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(57) ABSTRACT

Disclosed in an ultrasonic diagnostic apparatus for appropri-
ately evaluating the image quality of a elastic image with high
reliability and accuracy, the ultrasonic diagnostic apparatus
including; a probe (12) that transmits and receives ultrasonic
waves to and from an object; an elasticity information calcu-
lating unit (32) that calculates elasticity information on the
basis of the ultrasonic waves received by the probe (12); an
elastic image constructing unit (34) that generates an elastic
image on the basis of the elasticity information; an image
display device (display) (26) that displays the elastic image;
and an elastic image evaluating unit (40) that detects the
fluctuation cycles in the elasticity information, finds the fluc-
tuation patterns in the elasticity information for each prede-
termined section in the fluctuation cycles, and evaluates the
stability of the elastic image on the basis of the fluctuation
patterns.
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1
METHOD FOR EVALUATING IMAGE
QUALITY OF ELASTIC IMAGE, AND
ULTRASONIC DIAGNOSTIC APPARATUS

FIELD OF THE INVENTION

The present invention relates to a method for evaluating
image quality of elastic images and an ultrasonic diagnostic
apparatus that executes the method thereof.

DESCRIPTION OF RELATED ART

In making a diagnosis of a tumor, etc. in a target region of
interest using an ultrasonic diagnostic apparatus, elasticity
information which shows hardness or softness of the biologi-
cal tissue of a tumor, etc. (for example, information such as
the strain or elasticity modulus) is significant. In order to
obtain an elastic image, first a cross-sectional surface includ-
ing a region of interest is scanned in a periodic basis with an
ultrasonic beam while the compression to be applied to the
region of interest by a probe via the body surface of an object
is changed on a periodic basis, and plural sets of RF signal
frame data are generated by receiving and processing the
ultrasonic wave which is reflected from the biological tissue
in the scanned surface.

Next, two sets of RF signal frame data acquired with dif-
ferent pressure are selected from among the plural sets of RF
signal frame data, and the displacement (displacement vec-
tor) ofthe biological tissue is acquired between the two sets of
RF signal frame data. Then the distribution of elasticity infor-
mation which represents the hardness or softness of the bio-
logical tissue in the respective portions of the cross-sectional
surface including the region of interest is obtained on the
basis of the acquired value of displacement, and the elastic
image showing the distribution ofthe elasticity information is
displayed on a display such as a monitor.

The elastic image is displayed on a monitor, etc. in the way
thatahard region can be easily recognized in accordance with
the strain or the elasticity modulus of the biological tissue, for
example by giving a hue such as red or blue, as disclosed in
Patent Document 1. In this manner, the extensity or size of a
malignant tumor such as cancer can be easily diagnosed.

Incidentally, when an examiner manually presses an object
using a probe, from the initial condition in which a certain
amount of initial pressure (includes zero) is applied by the
probe from the body surface of the object, the examiner
repeats the operation by moving the probe in the pressing
direction toward a region of interest and in the releasing
direction away from the region of interest. In other words, the
examiner repeats increasing and decreasing of pressure on the
basis of the initial condition that pressure is applied on a
region of interest. By consecutively obtaining the RF signal
frame data in the process of increasing and decreasing pres-
sure, the displacement in the respective portions of the bio-
logical tissue is acquired between the two sets of RF signal
frame data having different acquisition times, i.e. different
pressure values.

However in the manual operation of increasing and
decreasing the pressure, it is difficult to avoid fluctuation in
the pressing operation such as the intensity of stroke, the
velocity and the direction in the pressing and releasing of a
probe. Accordingly, the images obtained with improper
pressing operation are often mixed among the plural elastic
images that are consecutively obtained.

Given this factor, in the case of making a diagnosis by
referring to elastic images, the obtained elastic images have
been once stored in a memory such as a cine memory or an

10

20

25

40

45

60

65

2

external storage media and regenerated for making a diagno-
sis. That is, the plurality of obtained elastic images are once
stored in a memory and the elastic images in the memory are
regenerated and displayed on a monitor by list display or
scroll display, so that an examiner can select the elastic image
which is appropriate for making a diagnosis while observing
the regenerated images.

However, there is no guarantee that the selected elastic
images always have sufficient image quality, since the exam-
iner selects them objectively. Also, in the process of selecting
the elastic image for making a proper diagnosis, the rewind-
ing operation of the generated images and making decision to
select images can consume much of the examiner’s time.

In order to solve such problems, Patent Documents 2 and 3
propose a technique to obtain the degree of noise included in
the elastic images on the basis of various data acquired in the
process of collecting the elasticity information and select the
image to display.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: JP-A-2000-60853

Patent Document 2: JP-A-2005-118152

Patent Document 3: U.S. Pat. No. 6,558,324

However, in accordance with the method for evaluating
image quality of elastic images disclosed in Patent Docu-
ments 2 and 3, while the image quality of elastic images can
be evaluated, the reliability and accuracy in image quality
evaluation of elastic images still need to be improved.

The objective of the present invention is to evaluate image
quality of elastic images properly with high reliability and
accuracy.

