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SPECIFICATION

TITLE OF THE INVENTION: DIAGNOSTIC SUPPORT PROGRAM

TECHNICAL FIELD
[0001]

The present invention relates to a technique to
analyze images of a heart and to display analysis

results.

BACKGROUND ART
[0002]

In recent years, the morality rate due to heart
diseases has been on the rise, and the necessity of
useful and simple diagnostic technology has been highly
increasing. MRI diagnostic technology has been making
rapid progress, and the importance of MRI has been
rising in an image diagnosis of a cardiac region since
it is becoming possible to conduct wvarious cardiac
examinations in a short time. Regarding “cardiac MRI,”
examinations such as “cine MRI,” “perfusion,” “delayed
contrast—-enhanced method,” and “BB (black blood)
method” are conducted. Especially, cine MRI that has
no limit on the examination range is able to observe
arbitrary cross sections and is highly reproducible,
compared to an ultrasonic examination, SPECT

examination, or the 1like. Therefore, imaging 1is
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performed generally in many medical facilities. As for
cine MRTI, for example, data collection of
“approximately 10 slices / 20 phases” is performed for
an entire left ventricle by using an electrocardiogram
gating method. Recently, a high contrast between blood
and myocardium can be obtained by using “Steady State
method.” Further, in “cardiac function analysis,” the
necessity of evaluation of cardiac functions by MRI is
increasing because accurate values can be obtained as
compared with CT, LVG (left wventriculography), and
SPECT.

[0003]

As above, cardiac MRI is clinically useful, and
in particular, imaging is performed in cine MRI in many
medical facilities, but the images were rarely analyzed
by using software. The reason for this is said to be
that the software wused for conventional cardiac
function analysis requires complicated operations to
extract and correct the contours of the inner and outer
sides of myocardial membranes. Moreover, the
reproducibility of the analysis results has also been
an issue, since the contour tracing of the inner and
outer sides of myocardial membranes is easily
influenced by an individual operator. Furthermore, in
the situation where <cardiac MRI has Dbecome more
widespread and more medical facilities are using MRI

systems provided by multiple manufacturers, the names
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of the sequences used by each company differ, making
it difficult to easily handle the data.
[0004]

In order to solve the problems above, and to reduce
the labor of tracing complicated myocardial contours,
software that improves the accuracy thereof and
automatically performs processing of interpolation to
enable the correction work to be reduced even if an
unintended tracing is made, has been provided. In this
software, less stressful image observation is enabled
by displaying images side by side on the viewer for MRI

cardiac function analysis and by flicking operation.

PRIOR ART DOCUMENT
NON-PATENT DOCUMENT
[0005]

Non-Patent Document 1:

https://www.zio.co.Jjp/ziostation2/

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]

However, it is not easy for a doctor to grasp the
pathological condition only by simply displaying MRI
images side by side as in the technique described in
Non—-Patent Document 1. Consequently, it is desirable

to display images in accordance with the state of heart.
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That is, it is desirable to grasp a heart of a human
body as a subject, and to display images showing an
actual movement, based on a tendency of a change in a
waveform or a frequency of a heart, or in an image
thereof.
[0007]

The present invention has been made in view of such
a situation and has an object to provide a diagnostic
support program capable of displaying a movement of an
organ. More specifically, it has an object to generate
images that assist a diagnosis by calculating numerical
values that assist a diagnosis by digitizing the
concordance rate or another non-concordance rate for
the waveform and Hz already acqguired for new target data
to be measured and further by imaging these numerical

values.

MEANS TO SOLVE THE PROBLEMS
[0008]

(1) In order to achieve the above-described object,
the present application has taken steps as follows. That
is, a diagnostic support program according to one aspect
of the present invention is a diagnostic support program
that analyzes images of an organ of a human and displays
analysis results, the program causing a computer to
execute a process comprising processing of acquiring

a plurality of frame images; processing of calculating
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a cyclic change that characterizes a state of an organ
between each of the frame images; processing of
Fourier—-transforming the cyclic change that
characterizes the state of the organ; processing of
extracting a spectrum in a fixed band including a
spectrum corresponding to a frequency of movement of
an organ, out of a spectrum obtained after the
Fourier—-transforming; processing of performing inverse
Fourier transform on the spectrum extracted from the
fixed band; and processing of outputting each of the
images after performing the inverse Fourier transform.
[0009]

(2) Further, a diagnostic support program
according to one aspect of the present invention has
a feature further comprising processing of dividing
images of an organ of a human into a plurality of block
areas and calculating a change in an image in block areas
in each of the frame images; processing of
Fourier—-transforming the change in an image in each
block area in each of the frame images; processing of
extracting a spectrum in a fixed band including a
spectrum corresponding to a frequency of a movement of
an organ, out of a spectrum obtained after the
Fourier—-transforming; and processing of performing
inverse Fourier transform on the spectrum extracted
from the fixed band.

[0010]
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(3) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of an
organ of a human and displays analysis results, the
program causing a computer to execute a process
comprising processing of acquiring a plurality of frame
images; processing of calculating a cyclic change that
characterizes a state of an organ between each of the
frame images; processing of calculating a cyclic change
that characterizes a state of an organ between each of
the frame images; processing of extracting pixels that
change corresponding to a frequency of a cyclic change
that characterizes the state of the organ in the image
by a digital filter; and processing of outputting images
including the pixels extracted by the digital filter.
[0011]

(4) Further, a diagnostic support program
according to one aspect of the present invention has
a feature further comprising processing of dividing
images of an organ into a plurality of block areas and
calculating a change in an image in each block area in
each of the frame images; and processing of extracting
pixels that change corresponding to a frequency of a
movement of an organ in the image by a digital filter.
[0012]

(5) Further, a diagnostic support program

according to one aspect of the present invention is a
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diagnostic support program that analyzes images of an
organ of a human and displays analysis results, the
program causing a computer to execute a process
comprising processing of acquiring a plurality of frame
images; processing of calculating a cyclic change rate
that characterizes a state of an organ between each of
the frame 1images; processing of selecting a color
corresponding to the cyclic change rate that
characterizes the state of the organ; and processing
of adding the selected color on the change rate of the
pixel values and displaying the images on a display.
[0013]

(6) Further, a diagnostic support program
according to one aspect of the present invention has
a feature further comprising processing of dividing
images of an organ into a plurality of block areas and
calculating a change rate in an image in each block area
in each of the frame images; and processing of selecting
a color corresponding to the change rate of the pixel
values for each of the block areas.

[0014]

(7) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of a
human body and displays analysis results, the program
causing a computer to execute a process comprising

processing of acqguiring a plurality of frame images;
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processing of defining an analysis range for all the
acquired frame images; processing of dividing an
analysis range into a plurality of areas by using a
method of Voronoi tessellation; and processing of
executing any of arithmetic operations to be performed
on a cyclic change for each of the divided areas.
[0015]

(8) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of a
human body and displays analysis results, the program
causing a computer to execute a process comprising
processing of acqguiring a plurality of frame images;
processing of defining an analysis range for all the
acquired frame images; processing of dividing an
analysis range into a plurality of areas; and processing
of classifying each of the areas based on an index of
a cyclic change for each of the divided areas.
[0016]

(9) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of an
organ of a human and displays analysis results, the
program causing a computer to execute a process
comprising processing of acquiring a plurality of frame
images; processing of calculating a cyclic change that

characterizes a state of an organ in a state where
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absolute positional relationship of each pixel in a
plurality of frame images is maintained; processing of
Fourier—-transforming the cyclic change that
characterizes the state of the organ; processing of
extracting a spectrum in a fixed band including a
spectrum corresponding to a frequency of a movement of
an organ, out of a spectrum obtained after the
Fourier—-transforming; processing of performing inverse
Fourier transform on the spectrum extracted from the
fixed band; and processing of outputting each of the
images after performing the inverse Fourier transform.
[0017]

(10) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of an
organ of a human and displays analysis results, the
program causing a computer to execute a process
comprising processing of acquiring a plurality of frame
images; processing of calculating a cyclic change that
characterizes a state of an organ in a state where
absolute positional relationship of each pixel in a
plurality of frame images is maintained; processing of
extracting pixels that change corresponding to a
frequency of a cyclic change that characterizes the
state of the organ in the image by a digital filter;
and processing of outputting images including the

pixels extracted by the digital filter.
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[0018]

(11) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of an
organ of a human and displays analysis results, the
program causing a computer to execute a process
comprising processing of acquiring a plurality of frame
images; processing of calculating a cyclic change that
characterizes a state of an organ in a state where
absolute positional relationship of each pixel in a
plurality of frame images is maintained; processing of
selecting a color corresponding to the cyclic change
rate that characterizes the state of the organ; and
processing of adding the selected color on the change
rate of the pixel values and displaying the images on
a display.

[0019]

(12) Further, a diagnostic support program
according to one aspect of the present invention has
a feature of classifying a plurality of frame images
into a plurality of groups and calculating a cyclic
change that characterizes a state of an organ in a state
where absolute positional relationship of each pixel
in a plurality of frame images belonging to each group
is maintained.

[0020]

(13) Further, a diagnostic support program

10
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according to one aspect of the present invention has
a feature of calculating a change in an image in block
areas in each of the frame images in a state where
relative positional relationship of pixels indicating
the organ is maintained between each of the frame images
regardless of whether they are adjacent frames or not.
[0021]

(14) Further, a diagnostic support program
according to one aspect of the present invention has
a feature further comprising processing of bringing the
transmittance changed from transmittance of a specific
area in frame images photographed by X-rays, back to
an original degree.

[0022]

(15) Further, a diagnostic support program
according to one aspect of the present invention has
a feature further comprising processing of correcting
a signal value of an area where a magnetic field of MRI
is nonuniform in a frame image photographed by MRI and
converting it into an image obtained when a magnetic
field is uniform.

[0023]

(16) Further, a diagnostic support program
according to one aspect of the present invention has
a feature of calculating a change rate from aspects of
a change in the entire organ between each of the frame

images regardless of whether they are adjacent frames
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or not, and calculating a change in an image in the
specific block areas based on the calculated change
rate.
[0024]

(17) Further, a diagnostic support program
according to one aspect of the present invention has
a feature that the change rate changes depending on a
position of block areas in the organ or is constant
throughout the organ.

[0025]

(18) Further, a diagnostic support program
according to one aspect of the present invention has
a feature comprising processing of setting a maximum
outer edge when the size of the organ is maximum;
processing of setting a minimum outer edge when the size
of the organ is minimum; processing of calculating
coefficients of outer edges of organs of other sizes
in each image by using the maximum outer edge and the
minimum outer edge; and processing of displaying a
waveform corresponding to the coefficients of the outer
edges of the organs in each of the images and control
points of the waveform on a graph, wherein coefficients
of each image are changed by varying positions of the
control points.

[0026]
(19) Further, a diagnostic support program

according to one aspect of the present invention has

12
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a feature of displaying a pixel average value of the
image of the organ on the graph.
[0027]

(20) Further, a diagnostic support program
according to one aspect of the present invention has
a feature of displaying the image of +the organ
juxtaposed with the graph.

