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(57) ABSTRACT

A dynamic analysis system includes an imaging device and
an analysis device. The imaging device performs dynamic
imaging by emitting radiation to a chest part of a human
body, thereby obtaining a series of frame images showing a
dynamic state of the chest part. The analysis device includes
a controller. The controller (1) selects a first plurality of
frame images to be analyzed from the series of frame images
obtained by the imaging device, (ii) calculates, based on the
first plurality of frame images, a ventilation amount index
value that indicates an amount of ventilation of a lung field
and a perfusion amount index value that indicates an amount
of perfusion of the lung field, and (iii) calculates a ratio of
the ventilation amount index value to the perfusion amount
index value.

:
[NPUT PATIENT INFORMATION

&1
i

l

SET RADIATION EMISSION
CONDITION AND IMAGR

52

REABING CONDITION
T

”/i\\w/ Sg

N{_} // TR Y o \"v\
e RABATION EMISSION
e LOMMAND?

YES

| DYNAMICIMAGING

- &4
i

- &5
g,

¥
| STORE DYNAMIC IMAGE

56
E

;
? DISPLAY DYNAMIC IMAGE

4

&%

SEND DYNAMIC IMAGE
TO BIAGROSTIC CORSOLE

i DELETE DYNAMIC IMADE
i

( END



US 2017/0325771 Al

Nov. 16,2017 Sheet 1 of 10

Patent Application Publication

IN
IR I oo
5& | NOUVINOIWIOD | ¢, | NOWYDINOWIOD | | ! NOISSIN NOLLVIOVY — PIRTTS
A UNOAYESIE D INAAVIGSIE b < TYNIS NS LIRS NOLLVIGYY
PE BN % - /
TN o [T 9 i
co-7L _NOLVHAID ["1-7%pr o NOUVHAO 7 )
: éT. 76Y TEKRY
e amvois [Nt EvioIs |- ~ vy AL . |
e trgryeemen il B NN : TTTTORINGD SNIGVEY Q mwv#
e UNVIOUINOD | || NG TONINGD |- mwmmw,wwm@mﬁiﬁx e SR
/H10SNOD DILSONOVIG / Jiosooonovig T ﬁ B
7
i
001

{O0A



Patent Application Publication Nov. 16,2017 Sheet 2 of 10 US 2017/0325771 Al

P12
C smrr )
p—————— o8I
INPUT PATIENT INFORMATIONF

SET RADIATION IMISSION | ¢»
CONDITION AND IVAGE
READING CONDITION

83
< RADIATION BMISSION

DYNAMIC IMAGING .

. b4

Ay

Ty N——
STORE DYNAMIC MAGE

- 56

¥
DISPLAY DYNAMIC IMAGE |

59

SEND DYRAMIC IMAGE DELETE BYNAMIC IMAGE
TO BAGNOSTIC CORNSOLE

o3

o

(Ef;fﬁ:e)




Patent Application Publication Nov. 16,2017 Sheet 3 of 10 US 2017/0325771 Al

(Vi RATIO mmm,srm@
\____ PROCESS A
| 81T
SELECT ANALYSIS RANGE

y
EXTRACTLUNGFIEDREGION 517

¥
CALCULATE VENTILATIONAMOUNT | ¢4
INDEX VALUE THAT INDICATES AMOUNT
OF VERTILATION OF LUNG FIELD

CALCULATE PERFUSION AMOUNT INDEX | . 514
VALUE THAT INDICATES AMOUNT OF
PERFUSION OF LUNG FIELD

; 5135
CALCULATE VA RATIO .

- e , 518
DISPLAY CALCULATIONRESTLT  +

C i )

g




Patent Application Publication

Nov. 16,2017 Sheet 4 of 10

concge g

- VENTILATION
ANALYSIS RANGE

S PERFUSION
ANALYSIS RANGE

g VENTILATION/PERFUSION
RATIO ANALYSIS RANGE

- VENTILATION
ANALYSIS RANGE

B PERFUSHON
ANALYSIS RANGE

EXAMPLE | =&
o
A
EXAMPLE
-
S

B VENTILATIONPERFUSION
RATIO ANALYSIS RANGE

US 2017/0325771 Al



Patent Application Publication Nov. 16,2017 Sheet 5 of 10 US 2017/0325771 Al

MEANPIXEL
SIGNALVALUE
OF WHOLE IMAGE

; i BREATH
BREATHING | HOLDING |

FiIG.6

y COORDINATE
OF piaPHRAGM T
POSITION ||

R

BREATHING

>
|

BRIATH HOLDING
% it




Patent Application Publication Nov. 16,2017 Sheet 6 of 10 US 2017/0325771 Al

VIEAN PINEL

SIGNAL VALUE
256}
2409 s
730
3L [ —
2667
2000
01—
1968
1760
{609
{306 s

Fg@* ;
THRESHOLD

CHANGE VALUE

AﬁggNT CHANGE AMOUNT: /= 10 FRAMES ]
120 f

168 ’

YTV e

FRAME NG,



Patent Application Publication Nov. 16,2017 Sheet 7 of 10 US 2017/0325771 Al

FIG.84

RO O A RS

S

SMALL RNt ; LAZZALARGE
!
DEFAULT NORMAL VALUE

SN
@\CL@ 5
OV

SMALL R

1 LAZZALARGE

DEFAULT NORMAL VALUE

g



Patent Application Publication Nov. 16,2017 Sheet 8 of 10 US 2017/0325771 Al

FIG.94

WEIGHTING
COEFFICIENT
LARGE

SMALE

WEIGHTING
COEFFICTENT
LARGE

e
EgEsasaan
SeRagetes
¢3:43 o
3 H
2! 25
H 2
13
- 2
b4 3
2
2

%
3
%
3
)
o
%
3
%
.
*
§
3
8

b
14

LENGTH

SMALL [




Patent Application Publication Nov. 16,2017 Sheet 9 of 10 US 2017/0325771 Al

FIG.10

/i) RATIO CALCULATION
\_ PROCESSH
|

_ e — 821
SELECT ANALYSTS RANGE

Ay

F

EXTRACTLUNG FIELDREGION |- 347

k-4

DIVIDE LUNG FIRLD REGION N0 147
SMALL REGIONS

CALCULATE VENTILATION AMOENT |~
INDEX VALUE FOR FACH SMALLREGION

CALCULATE PERFCSION AMOUNT INDEX |~ >4

YALUE FOR FACH SMALLREGION

CALCULATE VIQ RATIO FOREACH |~
SMALLREGION

k]

DISPLAY CALCULATION RESDLY

8§27

Y,

( END )




Patent Application Publication Nov. 16,2017 Sheet 10 of 10  US 2017/0325771 Al

RN DR AN

@ S ; O,
_ ’ : A FARA AN
B RN

g S o % y \;
& VR D 25 5

. . k. N v .. O
LIS W
PN

R

SMALLRSSE

N ; Vvzzd LARGE

DEFAULT NORMAL VALUE

SMALLR

AN ? vz LARGE

DEFAULT NORMAL VALUE



US 2017/0325771 Al

DYNAMIC ANALYSIS SYSTEM AND
ANALYSIS DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority under the Paris Convention of Japanese
Patent Application No. 2016-096646 filed on May 13, 2016,
the entire disclosure of which, including the specification,
claims, drawings and abstract, is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a dynamic analysis
system and an analysis device.