BRIEF SUMMARY OF THE INVENTION

In order to achieve the above-described objective, the
method for evaluating image quality of elastic images related
to the present invention which:

loads plural sets of RF signal frame data via a probe;

calculates plural sets of displacement frame data which
represent the displacement distribution on the basis of the
plural sets of RF signal frame data;

calculates plural sets of elastic frame data which represent
the distribution of elasticity information on the basis of the
plural sets of displacement frame data; and

evaluates the image quality of plural elastic images in the
scanned plane generated on the basis of the respective sets of
elastic frame data,

is characterized in:

detecting the fluctuation cycle of the displacement of the
plural sets of displacement frame data or the elasticity infor-
mation of the plural sets of elastic frame data;

obtaining the feature quantity of the fluctuation pattern of
the displacement or the elasticity information for each prede-
termined section of the fluctuation cycle; and

evaluating the image quality of the elastic images gener-
ated from the elastic frame data corresponding to the respec-
tive sections on the basis of the change in the feature quantity.

In the operation for manually and periodically changing
the pressure to be added by a probe, it is difficult to avoid, in
the pressure added to a region of interest of an object, the
fluctuation of pressing operation in the intensity of a stroke,
velocity or direction of pressing and releasing operation.
Therefore, the elastic images with much noise that are
obtained by inappropriate pressing operation are mixed in
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with the consecutively obtained plurality of elastic images.
Even when the pressure is added mechanically, the same
problem occurs due to improper operation of the device.

The present inventors have learned that the elastic images
obtained by repeating the similar and stable pressing opera-
tion tend to have stable image quality with less noise.

Given this factor, the present invention detects the fluctua-
tion cycle of the displacement of plural sets of displacement
frame data or the elasticity information of the plural sets of
elastic frame data. This fluctuation cycle corresponds to the
pressing operation. It means therefore that when the pattern of
the detected plural fluctuation cycles is similar and continued,
the repetition of pressing operation is stabilized.

The present invention is characterized in that the stability
of pressing operation is evaluated on the basis of the fluctua-
tion pattern of the displacement of displacement frame data or
the elasticity information of elasticity frame data, since the
elastic frame data acquired by the result of pressing operation
directly influence the image quality ofelastic images. Further,
in addition to the stability of pressing operation, the present
invention evaluates the image quality of elastic images by
executing image-quality evaluation as disclosed in JP-2005-
118152 (Patent Document 2). In this manner, it is possible to
evaluate the image quality of elastic images ina stable manner
and select elastic images with high reliability and accuracy
that are appropriate for making a diagnosis.

In concrete terms, the present invention detects the fluc-
tuation cycle of the displacement of the plural sets of dis-
placement frame data or the elasticity information of the
elastic frame data, acquires the feature quantity of the fluc-
tuation pattern of the displacement or the elasticity informa-
tion for each predetermined section of the fluctuation cycle
(for example, a half cycle), acquires the difference between
the feature quantity of a certain section and the feature quan-
tity of another single or plural sections which are detected
prior to the certain section, and evaluates, on the basis of the
difference of the feature quantities, the stability of pressing
operation which influences the image quality of elastic
images. That is, the image quality of the elastic image gener-
ated from the elastic frame data corresponding to the certain
section is evaluated. Further, the image quality of elastic
images is evaluated by executing the image-quality evalua-
tion method as disclosed in JP-2005-118152 (Patent Docu-
ment 2). A half cycle here means from an inflection point to an
inflection point of one fluctuation cycle, or in the case of a
fluctuation cycle of strain, from level 0 to the next level 0 of
the strain.

Also, the average value of the displacement of the biologi-
cal tissue in the same set regions or regions of interest as set
in the plural sets of displacement frame data, or the average
value of the strain or the elasticity modulus of the biological
tissue in the same set regions or region of interests as setin the
plural sets of displacement frame data can be used for fluc-
tuation cycles. Also, any of the average value, the standard
deviation, the dispersion or the area (for example, accumu-
lated strain) of the fluctuation of displacement or elasticity
information in the respective sections can be used for the
feature quantity of the fluctuation pattern in the displacement
or elasticity information in the respective sections.

In the case in which the average value of the strain in the
biological tissue ina region of interest is used for the elasticity
information of the elastic frame data, the fluctuation cycle of
the strain average value is the continuation of half cycles
which fluctuate in plus and minus on the basis of 0% strain.
Therefore, the difference of the absolute values of the feature
quantity or the statistical values which are not related to either
plus or minus is to be used for the difference of the feature
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quantities of the strain fluctuation in the respective sections.
In the present invention, not only the average value of the
strain but also the average value of the elasticity modulus (for
example, the Young’s modulus) of the biological tissue in a
region of interest can be used for the elasticity value. In place
of these statistical feature quantities, the statistical feature
quantities showing the stability of the fluctuation pattern of
half cycles can also be used.

Further, by extracting a certain section in which the differ-
ence of the feature quantities of the fluctuation pattern is
smaller than a predetermined threshold value, the elastic
image which is generated on the basis of the elastic frame data
of the extracted section can be evaluated as having high image
quality. In this case, the proportion of the noise region
included in the elastic image is acquired on the basis of the
plural sets of elastic frame data in the extracted section and
the elastic frame data having the smallest proportion of the
noise region is selected in the one extracted section, and the
elastic image corresponding to the selected frame data can be
displayed on a display along with the evidence for evaluation.
Here, the evidence for evaluation includes, for example the
strain graph, the instability graph and evaluation result of the
pressing operation. In this manner, it is possible to select the
elastic image generated under stable compression.

Further, a certain section having the smaller difference of
the feature quantities than a preset threshold value is
extracted, and the elastic image generated on the basis of the
elastic frame data of the extracted section is evaluated as high
image quality. In this manner, the elastic image generated in
the condition with adequate pressing operation can be evalu-
ated as having high image quality.

