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(54) [Name of Invention] Image processing device, image display device and electronic apparatus

(57) [Abstract]

[Problem to Be Solved] Provide an image processing device,
image display device and electronic apparatus that can
accurately communicate to the user that the quality of the
captured image is insufficient, even when a relatively small,
low-definition display panel is used.

[Means for Solving the Problem] An image processing device
is suitably mounted in a portable device such as a camera-
equipped cell phone or digital still camera that has an image
capturing function. The image processing device determines
the image quality of the input image. The image quality is
determined in terms of exposure, shaking/defocusing, etc., of
the input image. If the image quality of the input image is
determined to be lower than a predetermined standard,
degradation enhancement processing is performed to further
degrade the image quality. Accordingly, if the image quality
of a captured image is lower than the predetermined standard,
the user will see a further degraded captured image on the
display panel of the portable device, and can easily notice that
the image quality of the captured image is poor. Therefore,
the user can perform photographing again to obtain an image
with better image quality, if necessary.

[Selected representative figure] Fig. 7
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[Scope of patent claims]
[Claim 1]

An image processing device, which is equipped with

an image quality determining unit for determining the image quality of the input image, and

a degradation enhancement processing unit to perform degradation enhancement processing to degrade
the image quality of the aforesaid input image if the aforesaid image quality determining unit determines that
the image quality of the aforesaid input image is lower than the predetermined standard, and then output the
image after the said degradation enhancement process.

[Claim 2]

An image processing device as described in Claim 1, wherein the aforesaid image quality determining
unit determines whether or not the aforesaid input image has shaking and defocusing more than a predetermined
amount, and

the aforesaid degradation enhancement processing unit performs a shaking/defocusing enhancement
process to increase the shaking and defocusing if the aforesaid input image has more shaking and defocusing
than a predetermined amount.

[Claim 3]

An image processing device as described in Claim 2, wherein the aforesaid shaking/defocusing
enhancement process applies a spatial low-pass filter to the aforesaid input image.
[Claim 4]

An image processing device as described in Claim 1, wherein the aforesaid image quality determining
unit determines whether or not the exposure of the aforesaid input image is in a range of being above the 1st
standard value and below the 2nd standard value, which is greater than the aforesaid 1st standard value, and

An aforesaid degradation enhancement processing unit that performs exposure enhancement processing
by reducing the exposure of the aforesaid input image if the aforesaid exposure is less than the aforesaid 1st
standard value, and increasing the exposure of the aforesaid input image if the aforesaid exposure is greater
than the aforesaid 2nd standard value.

[Claim 5]

An image processing device as described in Claim 4, wherein the aforesaid exposure enhancement process
transforms the grayscale value of each pixel that constitutes the aforesaid input image.
[Claim 6]

An image processing device as described in Claim 1, wherein

the aforesaid image quality determining unit is equipped with a 1st determining unit that determines
whether or not the aforesaid input image has more shaking/defocusing than a predetermined amount, and a 2nd
determining unit that determines whether or not the exposure of the aforesaid input image is in a range of being
above the 1st standard value and below the 2nd standard value that is larger than the aforesaid 1st standard
value, and

the aforesaid degradation enhancement processing unit is equipped with a 1st processing unit that
performs shaking/defocusing enhancement processing to increase shaking/defocusing when the aforesaid input
image has more shaking/defocusing than a predetermined amount, and a 2nd processing unit that performs
exposure enhancement processing by reducing the exposure of the aforesaid input image if the aforesaid
exposure is less than the aforesaid 1st standard value, and increasing the exposure of the aforesaid input image
if the aforesaid exposure is greater than the aforesaid 2nd standard value.

[Claim 7]

An image display device, which is equipped with an image processing device as described in any one of
Claims 1 to 6 and a display unit for displaying an image after the aforesaid degradation enhancement processing.
[Claim 8]

An electronic apparatus, which is equipped with an image photographing unit that generates the aforesaid
input image, an image processing device as described in any one of Claims 1 to 6, and a display unit that
displays the image after the aforesaid degradation enhancement processing.

