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(57) Abstract: In the present invention, an image capturing condition measurement unit measures image capturing conditions
used when an object image is captured based on radiation that has passed through an object and calculates an added value based
on the image capturing conditions. An X-ray signal reading unit generates image data containing the object image based on the ra-
diation that has passed through the object. An offset correction unit performs an offset correction of the image data with using cor-
rection image data containing a dark current component and then performs an offset correction of the image data with using the
added value.
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Description

Title of Invention: IMAGE PROCESSING APPARATUS, IMAGE

[0001]

[0002]

[0003]

[0004]

PROCESSING METHOD AND PROGRAM
Technical Field

The present invention relates to a technique for offset correction processing to
remove a dark current component from captured image data.
Background Art

With the progress of digital technology in recent years, digitalization of an image
obtained from medical X-ray imaging has been increasingly becoming a common
practice. In place of X-ray imaging using a film for X-ray diagnosis that has widely
been used, X-ray image capturing apparatuses using a planar detector in which
conversion elements that convert an X-ray into an electric signal are two-di-
mensionally placed are beginning to be used. To provide data that is valuable for
diagnosis from digital data (hereinafter, referred to as X-ray image data) obtained from
such an X-ray image capturing apparatus, it is vitally important to connect an image
processing apparatus to a subsequent stage to perform processing such as corrections
of detector characteristics, logarithmic conversions, and gradient conversion on the
data.

An X-ray image capturing apparatus has a characteristic that charges due to a dark
current are accumulated even when image is captured without using X-ray. Thus, in
addition to a charge component of an object signal derived from X-rays that have
passed through an object, a charge component derived from a dark current is added to
X-ray image data not yet processed by the image processing apparatus. The dark
current component could cause artifacts in the image data. To reduce the influence of
the dark current component, offset correction processing is performed in which an
image is captured without using X-ray and the obtained offset correction image data
containing the obtained dark current component is subtracted from the unprocessed X-
ray image data.

However, it is known that the dark current component fluctuates depending on an
operating temperature of the X-ray image capturing apparatus or time in which charges
are accumulated when an image is captured and thus, it is difficult to completely
remove the dark current component by the offset correction processing. Particularly
under image capturing conditions in which temporal fluctuation of the dark current
component increases such as image-capturing of long-time accumulation at high tem-
perature, a region where a pixel value is zero or less may be included in measured data

as a result of performing offset correction processing for a region of a low signal in
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image data. Since it is necessary to replace a region containing the pixel value of zero
or less by a suitable positive value when a logarithmic conversion is performed in a
subsequent stage by the image processing apparatus, the image signal in the region is
lost, so that an artifact in a shape of the region containing the pixel value of zero or less

is generated.
Under such circumstances, a technique for suppressing an artifact caused due to a

loss of an image signal by removing values of zero or less by performing image
processing after adding a bias value determined from the minimum value of X-ray
image data on which offset correction processing has been performed to the whole
image is known (for example, see Japanese Patent Application Laid-Open No.
9-168536).

However, the above conventional technique simply adds a bias value determined
from the minimum value of X-ray image data on which offset correction processing
has been performed to the whole image. Thus, a pixel having a value of zero or less
while containing image information and a pixel (noise component) having an unex-
pectedly low value cannot be distinguished. Therefore, if an unexpectedly low value is
added to the whole image as a bias value, a signal originally represented by a small
pixel value becomes an unnecessarily large value, causing an issue of the dynamic
range being significantly damaged.

Citation List

Patent Literature
PTL 1: Japanese Patent Application Laid-Open No. H9-168536

Summary of Invention

The present invention has been made in consideration of the above situation, and has
as its object to reduce degradation in a dynamic range which is caused when offset
correction processing is performed.

According to the present invention, the foregoing object is attained by providing an
image processing apparatus including a measurement unit configured to measure
image capturing conditions used when an object image is captured based on radiation
that has passed through an object, a calculation unit configured to calculate an added
value based on the image capturing conditions measured by the measurement unit, a
generation unit configured to generate image data containing the object image based on
the radiation that has passed through the object, a first offset correction unit configured
to perform an offset correction of the image data with using correction image data
containing a dark current component, and a second offset correction unit configured to
perform the offset correction of the image data which is offset-corrected by the first

offset correction unit with using the added value calculated by the calculation unit.
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Further features and aspects of the present invention will become apparent from the
following detailed description of exemplary embodiments with reference to the
attached drawings.