[0028]

(21) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of an
organ of a human and displays analysis results, the
program causing a computer to execute a process
comprising processing of acquiring a plurality of frame
images; processing of dividing images of an organ of
a human in each of the frame images into a plurality
of block areas; processing of calculating a change in
an image in block areas in each of the frame images;
processing of Fourier-transforming the value of the
change in each of the block areas; and processing of
classifying each area by colors based on a composition
ratio of frequency components.

[0029]

(22) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of an

organ of a human and displays analysis results, the
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program causing a computer to execute a process
comprising processing of acquiring a plurality of frame
images; processing of extracting, for each pixel in a
specific frame image, pixels having coordinates
different from those of each of the pixels in next and
subsequent frame images, and calculating a cyclic
change that characterizes a state of an organ;
processing of Fourier-transforming the cyclic change
that characterizes the state of the organ; processing
of extracting a spectrum in a fixed band including a
spectrum corresponding to a frequency of a movement of
an organ, out of a spectrum obtained after the
Fourier—-transforming; processing of performing inverse
Fourier transform on the spectrum extracted from the
fixed band; and processing of outputting each of the
images after performing the inverse Fourier transform.
[0030]

(23) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of an
organ of a human and displays analysis results, the
program causing a computer to execute a process
comprising processing of acquiring a plurality of frame
images; processing of extracting, for each pixel in a
specific frame image, pixels having coordinates
different from those of each of the pixels in next and

subsequent frame images, and calculating a cyclic
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change that characterizes a state of an organ;
processing of extracting pixels that change
corresponding to a frequency of a cyclic change that
characterizes the state of the organ in the image by
a digital filter; and processing of outputting images
including the pixels extracted by the digital filter.
[0031]

(24) Further, a diagnostic support program
according to one aspect of the present invention is a
diagnostic support program that analyzes images of an
organ of a human and displays analysis results, the
program causing a computer to execute a process
comprising processing of acquiring a plurality of frame
images; processing of extracting, for each pixel in a
specific frame image, pixels having coordinates
different from those of each of the pixels in next and
subsequent frame 1images, and calculating a cyclic
change that characterizes a state of an organ;
processing of selecting a color corresponding to the
cyclic change rate that characterizes the state of the
organ; and processing of adding the selected color on
the change rate of the pixel values and displaying the

images on a display.

EFFECT OF THE INVENTION
[0032]

According to one aspect of the present invention,

15
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it becomes possible to grasp a heart of a human body
as a subject, and to display images each showing an
actual movement, based on a tendency of a change in a
waveform or a frequency of a heart, or in an image

thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033]

FIG. 1 is a diagram showing an outline
configuration of a diagnosis support system according
to the present embodiment.

FIG. 2A is a diagram showing a sectional view of
a heart.

FIG. 2B is a diagram showing a sectional view of
a heart.

FIG. 2C is a diagram showing a sectional view of
a heart.

FIG. 2D is a diagram showing an example of Voronoi
tessellation.

FIG. 3A 1is a diagram showing a change in
“intensity” in a specific block and a result obtained
by performing Fourier analysis thereof.

FIG. 3B is a diagram showing a Fourier transform
result obtained by extracting frequency components
close to a heartbeat and a change in “intensity” of
frequency components close to a heartbeat, that 1is

obtained by performing inverse Fourier transform on

16
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this.

FIG. 3C is a diagram showing an example of
extracting a certain fixed band out of a spectrum
obtained after Fourier-transforming.

FIG. 4 is a flowchart showing an outline of image
processing according to the present embodiment.

FIG. 5 is a flowchart showing an outline of image
processing according to the present embodiment.

FIG. 6 is a flowchart showing an outline of image
processing according to the present embodiment.

FIG. 7A is a schematic diagram showing a left lung
of a human body from the front.

FIG. 7B is a schematic diagram showing a left lung
of a human body from the left side.

FIG. 8A is a schematic diagram showing a left lung
of a human body from the front.

FIG. 8B is a schematic diagram showing a left lung
of a human body from the left side.

FIG. 9A is a schematic diagram showing a left lung
of a human body from the front.

FIG. 9B is a schematic diagram showing a left lung
of a human body from the left side.

FIG. 10A is a schematic diagram showing a left lung
of a human body from the front.

FIG. 10B is a schematic diagram showing a left lung
of a human body from the left side.

FIG.1l1l is a diagram showing an example of a method

17
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of detecting a lung field in the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0034]

The inventors of the present invention focused on
the fact that technology for visualizing a movement of
organs (for example, myocardium of a heart) has not been
put into practical use conventionally, and found that
it becomes possible to support a diagnosis of a doctor
by expressing not only deviation of a movement of organs
but also places where they are not moving, and came up
with the present invention. That is to say, since
filtering processing has not been applied well in
cardiac image processing technology in the past, the
inventors have applied a filter that extracts targeted
frequencies to an image of a heart, making what was
difficult to see visible. In this way, a diagnosis that
required a lot of skill in the past can be simplified,
and moving images can be qualitatively represented to
give objectivity to displayed contents. Although a
heart is used for explanation as an example of an organ
in the present specification, it goes without saying
that the present invention is not limited to a heart
but can be applied to various organs and blood vessels.
[0035]

In the invention of the present application,

assuming that the movement of myocardium is constant,

18
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distinguishment is possible by comparison with previous
images of a subject, by comparison with a range to be
analyzed and entire myocardium averaged, by comparison
with normal images, or by comparison with an age sample.
[0036]

First, the basic concept of the present invention
is explained. According to the present invention, as
toacyclic change that characterizes a state of an organ
in a human body, for example, a cross-sectional area,
a surface area and volume of a heart, with respect to
a movement captured in a repetitive manner in a fixed
cycle, a fixed repetition or a fixed movement (routine)
on a time axis in the entire or certain partial range
is captured as a wave, and measured. For measurement
results of the wave, (A) a form of a wave itself or (B)
wave intervals (fregquency: Hz) is/are used.

[0037]

As for images of a heart, waves that are linked
similarly during the same period of time may exist. For
example, in the case of a heartbeat, the following
approximation can be conceptualized.

(Average of a change in density in a rough range)
~ (a heartbeat) X (a change in a heart) ~ (an
electrocardiogram) =~ (a change in a surface area and
volume of a heart)

[0038]

In the present invention, for example, with

19
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respect to a heart, it is possible to analyze by focusing
on deformation of regional ventricular walls (wall
thickness dilatation, wall thickness contraction), and
it is possible to capture and cyclically represent the
systolic thickness, diastolic thickness, and a wall
movement (inner and outer membranes). Furthermore, as
for a heart, it is possible to capture and cyclically
represent “relative wall thickness (RWT),” which is
calculated from “(2 x posterior wall thickness) / left
ventricular end-diastolic diameter),” and “ejection
fraction,” which 1is calculated from “(end-diastolic
volume - end-systolic volume) / (end-diastolic volume) .
[0039]

In the present invention, it is made to be possible
to extract an image with higher accuracy, by using any
of these data or data obtained by using those in
combination. In this case, calculations may Dbe
sometimes interactively carried out many times. At this
time, the artifact with respect to the results 1is
eliminated again, and extraction of the function is
carried out by extracting from the new data extraction
waveform, the data waveform to be the first base,
another waveform of modality or the 1like, the periphery,
and the waveform of plural times. In this case, the
number of times may be either once or plural times.
[0040]

Herein, when producing the base data, mutual

20
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component extractions are made up for each other by a
plurality of modalities (for example, a certain density,
a change amount constituted by volumetry, a movement
of a heart, and so forth), or by plural times of waveform
measurement for a heartbeat and so forth, thereby
improving accuracy. By doing this, it becomes possible
to reduce the artifact and to improve the accuracy based
on a certain fixed prediction of a line or the 1like.
[0041]

Here, “density” is translated as “density”, but
in an image, it means an “absorption value” of pixels
in a specific area. For example, in the case 0of CT, air,
bones and water are used as “-1000"”, “1000"”, and “0”,
respectively.

[0042]

In the present specification, “density” and
“intensity” are distinctively used. As described above,
“density” means an absorption value and exhibits high
air permeability in original images of XP and XP moving
images, and air, water and bones are to be displayed
as “-1000", “0"” and “1000"”, respectively, by digitizing
a portion exhibiting the high permeability as being
white. On the other hand, “intensity” is one relatively
changed from “density”, for example, one displayed via
“conversion” into a degree of density and a signal width
by being normalized. That is, “intensity” is a relative

value of light-dark, an emphasis degree, and so forth.

21



10

15

20

25

It is represented as “density” or “a change in density
(A density)” during directly dealing with the
absorption value of an XP image. Then, this is converted
thereinto as described above, for image expression
reasons, and represented as “intensity”. For example,
“intensity” is given in a case where color displaying
to 256-step gray scales of from 0 to 255 is carried out.
Such a terminology distinction is applicable to the case
of XP or CT.

[0043]

On the other hand, in the case of MRI, even though
air, water and bones are attempted to be set as “-1000",
“0” and “1000"”, respectively, there is a situation in
which the values are largely changed due to pixel values
of MRI, types of measuring machines, a person’s physical
conditions at the time of measurement, build of a body,
and measuring time; and how to acquire signals of MRI
such as Tl emphasis images and so forth also varies by
a facility thereof and the types of measuring machines,
thereby being unable to be fixed. Accordingly, in the
case of MRI, no definition of “density” can be applied
thereto as with the case of XP and CT. Therefore, MRI
deals with relative values from a stage of initial
extraction, thereby expressing as “intensity” from the
beginning. Then, the signals for processing are also
“intensity”.

[0044]

22
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From those described above, it becomes possible
to obtain master data. For the above-described master
data, a new target desired to be measured is extracted
in a certain fixed width and range of a waveform and
Hz of a wave of the above-described master data. For
example, extraction is performed only for a heartbeat,
or in the width or range as a frame of a degree of blood
vessel extraction. In addition, this waveform and the
width of Hz are relatively and collectively determined
based on statistics by using the waveform element in
another function, artifacts such as noise and so forth,
the waveform of another modality deemed to have another
tunability, reproducibility performed plural times,
and so forth. Then, adjustment and experience are
required therein (it is also possible to apply machine
learning thereto). This is because while the width and
range are extended, the element of another function
begins to enter, and if they are too narrow, the element
of the function itself is eliminated, and thus the range
needs to be adjusted. For example, in the case of
presence of data of plural times, it is easy to specify
the range, Hz, the concordance width in measurement,
and so forth. Further, fluctuations in axis, width,
range, and Hz due to the mutual component extractions
and the width can be estimated. That is, by plural times
of superimposition, the axis setting of Hz is averaged

and the optimum range of each of the axis, width, range,
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and Hz is calculated via variance. At this time, there
is a case where Hz (noise) of another behavior is
extracted, and if a wave thereof exists, the degree in
which no wave 1is included in the case of presence of
the wave 1s also relatively measured.