2. Description of the Related Art

[0003] Functions of the lungs are ventilation and perfusion
(blood flow). Ventilation is a function to take oxygen into the
body as inhaled air and send the same to the pulmonary
alveoli, and emit carbon dioxide from the pulmonary alveoli
to the outside of the body as exhaled air. Perfusion is a
function to send, to the pulmonary alveoli, blood which
contains carbon dioxide emitted from the cells of the whole
body, and send out, to the heart, blood which oxygen has
entered by gas exchange in the pulmonary alveoli. That is,
it is important for gas exchange that ventilation and perfu-
sion function in a well-balanced manner. If one or both of the
functions deteriorates, gas exchange does not work well.
[0004] The relationship between ventilation (V) and per-
fusion (Q) is important for pathophysiologically understand-
ing respiratory diseases and is clinically evaluated by the
following V/Q ratio.

V/Q Ratio=Amount of Ventilation (¥)/Amount of
Perfusion (Q)

[0005] In general, the amount of ventilation of about 4 L,
the amount of perfusion of about 5 [, and the V/Q ratio of
about 0.8 are considered to be normal. However, if imaging
is performed with a patient (examinee or subject M) stand-
ing, due to influence of gravity, the amount of ventilation is
more than the above value at the upper part of the lung fields
(right and left lung fields), and the amount of perfusion is
more than the above value at the lower part of the lung fields.
[0006] Conventionally, the V/Q ratio is examined by ven-
tilation scintigraphy and perfusion scintigraphy. However,
they require patients to take in radioisotopes and therefore
put a great strain on the patients, and also their examination
time is long.

[0007] Meanwhile, there is proposed a method of calcu-
lating a ventilation change amount from frame images taken
during breathing of a dynamic chest image, calculating a
perfusion change amount from frame images taken during
breath-holding of the dynamic chest image, and obtaining
the V/Q ratio by obtaining the ratio of the change amounts
(e.g., Non-Patent Document 1: Rie TANAKA, Masaki
FUIIMURA, Masahide YASUI, Shigeru SANADA, Norio
HAYASHI, Hiroyuki OKAMOTO, Shiro TSUIJI, Yuko
NANBU, and Osamu MATSUI, “Ventilation-perfusion
study in a ventilation-perfusion mismatch case using
dynamic chest radiography”, Medical Imaging and Infor-
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mation Sciences, Vol. 26 (2009), No. 3, pp. 68-72). Calcu-
lating the V/Q ratio from a dynamic chest image is prefer-
able because it puts a smaller strain on patients than
examining the V/Q ratio by ventilation scintigraphy and
perfusion scintigraphy, and also its examination time is
short.

[0008] However, in the method described in Non-Patent
Document 1, the V/Q ratio is calculated from the analysis
results of frame images taken at different timings. Therefore,
the V/Q ratio cannot be calculated with high accuracy.

BRIEF SUMMARY OF THE INVENTION

[0009] Objects of the present invention include calculating
the V/Q ratio with high accuracy by using a dynamic chest
image.

[0010] In order to achieve the above and/or other objects,

according to a first aspect of the present invention, there is
provided a dynamic analysis system including: an imaging
device which performs dynamic imaging by emitting radia-
tion to a chest part of a human body, thereby obtaining a
series of frame images showing a dynamic state of the chest
part; and an analysis device including a controller which:
selects a first plurality of frame images to be analyzed from
the series of frame images obtained by the imaging device;
calculates, based on the first plurality of frame images, a
ventilation amount index value that indicates an amount of
ventilation of a lung field and a perfusion amount index
value that indicates an amount of perfusion of the lung field;
and calculates a ratio of the ventilation amount index value
to the perfusion amount index value.

[0011] According to a second aspect of the present inven-
tion, there is provided an analysis device including a con-
troller which: selects a plurality of frame images to be
analyzed from a series of frame images showing a dynamic
state of a chest part of a human body obtained by dynamic
imaging performed by emitting radiation to the chest part of
the human body; calculates, based on the selected plurality
of frame images, a ventilation amount index value that
indicates an amount of ventilation of a lung field and a
perfusion amount index value that indicates an amount of
perfusion of the lung field; and calculates a ratio of the
ventilation amount index value to the perfusion amount
index value.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0012] The present invention is fully understood from the
detailed description given hereinafter and the accompanying
drawings, which are given byway of illustration only and
thus are not intended to limit the present invention, wherein:
[0013] FIG. 1 shows the overall configuration of a
dynamic analysis system according to embodiments of the
present invention;

[0014] FIG. 2 is a flowchart of an imaging control process
performed by a control unit of an imaging console shown in
FIG. 1;

[0015] FIG. 3 is a flowchart of a V/Q ratio calculation
process A performed by a control unit of a diagnostic
console shown in FIG. 1;

[0016] FIG. 4 is an illustration to explain an analysis
range;
[0017] FIG. 5 is a graph of a waveform showing time

change in pixel signal value of a whole frame image;
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[0018] FIG. 6 shows an example of a waveform showing
time change in moving amount of a diaphragm;

[0019] FIG. 7A is a graph of a waveform showing time
change in pixel signal value of a whole frame image;
[0020] FIG. 7B is a graph showing a change amount of the
pixel signal value shown in FIG. 7A at ten-frames intervals;
[0021] FIG. 8A shows an example of calculation results of
the V/Q ratio in a first embodiment displayed in the form of
a video;

[0022] FIG. 8B shows an example of the calculation
results of the V/Q ratio in the first embodiment displayed in
the form of a still image;

[0023] FIG. 9A shows a linear weighting coeflicient by
which a normal value is multiplied;

[0024] FIG. 9B shows a stepwise weighting coeflicient by
which the normal value is multiplied;

[0025] FIG. 10 is a flowchart of a V/Q ratio calculation
process B performed by the control unit of the diagnostic
console shown in FIG. 1;

[0026] FIG. 11A shows an example of calculation results
of the V/Q ratio in a second embodiment displayed in the
form of a video; and

[0027] FIG. 11B shows an example of the calculation
results of the V/Q ratio in the second embodiment displayed
in the form of a still image.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] Hereinafter, embodiments of the present invention
are described in detail with reference to the drawings.
However, the scope of the present invention is not limited to
the embodiments or illustrated examples.

