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DESCRIPTION

Title of Invention

EDGE ADAPTIVE GAIN ADJUSTMENT IN IMAGE ENHANCEMENT BY FREQUENCY

DECOMPOSITION

Technical_Field

[0001] The present invention relates to an image processing
apparatus and an image processing method for emphasizing or
suppressing a prédetermined'frequency component in an iﬁage

signal.

Backg:ound Art

[0002] A number of image processing techniques for
performingfrequencyemphasistoiﬁprovetheradiographicimage
diagnostic performance have been proposed. ETequencyemphésis
ér suppression is performed by generating a plurélity of
band-limited images representiné frequency components in a
certain limited fre@uency band based on an originai image, and
then emphasizing or suppressing frequency components for each
band-limited image. Methods for generating a plurality of
band-limited images utilize Laplacian pyramid decomposition,
wavelet transfdrm, and unshar?‘masking; For example, when
unsharpn@skingjjsused,eaband—limitedjﬂwgeihﬁis represented
by formula (1).

[0003]

(Math. 1]
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Hy, (%,Y) = Sutv1 (%, ¥) = Sy (%)

where Sysivy indicates a defocused image.

[0004] Z&defocusedimageEiwowithlﬂz=()indiéateseﬂuoriginal

image Sorg. LV is an index for‘band—limited.images. Generating

defocused images having different frequency response

characteristics enables acquiring various band-limited imagés.
When a band-limited image having the lowest frequeﬁcy is
referred to as a low-frequency image L, a relation between the
low-frequency image L and the original image is represented by
formula (2).

[0005]

[Math. 2]

LvMax

So (57) = > Hp, (%) +L(%,y)

Lv=1 ‘
: (2)

[0006] © This means that summing up decomposed band-limited
images reconstructs the original image. Band-limited iméges
other than the low-frequency image 1. are referred to as
high-frequency images. -Applying’gain adjﬁstment to
high—frequency‘images by using‘a gain coefficient o according

to formula (3) enables generating images processed through

various types of frequency emphasizes or suppressions.

[0007]

[Math. 3j

;_,v (X’ Y) = HLV (X, Y) + (G‘L\; = I)X HLV(X9 Y)
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[0008] The gain coefficient o is set for each frequenCy]oaﬁd.
Increasing the gain coefficient o enables emphasizing the
relevant frequency band component. Decreasing the gain
coefficient o enables suppressing‘the relevant frequency band
component. However, emphasis processing based on the constant
o causes identical emphasis processing for all components.
Specifically, emphasis processing based on the constant o
emphasizes not only edge éomponents (target of emphasis) but -
also noise components, causing a problem that a desired effect
ofemphasiscannotbeacquired.‘Tocopewiththeproblem,there
has beén discussed a technique for detecting only edge
components from high-frequency images and emphasizing edges to
acquife an effect of emphasiéing only edges (refer to Japanese
Patent Application Laid-Open No. 9-248291 and Japanese Patent

Application Laid-Open No. 2005-296331). In particular,

- Japanese Patent Application'Laid—Open No. 2005-296331

discusses a technique for decomposing an original imége into
a plurali;y of band-limited high—ffequency images and
performingémphasisprocessing,i.e.;atechniquefordetecting
edges and applYing emphasis processing to edges for each

frequency band.

Summary of Invention

[0009] According to an aspect of the present invention, an
image processing apparatus includes a frequency component
genefation means for generating a plurality of frequency

component images based on an original image, a coefficient
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acquisitionmeans for acquiring a gain coefficient for applying

gain correction to at least one of the plurality of frequency

. component images, a detection means for detecting edge

information of at least one of the pluralify of frequency
componént images based on the gain coefficient, a gain
adjustment means for adjusting a gain of at least onerf the
plurality of frequency componént images based on the gain
coefficient and the edge information, and a processed im%ge
generation means for generating a processed image‘based on at
least one of the plurality‘of frequency component images with
the gain adjusted by the‘gain adjustment means;

[0010] 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

[0011] The accbmpanying drawings, which are incorpdrated in
and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the invention
and, together with the descrlption, serve to explain the

principles of the invention.

- [0012]

[Fig. 1] Fig. 1 illustrates an example configuration of an .
imageprocessingapparatusaccordingtx>aneXemplaryembodiment
of the present invention.

[Fig. 2] Fig. 2 illustrates computer functions for‘attainingv
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the image processing apparatus éccording té the present
exemplary embodiment.

[Fig. 3] Fig. 3 is a flowchart illustrating processing by
the image processing apparatus according to the present
exemplary embodiment.

