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(57) ABSTRACT

According to the present invention, a total value profile to be
used for searching a lung field end is generated based on a
radiation image. A pacemaker and an annotation reflected in
a radiation image are merely reflected darkly in the image,
and the existence is not particularly emphasized by edge
enhancement. Therefore, the total value profile according to
the present invention is not significantly affected by a
pacemaker and/or an annotation. Therefore, according to the
present invention, there occurs no false recognition regard-
ing the end of the lung field due to a pacemaker and/or an
annotation.




Patent Application Publication

Dec. 19,2019 Sheet 1 of 30

US 2019/0385015 A1l

X-ray image (original image PO)

11

s

Total value
profile
generation unit

12

3
7

PO i

Area setting
unit

FIG. 1

End

4

recognition
unit

Trimming
unit

Lung field

luminance
adjustment unit

i

15

FIG. 2



Patent Application Publication

11X
)

Dec. 19, 2019 Sheet 2 of 30 US 2019/0385015 A1l

11y

Ve

{

Lateral direction
profile generation

Vertical direction
profile generation

~ 11

unit unit
FIG. 3

Lateral direction [, 11X
P profile generation

unit 13R

)
_ . Lung field right

PO —3m| Rightside area end recognition

setting unit

N ’; IR unit

FIG. 4



Patent Application Publication

Dec. 19,2019 Sheet 3 of 30

PO

Lateral direction
profile generation
unit

oo TIX

e

Left side area
setting unit

e 121

FIG. 5

PO

Vertical direction
profile generation
unit

P i

Upper side area
setting unit

Lung field left
end recognition
unit

N—\’\v/ 1 1Y
13T
Lung field upper
end recognition
~_ 12T unit

FIG. 6

US 2019/0385015 A1l




Patent Application Publication  Dec. 19, 2019 Sheet 4 of 30 US 2019/0385015 A1
16 13U
Right image
Left image . S
o Vertical direction }.. 1Y Lung field
PO f;lﬁge dividing profile generation lower end
unit recognition unit
Lower side area
setting unit 12U
FIG. 7
et Pixel “ 4|
o M\\ \\\\\\\ -
A \3 i A Total value of
é ~or A pixel value




Patent Application Publication

Dec. 19,2019 Sheet 5 of 30

o "‘\"\s
o L N P ~, T
N
o H -,
; Y
; ;N Y
i N Y
H ¢ A
i g K
: 4 N
- i 4 \ e
N WL
[ } Y 1
L y oot
Pt H : .
P ot t {d
R N Y
{ e ~. P
4
i i
3 H

US 2019/0385015 A1l

* Lateral direction profile generation processing

Total value %\\ /\’ "\/ . },f‘ \ /\

Ny
o TN, T T
- A .
[ N
E } \
} \ \
H N N
§ PN 3
H AN I
i R 3
¢ Y, H
: 7 S, i
o { 7 N 1 e
H kN 3
kY N Vol
4 ; i
H b 1
ey b 1
4 [
\\; 1
H
H

Position

FIG. 9

M

Right side area
setting processing

FIG. 10

~__Right side area



Patent Application Publication  Dec. 19, 2019 Sheet 6 of 30 US 2019/0385015 A1

Total value profile PX

v
R

Range corresponding to exclusion area
(No search is performed)

FIG. 11

Range corresponding to right area
(Search range)

A2 A3




Patent Application Publication  Dec. 19, 2019 Sheet 7 of 30 US 2019/0385015 A1

Ny “\‘ \\\\\\\\\\
3y \\ . v"x
i y Left side area .1 |
i \.\ T e——- | =Exclusion area
V]
P Left side area Hi
i . P . . N
; ‘ % , setting processing P
FIG. 13
Total value profile PX
L . :
Range corresponding to exclusion area
Range corresponding to left side area (No search is performed)
(Search range)

FIG. 14



Patent Application Publication

Dec. 19,2019 Sheet 8 of 30

US 2019/0385015 A1l

>

End portion recognition
processing

....... \.\\'\
PR - - e e Pt TN - Tees
/"/ v N
3 i ‘\\ \\
s A\ \
i } SN H \
g /'./ /‘; \\ i A
; RN § {\ :Il ,\ \'\ -~ N
¢ -~
\\ § E \ ‘i I \\
] b B ! 3 i )
T \ P A
! L o | , ! N
H [ AN H
i I L RN § N
g { \): '
{ i
/ i
] % }
3.

£ (Y
3, 1R N\
i
FF
if
;L
. o .
H $
i (! i
\
/
N =

Total of pixel value

FIG. 16



Patent Application Publication  Dec. 19, 2019 Sheet 9 of 30 US 2019/0385015 A1

7 Nl
..... “‘\ - . \\\“‘*-\\‘_
rd S
v \ .

i AN 3

{ N i

g J“; \ i ..

f ;i" N [ m’f Position

N AN e

P \ Voo Vertical direction profile
P 3 i . .
S { generation processing
Pl o
§ ‘\.‘: b

Total value

FIG. 17

Total value profile PY

Position

Total value

FIG. 18



Patent Application Publication Dec. 19,2019 Sheet 10 of 30  US 2019/0385015 A1l

W\"\.__:' T 3 Y
PO . Vertical profile
generation unit
1271 1273
) h
Pixel value Intersection 1 3\‘{
profile # identification
generation unit unit
Lung field upper
end recognition
i 2?2 ‘123’4 nit
Moving average
profile Shift unit
generation unit e 12T

FIG. 20



Patent Application Publication Dec. 19,2019 Sheet 11 of 30  US 2019/0385015 A1l

Pixel value profile

Pixel array M_ Pixel value
Sl \
Pixel value N\ r——
profile generation N
processing
Position

FIG. 21

,,,,,,,,,, EER T SR e
Lung field =~ AR TR DD RO 1 : 2
g - Pixel array M
;EE:._\ )
Front end e Rear end

Contour of subject -~}




Patent Application Publication Dec. 19,2019 Sheet 12 of 30  US 2019/0385015 A1l

Pixel group

)
AN

Head § pt I p2 | p3 | p4d { p5 | p8 | p7 | p8 Tail

3
7

~

Target pixel

FIG. 23

I pl I p2 I p3 | pd | pb | p6 | p7 | P8

Vg

Average value Ave (pl)

FIG. 24

Front end

Rear end

Average value Ave (pl)

FIG. 25



Patent Application Publication

Average value

M

Moving average
profile
generation

Dec. 19,2019 Sheet 13 of 30

US 2019/0385015 A1l

Moving average profile

processing

Pixel array M

FIG. 26

Position

s

Mﬂ

| afféy M

Intermediate area

FIG. 27

Air area

Lung field area



Patent Application Publication Dec. 19,2019 Sheet 14 of 30  US 2019/0385015 A1l

Target pixel

Pixel value of target pixel < Moving average

Pixel value of target pixel > Moving average

FIG. 28

Air area Intermediate area Lung field area

Pixel value profile

‘Moving average profile \

- e e t N

Position

FIG. 29



Patent Application Publication

Dec. 19,2019 Sheet 15 of 30  US 2019/0385015 A1

Subject (shoulder portion)

/\ X-ray image

"~ Detector

FIG. 30

Air area Intermediate area Lung field area

Pixel value profile

LY

_Moving average profile \\

BRI \ NAY: ~_f,.s':ﬁ --------------------------------
\“ - . f-f;:'«"’
N <
S
t
N t
? Position

Shoulder portion (upper end of subject body of trunk)

FIG. 31



US 2019/0385015 A1l

Dec. 19,2019 Sheet 16 of 30

Patent Application Publication

.» Pacemaker
- Pixel array N

b
-~

RIS AR
.».‘¢;:..v.n...v.a..a.\.\‘“ 2 s is vy
\mo.vgvxv. €x oty R e !

BRI N e A
\.,.><;x...' o 2

\\..\....

> 4w ewe Ay

et e \\,.........
L T s e

\.\,.:».....,...

,(fs.\...:»..é..
..... T s v b oa s

FIG. 32

~.+ Pixel array N

Intermediate area “UN8 1A LT pacomaker area  Lung field L2

Air area

FIG. 33



Patent Application Publication Dec. 19,2019 Sheet 17 of 30  US 2019/0385015 A1l

Lo . Pacemaker
Air area Intermediate area

i i

Pixel value profile _

et

. i
Moving average profile .. _ § f .

Position

FIG. 34

A

Selection

N g 7
a b s

s 7
{ H
kY 5

Pixel array M Pixel array N Pixel array M

FIG. 35



US 2019/0385015 A1l

Dec. 19,2019 Sheet 18 of 30

Patent Application Publication

FIG. 36

Jrerr s s ey
Jearvonenavenaanay
s .
R R
frvavovonsnonenns

P R T I IR AP S 20 0 I arat wr ad 1 o i B el S PR N A
T YT
F R R I I T o et

N N
Lvaa s r ATy
!

wa\‘,.\..;)4\o~><.¢\¢w..i¢42\.§zl.fwn-o.‘v‘Av.o
P L R R R I A R

R R L R A e W AU AP e SP U0 S .

e o,

«.-Avnv-o‘vnv-onsv\.ﬁ
O NN
e s b e e S

14 1
RN RNy i

A

Upper end of body portion

FI1G. 37



Patent Application Publication  Dec. 19,2019 Sheet 19 of 30  US 2019/0385015 A1l

Exclusion area

Upper end area (upper end

- \ \\\\\\\\\\\ of body portion)
N Upper side area . _;
§ X %
PN Lower end area
i \ Upper side area
Mo setting processing
ol
i

FIG. 38

Total value profile PY

) . T
Region corresponding to . . : ;
o (;glusion areap g Region corresponding to Reglor} corresponding to
upper area exclusion area

(no search is performed) (Search area) (no search is performed)

FIG. 39



Patent Application Publication  Dec. 19,2019 Sheet 20 of 30  US 2019/0385015 A1l

Upper area

FIG. 40

M

End portion recognition
processing

FIG. 41



Patent Application Publication

Dec.

19,2019 Sheet 21 of 30

US 2019/0385015 A1l

Lower end of left lung™ ™.

e At
SISOV S U ANAN

T ierara v

et e

=

“~.» Lower end of right lung

; Left image

Image division
processing

FIG. 43

Right image




Patent Application Publication Dec. 19,2019 Sheet 22 of 30  US 2019/0385015 A1l

Left Image

o
- /
Vertical direction profile / \x
generation processing N

FIG. 44

Left image

Exclusion area -~ _}~

-

Lower area setting processing

FIG. 45



Patent Application Publication Dec. 19,2019 Sheet 23 of 30  US 2019/0385015 A1l

Total value profile PYL

Region corresponding to UL
exclusion area Region corresponding to lower area
(No search is performed) (Search range)

FIG. 46

Left image Left image

Right image Right image

FIG. 47



Patent Application Publication

Dec. 19,2019 Sheet 24 of 30

UR

-

Selection processing

FIG. 48

M

Trimming processing

FIG. 49

US 2019/0385015 A1l




Patent Application Publication Dec. 19,2019 Sheet 25 of 30  US 2019/0385015 A1l

Al A2 A3
At A2 Y
‘T~ Annotation

T

Annotation

Pacemake

Pacemaker .