Brief Description of Drawings

The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate exemplary embodiments, features, and aspects of the invention
and, together with the description, serve to explain the principles of the invention.
[fig.1]Fig. 1 is a block diagram illustrating an outline configuration of an X-ray image
processing system according to a first exemplary embodiment.

[fig.2]Fig. 2 illustrates a flow of processing of an offset correction apparatus according
to the first exemplary embodiment.

[fig.3]Fig. 3 illustrates a flow of processing of an offset correction apparatus according
to a second exemplary embodiment.

Description of Embodiments

Various exemplary embodiments, features, and aspects of the invention will be
described in detail below with reference to the drawings.

In the description of each exemplary embodiment of the present invention below, a
case where an X-ray image capturing apparatus that captures X-ray image data of an
object using an X ray, which is a kind of radiation, is applied as a radiation imaging
apparatus according to the present invention will be described. The present invention is
not limited to the X-ray image capturing apparatus and can be applied to a radiation
image capturing apparatus that captures a radiographic image of an object using other
radiation (for example, an alpha ray, a beta ray, and a gamma ray).

A first exemplary embodiment of the present invention will be described below. Fig.
1 is a block diagram illustrating an outline configuration of an X-ray image processing
system according to the first exemplary embodiment of the present invention. As il-
lustrated in Fig. 1, an X-ray image processing system according to the present
exemplary embodiment includes a control apparatus 100, an X-ray generator 101, an
X-ray image capturing apparatus 102, an image processing apparatus 103, an image
display apparatus 104, and an image storage apparatus 105.

The control apparatus 100 is connected to the X-ray generator 101 to control the X-
ray generator 101. The X-ray generator 101 irradiates an object with X-rays, and X-
rays that have passed through the object enter the X-ray image capturing apparatus
102. The X-ray image capturing apparatus 102 captures an object image by the
incident X-rays to generate X-ray image data.

The image processing apparatus 103 is connected to the X-ray image capturing

apparatus 102 to perform image processing on the X-ray image data output from the X-
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ray image capturing apparatus 102. The image display apparatus 104 is connected to
the image processing apparatus 103 to display X-ray image data on which the image
processing has been performed and which is output from the image processing
apparatus 103. The image storage apparatus 105 is connected to the image processing
apparatus 103 to store the X-ray image data on which the image processing has been
performed and which is output from the image processing apparatus 103.

The X-ray image capturing apparatus 102 includes an X-ray signal reading unit 1021,
an X-ray image storage unit 1022, an offset correction image storage unit 1023, an
image capturing condition measurement unit 1024, and an offset correction bias added
value storage unit 1025. The image processing apparatus 103 includes an offset
correction unit 1031, a logarithmic conversion unit 1032, and an image processing unit
1033.

The X-ray generator 101 generates an X-ray when an operator operates the control
apparatus 100. The X-ray is irradiated on the X-ray signal reading unit 1021 after
passing through the object, thus X-ray image data is generated. The X-ray signal
reading unit 1021 reads the X-ray image data and stores it in the X-ray image storage
unit 1022.

The X-ray signal reading unit 1021 also generates offset correction image data to
correct a dark current component and stores the offset correction image data in the
offset correction image storage unit 1023. Regarding a method for generating offset
correction image data, any publicly known method for generating offset correction
image data in the technique to correct a dark current may be applied to the present
invention.

The image capturing condition measurement unit 1024 acquires image capturing
conditions when capturing of X-ray image data is started by the X-ray signal reading
unit 1021 to determine an offset correction bias added value. The determined offset
correction bias added value is stored in the offset correction bias added value storage
unit 1025.

Information pieces stored in the X-ray image storage unit 1022, the offset correction
image storage unit 1023, and the offset correction bias added value storage unit 1025
are transferred to the image processing apparatus 103 and used by the offset correction
unit 1031 for offset correction processing.