The ultrasonic diagnostic apparatus for executing the
method for evaluating image quality of elastic images related
to the present invention comprises:

a probe configured to transmit/receive ultrasonic waves
to/from an object;

a displacement measuring unit configured to calculate plu-
ral sets of displacement frame data showing the distribution
of the displacement of biological tissue on the basis of the
plural sets of RF signal frame data acquired by activating the
probe;

an elasticity information calculating unit configured to cal-
culate the plural sets of elastic frame data showing the distri-
bution of the elasticity information on the basis of the dis-
placement frame data;

an elastic image constructing unit configured to generate
an elastic image in the scan plane on the basis of the elastic
frame data; and

a display configured to display the elastic image.

The ultrasonic diagnostic apparatus of the present inven-
tion is characterized in comprising an elastic image evaluat-
ing unit configured to detect the fluctuation cycle of the dis-
placement of the plural sets of displacement frame data or the
elasticity information of the plural sets of elastic frame data,
acquire the feature quantity of the fluctuation pattern of the
displacement or the elasticity information for each predeter-
mined section in the fluctuation cycle, and evaluate the image
quality of the elastic image on the basis of the variation of the
feature quantity.

Or in place of this, the ultrasonic diagnostic apparatus of
the present invention can be provided with an elastic image
evaluating unit configured to detect the fluctuation cycle of
the displacement of the plural sets of displacement frame data
or the elasticity information of the plural sets of elastic frame
data, acquire the feature quantity of the fluctuation pattern of
the displacement or the elasticity information for each prede-
termined section in the fluctuation cycle, acquire the differ-
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ence between the feature quantity of a certain section and the
feature quantity of another one or plural sections which are
detected in prior to the certain section, and evaluate the image
quality of the elastic image on the basis of the difference of the
feature quantities.

In this manner, in accordance with the ultrasonic diagnos-
tic apparatus of the present invention, it is possible to evaluate
stability of the pressing operation, make a stable evaluation of
elastic images, and select the elastic image with high reliabil-
ity and accuracy which is adequate for making a proper diag-
nosis. Also, all of the characteristics related to the method for
evaluating the image quality of elastic images in the present
invention can be applied to the ultrasonic diagnostic appara-
tus.

Effect of the Invention

In accordance with the present invention, it is possible to
evaluate the image quality of elastic images appropriately
with high reliability and accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block configuration diagram of the ultrasonic
diagnostic apparatus in a first embodiment of the present
invention.

FIG. 2 is a graph showing an example of pressing operation
and the fluctuation cycle of the strain corresponding to the
pressing operation, for explaining the first embodiment of the
present invention.

FIG. 3 is a view for explaining the method of evaluating the
image quality of elastic images in the first embodiment of the
present invention.

FIG. 4 is a flowchart showing the procedure of the method
for evaluating the image quality of elastic images in the first
embodiment of the present invention.

FIG. 5 is a view for explaining the method of acquiring the
standard deviation which is an example of the feature quantity
of the fluctuation pattern in the first embodiment of the
present invention.

FIG. 6 is an example of an elastic image obtained by
applying the method for evaluating the image quality of elas-
tic images and the display example of the information related
to the image quality evaluation of the elastic image in the first
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the ultrasonic diagnostic apparatus for
executing the method of evaluating the image quality of elas-
tic images related to the present invention is configured as
shown in the block diagram of FIG. 1.

As shown in the diagram, the ultrasonic diagnostic appa-
ratus comprises a probe 12 which is to be used by applying to
an object 10. The probe 12 is provided with a plurality of
transducers arrayed therein for transmitting/receiving ultra-
sonic waves to/from the object 10. The probe 12 is activated
by the ultrasonic waves output periodically from a transmis-
sion unit 14.

The transmission unit 14 generates a transmission pulse for
producing an ultrasonic wave by activating the probe 12, and
sets the convergent point of the transmitted ultrasonic waves
at a certain depth. In this manner, an ultrasonic beam is
periodically scanned from the probe 12 on the scanned plane
of the object 10. The RF signals which are reflected from the
biological tissue in the scanned plane of the object 10 and
received by the probe 12 is processed by being amplified at a
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6

certain gain by a reception unit 16, phased and added in a
phasing and adding unit 18, and the RF signal frame data is
generated. The RF signal frame data output from the phasing
and adding unit 18 is input to a tomographic image construct-
ing unit 20 and an RF signal frame data selecting unit 28.

The tomographic image constructing unit 20 performs sig-
nal processing such as the gain compensation, log compres-
sion, detection, edge enhancement and filtering on the input
RF signal frame data, constructs a grayscale tomographic
image, for example a black and white tomographic image of
the scanned plane, and outputs the image to a black and white
scan converter 22. The black and white scan converter 22 is
configured including an A/D converter configured to convert
the input tomographic image data into digital signals, a frame
memory configured to store the converted plural sets of tomo-
graphic image data in time series, and a controller.

Also, the black and white scan converter 22 obtains the
frame data of a tomographic image which is stored in the
frame memory as one image, reads out the frame data of the
obtained tomographic image with TV, and converts the frame
data in the manner to accord with the display method of an
image display device 26.