First Embodiment

[Configuration of Dynamic Analysis System 100]

[0029] First, the configuration of a first embodiment is
described.
[0030] FIG. 1 shows the overall configuration of a

dynamic analysis system 100 according to the embodiment
(s) of the present invention.

[0031] As shown in FIG. 1, the dynamic analysis system
100 includes: an imaging device 1; an imaging console 2
connected with the imaging device 1 via a communication
cable or the like; and a diagnostic console 3 connected with
the imaging console 2 via a communication network NT,
such as a LAN (Local Area Network). The devices or the
like of the dynamic analysis system 100 are in conformity
with DICOM (Digital Image and Communications in Medi-
cine) standard and communicate with each other in confor-
mity with DICOM.

[Configuration of Imaging Device 1]

[0032] The imaging device 1 is an imaging unit which
images a cyclic dynamic state of a chest part. Examples of
the cyclic dynamic state include: change in shape of the
lungs, i.e., expansion and contraction of the lungs, accom-
panying respiration; and pulsation of the heart. Dynamic
imaging is performed by repeatedly emitting pulsed radia-
tion, such as X-rays, to a subject M at predetermined time
intervals (pulse emission) or continuously emitting radiation
without a break to a subject M at a low dose rate (continuous
emission), thereby obtaining a plurality of images showing
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the dynamic state. A series of images obtained by dynamic
imaging is called a dynamic image. Images constituting a
dynamic image are called frame images. In the embodiment
(s) described below, dynamic imaging is performed by pulse
emission as an example.

[0033] A radiation source 11 is disposed to face a radiation
detection unit 13 having a subject M in between, and emits
radiation (X-rays) to the subject M under the control of a
radiation emission control device 12.

[0034] The radiation emission control device 12 is con-
nected with the imaging console 2, and controls the radiation
source 11 based on radiation emission conditions input from
the imaging console 2 so as to perform radiation imaging.
The radiation emission conditions input from the imaging
console 2 include a pulse rate, a pulse width, a pulse interval,
the number of frames (frame images) to be taken by one
imaging, a value of current of an X-ray tube, a value of
voltage of the X-ray tube, and a type of added filter. The
pulse rate is the number of times radiation is emitted per
second, and matches the frame rate described below. The
pulse width is a period of time for one radiation emission.
The pulse interval is a period of time from the start of one
radiation emission to the start of the next radiation emission,
and matches the frame interval described below.

[0035] The radiation detection unit 13 is constituted of a
semiconductor image sensor, such as an FPD. The FPD is
constituted of detection elements (pixels) arranged at pre-
determined points on a substrate, such as a glass substrate,
in a matrix. The detection elements detect radiation (inten-
sity of radiation) which has been emitted from the radiation
source 11 and passed through at least a subject M, convert
the detected radiation into electric signals, and accumulate
the electric signals therein. The pixels are provided with
switching elements, such as TFTs (Thin Film Transistors).
There are an indirect conversion type FPD which converts
X-rays into electric signals with photoelectric conversion
element(s) via scintillator(s) and a direct conversion type
FPD which directly converts X-rays into electric signals.
Either of them can be used.

[0036] The radiation detection unit 13 is disposed to face
the radiation source 11 having a subject M in between.

[0037] A reading control device 14 is connected with the
imaging console 2. The reading control device 14 controls
the switching elements of the pixels of the radiation detec-
tion unit 13 based on the image reading conditions input
from the imaging console 2 to switch the pixels to read the
electric signals accumulated in the pixels, thereby reading
the electric signals accumulated in the radiation detection
unit 13 and obtaining image data. This image data is a frame
image(s). The reading control device 14 outputs the obtained
frame images to the imaging console 2. The image reading
conditions include a frame rate, a frame interval, a pixel size
and an image size (matrix size). The frame rate is the number
of frame images to be obtained per second, and matches the
pulse rate described above. The frame interval is a period of
time from the start of one frame image obtaining action to
the start of the next frame image obtaining action, and
matches the pulse interval described above.

[0038] The radiation emission control device 12 and the
reading control device 14 are connected with one another,
and exchange sync signals so as to synchronize radiation
emission actions with image reading actions.
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[Configuration of Imaging Console 2]

[0039] The imaging console 2 outputs the radiation emis-
sion conditions and the image reading conditions to the
imaging device 1 so as to control the radiation imaging and
the radiation image reading actions performed by the imag-
ing device 1, and also displays the dynamic image obtained
by the imaging device 1 so that a radiographer, such as a
radiologist, can check if positioning has no problem, and
also can determine if the dynamic image is suitable for
diagnosis.

[0040] The imaging console 2 includes, as shown in FIG.
1, a control unit 21, a storage unit 22, an operation unit 23,
a display unit 24 and a communication unit 25. These units
are connected to one another via a bus 26.

[0041] The control unit 21 includes a CPU (Central Pro-
cessing Unit) and a RAM (Random Access Memory). The
CPU of the control unit 21 reads a system program and
various process programs stored in the storage unit 22 in
response to operation on the operation unit 23, opens the
read programs in the RAM, and performs various processes,
such as the below-described imaging control process, in
accordance with the opened programs, thereby performing
concentrated control of actions of the units or the like of the
imaging console 2 and the radiation emitting actions and the
reading actions of the imaging device 1.

[0042] The storage unit 22 is constituted of a nonvolatile
semiconductor memory, a hard disk or the like. The storage
unit 22 stores therein various programs to be executed by the
control unit 21, parameters necessary to perform processes
of the programs, data, such as process results, and so forth.
For example, the storage unit 22 stores therein a program for
the imaging control process shown in FIG. 2. The storage
unit 22 also stores therein the radiation emission conditions
and the image reading conditions for respective imaging
sites (here, the chest part). The programs are stored in the
form of a computer readable program code(s), and the
control unit 21 acts in accordance with the program code.

[0043] The operation unit 23 includes: a keyboard includ-
ing cursor keys, number input keys and various function
keys; and a pointing device, such as a mouse, and outputs,
to the control unit 21, command signals input by key
operation on the keyboard or by mouse operation. The
operation unit 23 may have a touch panel on a display screen
of the display unit 24. In this case, the operation unit 23
outputs command signals input via the touch panel to the
control unit 21.

[0044] The display unit 24 is constituted of a monitor, such
as an LCD (Liquid Crystal Display) or a CRT (Cathode Ray
Tube), and displays thereon commands input from the
operation unit 23, data and so forth in accordance with
commands of display signals input from the control unit 21.
[0045] The communication unit 25 includes a LAN
adapter, a modem and a TA (Terminal Adapter), and controls
data exchange with devices connected to the communication
network NT.