In the description below, the X-ray image storage unit 1022, the offset correction
image storage unit 1023, the image capturing condition measurement unit 1024, the
offset correction bias added value storage unit 1025, and the offset correction unit 1031
may together be referred to as an offset correction apparatus 106. The X-ray image
capturing apparatus 102 and the image processing apparatus 103 have configurations

to be application examples of an image processing apparatus according to the present
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[0024]  The image capturing condition measurement unit 1024 has a configuration to be ap-

[0025]

[0026]

[0027]

plication examples of a measurement unit and a calculation unit in the image
processing apparatus according to the present invention. The X-ray signal reading unit
1021 has a configuration to be an application example of a generation unit in the image
processing apparatus according to the present invention. The offset correction unit
1031 has a configuration to be application examples of a first offset correction unit and
a second offset correction unit in the image processing apparatus according to the
present invention. The logarithmic conversion unit 1032 has a configuration to be an
application example of a logarithmic conversion unit in the image processing apparatus
according to the present invention.

Image data whose offset correction is completed is logarithmically converted by the
logarithmic conversion unit 1032 in a subsequent stage. If the X-ray image data before
logarithmic conversion contains the value of zero or less, the logarithmic conversion
unit 1032 performs the logarithmic conversion after replacement by a suitable positive
value (for example, 1). Predetermined image processing is performed on the X-ray
image data after the logarithmic conversion by the image processing unit 1033. The X-
ray image data on which the image processing has been performed by the image
processing unit 1033 is displayed by the image display apparatus 104 and also stored in
the image storage apparatus 105.

Fig. 2 illustrates the flow of processing by the offset correction apparatus 106 when
capturing of the X-ray image data is started by the X-ray image capturing apparatus
102. In the first exemplary embodiment, whether to perform offset correction using the
offset correction bias added value is determined before capturing of the X-ray image
data. The operation of the offset correction apparatus 106 according to the present
exemplary embodiment will be described in detail with reference to Fig. 2.

When a capturing operation is performed by an operator, in step S201, the image
capturing condition measurement unit 1024 measures image capturing conditions.
Image capturing conditions refer to at least any one of a radiation dose of X-rays
during image capturing, an operating temperature and humidity of the operating en-
vironment of the X-ray image capturing apparatus 102 during image capturing, a frame
rate of image data generated by the X-ray signal reading unit 1021, whether offset
processing using an offset correction bias added value is performed, a region for
reading charges from the X-ray signal reading unit 1021, accumulation time of
charges, time from the start to the end of the image capturing operation, a image
capturing history, a system noise or sensitivity of the X-ray image capturing apparatus
102. Any publicly known method may be used to measure image capturing conditions.

For example, a memory to store information about a driving method may be prepared
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or a temperature sensor to measure the temperature may be included.

In step S202, the image capturing condition measurement unit 1024 calculates the
offset correction bias added value based on the image capturing conditions acquired in
step S201. The offset correction processing is processing to subtract offset correction
image data containing a dark current component obtained by image capturing without
using X-ray from the X-ray image data.

If the image capturing conditions are such that temporal fluctuation of the dark
current value of the X-ray image capturing apparatus 102 increases and the pixel value
of zero or less occurs when the above offset correction processing is performed, the
image capturing condition measurement unit 1024 sets the offset correction bias added
value to a suitable value greater than zero.

On the other hand, if image capturing conditions are such that temporal fluctuation of
the dark current value of the X-ray image capturing apparatus 102 are small and the
pixel value of zero or less does not occur if the above offset correction processing is
performed, the image capturing condition measurement unit 1024 sets the offset
correction bias added value to zero.

The image capturing condition measurement unit 1024 calculates the offset
correction bias added value from parameters of the image capturing conditions. The
method shown below is known as a method for calculating the offset correction bias
added value from parameters of the image capturing conditions. For example, the
image capturing condition measurement unit 1024 may estimate a relational equation
using the temperature and driving time as variables from the system noise, sensitivity,
and the driving method of the X-ray image capturing apparatus 102, and calculate the
offset correction bias added value by using the relational equation.

Alternatively, optimum offset correction bias added values may be measured under
some image capturing conditions in advance to prepare a table in which the image
capturing conditions and the offset correction bias added value are associated with
each other. Then, the image capturing condition measurement unit 1024 may select
data closest to the image capturing conditions to determine the offset correction bias
added value after weighting.