The RF signal frame data selecting unit 28 sequentially
stores the plural sets of RF signal frame data that are consecu-
tively output from the phasing and adding unit 18, selects the
two sets of RF signal frame data having the different acqui-
sition times, i.e. different pressures according to the com-
mands input from the control unit (not shown in the diagram)
of the ultrasonic diagnostic apparatus, and outputs the
selected data to a displacement measuring unit 30. In concrete
terms, the RF signal frame data selecting unit 28 selects RF
signal frame data (N) as afirst data set from among the stored
sets of RF signal frame data, at the same time as selecting one
set of RF signal frame data (X) from among the RF signal
frame data group (N-1, N-2, N-3, . . . N-M) that are stored
temporally in the past. Here, N, M and X are the index
numbers given to the RF signal frame data, and are positive
integers.

The displacement measuring unit 30 performs one-dimen-
sional or two-dimensional correlation processing on selected
sets ofdata, i.e. the RF signal frame data (N) and the RF signal
frame data (X), and obtains one-dimensional or two-dimen-
sional displacement distribution related to the displacement
caused by the difference of applied pressure in the respective
portions of the biological tissue in the object 10 or the moving
vector, i.e. the direction and size of the displacement. Then
the displacement measuring unit 30 generates the displace-
ment frame data which represents the displacement distribu-
tion in the respective portions, and outputs the generated data
to an elasticity information calculating unit 32. Here, the
block matching method is used for detecting the moving
vectors. The block matching method divides an image into the
blocks formed by, for example NxN pixels, focuses on the
block within a region of interest, searches the most approxi-
mated block to the focused block from the previous frames,
and determines the sample value based on the predictive
coding, i.e. the difference by referring to the searched block.

The elasticity information calculating unit 32 generates by
calculation the plural sets of elastic frame data which repre-
sent the distribution of elasticity information (the strain or the
elasticity modulus) that shows hardness and softness in the
respective portions of the biological tissue in the scanned
plane on the basis of the displacement frame data output from
the displacement measuring unit 30, and outputs the gener-
ated data to an elastic image constructing unit 34.

In other words, the elasticity information calculating unit
32 calculates the strain in the biological tissue corresponding
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to the respective points on a tomographic image on the basis
of the displacement frame data, for example the moving vec-
tors output from the displacement measuring unit 30, and
generates the elastic frame data which represents the distri-
bution of the acquired strain. The data of strain is calculated
by performing the spatial differentiation on the moving dis-
tance, for example the displacement of the biological tissue.

Also, the elasticity information calculating unit 32 is
capable of generating the elastic frame data which represents
the distribution of elasticity modulus based on the data of
strain. In this case, a pressure measuring unit 46 shown in
FIG. 1 is necessary. The pressure measuring unit 46 measures
the pressure in the respective portions of the scanned plane
using the pressure values detected by a pressure sensor placed
between the probe 12 and the object 10. Then the elasticity
information calculating unit 32 calculates the distribution of
elasticity modulus by dividing the variation of pressure out-
put from the pressure measuring unit 46 by the variation of
strain.

For example, when the displacement measured by the dis-
placement measuring unit 30 as [(X) and the pressure mea-
sured by the pressure measuring unit 46 as P(X), the strain
AS(X) can be calculated by performing the spatial differen-
tiation on L(X). In other words, the strain can be calculated
using the equation: AS(X)=AL(X)/AX. Also, the Young’s
modulus Ym(X) of elasticity modulus data can be calculated
by the equation: Ym=(AP(X)}AS(X). The elasticity modulus
of the biological tissue corresponding to the respective points
in the tomographic image can be obtained from this Young’s
modulus Ym.

The Young’s modulus is the proportion of the simple ten-
sile stress applied to a subject with respect to the distortion
generated in parallel to the stress. In this manner, the elasticity
information calculating unit 32 is capable of consecutively
acquiring the elastic frame data which is the two-dimensional
distribution of the elasticity information that is the strain or
the elasticity modulus.

The elasticimage constructing unit 34 is formed by a frame
memory and an image processing section, to save the elastic
frame data output from the elasticity information calculating
unit 32 in time series in the frame memory, perform image
processing with respect to the saved elastic frame data, gen-
erates elastic image data in the scanned plane and outputs the
generated data to a color scan converter 36. The color scan
converter 36 constructs a color elastic image to which the hue
is given in accordance with the value of the elasticity infor-
mation of the input elastic image data.

That is, the elasticity information is converted into the
light’s three primary colors, i.e. red (R), green (G) and blue
(B) on the basis of the elastic frame data, and the color elastic
image is converted so as to be coincided with the display
method of the image display device 26. For example, the
elasticity information with large strain is converted into the
red code, and the elasticity data with small strain is converted
into the blue code.

A switching and adding unit 24 comprises a frame
memory, an image processing section and an image selecting
section. A frame memory is for storing the tomographic
image data from the black and white scan converter 22 and the
color elastic image data from the color scan converter 36.
Also, the image processing section, in accordance with the
command from the control unit of the ultrasonic diagnostic
apparatus which is not shown in the diagram, on the basis of
the tomographic image data and the color elastic image data
that are stored in the frame memory, performs image process-
ing of superimposing the images, juxtaposing the images or
changing the composite ratio of the synthetic images. The
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luminance information and hue information of the respective
pixels of the composite image is acquired by adding each
piece of information of the black and white tomographic
image and the color elastic image at the composite ratio.

Also, the image selecting unit selects an image to be dis-
played on the image display device 26 from among the tomo-
graphic image data and the elastic image data in the frame
memory and the composite image data in the image process-
ing section, and displays a composite image on the image
display device 26.