[0045]

Next, for the new target data to be measured, a
concordance rate and other non—-concordance rates with
already captured wave shape and Hz are quantified to
calculate numerical values that assist a diagnosis. For
example, 1t can be applied to a diagnostic assist
instrument by measuring a waveform concordance rate of
disease of amaster and calculating the disease waveform
concordance rate along with noise exclusion of a
pulsimeter or auscultation. In the present
specification, a case where a tunable concordance rate
can be used is explained.

[0046]
[With regard to a tunable concordance rate]

In the present specification, a tendency of an
image change is explained as a tunable concordance rate.
For example, a myocardial area is detected and divided
into a plurality of block areas to calculate average
density (pixel value x) of the block areas in each frame
image. Then, a ratio (x’) of an average pixel value of
block areas in each frame image to a change width (0%

to 100%) from the minimum value to the maximum wvalue
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of average density (pixel value x) is calculated. On
the other hand, by using a ratio value (x’/y’) of a ratio
(y") of a change (y) in myocardium of each frame image
to a change width (0% to 100%) from at the minimum
position to at the maximum position of the myocardium,
only block areas for which the ratio value (x’/y’) is
within a predetermined fixed range are extracted.
[0047]

Herein, the case where y’'=x’ or y=ax (a represents
a numerical value of an amplitude of myocardium, or a
coefficient of a numerical wvalue of density) means
complete concordance. However, it does not mean that
only the case of the complete concordance indicates a
meaningful value, and a value having a certain fixed
width should be extracted. Thus, according to one aspect
of the present embodiment, a fixed width is determined
using logarithms (log), as described below. That is,
when calculated at a ratio (%) in the case where y=xk,
complete concordance of tunability is “log Y’ /x’'=0".
Further, when extracting one in which a range of a
tunable concordance rate is narrow or a (numerically
narrow) range, for example, it is determined as “log
Y’ /x"=-0.05 - +0.05” in the range that is close to 0,
and when being one in which a range of a tunable
concordance rate is wide or a (numerically wide) range,
for example, it is determined as “log Y’ /x'"=-0.5"~+4+0.5"

in the range that is close to 0. As this range is narrower,
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and the numerical value that is concordant within the
range i1s also higher, the tunable rate can be said to
be higher. When counting the number by determining this
ratio value for each pixel of the pixels, a normal
distribution in which the case of complete concordance
is taken as a peak is obtained in the case of healthy
persons. In contrast, in the case of those having
disease, a distribution of this ratio value is to be
lost. In addition, as described above, the method of
determining a width using logarithms is only one example,
and the present invention is not limited thereto.
[0048]

That is, the present invention is one performing
“image extraction” as the following: (average of a
change in density in a rough range) = (a heartbeat) =
(a change in a heart) = (an electrocardiogram) = (a
change in a surface area and volume of a heart), and
is also applicable to methods other than the method of
using logarithms. It becomes possible to display a
frequency tunable image via such a method.

[0049]

In the case of blood vessels, as to a series of
changes of density (x (one waveform at a pulmonary hilum
portion) produced Dby responding to a series of
contractions of a heart (y), a slight time delay (a
change in phase) 1is, as is, present, thereby being

displayed as vy=a’ (x-t). In the <case of complete
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concordance, since t=0, vy=x or vy=a’x. Here, when
extracting one in which a range of a tunable concordance
rate is narrow or a (numerically narrow) range, for
example, it is determined as “log Y’ /x’'=-0.05 "~ +0.05"
in the range that is close to 0, and when being one in
which a range of a tunable concordance rate is wide or
a (numerically wide) range, for example, it 1is
determined as “log Y’ /x’'=-0.5 "~ +0.5"” in the range that
is close to 0. As this range 1is narrower, and the
numerical value that is concordant within the range is
also higher, the tunable rate can be said to be higher.
[0050]

In the case of other blood vessels, the
above-described “portion responding to a heart” 1is
excluded, and density on the center side that is plotted
from pulmonary hilum can be used. The case of peripheral
blood vessels may be also similarly taken care of.
[0051]

Further, the present invention may also be applied
to a circulatory system. For example, a change 1in
density of a heart is directly associated with a change
in density of a blood flow to a pulmonary hilum portion
- a peripheral lung field, and a change in a series of
changes in density of the heart and a change in density
of the pulmonary hilum portion are subjected to a type
of conversion, and transmitted, as 1is, thereto. It

appears that this is produced by obtaining a slight
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phase difference from the relationship between the
change in density of the heart and the change in density
of the pulmonary hilum portion. Further, a change in
density of the pulmonary hilum portion or the like is
associated, as is, with a change in density of a lung
field to ablood flow, and thus it is possible to express
tunability by one (concordance rate relationship in Y
~ X) reflected with an as—-is rate. Further, it appears
that as to a cervical blood vessel system, a change in
density plotted at central heart blood vessels on the
periphery thereof is directly associated therewith, or
also associated therewith accompanying a slight phase
in a similar manner. Then, when the density varies
depending on the background, and is propagated, it
becomes possible to be considered as a tunable
concordance rate so as to propagate the situation of
a change in density.

[0052]

Herein, regarding each of a change amount in one
image and a change rate in one image, for being displayed
as a relative value (Standard Differential Signal
Density/Intensity) when a change amount from density
of a heart is set to 1, the change amount and the change
rate can be extracted for each of (1) as to a different
image for each image, an image when 1 is set to each
one (general assumption), (2) as to a different image

for each one, a ratio when the a heartbeat obtained by
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adding density (a change amount and a change rate)
thereto 1is set to 1, and (3) as to carrying out
photographing plural times, the ratio obtained as a
total amount of density while taking each respiration
that is set to 1.

[0053]

Further, in the case of 3D of MR or the like, as
to a value (when it is set to 1 at this time) obtained
by summing intensity (in the case of MR) or density (in
the case of CT) of a heartbeat, the difference of its
intensity or density can be converted into “peak flow
volume data” of the heartbeat (during rest, or even
during a load), and as to this wvalue, an actual
measurement amount of movement and a movement rate of
a heart can be converted thereinto by finding a ratio
of intensity or density when calculating “3D x time”
with at least MRI, CT or the like. Similarly, it becomes
possible that a distribution in “capillary phase” of
“flow” in a lung field presents an estimation value of
being converted into a distribution of a lung blood flow
peripheral amount, or volume by inputting one time
cardiac output.

[0054]

That is, (Average of a change in density in a rough
range) =~ (a heartbeat) = (a change in a heart) = (an
electrocardiogram) =~ (a change in a surface area and

volume of a heart) is satisfied, and when taking out
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only a change amount of one with 10% or 20%, an estimation
value is possible to be calculated by calculating (the
whole number of those) x (a change amount in that time) .
[0055]

Then, for the new target data to be measured,
images that assist a diagnosis are calculated, by
imaging the concordance rate or another non-concordance
rate for the waveform and Hz already captured. For
example, the differences between normal swallowing and
a patient’s swallowing are visualized, and the
differences between movements that the patient has been
making so far and movements that the patient is
currently making are shown. For example, changes and
differences in the way of walking and in swinging are
included.

[0056]

The extracted change amount is visualized and
extracted onto an 1image. This 1is cardiac function
analysis and blood vessel (a blood flow) analysis as
explained below. Then, a change rate of myocardium is
visualized. At this time, there are some cases where
the artifact with respect to the results is eliminated
again and extraction of the function is carried out by
extracting from the new data extraction waveform, the
data waveform to be the first base, another waveform
of modality or the 1like, the periphery, and the waveform

of plural times. The method of eliminating the artifact
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is described later.
[0057]

Further, there is a case where the feature amount
is grasped even from those from which change components
extracted from other than those extracted as described
above are excluded. For example, when grasping a
movement of the abdominal intestinal tract, an attempt
is made to extract the movement of the abdominal
intestinal tract by excluding the influence of
respiration and the influence of blood vessels from the
abdomen.

[0058]

Further, based on the change rate due to the
extraction, correction is applied to images that take
a certain fixed amount of photographing time (CT, MRI,
special radiography, PET/scintigraphy, and the like)
toprovide clearer and more accurate images. For example,
it is useful for ascending aorta cardiac correction,
cardiac morphology correction, correction of bronchial
blurring, evaluation of the periphery of a thorax, and
imaging when the patient is unable to hold his or her
breath (which may take several minutes to photograph).
[0059]

Hereinafter, an embodiment of the present
invention is explained referring to the drawings. FIG.
1 is a diagram showing an outline configuration of a

diagnosis support system according to the present
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embodiment. This diagnosis support system performs a
specific function by causing a computer to execute a
diagnostic support program. A basic module 1 includes
a cardiac function analysis wunit 3, a blood flow
analysis unit 5, another blood flow analysis unit 7,
a Fourier analysis unit 9, a waveform analysis unit 10,
and a visualization/digitization unit 11. The Dbasic
module 1 acquires image data from a database 15 via an
input interface 13. The database 15 stores, for example,
images via DICOM (Digital Imaging and COmmunication in
Medicine) . An image signal output from the basic module
1 is displayed on a display 19 via an output interface
17. Next, the function of the basic module according
to the present embodiment is explained. Furthermore,
the input images are not limited to the database 15,
but can also be input from other external devices via
the input interface 13 or by initiative.

[0060]

[Refinement of detecting a dynamic region]

There is a case where contrast in a dynamic region
such as a lung field, a thorax, and a heart is not uniform
along a line. In this case, a shape of the dynamic region
can be more precisely detected by changing a threshold
used for eliminating noise, and performing processing
of detection plural times. For example, as for a left
lung, the contrast on the line of the diaphragm tends

to be weaker toward the inside of a human body. There
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is also a circumstance that the cardiac apex part and
the cardiac base part have smaller movements and the
central part of the heart has a bigger movement. In this
case, the remaining part of the 1left half of the
diaphragm, the parts where the movement of the heart
is big and the parts where the movement of the heart
is small can also be detected by changing setting of
the threshold used for eliminating the noise, or by
multiplying the pixel value by a different factor. It
becomes possible to detect a shape of the entire
diaphragm or to detect a shape of the entire heart by
repeating this processing plural times. In this manner,
the present method also enables digitizing not only the
position of the diaphragm but also a change rate and
a change amount of a line and a surface concerning a
shape of a thorax, a heart, and a dynamic region, and
it can be used for a new diagnosis.