[Fig. 4] Figs. 4A, 4B, 4C, and 4D illustrate examples of
methods for calculating a gain coefficient correction value
according ﬁo the present exemplary embodiment. |

[Fig. 5] Fig. 5 illustrates an example of edge detection by.

. using a moment operator.

[Fig. 6] Fig. 6 illustrates a diagram for describing a

reference distance.

Description of Embodiments

[0013] -Variousexemplaryembodiments,featureé,andaspects.
of the invention will be described in‘detail below‘with
reférence to the draWings.

[0014] . Fig. 1 illustrates an example configuration'of an
imageprocessingapparatusaccordingtoenlexemplaryembddiment
of the present invention,ifor example, a configuration of an
X—ray image processing apparatus. As illustrated in‘Fig. 1,
the X—fay image procéssing apparatus includes a frequency
component generation unit 101, a gain coefficiént‘acquisition
unit 102, a gain coefficient correction value calculation unit
103, a gain adjustmentjunit‘104, and a processed image
generation unit 105.

[0015] The frequency component generation unit 101 receives
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an image formed.by applying predeterﬁined pre—pfoceSsing‘to an
X-ray image vauired.by anix?ray sensor, generates based on the
input image a plurality of high-frequency imagés and a
low-frequency image representing frequency components in a
certain limitea frequency band, and outputs the generated

images.- The gain coefficient acquisition unit 102 having

- user-set frequency response characteristics related to

frequency‘emphasis outputs a gain coefficient required for

frequency emphasis processing. The gain coefficient

.correction value calculation unit 103 receives the gain

coefficient output from the gain coefficient acquisition unit
102, calculates a gain coefficient éorrection value for
correéting the gain coefficient, and outputs the calculated
gain coeffiéient'correétion value. Calculation of the gain
coefficient correction value is bésed on a method for
calculating the gain coefficient c¢orrection ?alue
corresponding to the gain coefficiént.

[0016] The gain adjustment unit 104 receives the
high-frequency images output from the frequency cOmponent
generation unit 101, the gain coefficient output fronlfhe gain’
coefficient acquisition unit 102, and the gain coefficient
correction value output from the gain coefficient correction
value qalculation unit 103. The gain adjustment unit 104
adjusts the high-frequency images based on the gain coefficient’
corrected by using the gain coefficient correction value, and
outputs the. result of the adjustment. The précessed image

generation unit 105 receives the result of the adjustment of
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the high-frequency images by the gain adjustment unit 104 and
the low~frequency image output from the frequency component
generatioé unit 101, reconstructs an image,  and oﬁtputs the
reconstructed image.

[0017] Figf 2 illustrates a case where the image processing
apparatﬁs illustratédjleig.]_is attained by using a personal
computer (PC). A control PC 201, an X-ray sensér 202,‘and an
X—raygenératoerOareconnectedviaancmmicalfiber222; The
signal line for connecting the control PC 201, the X-ray sensor
202, and the X—réy generator 2101may not be an optical fiber.
Further, the control PC 201, the X-ray sensor 202, and'ﬁhe.X—ray
generator 210 may be connected té be able to communicate with
one another via a network such as a Controller Area Network (CAN)-
and,Gigabit Ethernet (régistered trademark). A display unit
209, a storage unit 211, and a network interface 212 are
cénnecﬁed to the thical fiber 222.

[0018] The control PC 201 includes a central processing unit
(CPU) 203, a randonlaccess memory (RAM) 204, a read only memory. .
(ROM) 205, an input unit 206, a display unit 207, and-a storage
unit 208. The CPU 203, the RAM 204, the ROM 205, the input unit
206,thedis§layunit207,andthestorageunit208areconnectedv,
to be able to communicate with one anotherf'for example, via
a bus 221. A command is sent to the X-ray sensor 202 and the
display unit 209 via the control PC 201. 1In the control PC 201,
detailed processing for each photographing mode is stored in
the storage unit 208 as software modules. The CPU 203 loads

a software module into the RAM 204 and then executes the module
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based on an instruction from an instruction unit'(not
illustrated). Althougheachof theunits 101 to105illustrated
in Fig. 1 is stored in the storage unit 208 aseasoftwarelnodule,.
the present exemplary embodiment is not limited thereto. For
example, each of the units 101 to 105 illustrated in Fig. 1 may
be'implemented as a dedicatediimage processing board so that
optimum implementation is achieved according to the purpose.
{0019} X—rayimageprocessingapparaﬁusesaccordingtx>first
to fourth cxemplary embodiments will be described in detail
below.

[0020] - A first exemplary embodiment of the present invention
will be described below.

(0021] Image processing according to the first exemplary
embodiment will be described below with reference to the block
diagram illustfated in Fig. 1 and the flowchart illustrated in
Fig. 3. 1In step‘BOl, the CPU 203 acquires an X-ray image by
using the X-ray sensor 202.