FIG. 50

Radiation image (original image)

FIG. 51

(Conventional Art)



Dec. 19, 2019 Sheet 26 of 30  US 2019/0385015 A1

Patent Application Publication

—-—-—’»

Edge enhancement
processing

FIG. 52

(Conventional Art)

Trimming processing

-

Trimmed image

Radiation image (original image)

Lung field area

Edge enhancement image

FIG. 53

(Conventional Art)



Patent Application Publication Dec. 19,2019 Sheet 27 of 30  US 2019/0385015 A1l

Edee enhanced image

v Qe\
.

\.xv"f s e
s o
2 e SIEEIR 5

N \
s i Y
8% %
HEEAY Y
i AN %
i 3 b
& N ¥
f’f W b1
§ A R
g $ \\\\ 3
R & N, b o
R § Xy 7
kY 3!
} 3 L
3 § g
kY H % i
\‘ } o
J L
PUC e \\\ H
i /.p"‘ \\\i i
\? 1
o
|
i

Left end Right end

FIG. 54

(Conventional Art)



Patent Application Publication Dec. 19,2019 Sheet 28 of 30  US 2019/0385015 A1l

Luminance adjustment processing

W

Trimmed image

FIG. 55

(Conventional Art)

Cardiac pacemaker

-

Edge enhancement
processing

Radiation image

FIG. 56

(Conventional Art)



Patent Application Publication

Lung field area
(False recognition)

R

-
o

Dec. 19,2019 Sheet 29 of 30

Trimming processing

s s,

FI1G. 57

(Conventional Art)

US 2019/0385015 A1l




Patent Application Publication

Annotation

Dec. 19,2019 Sheet 30 of 30  US 2019/0385015 A1

o~ g
P Py

-
*n,

AT A

Edge enhancement
processing

FIG. 58

(Conventional Art)

Trimming processing

Contour of annotation

Lung field area
(False recognition)

FIG. 59

(Conventional Art)



US 2019/0385015 Al

IMAGE PROCESSING APPARATUS,
PROGRAM, AND RADIOGRAPHIC
IMAGING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an image process-
ing apparatus, a program, and a radiographic imaging appa-
ratus capable of improving visibility of a part of a radiation
image.

BACKGROUND ART

[0002] FIG. 51 shows a radiation image captured by a
radiographic imaging apparatus. In order to observe a lung
field of a subject reflected in such a radiation image, it is
necessary to adjust the contrast of the lung field to improve
the visibility of the lung field.

[0003] In the radiation image, various portions of the
subject, such as bony parts, other than a lung field, are
reflected. The bony part of the subject is darkly reflected in
the radiation image because the body part hardly transmits
radiation. Furthermore, the portion outside the contour of the
subject reflected in the radiation image is a portion where the
subject is not reflected but the air is reflected. The portion
where the subject is not reflected is brightly reflected in the
radiation image because there is nothing to transmit radia-
tion. In the radiation image, the lung field is brighter than the
bony part of the object but darker than the portion outside
the contour of the subject. which is the portion where the air
is reflected.

[0004] The lung field of the radiation image totally looks
to be filled with a gray color with poor contrast. This is
because the pixels located in the lung field reflected in the
radiation image have similar pixel values.

[0005] When the contrast adjustment is executed for the
entire radiation image for the purpose of increasing the
visibility of the lung field, the contrast adjustment is also
executed for the portions of the radiation image in which the
bony parts and the air are reflected. Although such a contrast
adjustment may increase the visibility of the radiation image
as a whole, as far as the lung field is concerned, there is not
so much improvement in visibility. The lung field after the
contrast adjustment is still in a totally poor contrast state.
This is because that, in the case of expressing the contrast of
the lung field, low pixel values are used to express the bony
parts of the subject and high pixel values are used to express
the portion where the air is reflected, and therefore the lung
field should be expressed with the remaining moderate pixel
values.

[0006] Therefore, a method of making a contrast adjust-
ment only on a lung field in a radiation image has been
conventionally conceived. According to this method, since
the lung field can be expressed with more various color
tones, the visibility of the lung field is assuredly increased.
In this method, trimming is performed to extract the lung
field in the radiation image, and a contrast adjustment is
executed on the trimmed image in which the lung field is
largely reflected. In the trimmed image, dark bony portions
of the subject and bright portions where the air is reflected
are excluded, so the trimmed image is not affected by these
portions.

[0007] A conventional lung field trimming method will be
described. In a conventional method, first, edge enhance-
ment processing is performed on a radiation image as shown
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in FIG. 52. The edge enhancement processing is image
processing that can be realized by spatial processing such as
differentiation processing and darkly expresses portions
where the pixel value in the image changes extremely. By
using this edge enhancement processing, the contour of the
subject can be grasped. The edge enhancement is detailed in
Patent Document 1.

[0008] According to a conventional method, trimming
processing of trimming the area including a lung field as
shown in FIG. 53 is performed based on a contour of a lung
field. In the trimming processing at this time, the lung field
area is recognized based on the edge enhanced image, and
the lung field including its periphery is roughly extracted
from the radiation image.

[0009] A conventional trimming processing using the edge
enhanced image is performed by generating the profile as
shown in FIG. 54 based on the edge enhanced image. The
profile is a profile showing the relation between the total
value obtained by adding pixel values of each pixel array
obtained by decomposing the edge enhanced image into
pixel columns each having a width corresponding to one
pixel and the position of each pixel array. The profile is
generated by decomposing the edge enhanced image into
pixel columns extending in the vertical direction, and shows
the relation between the position in the image in the hori-
zontal direction and the total value of the pixel value.
[0010] Observing this profile, it is found that there are
parts where the total value is extremely high. This part
shows an existence position of a pixel column where there
exist many pixels having high luminance pixel value in the
edge enhanced image. In the edge enhanced image, the high
luminance pixel value means the portion where the change
of the pixel value is severe in the original image. Therefore,
by finding the part whose total value is extremely high in the
profile, it is possible to know the portion in the original
image where the pixel is suddenly changed.

[0011] In reality, in the original image, the pixel value in
the vicinity of the lung field contour is a part where the pixel
value changes dramatically. The part where the total value of
the profile is extremely high represents the position of the
lung field contour in the original image. The portion where
the total value appeared in the profile is extremely high
represents the right end or the left end of the lung field
contour. By analyzing such a profile, a trimmed image
roughly cut out the lung field area from the original image
can be obtained.

[0012] The position of the upper end of the lung field
contour and that of the lower end thereof can also be
obtained by analyzing the edge enhanced image.

[0013] By performing the contrast adjustment by using the
luminance information of the rectangular area of the lung
field searched as shown in FIG. 55, the genuineness of the
lung field is assuredly improved.

PRIOR ART

Patent Document

[0014] Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2015-100593

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0015] However, conventional image processing has the
following problems. That is, according to a conventional
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configuration, erroneous recognition of the contour of the
lung field occurs, which results in a failure of the trimmed
image generation processing described with reference to
FIG. 53.

[0016] In a conventional image processing using an edge
enhanced image, the subject image is predicted, and based
on this prediction, trimming is performed around the lung
field. Therefore, according to a conventional method, the
operation can be performed normally with respect to a
radiation image in which a normal subject image is reflected.
[0017] However, in a conventional configuration, if an
unexpected image is reflected in a radiation image, errone-
ous recognition of the contour of the lung field is likely to
occur. The unexpected image denotes, for example, a pro-
jection image of a cardiac pacemaker embedded in a subject
as shown in the radiation image in FIG. 56. A cardiac
pacemaker contains metal and is reflected relatively dark in
the radiation image. A cardiac pacemaker is usually reflected
in such a manner as to be overlapped with the lung field.
[0018] When edge enhancement processing is performed
on such a radiation image, the contour of the cardiac
pacemaker is emphasized as shown in FIG. 56. In a con-
ventional method, when a cardiac pacemaker is reflected in
a radiation image, there occurs a false recognition that this
portion is the contour of the subject. As a result, a trimmed
image in which a part of the lung field is cut out as shown
in FIG. 57 will be generated. It is impossible to get the
contour of the entire lung field from such a trimmed image.
[0019] Further, if an annotation is reflected in the radiation
image, trimming of the radiation image will not be per-
formed correctly. The aforementioned annotation denotes a
letter, such as, e.g., “R”, added by synthesis in the upper
portion of the radiation image obtained by imaging as shown
in FIG. 58. This annotation is normally reflected outside the
lung field.

[0020] When edge enhancement processing is performed
on such a radiation image, the contour of the annotation is
emphasized as shown in FIG. 58. In a conventional method,
when an annotation is reflected in a radiation image, there
occurs a false recognition that this portion is the contour of
the subject. As a result, a trimmed image including the
portion outside the contour of the subject as shown in FIG.
59 will be generated. It is difficult to accurately obtain the
contour of the lung field from such a trimmed image.
[0021] The present invention has been made in view of the
aforementioned circumstances, and aims to provide an
image processing apparatus capable of assuredly improving
visibility of a lung field by assuredly recognizing a position
of a lung field reflected in a radiation image.

Means for Solving the Problems

[0022] In order to solve the aforementioned problems, the
present invention has the following configuration.

[0023] That is, an image processing apparatus according
to the present invention is configured to identify a lung field
area in a radiation image in which a lung field of a subject
is reflected in a vertical direction, the image processing
apparatus comprising: (Al) lateral direction profile genera-
tion means configured to generate a lateral direction profile
by adding or averaging pixel values belonging to each pixel
column of the radiation image for each pixel column; and
(B1) lung field end identifying means configured to identify
a position where a value of the lateral direction profile
becomes minimum in a right side area or a left side area
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except for the vicinity of a center of a predetermined width
from the radiation image as a right end or a left end of the
lung field area.

[0024] [Functions and Effects] According to the present
invention, a position of a lung field reflected in a radiation
image can be assuredly recognized, so that visibility of a
lung field can be assuredly improved. That is, according to
the present invention, instead of generating a total value
profile based on an edge enhanced image like a conventional
art, it is configured to generate a total value profile based on
a radiation image.

[0025] In an edge enhanced image, a contour of a pace-
maker or a contour of an annotation are very strongly
emphasized. Therefore, based on the edge enhanced image,
the total value profile is greatly affected by the pacemaker
and the annotation. This means that the shape of the total
value profile greatly changes depending on the presence or
absence of the pacemaker and/or the annotation. The pace-
maker and the annotation become a cause of misunderstand-
ing of the edge of the lung field.

[0026] In comparison, according to the present invention,
a total value profile is generated based on a radiation image.
A pacemaker and/or an annotation reflected in a radiation
image is merely reflected darkly in an image, and the
existence is not particularly emphasized by edge enhance-
ment. Therefore, the total value profile according to the
present invention is not significantly affected by a pace-
maker and/or an annotation. Therefore, according to the
present invention, there occurs no false recognition regard-
ing an end of a lung field due to a pacemaker and/or an
annotation.

[0027] Further, in the aforementioned image processing
apparatus, it is more preferable that the predetermined width
in the lung field end identifying means be a width avoiding
the vertebras of the subject reflected as a vertically elongated
line near the center of the radiation image.