[0061]

In this way, it becomes possible to utilize the
position or shape of diaphragm and a heart detected in
a diagnosis. That 1is, it 1s possible to graph
coordinates of diaphragm and a heart; to calculate
coordinates of a thorax, diaphragm, and a heart using
curves (surfaces) or straight 1lines calculated as
described above; and to graph a heartbeat, a blood
vessel beat, “density” in a lung field and so forth as

a position corresponding to a cycle, or coordinates.
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Such a method is applicable to a dynamic region linked
with respiration and cardiac pulsation.
[0062]

When not only Hz in each of expired air, inspired
air, a systole, and a diastole, but also a frequency
(Hz) of a dynamic region linked with diaphragm or
respiration or a frequency (Hz) of a dynamic region of
a heart is changed, such a method enables measurement
in a frequency band responding to the change. Then,
during spectrum extraction of BPF (band pass filter),
in a fixed range, it becomes possible that BBF is set
depending on each respective state of respiration or
a heart; that an optimal state can be caused by variation
of an axis at the BPF position in each “reconstruction
phase” of respiration or a heart; and that BPF in
variability accompanying the foregoing 1is prepared.
Even 1f a respiratory rhythm varies such as when
breathing slow or stopping breathing (Hz=0), or even
if temporary fibrillation of the heart (an extreme high
frequency) or stopping breathing (Hz=0) appears, this
enables providing images according to the foregoing.
[0063]

Further, a frequency of the whole expired air or
inspired air may be made to be calculated based on a
ratio of a respiratory element (a respiratory element
including all or part of expired air or inspired air)

to the whole expired air or inspired air. Similarly,
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a systole or a diastole, a frequency element, and other
whole frequencies may be made to be calculated based
on a ratio of a cardiac dynamic element (a cardiac
dynamic element including all or part of the systole
or diastole) to a cardiac systole and diastole, one
pulsation of a heart, and pulsations of the whole
measurement. In addition, those for which detecting of
diaphragm and a heart is carried out plural times, and
a signal and a waveform thereof are stable may be made
to be selected. Accordingly, it becomes possible to
calculate at least one frequency of a respiratory
element and a cardiac pulsation element from a position
or shape of the detected diaphragm, or a position or
shape of the dynamic region linked with a respiration,
and to calculate a frequency that represents the
heartbeat. In becomes possible to grasp the frequency
and the heartbeat of the respiratory element and the
cardiac pulsation element when the position or shape
of the diaphragm and the heart or the dynamic region
are/is able to be grasped. This method enables tracking
the subsequent waveform even though dividing a part of
the waveform. Thus, it 1is possible to follow the
original respiratory element or cardiac pulsation
element even though the frequency of the respiratory
element or cardiac pulsation element changes on the way.
Further, pulsation of a heart and so forth often undergo

a sudden change, but the same thing is also possible
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to be applied to cardiac blood vessels and organs
related to cardiac blood vessel waveforms.

[0064]

[Detection of lung fields]

In the present invention, it is possible to refine
detection of 1lung fields as one aspect of the
above-described “refinement of detecting a dynamic
region.” In this processing, after setting the maximum
and minimum lung fields, the other lung fields are
calculated using the wvalues. FIG. 11 1is a diagram
showing an example of a lung field detection method in
the present invention. In this method, the “B-spline
curve” 1s used to represent the “coefficient of each
image.” In FIG. 11, the waveform X represents the
“coefficient of each image L showing the lung field,”
and from the left to right direction, the coefficient
of the first 1image, the coefficient of the second
image... and so on, are shown. The “coefficient of each
image” changes smoothly when the control point Y in FIG.
11 is moved. In the present invention, in this way, the
graph of the coefficients can be edited directly. In
FIG. 11, the “gray polygonal line Z"” represents the
“pixel average value of each image.” When photographing
under optimal conditions, the change in the size of the
lung field coincides with the change in the pixel
average value. Herein, this pixel average value can be

smoothed by curve fitting and directly used as a
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“coefficient.” The same method can be applied to a heart
and other organs involved in a cardiovascular
frequency.

[0065]

[Cardiac function analysis]

FIG. 2 is across—-sectional view showing an outline
structure of a heart. The “cardiac function” 1is
generally defined as “the pumping function of the left
ventricle, which circulates blood through the body.”
Cardiac function analysis is important for estimating
the prognosis of patients with “ischemic heart
disease,” especially “myocardial infarction.” For
example, if the value of the left ventricular ejection
fraction (EF) decreases, the heart’s output as a pump
decreases and it becomes unable to pump enough blood
throughout the body. Other cardiac functions include
left ventricular end-diastolic volume (EDV), 1left
ventricular end-systolic volume (ESV), stroke volume
(SV), cardiac output (CO), and a cardiac index (CI).
For local evaluation of myocardium, “Bull’s eye map”
is used, which shows wall thickness, a wall movement,
a change rate of wall thickness, and the 1like, as shown
in FIGS. 2B and 2C, which are cross—-sections in planes
perpendicular to the axis A in FIG. 2A. This “Bull'’s
eye map” is an image displayed with the cross—-section
of the apex placed in the center of the circle, and the

short—-axis tomographic images arranged in concentric
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circles outside thereof, with the cross—-section of the
heart base at the outermost position.
[0066]

According to the present embodiment, in addition
to the “Bull’s eye map” being used, the cycle of a
movement of a heart is analyzed based on the following
indexes. That is, a cycle of a movement of a heart is
analyzed by using density/intensity in a fixed area
inside a cardiac region. Further, a range constituted
by certain fixed volume density/intensity measured in
a region exhibiting high permeability of X-ray (besides
that, a plurality of kinds of modality such as others
including CT and MRI), data obtained by another
measurement method such as spirogram or the like, and
external input information, may also be used. 1In
addition, it 1is desirable to compare the analysis
results for each heartbeat and analyze the tendency from
a plurality of pieces of data to improve the accuracy
of the data. Also, it is possible to identify the edge
of a heart and obtain a frequency based on a change in
this edge of the heart. Further, it 1is possible to
identify the Dborder of a lung field and obtain a
frequency from the movement of the border.
[0067]
[Blood vessel beat analysis]

According to the present embodiment, the blood

vessel beat is analyzed based on the following indexes.
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That is, the blood vessel beat is analyzed using a change
in density/intensity of each region by specifying the
heart/position of pulmonary hilum/main blood vessel
from the measurement results of other modalities such
as an electrocardiogram and a pulsimeter, or from the
lung contour. Further, a change in density/intensity
of a target region may Dbe analyzed by manually
performing plotting on an image. Then, it 1is also
possible to use the heartbeat element obtained from a
heartbeat or a blood vessel beat. In addition, it is
desirable to improve accuracy of data by comparing the
analysis results for each beat and analyzing the
tendency from a plurality of pieces of data. Further,
it becomes possible to improve accuracy by performing
the extraction of density/intensity of each region
plural times, as well as by performing the foregoing
with respect to a fixed range. Further, there is also
a method of inputting a cardiovascular beat frequency
or a frequency band.

[0068]

[Identification of a cardiac region]

An image is extracted from the database (DICOM),
and a cardiac region (especially myocardium) is
automatically detected by using results of the cardiac
function analysis as described above. Next, the
myocardium is divided into a plurality of block areas

to calculate a change in each block area. Herein, size
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of the block area may be determined depending on a
photographing speed. When the photographing speed is
slow, the corresponding region is difficult to be
specified on a frame image behind a certain frame image,
and thus the block area is made to be large. On the other
hand, when the photographing speed is fast, the number
of frame images per unit time is large, and thus, it
is made to become possible to follow even when the block
area is small. Further, the size of the block area may
be calculated depending on which timing out of a cycle
of the cardiac movement is selected. Herein, it is often
necessary to correct deviation of the myocardial region.
In this case, the cardiac movement is identified, and
the relative position of the cardiac contour is further
grasped to relatively make evaluations based on the
movement. In addition, when the block area is too small,
a flicker often occurs in the image. In order to prevent
this, the block area needs to have a fixed size.
[0069]

[Preparation of block areas]

Next, a method of dividing myocardium into a
plurality of block areas is explained. FIGS. 2B and 2C
are diagrams showing a method of dividing myocardium
radially from the center of the heart. As to the cardiac
region, the movement of the heart and the position
relationship of blood vessels are identified and the

relative position of the cardiac contour is grasped,
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and the evaluation should be relatively made based on
the movement. Thus, in the invention of the present
application, after automatically detecting a cardiac
contour, a myocardial region is divided into a plurality
of block areas to average the value (pixel value) of
a change of an image included in each block area. As
a result of this, even though a form of a heart changes
over time, it becomes possible to track changes of the
region of interest with the lapse of time.

[0070]

On the other hand, when being divided into block
areas without specifying a cardiac region, due to a
change of the heart with the lapse of time, the region
of interest falls outside the cardiac region, thereby
resulting in a meaningless image. Further, there is a
method of inputting a heartbeat or a frequency band.
Further, these methods are also applicable to
three-dimensional stereoscopic images. By keeping the
pixels in three-dimensional stereoscopic images
constant, calculation can be made for region dividing
in three-dimensional stereoscopic images. Such
relative evaluation based on the movement of relative
positions can be performed between adjacent frame
images, or can be performed for every integer multiple
of images, such as every two images or every three images.
In addition, several images can be grouped together and

processed for each group.
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[0071]

FIG. 7A is a schematic diagram showing a left lung
of a human body from the front, and FIG. 7B is a schematic
diagram showing a left lung of a human body from the
left side. FIGS. 7A and 7B both show the inspiration,
namely, a lung in the state of breathing in. FIG. 8A
is a schematic diagram showing a left lung of a human
body from the front, and FIG. 8B is a schematic diagram
showing a left lung of a human body from the left side.
FIGS. 8A and 8B both show the expiration, namely, a lung
in a state of breathing out. As shown in these figures,
the form of a lung field changes greatly during
respiration, but the change rate in the lung field on
the side of the diaphragm is large, while the change
rate in the lung field on the opposite side of the
diaphragm is small. In the present invention, the
position of each region in the lung field is changed
depending on this change rate. This enables performing
relative evaluation based on the relative positional
relationship of each regionwithin the lung field region.
In addition, based on the change rate in the lung field
(for example, the average change rate), the relative
positional relationship can be represented by a
constant change rate in the lung field region, or the
change rate can be adaptively varied in the lung field
region depending on the distance from the diaphragm.

In this way, by using the wvariation rate in the lung
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field region, it becomes possible to display an image
that is synchronized with the respiratory cycle.
[0072]

FIG. 9A is a schematic diagram showing a left lung
of a human body from the front, and FIG. 9B is a schematic
diagram showing a left lung of a human body from the
left side. FIGS. 9A and 9B both show the inspiration,
namely, a lung in the state of breathing in. FIG. 10A
is a schematic diagram showing a left lung of a human
body from the front, and FIG. 10B is a schematic diagram
showing a left lung of a human body from the left side.
FIGS. 10A and 10B both show the expiration, namely, a
lung in a state of breathing out. For example, as shown
in FIGS. 9A and 9B, marker Pl is plotted at a position
in the lung field region in a state of inspiration.
Assuming that marker Pl is a fixed point defined by
two-dimensional coordinates, the coordinates remain
the same even in a state of expiration, so marker P1
exist in the same position, as shown in FIGS. 10A and
10B. On the other hand, in the present invention, as
described above, evaluation is performed in terms of
the relative positional relationship to the entire lung
field region, so in a state of expiration, the point
moves to the position of marker P2 instead of the
position of marker P1l. It is also possible to use the
vector at this time to evaluate the point plotted during

inspiration and the point identified to move to during
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expiration.
[0073]

To divide a region, Voronoi tessellation (Thiessen
tessellation) can be applied. The Voronoi tessellation
is, as shown in FIG. 2D, a "“method of drawing
perpendicular bisectors on the straight 1ine connecting
neighboring base points and dividing the nearest
neighbor region of each base point.” By applying such
Voronoi tessellation, it becomes possible to shorten
the calculation time. Furthermore, when drawing a
straight 1line connecting neighboring base points,
weighting may be applied depending on the analysis
target. For example, when dividing the region of the
pulmonary arteries, the weighting may be increased for
thicker region and the weighting may be decreased for
thinner region. This enables dividing depending on the
analysis target while reducing the burden in processing.
In addition, as for a plurality of block areas appeared
due to the division, classification processing may be
performed based on indicators such as a change in pixel
values (a cyclic change).