[0022] In step 302,’the CPU 203 applies pre-processing to
the acquired X-ray image. The pre-processing includes,.for
example, processing for ccrrecting the characteristics of the
X-ray sensor 202, such as offset correction, logarithmic
conversion, gain correction, defect correction, etc., and grid
fringe suppression processingbfor suppressing grid moire. Aé
fequired, processingifor improving-the signal-to-noise (S/N)
ratio such as processing for reducing random noise may be
performed as pre-processing.

[0023] In step 303, the frequency component generation unit
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101 generates a pluraiity of high—frequency images and a
lbw—frequency image based on the pre-processed original image.
Methods for generating band-limited images utilize Laplacian
pyramid<jecompositi§n and wavelet transform. Although, in the
present exemplary embodiment, high—frequency images
effectiﬁely—acquired through downéampling are limited, at
least one high-frequency image 1is required.

[0024] In step 304, the gain coefficient acquisition unit_
102 sets the gain coefficient. The valﬁe of the gain
coefficient is represented by o in formula (3),andjj;specified
for each frequency band by the user. The value of the gain
coefficient amay be directly‘specified by the user .or bspécified
by using an automatic conversion method. With this ﬁethod, a
frequencyresponéecharacteristicsgenerationtooljjsprepared,
frequency response characteristics are generated without being
conSciQué of the gain coefficient o, and the frequéncy’response
characteristics are automatically converted intolthe gain
cbefficient A.

[0025] In step 305, the gain coefficient correction value

- calculation unit 103 selects a method for calculatiﬁg the gain

coefficient correction value by using the value of the gain
coefficient o specified by the gain coefficient acquisition’
unit 102. Correcting the gain coefficient refers to reducing
the gain coefficient for pixels other than an edgé to
selectively apply emphasis processing only to edge components
in high-frequency images. Therefore, the method for

calculating the gain coefficient correction value refers to a
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method for detecting edge components of high-frequency images

"and outpbutting a value for correcting the gain coefficient based

on the result of the detéction. In the present exemplary
embodiment, a plurality of edge detection methods is provided
amdanedgedetectionn@th@disselectedfdreachfrequencyband
based on the gain coefficient. |

[0026] Fig. 4A illustrates an example of a table for
selecting an edge detection method. As illﬁstrated.in Fig. 4A,
a plurality of edge detection methods with different types of
noise immunity is provided. Selection;is made in such a way
that an edge detection method providiné higher noise immunity |
is selected for a smaller gain coefficient value, thus
preventing noise from being erroneously detected as an edge:
In the example illustrated in Fig. 4A, with a smaller géin
cqefficient value, an edge detection method providing higher
noisevimmunity is assigned. Such methods include a moment
operator using an integrated value as a feature quantity for
edge detection, and a percentile filter periding a threshold
in the absolute‘value of a signal component.

[0027] . In step 306, the géin coefficient correction vaiue
calculation unit 103 outputs a gain coefficient correction

value calculated by using an edge detection method selected in

» processing for selecting a method for calculating the gain

coefficient correction value. The result of the edge detection
applied to target high-frequency images, i.e., edge information
isreflectedas the gaincoefficient correctionvalue. The edge

detection processing may be directly applied to high-frequency
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images or performed by using an indirect processing'method.

With this method, the original image S.rg or the defocused image

Sus represented by formula (1) is processed aﬁd the result of

the processing is iﬁdirectly used.

5 [0028] Asﬂan edge detection method, a case where the moment
operator is selectédﬁwill be described below with reference to
Fig. 5. ThHe method for'using the moment operator indirectly
appliesedgedetectionofkdgh—frequencyimaéestx)theoriginal
image. In step 501, the gain coefficient correction valué

10 calculation unit 103 sets a local:regioﬁ afound a pixel
‘subjected to processing. In step 502, the gain coefficient
correction value calcuiation unit 103 calculates zeroth- ahd
first-order moments in the local region. Each moment is
calculated by formula (4).

15 t0029]

[Math. 4]

'm{)() = ZZSO!*g(X? y)
Xy
mw = Z 2 X Sorg(xﬂ Y)
X ¥y .
m,, = ZZ y ) Sm‘g (X’ y)
' X y .