[Configuration of Diagnostic Console 3]

[0046] The diagnostic control 3 is a dynamic analysis
device which obtains the dynamic image from the imaging
console 2, and displays the obtained dynamic image and/or
the analysis result of the dynamic image to help a doctor(s)
make a diagnosis. In the embodiment(s), the diagnostic
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console 3 calculates the V/Q ratio based on the dynamic
image of the chest part, and displays the result.

[0047] The diagnostic console 3 includes, as shown in
FIG. 1, a control unit 31 (controller), a storage unit 32, an
operation unit 33, a display unit 34 (display) and a commu-
nication unit 35. These units are connected to one another
via a bus 36.

[0048] The control unit 31 includes a CPU and a RAM.
The CPU of the control unit 31 reads a system program and
various process programs stored in the storage unit 32 in
response to operation on the operation unit 33, opens the
read programs in the RAM, and performs various processes,
such as the below-described V/Q ratio calculation process A,
in accordance with the opened programs, thereby perform-
ing concentrated control of actions of the units or the like of
the diagnostic console 3.

[0049] The storage unit 32 is constituted of a nonvolatile
semiconductor memory, a hard disk or the like. The storage
unit 32 stores therein various programs, including a program
for the V/Q ratio calculation process A, to be executed by the
control unit 31, parameters necessary to perform processes
of the programs, data, such as process results, and so forth.
The programs are stored in the form of a computer readable
program code(s), and the control unit 31 acts in accordance
with the program code.

[0050] The operation unit 33 includes: a keyboard includ-
ing cursor keys, number input keys and various function
keys; and a pointing device, such as a mouse, and outputs,
to the control unit 31, command signals input by key
operation on the keyboard or by mouse operation. The
operation unit 33 may have a touch panel on a display screen
of the display unit 34. In this case, the operation unit 33
outputs command signals input via the touch panel to the
control unit 31.

[0051] The display unit 34 is constituted of a monitor, such
as an LCD or a CRT, and performs various types of display
in accordance with commands of display signals input from
the control unit 31.

[0052] The communication unit 35 includes a LAN
adapter, a modem and a TA, and controls data exchange with
devices connected to the communication network NT.

[Actions of Dynamic Analysis System 100]

[0053] Next, actions of the dynamic analysis system 100
are described.

[Actions of Imaging Device 1 and Imaging Console 2]

[0054] First, imaging actions performed by the imaging
device 1 and the imaging console 2 are described.

[0055] FIG. 2 shows the imaging control process per-
formed by the control unit 21 of the imaging console 2. The
imaging control process is performed by the control unit 21
in cooperation with the program stored in the storage unit
22.

[0056] First, a radiographer operates the operation unit 23
of the imaging console 2 so as to input patient information
(patient name, height, weight, age, sex, etc.) on a patient,
who is an imaging object (subject M), and an imaging site
(here, the chest part) (Step S1).

[0057] Next, the control unit 21 reads radiation emission
conditions from the storage unit 22 so as to set them in the
radiation emission control device 12, and also reads image
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reading conditions from the storage unit 22 so as to set them
in the reading control device 14 (Step S2).

[0058] Next, the control unit 21 waits for a radiation
emission command to be input by radiographer operation on
the operation unit 23 (Step S3). Here, the radiographer
places the subject M between the radiation source 11 and the
radiation detection unit 13 and performs positioning. When
preparations for imaging are complete, the radiographer
operates the operation unit 23 so as to input the radiation
emission command.

[0059] When receiving the radiation emission command
input through the operation unit 23 (Step S3; YES), the
control unit 21 outputs an imaging start command to the
radiation emission control device 12 and the reading control
device 14 to start dynamic imaging (Step S4). That is, the
radiation source 11 emits radiation at pulse intervals set in
the radiation emission control device 12, and accordingly
the radiation detection unit 13 obtains (generates) a series of
frame images. The imaging device 1 may include a sound
output unit and/or a display unit, and when the control unit
21 outputs the imaging start command, the sound output unit
may output a sound and/or the display unit may display an
indication of respiratory guidance, such as “breathe in”,
“breathe out” or “hold it”. Also, when the control unit 21
outputs the imaging start command, the radiation source 11
may emit radiation at the timing of predetermined respira-
tory guidance (e.g., “breathe in”).

[0060] When imaging for a predetermined number of
frame images finishes, the control unit 21 outputs an imag-
ing end command to the radiation emission control device
12 and the reading control device 14 to stop the imaging
actions. The number of frame images to be taken covers at
least one respiration cycle.

[0061] Each time a frame image is obtained by imaging,
the obtained frame image is input to the imaging console 2
and stored in the storage unit 22, the frame image being
correlated with a number indicating what number in the
imaging order the frame image has been taken (frame
number) (Step S5), and also is displayed on the display unit
24 (Step S6). The radiographer checks the positioning or the
like with the displayed dynamic image, and determines
whether the dynamic image obtained by dynamic imaging is
suitable for diagnosis (Imaging OK) or re-imaging is nec-
essary (Imaging NG). Then, the radiographer operates the
operation unit 23 so as to input the determination result.

[0062] When the determination result “Imaging OK” is
input by radiographer operation on the operation unit 23
(Step S7; YES), the control unit 21 attaches, to the respec-
tive frame images obtained by dynamic imaging (e.g.,
writes, in the header region of the image data in DICOM),
supplementary information such as an ID to identify the
dynamic image, the patient information, the imaging site,
the radiation emission conditions, the image reading condi-
tions, and the respective numbers indicating what number in
the imaging order the respective frame images have been
taken (frame numbers), and sends the same to the diagnostic
console 3 through the communication unit 25 (Step S8), and
then ends the imaging control process. If a sound(s) and/or
an indication(s) of respiratory guidance have been output
and/or displayed, the control unit 21 may attach, to the
respective frame images, the respiratory guidance informa-
tion output at the time of imaging for the respective frame
images.
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[0063] On the other hand, when the determination result
“Imaging NG” is input by radiographer operation on the
operation unit 23 (Step S7; NO), the control unit 21 deletes
the frame images (the series of frame images) from the
storage unit 22 (Step S9). and then ends the imaging control
process. In this case, re-imaging is necessary.

[Actions of Diagnostic Console 3]

[0064] Next, actions of the diagnostic console 3 are
described.
[0065] In the diagnostic console 3, when receiving a series

of frame images of a dynamic image from the imaging
console 2 through the communication unit 35, the control
unit 31 performs the V/Q ratio calculation process A shown
in FIG. 3 in cooperation with the program stored in the
storage unit 32.

[0066] Hereinafter, flow of the V/Q ratio calculation pro-
cess A is described with reference to FIG. 3.