[0074]

Inthis way, after dividing a region to a plurality
of block areas, a change in an image in each block area
is calculated based on the relative position of each
block area to a dynamic region such as a heart. Herein,

not only the range of the mass itself as a pixel is taken
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as a unit got the difference of signals, but also the
difference of signals can be taken in a range smaller
than the mass, or in a larger range that surrounds the
mass. Further, it is also possible to increase the range
in the vertical direction only in the vicinity of the
diaphragm, increase the range 1in the horizontal
direction only in other dynamic regions, deform the
shape of the range, or connect the regions of pixels.
In addition, after calculating one or more differences,
it is desirable to define the form of the mass again
to match the form of the entire lung field and heart.
For example, after processing is performed from the
first image to the second image, the form of the mass
can be created again in the second image to match the
shape and then compared to the second image to the third
image.

[0075]

In the description above, the “relative positional
relationship” in consideration of an organ movement is
described, but the present invention is not limited to
this and it is also possible to perform image processing
while maintaining “absolute positional relationship of
each pixel” 1in a plurality of frame images. The
“absolute positional relationship of each pixel” refers
to the relationship between pixels whose coordinates
are specified based on the two-dimensional coordinate

axis when the two-dimensional coordinate axis 1is
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defined on the frame image. In other words, it is a
method of pixel processing in which the pixel of
interest is invariant. The processing of maintaining
the “absolute positional relationship of each pixel”
assumes a plurality of frame images, but the number of
frame images is not specified. A plurality of frame
images can be classified into a plurality of groups,
and each group can include the equal number of frame
images, or each group can include the different number
of frame images.

[0076]

That is to say, in a state where a plurality of
frame images is classified into a plurality of groups
and the absolute positional relationship of each pixel
in a plurality of frame images belonging to each group
is maintained, the change in the pixel value of the organ
the change in the distance from the center to the outer
edge of the organ, or the change in the volume of the
organ is calculated. This enables handling a pixel value
as an equal one even if it changes slightly, thereby
reducing the amount of the data and processing steps.
[0077]

Further, positional relationship that is neither
relative positional relationship nor absolute
positional relationship can be conceived. This means
that, point P having specific coordinates in a

particular frame image can be defined and another point
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Q having different coordinates from the above specific
point can be defined in the next and subsequent frame
images, but in this case, the size of vector PQ is assumed
to be small in relation to the movement of the organ.
Further, for point Q, other point R having slightly
different coordinates than point Q is defined in the
next and subsequent frames. By repeating this operation,
other point with slight deviation from a specific point
P is extracted for each frame image, and the present
embodiment is applied. Specifically, a plurality of
frame images 1s acquired, and for each pixel in a
specific frame image, pixels having different
coordinates from each of the pixels in the next and
subsequent frame images 1is extracted, and a cyclic
change that characterizes the state of the organ is
calculated.

[0078]

Then, Fourier—-transforming is performed on the
cyclic change that characterizes the state of the organ,
a spectrum in a fixed band including a spectrum
corresponding to a frequency of a movement of an organ
out of a spectrum obtained after the
Fourier—-transforming is extracted, inverse Fourier
transform is performed on the spectrum extracted from
the fixed band, and each of the images after performing
the inverse Fourier transform is output. Further,

pixels that change corresponding to a frequency of a
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cyclic change that characterizes the state of the organ
in the image may be extracted by a digital filter, and
images including the pixels extracted by the digital
filter may be output. Also, a color corresponding to
the cyclic change rate that characterizes the state of
the organ may be selected, and the selected color may
be added on the change rate of the pixel values and the
images may be displayed on a display. This enables
expressing the movement of the organ.

[0079]

Next, artifacts are eliminated to interpolate the
image data. That is, when bones or the like are included
within the analysis range, they represented as noise,
and thus, it is desirable to remove the noise therefrom
by using a noise-cut filter. As for X-ray images,
conventionally, air and bones are set as -1000 and 1000,
respectively, and thus a high permeability portion
exhibits a low pixel value and is displayed black, and
a low permeability portion exhibits a high pixel value
and is displayed white. For example, when displaying
the pixel value by 256 gradations, black becomes 0, and
white becomes 255.

[0080]

Within a cardiac region, X-rays hardly transmit
the position where blood vessels and bones are present,
and thus the pixel value of an X-ray image becomes high

and the X-ray image becomes white. The same thing can
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also be applied to other CT and MRI. Herein, from the
results obtained by the above-described cardiac
function analysis, it becomes possible to eliminate
artifacts by interpolating data by using values in the
same phase, based on a waveform per heartbeat. Further,
when detecting that “coordinates are different
therefrom”, “the pixel value extremely varies”, or “a
frequency and density abnormally become high”, cut-off
is carried out for these, and with respect to the
remaining obtained images, this may be easily used for
Hz calculation of the heart and adjustment of the
myocardial region, for example, by identifying the
continuously smooth waveform using a least sqguares
method and so forth. Further, when superimposing an
image thereon, there are (1) the case where acquired
comparison images obtained by acquiring each image
before and after are superimposed with the coordinates
themselves, and (2) a method of superimposing relative
position information on a base by relatively extending
images, after acquiring each image before and after to
the base. By using the methods as described above, it
becomes possible to correct a form of a cardiac region
and to correct changes in images in block areas.
[0081]

Herein, “reconstruction” in the time axis 1is
explained. For example, when inspiration time of 15 f/s

is 2 seconds, 30+1 images are obtained. In this case,
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the “reconstruction” for each 10% can be carried out
if 3 images are simply superimposed at each time. At
this time, for example, when 0.1 seconds indicate 10%,
and in the case where the 1image acquires only a
photograph of each of 0.07 seconds and 0.12 seconds,
“reconstruction” of 0.1 seconds is needed. In this case,
an intermediate value in images of before or after 10%,
a (an average value of both) value, is given to carry
out “reconstruction”. Further, the time axis is taken,
and the coefficient may be changed at a ratio of the
time. For example, when there is no photographing value
of 0.1 seconds due to the presence of the time axis
difference, and there is a photographing time of each
of 0.07 seconds and 0.12 seconds, “recalculation” is
made as “(a value of 0.07 seconds thereof) x 2/5 + (a
value of 0.12 seconds) X 3/5" to perform
“reconstruction”. In addition, it 1is desirable to
include 0 to 100% of “Maximum Differential Intensity
Projection”, and to perform calculation by providing
ranges such as “reconstruction” of 10 to 20%,
“reconstruction” of 10 to 40%, and so forth. In this
manner, it is also possible to carry out
“reconstruction” at a ratio of one heartbeat for the
unphotographed portion. In addition, according to the
present invention, it 1is also possible to carry out
“reconstruction” similarly to a heart, a blood flow,

and a series of movements linked with those other than
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these.
[0082]
[Fourier analysis]

Based on the cardiac movement cycle and the blood
vessel beat cycle that are analyzed as described above,
Fourier analysis 1is performed for the wvalue of
density/intensity in each block area and a change amount
thereof. FIG. 3A is a diagram showing a change 1in
intensity in a specific block and a result obtained by
performing Fourier analysis thereof. FIG. 3B is a
diagram showing a Fourier transform result obtained by
extracting frequency components close to a heartbeat
and a change in intensity of frequency components close
to a heartbeat, that is obtained by performing inverse
Fourier transform on this. For example, when the change
in intensity in a specific block is Fourier-transformed
(Fourier analysis), the results as shown in FIG. 3A are
obtained. Then, the results as shown on the right side
in FIG. 3B are obtained by extracting the frequency
components close to the heartbeat from the frequency
components shown in FIG. 3A. By performing inverse
Fourier transformon this, the change in intensity, that
is tuned to the heartbeat can be obtained as shown on
the left side in FIG. 3B.

[0083]
Herein, when performing inverse Fourier transform

on the spectrum including frequency components, the
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inverse Fourier transform may be performed by taking
into consideration Dboth a frequency element (a
heartbeat, and a cardiovascular Dbeat frequency)
specified from density in a heartbeat and a blood flow,
and a spectrum band (BPF may be used); or based on the
element of either one.

[0084]

In addition, it is possible to use an AR method
(Autoregressive Moving average model) so that
calculation is carried out in a short time when
performing Fourier transform. According to the AR
method, there is a method of using a Yule-walker
equation or a Kalman filter in an autoregressive moving
average model, and it is possible to make up for the
calculation by using Yule-walker estimates derived
therein, a PARCOR method, or a least squares method.
By doing this, it becomes possible to acquire an image
close to real time, to assist the calculation, and to
correct the artifact at a higher speed. It becomes
possible to extract and display the nature of an image
in each block area via such Fourier analysis.

[0085]

Herein, a spectrum in a fixed band including a
spectrum corresponding to a cycle of the cardiac
movement, out of a spectrum obtained after
Fourier—-transforming can be extracted by

Fourier—-transforming a change in an image in each block
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area in each frame image. FIG. 3C is a diagram showing
an example of extracting a certain fixed band out of
a spectrum obtained after Fourier-transforming. As to
a frequency f of a composite wave spectrum, the
relationship of “1/f =1/f1+ 1/f2” is satisfied between
f1 (a heartbeat component) and f2 (a pathological blood
flow component) of each frequency to be a composite
source, and when extracting a spectrum, it is possible
to employ the following method.

[0086]

(1) A heartbeat having a high spectral ratio is
extracted.

(2) A spectrum is extracted via division at a
middle of the peak of a spectrum corresponding to a
heartbeat/a pathological blood flow and the peak of a
plurality of neighboring composite waves.

(3) A spectrum is extracted via division at the
valley part of the peak of a spectrum corresponding to
a heartbeat/a pathological blood flow and a spectrum
of a plurality of neighboring composite waves.

(4) A spectrum included 1in a certain fixed
bandwidth can be extracted from a heartbeat component
(a blood flow component). In this case, a spectrum with
a plurality of overlapping spectra is obtained, but by
separating each component, each spectrum can be
recovered.

