the lens. 
[0028] 
[Details of the MTF restoration filter process] 
The relationship between the image and the MTF curve was described above, and the concept of MTF 
filtering was described. Here, the specific processing is described. The method described here assumes that 
the zooming amount, defocusing amount, and diaphragming amount are determined.  
[0029] 
As shown in Fig. 18, the MTF is measured by changing the image height from the axis of the image forming 
plane in the t direction. Therefore, the MTF is determined by the radius from the center of the image forming 
plane. Therefore, when filtering image B(2) cropped in Fig. 1, the filter to be used is determined by the 
distance from the center of image A(1). Usually, image B31 as shown in 32 of Fig. 3 is filtered, but since the 
image B(2) to be filtered is a square, the filter must be tilted according to the position of the image even if it 
is on the same circle. As shown in 41 of Fig. 4, if the center of image A(1) (x, y) = (0, 0), the difference ( xi, 

yi) 43 between the center of image A(41) and the center coordinates (xi, yi) 42 of image B to be processed 
is calculated, and the angle between the vectors is determined by the arc tangent. As shown in 34 of Fig. 3, 
by tilting the filter by the calculated angle and filtering image B33, filtering can be performed with the same 
characteristics on the circumference. 
[0030] 
Let MTF-Sj(ω) be the MTF curve in the s direction. Let (xi, yi) be the position of the cropped image B(2). 
The angle θ between the vectors can be calculated by arctan(yi/xi). 
[0031] 
When letting B(u,V) be the spatial frequency after the Fourier transformation of the cropped image B, 
filtering can be performed according to the following Equation 1. 
[0032] 
[Equation 1] 
B`(u,v)=B(u,v) MTF-Sj(ω) 
[0033] 
Here, ω can be obtained by ω=u cosθ+v sinθ. 
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Let MTF-Tj(ω) be the MTF curve in the t-direction. When the spatial frequency of the MTF-processed image 
B in the s direction is B`(u,v), filtering can be performed by the following Equation 2. 
[0034] 
[Equation 2] 
B``(u,v)=B`(u,v) MTF-Tj(ω) 
[0035] 
Here, ω can be obtained by ω=u cos(θ+90°)+v sin(θ+90°). 
Let the transfer function Hj(ω) of the restoration filter be the following Equation 3. 
[0036] 
[Equation 3] 
Hj(ω)=1/MTF-Tj(ω) 
[0037] 
Then, the restored image ^F(u,v)is expressed by the following Equation 4. 
[0038] 
[Equation 4] 
^F(u,v)=F(u,v)+Hj(ω) 
[0039] 
If image B(2) of 512x512 is cropped and FFT processed, but simply cropped from image A(1) and filtered 
by the MTF filter 5, it is considered that edges may have occurred at the boundary line between the generated 
IFFT image and the IFFT image. Therefore, the IFFT image generated by filtering may be tiled, resulting in 
a very unsightly image. 
[0040] 
In order to avoid this phenomenon, the actual image to be cropped is made smaller and processed as 512x512 
during FFT processing. 
[0041] 
Fig. 5 shows how a 32x32 image is returned from a 512x512 image. 
A 512x512 image B(52) is cropped from the original image A(51), and a Fourier transform (FFT) 53 is 
applied to image B(52) to generate an FFT image 54. This FFT image 54 can represent the image on the 
frequency axis. Next, the FFT image 54 is multiplied by the MTF filter 55 using a multiplier 56. Finally, an 
inverse Fourier transform (IFFT) 57 is applied to the result of this multiplication to generate a lens-filtered 
512x512 IFFT image. Here, 59 can be generated by cropping the 32x32 IFFT image 58 from the 512x512 
IFFT image. 
[0042] 
In other words, as shown in Fig. 5, the 512x512 image B(52) is cropped from image A(51) in sequence. FFT 
processing 3 is applied to the cropped image B(52), the MTF filter 5 is applied to the FFT image 54, and 
when returning to image A(51), the 32x32 image 58 is returned to generate the reproduced image 59. 
[0043] 
[Detailed processing] 
Fig. 6 shows a block diagram of the internal processing of a digital still camera. 
In Fig. 6, a digital still camera 61 consists of a charge coupled device (CCD) 62, an analog to digital (A/D) 
converting unit 63, and a signal processing unit 65 in the camera system. The signal processing unit 65 
consists of a camera processing unit (CAMDSP: Camera Digital Signal Processor) 65-2, an MTF correcting 
unit 65-1, and a JPEG (Joint Photograph Experts Group) correcting unit 65-3. 
[0044] 
In addition, in the display control system, the digital still camera 61 consists of a display control unit 67, a 
display unit 69, and an external device interface 68 to a display device 70. 
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[0045] 
In addition, in the recording control system, the digital still camera 61 consists of a key input unit 64, a 