[Detailed description of the invention]
[Technical field]
[0001]

This invention relates to an image processing device and an image display device for degrading and
enhancing the captured image data.
[Background technology]

[0002]

Recent camera-equipped cell phones and digital still cameras are configured in a manner to display the
captured image on a display panel, such as an LCD panel on the back of the phone, so that the user can check
the quality of the image. In other words, the user can check whether or not the image quality is good, for
example, whether the exposure was appropriate, whether shaking or defocusing did not occur, and so on, by
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displaying the captured image on the display panel. As a result, if the user determines that the image quality of
the captured image is insufficient, the user can perform photographing again.
[0003]

However, on a low-definition display panel it is difficult to confirm whether or not the image quality is
good, especially whether there is shaking or defocusing. In general, the display panels installed in camera-
equipped cell phones and digital still cameras are relatively small and have low resolution, making it difficult
for the user to accurately determine the presence or absence of shaking or defocusing from the displayed image.
On the other hand, high-definition display panels are expensive and consume a lot of power, so they are
unsuitable for portable devices such as cell phones and digital still cameras.

[0004]

From this viewpoint, a method has been proposed to determine the presence or absence of shaking in a
captured image by increasing the resolution of one unit of the display panel (see Patent Document 1). According
to this method, it is possible to determine whether or not a captured image is defocused.

[0005]

However, since portable devices, especially cell phones, use the display panel for purposes other than
displaying a captured image, the method described in Patent Document 1 has the problem that display data
processing becomes complicated when displaying a normal image.

[0006]

Patent Document 1] Patent Publication No. 2003-162236
Disclosure of the invention]

Problems to be solved by the invention]

0007]

This invention was made in view of the above-mentioned points, and its purpose is to provide an image
processing device, image display device and electronic apparatus that can accurately communicate to the user
that the quality of the captured image is insufficient, even when a relatively small, low-definition display panel
is used.

[Means for solving the problems]
[0008]

In one aspect of this invention, the image processing device is equipped with an image quality determining
unit for determining the image quality of the input image, and a degradation enhancement processing unit to
perform degradation enhancement processing to degrade the image quality of the aforesaid input image if the
aforesaid image quality determining unit determines that the image quality of the aforesaid input image is lower
than a predetermined standard, and then output the image after said degradation enhancement processing.
[0009]

The above image processing device is suitably mounted in a portable device such as a camera-equipped
cell phone or digital still camera having an image capturing function. The image processing device determines
the image quality of the input image, and performs degradation enhancement processing to further degrade the
image quality if the image quality is determined to be lower than a predetermined standard. Therefore, if the
image quality of the captured image is below the predetermined standard, the user will see a captured image
with further degraded image quality on the display panel of the portable device, and the user can easily notice
that the image quality of the captured image is poor. Therefore, the user can perform photographing again as
necessary to obtain an image with better image quality.

[0010]

In one aspect of the above image processing device, the aforesaid image quality determining unit
determines whether or not the aforesaid input image has shaking and defocusing more than a predetermined
amount, and the aforesaid degradation enhancement processing unit performs shaking/defocusing enhancement
processing to increase the shaking and defocusing if the aforesaid input image has more shaking and defocusing
than a predetermined amount. In this aspect, the amount of shaking and defocusing in the input image is
determined, and if it is greater than a predetermined amount, the shaking and defocusing are further enhanced.
Shaking and defocusing can be determined, for example, by frequency analysis of the input image using a
Fourier transform. In this way, the user can easily know that the shaking and defocusing of the input image is
above a predetermined amount.