[0087]
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As described above, according to the present
invention, it does not mean that a fixed BPF is used,
and a spectrum in a fixed band including a spectrum
corresponding to a cycle of a cardiac movement 1is
extracted. Further, according to the invention of the
present application, it 1is possible to extract a
frequency (for example, further, density/intensity in
each region, and a heartbeat element obtained from a
heartbeat or a blood vessel beat) other than a frequency
of a cardiac movement obtained from a frame image, out
of a spectrum obtained after the Fourier-transforming,
or a spectrum in a fixed band including a spectrum (for
example, spectral model) corresponding to a frequency
input from the outside by an operator.

[0088]
Herein, a composite wave spectrum element becomes

50
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+ 50% in the case of having only two components (a
heartbeat and a pathological blood flow), and in the
case of three components, the distribution
becomes one-third each. Thus, the composite wave
spectrum can be calculated to some extent from what
percentage the heartbeat component spectrum is and what
percentage the pathological Dblood flow component
spectrum is, and spectral components and height thereof.
It is possible to extract the spectrum at a high ratio
(%) thereof. That is, a ratio of a pathological blood

flow component/heartbeat component to a composite wave
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component is calculated, and a spectral value having
a high pathological blood flow component/heartbeat

component is calculated and extracted. In addition, as

to identification of diaphragm, there are some cases

where only a spectrum or superimposed one thereof
corresponding to a region in which Hz (frequency)

becomes relatively constant, that is, an area in which
a change in Hz is small is extracted from data obtained
by acquiring frequencies of the heartbeat and the heart

blood vessels. Further, in the case of determining a
spectral band, there are some cases of determining the
spectral band in a range where a change in Hz is generated,
and an area on the periphery thereof. As a result of
this, it becomes possible to extract, not only the case

of being exactly consistent with the cycle of the

cardiac movement or the blood vessel beat cycle, but

also the spectrum that should be taken into

consideration, and to make a contribution to an image

diagnosis.

[0089]

In addition, it is known that a “heartbeat” and
“respiration” are included in a specific frequency band.
Accordingly, by using, for example, a filter of “0 ~
0.5 Hz (respiratory rate 0 ~ 30 times/min)” in the case
of the respiration, and for example, a filter of “0.6
~ 2.5 (heartbeat/pulse rate 36 ~ 150 times/min) Hz” in

the case of a circulatory system, it is possible to
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specify a respiratory frequency and a frequency of a
circulatory system using the foregoing filter, in
advance. This enables displaying a frequency tunable
image. This is because there is a case where a change
in density of respiration (lung) is picked up when
acquiring a change in density of a heart, and a change
in density of a heart is picked up when acquiring a change
in density of a lung.

[0090]

[Waveform analysis]

Waveform analysis is performed on a heart, blood
vessels, electroencephalogram, and others that are
recognized as constant waveforms in examinations. This
includes movements that are repeated in a constant state
such as foot movements. Also, analysis of whether there
is the same tendency or not is performed Dby
superimposing the Hz of repeated movements. The
waveform data i1s compared and the concordance rate
between two pieces of data is calculated. Then, the data
after Fourier analysis is compared.

[0091]
[Digital filter]

Further, instead of the Fourier analysis described
above, a digital filter can be used. The digital filter
performs a transformation between the time domain and
the frequency domain based on the “fast Fourier

transform and inverse fast Fourier transform” that are
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mathematical algorithms for extracting frequency
components of a signal in order to adjust them. This
enables obtaining the same effect as the Fourier
analysis described above.

[0092]

[Visualization/digitization]

The results of the above-described analysis are
visualized and digitized. As the standard uptake, the
value is often displayed relatively/logarithmically by
having the average value as 1 from density/intensity
in the entire area of the measured lung field. Further,
since only the blood flow direction is employed, the
change to a specific direction is often cut out. By doing
this, it becomes possible to take out only data of a
significant method. The pseudo colorization is
performed following a change in an analysis range by
using the identification result of the cardiac region.
That is, the analysis result of each individual
(subject) is fitted to a relative area in accordance
with a specific shape (minimum, maximum, mean, median)
fitted to the phase. Further, deformation is made to
a specific shape/phase capable of comparing a plurality
of analysis results therewith.

[0093]

Further, when preparing a “standard heart,” the

above-described results of the analysis of the movement

of the heart are used to calculate the relative
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positional relationship within the heart (myocardium).
A “standard heart” 1is prepared by using a line that
comprehensively averages contour lines, density, and
the 1like of hearts of a plurality of patients. 1In
addition, this concept is not limited to a heart, but
can be applied to lungs (standard lungs) and other
organs (standard organs). For example, it is possible
to create “organ models” by age, gender, country, and
degree of disease.

[0094]

In addition to the above changes in the pixel
values of the heart, it is also possible to perform
Fourier analysis by calculating changes in the distance
from the center of the heart to the myocardium (distance
L shown in FIGS. 2B and 2C), and furthermore, it is
possible to perform Fourier analysis by calculating
changes in the volume of the heart.

[0095]

After the “standard heart” is prepared, as
described above, it becomes possible that tunability,
a concordance rate, and a non-concordance rate are
digitized and presented (display of a frequency tunable
image) . In addition, deviation from a normal state can
be displayed. According to the present embodiment,
discovery of a possibility of a new disease, comparison
with oneself in the normal state, comparison of a hand

with a foot, and comparison of another hand and another

58



10

15

20

25

foot on the opposite side are made to be possible by
performing Fourier analysis. Further, it becomes
possible to grasp which portion is abnormal in a
movement of the foot, deglutition or the 1like by
digitizing the tunability. Further, it becomes possible
to determine whether or not a person in the disease state
changed after a fixed time elapses, and in addition,
in the case where the person changed, it becomes
possible to compare the states before and after the
change.

[0096]

[Drawing of a heart]

In the ©present specification, a method of
adjusting a heart so as to obtain a high matching
property by tentatively drawing a contour of a heart
by using a combination of Bezier curves and straight
lines is employed. For example, when a contour of a heart
is expressed with 4 Bezier curves and one straight line,
it becomes possible to draw a contour of a heart by
finding 5 points on the contour of the heart and 4 control
points. It becomes possible to detect the contour of
the heart with high accuracy by displacing the position
of a point to draw a plurality of contours of the heart,
and evaluating a matching property by using a condition
under which “the total value of density inside the
contour becomes the maximum”, “the difference of a sum

in density for a few pixels inside and outside the
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contour line becomes the maximum”, or the like. 1In
addition, it is also possible to extract the point near
an outer edge by contour extraction wvia classical
binarization, and to adjust the control point position
of a Bezier curve by using a least squares method or
the like. Further, the above method is not limited to
s heart, but can be applied to other organs as “detection
of organ.” This is applicable not only to planar images
but also to stereoscopic images (3D images). It becomes
possible to presume a target surrounded by a plurality
of curved surfaces to be an organ by defining a curved
surface equation to set the control point thereof.
[0097]
[Cardiac function analysis using Fourier analysis]
Next, the cardiac function analysis using Fourier
analysis according to the present embodiment is
explained. FIG. 4 is a flowchart showing an outline of
the cardiac function analysis according to the present
embodiment. The basic module 1 extracts images of DICOM
from the database 15 (step Sl1). Herein, at least a
plurality of frame images included within one heartbeat
is acquired. Next, in each acquired frame image, the
cycle of the movement of the heart is specified by using
changes in pixel values, for example, changes in density
(density/intensity), at least in a certain fixed area
of the myocardium (step S2). Then, the cardiac

(myocardial) region is detected (step S3), and the
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detected myocardium is divided into a plurality of block
areas (step S4). Here, as described above, the
myocardium is divided radially from the center of the
heart by using Voronoi tessellation (Thiessen
tessellation). Then, a change in pixel values in each
block area in each frame image is calculated (step S5).
Herein, wvalues of changes within each block area are
averaged and expressed as one piece of data.

[0098]

In addition, it is also possible to vaguely display
the pixel to a certain extent, display the whole by
making it into a dimmed state. Specifically, in the case
of blood vessels, a low signal value coexists between
high signal values, but if only the high signal values
can be roughly grasped, it is acceptable to be vague
as a whole. For example, in the case of a blood flow,
only a signal having a threshold or more may be extracted.
Specifically, in the case where a numerical wvalue in
the following table is taken as one pixel, and the
numerical value in the center is acquired, when a ratio
occupied by the numerical wvalue in the center is
acquired and averaged within one pixel, the expression
thereof can be smoothly made between neighboring
pixels.

[Table 1]
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[0099]

In addition, as to the change values within each
block area, the noise elimination may be carried out
by cut-off. Next, Fourier analysis is performed based
on the cycle of the above-described cardiac movement,
for the value of density/intensity in each block area
and a change amount thereof (step S6). By doing this,
it becomes possible to extract and display the nature
of an image in each block area.

[0100]

Herein, a spectrum in a fixed band including a
spectrum corresponding to a cycle of the heart, out of
a spectrum obtained after Fourier-transforming, can be
extracted. Herein, as to a frequency f of a composite
wave spectrum, the relationship of “1/f = 1/f1 + 1/£2”
is satisfied between fi1 and f2 of each frequency that
becomes a composite source, and when extracting a
spectrum, it is possible to employ the following method.
[0101]

(1) A movement of a heart having a high spectral
ratio is extracted.

(2) A spectrum is extracted via division at a
middle of the peak of a spectrum corresponding to a

heartbeat/a blood flow and the peak of a plurality of
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neighboring composite waves.

(3) A spectrum is extracted via division at the
valley part of the peak of a spectrum corresponding to
a heartbeat/a blood flow and a spectrum of a plurality
of neighboring composite waves.

[0102]
Herein, a composite wave spectrum element becomes

50
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+ 50% in the case of having only two components (a
heartbeat and a pathological blood flow), and in the
case of three components, the distribution becomes
one-third each. Thus, the composite wave spectrum can
be calculated to some extent from what percentage the
heartbeat component spectrum is and what percentage the
blood flow component spectrum 1is, and spectral
components and height thereof. It is possible to extract
the spectrum at a high ratio (%) thereof. That is, a
ratio of a blood flow component/heartbeat component to
a composite wave component is calculated, and a spectral
value having a high blood flow component/heartbeat
component is calculated and extracted.

[0103]

Next, noise elimination is carried out for the
results obtained by the Fourier analysis (step S7).
Herein, the cut-off as described above and elimination
of the artifact can be carried out. The above-described
operation from step S5 to step S7 is performed at least

once, and whether or not to be completed is determined
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(step S8). When not being completed, a transition is
made to step S5; and when being completed, the results
obtained by the Fourier analysis are displayed on the
display as a pseudo color image (step S9). In addition,
a black and white image may be displayed. There are some
cases where the accuracy of data is improved by
repeating a plurality of cycles in this manner. Thus,
a desired moving image is possible to be displayed.
Further, the desired moving image may be obtained by
correcting the image displayed on the display.
[0104]

In addition to the processing of division of the
myocardium in steps S4 and S5 as described above, it
is also possible to perform Fourier analysis by
calculating the change in the distance from the center
of the heart to the myocardium instead of steps S4 and
S5.