[0067] First, the control unit 31 selects an analysis range
(i.e,, a plurality of frame images to be analyzed) from a
series of frame images of a dynamic image (Step S11).
[0068] To calculate the V/Q ratio, ventilation analysis and
perfusion analysis are performed on the dynamic image, and
the ratio of the obtained ventilation amount index value that
indicates the amount of ventilation of the lung fields to the
obtained perfusion amount index value that indicates the
amount of perfusion of the lung fields is calculated. As
shown as “Example 1” in FIG. 4, a ventilation analysis range
(a plurality of frame images to be analyzed as to the
ventilation function) and a perfusion analysis range (a
plurality of frame images to be analyzed as to the perfusion
function) may coincide with each other, or as shown as
“Example 2” in FIG. 4, may overlap with each other. That
is, in Step S11, one analysis range may be selected as both
the ventilation analysis range and the perfusion analysis
range, or individual analysis ranges may be selected as the
ventilation analysis range and the perfusion analysis range.
If individual analysis ranges are selected as the ventilation
analysis range and the perfusion analysis range, their over-
lapping range (i.e., a range included in both the ventilation
analysis range and the perfusion analysis range) is selected
as the V/Q ratio analysis range. The analysis range(s) may
be selected manually by user operation on the operation unit
33 or may be selected automatically by the control unit 31.
[0069] As a method for manually selecting the analysis
range, for example, provided is a method of: displaying
thumbnail images of respective frame images (a series of
frame image) of a dynamic image on the display unit 34; and
selecting, as the analysis range, a series of frame images
(hereinafter called “a sub-series of frame images”) between
a start frame image and an end frame image, inclusive, both
specified by user operation on the operation unit 33.
[0070] Alternatively, provided may be a method of: cal-
culating, for each frame image of a dynamic image, the
mean of pixel signal values (density values) (mean pixel
signal value) of the whole image; displaying a waveform
formed by plotting the calculated values on a graph having
the horizontal axis representing elapsed time t from the start
of imaging and the vertical axis representing the mean pixel
signal value of the whole image (shown in FIG. 5, i.e., a
waveform showing time change in mean pixel signal value
of the whole image) on the display unit 34; and selecting, as
the analysis range, a sub-series of frame images located
between a start point and an end point on the displayed
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waveform both specified by user operation on the operation
unit 33, frame images corresponding to the start point and
the end point being inclusive.

[0071] Alternatively, provided may be a method of:
obtaining the y coordinate of the position of the diaphragm
(diaphragm position) from each frame image of a dynamic
image; displaying a waveform formed by plotting the
obtained y coordinates of the diaphragm position on a graph
having the horizontal axis representing elapsed time t from
the start of imaging and the vertical axis representing the y
coordinate (shown in FIG. 6, i.e., a waveform showing time
change in y coordinate of the diaphragm position) on the
display unit 34; and selecting, as the analysis range, a
sub-series of frame images located between a start point and
an end point on the displayed waveform both specified by
user operation on the operation unit 33, frame images
corresponding to the start point and the endpoint being
inclusive. The y coordinate of the diaphragm position can be
obtained, for example, by: performing a publically-known
edge extraction process on each frame image, thereby
extracting edges of the lung fields containing the diaphragm;
searching for, among the extracted edges, edges extending
somewhat along the x direction (horizontal direction) being
approximately perpendicular to the moving direction of the
diaphragm, from the +y side (lower side of the image) to the
-y side (upper side of the image) with respect to each x
coordinate; and obtaining, as the y coordinate of the dia-
phragm position of the frame image, the mean of y coordi-
nates of a curve which is a set of edges (points) detected first
with respect to the respective x coordinates.

[0072] As a method for automatically selecting the analy-
sis range, for example, provided are a method of automati-
cally selecting the analysis range based on the supplemen-
tary information and a method of automatically selecting the
analysis range based on image analysis.

[0073] As the method of automatically selecting the analy-
sis range based on the supplementary information, for
example, if the supplementary information attached to each
frame image of a dynamic image contains respiratory guid-
ance information output at the time of imaging for the frame
image as described above, provided is a method of selecting
the analysis range based on the respiratory guidance infor-
mation; for example, selecting, as the analysis range, a
sub-series of frame images for which “breathe in” and
“breathe out” are in succession.

[0074] As the method of automatically selecting the analy-
sis range based on image analysis, for example, provided is
a method of first calculating, for each frame image of a
dynamic image, the mean pixel signal value of the whole
image; and calculating a difference value (change amount)
in the mean pixel signal value between frame images
separated by an interval of a predetermined number of frame
images (e.g., 10 frame images). Here, refer to FIG. 7A. As
shown in FIG. 7A, in the breathing state, the mean pixel
signal value changes on the whole, whereas in the breath
holding state, the mean pixel signal value does not change
on the whole. Hence, the above method is advanced to:
determining, as the breathing state, a range in which the
difference value (frame-to-frame difference value) exceeds a
predetermined threshold value again within predetermined
time of the last time as shown in FIG. 7B; and selecting s
sub-series of frame images in/of the range (analysis target)
as the analysis range.
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[0075] Next, the control unit 31 extracts lung field regions
(right and left lung field regions) from each frame image of
the selected analysis range (frame images) of the dynamic
image (Step S12).

[0076] In Step S12, first, the lung field regions are
extracted from each frame image. Any lung field region
extraction method can be used. For example, a threshold
value is obtained from a histogram of pixel signal values
(density values) of frame image (s) by discriminant analysis,
and a region having a higher signal value (s) than the
threshold value is extracted as a lung field region candidate.
Then, edge detection is performed on around the border of
the extracted lung field region candidate, and, in small
blocks around the border, points where the edge is the
maximum are extracted along the border, so that the border
of a lung field region can be extracted. Next, one of the
frame images is determined as a reference image, and
between the reference image and the other frame images,
publically-known local matching and warping (described,
for example, in Japanese Patent Application Publication No.
2012-5729) are performed so that position shift in the lung
field regions between the frame images is corrected. The
corrected lung field regions are extracted as the lung field
regions of each frame image.

[0077] Next, the control unit 31 calculates the ventilation
amount index value (Step S13).

[0078] In Step S13, first, for each frame image, a measure
of central tendency (e.g., the mean, the median, etc.) of the
pixel signal values of the extracted lung field region(s) is
calculated, and the pixel signal values of the lung field
region is replaced with the measure of central tendency.
Next, time change in the pixel signal value (the measure of
central tendency) of the lung field region is calculated, and
the calculated time change is filtered with a low-pass filter
(e.g., a cutoff frequency of 0.5 Hz) in the time direction. This
removes signal change at high frequency due to perfusion
and the like from the dynamic image, and accordingly can
extract time change in signal value due to ventilation (low
time-frequency component). Next, a difference value in the
pixel signal value of the lung field region between adjacent
frame images in terms of time in the selected analysis range
of the dynamic image filtered with the low-pass filter is
calculated. This frame-to-frame difference value is the ven-
tilation amount index value.