Here, the configuration of characteristic components in the
ultrasonic diagnostic apparatus of the present embodiment
will be described. The present embodiment is characterized in
comprising an elastic image evaluating unit 40, an interface
unit 42 and an elastic image control unit 44. The elastic image
evaluating unit 40 evaluates the image quality of an elastic
image on the basis of the displacement frame data output from
the displacement measuring unit 30 or the elastic frame data
output from the elasticity information calculating unit 32. The
elastic image control unit 44 controls the elastic image evalu-
ating unit 40, elastic image constructing unit 34 and the color
scan converter 36, based on the commands input from the
interface unit 42.

The elastic image evaluating unit 40 consecutively loads
the displacement frame data output from the displacement
measuring unit 30 or the elastic frame data output from the
elasticity information calculating unit 32, and detects the
fluctuation cycles of the displacement or the elasticity infor-
mation. Then the elastic image evaluating unit 40 acquires the
feature quantity of the fluctuation pattern in the displacement
or the elasticity information in the respective sections, while
setting each of a half cycle of the fluctuation cycle as a
section. Next, the elastic image evaluating unit 40 acquires
the difference between the feature quantity of a certain sec-
tion and the feature quantity of another one or plural sections
that are detected prior to the certain section, and evaluates
whether or not the image quality of the elastic image gener-
ated from the elastic frame data in the certain section is high,
based on the difference between the feature quantities and the
image evaluation disclosed in JP-A-2005-118152. In short,
the elastic image evaluating unit 40 detects the fluctuation
cycle of the displacement or the elasticity information,
acquires the feature quantity of the fluctuation pattern of the
displacement or the elasticity information for each section of
ahalfcycle of the fluctuation cycle, and evaluates whether or
not the image quality of the elastic image generated from the
elastic frame data corresponding to each section is high based
on the variation of the feature quantities in plural sections, i.e.
based on the stability of the variation of the feature quantities.

In the case of obtaining an elastic image, the operation to
move the probe 12 from the initial condition that a certain
initial pressure (including zero) is applied by the probe 12
from the body surface of the object 10 to a region of interest
in the direction to press the probe 12 toward the region of
interest and the operation to move the probe in the direction to
release the probe away from the region of interest are
repeated. In other words, on the basis of the initial condition
that pressure is added to a region of interest, increase and
decrease of the pressure is repeated. The operation to add
pressure to a region of interest of the object 10 by the probe 12
fluctuates depending on the size of the stroke, the velocity, the
direction and the like of the pressing and releasing operation
of the probe 12. Therefore, elastic images with much noise
that are obtained with improper pressing operation end up
being mixed in the consecutively obtained plural pieces of
elastic images.
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In the present embodiment, the elastic image evaluating
unit 40 evaluates the stability of pressing operation, i.e. the
stability of the elastic image in a predetermined section, and
evaluates the image quality of the elastic image with high
reliability and accuracy for making a proper diagnosis. The
method for evaluating image quality of elastic images in the
elastic image evaluating unit 40 will be described below in
different embodiments.

Embodiment 1

FIG. 2 shows graphs for explaining the first embodiment
indicating an example of pressing operation and fluctuation
cycles of the strain corresponding to the pressing operation.
FIG. 2(a) shows the time change of the movement indicating
positional change of the probe 12 caused by pressing opera-
tion. As shown in the diagram, the probe 12 repeats, for
example the pressing and releasing operation performed
manually by an examiner with respect to the object 10. The
example in the diagram is a comparatively ideal sine-wave
patterned pressing operation performed by the same strokes
as shown in the diagram, wherein the local maximum point in
the upper part of the diagram indicates the time phase at the
maximum releasing operation of the probe 12 and the local
minimum point in the lower part indicates the time phase at
the maximum pressing of the probe 12.

While the body-surface position of the object 10 is set as
the initial condition (pressure=0) at the maximum release
position of the probe 12 in this example, the present invention
is not limited to this. The position where a certain initial
pressure is applied to the object 10 by the probe 12 (for
example, the position with 2~10% strain) can be set as the
initial condition. Corresponding to such movement of the
probe 12, the strain (%) as shown in FIG. 2(b) is generated in
the biological tissue of a region of interest in the object 10 to
which the pressure is added. As shown in the diagram, though
the phase of strain is delayed with respect to the movement of
the probe 12, the fluctuation cycles of the strain are stable
corresponding to the ideal sine-wave patterned pressing
operation.

FIG. 3 shows the case that the fluctuation cycles of strain
are stable and the case that the fluctuation cycles of stain are
unstable due to the movement of the probe 12, for compari-
son. In FIG. 3(a), the left side shows the case that the fluc-
tuation cycles of strain are stable, and the right side shows the
case that the fluctuation cycles of strain are unstable. In the
diagram, while the lateral axis indicates the time axis, the
black points on the graph correspond to the frame No. of the
elastic frame data. In other words, the graph shows that the
plural sets of elastic frame data are obtained during each cycle
of the pressing and releasing operation of the probe 12 shown
in FIG. 2. FIG. 3(b) is an instability graph which is acquired
in accordance with the equation of instability to be described
later, corresponding to the stability and the instability of the
fluctuation cycles of strain.

From the diagram, a pattern can be recognized that the
instability is low when the fluctuation of strain is stable and
continued in sine-waved pattern and the instability is high
when the fluctuation cycles of strain are greatly derived from
the sine-waved pattern and consecutively unstable.