[0028] [Functions and Effects] The aforementioned
description describes a more specific configuration of the
present invention. When the area is set so as to avoid the
vertebras of the subject, false recognition of the edge of the
lung field will not occur due to the influence of the vertebras.

[0029] Further, an image processing apparatus according
to the present invention configured to identify a lung field
area in a radiation image in which a lung field of a subject
is reflected in a vertical direction, includes: (A2) vertical
direction profile generation means configured to generate a
vertical direction profile by adding or averaging pixel values
belonging to each pixel row of the radiation image for each
pixel row; and (B2) lung field end identifying means con-
figured to identify a position where a value of a vertical
direction profile becomes minimum in an upper side area of
the radiation image as an upper side end of the lung field
area.

[0030] [Functions and Effects] The present invention can
also be applied to recognition of an upper end of a lung field.

[0031] Further, in the aforementioned image processing
apparatus, it is more preferable that the lung field end
identifying means set an upper side area by excluding a jaw
of the subject.

[0032] [Functions and Effects] The aforementioned
description more specifically shows the constitution of the
present invention. By setting the upper side area so as to
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exclude the jaw of the subject, false recognition of the upper
end of the lung field will not occur due to the jaw of the
subject.

[0033] An image processing apparatus according to the
present invention configured to identify a lung field area in
a radiation image in which a lung field of a subject is
reflected in a vertical direction, the image processing appa-
ratus includes: (A2) vertical direction profile generation
means configured to generate a vertical direction profile by
adding or averaging pixel values belonging to each pixel
row of the radiation image for each pixel row; and (B3) lung
field end identifying means configured to identify a position
where a change of a value of a vertical direction profile is
maximum in a lower side area including a lower end of a
lung field reflected in the radiation image as a lower end of
the lung field area, wherein the lung field end identifying
means recognizes a lower end of the left lung and a lower
end of the right lung and compares a position of the lower
end of the left lung in the image with a position of the lower
end of the right lung to recognize a position which is
positioned lower in the image as the lower end of the lung
field.

[0034] [Functions and Effects] The present invention can
also be applied to recognition of a lower end of a lung field.
As for the lower end of the lung field, there is a problem that
the positions of the lower end of the right lung and the lower
end of the left lung do not necessarily coincide with each
other. The aforementioned configuration is configured to
recognize both the lower end of the right lung and the lower
end of the left lung and recognize the lowest end of the lung
field as the lower side of the image. With this, it is possible
to trim the image without cutting the lower part of the left
and right lungs.

[0035] Further, it is preferable to further include trimming
means configured to generate a trimmed image from which
an image of a lung field area is extracted from a radiation
image based on a position of an end of the lung or the area
specified by the lung field end identifying means.

[0036] Further, in the aforementioned image processing
apparatus, it is more preferable to include lung field lumi-
nance adjustment means configured to adjust contrast for the
trimmed image.

Effects of the Invention

[0037] In the present invention, visibility of a lung field
can be assuredly improved by assuredly recognizing a
position of the lung field reflected in a radiation image. That
is, according to the present invention, a total value profile to
be used for searching a lung field end is generated based on
a radiation image. A pacemaker and/or an annotation
reflected in a radiation image is merely reflected darkly in
the image, and the existence is not particularly emphasized
by edge enhancement. Therefore, the total value profile
according to the present invention is not significantly
affected by a pacemaker and/or an annotation. Therefore,
according to the present invention, there occurs no false
recognition regarding the end of the lung field due to a
pacemaker and/or an annotation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is a schematic diagram illustrating image
processing performed by an image processing apparatus
according to a first embodiment.
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[0039] FIG. 2 is a functional block diagram illustrating an
entire configuration of the image processing apparatus
according to the first embodiment.

[0040] FIG. 3 is a functional block diagram illustrating a
total value profile generation unit according to the first
embodiment.

[0041] FIG. 4 is a functional block diagram illustrating a
configuration according to a lung field right end recognition
of Example 1.

[0042] FIG. 5 is a functional block diagram illustrating a
configuration according to a lung field left end recognition
of Example 1.

[0043] FIG. 6 is a functional block diagram illustrating a
configuration according to a lung field upper end recognition
of Example 1.

[0044] FIG. 7 is a functional block diagram illustrating a
configuration according to a lung field lower end recognition
of Example 1.

[0045] FIG. 8 is a schematic diagram illustrating a lateral
direction profile according to Example 1.

[0046] FIG. 9 is a schematic diagram illustrating a lateral
direction profile according to Example 1.

[0047] FIG. 10 is a schematic diagram illustrating an
operation according to the lung field right end recognition of
Example 1.

[0048] FIG. 11 is a schematic diagram illustrating the
operation according to the lung field right end recognition of
Example 1.

[0049] FIG. 12 is a schematic diagram illustrating the
operation according to the lung field right end recognition of
Example 1.

[0050] FIG. 13 is a schematic diagram illustrating the
operation according to the lung field left end recognition of
Example 1.

[0051] FIG. 14 is a schematic diagram illustrating the
operation according to the lung field left end recognition of
Example 1.

[0052] FIG. 15 is a schematic diagram illustrating an
intermediate stage of an operation related to the lung field
recognition of Example 1.

[0053] FIG. 16 is a schematic diagram illustrating a ver-
tical direction profile according to Example 1.

[0054] FIG. 17 is a schematic diagram illustrating a ver-
tical direction profile according to Example 1.

[0055] FIG. 18 is a schematic diagram illustrating prob-
lems occurring during lung field upper end recognition
according to Example 1.

[0056] FIG. 19 is a schematic diagram illustrating an
operation of lung field upper end recognition according to
Example 1.

[0057] FIG. 20 is a functional block diagram illustrating a
configuration according to a lung field upper end recognition
of Example 1.

[0058] FIG. 21 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0059] FIG. 22 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0060] FIG. 23 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.
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[0061] FIG. 24 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0062] FIG. 25 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0063] FIG. 26 is a schematic diagram illustrating an

operation of an upper side area setting unit according to
Example 1.
[0064] FIG. 27 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.
[0065] FIG. 28 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0066] FIG. 29 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0067] FIG. 30 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0068] FIG. 31 is a schematic diagram illustrating an

operation of an upper side area setting unit according to
Example 1.

[0069] FIG. 32 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0070] FIG. 33 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0071] FIG. 34 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0072] FIG. 35 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0073] FIG. 36 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0074] FIG. 37 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0075] FIG. 38 is a schematic diagram illustrating an
operation of an upper side area setting unit according to
Example 1.

[0076] FIG. 39 is a schematic diagram illustrating the
operation according to the lung field upper end recognition
of Example 1.

[0077] FIG. 40 is a schematic diagram illustrating the
operation according to the lung field upper end recognition
of Example 1.

[0078] FIG. 41 is a schematic diagram illustrating an
intermediate stage of an operation related to the lung field
recognition of Example 1.

[0079] FIG. 42 is a schematic diagram for explaining
problems occurring during lung field lower end recognition
according to Example 1.

[0080] FIG. 43 is a schematic diagram illustrating the
operation according to the lung field lower end recognition
of Example 1.

[0081] FIG. 44 is a schematic diagram illustrating the
operation according to the lung field lower end recognition
of Example 1.
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[0082] FIG. 45 is a schematic diagram illustrating the
operation according to the lung field lower end recognition
of Example 1.

[0083] FIG. 46 is a schematic diagram illustrating the
operation according to the lung field lower end recognition
of Example 1.

[0084] FIG. 47 is a schematic diagram illustrating the
operation according to the lung field lower end recognition
of Example 1.

[0085] FIG. 48 is a schematic diagram illustrating the
operation according to the lung field lower end recognition
of Example 1.

[0086] FIG. 49 is a schematic diagram illustrating a trim-
ming operation according to Example 1.

[0087] FIG. 50 is a schematic diagram for explaining an
effect according to Example 1.

[0088] FIG. 51 is a schematic diagram illustrating con-
ventional image processing.

[0089] FIG. 52 is a schematic diagram illustrating con-
ventional image processing.

[0090] FIG. 53 is a schematic diagram illustrating con-
ventional image processing.

[0091] FIG. 54 is a schematic diagram illustrating con-
ventional image processing.

[0092] FIG. 55 is a schematic diagram illustrating con-
ventional image processing.

[0093] FIG. 56 is a schematic diagram illustrating prob-
lems occurring in conventional image processing.

[0094] FIG. 57 is a schematic diagram illustrating prob-
lems occurring in conventional image processing.

[0095] FIG. 58 is a schematic diagram illustrating prob-
lems occurring in conventional image processing.

[0096] FIG. 59 is a schematic diagram illustrating prob-
lems occurring in conventional image processing.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Example 1

[0097] Next, embodiments according to the present inven-
tion will be described. The image processing apparatus of
the present invention is a device for applying luminance
adjustment to the portion corresponding to the lung field in
the radiation image in which the lung field of the subject is
reflected. That is, as shown in FIG. 1, the image processing
apparatus according to the present invention is configured
such that when a chest X-ray image (original image P0) of
a subject image-captured by the X-ray imaging apparatus is
input, an image in which the contrast of the lung field of the
subject is adjusted is output.

[0098] FIG. 2 is a functional block diagram showing the
entire image processing performed by the image processing
apparatus 1. According to FIG. 2, the rough position of the
lung field on the original image PO is specified by a total
value profile generation unit 11, an area setting unit 12, and
an end recognition unit 13, and a trimmed image in which
the lung field is extracted from the original image PO for
each peripheral area by the trimming unit 14 is generated.
The lung field luminance adjustment unit 15 adjusts the
contrast of the trimmed image. As described above, the
image processing apparatus according to the present inven-
tion is configured to perform the contrast adjustment only on
the lung field of the original image P0. Note that the
trimming unit 14 corresponds to the trimming means of the
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present invention, and the lung field luminance adjustment
unit 15 corresponds to the lung field luminance adjustment
means of the present invention.

[0099] In the image processing apparatus 1 of the present
invention, recognition of a lung field is executed by the total
value profile generation unit 11, the area setting unit 12, the
end recognition unit 13, and the trimming unit 14.

[0100] That is, in a conventional configuration, lung field
recognition is performed by applying edge enhancement
processing to the original image, whereas the present inven-
tion is configured to execute lung field recognition by
analyzing the total value profile. Each unit 11, 12, 13, and 14
cooperates to extract only the lung field as much as possible
to generate a trimmed image. Hereinafter, each unit 11, 12,
13, and 14 will be described.

[0101] FIG. 3 more specifically shows the total value
profile generation unit 11. The total value profile generation
unit 11 is provided with a lateral direction profile generation
unit 11X and a vertical direction profile generation unit 11Y.
The total value profile PX generated by the lateral direction
profile generation unit 11X is used to find the right and left
ends of the lung field in the original image P0, and the total
value profile PY generated by the vertical direction profile
generation unit 11Y is used to find the upper and lower ends
of the lung field in the original image P0. The total value
profile generation unit 11 generates a total value profile PX,
PY based on the original image P0. The explanation of the
total value profile will be made later. Note that the lateral
direction profile generation unit 11X corresponds to the
lateral direction profile generation means of the present
invention and that the vertical direction profile generation
unit 11Y corresponds to the vertical direction profile gen-
eration means of the present invention.