camera control unit 66, RAM 72, ROM 73, and a drive 71 for the storage medium 74. The camera control 
unit 66 consists of a CPU 66-1 and a bus interface 66-2. 
[0046] 
When the rough flow of the internal processing of a digital still camera is described using Fig. 6, by obtaining 
the shutter information (shutter button-on information) input from the key input unit (shutter button) 64, the 
CPU 66-1 of the camera control unit 66 starts exposure by CCD 62, and the captured image is incorporated 
from CCD 62 to the A/D converting unit 63. The obtained input image is A/D-converted by the A/D 
converting unit 63, and camera signal processing is applied to the A/D-converted image by the signal 
processing unit 65. Here, MTF correction processing is applied by MTF correction unit 65-1 to the image 
received from the camera processing unit 65-2. The MTF-corrected image is then compressed by the JPEG 
correcting unit 65-3. After that, in the recording control system, the still image is then passed through the 
CPU 66-1, goes through the flash memory card I/F (bus interface 66-2), and is then stored on a memory card 
(storage medium 74) by drive 71. 
[0047] 
In addition, in the display control system, the still image is controlled by the display control unit 67 and 
displayed on the display unit 69, or displayed on a display device 70 via the external device interface 68. 
[0048] 
Fig. 7 shows the determination of the zooming amount, the defocusing amount, and the diaphragming amount. 
Fig. 10 shows a flow chart of the operation of determining the zooming amount, the defocusing amount, and 
the diaphragming amount. 
[0049] 
In Fig. 10, in step S1, the key is read. Specifically, in Fig. 7, the zooming amount is determined by user input 
from the key input unit 64 to the camera control unit 66. Once the zooming amount is determined by the 
camera control unit 66 and the shutter button is pressed in the key input unit 64, the defocusing amount and 
the amount of diaphragming are determined by an exchange between the camera processing unit (CAMDSP) 
65-2 of the signal processing unit 65 and the camera control unit 66. 
[0050] 
In step S2, the lens unit is controlled. Specifically, in Fig. 7, the zooming amount, defocusing amount, and 
diaphragming amount finally determined are input from the camera processing unit (CAMDSP) 65-2 of the 
signal processing unit 65 to the camera control unit 66, and then the camera control unit 66 controls the lens 
unit 76 and diaphragm unit 77 by supplying zoom control C1, defocus control C2 and diaphragm control C3 
to the lens unit 76 and diaphragm unit 77 based on the determined zooming amount, defocusing amount and 
diaphragming amount. 
[0051] 
In step S3, whether or not the shutter button is pressed in the key input unit 64 is determined. Processing and 
determination from step S1 to step S3 are repeated until the shutter button is pressed. 
[0052] 
When the shutter button is pressed in step S3, the image captured from the CCD is read out in step S4. 
Specifically, in Fig. 7, the camera control unit 66 starts the exposure with CCD 62 and reads out the image 
from CCD 62. 
[0053] 
In step S4, the captured image is A/D converted. Specifically, in Fig. 7, the captured image is incorporated 
from CCD 62 to the A/D converting unit 63. The obtained input image is A/D-converted by the A/D 
converting unit 63. 
[0054] 
In step S6, camera signal processing is applied to the image data. Specifically, in Fig. 7, camera signal  
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processing by the camera processing unit 65-2 of the signal processing unit 65 is applied to the A/D converted 
image. 
[0055] 
However, the defocusing amount and the diaphragming amount may be determined in advance by manual 
operation of the lens unit 76 and diaphragm unit 77 by the user. In this case, the camera control unit 66 starts 
exposure by CCD 62 as soon as the shutter button is pressed in the key input unit 64 in step S3. 
[0056] 
[Processing flow of the MTF correcting unit]  
Fig. 8 shows a block diagram of the internal processing of the MTF correcting unit. Fig. 11 shows a flow 
chart of the internal processing of the MTF correcting unit. 
[0057] 
In Fig. 11, in step S11, whether or not all blocks have been processed is determined. If not all the blocks have 
been processed, the specified pixels are cropped from the image (for one block) in step S12. Specifically, the 
image information output from the camera processing unit (CAMDSP) 65-2 is input to the MTF correcting 
unit 65-1 at the signal processing unit 65 as shown in Fig. 8. The zooming amount, defocusing amount, and 
diaphragming amount determined by the camera processing unit (CAMDSP) 65-2 and the camera control 
unit 66 are also input to the MTF correcting unit 65-1 at the same time. 