(4)
[0030] In formula (4), mgo indicates the zercth-order moment,

Mg indicates the first-order moment in the x direction, and

20 mg; indicates the first-order moment in the ydirection. In step
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503, the1gain<:oefficién£.correctiorlvalue calculatiénxunit 103
calculates the éoordinates.of,the center of gravity based on
the first-order moment. Since the center of gravity refers to.
a position in a state of equilibrium of force, the coofdinates
(gx, gy) can be calculated by formula (5).
[0031]

[Math. 5]

ZZX Sorg (%o ¥) = Zzgx Serg (X5Y)
ZZY S (X,¥) = Zzgy Sorg(x y)

m
10 Rt 1 8
- (ex.gy)=
My, moo
(5)
[0032]  In step 504, the gain coefficient correction value

calculation unit 103 calculates the distance between the
cQordinatés of the center of gravity and the coordinates of the _
center of the local region byvusing formula (6).
[0033]

[Math. 6j

A =+(cx ~gx) +(cy —gy)

(o)
(00347 When an.edge exlists in the local region, the centér
of gravity shifts from the center of‘the iocal region and
£herefore the value of A calculated by formula (6) increases.

Otherwise, when no edge exists in the local region, the center
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of gravity becomes very close to the center of the local region

and therefore the value of A calculated by formula (6) decreases.

‘Therefore, the value of A calculated by formula (6) serves as

- a feature quantity for edge detection. Since the value of A

calculated by formula (6) is an absolute value and difficult
to use as it is, the value is normalized last in the present
exemplary embodiment. In step 505, the gain coefficient
correctionvaluecalcuiationunit103normalizesthecalculated
value of A in terms ef a reference distance Apase LO calculate
Anorm aecording to formula (7).

[0035]

[Math._7]

WhenA<SA, A =A7Ay,

WhenA> Ay, Ao =1

| (7)
[0036] The reference distance Apase 15 calculated by formula
{6) when an edge of a predetermined difference d exists in the
local region as illustrated in Fig. 6. Using the edge feature
quantity at the predetermined difference d as a reference value
means that the predetermined differenceciis a target edge. If
the value of A in each local region calculated by formula (6)
is larger than the edge feature quantity, an edge is determined
to exist. Otherwise, if the value of A is smaller than the edge
feature quantity, the probability that an edge exists is
determined to be small. Therefore, when the value of Anorm

normalized in terms of the reference distance Apsse 18 1, the
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»edge detection featuré quantity is maximized,'meaning that an
edge exists. Otherwise, when the value of Aperm 1s 0, the edge
detection feaﬁure quantity is minimized, meaning that no edge
exists. The value of Aperm is between 0 and 1f The closer to
1 the value of Oporm, the higher the probability. that an edge
exists. . The closer to 0O the value of Aporm, the lower the
probability that an edge exists. 1In the present exemplary
eﬁbodiment, the value of Ahmm serves as thevgainrcoefficient
correction value.
[0037] In step 307, the gain adjustment unitA104 adjusts
high-frequency images by using formula (8).
[0038]
[Math. 8]

w(xy) =Hy, (x,y) +C(x,y) - (o, —1)x Hy, (x,y) o
where o indicates the value of the gain coefficient specified
by the gain coefficient acquisition unit 102, and C indicates
the gain coefficient correction value calculated by the gain
coefficient correction value calculaﬁion unit 103.
[0039] = For a region which is highly likeLy to be an edge,
thevgaih coefficient correction value C is close to 1 and
therefore high-frequency images will be adjusted.based‘oh a
value close to the gain coefficient value. For a region which
is highly likely not to be an edge, the gain coefficient
correction value C is close to 0 and'therefore is adjusted with
the gain coefficient value reduced. The gain adjustment unit

104 performs high-frequency image adjustment processing by
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usingthegaincoefficientcxandthegaincoefficientcorrection

value C oh a pixel basis.

[0040] In step 308, the processed image generation unit 105
reconstructs an image based on gain-adjusted high—frequeney
images H'. Replacing high-frequency images H represented by
formula (2) with high-frequency images H' enables generating
a gain-adjusted reconstructed image.

[0041)] - In step 309, the image processing apparatus applies

post-processing such as geometric conversion and. WW (window

width) /WL (window level) to the image reconstructed by the

processed image generation unit 105. In step 310, the image
processing apparatus outputs the processed image to a monitor
Or memory.

[0042] Repeatingtﬁm&above—describedpmocessingjjlsteps304
to 307 for each frequency band eénables performing edge detection
optimized for each‘frequency‘band, and acquiring the gain
correctioncoefficientvalueaccording1x>theresultcﬁftheedge
detection. Using these Value.enables performing selective .
frequency emphasis processing immune to noise effects and

acquiring an image having a further effect of emphasis while

maintaining the user-selected frequency response.

[0043] A second exemplary embodiment of the present
invention will be described below.