Also, the elastic image obtained in the condition that the
fluctuation pattern of strain is consecutively stable in a sine-
wave pattern has high quality with less noise as shown in FIG.
3(c). On the other hand, the elastic image obtained in the
condition that the fluctuation pattern of strain is unstable has
low image quality with much noise as shown in FIG. 3(d). In
FIG. 3(d), the region shown in the center part with uniform

10

15

20

25

30

35

40

45

50

55

60

65

10

pattern is the region where the elasticity information is cut off
in the process of the elasticity information calculating unit 32
due to nmuch noise.

The ultrasonic diagnostic apparatus in the first embodi-
ment comprises a probe 12 configured to transmit/receive
ultrasonic waves to/from an object, an elasticity information
calculating unit 32 configured to calculate the elasticity infor-
mation on the basis of the ultrasonic waves received by the
probe 12, an elastic image constructing unit 34 configured to
construct an elastic image on the basis of the elasticity infor-
mation, and an image display device (display) 26 configured
to display the elastic image, characterized in comprising an
elastic image evaluating unit 40 configured to detect the fluc-
tuation cycles of elasticity information, acquires the fluctua-
tion pattern of the elasticity information for each predeter-
mined section of the fluctuation cycles, and evaluate the
stability of an elastic image on the basis of the fluctuation
pattern. The elastic image evaluating unit 40 causes the elastic
image evaluated as having high image quality in the prede-
termined section having high stability of the fluctuation cycle
to be displayed on the image display device (display) 26. The
elastic image evaluating unit 40 further acquires the propor-
tion of the noise region included in the elastic image in the
predetermined section having high stability, and causes the
elastic image having the smallest proportion of the noise
region to be displayed on the image display device (display)
26.

In concrete terms, as shown in the flowchart of FIG. 4, the
elastic image evaluating unit 40 is configured comprising a
first stage for evaluating the stability of pressing operation
which influence the image quality of elastic images on the
basis of the fluctuation pattern of the elastic frame data of the
strain output from the elasticity information calculating unit
32 in accordance with the above-described principle, and a
second stage for evaluating the image quality of an elastic
image which is the conventional technique disclosed in JP-A-
2005-118152 and so on.

As shown in FIG. 4, the first stage has steps S1 and S2. In
the first stage, the fluctuation cycles of the strain which are the
elasticity information of the consecutively input plural sets of
elastic frame data are detected, and evaluation is made
whether or not the image quality of an elastic image is a
certain value or higher depending on whether or not the
fluctuation pattern of the consecutive fluctuation cycles is
stable.

(Step S1)

First, the instability of the fluctuation cycles of strain is
obtained. At this time, a region of interest (ROI) is set in each
set of elastic frame data, and the average value of the strain in
the ROI is set as the representative value of the strain in the
elastic frame data. In this manner, the graph of the fluctuation
cycles of strain as shown in FIG. 3(a) can be obtained. In the
first embodiment, the stability or the instability of strain is
obtained depending on whether or not the fluctuation pattern
strain in the consecutive plural half-cycles is stable. More
specifically, in the strain graph of FIG. 3(a), each of the half
cycle in the fluctuation cycles is set as section Si on the basis
of strain 0(%). Here, “1” is a certain section which is consid-
ered as the evaluation target, and another one or plural sec-
tions detected prior to this certain section are set as S(i-m). In
this case, “1” is a whole number, and “m” is the whole num-
bersof1,2,...,N.

Next, the present embodiment uses the standard deviation
of the half cycles of strain shown in FIG. 5 as the feature
quantity of the fluctuation of strain or the fluctuation pattern
of the half cycles. In F1G. 5, it is assumed that the number of
elastic frame sets in section Siis “k”. When the strain of each
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set of elastic frame data is set as “€j”, the average value “e
mean” of the strain in section Si can be expressed by the
following equation (1), thus the standard deviation oi of the
strain in section Sicanbe expressed by the following equation

Q).

emean=1/kXej

oy

0i=V{1/kZ(ej-emean)®} )

In this manner, standard deviation o(i-m) of the strain in
another one or plural sections S(i-m) that are detected prior to
section Si can be obtained. Then the difference between the
standard deviation oi of the strain in section Si and the stan-
dard deviation o(i-m) of the strain in another one or plural
standard deviations o(i-m) is obtained. Further, when the
number of sections for obtaining the difference between the
standard deviation in section Si and the standard deviation
o(i-m) is set as N, the instability of pressure in the section Si
can be expressed in the following equation (3).

Instability of Section Si=1/N-Z(0i-0(i-m)) (3)

In the equation (3), it is not preferable to increase the
number of sections N, since the difference of instability
between section Siwhich is the evaluation target and the other
sections S(i-m) becomes small. Given this factor, it is pref-
erable to set, for example about 3~5 as N.

Next, by comparing the obtained instability in section Si
and a predetermined steady value, in the case that the insta-
bility is the steady value or smaller, the evaluation is made that
the image quality of the elastic image generated by the strain
distribution of the elastic frame data corresponding to the
same section Si is high. Then the sections having the insta-
bility of the steady value or smaller are sequentially extracted.

(Step S2)

In step S2, the section having the lowest instability in
manual pressing operation is selected from among the
extracted plural sections having the instability of the steady
value or smaller.