[0079] Next, the control unit 31 calculates the perfusion
amount index value (Step S14).

[0080] In Step S14, first, for each frame image, a measure
of central tendency (e.g., the mean, the median, etc.) of the
pixel signal values of the extracted lung field region(s) is
calculated, and the pixel signal values of the lung field
region is replaced with the measure of central tendency.
Next, time change in the pixel signal value (the measure of
central tendency) of the lung field region is calculated, and
the calculated time change is filtered with a high-pass filter
(e.g., a cutoff frequency of 0.7 Hz) in the time direction. This
removes signal change at low frequency due to ventilation
and the like from the dynamic image, and accordingly can
extract time change in signal value due to perfusion (high
time-frequency component). Although, a high-pass filter is
used here to extract time change in the signal value due to
perfusion, a band-pass filter to extract a particular frequency
component(s) may be used instead. Next, a difference value
in the pixel signal value of the lung field region between
adjacent frame images in terms of time in the selected
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analysis range of the dynamic image filtered with the
high-pass filter is calculated. This frame-to-frame difference
value is the perfusion amount index value.

[0081] Next, the control unit 31 divides the calculated
ventilation amount index value by the calculated perfusion
amount index value, thereby calculating the V/Q ratio (Step
S15). Here, the ratio of the ventilation amount index value
to the perfusion amount index value calculated by using the
same frame images is calculated.

[0082] Then, the control unit 31 displays the calculation
results of the V/Q ratio on the display unit 34 (Step S16).

[0083] Needless to say, the optimum V/Q ratio can be
calculated when the same frame images are used to calculate
the ventilation amount index value and the perfusion amount
index value. However, in the case of a dynamic image
composed of a large number of frame images, even if the
frame images used to calculate the ventilation amount index
value and the frame images used to calculate the perfusion
amount index value are different (including partly different)
from each other by one or a few frame images in the time
direction, the V/Q ratio calculated in this state is approxi-
mately the same as that calculated from the ventilation
amount index value and the perfusion amount index value
calculated by using the same frame images. This is because
no large difference is generated in each index value between,
for example, when each index value is calculated by using
a first frame image and its adjacent second frame image and
when each index value is calculated by using the second
frame image and its adjacent third frame image. Thus, the
above case causes no practical problem. Therefore, the
above case is included in the scope of claims of the present
application.

[0084] FIG. 8A and FIG. 8B show examples of the cal-
culation results of the V/Q ratio displayed in Step S16. In
Step S16, the control unit 31 may color the lung field regions
of each frame image according to the value(s) of the
calculation result (s) of the V/Q ratio, and display the
colored frame images successively (as a video) as shown in
FIG. 8A, or may calculate a measure(s) of central tendency
of the V/Q ratio calculated from the frame images, color the
lung field regions of one frame image according to the
measure(s) of central tendency of the V/Q ratio, and display
the colored frame image (as a still image) as shown in FIG.
8B. At the time, as shown in each of FIG. 8A and FIG. 8B,
it is preferable to display an indicator showing a relationship
between colors and values of the V/Q ratio. Further, if
coloring according to the V/Q ratio is performed, it is
preferable, for example, to compare the calculated V/Q ratio
with a predetermined normal value and change the color
according to the comparison result. This allows a user to
recognize at a glance if there is an abnormality in the lung
fields of an examinee. Further, if imaging is performed with
an examinee standing, as described above, due to influence
of gravity, the amount of ventilation tends to be more than
the above value at the upper part of the lung fields, and the
amount of perfusion tends to be more than the above value
at the lower part thereof. Hence, as shown in FIG. 9A, the
normal value may be weighted linearly from the respective
centroids O1 and O2 of the right and left lung fields to the
upper end and the lower end. Alternatively, as shown in FIG.
9B, three levels of the weight may be prepared for the upper
part, the middle part and the lower part, respectively, into
which the lung fields (i.e., the length thereof in the vertical
direction) is equally divided. Using different normal values
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for respective parts of the lung fields enables evaluation of
the V/Q ratio with influence of gravity or the like taken into
account.

[0085] Displaying the calculation results of the V/Q ratio
in the form of a video as shown in FIG. 8A allows a user to
recognize change in the V/Q ratio due to breathing, whereas
displaying the calculation results of the V/Q ratio by the
measure(s) of central tendency, in which the calculation
results are summarized, as shown in FIG. 8B allows a user
to recognize tendency of the overall V/Q ratio during
breathing.

Second Embodiment

[0086] Hereinafter, a second embodiment of the present
invention is described.

[0087] The configurations (and components) and the
imaging actions in the second embodiment are the same as
those described in the first embodiment. Therefore, the
descriptions thereof are not repeated here, and actions of the
diagnostic console 3 in the second embodiment are
described.

[0088] In the diagnostic console 3, when receiving a series
of frame images of a dynamic image from the imaging
console 2 through the communication unit 35, the control
unit 31 performs a V/Q ratio calculation process B shown in
FIG. 10 in cooperation with the program stored in the
storage unit 32.

[0089] FIG. 10 is a flowchart of the V/Q ratio calculation
process B performed by the control unit 31 of the diagnostic
console 3 in the second embodiment.

[0090] First, the control unit 31 selects an analysis range
from a series of frame images of a dynamic image (Step
S21). Selection of the analysis range in Step S21 is the same
as that in Step S11, and therefore the description thereof is
not repeated here.

[0091] Next, the control unit 31 extracts the lung field
regions from each frame image of the selected analysis
range (frame images) of the dynamic image (Step S22).
[0092] Next, the control unit 31 divides the extracted lung
field regions into small regions (Step S23).