[0058] 
In step S13, the angle from the image center is calculated based on the position of the block. In step S14, the 
distance from the image center is calculated based on the position of the block to determine the image height. 
In step S15, FFT processing is performed for one block. Specifically, in Fig. 8, the image information input 
to the image input unit 82 is converted into spatial frequency components by the FFT calculation unit 83 
using the image segmentation method described in the section on details of the MTF restoration filter. 
[0059] 
In step S16, the zooming amount, defocusing amount, diaphragming amount, and image height are used as 
keys to select MTF correction filters. 
Specifically, in Fig. 8, MTF correction filtering is performed for each image height using the MTF inverse 
function table 87 based on the results of the FFT calculation by the FFT calculation unit 83. The method of 
MTF correction filtering is as shown in the section on details of MTF restoration filtering. However, since 
parameters including the zooming amount, defocusing amount, and diaphragming amount exist, the MTF 
correction filter in the MTF inverse function table 87 must be determined according to each parameter.  
[0060] 
The MTF correction filter in the MTF inverse function table 87 is selected and determined by referring to a 
predetermined table using the zooming amount, defocusing amount, and diaphragming amount as keys. 
[0061] 
In step S17, interpolation processing of the MTF correction filter is performed. Specifically, if the zooming 
amount, the defocusing amount, or the diaphragming amount does not exist in the MTF inverse function table 
87 in Fig. 8, MTF interpolation processing unit 88 performs MTF correction filter interpolation processing 
for MTF inverse function table 87. 
[0062] 
In step S18, the MTF correction filter is tilted by an angle. In step S19, filtering is performed. In step S20, 
IFFT processing is performed for one block. Specifically, in Fig. 8, the IFFT calculation unit 85 performs 
IFFT calculation to return the result of MTF correction filtering in the spatial frequency domain to the time 
domain. 
[0063] 
Return to step S11 to determine if all blocks have been processed. When all blocks have been processed, the 
JPEG compression process is performed in step S22. Specifically, in Fig. 8, the IFFT calculation result is 
input from the image output unit 86 to the JPEG compression unit 65-3 and the display control unit 67. 
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[0064] 
[MTF inverse function table details] 
As shown in Fig. 9, the inverse function table is a tree structure. The table is assumed to be static and written 
in ROM at the time of production.  
[0065] 
For example, assuming that there are three types of "zooming amount": "zooming amount 1 (91)," … 
"zooming amount 3 (93)," there are three types of "defocusing amount": "defocusing amount 1 (91-1)," … 
"defocusing amount 3 (93-1)," and there are three types of "diaphragming amount": "diaphragming amount 
1 (91-2)," … "diaphragming amount 3 (93-2)," then a total of 27 types of different MTF inverse function data 
shall be written in three combinations of three types each. 
[0066] 
In other words, it is the data obtained from the signal processing unit. Such data is determined in advance 
using the zooming amount, defocusing amount, and diaphragming amount as keys, and consists of MTFs 
from 0 to 100% of the image height. 
[0067] 
In other words, it is assumed that 0 to 100% MTF data 91-3 ... 93-3 are determined for all 27 types of MTFs. 
[0068] 
The zooming amount, defocusing amount, and diaphragming amount are used as keys for the correction 
process, but the processing contents of a series of MTF correction processes for the image described in the 
details of the MTF correction filter remain unchanged.  
[0069] 
[Interpolation processing] 
The zooming amount, defocusing amount, and diaphragming amount are three types, but more detailed 
correction will be possible if the number of types increases.  
[0070] 
The following describes how to dynamically interpolate the MTF correction filter according to the zooming 
amount, defocusing amount, and diaphragming amount based on the MTF data written in the ROM at the 
time of production. 
[0071] 
The tree shown in Fig. 9 is in order from the root to the zooming amount, defocusing amount, and 
diaphragming amount, but since they are independent of each other, the order may also be switched in the 
table generation phase. The order may be interchanged during the table generation stage. In addition, the 
MTF uses data from 0 to 100%, and the more divisions from 0 to 100%, the more accurate the correction 
processing can be. If the number of divisions is small, linear interpolation is used to obtain the data between 