[0011]

In a suitable example in this case, the aforesaid shaking/defocusing enhancement process can apply a

spatial low-pass filter to the aforesaid input image. By utilizing, for example, an averaging filter (matrix) as a

— e ——
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spatial low-pass filter, shaking and defocusing enhancement can be performed in a simple process.
[0012]

In another aspect of the above image processing device, the aforesaid image quality determining unit
determines whether or not the exposure of the aforesaid input image is in a range of being above the 1st standard
value and below the 2nd standard value, which is greater than the aforesaid 1st standard value, and the aforesaid
degradation enhancement processing unit performs the exposure enhancement processing by reducing the
exposure of the aforesaid input image if the aforesaid exposure is less than the aforesaid 1st standard value,
and increasing the exposure of the aforesaid input image if the aforesaid exposure is greater than the aforesaid
2nd standard value.

[0013]

In this aspect, the exposure is determined as the image quality of the input image. If the exposure is less
than the 1st standard value, the image is determined to be underexposed, and the exposure enhancement process
is applied to further reduce the exposure. On the other hand, if the exposure is greater than the 2nd standard
value, the image is determined to be overexposed and the exposure enhancement process is applied to further
increase the exposure. For the determination of exposure, for example, a histogram of the input image can be
created, and when the percentage of the number of pixels below a certain luminance value relative to the total
number of pixels is large, the image can be determined to be underexposed, and if the percentage of the number
of pixels above a predetermined luminance value relative to the total number of pixels is large, the image can
be determined to be overexposed. In this way, the user can easily know whether the input image is overexposed
or underexposed.

[0014]

In a suitable example of this case, the aforesaid exposure enhancement process can be a process of
transforming the grayscale value of each pixel that constitutes the aforesaid input image. The exposure can be
increased or decreased by converting the grayscale value of each pixel in the input image according to a
predetermined input/output conversion characteristic stored in an LUT or other means, or by uniformly
converting the grayscale value of each pixel by a predetermined number of grayscales.

[0015]

In yet another aspect of this invention, the aforesaid image quality determining unit is equipped with a
1st determining unit that determines whether or not the aforesaid input image has more shaking/defocusing
than a predetermined amount, and a 2nd determining unit that determines whether or not the exposure of the
aforesaid input image is in a range of being above the 1st standard value and below the 2nd standard value that
is larger than the aforesaid 1st standard value, and the aforesaid degradation enhancement processing unit is
equipped with a 1st processing unit that performs shaking/defocusing enhancement processing to increase
shaking/defocusing when the aforesaid input image has more shaking/defocusing than a predetermined amount,
and a 2nd processing unit that performs exposure enhancement processing by reducing the exposure of the
aforesaid input image if the aforesaid exposure is less than the aforesaid 1st standard value, and increasing the
exposure of the aforesaid input image if the aforesaid exposure is greater than the aforesaid 2nd standard value.
[0016]

In this aspect, both the presence and absence of shaking and defocusing, as well as exposure, are
determined as the image quality of the input image. If the shaking and defocusing is greater than a
predetermined amount, the shaking and defocusing is further enhanced. In addition, if it is overexposed, the
exposure is further increased, and if it is underexposed, the exposure is further decreased.

[0017]

In a suitable embodiment, an image display device can be configured with the above image processing
device and a display unit that displays the image after the aforesaid degradation enhancement processing. If the
image quality of the input image is poor, the display unit will display an image in which the input image
degradation is further enhanced.

[0018]

In another suitable embodiment, an electronic apparatus can be configured with an image photographing
unit that generates the aforesaid input image, an image processing device as described above, and a display unit
that displays the image after the aforesaid degradation enhancement processing. In this case, a camera-equipped
cell phone or a digital still camera is suitable as an electronic apparatus. If the image quality of the captured
image photographed by the image photographing unit is poor, the image quality is further degraded before
being displayed on the display unit. Therefore, even if the display unit is a relatively small, low-definition
display panel, the user can easily know that the image quality of the captured image is not good, and can
perform photographing again if necessary.

[Best form to implement the invention]
[0019]
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Hereafter, referring to the figures, a suitable embodiment of this invention will be explained.