[0044] In the firs’e exemplary embodiment, a plurality of edge
detection methods has been described as a plurality of methods

for calculating the gain coefficient correction value. 1In the
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secondexemplaryembodiment,aimethodfortnjlizingeaplurality
of output results based on an identical detection method will

be described below. Image processing according to the second

exemplary empodiment will be described below with reference to

the block diagram illustrated in Fig. 1 and the flowchart

illustrated in Fig. 3. The processing in stéps 301 to 304 is

‘similar to. the relevant processing in the first exemplary

embodiment, and-redundahtrdescription will be omitted.
[00451 in step 305, the gain coefficient correction value
calculation unit 103 selects a method of calculating the gain
coefficient correction value by using the value of gain
coefficient o specified by the gain coefficient acquisition
unit 102. As describéed above, the method for calculating.the
gain coefficient correction value refers to a method for
deteéting edge components of high—frequeﬁcy images andv
outputting a value for gorrecting the gain coefficient based
on the result of the detection. 1In the present exemplary
embodiment,eapluralitycﬂfdetection sensitivities is provided

for one edge detection method and an edge detection sensitivity

is selected for each frequency band based on the gain

~coefficient.

[0046] Fig. 4B illustrates an example of a relatioﬁ between
the edge detection sensitivity and the gain coefficient. The
edge detection sensitivity indicates the sensitivity for

detecting an edge. The higher the edge detection sensitivity,
the higher the possibility of recognition as an edge. Withb

higher edge detection sensitivity, on the other hand, pixels
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other than‘an edge, such as noise, are more likely to be
erroneously recognized as an edge. Accordingly, as
illustrated in Fig. 48( the edge detection senéitivity
decreases with decreasing gain‘coefficient. When the gain
coefficiéntissettx>asmallvalue,thedominantfrequencyband
is noise and therefore erroneous rebognition is prevented.
When the gain coefficient is set to a large value, processing
is perfoimed with a.predetermined detection sensitivity Sp.
Altefnatively, the gain coefficient may be set to a value larger
than the detection'sensitivityisD to enable more minute edge
detection.

[0047] For example, a case where the moment operafor‘is used
as the edge detection method and the edge detection sensitivity
is changed will be described below. The edge feature quantity
when the moment operator is used is the value of Aporm Obtained
by normalizing the value of A, represeﬁted by formula (7)’in
the first exemplary embodiment, in terms of the reference
distance Apase- k

[0048] As described in_thé firét exemplary embodiment, the
reference distance Apase 1S calculafed by formula (6) when an
edge having the predetermined difference d exists in the local

régionJ The predetermined difference d is a target edgé. The

ratio of a difference to the reference distance Apsse indicates

the possibility that the difference‘isenledge. Therefore, the
smaller the predetermined difference d, the smaller the target
edge setting and the'higher the detection sensitivity. With

the same value of A, the value onMmm\inCreases with decreasing
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vaiue of-the pfedetérﬁined difference d. This means that the

value of Aporm is highly likely to indiéate_an edge. The value

of the predetermined»difference d can be said to be a parameter

which determines the detection sensitivity.‘ As illustrated in

Fig. 4B, the detection sensitivity decreases with decreasing

gain coefficient. This characteristics can be adjusted by

decreasing the value ofmthe predetermined difference d. Also
in the present exemplary embodiment, in step 306, the gain
adjustment unit 104 sets the wvalue 6f.Anmm as the gain
coefficient correctipn value C. |

[0049] In step 307, the gain adjustment unit 104 adjusté
high;frequency images by using formula (8), where « indicates
the value of the gain coefficient specifiéd by the'gain

coefficient acquisition unit 102, and C indicates the gain

coefficientcorreétionvaluecalcﬁlat@dbythegaincoefficient

correction value calculationfunit 103. The procesSing in
subsequent steps 308 to 310 is similaf to the relevant
processing in the first exemplary-embodimént, and redundant
descriptién will be omitted.

[0050] According to the second exemplary embodimént, the
frequency emphasis processing for emphasizing edges can be

performed without emphasizing noise components, enabling

~acquiring an image having a further effect of emphasis while

maintaining the user-selected frequency response.

[0051] A third exemplary embodiment of the present invention

will be described below.
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[0052] In the third exemplary embodiment, as a plurality of
methods for calculating the gain coefficient correction.value,
a second method for utilizing a plurality of output results
based on an identical detection method will be described below.
Image processing according to the third exemplary embodiment
will be described‘below with reference to the block diagram
iilustrated,in Fig. 1 and the flowchart illustrated in Fig. 3.
The processing in steps 301 to 304 is similar to the relevant
prbcessing-in the first exemplary embodiment, and redundant
déscription will be omitted.