[0093] In Step S23, for example, first, one of the frame
images is determined as a reference image, and the lung field
regions of the reference image are divided into small regions
(square regions) each having a predetermined size (e.g., 0.4
to 4 cm square). As the reference image, a frame image at the
resting expiratory level having the minimum area of the lung
field regions is preferable. This is because if such a frame
image is used as the reference image, when the small regions
of the reference image are correlated with each of the other
frame images, the small regions are not correlated with the
outside of the lung field regions of each of the other frame
images. Next, in each of the other frame images, small
regions are set at the regions composed of pixels corre-
sponding to the pixels of the small regions set in the
reference image (i.e., set at the regions having signal values
output from the detection elements of the radiation detection
unit 13, used for imaging, from which the signal values of
the small regions set in the reference image have been
output), and the corresponding small regions of the frame
images are correlated with each other. These division into
small regions and correlation may be performed after pub-
lically-known local matching and warping (described, for
example, in Japanese Patent Application Publication No.
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2012-5729) are performed so that position shift in the lung
field regions between the frame images is corrected.
[0094] Next, the control unit 31 calculates, for each small
region, the ventilation amount index value (Step S24).
[0095] In Step S24, first, for each small region of each
frame image, a measure of central tendency (e.g.. the mean,
the median, etc.) of the pixel signal values of the small
region is calculated, and the pixel signal values of the small
region is replaced with the measure of central tendency.
Next, for each small region, time change in the pixel signal
value (the measure of central tendency) is calculated, and the
calculated time change is filtered with a low-pass filter (e.g.,
a cutoff frequency of 0.5 Hz) in the time direction. This
removes, in each small region, signal change at high fre-
quency due to perfusion and the like, and accordingly can
extract time change in signal value due to ventilation (low
time-frequency component). Next, for each small region, a
difference value in the pixel signal value of the lung field
region between adjacent frame images in terms of time in the
selected analysis range of the dynamic image filtered with
the low-pass filter is calculated. This frame-to-frame differ-
ence value is the ventilation amount index value for the
small region.

[0096] Next, the control unit 31 calculates, for each small
region, the perfusion amount index value (Step S25).
[0097] In Step S25, first, for each small region of each
frame image, a measure of central tendency (e.g.. the mean,
the median, etc.) of the pixel signal values of the small
region is calculated, and the pixel signal values of the small
region is replaced with the measure of central tendency.
Next, for each small region, time change in the pixel signal
value (the measure of central tendency) is calculated, and the
calculated time change is filtered with a high-pass filter (e.g.,
a cutoff frequency of 0.7 Hz) in the time direction. This
removes, in each small region, signal change at low fre-
quency due to ventilation and the like, and accordingly can
extract time change in signal value due to perfusion (high
time-frequency component). Although a high-pass filter is
used here to extract time change in signal value due to
perfusion, a band-pass filter to extract a particular frequency
component(s) may be used instead. In this case, filtering is
performed with a lower cutoff frequency of 0.7 Hz and an
upper cutoff’ frequency of 2.4 Hz. Next, for each small
region, a difference value in the pixel signal value of the lung
field region between adjacent frame images in terms of time
in the selected analysis range of the dynamic image filtered
with the high-pass filter is calculated. This frame-to-frame
difference value is the perfusion amount index value for the
small region.

[0098] Next, for each small region, the control unit 31
divides the calculated ventilation amount index value by the
calculated perfusion amount index value, thereby calculat-
ing the V/Q ratio (Step S26).

[0099] Then, the control unit 31 displays the calculation
results of the V/Q ratio on the display unit 34 (Step S27).
[0100] FIG. 11A and FIG. 11B show examples of the
calculation results of the V/Q ratio displayed in Step S27. In
Step S27, the control unit 31 may color each small region (of
the lung field regions) of each frame image according to the
value of the calculation result of the V/Q ratio, and display
the colored frame images successively (as a video) as shown
in FIG. 11A, or may calculate, for each small region, a
measure of central tendency of the calculation results of the
V/Q ratio calculated from the frame images, color each
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small region (of the lung field regions) of one frame image
according to the measure of central tendency of the V/Q
ratio, and display the colored frame image (as a still image)
as shown in FIG. 11B. At the time, as shown in each of FIG.
11A and FIG. 11B, it is preferable to display an indicator
showing a relationship between colors and values of the V/Q
ratio. Coloring and weighting in the second embodiment are
the same as those described in the first embodiment, and
therefore the descriptions thereof are not repeated here.

[0101] Calculating the V/Q ratio for each small region and
displaying the calculation results in the form of a video as
shown in FIG. 11A allows a user to recognize change in the
V/Q ratio of each local region of the lung field regions due
to breathing, whereas calculating, for each small region, a
measure of central tendency of the calculation results of the
V/Q ratio calculated from the frame images and displaying
the calculation results of the V/Q ratio of each small region
by the measure of central tendency, in which the calculation
results of the small region are summarized, as shown in FIG.
11B allows a user to recognize tendency of the V/Q ratio of
each local region of the lung field regions. Further, compar-
ing the V/Q ratio with a predetermined normal value,
coloring each small region of each frame image or one frame
image according to the comparison result and displaying the
colored frame images or frame image allows a user to
recognize at a glance if there is an abnormality in the lung
fields of an examinee. Further, using different normal values
for respective parts of the lung fields enables evaluation of
the V/Q ratio with influence of gravity or the like taken into
account.

[0102] As described above, according to the diagnostic
console 3, the control unit 31: selects an analysis range (a
first plurality of frame images to be analyzed) from a series
of frame images showing the dynamic state of a chest part;
calculates, based on the analysis range (the first plurality of
frame images), the ventilation amount index value, which
indicates the amount of ventilation of a lung field(s), and the
perfusion amount index value, which indicates the amount
of perfusion of the lung field; and calculates the ratio of the
ventilation amount index value to the perfusion amount
index value. If selecting, from the series of frame images
showing the dynamic state of the chest part, an analysis
range (a second plurality of frame images to be analyzed) as
to the ventilation function of the lung field and an analysis
range (a third plurality of frame images to be analyzed) as
to the perfusion function of'the lung field, the control unit 31
selects, as the above analysis range (the first plurality of
frame images), overlapping frame images of the analysis
ranges (the second plurality of frame images and the third
plurality of frame images).

[0103] Thus, the control unit 31 calculates the ventilation
amount index value and the perfusion amount index value
based on the frame images of the same analysis range.
Therefore, the V/Q ratio can be calculated with higher
accuracy than ever before.

[0104] Further, the control unit 31 calculates the ratio of
the ventilation amount index value to the perfusion amount
index value (the V/Q ratio) calculated by using the same
frame images. Therefore, the V/Q ratio can be calculated
with higher accuracy than ever before.

[0105] Further, the control unit 31 divides a lung field
region(s) of the first plurality of frame images into small
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regions, and calculates the V/Q ratio for each of the small
regions. Therefore, local V/Q ratio information about the
lung fields can be provided.

[0106] Further, the control unit 31 filters, with a low-pass
filter in the time direction, time change in pixel signal value
of (a) a lung field region of the first plurality of frame images
or (b) each of small regions into which the lung field region
of the first plurality of frame images is divided; and calcu-
lates, for the whole lung field region or each of the small
regions of each of the first plurality of frame images, the
ventilation amount index value based on the pixel signal
value of the lung field region or each of the small regions of
the first plurality of frame images filtered with the low-pass
filter. The control unit 30 also filters, with a high-pass filter
or band-pass filter in the time direction, time change in pixel
signal value of the lung field region or each of the small
regions of the first plurality of frame images; and calculates,
for the whole lung field region or each of the small regions
of each of the first plurality of frame images, the perfusion
amount index value based on the pixel signal value of the
lung field region or each of the small regions of the first
plurality of frame images filtered with the high-pass filter.
Then, the control unit 31 calculates the V/Q ratio for the
whole lung field region or each of the small regions.
Therefore, the ventilation amount index value and the pet-
fusion amount index value can be calculated with high
accuracy, and accordingly the V/Q ratio can be calculated
with high accuracy.