[0102] The end recognition unit 13 is configured to rec-
ognize the four ends of the right end, the left end, the upper
end, and the lower end of the lung field appearing in the
original image P0. Therefore, it also can be considered that
the end recognition unit 13 is composed of four units, i.e., a
lung field right end recognition unit which recognizes the
right end of the lung field, a lung field left end recognition
unit which recognizes the left end of the lung field, a lung
field upper end recognition unit which recognizes the upper
end of the lung field, and a lung field lower end recognition
unit which recognizes the lower end of the lung field. Based
on this idea, FIG. 4 to FIG. 7 show examples in which the
end recognition unit 13 is shown as a functional block
diagram for each of the four units of the lung field right end
recognition unit 13R, the lung field left end recognition unit
13L, the lung field upper end recognition unit 13T, and the
lung field lower end recognition unit 13U. These functional
block diagrams show the functional block diagram of FIG.
2 in more detail. However, in FIG. 4 to FIG. 7, the trimming
unit 14 and the lung field luminance adjustment unit 15
shown in FIG. 2 are omitted. Note that the lung field right
end recognition unit 13R corresponds to the lung field right
end recognition means of the present invention and the lung
field left end recognition unit 131 corresponds to the lung
field left end recognition means of the present invention.
Also note that the lung field upper end recognition unit 13T
corresponds to the lung field upper end recognition means of
the present invention and the lung field lower end recogni-
tion unit 13U corresponds to the lung field lower end
recognition means of the present invention.
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[0103] FIG. 4 shows a lung field right end recognition unit
13R that recognizes the right end of the lung field in the
original image P0. The lung field right end recognition unit
13R receives the total value profile PX from the lateral
direction profile generation unit 11X and receives data
indicating the search range from the right side area setting
unit 12R. The lung field right end recognition unit 13R
recognizes the position of the right end of the lung field from
the search range on the total value profile PX. The right side
area setting unit 12R corresponds to the right side area
setting means of the present invention.

[0104] FIG. 5 shows a lung field left end recognition unit
13L that recognizes the left end of the lung field in the
original image P0. The lung field left end recognition unit
13L receives the total value profile PX from the lateral
direction profile generation unit 11X and receives data
indicating the search range from the left side area setting unit
12L.. The lung field left end recognition unit 131 recognizes
the position of the left end of the lung field from the search
range on the total value profile PX. The left side area setting
unit 121 corresponds to the left side area setting means of
the present invention.

[0105] FIG. 6 shows the lung field upper end recognition
unit 13T that recognizes the upper end of the lung field in the
original image P0. The lung field upper end recognition unit
13T receives the total value profile PY from the vertical
direction profile generation unit 11Y and receives data
indicating the search range from the upper side area setting
unit 12T. The lung field upper end recognition unit 13T
recognizes the position of the upper end of the lung field
from the search range on the total value profile PY. The
upper side area setting unit 12T corresponds to the upper
side area setting means of the present invention.

[0106] FIG. 7 shows a lung field lower end recognition
unit 13U that recognizes the lower end of the lung field in
the original image P0. Recognition of the lower end of the
lung field is realized by more complex processing than the
aforementioned lung field right end recognition unit 13R,
lung field left end recognition unit 131, and lung field upper
end recognition unit 13T. First, in the original image P0, the
original image PO is divided into left and right by the image
dividing unit 10, and two images are generated. Based on the
generated right image and left image, two vertical direction
profiles are generated. The lung field upper end recognition
unit 13T receives two of total value profiles PY from the
vertical direction profile generation unit 11Y and receives
data indicating the search range from the lower side area
setting unit 12U for each total value profile. Then, the lung
field lower end recognition unit 13U executes recognition of
the position of the lower end of the lung field for the two
profiles from the search range on the total value profile PY.
As aresult, the position of the lower end of the lung field is
recognized as two for the right image and the left image. The
lung field lower end recognition unit 13U selects one of the
recognized two positions and recognizes the position of the
lower end of the lung field in the original image P0. The
lower side area setting unit 12U corresponds to the lower
side area setting means of the present invention.

[0107] Note that the right side area setting unit 12R, the
left side area setting unit 12, the upper side area setting unit
12T, and the lower side area setting unit 12U in FIG. 4 to
FIG. 7 are represented by separating the area setting unit 12
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in FIG. 2 into four in accordance with respective units 13R,
131, 13T, and 13U. Note that the image dividing unit 10 in
FIG. 7 is omitted in FIG. 2.

<Recognition of Right End of Lung Field>

[0108] Hereinafter, the operation when recognizing the
right end of the lung field from the original image P0 will be
described.

[0109] In recognizing a right end of a lung field, a total
value profile PX is required. FIG. 8 illustrates a total value
profile PX generated by the lateral direction profile genera-
tion unit 11X based on an original image P0. The original
image PO is configured by arranging pixels vertically and
horizontally. Let’s consider a pixel column A in which pixels
are arranged in a vertical column on the original image P0.
A pixel value is allocated to the pixel constituting this pixel
column A. The value obtained by adding the pixel values of
all pixels constituting this pixel column A will be referred to
as a total value. The total value calculated at this time
corresponds to the pixel column A.

[0110] In the original image PO, since pixels are arranged
vertically and horizontally, it can be considered that in the
original image P0, pixel columns like the pixel column A in
FIG. 8 are arranged in the horizontal direction. The lateral
direction profile generation unit 11X calculates the total
value for these pixel columns and generates a profile in
which the position of the pixel column and the total value are
related as shown in FIG. 9. This profile is a total value profile
PX. As described above, the lateral direction profile genera-
tion unit 11X recognizes that the original image PO is
generated by arranging pixel columns in which pixels are
arranged in the lateral direction with the width of one pixel,
calculate the total value by adding pixel values of pixels
belonging to a pixel column extending in the vertical direc-
tion for each pixel column, and generates a total value
profile PX which is a profile extending in the lateral direc-
tion associated with the position of pixel column and the
total value.

[0111] The total value profile PX is sent to the lung field
right end recognition unit 13R. The lung field right end
recognition unit 13R searches for the portion corresponding
to the right end of the lung field from the total value profile
PX. However, since the total value profile PX is a profile for
the entire original image P0, it also includes an area not
necessary for searching the right end of the lung field.
[0112] Therefore, in the present invention, as shown in
FIG. 10, the right side area setting unit 12R is configured to
predict the rough position of the right end of the lung field
and set an area including the right end of the lung field in the
original image P0. The area including this right end will be
referred to as a right side area. The right side, the upper side,
and the lower side of the right side area coincide with the
right side, the upper side, and the lower side of the original
image PO, respectively, and the left side of the right side area
is set to the position (position crossing) passing through the
right lung reflected in the original image P0. Therefore, the
right lung reflected in the right side area lacks the upper side.
In the original image PO, the area other than the right side
area is referred to as an exclusion area and belongs particu-
larly a spinal column of a subject. Therefore, the right side
area does not include a spinal column. The position on the
image of the right side area may be preset before acquiring
the original image P0. The right side area setting unit 12R
sets the right side area including the right end, which is the

Dec. 19, 2019

end of the lung field positioned at the right end of the image.
The right side area setting unit 12R sets the area by avoiding
vertebras of a subject reflected as a vertically long line near
the center of the image.

[0113] The data indicating the position of the right side
area is sent to the lung field right end recognition unit 13R.
As shown in FIG. 11, the lung field right end recognition unit
13R recognizes the range on the total value profile PX
corresponding to the right side area as a search range which
is a range for searching the right end of the lung field and
does not perform a search on the range of the total value
profile PX corresponding to the exclusion area described in
FIG. 10.

[0114] As shown in FIG. 11, the lung field right end
recognition unit 13R searches a position R where the total
value is the lowest in the search range on the total value
profile PX corresponding to the right side area, and recog-
nizes the position R in the lung field right end.

[0115] This position R certainly indicates the right end of
the lung field in the original image P0. This reason will be
explained. FIG. 12 illustrates three pixel columns positioned
in the right side area described in FIG. 10. Among them, the
pixel columns Al and A2 are pixel columns belonging to a
trunk part of a subject as shown in the left side of FIG. 12,
the pixel column Al passes through the lung field, and the
pixel column A2 is positioned outside the lung field. The
pixel column A3 is positioned outside the trunk part of the
subject.

[0116] Next, configurations of the pixel columns Al and
A2 will be considered. In the upper part of the pixel columns
Al, A2, an area where air is reflected is positioned, and
below the area, an area where a subject is reflected is
positioned. Since both the pixel columns are positioned in
the trunk of the subject, an area in which the subject is
reflected occupies the majority of the pixel column. In this
regard, the pixel column A3 is not positioned in the trunk
part, so the area in which the air is reflected is the majority
of the pixel column.

[0117] The total value of the pixel column Al is higher
than the total value of the pixel column A2. This is because
that the pixel column A1 contains a bright lung field in the
area in which the subject is reflected, but in the pixel column
A2, there exists no bright lung field and dark portions
(subject’s muscle, skin, bone, etc.) are reflected. Further, the
total value of the pixel column A3 is higher than the total
value of the pixel column A2. This is because the pixel
column A3 contains large areas in which bright air is
reflected, but in the pixel column A2, such area only slightly
exists on the top. That is, the position where the total value
on the total value profile PX is the lowest represents a
position of a pixel column in which the subject trunk part is
reflected over the entire array like the pixel column A2 in
FIG. 12 and shows the position of the pixel column in which
no lung field is included. This position is very close to the
lung field although it is located outside the lung field. Such
circumstances are convenient when trying to trim the entire
lung field. The lung field right end recognition unit 13R
recognizes the right end of the lung field based on the
aforementioned principle.

[0118] However, the position where the total value on the
total value profile PX is the lowest does not necessarily
represent the right end of the lung field. This is because in
the position corresponding to vertebras of the subject on the
total value profile PX, the total value also becomes lower
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and a portion where a total value is low exists also at the left
end of the lung field of the subject.

[0119] In this respect, according to the present invention,
it is configured to exclude the range corresponding to
vertebras of the subject and the left end of the lung field of
the specimen from the total value profile PX and search a
position where the total value is the lowest. Therefore, the
lung field right end recognition unit 13R does not inadver-
tently recognize vertebras and the left end of the lung field
of the subject as the right end of the lung field. Such a
configuration is realized by the right side area setting unit
12R which sets an area by avoiding vertebras of a subject
reflected as a vertically long line near the center of the
image.

<Recognition of Lung Field Left End>

[0120] Recognition of the left end of the lung field is
similar to the recognition of the right end described above.
That is, the lung field left end recognition unit 13L searches
for the portion corresponding to the left end of the lung field
from the total value profile PX. However, since the total
value profile PX is a profile for the entire original image P0,
it also includes an area not necessary for searching the left
end of the lung field.