[0020]
[Image display device]

First, the image display device to which the image processing device of this invention is applied will be
explained. Fig. 1 is a block diagram showing the schematic structure of the image display device 1 of this
invention. As shown in Fig. 1, the image display device 1 consists of an image input unit 2, an image processing
unit 3, and an image display unit 4. Specific examples of this image display device 1 include a digital still
camera or a camera-equipped cell phone equipped with a display screen.

[0021]

The image input unit 2 consists of an optical lens and charge coupled device (CCD) 8, etc. After the user
has captured an image of an object by operation, the CCD 8 converts the light image of the object into image
data by photoelectric conversion.

[0022]

The image processing unit 3 applies the degradation enhancement processing described below to the input
image data. For example, as shown in Fig. 1, the image processing unit 3 can be configured with a CPU 5,
RAM 6 as working memory, and ROM 7 that stores an image processing program. In such a case, the
degradation enhancement processing according to this invention is stored in the ROM 7 in advance as an image
processing program, and is executed by the CPU 5, which reads out and executes this program. Moreover,
instead of executing the image processing including degradation enhancement processing by software
processing in this way, one unit or all units of the image processing unit 3 can be executed by hardware
processing such as an image processing circuit.

[0023]

The image display unit 4 is a display panel screen for displaying the images input from the image input
unit 2.

[0024]

In the image display device 1, the image data of the captured image photographed by the user using the
image input unit 2 is processed in the image processing unit 3 for degradation enhancement as described below,
and then displayed on the image display unit 4. The user observes the captured image after degradation
enhancement processing on the image display unit 4 and determines whether or not the image quality is
sufficient. Moreover, if the user determines that the image quality is insufficient, the user usually performs
photographing again.

[0025]
[Shaking/defocusing degradation enhancement processing]

In this invention, by displaying a captured image with enhancement on overexposure and underexposure,
and at least one of shaking and defocusing of the image (hereinafter referred to as “shaking/defocusing”), the
user can easily determine the image quality, such as overexposure/underexposure and shaking/defocusing,
through the image display unit 4 even when the image display unit 4 has relatively low definition. For this
reason, the image processing unit 3 determines the exposure and degree of shaking/defocusing of the captured
image, and if it determines that the image quality is worse than the predetermined image quality, image
processing is performed to further enhance the degradation of the image.

[0026]

First, the degradation enhancement processing performed for shaking/defocusing among the image quality
indicators will be explained referring to the figures. Moreover, in general, “shaking” refers to that the object or
camera moves during photographing, resulting in an image that looks as if the object is flowing, while
“defocusing” refers to that the camera does not focus on the object during photographing, resulting in an image
in which the object is blurred.

[0027]

The degradation enhancement processing for shaking/defocusing is first performed by a Fourier transform
of the image data. When the image data is Fourier transformed, the image data is transformed into the frequency
domain. Here, areas where the high-frequency component of the image data converted to the frequency domain
is high are those where the luminance value of the image data changes abruptly. This includes parts where
changes in the image are abrupt, such as the boundary between a person and the background, etc. On the other
hand, areas with many low-frequency components in the image data are those where there are no sudden, abrupt
changes in luminance values and where the image is blurred. Therefore, it can be said that parts in an image
with a lot of shaking or defocusing are parts with many low-frequency components.
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[0028]

Fig. 2 is a functional block diagram of the image processing unit 3 performing the degradation
enhancement processing of shaking/defocusing. In the image processing unit 3, there is a Fourier transform
means 11 that transforms the image data D1 from the image input unit 2 into the frequency domain by Fourier
transform processing, a shaking/defocusing determining means 12 that determines shaking/defocusing based
on the percentages of high frequency components in the image data D2 transformed into the frequency domain
by the Fourier transform means 11, and a shaking/defocusing enhancing means 13, which performs
shaking/defocusing enhancement processing on the image data D1 from the image input unit 2 according to
the determination results of the shaking/defocusing determining means 12. Moreover, each of these elements
can be realized by a CPU 5 executing a program stored in ROM 7 as described above.