the divisions. However, the interpolation method is not limited to linear interpolation. 
[0072] 
If there is data for 0% and 50% and interpolating between the two, it will become the following Equation 5. 
[0073] 
[Equation 5] 
MTFi = MTF0 - [(MTF0 - MTF5)/5]i 
[0074] 
The zooming amount, defocusing amount, and diaphragming amount are all three types, but if the actually 
measured value is an intermediate value (e.g., between zooming amounts 1 and 2), the actually measured 
value shall be compared with the determined amount, 1 or 2, and whichever is closer shall be selected. 
As processing in case of an intermediate value, linear interpolation of MTF can be used. 
[0075] 
If the zooming amount is an intermediate value between 1 and 2 (MTFi(1.5,1,1)), the defocusing amount is 
1, and the diaphragming amount is 1, then the MTF (MTFi(1,1,1)) of the zooming amount 1, defocusing 
amount 1, and diaphragming amount 1 and the MTF (MTFi(2,1,1)) of zooming amount 2, defocusing amount 
1, and diaphragming amount 1 shall be linearly interpolated. However, the interpolation method is not limited 
to linear interpolation, and other methods may also be used. 
The interpolation formula will become the following Equation 6. 
[0076] 
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[Equation 6] 
MTFi(1.5,1,1)=MTFi(1,1,1)-[MTFi(1,1,1)-MTFi(2,1,1)]/2 
[0077] 
Moreover, it goes without saying that the embodiments of this invention are not limited to the above-
mentioned embodiments of this invention, and other configurations can be adopted as appropriate as long as 
they do not deviate from the scope of the patent claims of this invention. 
[0078] 
[Effect of the invention] 
As the size of lenses tends to become smaller due to the miniaturization of digital cameras and CCDs, MTF 
characteristics become worse as lenses become smaller, and aberrations around the lens periphery are 
becoming more severe. Therefore, a method to restore the lost high-frequency-domain frequency 
characteristics is necessary, and according to this invention, it is possible to achieve the effect that the lost 
high-frequency-domain information can be restored using the inverse function of the lens MTF 
characteristics. 
[0079] 
Since the frequency characteristics of the lens are in the form of polar coordinates from the center of the lens, 
the filter to be used must be selected according to the distance from the center of the lens when filtering the 
image after passing through the lens. However, according to this invention, it is possible to achieve the effect 
of selecting a filter by the amount of optical adjustment such as the zooming amount, defocusing amount, 
diaphragming amount, etc., and then filtering the image after it has passed through the lens. In addition, when 
filtering, the filter must be tilted according to the angle between the lens center and the image to be filtered, 
but according to this invention, it is possible to achieve the effect of enabling filtering by tilting filters with 
the same such characteristics. 
[Brief description of the invention] 
[Fig. 1] It is a diagram of generating a lens-filtered image. 
[Fig. 2] It is a diagram showing the IMTF curve. 
[Fig. 3] It is a diagram showing how to filter by tilting the filter. 
[Fig. 4] It is a diagram showing how to filter with the same characteristics on the circumference. 
[Fig. 5] It is a diagram showing how a 32x32 image is returned from a 512x512 image. 
[Fig. 6] It is a block diagram showing the internal processing of a digital still camera. 
[Fig. 7] It is a block diagram showing the determination of the zooming amount, the defocusing amount, and 
the diaphragming amount. 
[Fig. 8] It is a block diagram showing the internal processing of the MTF correcting unit. 
[Fig. 9] It is a diagram showing the inverse function table of the tree structure. 
[Fig. 10] It is a flow chart showing the operations of determining the zooming amount, defocusing amount, 
and diaphragming amount. 
[Fig. 11] It is a flow chart showing the internal processing operation of the MTF correcting unit. 
[Fig. 12] It is a flow chart showing the MTF curve. 
[Fig. 13] It is a diagram showing MTF measurement. 
[Fig. 14] It is a diagram showing image formation of laser light rays. 
[Fig. 15] It is a diagram showing the point image by the lens characteristics. 
[Fig. 16] It is a diagram showing the division of the point image into two axes. 
[Fig. 17] It is a diagram showing the intensity distribution of the point image in the s and t directions. 
[Fig. 18] It is a diagram showing the travel distance of the image height in the t direction. 
[Fig. 19] It is a diagram showing the obtained MTF curve. 
[Fig. 20] It is a diagram showing that 60 pixels are required for 30 black and white line pairs. 
 