[0107] Further, the control unit 31 displays the calculation
result (s) of the V/Q ratio on the display unit 34. Therefore,
a user can see and check the V/Q ratio. For example, the
control unit 31 compares the calculation result of the V/Q
ratio with a predetermined normal value, colors each of the
first plurality of frame images (or one frame image) accord-
ing to the comparison result, and displays, as the calculation
result, the colored first plurality of frame images (or one
frame image) on the display unit 34. Therefore, a user can
recognize at a glance if there is an abnormality in the lung
fields of an examinee. Further, the normal value to be used
differs according to the part of the lung field(s). Therefore,
the value of the V/Q ratio can be evaluated with influence of
gravity or the like taken into account.

[0108] Those described in the above are preferred
examples of the dynamic analysis system of the present
invention, and not intended to limit the present invention.

[0109] For example, in the above, the ventilation amount
index value and the perfusion amount index value are
calculated by filtering time change in pixel signal value of a
dynamic image with frequency filters in the time direction,
and thereafter calculating the frame-to-frame difference val-
ues. However, the calculation methods of the ventilation
amount index value and the perfusion amount index value
are not limited thereto.

[0110] Further, in the above, a hard disk, a nonvolatile
semiconductor memory or the like is used as a computer
readable medium of the programs of the present invention.
However, this is not a limitation. As the computer readable
medium, a portable storage medium, such as a CD-ROM,
can also be used. Further, as a medium to provide data of the
programs of the present invention, a carrier wave can be
used.

[0111] In addition to the above, detailed configurations
and detailed actions of the devices or the like of the dynamic
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analysis system 100 can also be appropriately modified
without departing from the spirit of the present invention.

What is claimed is:

1. A dynamic analysis system comprising:

an imaging device which performs dynamic imaging by

emitting radiation to a chest part of a human body,
thereby obtaining a series of frame images showing a
dynamic state of the chest part; and

an analysis device including a controller which:

selects a first plurality of frame images to be analyzed
from the series of frame images obtained by the
imaging device;

calculates, based on the first plurality of frame images,
a ventilation amount index value that indicates an
amount of ventilation of a lung field and a perfusion
amount index value that indicates an amount of
perfusion of the lung field; and

calculates a ratio of the ventilation amount index value
to the perfusion amount index value.

2. The dynamic analysis system according to claim 1,
wherein the controller:

selects, from the series of frame images, a second plural-

ity of frame images to be analyzed as to a ventilation
function of the lung field and a third plurality of frame
images to be analyzed as to a perfusion function of the
lung field; and

selects, as the first plurality of frame images, overlapping

frame images of the second plurality of frame images
and the third plurality of frame images.

3. The dynamic analysis system according to claim 1,
wherein the controller calculates the ratio of the ventilation
amount index value to the perfusion amount index value
calculated by using, of the first plurality of frame images,
same frame images as frame images used to calculate the
ventilation amount index value.

4. The dynamic analysis system according to claim 1,
wherein the controller:

divides a lung field region of the first plurality of frame

images into small regions; and

for each of the small regions,

calculates the ventilation amount index value and the

perfusion amount index value, and

calculates the ratio of the ventilation amount index value

to the perfusion amount index value.

5. The dynamic analysis system according to claim 1,
wherein

the analysis device further includes a display which

displays thumbnail images of the series of frame
images, and

the controller selects the first plurality of frame images

based on frame images specified through a user opera-
tion from the thumbnail images displayed on the dis-
play.

6. The dynamic analysis system according to claim 1,
wherein

the analysis device further includes a display which

displays a waveform showing time change in pixel
signal value of a whole image in the series of frame
images, and

the controller selects the first plurality of frame images

based on a range specified through a user operation
with respect to the waveform displayed on the display.

7. The dynamic analysis system according to claim 1,
wherein
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the analysis device further includes a display which
displays a waveform showing time change in dia-
phragm position in the series of frame images, and

the controller selects the first plurality of frame images
based on a range specified through a user operation
with respect to the waveform displayed on the display.

8. The dynamic analysis system according to claim 1,
wherein the controller automatically selects the first plurality
of frame images based on time change in pixel signal value
of a whole image in the series of frame images.

9. The dynamic analysis system according to claim 1,
wherein the controller automatically selects the first plurality
of frame images based on respiratory guidance information
at a time of the imaging associated with each of the series of
frame images.

10. The dynamic analysis system according to claim 1,
wherein the controller:

filters, with a low-pass filter in a time direction, time

change in pixel signal value of (a) a lung field region of
the first plurality of frame images or (b) each of small
regions into which the lung field region of the first
plurality of frame images is divided,

calculates, for the whole lung field region or each of the

small regions of each of the first plurality of frame
images, the ventilation amount index value based on
the pixel signal value of the lung field region or each of
the small regions of the first plurality of frame images
filtered with the low-pass filter;

filters, with a high-pass filter or band-pass filter in the time

direction, the time change in the pixel signal value of
the lung field region or each of the small regions of the
first plurality of frame images; and

calculates, for the whole lung field region or each of the

small regions of each of the first plurality of frame
images, the perfusion amount index value based on the
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pixel signal value of the lung field region or each of the
small regions of the first plurality of frame images
filtered with the high-pass filter.

11. The dynamic analysis system according to claim 1,
wherein the analysis device further includes a display which
displays a calculation result of the ratio of the ventilation
amount index value to the perfusion amount index value.

12. The dynamic analysis system according to claim 11,
wherein the display displays the calculation result in a form
of a video.

13. The dynamic analysis system according to claim 11,
wherein the controller:

compares the calculation result with a predetermined

normal value, thereby obtaining a comparison result;
colors each of the first plurality of frame images accord-
ing to the comparison result; and

displays, as the calculation result, the colored first plu-

rality of frame images on the display.

14. The dynamic analysis system according to claim 13,
wherein the normal value differs according to a part of the
lung field.

15. An analysis device comprising a controller which:

selects a plurality of frame images to be analyzed from a

series of frame images showing a dynamic state of a
chest part of a human body obtained by dynamic
imaging performed by emitting radiation to the chest
part of the human body;

calculates, based on the selected plurality of frame

images, a ventilation amount index value that indicates
an amount of ventilation of a lung field and a perfusion
amount index value that indicates an amount of perfu-
sion of the lung field; and

calculates a ratio of the ventilation amount index value to

the perfusion amount index value.
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