[0029]

The Fourier transform means 11 first divides the image into regions of a certain size to reduce the
processing time. Next, it transforms the 2-dimensional image data within a region of a certain area into 1-
dimensional image data. This transformation, for example, takes the luminance of a pixel at pixel (n,m) within
one area as X(n,m) and replaces it with the pixel value Z(k) as in the following Equation 1.

[0030]
Z(n+m) = X(n,m) ... (1)

The transformation shown in Equation 1 means that each element of the matrix, the pixel value X(n,m),
is reordered in order and converted to a vector display-like pixel value Z(n+m).
[0031]

The Fourier transform employs a first-order discrete cosine (Discrete Cosine Form: DCT), and if the input
signal is x(n) and the transform coefficient is X(k), it can generally be expressed as in Equation 2 and Equation
3 below.

[0032]
X(n)
= {2/N}C(k) Zx(n) cos{(2n+1) kn/2N}
(0=n=N-1)...(2)
x(n)
= {2/N}c(k) ZX(k) cos{(2n+1) kn/2N}
(0=k=N-1)...(3)
However, c(n) = 1/72 when n = 0 and ¢(n) = 1 when n # 0.
[0033]

Moreover, other transformation processes, such as Adamar transform, etc., can be used to transform the
image into the frequency domain.
[0034]

An example of image data D2 obtained by Fourier transform processing is shown in Fig. 3. The horizontal
axis indicates spatial frequency, and the vertical axis indicates amplitude. The shaking/defocusing determining
means 12 performs an integral calculation of the graph by considering the range above the predetermined
frequency “a,” which is the threshold value, as the high-frequency component. In other words, the area of the
slanted line part M is calculated. By comparing the area of the slanted line part M with the area obtained by
integrating the graph over the entire frequency range, it is determined whether or not the percentage of the
high-frequency component is less than the predetermined percentage. Here, if the percentage of the high-
frequency component is less than the predetermined percentage, the image is considered to be blurred due to
the low-frequency component, and shaking/defocusing is determined to have occurred.

[0035]

This predetermined frequency “a” and predetermined percentage may be determined in advance at the
time of shipment from the factory of the above-mentioned portable device, or may be determined by operation
of the user.

[0036]

In this way, the shaking/defocusing determining means 12 determines whether or not shaking/defocusing
has occurred by comparing the frequency components of input image data D1 to a predetermined standard.
[0037]

Next, the shaking/defocusing enhancing means 13 filters the image data D1, for which shaking/defocusing
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has been determined to have occurred by the shaking/defocusing determining means 12, with a spatial low-
pass filter. Specifically, the shaking/defocusing enhancing means 13 further reduces high-frequency
components by applying an averaging filter, etc., to the image data D1. As a result, the image data D5, which
is the result of filter processing image data D1, has further reduced high-frequency components, resulting in an
image in which the degree of shaking or defocusing are further enhanced. As a low-pass filter, an averaging
filter matrix (matrix) can be used, in which the luminance value of each pixel is replaced by the average value
of the luminance values of the surrounding pixels. This filter matrix allows the luminance values of the pixels
to change more slowly, so it is possible to obtain the effect of reducing the high-frequency components and
enhancing shaking/defocusing.

[0038]

In this way, the shaking/defocusing-enhanced image data D5 is supplied to the image display unit 4 and
displayed. Therefore, if the captured image has more shaking or defocusing than a predetermined amount, the
image display unit 4 displays an image in which the shaking or defocusing is further enhanced. Therefore, even
if the display panel used for the image display unit 4 is relatively small and has low definition, the user can
easily notice shaking or defocusing in the captured image.

[0039]

As described above, in the degradation enhancement processing which is performed for
shaking/defocusing, a Fourier transform of the image data is performed, and shaking/defocusing is determined
from the percentages of the high-frequency components. If shaking/defocusing is determined to have occurred,
the image data can be filtered to display an image with further enhanced degradation of blurring, and the user
can recognize the shaking/defocusing of the image with further enhanced degradation.