[0121] Therefore, in the present invention, as shown in
FIG. 13, the left side area setting unit 12L is configured to
predict the rough position of the left end of the lung field and
set an area including the left end of the lung field in the
original image P0. The area including this left end will be
referred to as a left side area. The left side, the upper side,
and the lower side of the left side area coincide with the left
side, the upper side, and the lower side of the original image
PO, respectively, and the left side of the left side area is set
to the position (position crossing) passing through the left
lung reflected in the original image P0. Therefore, the left
lung reflected in the left side area lacks the right side. In the
original image PO, the area other than the left side area is
referred to as an exclusion area and belongs particularly a
spinal column of a subject. Therefore, the left side area does
not include a spinal column. The position on the image of the
left side area may be preset before acquiring the original
image P0. The left side area setting unit 12[. sets the left side
area including the left end, which is the end of the lung field
positioned at the left end of the image. The left side area
setting unit 121 sets the area by avoiding vertebras of a
subject reflected as a vertically long line near the center of
the image.

[0122] The data indicating the position of the left side area
is sent to the lung field left end recognition unit 13L. As
shown in FIG. 14, the lung field left end recognition unit 131
recognizes the range on the total value profile PX corre-
sponding to the left side area as a search range which is a
range for searching the left end of the lung field as shown in
FIG. 14 and does not perform a search on the range of the
total value profile PX corresponding to the exclusion area as
shown in FIG. 13.

[0123] As shown in FIG. 14, the lung field left end
recognition unit 13L searches for a position L. where the total
value is the lowest in the search range on the total value
profile PX corresponding to the left side area, and recognizes
the position L in the lung field left end.

[0124] The lung field left end recognition unit 13L is
configured to exclude the range corresponding to vertebras
of the subject and the right end of the lung field of the
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specimen from the total value profile PX and search a
position where the total value is the lowest. With this
configuration, the lung field left end recognition unit 13L
does not inadvertently recognize vertebras and the right end
of'the lung field of the subject as the left end of the lung field.
[0125] FIG. 15 collectively illustrates recognitions of lung
field end portions which have been made so far. With the
lung field right end recognition unit 13R and the lung field
left end recognition unit 13L, the ends of the lung field in the
original image PO were recognized in the lateral direction.

<Recognition of Upper End of Lung Field>

[0126] Subsequently, recognition of the upper end of the
lung field in the present invention will be described. For
recognition of the upper end of the lung field, a new total
value profile is required. That is, instead of the total value
profile PX extending in the lateral direction of the image
used for recognizing left and right ends of the lung field, a
total value profile PY extending in the vertical direction of
the image is required. This is because when trying to find the
upper and lower ends of the lung field, it is necessary not to
perform the processing in the horizontal direction of the
image described in FIG. 8 to FIG. 15, but to perform the
processing in the vertical direction rotated by 90 degrees.
[0127] FIG. 16 illustrates a total value profile PY gener-
ated by the vertical direction profile generation unit 11Y
based on an original image P0. The original image PO is
configured by arranging pixels vertically and horizontally.
Let us consider a pixel column B in which pixels are
arranged vertically in a column on the original image P0. A
pixel value is allocated to the pixel constituting this pixel
column A. The value obtained by adding the pixel values of
all pixels constituting this pixel column B will be referred to
as a total value. The total value calculated at this time
corresponds to the pixel column B.

[0128] In the original image PO, since pixels are arranged
vertically and horizontally, it can be considered that in the
original image P0, pixel columns like the pixel column B in
FIG. 16 are arranged in the vertical direction. The vertical
direction profile generation unit 11Y calculates the total
value of these pixel columns and generate a profile in which
the position of the pixel column and the total value are
related as shown in FIG. 17. This profile is a total value
profile PY. The vertical direction profile generation unit 11Y
recognizes that the image is generated by arranging pixel
columns in which pixels are arranged in the lateral direction
with the width of one pixel in the vertical direction, calculate
the total value by adding pixel values of pixels belonging to
a pixel column extending in the lateral direction for each
pixel column, and generates a vertical direction profile
which is a profile extending in the vertical direction asso-
ciated with the position of pixel column and the total value.
[0129] The total value profile PY is sent to the lung field
upper end recognition unit 13T. The lung field upper end
recognition unit 13T searches for the portion corresponding
to the upper end of the lung field from the total value profile
PY. However, since the total value profile PY is a profile for
the entire original image PO, it also includes an area not
necessary for searching the upper end of the lung field.
Therefore, in the present invention, the upper side area
setting unit 12T is configured to predict the rough position
of the upper end (the end of the lung flied positioned on the
upper end side of the image) of the lung field and set an area
including the upper end of the lung field in the original
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image P0. In this way, the recognition on the upper side of
the lung field is configured to set a part of the total value
profile as a search area in the same manner as in the
recognition of the right end of the lung field and the left end
of the lung field.

[0130] When searching the right end of the lung field, the
area including the right end of the lung field is set as the right
side area as shown in FIG. 10. The lung field right end
recognition unit 13R searches for the right end of the lung
field from within this area. Actually, as for the upper end of
the lung field, a similar operation is performed. That is, the
upper side area setting unit 127 sets the area including the
upper end of the lung field in the original image PO to the
upper side area, and the lung field upper end recognition unit
13T searches in this upper side area to recognize the upper
end position of the lung field.

[0131] By the way, the right side area shown in FIG. 10
related to the right end search of the lung field right is an area
including the right end of the original image P0. In this
example, it seems to be sufficient also to set the upper side
area related to the upper end search of the lung field as an
area including the upper edge of the original image P0.
[0132] However, the searching the upper end of the lung
field has a special circumstance different from that for the
right end of the lung field. FIG. 18 explains this situation.
Although omitted in the original image PO illustrated so far,
the jaw of the subject image may sometimes appear in the
original image P0 as shown in the left side of FIG. 18. In the
jaw on the image, since the bony parts of the subject are
overlapped and reflected, in the image, considerably dark
pixels are concentrated. For this reason, the total value in the
part on the total value profile PY corresponding to the
position of the jaw of the subject is considerably low. When
trying to find the upper end of the lung field from the original
image PO, the place where the total value is the lowest in the
search range defined by the total value profile PY as
explained in FIG. 11 is found. At that time, unless the part
where the jaw of the subject is included is excluded from the
search range, there is a possibility that the jaw is falsely
recognized as the upper end of the lung field.

[0133] Therefore, the upper side area setting unit 12T is
configured to recognize the area except for the jaw of the
subject as the upper side area, and the lung field upper end
recognition unit 13T is configured to search the upper end of
the lung field within the upper side area. Specifically, the
upper side area setting unit 12T analyzes the original image
PO to recognize the position of the outline of the shoulder of
the subject indicated by the thick line shown in FIG. 19, and
then does not allow the lung field upper end recognition unit
13T to search the upper portion than the position of the
outline.

[0134] FIG. 20 is a rewritten functional block diagram of
the functional block diagram described in FIG. 6, and the
upper side area setting unit 12T is shown in more detail. The
upper side area setting unit 12T is equipped with a pixel
value profile generation unit 12T1, a moving average profile
generation unit 12T2, an intersection identification unit
12T3, and a shift unit 12T4.

[0135] FIG. 21 shows the operation of the pixel value
profile generation unit 12T1. The pixel value profile gen-
eration unit 12T1 sets a pixel column M in which pixels are
arrayed in a row in the vertical direction in the original
image PO. This pixel column M extends in the vertical
direction, the upper end is the part where the air is reflected
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in the original image P0, the central part is the part where the
lung field is reflected. The portion between these two parts
is a part where the shoulder of the subject is reflected. Pixels
belonging to each portion are different in brightness. In
general, the portion where the air is reflected is the brightest
portion, and the portion where the lung field is reflected is
the next brightest portion. The portion where the shoulder is
reflected is the darkest portion.

[0136] The pixel value profile generation unit 12T1 gen-
erates a profile in which the pixel value of each pixel
belonging to the pixel column M and the position of each
pixel are associated each other. This profile is referred to as
a “pixel value profile”. This pixel value profile is different
from the aforementioned total value profile. There is only
one total value profile for the original image P0, but the pixel
value profile is a profile corresponding to the pixel column
M. Therefore, when considering a plurality of pixel columns
in the original image PO, there exists the same number of
pixel value profiles as the pixel columns.

[0137] FIG. 22 illustrates the operation of the moving
average profile generation unit 12T2. The moving average
profile generation unit 12T2 generates a new profile different
from the pixel value profile for the pixel column M desig-
nated by the pixel value profile generation unit 12T1. That
is, the moving average profile generation unit 12T2 sets a
pixel group on the pixel array M and generates a profile in
which an average value of pixel values of pixels belonging
to this pixel group and the position of the pixel group are
associated. This profile will be referred to as a “moving
average profile”. The pixel group is constituted by a prede-
termined number of pixels belonging to the pixel column M
and arranged consecutively. This moving average profile is
different from the aforementioned total value profile. There
is only one total value profile for the original image P0, but
the moving average profile is a profile corresponding to the
pixel column M. Therefore, when considering a plurality of
pixel columns in the original image PO, there exists the same
number of moving average profiles as the pixel columns.

[0138] The shoulder side end in the pixel column M is
defined as a front end, and the waist side end in the pixel
column M is defined as a rear end. The boundary (contour
of the subject) between the subject image P0 and the air area
in the original image PO is positioned on the front end side
of'the pixel column M. The pixel group has a head facing the
front end side of the pixel column M and a tail facing the rear
end side of the pixel column M.

[0139] FIG. 23 illustrates the details of the structure of the
pixel group. In the example shown in FIG. 23, the pixel
group is composed of eight pixel p1 to pixel p8 arranged in
series. The pixel pl located at the head of this pixel group
is a pixel referred to as a target pixel and is a pixel
representing the position of the pixel group on the original
image P0. The pixel group is treated as existing at the
position of the target pixel on the original image P0.

[0140] FIG. 24 illustrates how the moving average profile
generation unit 12T2 calculates the average value of the
pixel group. The moving average profile generation unit
12T2 calculates the average value Ave by averaging the
pixel values of the eight pixel p1 to pixel p8 constituting the
pixel group. The average value Ave indicates the average
value of the pixels in the pixel group, but since the position
of the pixel group is defined based on the target pixel, the
average value Ave can be considered to be a value related to
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the target pixel pl. Therefore, this average value can be
expressed as a function Ave (p1).

[0141] FIG. 25 illustrates how the moving average profile
generation unit 12T2 calculates the average value Ave (pl)
while changing the position of the pixel group on the pixel
column M. The calculation of this average value is executed
while moving the pixel group in the direction from the rear
end to the front end of the pixel column M as indicated by
the arrow in the figure. By this operation, the moving
average of the pixel value on the pixel column M is
calculated. This calculation of this average value is not
required to be executed over the entire pixel column M. It is
sufficient to execute the calculation from the center of the
pixel column M to the front end thereof. This is because this
section assuredly contains the contour of the subject posi-
tioned at the shoulder portion of the subject to be found. The
moving average profile generation unit 12T2 creates a
moving average profile while moving the pixel group from
the rear end of the pixel column to the front end thereof.
[0142] FIG. 26 shows how the moving average profile
generation unit 12T2 generates a profile associating the
average value of the pixel group belonging to the pixel
column M and the position of each pixel group. This profile
will be referred to as a “moving average profile”. The
position of each pixel group specifically denotes the position
of each target pixel corresponding to each pixel group.
[0143] The moving average profile generation unit 1272
generates a moving average profile indicating the relevance
between the position of each target pixel and the moving
average of the corresponding pixel value by setting the target
pixel positioned at the head portion of the pixel group,
calculating the moving average of the pixel values of the
target pixel by averaging the pixel values of the pixels
constituting the pixel group, thereafter sequentially calcu-
lating the moving average of the pixel values corresponding
to the target pixels while moving the pixel group on the pixel
column.