[0053] In step 305, the gain coefficient corréction value
calculation unit‘103 selects a method for calculating the gain
coeffiéient correction valuelby using the value of the gain
coefficient o specified by tﬁe gain coefficient acquisition
unit 102. Correcting the gain coefficient reférs to reducing
the gain coeffiéient for pixels other than an edge to
selectiﬁely apply emphasis processing only to edge components
in high—fréquency ;mages. Correcting_the gain coefficient
also refers to reducing the gain coefficient for pixels other
than noise to selectively apply suppression processing only to
noise components in high-frequency images. Therefore, the
method for calculating the gain coefficient correCtion ValueA
refers to a method for‘detecting edge or noise components in
high—frequenéyimagesandoutputtingeavalueforcmrréctinéthé
gain coefficient based on the result of the detection. In the
present exemélary embodiment, different output value

correction coefficients are provided for one detection method,
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and an output value correction coefficient is selected for each
frequency band based on the gain coefficient.
[OO54]» For example, a case where the moment operator is used
as the détection method and the output value correction
coefficient is changed will be described below. The edge
feature quantity when the moment operator is used is the valué
of Anorm Obtained by normalizing the value of A, represented by
formula (7) in the first exemplary embodimeﬁt, in terms of the
refefence distance AmEe, The closer to 1 the value of Ayerm, the
higher the possibility of an edge. The closer to 0 the value
of Anorm, the higher the possibility of not being an edge, i.e.,
the possibility of noiset Thus, the gain correction
coefficient value C 1is représented by formula (9):
[0055] k

[Math. 9]
C(%Y) = K(@) - Ay (%) + (1= K()) - (1= Aoy (%, Y))

where K is the detection correction coefficient.

[0056]v The detection correction coefficient K indicates a
step function as illustrated in Fig. 4C. When tﬁe gain
coefficient value o ié 1 or above, K = 1. 1In this case, the
value of Anorm 18 gsed as it is as the géin correction coeff_iciént
value C. Othefwise, when the gain coefficient value a is
smaller than 1, K = 0. In this case, the value of (1 - Aunorn)
is used as the gain corrécfion coefficient value C. When the
gaincoefficientvaluecxissmallerthanid high-frequency image

components are suppressed, which serves to prevent noise. 1In
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this case, maintaining the gain coefficient for pixels detected

as an edge, as with the case where the gain coefficient value

o is 1 or above, causes edge suppression resulting in anentirely

defocused image. Therefore,inthiscase,thegaincoefficiént
for noise needs to be increased instead of increasing the gain
coefficient for eage.

[0057] Therefore, to make the noise detectién sensitivity
higher than the edge detection sensitivity, the fesult Qf the
edge detection‘is inverted to set a large géin coefficient for
noise. When the gain coefficient o is smaller than 1, the edge

detection method serves as a noise detection method. In the

present exemplary embodiment, since a normalized value is used

as the feature quantity, there.is a relation of 1's complement
between the value of first edge information output as an edge
detéctionmethodandthevalweofsecondedgeinformationoutput
as_a’noise detection method. Although, in the exémple
illustrated in Fig. 4C, the detection correction coefficient
is a step function of the gain coefficient o having a threshold
value of 1, the detection correction coefficient is not limited
to a step function. In step 306, the detection correction
coefficient may be a continuously varying function.

[0058] In step 307, the gain adjustment unit 104 édjusts
high-frequency images by using formula (8), where a indicates
the value of the gain coefficient specified by the gain
coeffidient acquisition unit 102, and C indicates the gain
coefficientCorrectionvaluecalculatedknzthegaincoefficient

correction value calculation unit 103. The processing in
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subsequent steps 308 to 310 is similar to the relevant
processing in the first exemplary embodiment, and redundant
description will be omitted.

[0059] According to the third exemplary embodiment, the
fréquency emphasis processing er emphasizing edges can be
performed Qithout emphasizing noise components, enabling.
acquiring an image having a further effect of emphasis while

maintaining the user-selected frequency response.

[0060] A fourth exemplary embodiment of the present
invention will be described below.

[0061] In the fourth exemplary embodiment, as a plurality
of methods for calculating the gain coefficient correction
value, a third method for utilizing a plurality of output
resultsbaséd<n1anidenticaldetectionnethodvdjlkxadescribed
below. Image processing according to the fourth exemplary
émbodiment will be described.belbw with reference‘to the block
diagram illustrated in Fig. 1 and the flowchart illustrated in
Fig; 3. The proceséing in steps 301 to 304 is similar tobthe
relevant processing in the first exemplary embodiment, and
redundant description will be omitted.