[0040]
[Exposure degradation enhancement processing]

Next, the exposure degradation enhancement processing will be explained referring to the figures. In
exposure degradation enhancement processing, overexposure or underexposure is determined by creating a
histogram of the image data. The histogram is a graph showing the grayscale value and frequency (frequency)
of the image data. The grayscale value indicates the brightness of the image, and in this example, the grayscale
value of each pixel is expressed in 8 bits (0-255). Here, black has a grayscale value of “0” and white has a
grayscale value of “255.”

[0041]

Fig. 4 is a functional block diagram of the image processing unit 3 when performing exposure degradation
enhancement processing. The image processing unit 3 consists of a histogram creation means 21 that creates a
histogram D3 of image data D1 from the image input unit 2, an exposure determining means 22 that determines
overexposure or underexposure based on a histogram D3 created by the histogram creation means 21; and an
exposure enhancing means 23 that performs exposure degradation enhancement processing on image data D1
from the image input unit 2 according to the result of the determination by the exposure determining means 22.
Moreover, each of these elements can also be realized by a CPU 5 executing a program stored in ROM 7 as
described above.

[0042]

The histogram creation means 21 creates a histogram D3 of image data D1. Fig. 5(a) shows an example
of a histogram of grayscale values created by a commonly used method. In this example, the histogram creation
means 21 acquires and processes the image data D1 with 256 grayscale levels. In Fig. 5(a), the horizontal axis
shows the grayscale value, and the vertical axis shows the frequency (number of pixels) of each grayscale value.
In this example, the cumulative frequencies are calculated for each grayscale. Calculating the cumulative
frequencies per grayscale refers to that for each grayscale value, the number of pixels with that grayscale value
is counted and accumulated to create a histogram.

[0043]

The exposure determining means 22 determines overexposure or underexposure based on the histogram
D3. Specifically, in Fig. 5(a), when the percentage of the total number of frequencies (slanted line part L1) of
all pixels in a given grayscale value “b” or less (0 < grayscale value <b) is equal to or higher than the standard
value, the entire image is determined to be underexposed because it is too dark. On the other hand, when the
percentage of the total number of frequencies (slanted line part L2) of all pixels in the specified grayscale value

[TPRL]

¢” or more (¢ < grayscale value < 255) is equal to or higher than the standard value, the entire image is
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determined to be overexposed because it is too bright. Here, the predetermined grayscale values “b” and “c”
and the standard values for overexposure or underexposure may be determined in advance at the time of
shipment from the factory of the above-mentioned portable device, or they may be determined by the operation
of the user.

[0044]

The exposure enhancing means 23 converts (shifts) the grayscale of image data D1 in the case of
overexposure or underexposure. For example, in the case of overexposure, the grayscale values of all pixels
are shifted (increased) by a predetermined value in the direction of making the captured image become brighter.
In addition, if the image is underexposed, the grayscale values of all pixels are shifted (decreased) in the
direction of making the captured image become darker.

[0045]

In addition, the above grayscale conversion process of image data may be performed not by simply shifting
the grayscale value as described above, but by converting the grayscale of the input image according to a
predetermined correction curve. Specifically, the correction curve data that defines the correction curve is
stored in a look-up table (LUT) defined in memory in advance, and the input image data is converted by
referring to it. Of course, the calculation of these conversions may also be performed with a circuit.

[0046]

Fig. 5(b) shows an example of the contents stored in the LUT used for the grayscale conversion process
in the exposure enhancing means 23. In this figure, the dashed line characteristic 103 is the characteristic when
the grayscale conversion process is not executed, and the solid line characteristics 101 and 102 are the
correction curves, which are the input/output grayscale characteristics when the image correction process is
executed. The correction curve 101 has an input/output grayscale characteristic that converts the output
grayscale value in the direction of decreasing the input grayscale value, and the correction curve 102 has an
input/output grayscale characteristic that converts the output grayscale value in the direction of increasing the
input grayscale value. Moreover, the shape of the graphs of the correction curves 101 and 102 are not limited
to those shown in Fig. 5(b), as long as they have such input/output grayscale characteristics.