(Step 3)

Step S3 is the evaluation of image quality in the second
stage. More specifically, as shown in FIG. 3(a), even in the
section having the lowest instability of manual pressing
operation, the image quality of the elastic image does not
always turn out as high in the elastic frame data of the case, for
example that the strain € is close to 0%. Given this factor, the
elastic image evaluating unit 40 applies the method for evalu-
ating image quality of elastic images disclosed in JP-A-2005-
118152, and selects the elastic frame data having, for example
high image quality from among the sets of elastic frame data
in section Si on the basis of the elastic frame data in the
section Si which is evaluated as having high image quality. As
an example, image data can be evaluated as follows with
respect to the pixel data Xij (i=1, 2, 3, ..., N and j=1, 2,
3, ..., M) ofthe entire region or a region of interest of elastic
frame data. Centering around the pixel position of a evalua-
tion target, akernel of, for example 3x5 pixel size is set, a total
of 15 pixel data groups that are distributed in the kernel is set
as a population, and for example, the average or the standard
deviation of the elasticity values is obtained as the statistical
feature quantity of the population and as the image quality
evaluation value. Then with respect to the pixel data Xi,j in the
entire region or a region of interest of the elastic frame data,
the image evaluation value is obtained for each set of data, and
the image quality frame data is created. This image frame data
shows the fluctuation of the elasticity value of pixels in the
evaluation target with respect to the population of the kernel
size.
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Therefore, even when there are pixels of the evaluation
target having the smaller image quality evaluation value than
a threshold value, if the proportion of the pixels thereof is
small in the entire region or the region of interest, the elastic
image can be evaluated as having high quality.

Given this factor, for example in step S3, the pixels having
the strain in the respective measurement points (pixels) in the
entire region or a region of interest (ROI) of the elastic frame
data is smaller than a first threshold value compared to the
strain of the average or the standard deviation in the kernel are
obtained. Then the proportion in which the pixels having
smaller strain than the first threshold value occupy in the
entire region or the ROI is acquired. When this proportion is
great, the elastic image is evaluated as having low image
quality, and the elastic image is eliminated from the selection.
Further, even elastic frame data which remains in the selec-
tion, if there is a region in which the strain is generated in the
direction opposite from the pressing direction in the entire
region or the region of interest, and the proportion of the
region which occupies in the entire region or the region of
interest is greater than a second threshold value, the elastic
image is evaluated as having low image quality and is elimi-
nated from the selection. In this manner, the elastic frame data
in the section Si which is evaluated as having high stability of
pressing operation and high image quality is further evaluated
by another image evaluation standard, and the elastic image
corresponding to the elastic frame data having the highest
evaluation value is selected. Then by automatically display-
ing the selected elastic image on the image display device 26,
an examiner can obtain the elastic image which is appropriate
for making a proper diagnosis easily and quickly.

FIG. 6 shows a display example of the elastic image
obtained by the method for evaluating image quality of elastic
images in the first embodiment.

As shown in the diagram, an elastic image having high
image quality and the evaluation thereof are displayed, and
the strain graph showing the fluctuation cycles of the strain
which is similar to the graph as shown in FIG. 3 for showing
the reason for the evaluation is displayed side by side with the
instability graph corresponding to the strain graph. Espe-
cially, by moving a time phase bar which is displayed in these
graphs in the time axis direction, the elastic image and the
evaluation thereof are displayed in the indicated time phase.

As described above, in accordance with the first embodi-
ment, since the stability of pressing operation is evaluated on
the basis of the variation of the feature quantity in the fluc-
tuation pattern of the elasticity information in the elastic
frame data acquired by the result of the pressing operation, it
is possible to make stable evaluation of the image quality of
the elastic images appropriate for making a diagnosis and to
select the elastic images with high reliability and accuracy for
making a proper diagnosis. In addition, the elastic image
evaluating unit 40 can be configured by a computer and opet-
ated by a program of the computer, for executing the method
to evaluate image quality of elastic images.

While the standard deviation is used for the feature quan-
tity of the fluctuation pattern of strain in each section in the
first embodiment, the present invention is not limited to this.
The average value, the area or the dispersion of fluctuation
pattern of the strain in each section, can also be used. Also,
while an example to use the strain as the elasticity information
of elastic frame data is described, the elasticity modulus can
be used instead to achieve the same effect.

Embodiment 2

In the first embodiment, the image quality of elastic images
is evaluated by whether or not the pressing operation is stable
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using the pattern of the fluctuation cycles in the elasticity
information of elastic frame data. Since the image quality is
evaluated in the first embodiment by the fluctuation pattern of
the elasticity information which is directly related to the
image quality of the elastic image, the accuracy and reliability
of the evaluation is high. However, the present embodiment is
instead capable of evaluating the image quality by whether or
not manual pressing operation is stable using the fluctuation
pattern of the displacement frame data in which the move-
ment of the pressing operation is measured by the displace-
ment measurement unit 30.

Embodiment 3

Also in step S3 of the first embodiment, the proportion is
obtained wherein the region having the strain E, which is
smaller than the first threshold value, of the respective mea-
surement points (pixels) in the entire region or a region of
interest (ROI) of the elastic frame data occupies the entire
region or the ROI. And the image quality of the elastic image
is evaluated in accordance with the obtained proportion.
However, the present embodiment is instead capable of
executing the similar processing using the elasticity modulus
of the respective measurement points (pixels) for evaluating
the image quality of the elastic image. The present embodi-
ment is also capable of obtaining the proportion in which the
region having the displacement, which is smaller than a
threshold value, in the respective measurement points in the
entire region or a region of interest of the displacement frame
data occupies the entire region or the region of interest, and
evaluating the image quality in accordance with the obtained
proportion. Further, the elastic image evaluating unit 40 is
configured to load two sets of RF signal frame data output
from the RF signal frame data selecting unit 28 so as to
evaluate the image quality of the elastic image.