[Description of the reference numerals] 
1 ... Image A; 2 ... Image B; 3 ... FFT calculation; 4 ... FFT image; 5 ... MTF table; 6 ... Multiplication; 7 ... 
IFFT calculation; 8 ... IFFT image; 41 ... Image A(1) center (x, y) = (0, 0); 42 ... Center coordinates of image 
B (xi, yi); 43 ... Difference ( xi, yi); 51 ... Image A; 52 ... Image B; 53 ... FFT calculation; 54 ... FFT 
image; 55 ... MTF table; 56 ... Multiplication; 57 ... IFFT calculation; 58 ... 32x32 IFFT image cropped from 
512x512; 59 ... Generated image; 61 ... Digital still camera;  
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62 ... CCD; 63 ... A/D converting unit and; 64 ... Key input unit; 65 ... Signal processing unit; 65-1 ... MTF 
correcting unit; 65-2 ... Camera processing unit (CAMDSP); 65-3 ... JPEG compressing unit; 66 ... Camera 
control unit; 66-1 ... CPU and; 66-2 ... Bus interface; 67 ... Display control unit; 68 ... External device 
interface; 69 ... Display unit; 70 ... Display device; 71 ... Drive; 72 ... RAM; 73 ... ROM; 74 ... Storage 
medium; 91 ... Zooming amount 1; 91-1 ... Defocusing amount 1; 91-2 ... Diaphragming amount 1; 93 ... 
Zooming amount 3; 93-1 ... Defocusing amount 3; 93-2 ... Diaphragming amount 3

[Fig. 1] [Fig. 2]

Im
ag

e 
B Im

ag
e A

M
TF

 fi
lte

r 

Im
ag

e 
B

FF
T 

im
ag

e 
M

ul
tip

lic
at

io
n 

D
ia

gr
am

 o
f g

en
er

at
in

g 
a 

le
ns

-f
ilt

er
ed

 im
ag

e

Spatial frequency

Diagram showing the IMTF curve

[Fig. 3]

32 Normal filtering 34 Filtering by tilting the filter

31 Image B 33 Image B

Diagram showing how to filter by tilting the filter



(14) JPA2004-328506 (P2004-328506A)

[Fig. 4] [Fig. 5]

[Fig. 6] [Fig. 7]
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[Fig. 8] [Fig. 9]

[Fig. 10] [Fig. 11]



(16) JPA2004-328506 (P2004-328506A)

[Fig. 12] [Fig. 14]

[Fig. 13] [Fig. 15]

[Fig. 16] [Fig. 18]

[Fig. 17] [Fig. 19]
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[Fig. 20]
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