[0105]
[Cardiac function analysis using a digital filter]

Next, cardiac function analysis using a digital
filter according to the present embodiment is explained.
FIG. 5 is a flowchart showing an outline of the cardiac
function analysis according to the present embodiment.
Steps S1 to S5 and S7 to S9 are the same as the “Cardiac
function analysis using Fourier analysis” described
above, and are therefore omitted. In the step Tl in FIG.

5, digital filter processing is performed (step T1).
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The digital filter performs a transformation between
the time domain and the frequency domain based on the
“fast Fourier transform and 1inverse fast Fourier
transform” that are mathematical algorithms for
extracting the frequency components of a signal in order
to adjust them. This enables obtaining the same effect
as the Fourier analysis described above.

[0106]

[Cardiac function analysis using a tunable concordance
rate]

Next, cardiac function analysis using a tunable
concordance rate according to the present embodiment
is explained. FIG. 6 is a flowchart showing an outline
of the cardiac function analysis according to the
present embodiment. Steps S1 to S5 and S7 to S9 are the
same as the “Cardiac function analysis using Fourier
analysis” described above, and are therefore omitted.
In step R1 in FIG. 6, analysis of a tunable concordance
rate is performed (step R1l). Therefore, the cardiac
(myocardial) region is detected (step S3), and after
the myocardium is divided into a plurality of block
areas (step S4), average density (pixel value x) of
block areas in each frame image is calculated, and a
ratio (x’) of an average pixel value of the block areas
in each frame image to a change width (0% to 100%) from
the minimum wvalue to the maximum wvalue of average

density (pixel value x) is calculated (step S5). On the
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other hand, a ratio value (x’'/y’) of a ratio (y’) of
a change (y) in a heart of each frame image to a change
width (0% to 100%) from the minimum to the maximum of
a surface area (or volume) of a heart is calculated (step
S5) . By using them, only block areas for which the ratio
value (x’/y’) is within a predetermined fixed range can
be extracted (step R1l).
[0107]

Herein, the case where y’=x’ or y=ax (a represents
a numerical value of a surface area or volume of a heart,
or a coefficient of a numerical value of density) means
complete concordance. However, it does not mean that
only the case of the complete concordance indicates a
meaningful value, and a value having a certain fixed
width should be extracted. Thus, according to one aspect
of the present embodiment, a fixed width is determined
using logarithms (log), as described below. That is,
when calculated at a ratio (%) in the case where y=xk,
complete concordance of tunability is “log Y’ /x’'=0".
Further, when extracting one in which a range of a
tunable concordance rate is narrow or a (numerically
narrow) range, for example, it is determined as “log
Y’ /x"=-0.05 - +0.05” in the range that is close to 0,
and when being one in which a range of a tunable
concordance rate is wide or a (numerically wide) range,
for example, it is determined as “log Y’ /x"=-0.5"~+4+0.5"

in the range that is close to 0. As this range is narrower,
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and the numerical value that is concordant within the
range i1s also higher, the tunable rate can be said to
be higher. When counting the number by determining this
ratio value for each pixel of the pixels, a normal
distribution in which the case of complete concordance
is taken as a peak is obtained in the case of healthy
persons. In contrast, in the case of those having
disease, a distribution of this ratio value is to be
lost. In addition, as described above, the method of
determining a width using logarithms is only one example
and the present invention is not limited thereto. That
is, the present invention is one performing “image
extraction” as the following: (average of a change in
density in a rough range) = (a heartbeat) = (a change
in a heart) = (an electrocardiogram) =~ (a change in a
surface area and volume of a heart), and 1is also
applicable to methods other than the method of using
logarithms.

[0108]

In addition, when considering 3D, by measuring a
heartbeat, a surface area or volume of a heart, cardiac
output, and a central blood flow amount with another
device, it becomes possible to measure the “partial
surface area of the heart,” “partial volume of the
heart,” and “blood flow rate” in each area from these
rates. As these quantitative measurements, if a surface

area of a heart, volume of a heart, cardiac output, and
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a blood flow amount on the center side can be measured
by another modality and the like, it becomes possible
to estimate the estimated functional capacity from the
amount of one frame, the rate thereof, and the change
amount rate in the area. That is, in the case of cardiac
function analysis, 1t becomes possible to estimate
volume of a heart from a movement of a heart; in the
case of blood flow analysis, it becomes possible to
estimate a lung blood flow amount from cardiac output,
and to estimate an estimated blood flow amount (rate)
in bifurcated blood vessels drawn from the blood flow
amount (rate) on the center side.

[0109]

Further, as described above, determination 1is
possible to be made with higher accuracy i1f the entire
acquired database can be calculated, but time is often
required in executing computer analysis. Thus, it is
enabled to carry out calculation by extracting only a
certain fixed number (phase) thereof. For example, the
acquisition is automatically made not from the
beginning of the acquired images, but from the latter
half of the images, namely, from the middle to the back
of the images, not to the end (manual acquisition is
also possible). This makes it easier to extract more
stable images by cutting out the images photographed
in tense state when the patient is photographed for the

first time. In addition, instead of calculating the
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acquired images (foe example, 300 images) as they are,
the change in a “movement of a heart” based on the first
measured position of the heart, or the like, can be
selected, and then calculated. This enables image
labeling that looks like a continuous heartbeat when
moving image labeling or the like needs to be repeated.
In this case, calculation can be made by image labeling.
In addition, when identifying the cardiac (myocardial)
region, even in cases when manually changing the shape
of only a part thereof or manually changing only a part
of the graph labeling, it is desirable to correct the
graph by using noise cutting and a least squares method.
[0110]

As explained above, according to the present
embodiment, it becomes possible to evaluate images of
a human body with an X-ray moving image device. If
digital data can be obtained, it 1is possible to
calculate with existing facility devices in a generally
excellent manner, and thus installation cost is reduced.
For example, according to the X-ray moving image device
provided with a Flat panel detector, it becomes possible
to simply complete the examination of a subject. In
cardiac function analysis, screening of myocardial
infarction becomes possible. For example, according to
the X-ray moving image device provided with the Flat
panel detector, useless examinations can be eliminated

by executing a diagnostic support program according to
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the present embodiment before performing CT. Further,
the simple examination is carried out, and thus it
becomes possible to find a disease with high urgency
at an early stage and to preferentially treat it.
According to the photographing method at present, in
the case of another modality such as CT, MR or the like,
there are some problems, but a detailed diagnosis in
each area becomes possible if the foregoing problems
can be solved.

[0111]

Further, it is also applicable to screening of
various kinds of blood vessels, for example, cervical
blood flow narrowing; and is also applicable to the
blood flow evaluation and screening of large blood
vessels. Further, it is also possible to be applied for
grasping characteristic conditions before and after
surgery. Further, by Fourier-transforming a cycle of
a movement of a heart and a blood flow cycle to eliminate
a waveform of a movement of a heart and a blood flow
waveform, in an X-ray image of an abdomen, it becomes
possible to observe abnormality in a remaining
biological movement, for example, intestinal tract
ileus or the like.

[0112]

In addition, when an image acquired at first

exhibits high resolution to a certain extent, the number

of pixels is large, and thus it often takes time for
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calculation. In this case, the calculation may be made
after reducing the image to a fixed number of pixels.
For example, it is possible to reduce the calculation
time via the calculation made after reducing pixels of
[4000 x 4000] to pixels of [1028 x 1028].

[0113]

In addition, conventionally, the contrast range
of the target image to be determined has been manually
adjusted; or, a method of relatively extracting the
target 1image to be determined based on a certain
standard has been employed. However, it has not been
performed strictly with the recognition of the frame
of the analysis target (for example, a lung field). By
detecting the cardiac region and filtering the bone
density (cutting a certain range of low permeability)
according to the present invention, the width of the
permeability inside the rest of the region is to be
strictly limited to the width of the recognized region
of the heart. This enables stricter adjustment for
determinable permeability, in a detection of a cardiac
region, when it 1s viewed by a person who makes a
determination, for example, a doctor, a technologist,
or the like. Also, it enables stricter adjustment for
permeability that 1s Jjust right for evaluation of
coloring.

[0114]

In addition, in XP and CY, X-ray transmission is
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changed according to the body condition in order to
reduce exposure. During photographing, the
transmission may be changed depending on the movement
of lungs. In addition, also in MRI, due to changes in
the magnetic field in certain directions, or the like,
the 1image 1is to be photographed with a certain
non-uniform signal. In contrast, the change 1in
“density/intensity” of a specific organ can be measured
more precisely by adjusting the calculation of
returning the transmittance changed from the
transmittance of the surrounding “back ground” to a
constant form, to the transmittance of the specific
organ, or by applying a certain fixed correction to the
signal value through correcting the non-uniformity of
the overall change in a magnetic field to uniformity.
In addition, more accurate change amount can be
calculated by changing the degree of transmittance
based on the characteristics of each organ from the
numerical changes 1in photographing conditions and
precisely correcting the change in “density/intensity”
of a specific organ.

[0115]

In the present invention, the average value or a
change in intensity may be calculated, but the data
(intensity) obtained from X-rays, CT, or the like, may
be subject to “Gamma correction,” and the density may

not be reflected correctly. This Gamma correction is
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processing to correct the saturation and brightness of
images or the like displayed on a display. Normally,
a computer displays images on a display depending on
the input signal, but the brightness and saturation may
vary depending on the characteristics of the display.
Therefore, Gamma correction is used to correct these
errors. Gamma correction adjusts the relative
relationship of signals and color data as they are input
to and output from the display, resulting in a more
natural-looking display. However, since an image after
gamma correction is no longer the original image, it
may cause inconvenience when applying the image
processing according to the present invention.
Therefore, the image before Gamma correction 1is

”

obtained by applying “Gamma inverse correction,” namely,
the inverse filter corresponding to the Gamma
correction value, to the image after Gamma correction.
This enables obtaining the image before Gamma
correction, which enables the image processing
according to the present invention to be performed
properly.
[0116]

In addition, the present invention is not limited
to Gamma correction, and an image having undergone other
image processing may be restored and then subjected to

processing. For example, from the changes in pixel

values in a region where density is invariant during
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photographing, such as a space outside the human body,
the image processing performed on the image 1is
analogized, and a function that keeps the changes in
pixel values constant is applied to all pixels. This
enables obtaining an image that is close to the original
image and enables the image processing according to the
present invention to be performed properly.