In step S203, the X-ray signal reading unit 1021 generates the X-ray image data by
image capturing. In step S204, the offset correction apparatus 106 performs offset
correction processing. Details of the offset correction processing in step S204 will be
described below.

The offset correction unit 1031 acquires X-ray image data 2041 from the X-ray
image storage unit 1022. The offset correction unit 1031 also acquires offset correction
image data 2042 from the offset correction image storage unit 1023. The offset

correction unit 1031 also acquires an offset correction bias added value 2043 from the
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offset correction bias added value storage unit 1025.

Then, the offset correction unit 1031 subtracts the offset correction image data 2042
from the X-ray image data 2041 and adds the offset correction bias added value 2043
thereto. Accordingly, offset corrected image data 2044 is generated. If zero is de-
termined as the offset correction bias added value by the image capturing condition
measurement unit 1024, the offset correction bias added value 2043 is not added.

By adding the offset correction bias added value calculated from the image capturing
conditions to the X-ray image data, as described above, a pixel having a value of zero
or less while containing image information and a pixel (noise component) having an
unexpectedly low value can be distinguished. Therefore, according to the present
exemplary embodiment, since no extra pixel addition is performed, X-ray image data
valuable for diagnosis can be provided without causing significant degradation in the
dynamic range.

Next, a second exemplary embodiment of the present invention will be described.
While an X-ray image processing system according to the second exemplary em-
bodiment of the present invention has a configuration similar to the configuration of
the X-ray image processing system according to the first exemplary embodiment il-
lustrated in Fig. 1, processing of the offset correction apparatus 106 is different from
the processing of the offset correction apparatus 106 in the first exemplary em-
bodiment.

Fig. 3 illustrates the flow of processing of the offset correction apparatus 106 in the
second exemplary embodiment of the present invention. In the second exemplary em-
bodiment, whether to perform the offset correction using the offset correction bias
added value is determined after capturing of the X-ray image data. The operation of the
offset correction apparatus 106 according to the second exemplary embodiment will be
described in detail with reference to Fig. 3.

When an image capturing operation is performed by an operator, in step S301, the X-
ray image data is captured by the X-ray signal reading unit 1021. In step S302, the
offset correction apparatus 106 performs first offset correction processing.

In the first offset correction processing, the offset correction unit 1031 acquires X-ray
image data 3021 from the X-ray image storage unit 1022 and offset correction image
data 3022 from the offset correction image storage unit 1023. Then, the offset
correction unit 1031 subtracts the offset correction image data 3022 from the X-ray
image data 3021. Accordingly, first offset corrected image data 3023 is generated.

In step S303, the image capturing condition measurement unit 1024 measures the
image capturing conditions. The image capturing conditions measured here are similar
to the image capturing conditions measured in the first exemplary embodiment. The

difference from the first exemplary embodiment is that the first offset corrected image
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data 3023 is calculated before measurement of the image capturing conditions in step
S303 and thus, the first offset corrected image data 3023 is added to the image
capturing conditions.

In step S304, the image capturing condition measurement unit 1024 calculates an
offset correction bias added value 3051 used for second offset correction processing
(step S305) from the image capturing conditions measured in step S303.

In addition to the method described in the first exemplary embodiment, the offset
correction bias added value 3051 can be calculated as follows. For example, the offset
correction bias added value 3051 calculated temporarily and an absolute value of the
minimum pixel value in the first offset corrected image data 3023 may be compared. If
the temporarily calculated offset correction bias added value 3051 exceeds the absolute
value of the minimum pixel value in the first offset corrected image data 3023, the
offset correction bias added value 3051 may be set to zero. Accordingly, pixels
exceeding the minimum pixel value due to a measurement error can be prevented from
being added.

In step S305, the offset correction apparatus 106 performs the second offset
correction processing. More specifically, the offset correction unit 1031 adds the offset
correction bias added value 3051 to the first offset corrected image data 3023. Ac-
cordingly, second offset corrected image data 3052 is generated.