<Recognition of Upper End of Lung Field: About
Intersection Identifying Unit 12T3>

[0144] The pixel value profile and the moving average
profile generated by each generation unit 12T1, 12T2 are
sent to the intersection identification unit 12T3. The inter-
section identification unit 1273 is configured to search the
intersection of each profile. This intersection represents the
position of the contour of the subject reflected in the original
image PO, and therefore this point will be described.
[0145] FIG. 27 specifically illustrates the configuration of
the arrangement of the pixel array on the pixel column M.
The pixel column M includes an air area in which the air is
reflected, a lung field area in which the lung filed of the
subject is reflected, and an intermediate area positioned
between the air area and the lung region in which the
shoulder portion of the subject is reflected. The air area is the
brightest on the pixel column M because the subject is not
reflected. The lung field area is the next brightest area on the
pixel array A because the lung of the vague subject is
reflected. The intermediate area is the darkest area because
the subject’s clavicles and muscles are reflected. The pur-
pose of the operation of the intersection identification unit
127T3 is to find the boundary between the air area and the
intermediate area.

[0146] FIG. 28 shows how the magnitude relation of each
profile changes with the position of the target pixel. In FIG.
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28, the target pixel is indicated by an asterisk and the pixel
group is indicated by a thick frame. The width of the pixel
group is set so as to be longer than the width of the
intermediate area. Therefore, the pixel group located at the
position including the entire area of the intermediate area
will protrude to the area next to the intermediate area.
[0147] First, as shown in the upper part in FIG. 28, a state
is consider in which most of the pixel group is positioned in
the lung field area and the head is positioned in the inter-
mediate area. At this state, the pixel is low in pixel value
because the target pixel is positioned in the dark interme-
diate area. On the other hand, the moving average becomes
high. This is because most of the pixels constituting the pixel
group are positioned in the bright lung field area. Therefore,
in the case of the upper part shown in FIG. 28, the pixel
value of the target pixel becomes smaller than the moving
average.

[0148] Thereafter, the calculation of the moving average
will be continuously carried out while moving pixel group
towards the front end of the pixel column M. After a while,
as shown in the middle in FIG. 28, the target pixel reaches
the end portion of the intermediate area. At this state, the
target pixel is low in pixel value because the target pixel is
positioned in the dark intermediate area. On the other hand,
the moving average gradually decreases, but it remains high.
This is because the pixel group wider than the intermediate
area is positioned such that the tail portion protrudes from
the intermediate area and is located in the lung field area.
Therefore, in the case of the middle portion shown in FIG.
28, the pixel value of the target pixel remains smaller than
the moving average.

[0149] As the calculation of the moving average is further
continued, the target pixel reaches the air area as shown in
the lower part of FIG. 28. At this time, the pixel value of the
target pixel abruptly increases. On the other hand, the
moving average does not change so much. This is because
most of the pixels constituting the pixel group are positioned
in the dark intermediate area. Therefore, in the case of the
lower part in FIG. 28, the pixel value of the target pixel
becomes larger than the moving average.

[0150] Therefore, to find the boundary between the air
area and the intermediate area, it is only necessary to find the
position where the magnitude relationship between the pixel
value of the target pixel and the moving average is reversed.
Where this position comes on the pixel column M can be
found by comparing the two profiles. That is, the intersection
of the profile appearing when the pixel value profile and the
moving average profile are superimposed should be the
boundary between the air area and the intermediate area.
This is because the pixel value profile is nothing but related
to the position of the pixel column M and the pixel value of
the target pixel.

[0151] FIG. 29 illustrates a state in which an actual pixel
value profile and an actual moving average profile are
superimposed based on this idea. In FIG. 29, the pixel value
profile is indicated by a solid line, and the moving average
profile is indicated by a broken line. The symbol “a” in FIG.
29 is the intersection in question.

[0152] As will be understood from FIG. 29, the intersec-
tion “a” is strictly positioned in the intermediate area. That
is, in fact, the description with reference to FIG. 10 is not
applied as it is. FIG. 30 explains the reason that such a
phenomenon occurs. FIG. 30 illustrates how the X-ray
image capturing is performed on the subject’s shoulder
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portion. X-rays are irradiated to the subject from the left side
to the right side, passes through the subject’s shoulder
portion, and is detected by the detector. The subject is facing
to the left on the ventral side and facing to the right on the
dorsal side. The tip of the shoulder portion of the subject is
thin, and therefore the obtained X-ray image becomes an
image having a gradation, which becomes brighter from the
lower side to the upper side. That is, the periphery of the
boundary with the air area in the intermediate area of the
pixel column M shown in FIG. 29 becomes gradually
brighter toward the air area. This point is different from the
simple model described with reference to FIG. 28 in han-
dling the actual original image P0. Therefore, the intersec-
tion “a” does not appear at the boundary between the air area
and the intermediate area itself, but appears at a position
slightly shifted towards the intermediate area.

[0153] In view of such circumstances, as shown in FIG.
31, in the configuration of the present invention, it is
configured such that a position shifted from the intersection
“a” in the direction of the air area by a predetermined
distance D is recognized as a boundary between the air area
and the intermediate area. This will be described later.
[0154] By the way, looking at FIG. 29, it is noticed that
there are two intersections between the pixel value profile
and the moving average profile. One of them is the inter-
section “a”, which appears near the boundary between the
air area and the intermediate area. The other is an intersec-
tion appearing around the boundary between the intermedi-
ate area and the lung field area. This means that the target
boundary between the air area and the intermediate area
cannot be accurately identified without accurately distin-
guishing these two intersections.

[0155] The intersection identification unit 12T3 of the
present invention is configured to search only the intersec-
tion where the profile reversal in which the pixel value
profile below the average profile passes and exceeds the
moving average profile occurs when comparing the two
profiles in the direction from the inside of the subject toward
the air area (see the arrow in FIG. 29). Such an intersection
is an intersection appearing around the boundary between
the air area and the intermediate area that conform to the
principle described with reference to FIG. 30. Based on this
principle, the intersection identification unit 12T3 distin-
guishes the boundary between the intermediate area and the
lung field area and the boundary between the air area and the
intermediate area.

<Recognition of Upper End of Lung Field: Relationship
Between Intersection and Pacemaker Image>

[0156] The aforementioned operation of the intersection
identification unit 127T3 is sufficient as a configuration for
finding the boundary between the air area and the interme-
diate area in the X-ray image. However, when a cardiac
pacemaker is reflected in the X-ray image, it can happen that
the intersection searched by the intersection identification
unit 12T3 will not appear near the boundary between the air
area and the intermediate area. The reason why such a
phenomenon occurs will be described.

[0157] As shown in FIG. 32, the pacemaker image is
reflected at the position surrounded by the lung field. There-
fore, both the top portion and the bottom portion of the
pacemaker image are in the lung field. A case will be
considered in which a pixel column M is set so as to
penetrate this pacemaker image.
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[0158] FIG. 33 specifically illustrates the configuration of
the arrangement of the pixel array on the pixel column N.
The pixel column N includes an air area in which the air is
reflected in the same manner as in FIG. 9, a lung field area
the lung filed of the subject is reflected, and an intermediate
area positioned between the air area and the lung area in
which the shoulder portion of the subject is reflected. The
difference from FIG. 27 is that the pacemaker area related to
the pacemaker image is inserted in the lung field area.
Arranging the areas on the pixel column N, it is arranged in
the dark order of the pacemaker area, the intermediate area,
the lung field area, and the air area. The lung field area is
divided by the pacemaker area. In the divided lung field area,
the area fragment near the intermediate area will be referred
to as a lung field area [.1, and the area fragment far from the
intermediate area will be referred to as a lung field area [.2.
[0159] FIG. 34 illustrates the pixel value profile and the
moving average profile related to the pixel column N in a
superimposed manner. To be noted at this time is the
boundary between the lung field area [.1 and the pacemaker
area. The pixel value profile indicates a low value indicating
the dark pacemaker area, while the moving average profile
is dragged by the bright lung field area 1.2 and takes a high
value. However, the pixel value profile in the lung field area
L1 is higher than the moving average profile. The pixel value
profile shows a high value indicating the bright lung field
area L1, while the moving average profile is drawn by the
dark pacemaker area and takes a low value. Therefore, at the
boundary between the lung field area [.1 and the pacemaker
area, inversion occurs between the pixel value profile and
the moving average profile.

[0160] When comparing two profiles in the direction from
the inside of the subject to the air area (see the arrow in FIG.
34), the pixel value profile which was below the moving
average profile passes and exceeds the moving average
profile, so that the inversion of the profile occurs. Therefore,
the intersection b satisfies all of search conditions held by
the intersection identification unit 12T3.

[0161] Under such circumstances, when a pacemaker
image is reflected in the X-ray image, there is a possibility
that the intersection identification unit 12T3 searches the
intersection “b” near the boundary between the lung field
area L1 and the pacemaker area. Therefore, according to the
present invention, it is configured to search an intersection
for each of a plurality of pixel columns different in position
and identify an intersection positioned closest to the sub-
ject’s head (on the air area side) among the intersections as
an intersections positioned near the boundary between the
air area and the intermediate area to thereby prevent occur-
rence of misidentification described above.

[0162] FIG. 35 illustrates how the intersection identifica-
tion unit 12T3 ultimately selects one intersection from a
plurality of intersections. It is assumed that an intersection
search was performed for a pixel column M and a pixel
column N extending in parallel with each other, an inter-
section “a” was found for the pixel column M, and an
intersection “b” was found for the pixel column N. The
intersection identification unit 12T3 recognizes that the
intersection “a” on the side closer to the air area among
intersections “a” and “b” is the final search result and treats
that the intersection “b” is not found. The intersection
identification unit 12T3 executes the search operation on the
plurality of pixel arrays extending in parallel to each other
to thereby identify the intersection positioned on the most
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front end side of the pixel column among intersections
different in origin pixel column.

[0163] By performing such an operation, the intersection
identification unit 12T3 does not falsely recognize the
boundary between the lung field area [.1 and the pacemaker
area as the boundary between the air area and the interme-
diate area. This is because the boundary between the lung
field area L1 and the pacemaker area should appear at a
position far from the air area compared with the boundary
between the air area and the intermediate area and will not
become a selection target by the intersection identification
unit 12T3.