[0047]

In the case of underexposure, the image data D1 is required to be converted in the direction of making the
captured image become darker, i.e., in the direction that lowers the grayscale value, so a correction curve 101
is used. For example, if it is considered to convert the grayscale value X of an arbitrary pixel as the input
grayscale value, since it is converted as output grayscale value Y1 by the correction curve 101, the output
grayscale value can be reduced below the input grayscale value. Therefore, the correction curve 101 makes it
possible to convert the image data D1 in the direction of becoming darker.

[0048]

On the other hand, in the case of overexposure, the image data D1 must be converted in the direction of
making the captured image become brighter, i.e., in the direction that increases the grayscale value, so a
correction curve 102 is used. For example, if it is considered to convert the grayscale value X of an arbitrary
pixel as the input grayscale value, since the correction curve 102 transforms the output grayscale value as
output grayscale value Y2, the output grayscale value can be increased to be higher than the input grayscale
value. Therefore, the correction curve 102 makes it possible to convert the image data D1 in the direction of
becoming brighter.

[0049]

As described above, in exposure degradation enhancement processing, a histogram of image data D1 is
created, and the percentage of the total number of frequencies at a given grayscale value relative to the total
number of pixels is compared to the standard value to determine whether the image is overexposed or
underexposed. Here, if the image is determined to be overexposed, the grayscale value of image data D1 is
increased and the image data D1 is converted in the direction of making the captured image become brighter.
On the other hand, if the image is determined to be underexposed, the grayscale value of image data D1 is
lowered and the image data D1 is converted in the direction of making the captured image become darker. In
this way, the image data D1 is converted to the image data D6 by exposure degradation enhancement processing
and output to the image display unit 4, allowing the user to recognize overexposure or underexposure that is
further enhanced.

[0050]
[Image degradation enhancement processing]

Next, the image degradation enhancement processing performed by the image processing system 1 will
be explained.

[0051]
(Embodiment 1)
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Fig. 6 is a flow chart of Embodiment 1 for image degradation enhancement processing. Moreover, in
Embodiment 1, the image processing unit 3 is equipped with only shaking/defocusing degradation
enhancement means for performing the shaking/defocusing degradation enhancement processing only.

[0052]

When a user takes a photo of an object, the image input unit 2 converts the captured light image into the
image data D1 by photoelectric conversion using a CCD 8 and sends it to the image processing unit 3 (step S1).
In the image processing unit 3, the image data D1 is first Fourier transformed by a Fourier transform means 11
(step S2). The Fourier transformed image data D2 is determined by the shaking/defocusing determining means
12 to determine whether the percentage of the high-frequency components of image data D2 is less than a
predetermined percentage (step S3).

[0053]

If it is determined that the percentage of the high-frequency components is less than the predetermined
percentage (step S3: Yes), it is determined that shaking/defocusing has occurred in the image data D1, and the
shaking/defocusing enhancing means 13 performs the shaking/defocusing enhancement processing of image
data D1 and outputs it to the image display unit 4 (step S4). On the other hand, if it is determined that the
percentage of the high-frequency component is not less than the predetermined percentage (step S3: No), the
image data D1 is determined to have no occurrence of shaking/defocusing, so the image data D1 is output to
the image display unit 4 as is.

[0054]

In the image display unit 4, if shaking/defocusing has occurred in the image data, the high-frequency
components are reduced by a spatial low-pass filter or the like, so that the shaking/defocusing is enhanced and
then displayed (step S5). Thus, the user can easily check the shaking/defocusing of an image even on a
relatively small, low-definition LCD panel of a digital still camera or a camera-equipped cell phone.

[0055]

Thus, in Embodiment 1, Fourier transform of image data is performed to determine shaking/defocusing
based on the percentage of high-frequency components. Here, if shaking/defocusing is determined to have
occurred, the image data is filtered using a spatial low-pass filter to make it possible to display an image for
which shaking/defocusing degradation is enhanced. Even with only the shaking/defocusing degradation
enhancing means as in Embodiment 1, the user can easily check the shaking/defocusing of the image from the
displayed image, so it is understood that it is very useful.