In the second exemplary embodiment, whether to perform the second offset
correction processing, that is, whether to perform offset correction processing using the
offset correction bias added value is determined after the first offset correction
processing. Therefore, according to the present exemplary embodiment, even if the cal-
culation of the offset correction bias added value fails, it is possible to ensure that the
dynamic range is not lower than that when the bias value is determined simply from
the minimum pixel value of the first offset corrected image data. Further in the present
exemplary embodiment, like in the first exemplary embodiment, an effect which can
provide X-ray image data valuable for diagnosis without causing significant
degradation in the dynamic range is obtained.

Aspects of the present invention can also be realized by a computer of a system or
apparatus (or devices such as a CPU or MPU) that reads out and executes a program
recorded on a memory device to perform the functions of the above-described em-
bodiment(s), and by a method, the steps of which are performed by a computer of a
system or apparatus by, for example, reading out and executing a program recorded on
a memory device to perform the functions of the above-described embodiment(s). For
this purpose, the program is provided to the computer for example via a network or
from a recording medium of various types serving as the memory device (e.g.,

computer-readable medium).



WO 2011/132379 PCT/JP2011/002124

[0047]

[0048]

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all modifications, equivalent structures, and
functions.

This application claims priority from Japanese Patent Application No. 2010-098053,
filed April 21, 2010, which is hereby incorporated by reference herein in its entirety.
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Claims
An image processing apparatus comprising:
a measurement unit configured to measure image capturing conditions
used when an object image is captured based on radiation that has
passed through an object;
a calculation unit configured to calculate an added value based on the
image capturing conditions measured by the measurement unit;
a generation unit configured to generate image data containing the
object image based on the radiation that has passed through the object;
a first offset correction unit configured to perform an offset correction
of the image data with using correction image data containing a dark
current component; and
a second offset correction unit configured to perform the offset
correction of the image data which is offset-corrected by the first offset
correction unit with using the added value calculated by the calculation
unit.
The image processing apparatus according to claim 1, wherein the
image capturing conditions include at least one of a dose of a radiation
during image capturing, an operating temperature of a radiation
imaging apparatus including the generation unit during image
capturing, humidity of an operating environment of the radiation
imaging apparatus, a frame rate of the image data generated by the
generation unit, whether to perform an offset correction using the added
value, a reading region of charges from the generation unit configured
to generates the image data, accumulation time of charges in the
generation unit, time from a start of an image capturing operation to an
end of the image capturing operation, an image capturing history,
system noise of the radiation imaging apparatus, and sensitivity of the
radiation imaging apparatus.
The image processing apparatus according to claim 2, wherein the
image capturing conditions further include the image data corrected by
the first offset correction unit.
The image processing apparatus according to claim 1, wherein the
second offset correction unit determines whether to perform the offset
correction using the added value according to the image capturing
conditions.

The image processing apparatus according to claim 1, further
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comprising a logarithmic conversion unit configured to perform a log-
arithmic conversion in a subsequent stage of the second offset
correction unit.

An image processing apparatus comprising:

an image capturing condition acquisition unit configured to acquire
image capturing conditions used when an image of an object is
captured;

a radiographic image acquisition unit configured to acquire a ra-
diographic image based on radiation that has passed through the object;
a fixed pattern noise acquisition unit configured to acquire fixed pattern
noise of the radiographic image; and

an offset correction unit configured to perform an offset correction of
the radiographic image based on an added value based on the image
capturing conditions and the fixed pattern noise.

A method executed by an image processing apparatus, the method
comprising:

measuring image capturing conditions used when an object image is
captured based on radiation that has passed through an object;
calculating an added value based on the measured image capturing
conditions;

generating image data containing the object image based on the
radiation that has passed through the object;

performing a first offset correction of the image data with using
correction image data containing a dark current component; and
performing a second offset correction of the image data which is offset-
corrected by the first offset correction with using the calculated added
value.

A program for causing a computer to perform processing, the program
comprising:

measuring image capturing conditions used when an object image is
captured based on radiation that has passed through an object;
calculating an added value based on the measured image capturing
conditions;

generating image data containing the object image based on the
radiation that has passed through the object;

performing a first offset correction of the image data with using
correction image data containing a dark current component; and

performing a second offset correction of the image data which is offset-
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corrected by the first offset correction with using the calculated added

value.
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