<Recognition of Upper End of Lung Field: Relationship
between Intersection and Annotation Image>

[0164] Next, the relationship between the intersection and
the annotation will be described. An annotation denotes a
figure to be inserted in the air area of the X-ray image, such
as, the letter “R” shown in FIG. 58. It can happen that an
inversion occurs between the pixel value profile and the
moving average profile in the vicinity of this annotation.
Therefore, it is considered that when an annotation image is
reflected in an X-ray image, an intersection of both profiles
occurs at the boundary between the annotation image and
the air area as described in FIG. 34 and this intersection
become indistinguishable from the intersection occurred at
the boundary between the air area and the intermediate area.
[0165] In this regard, according to the present invention, it
is configured such that as for a certain pixel column M, in
cases where there are a plurality of intersections where an
inversion of profiles such that the pixel value profile below
the moving average profile passes the moving average
profile when comparing two profiles in the direction from
the inside of the subject toward the air area (see the arrow
in FIG. 11), the intersection identification unit 12T3 recog-
nizes that the intersection closer to the lung field area among
these intersections is a search result for the pixel column M
and processes as not having found any other intersections.
[0166] In the example of FIG. 36, since the intersection a2
is closer to the lung field area than the intersection al, the
intersection identification unit 12T3 recognizes that the
intersection a2 is an intersection related to the pixel column
M. By performing such an operation, the intersection iden-
tification unit 12T3 does not falsely recognize the boundary
between the air area and the annotation as the boundary
between the air area and the intermediate area. The boundary
between the air area and the annotation should appear at a
position far from the lung field area as compared with the
boundary between the air area and the intermediate area, and
will not become a recognition target of the intersection
identification unit 12T3. The intersection identification unit
127T3 searches the most rear end side intersection of the pixel
arrangement in cases where an intersection of both profiles
appears on the same pixel arrangement at a position where
the pixel value profile passes the moving average profile in
the direction from the rear end toward the front end in the
pixel column.

[0167] As an actual operation of the intersection identifi-
cation unit 12T3, it may be configured such that the com-
parison of both profiles is sequentially performed from the
rear end of the pixel column M toward the front end thereof
(in the direction from the lung field area to the air area), the
intersection found for the first time is recognized as the
search result, and the search is completed at this point of
time. Therefore, the intersection al shown in FIG. 36 is not
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always found by the intersection identification unit 12T3. In
the case of this configuration, the intersection identification
unit 12T3 ends the operation without recognizing even the
existence of intersection al.

[0168] The intersection identification unit 12T3 identifies
the intersection “a” based on such search condition and
sends the position information of the intersection “a” in the
pixel column M to the shift unit 12T4. That is, as shown in
FIG. 31, the shift 12T4 sets the position moved from the
position of the intersection “a” by the predetermined dis-
tance D in the direction from the intermediate area to the air
area as a trimming position. The shift unit 12T4 sets the
position on the radiation image on the front end side of the
pixel column by the predetermined width than the intersec-
tion to the position related to the upper end of the contour of
the subject which is reflected in the original image P0.
[0169] FIG. 37 shows the upper end of the body portion
set by the shift unit 12T4. The upper end of the body portion
represents the position of the subject’s shoulder and is
reflected above the lung field. This is because, in the original
image PO, the subject’s shoulder is reflected above the lung
field. Also, the upper end of the body part is reflected below
the jaw of the subject. This is because, in the original image
PO, the subject’s shoulder is reflected below the jaw. In other
words, the upper end of the body part is positioned at a
position which separates the jaw of the subject and the lung
field.

[0170] FIG. 38 shows how the upper side area setting unit
12T sets the upper side area based on the upper end of the
body portion set by the shift unit 12T4. The upper side of the
upper side area is set to the position of the upper end of the
body portion. The position of the lower side of the upper side
area may be preset before acquisition of the original image
Po.

[0171] The lung field upper end recognition unit 13T
searches the portion corresponding to the upper end of the
lung field from the total value profile PY. However, since the
total value profile PY is a profile for the entire original image
PO, it also includes an area not necessary for searching the
upper end of the lung field. Therefore, in the present
invention, as shown in FIG. 38, the upper side area setting
unit 12T is configured to predict the rough position of the
upper end of the lung field and set an area including the
upper end of the lung field in the original image P0. The area
including this upper end is the upper side area. The right
side, and the left side of the upper side area coincide with the
right side and the left side, and the lower side is set to the
position (position crossing) passing through the lung field.
Therefore, in the lung field, which is reflected in the lower
side area, the lower side is missing. The position on the
image of the lower side may be preset before acquiring the
original image P0.

[0172] Looking at FIG. 38, it is noted that the upper side
of the upper side area does not coincide with the upper side
of the original image. This phenomenon occurs because the
upper side area setting unit 12T sets the upper end of the
body portion recognized by the shift unit 12T4 to the upper
side of the upper side area. With this, the jaw of the subject
can be excluded from the upper side area. In this way, the
upper side area setting unit 12T sets the upper side area by
excluding the jaw of the subject. According to the configu-
ration of the present invention, the jaw of the subject is not
falsely recognized as the upper end of the lung field. This is
because the upper end search is performed by treating that
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the upper end of the lung field does not exist in the subject
jaw. The details of the false recognition that occurs when
recognizing the upper end of the lung field have been
described with reference to FIG. 18.

[0173] In the original image PO, the area other than the
right side area will be referred to as an exclusion area. This
exclusion area is distributed upper and lower in the original
image P0. Therefore, the upper side area exists at the
position sandwiched between the two exclusion areas in the
vertical direction.

[0174] The data indicating the position of the upper side
area is sent to the lung field upper end recognition unit 13T.
As shown in FIG. 39, the lung field upper end recognition
unit 13T recognizes the range on the total value profile PY
corresponding to the upper side area as a search range which
is a range for searching the upper end of the lung field and
does not perform a search on the range on the total value
profile PY corresponding to the exclusion area described in
FIG. 38.

[0175] As shown in FIG. 39, the lung field upper end
recognition unit 13T searches a position T where the total
value is the lowest in the search range on the total value
profile PY, and recognizes the position T as the upper end of
the lung field left. The position with the lowest total value on
the total value profile PY indicates the position of the pixel
column in which the trunk of the body of the subject is
reflected throughout the array and the lung field is not
included. This position is very close to the lung field
although it is located outside the lung field. The reason for
this is described in FIG. 40. FIG. 40 illustrates a case in
which the pixel column B described in FIG. 16 is positioned
at the position T. When the pixel column B is moved upward
from the position T, the total value corresponding to the
pixel column B gradually increases. This is because as the
pixel column B is moved towards the subject’s head, the
dark shoulder portion gradually decreases, causing the
bright air portion to increase. When the pixel column B is
moved downward from the position T, the total value
corresponding to the pixel column B gradually increases.
This is because as the pixel column B is moved towards the
lung field, the dark shoulder portion gradually decreases,
causing the bright lung field portion to increase.

[0176] FIG. 41 collectively illustrates the recognition of
the end portions of the lung field, which have been described
so far. With the lung field right end recognition unit 13R, the
lung field left end recognition unit 131, and the lung field
upper end recognition unit 13T, the ends of the lung field in
the original image P0 were recognized in the right, left, and
upper directions.

<Recognition of Upper End of Lung Field>

[0177] Lastly, the recognition of the lower end of the lung
field in the present invention will be described. For recog-
nizing the lower end of the lung field, a total value profile PY
is required. This is because when trying to find the upper and
lower ends of the lung field, it is not necessary to perform
the processing in the horizontal direction of the image
described in FIG. 8 to FIG. 15, but necessary to perform the
processing in the vertical direction rotated by 90 degrees.

[0178] The recognition of the lower end of the lung field
has a special circumstance different from the right end, left
end, and upper end of the lung field described above. That
is, as shown in FIG. 42, the lower end of the right lung and
the lower end of the left lung do not always coincide. Such
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a circumstance is not convenient when trying to extract the
whole lung area from the original image P0. In the case of
FIG. 42, the right lung extends downward from the left lung.
Therefore, it is necessary to set the lower end of the right
lung to the lower end of the lung field. If the lower end of
the left lung is set to the lower end of the lung field, the lower
side of the right lung will be cut off when cutting out the lung
field from the original image PO0.

[0179] Therefore, to recognize the lower end of the lung
field, the original image PO is configured to divide into a
right half and a left half. FIG. 43 shows how the image
dividing unit 10 (see FIG. 7) bisects the original image P0
vertically to generate a right image in which the right lung
is reflected and a left image in which the left lung is
reflected.

<Recognition of Lower End of Lung Field: Image
Processing on Left Image>

[0180] Hereinafter, the image processing for the left image
in which the left lung is reflected will be described. FIG. 44
shows how the total value profile PYL is generated based on
the left image. In the left image, since pixels are arranged
vertically and horizontally, it can be understood that the
horizontally extending pixel column is arranged in the
vertical direction in the left image. The vertical direction
profile generation unit 11Y calculates the total value on these
pixel columns, and generates the profile in which the posi-
tion of the pixel column and the total value are related as
shown in FIG. 17. This profile is a total value profile PYL.
The total value profile PYL is sent to the lung field lower end
recognition unit 13U.

[0181] The lung field lower end recognition unit 13U
searches the portion corresponding to the lower end of the
lung from the total value profile PYL. However, since the
total value profile PYL is a profile for the entire left image,
it also includes an area not necessary for searching the lower
end of the lung field. Therefore, in the present invention, as
shown in FIG. 45, the lower side area setting unit 12U is
configured to predict the rough position of the lower end of
the lung field and set an area including the lower end (the
end portion of the lung field positioned on the lower end side
of the image) of the lower end of the left lung on the left
image. The area including this lower end will be referred to
as the lower side area. The lower side, the right side, and the
left side of the lower side area coincide with the lower side,
the right side, and the left side, and the lower side, and is set
to the position (position crossing) passing through the lung
field. Therefore, the left lung reflected in the lower side area
lacks the upper side. In the original image PO, the area other
than the lower side area will be referred to as an exclusion
area and belongs particularly to the jaw and the shoulder
portion of the subject. The position on the image of the lower
side area may be preset before acquiring the original image
Po.

[0182] The data indicating the position of the lower side
area is sent to the lung field lower end recognition unit 13U.
As shown in FIG. 46, the lung field lower end recognition
unit 13U recognizes the range on the total value profile PYL
corresponding to the lower side area as a search range which
is a range for searching the upper end of the lung field and
does not perform a search on the range on the total value
profile PYL corresponding to the exclusion area described in
FIG. 45.
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[0183] Here, a special circumstance concerning the rec-
ognition of the lower end of the lung field will be described.
The search of the right end, the left end, and the upper end
of the lung field was made by searching the position where
the total value was the lowest from the range defined on the
total value profile. Such a search method does not apply to
the search for the lower side of the lung field. The reason is
that low values of the total value gather on the right side of
the total value profile PYL shown in FIG. 46. This part
corresponds to the lower side portion of the lung field on the
left image. This portion is a portion in which the inner parts
of'the subject are filled. The inner parts of the subject are less
likely to pass radiation as compared with the lung field, and
are widely distributed as a dark shadow on the lower side of
the left image. Therefore, on the right side of the total value
profile PYL shown in FIG. 46, low total values continuous
and it is impossible to distinguish which portion corresponds
to the lower end of the lung field.

[0184] Therefore, the lower end of the lung field is deter-
mined based on the differential value of the total value
profile PYL. That is, the lung field lower end recognition
unit 13U differentiates the total value profile PYL by the
position, finds the position where the differential value is the
lowest, and recognizes this position as the lower end UL.
The position where the differential value is lowest appears at
the boundary between the lung field and the diaphragm. At
first glance, the influence of the pacemaker and the annota-
tion is concerned. However, at the lower end of the lung
field, unlike the upper end, the right end, and the left end, the
pacemaker and the annotation are not positioned in the
vicinity. Therefore, with respect to the lower end, no false
recognition will occur under the influence of the pacemaker
and the annotation even with such a recognition method.