[0056]

(Embodiment 2)

Fig. 7 is a flow chart of Embodiment 2 for image degradation enhancement processing. In Embodiment
1, the image processing unit 3 is equipped with only a shaking/defocusing degradation enhancing means.
However, Embodiment 2 is equipped with an exposure degradation enhancing means that performs further
exposure degradation enhancement processing, and performs two-step processing.

[0057]

The shaking/defocusing enhancement means in steps S11 to S14 are the same as those in steps S1 to S4
of Embodiment 1, so the explanation is omitted. However, in Embodiment 2, in step S12, a Fourier transform
is performed by the Fourier transform means 11, and at the same time, the histogram is also further created by
the histogram creation means 21 and stored as a histogram D3 in memory such as RAM 6 or the like.

[0058]

After completing the shaking/defocusing degradation enhancement processing of steps S11 to S14, in
order to perform the exposure degradation process, the CPU 5 switches, for example, the program to be
executed, and from the histogram D3 stored in memory, compares the percentage of the total frequency at a
given grayscale value to the total number of pixels with the standard value to determine whether the image is
overexposed or underexposed (step S15).

[0059]

If overexposure or underexposure is determined (step S15: Yes), the exposure enhancing means 23

performs a grayscale transformation of image data D1 according to the LUT correction curve so that the
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captured image becomes brighter in the case of overexposure and the captured image becomes darker in the
case of underexposure, and outputs it to the image display unit 4 (step S16). On the other hand, if neither
overexposure nor underexposure is determined, the image data D1 is output to the image display unit 4 as is.
Therefore, the image display unit 4 can not only display shaking/defocusing after degradation enhancement,
but can also display overexposed or underexposed images after degradation enhancement (step S17).

[0060]

Thus, in Embodiment 2, by performing a Fourier transform of the image data and creating a histogram,
shaking/defocusing degradation enhancement processing can be followed by exposure degradation
enhancement processing. In exposure degradation enhancement processing, the percentage of the total
frequency at a given grayscale value of the histogram relative to the total number of pixels is compared to a
standard value to determine whether the image is overexposed or underexposed. In the case of overexposure,
the image data D1 is converted to make the captured image become brighter, and in the case of underexposure,
the captured image is converted to make the captured image become darker. This allows not only the
enhancement of shaking/defocusing on the display screen, but also to further enhance degradation of
overexposure or underexposure and then display it on the display screen.

[0061]

(Variant example)

Moreover, Embodiment 1 above is an example of executing only shaking/defocusing degradation
enhancement processing, while Embodiment 2 is an example of executing both shaking/defocusing degradation
enhancement processing and exposure degradation enhancement processing, but instead, it is also fine to
perform exposure degradation enhancement processing only.

[0062]

In addition, the actual portable device may also be configured to allow the user to switch between
shaking/defocusing degradation enhancement processing and exposure enhancement processing, or both, as
degradation enhancement processing.

[Brief description of the invention]

[0063]

[Fig. 1] It is a diagram showing the schematic structure of the image processing system according to this
invention.

[Fig. 2] It is a diagram showing the schematic structure of the shaking/defocusing degradation enhancement
processing means.

[Fig. 3] It is a diagram showing an example of the Fourier transform of spatial frequency.

[Fig. 4] It is a diagram showing the schematic structure of the exposure degradation enhancement processing
means.

[Fig. 5] It is a diagram showing an example of a histogram of grayscale values and an example of LUT
transformation.

[Fig. 6] It is a flow chart of Embodiment 1 of the image degradation process according to this invention.

[Fig. 7] It is a flow chart of the 2nd embodiment of the image degradation process according to this invention.
[Description of the reference numerals]

[0064]

1: image processing system; 2: image input unit; 3: image processing unit; 4: image display unit; 5: CPU; 6:
RAM; 7: ROM,; 8: CCD
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