[0117]

In addition, the present invention is capable of
restoring individual images from superimposed images.
Conventionally, “X-ray difference image technology” is
known. This technology superimposes “past and present
X-ray images” of the same patient photographed during
medical checkups, or the like, and emphasizes areas
changed from the past to the present, namely, areas that
are assumed to be abnormal. By doing this, for example,
it becomes possible to detect cancer at an early stage.
As a method of superimposition, when a plurality of
images is photographed as “the first, second, third,
fourth ones...”, for example, “the first, second, and
third ones” are used as “the superimposed image of the
first one”; “the second, third, and fourth ones” are
used as “the superimposed image of the second one”; and
“the third, fourth, and fifth ones” are used as “the
superimposed image of the third one.” As for such
superimposed images, the pixel values are higher where

a plurality of images overlap, and lower where they do
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not overlap. Since such superimposed images may blur
the contours of the organs, it is desirable to restore
them to their respective original images. According to
the present invention, the contours of the organs can
be identified, which enables restoring the original
image from the superimposed image.

[0118]

In addition, the present invention also enables
imaging the difference in a frequency of each region
in an organ. In other words, in organs with cyclic
movements, the change values for each region can be
Fourier—-transformed, and weighted such as classifying
each region by colors based on the composition ratio
of frequency components, to show the characteristics
of each region. For example, it is possible to identify
the frequency components that peak in each region and
classify each regionby colors. Further, ineach region
it is also possible to identify the percentage of each
frequency component within a specific frequency band,
and classify each region by colors depending on the
percentage. Further, in a specific region, the
frequency composition ratio to be the standard is, for
example, “50% for 10Hz and 50% for 20Hz,” it is also
possible to visualize the rate of deviation from the
frequency composition ratio to be the standard. In this
way, for example, for a heart, by displaying the

spectrum distribution of a frequency with classifying
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by colors, it becomes possible to grasp at a glance

whether a correct movement 1is made or an incorrect

movement is made.

EXPLANATION OF THE SYMBOLS

[0119]

1 basic module

3 cardiac function analysis unit
5 blood flow analysis unit

7 another blood flow analysis unit
9 Fourier analysis unit

10 waveform analysis unit

11 visualization/digitization unit
13 input interface

15 database

17 output interface

19 display
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CLAIMS

1. A diagnostic support program that analyzes
images of an organ of a human and displays
analysis results, the program causing a computer
to execute a process comprising:

processing of acguiring a plurality of frame
images;

processing of calculating part of waveforms
that show periodic movement specific to the organ
between each of the frame images, or fregquencies
specific to the organ between each of the frame
images based on the pixel values between each of
the frame images;

processing of Fourier transforming the change
of the image between each of the frame images;

processing of extracting a spectrum within a
certain band, including a spectrum corresponding
to part of waveforms that show periodic movement
specific to an organ, or frequencies specific to
an organ, from the spectrum obtained after the
Fourier transform;

processing of performing inverse Fourier
transform on the spectrum extracted from the
certain band; and

processing of outputting each image after

performing the inverse Fourier transform.

2. The diagnostic support program according to
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claim 1, further comprising:

processing of dividing images of an organ of
a human into a plurality of block areas and
calculating a change in the image of the block
areas in each of the frame images;

wherein the processing of Fourier
transforming performs Fourier transform on the
change in the image of each of the block areas in

each of the frame images.

3. A diagnostic support program that analyzes
images of an organ of a human and displays
analysis results, the program causing a computer
to execute a process comprising:

processing of acqguiring a plurality of frame
images;

processing of calculating part of waveforms
that show periodic movement specific to the organ
between each of the frame images, or frequencies
specific to the organ between each of the frame
images based on the pixel values between each of
the frame images;

processing of extracting pixels that change
corresponding to part of waveforms that show
periodic movement specific to the organ in the
images, or frequencies specific to the organ in
the images by a digital filter; and

processing of outputting images including the
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pixels extracted by the digital filter.

4., The diagnostic support program according to
claim 3, further comprising:

dividing images of an organ into a plurality
of block areas and calculating a change in an
image in block areas in each of the frame images;
wherein

in the processing of extracting pixels that
change corresponding to part of waveforms that
show periodic movement specific to the organ in
the images, or frequencies specific to the organ
in the images by the digital filter, the pixels
are extracted for each of the block areas by the

digital filter.

5. The diagnostic support program according to
claim 1, further comprising:

processing of calculating part of waveforms
that show periodic movement specific to the organ
between each of the frame images, or the change
rate of fregqguencies specific to the organ between
each of the frame images based on the pixel values
between each of the frame images;

processing of selecting a color corresponding
to part of waveforms that show periodic movement
specific to the organ, or the change rate of

frequencies specific to the organ; and
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processing of adding the selected color on
the change rate of the pixel values and displaying

the images on a display.

6. The diagnostic support program according to
claim 5, further comprising:

processing of dividing images of an organ
into a plurality of block areas and calculating a
change rate in an image in block areas in each of
the frame images; wherein

in the processing of selecting a color
corresponding to part of waveforms that show
periodic movement specific to an organ, or the
change rate of frequencies specific to the organ,

the color is selected for each of the block areas.

7. The diagnostic support program according to
claim 2, 4 or 6, wherein
the block areas are formed using the Voronoi

partitioning technigque.

8. A diagnostic support program that analyzes
images of a human body and displays analysis
results, the program causing a computer to execute
a process comprising:

processing of acgqguiring a plurality of frame
images;

processing of calculating part of waveforms
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that show periodic movement specific to the organ
between each of the frame images, or frequencies
specific to the organ between each of the frame
images based on the pixel values between each of
the frame images;

processing of defining an analysis range for
all the acgqguired frame images;

processing of dividing the analysis range
into a plurality of areas; and

processing of classifying each of the divided
areas based on the index of part of waveforms that

show periodic movement or frequencies.

9. The diagnostic support program according to
any one of claims 1 to 11, wherein

the change in the pixel values of each of the
frame images is calculated while maintaining
absolute positional relationship of each pixel in

a plurality of frame images.

10. The diagnostic support program according to
claim 9, wherein

a plurality of frame images 1is classified
into a plurality of groups, and a periodic change
that characterizes the state of an organ 1is
calculated while maintaining absolute positional
relationship of each pixel in a plurality of frame

images belonging to each group.
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11. The diagnostic support program according to
claim 2, 4 or 6, wherein

a change in an image in block areas in each
of the frame images is calculated in a state where
relative positional relationship of pixels
indicating the organ is maintained between each of
the frame images regardless of whether they are

adjacent frames or not.

12. The diagnostic support program according to
any one of claims 1 to 9, 10, and 11, further
comprising;

processing of restoring transmittance changed
from the transmittance of a specific area to a
constant shape in frame images photographed by X-

rays.

13. The diagnostic support program according to
any one of claims 1 to 9, 10, and 11, further
comprising;

processing of correcting a signal value in an
area where a magnetic field of MRI is non-uniform
in a frame image photographed by MRI and
converting it into an image obtained when a

magnetic field is uniform.

14. The diagnostic support program according to
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claim 2, 4 or 6, wherein

a change rate is calculated from aspects of a
change in the entire organ between each of the
frame images regardless of whether they are
adjacent frames or not, and a change in an image
in the specific block areas is calculated based on

the calculated change rate.

15. The diagnostic support program according to
claim 14, wherein

the change rate changes depending on a
position of block areas in the organ or 1is

constant throughout the organ.

16. A diagnostic support program that analyzes
images of an organ of a human and displays
analysis results, the program causing a computer
to execute a process comprising:

processing of acgqguiring a plurality of frame
images;

processing of calculating a periodic change
that characterizes the state of organs between
each of the frame images based on the pixel values
between each of the frame images;

processing of Fourier transforming the change
of the image between each of the frame images;

processing of extracting a spectrum within a

certain band including a spectrum corresponding to
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the frequency of movement of an organ from the
spectrum obtained after the Fourier transform;

processing of performing inverse Fourier
transform on the spectrum extracted from the
certain band;

processing of outputting each image after the
inverse Fourier transform;

processing of setting the maximum outer edge
when the size of the organ is maximized;

processing of setting the minimum outer edge
when the size of the organ is minimized;

processing of calculating the coefficient of
the outer edge of an organ of another size in each
image using the maximum outer edge and the minimum
outer edge;

processing of displaying the waveform
corresponding to the coefficient of the outer edge
of the organ in each of the images and the control
points of the waveform on a graph; and

processing of changing the coefficient of
each image by changing the position of the control

point.

17. The diagnostic support program according to
claim 16, wherein
a pixel average value of the image of the organ 1is

displayed on the graph.
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18. The diagnostic support program according to
claim 16 or 17, wherein
the image of the organ is displayed

juxtaposed with the graph.

19. A diagnostic support program that analyzes
images of an organ of a human and displays
analysis results, the program causing a computer
to execute a process comprising:

processing of acqguiring a plurality of frame
images;

processing of dividing images of an organ of
a human in each of the frame images into a
plurality of block areas;

processing of calculating a change in an
image in block areas in each of the frame images;

processing of Fourier-transforming the wvalue
of the change in each of the block areas; and

processing of classifying each area by colors
based on a composition ratio of frequency

components.

20. A diagnostic support program that analyzes
images of an organ of a human and displays
analysis results, the program causing a computer
to execute a process comprising:

processing of acgqguiring a plurality of frame

images;
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for each pixel in a specific frame image,
processing of extracting pixels having coordinates
different from each of the pixels in the next and
subsequent frame images and calculating part of
waveforms that show periodic movement specific to
an organ, or frequencies specific to the organ
between each of the frame images;

processing of Fourier transforming the change
of the image between each of the frame images;

processing of extracting a spectrum within a
certain band including a spectrum corresponding to
part of periodic waveforms specific to an organ,
or frequencies specific to an organ;

processing of performing inverse Fourier
transform on the spectrum extracted from the
certain band; and

processing of outputting each image after the

inverse Fourier transform.

21. A diagnostic support program that analyzes
images of an organ of a human and displays
analysis results, the program causing a computer
to execute a process comprising:

processing of acguiring a plurality of frame
images;

for each pixel in a specific frame image,
processing of extracting pixels having coordinates

different from each pixel in the next and
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subsequent frame images and calculating part of
waveforms that show periodic movement specific to
an organ, or frequencies specific to the organ
between each of the frame images;

processing of extracting pixels that change
corresponding to part of waveforms that show
periodic movement specific to the organ in the
images, or frequencies specific to the organ in
the images by a digital filter; and

processing of outputting images including the

pixels extracted by the digital filter.

22 . A diagnostic support program that analyzes
images of an organ of a human and displays
analysis results, the program causing a computer
to execute a process comprising:

processing of acqguiring a plurality of frame
images;

for each pixel in a specific frame image,
processing of extracting pixels having coordinates
different from each of the pixels in the next and
subsequent frame images and calculating part of
waveforms that show periodic movement specific to
an organ, or frequencies specific to the organ
between each of the frame images;

processing of defining an analysis range for
all the acguired frame images based on part of

waveforms that show periodic movement specific to
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an organ between each of the frame images, or
frequencies specific to the organ between each of
the frame images;

processing of calculating the change rate
between each of the frame images in the analysis
range;

processing of selecting a color corresponding
to the change rate between each of the frame
images; and

processing of adding the selected color and

displaying the images on a display.
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