<Recognition of Lower End of Lung Field:
Processing on Right Image>

Image

[0185] The vertical direction profile generation unit 11Y,
the lower side area setting unit 12U, and the lung field lower
end recognition unit 13U apply the same image processing
to the right image described with reference to FIG. 43 as the
image processing performed on the left image. As a result,
the lower end of the lung field is also recognized for the right
lung reflected in the right image. FIG. 47 shows a state in
which the lower end UL of the left lung is recognized in the
left image and a state in which the lower end UR of the right
lung is recognized in the right image.

<Recognition of Lower End of Lung Field: Recognition of
Lower End for Lung Field>

[0186] The lung field lower end recognition unit 13U
recognizes the lower end of the entire lung field based on the
lower end UL of the left lung and the lower end UR of the
right lung. That is, as shown in FIG. 48, the lung field lower
end recognition unit 13U compares the lower end UL of the
left lung with the lower end UR of the right lung, and
recognizes the one positioned on the lower side of the
original image PO as the lower end U of the lung field. The
lung field lower edge recognition unit 13U according to the
present invention recognizes the lower end UL of the left
lung, recognizes the lower end UR of the right lung, com-
pares the position of the lower end UL of the left lung in the
original image P0 image with the position of the lower end
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UR of the right lung, and recognizes the one positioned on
the lower side of the image as the lower end U of the lung
filed.

[0187] By this operation of the lung field lower end
recognition unit 13U, the lower end of the lung field is
determined based on one of lungs which extending on the
lower side of the original image P0 among both lungs
constituting the lung field. Therefore, a part of the lung field
will not be lost when trimming is performed.

[0188] The left side of FIG. 49 collectively illustrates the
recognition of the end portion of the lung field, which has
been described above. With the lung field right end recog-
nition unit 13R, the lung field left end recognition unit 13L,,
the lung field upper end recognition unit 13T, and the lung
field lower end recognition unit 13U, the ends of the lung
field on the original image P0 were recognized in the right,
left, and upper and lower directions. Such a method of
recognizing the ends of the lung field is convenient when
executing the trimming processing of cutting out the entire
lung field from the original image P0. The right end R, left
end L, upper end T, and lower end U are all positioned
outside the lung field, so that even if the image is cropped
at the positions, no part of the lung field will be cut.

<Operation of Trimming Unit 14>

[0189] The data indicating the positions of the upper,
lower, left, and right ends of the lung field recognized by the
end recognition unit 13 is sent to the trimming unit 14. As
shown in FIG. 49, the trimming unit 14 performs trimming
processing of the original image P0 based on the four ends
of the lung field to generate a trimmed image such that the
four edges of the lung field are at the edges of the image. The
trimmed image is obtained by cutting out the lung field for
each perimeter from the original image P0. The trimming
unit 14 generates a trimmed image in which an image of the
lung field area is extracted from the original image P0 based
on the positions of the ends of the lung or area specified by
the lung field left end recognition unit 13L, the lung field
right end recognition unit 13R, the lung field upper end
recognition unit 13T, and the lung field lower end recogni-
tion unit 13U.

[0190] The trimmed image is sent to the lung field lumi-
nance adjustment unit 15. The lung field luminance adjust-
ment unit 15 performs the luminance adjustment for the
entire trimmed image. By this operation, in the lung field,
the light and shade will be assuredly enhanced and the
visibility will be improved.

<Effects of the Invention>

[0191] FIG. 50 illustrates the effects of the present inven-
tion. According to the method of determining the lung field
end portion according to the present invention, no false
recognition will occur in the recognition of the end portion
of the lung field by the pacemaker or annotation reflected in
the original image P0.

[0192] FIG. 50 illustrates a case in which a pacemaker is
reflected in a pixel column A1l of FIG. 12 and an annotation
is reflected in the pixel column A3. Among them, the pixel
columns Al and A2 are pixel columns belonging to a trunk
of a body of a subject as shown in the left side of FIG. 12,
the pixel column Al passes through the lung field, and the
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pixel column A2 is positioned outside the lung field. The
pixel column A3 is positioned outside the trunk part of the
subject.

[0193] In the pixel column A1 of FIG. 50, unlike the case
of FIG. 12, the pacemaker is reflected. However, since the
bright lung field is sufficiently widely reflected in the pixel
column A1 of FIG. 50, the total value of the pixel column A1
does not so change as compared with the one of the pixel
column Al of FIG. 12. In the same manner, in the pixel
column A3 of FIG. 50, unlike the case of FIG. 12, the
annotation is reflected. However, since the bright air is
sufficiently widely reflected in the pixel column A3 of FIG.
50, the total value of the pixel column A3 does not so change
as compared with the one of the pixel column A3 of FIG. 12.
Therefore, also in FIG. 50, similarly to FIG. 12, the portion
of the pixel column A2 is recognized as the end portion of
the lung field.

[0194] Thus, according to the present invention, even if a
pacemaker or an annotation is reflected in the original image
P0, no end portion of the lung field will be falsely recognized
due to the influence.

[0195] As described above, according to the present
invention, the visibility of a lung field can be assuredly
improved by assuredly recognizing the position of the lung
field reflected in the radiation image. That is, according to
the present invention, instead of generating a total value
profile based on an edge enhanced image like a conventional
art, it is configured to generate a total value profile based on
a radiation image.

[0196] In an edge enhanced image, a contour of a pace-
maker and/or a contour of an annotation is very strongly
emphasized. Therefore, based on the edge enhanced image,
the total value profile is greatly affected by the pacemaker
and/or the annotation. This means that the shape of the total
value profile greatly changes depending on the presence or
absence of the pacemaker and the annotation. The pace-
maker and the annotation become a cause of false recogni-
tion of the edge of the lung field.

[0197] In comparison, according to the present invention,
the total value profile is generated based on the radiation
image. A pacemaker and an annotation reflected in a radia-
tion image are merely reflected darkly in the image, and the
existence is not particularly emphasized by edge enhance-
ment. Therefore, the total value profile according to the
present invention is not significantly affected by a pace-
maker and/or an annotation. Therefore, according to the
present invention, there occurs no false recognition regard-
ing the end of the lung field due to a pacemaker and/or an
annotation.

[0198] The present invention is not limited to the afore-
mentioned configuration, and may be modified as follows.
[0199] (1) The image processing apparatus according to
the present invention can also be realized by executing the
following processing. That is, software for realizing the
functions of the above-described embodiments is supplied to
a system or an apparatus via a network or various storage
media, and a computer (or CPU, MPU, etc.) of the system
or apparatus reads program to execute processing.

[0200] (2) The image processing apparatus according to
the present invention may be mounted on a radiographic
imaging apparatus.

[0201] (3) The lateral direction profile generation unit 11X
may be configured to recognize that the original image PO is
generated by arranging pixel columns in which pixels are
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arranged in the lateral direction with the width of one pixel,
calculate the average value by averaging the pixel values of
pixels belonging to the pixel column extending in the
vertical direction for each pixel column, and generate an
average value profile which is a profile extending in the
lateral direction associated with the position of pixel column
and the average value. In this case, each unit 13, 13R
operates by searching the minimum value of this average
value profile.

[0202] (4) The vertical direction profile generation unit
11Y may be configured to recognize that the image is
generated by arranging pixel columns in which pixels are
arranged in the vertical direction with the width of one pixel
in the vertical direction, calculate the average value by
averaging pixel values of pixels belonging to a pixel column
extending in the lateral direction for each pixel column, and
generate a vertical direction profile which is a profile extend-
ing in the vertical direction associated with the position of
pixel column and the average value. In this case, each unit
13T, 13U operates by searching the minimum value of this
average value profile.

DESCRIPTION OF REFERENCE SYMBOLS

[0203] 11Y: vertical direction profile generation unit (ver-
tical direction profile generation means)
[0204] 11X: lateral direction profile generation unit (lat-
eral direction profile generation means)

[0205] 12L: left side area setting unit (left side area setting
means)

[0206] 12R: right side area setting unit (right side area
setting means)

[0207] 12T: upper side area setting unit (upper side area
setting means)

[0208] 12U: lower side area setting unit (lower side area
setting means)

[0209] 13L: lung field left end recognition unit (lung field

left end recognition means)

[0210] 13R: lung field right end recognition unit (lung
field right end recognition means)

[0211] 13T: lung field upper end recognition unit (lung
field upper end recognition means)

[0212] 13U: lung field lower end recognition unit (lung
field lower end recognition means)

[0213] 14: trimming unit (trimming means)

[0214] 15: lung field luminance adjustment unit (lung field
luminance adjustment means)

1. An image processing apparatus configured to identify a
lung field area in a radiation image in which a lung field of
a subject is reflected in a vertical direction, the image
processing apparatus comprising:

(A1) lateral direction profile generation means configured
to generate a lateral direction profile by adding or
averaging pixel values belonging to each pixel column
of the radiation image for each pixel column; and

(B1) lung field end identifying means configured to
identify a position where a value of the lateral direction
profile becomes minimum in a right side area or a left
side area except for the vicinity of a center of a
predetermined width from the radiation image as a right
end or a left end of the lung field area.

2. The image processing apparatus as recited in claim 1,

wherein
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the predetermined width in the lung field end identitying
means is a width avoiding vertebras of the subject
reflected as a vertically elongated line near the center of
the radiation image.

3. An image processing apparatus configured to identify a
lung field area in a radiation image in which a lung field of
a subject is reflected in a vertical direction, the image
processing apparatus comprising:

(A2) vertical direction profile generation means config-
ured to generate a vertical direction profile by adding or
averaging pixel values belonging to each pixel row of
the radiation image for each pixel row; and

(B2) lung field end identifying means configured to
identify a position where a value of a vertical direction
profile becomes minimum in an upper side area of the
radiation image as an upper end of the lung field area.

4. The image processing apparatus as recited in claim 3,
wherein

the lung field end identifying means sets an upper side
area by excluding a jaw of the subject.

5. An image processing apparatus configured to identify a
lung field area in a radiation image in which a lung field of
a subject is reflected in a vertical direction, the image
processing apparatus comprising:

(A2) vertical direction profile generation means config-

ured to generate a vertical direction profile by adding or
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averaging pixel values belonging to each pixel row of
the radiation image for each pixel row; and

(B3) lung field end identifying means configured to
identify a position where a change of a value of a
vertical direction profile is maximum in a lower side
area including a lower end of a lung field reflected in
the radiation image as a lower end of the lung field area,

wherein the lung field end identifying means recognizes a
lower end of the left lung and a lower end of the right
lung and compares a position of the lower end of the
left lung in the image with a position of the lower end
of the right lung to recognize a position which is
positioned lower in the image as the lower end of the
lung field.

6. An image processing apparatus comprising:

trimming means configured to generate a trimmed image
from which an image of a lung field area is extracted
from a radiation image based on a position of an end of
the lung or the area specified by the lung field end
identifying means as recited in claim 1.

7. The image processing apparatus as recited in claim 6,

further comprising:

lung field luminance adjustment means configured to

adjust contrast for the trimmed image.
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