[0062] In step‘305, the gain-coefficient correction value
calculation unit 103 selects a method for calculating the gain
coefficient correction value by usiﬁg the value of gain
coefficient o specified by the gain coefficient acquisitioh
ﬁnit 102. Correcting the gain coefficient refers to reducing

the gain coefficient for pixels other than noise to selectively
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apply suppression processing only %o noise components in

high-frequency images. Therefore, the method for calculating

the gain coefficient correction value refers to a method for

detecting noise cbmponents in high-frequency images and

outputting a value for correcting the gain coefficient based

on the fesult of the detection, i.e., noise information. 1In
the present exemplary embodiment, a plurality of detection
sensitivities is provided for one noise detection method and
a noise detection sensitivity is selected for each frequency
band based on the gain coefficient.

[0063] Fig. 4D illustrates an example of a relation between
the noise detection sensitivity and the gain coefficient. For
example, a case where a method for calculating a variance value
is used as the noise detection method and the detection
senSitivityischangedwillbedescribedbelmﬂ. AnoiSefeature
guantity, using a method for calculating a variance Value;.is
obtained by setting a local region on an'image as a variance‘
value in the local region, and then theoreficallyrcalculating
theamountofnoisebasadonanaveragevalueinthelocalregion,
as described below. Random noise on an X-ray image is
represented by the amount of pixel value variation in a specific
regionirradiatedwithXﬁraydosehavingeafixedinténsity"X".
Random nolse is classified into twé types, which are random -
guantum noise fluctuating fhe pixel value with the standard
deviation oq(X) resulting from the X-ray dose "X", and random
systehnoise(electricalnoisefluctuatingthepixelvaluewith

the standard deviation os) received from a sensor and
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surrounding electrical circuits. ' Since the two different

types of random noise are added as random noise to the X-ray

image, the theoretical amount of noise o(X) is représented by

. formulas (10) and (11):

[0064]

[Math. 10]

: o(X) = /0,(X)? +¢§

' : 1
~-K .(X)2
0,(X)=K, - (X)
‘ (11)
where X indicates an average value in the local region.
[0065] Although the standard deviation o4(X) changes

according to formula (10) depending on the average value X, the

‘'standard deviation os is a constant value of eléctric thermal

noise not dependent on the X-ray intensity. In formula (11),
Kq is a conversion COefficient dséd to calculate the amount of
noise based on the X-ray intensity. As represented by formula
(12), when'the'Variance value Ojng in the local region is smaller
than the theoretical amount of noise o(X}), the relevant pixel
is detecfed as noise. In this case, the gain coefficient

correction value_C is set to 1 to perform noise suppressién
processing. Otherwise,whenthevariancevalueohmjjlthelocal‘

région is equal to or larger than the theoretical amount of noise

o(X), the relevant pixel is detected as an edge. 1In this case,

thegaincoefficient correctionvalueC is set to O not toperform
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noise suppression,prdcessing. When performing the comparison

in formula (12), the theoretical amount of noise o(X) is

multiplied by the detection sensitivity Sp.

[0066]
[Math. 11]°
When 'S}mg<:¢:!(§"()u1‘§p9 C=1
When o, 20(X)'S;, C=0
(12)
[0067] The detection sensitivity Sp is a function of the gain

coefficient q, whichindicatestﬂmarelationillustratedjjlFig.
4D.

[0068] The detection sensitivity Sp increases with
decreasing gain coeffiéient o. When the gain coefficient o is
set to a small value, the dominant frequency band is noise‘and

therefore noise extraction leakage is prevented. When the gain

coefficient a is set to a large value, processing is performed

with a predetermined detection sensitivity Sp. In step 306,
the‘gain coefficient o may be set to a value smaller than the
detection sensitivity Spto prevent excessive noise extraction.
[0069] In step 307, the gain adjustment unit 104 adjusts

high-frequency images by using formula (8), where o indicates

the value of the gain coefficient specified by the gain

coéfficient acquisition unit 102, and C.indicates the gain
coefficient correction value calculated by the gain coefficient
correction value calculation unit 103. The proéessing in
subseqﬁent steps 308 to 310‘is similar to the relevant

processing in the first exemplary embodiment, and redundant
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description will be omitted.

[0070] According to the fourth exemplary embodiment, the

frequency emphasis processing for emphasizing edges can be

performed without emphasizing noise components, enabling

acquiring an image having a further effect of emphasis while

maintaining the user-selected frequency response.

[0071]  Embodiments of the present invention can also be

realized by a computer of a system or apparatus that reads out

and executes computer executable instructions recorded on a
storage medium (e.g., non-transitory compuper—readable

storage medium) to perform the fuﬁctions of one or more of the
above-described embodiment (s) of the present invention, and by
a method performed by the computer of the system or apparatus
by, for example, reading out and executing the computer

executable instructions from the storage medium to perform the
functions of one or more of the above-described embodiment (s) .
The computer may cemprise one or more of a central processihg
unit (CPU), micro processing unit (MPU), or other ;ircuitry,
and may include a network of separate computers‘or separate
computer processors. The computer executable instructions may
be provided to the computer, for example, from a network or the
storage medium. The storage medium may include, for exemple,
ohe or more of a hard disk, a random-access memory (RAM), a read
onlylneﬁory {(ROM), a storage of distributed computing systems,

an optical disk (such as a compact disc (CD), digital versatile

disc (DVD), or Blu-ray Disc (BD)™), a flash memory device, a

‘memory card, and the like.
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(0072] While the present invention has beén described with
reference to exemplary embodiments, it is tokmzunderétood.that
the invention .is not limited to the disclosed exemplary
embodiments. The scope of the following claimsvis'to be
accorded the broadest interpretation so as to encompass all
modificatibns, equivalent structures, and functions.

(00731 ThisapplicationclaimspriorityffomJapanesePatent
Application No. 2012-020223 filed February 1, 2012, which is

hereby incorporated by reference herein in its entirety.
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CLAIMS

[Claim 1]
An image proéessing apparatus comprising:

‘a frequency component generation means for generating
a plurality of}frequency component images based on an original
imagé;

a coefficientAacquisition means for acquiring a gain
coefficient for applying gain corfection,to‘at least one of the
plurality of frequency component images; |

a detection means for detecting edge inforﬁation of
at least‘one of the plurality of frequency component images
based on the gain chfficient;

‘a gain adjustment means for adjusting a gain of at least
one of the plurality of frequency component images based on'the
gain coefficient and the edge information; and

a processed 1lmage generation means for generating a
processed iﬁage‘based on at least one of the plurality of
fréquency component images with the gain adjﬁsted by the gain

adjustment means.

[Claim 2]

The image processing apparatus according to claim 1, wherein
the gain adjustment means corrects the gain coefficient based
on the edge information, and adjusts the gain of at least one
of the plurality of frequencyAcomponent images based on the

corrected gain coefficient.
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[Claim 3]

The image processing apparatus according to claim 1, wherein
the detection means detects fhe edge information of at least
one of the plurality of frequency component images by using an .
edge detection method baéed‘on the gain coefficient.

[Claim 4j

The imége processing apparatus according to claim.l,.wherein
the detection means detects the edgé information of at least
one of the plurality of frequency component images by using an

edge detection method based on the gain coefficient.

[Claim 5]

The‘image processing apparatus according to claim 1, wherein
the»detectién means detects the edge information of at leaét
oneofthep&uralityoffrequencycomponentimages,andcorrects

the edge information based on the gain coefficient.

[Claim 6]

The image processing apparatus according to claim 1, wherein,
when the value of the gain coefficient is smaller than 1, the
detection mean§ detects the edge information indicating that
the edge detection sensiti?ity is smaller than the noise
detection sensitivity based on at least one of the plurality

of frequency component images.
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[Claim 7]

The image processing apparatus according to.claiﬁ12, wherein
the gain édjustment means corrects the gain coefficient sucﬁ
that the gain coefficient corrected based on first edge
information and the gain coefficient corrected based on second

edge information has a relation of 1's complement.

[Claim 8]

The image processing apparatus according to claim 1, wherein

the detection means detects the edge information of at least

one of the plurality of frequency component images by . using a
reference value of an edge feature quantity based on the gain

coefficient.

[Claim 9]
'An image processing method comprising:

generating a plurality of frequency component images
based on an original‘image;

acquiring a gain coefficient for applying gain
correction to at least one of the plurality of frequency
component images;

Aetecting edge informatioﬁ of at least one of the
plurality Qf frequency component images based on the gain
coefficient; |

adjusting a gain of at .least one of the plurality of

frequency component images based on the gaiﬁ coefficient and

the edge information; and
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generating a processed image based on at least one of

the plurality of gain-adjusted frequency component images.

[Claim 10]

5 Acomputer—readablestoragen@diumstoringa<xmputefprogram
that causes a computer to perform an image processing method
comprising: |

generating a plurality of frequency component images
based on an original image; |
10 acquiring a gain coefficient for applying gain
correction to at least one of the plurality of frequency
component images;
detecting edge information of at least one of the
plurality of frequency component images based on the gain
15 coefficient;
oadjusting a gain of at least one of‘the plurality of
frequency component images based on the gain coefficient and
the edge information;‘énd
generating a processed image based on at ieast one of

20 the pluralityvof gain-adjusted frequency component images.
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