Embodiment 4

The present embodiment is capable of storing elastic
images with high quality that are obtained in the above-
described respective embodiments 1~3 in a memory such as a
sine memory. In this manner, it is possible to regenerate the
elastic images with high quality that are stored in the memory
for making a proper diagnosis.

DESCRIPTION OF REFERENCE NUMERALS

10: object

12: ultrasonic probe

14: transmission unit

16: reception unit

17: ultrasonic transmission/reception control unit
18: phasing and adding unit

20: tomographic image constructing unit
22: black and white scan converter

24: switching and adding unit

26: image display device

28: RF signal frame data selecting unit
30: displacement measuring unit

32: elasticity information calculating unit
34: elastic image constructing unit

36: color scan converter

40: elastic image evaluating unit

42: interface

44: elastic image control unit

46: pressure measuring unit
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The invention claimed is:
1. An ultrasonic diagnostic apparatus comprising:
a probe configured to transmit/receive ultrasonic waves
to/from an object to be examined;
an elasticity information calculating unit configured to cal-
culate elasticity information based on the ultrasonic
waves received by the probe;
an elastic image constructing unit configured to generate a
plurality of elastic image frames based on the elasticity
information;
a display configured to display the plurality of elastic
image frames; and
an elastic image evaluating unit configured to:
detect fluctuation cycles of the elasticity information,
wherein the fluctuation cycles are produced by press-
ing the probe toward the region of interest and releas-
ing the probe away from the region of interest,
divide the plurality of elastic image frames into a plu-
rality of groups, wherein each group of the plurality of
groups includes a plurality of frames,
calculate a feature quantity of the each group by using
respective data,
obtain an instability of the respective groups based on
differences of feature quantities between a certain
group and one or a plurality of groups that are detected
prior to the certain group,
evaluate elastic images of the respective groups by mak-
ing a score of the elastic images having a small insta-
bility higher than a score of the elastic images having
a large instability,
generate a strain graph with the fluctuation pattern of the
elasticity information, an instability graph and a mov-
able time phase bar, and
detect the movable time phase bar displayed in the strain
graph with the fluctuation pattern and the instability
graph in a time axis direction,
wherein the elastic images and an evaluation of'the elas-
tic images are displayed in a time phase indicated by
the movable time phase bar.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the elastic image evaluating unit causes an elastic
image which is evaluated as having high quality in a section
predetermined to have high stability in the fluctuation cycles
to be displayed on the display.
3. The ultrasonic diagnostic apparatus according to claim
1, wherein the elastic image evaluating unit further obtains
the proportion of a noise region included in an elastic image
in a section predetermined to have high stability, and causes
the elastic image having the smallest proportion of the noise
region to be displayed on the display.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein the elastic image evaluating unit obtains the fluc-
tuation pattern of the elasticity information for each prede-
termined section of the fluctuation cycles, acquires a differ-
ence between a feature quantity in a certain section and a
feature quantity in another one or a plurality of sections that
are detected prior to the certain section, and evaluates an
image quality of an elastic image based on the difference of
the feature quantities.
5. The ultrasonic diagnostic apparatus according to claim
4, wherein the elastic image evaluating unit extracts a certain
section having the smallest difference of the feature quantities
compared to a preset threshold value, and determines the
elastic image of the certain extracted section as having high
image quality.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein the fluctuation cycles are the fluctuation of the
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average value of the displacement, the strain, or the elasticity

modulus in a region of interest set in an elastic image.

7. The ultrasonic diagnostic apparatus according to claim

1, wherein the fluctuation pattern of the elasticity information

in respective sections is the average value or the standard

deviation of the fluctuation in the elasticity information in the

respective sections.

8. A method of evaluating image quality of elastic images,

the method comprising:

transmitting/receiving, to/from a probe, ultrasonic waves
to/from an object to be examined,;

calculating elasticity information based on the ultrasonic
waves received by the probe;

generating a plurality of elastic image frames based on the
elasticity information;

displaying on a display the plurality of elastic image
frames;

detecting fluctuation cycles of the elasticity information,
wherein the fluctuation cycles are produced by pressing
the probe toward the region of interest and releasing the
probe away from the region of interest,

dividing the plurality of elastic image frames into a plural-
ity of groups, wherein each group of the plurality of
groups includes a plurality of frames,

calculating a feature quantity of the each group by using
respective data,

obtaining an instability of the respective groups based on
differences of feature quantities between a certain group
and one or a plurality of groups that are detected prior to
the certain group,
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evaluating elastic images of the respective groups by mak-
ing a score of the elastic images having a small instabil-
ity higher than a score of the elastic images having a
large instability,

generating a strain graph with the fluctuation pattern of the
elasticity information, an instability graph and a mov-
able time phase bar;

detecting the movable time phase bar displayed in the
strain graph with the fluctuation pattern and the instabil-
ity graph in a time axis direction; and

displaying the elastic images and an evaluation of the elas-
tic images in a time phase indicated by the movable time
phase bar.

9. The method for evaluating image quality of elastic

images according to claim 8§, further comprising:

displaying on a display an elastic image determined to have
high quality in a section predetermined to have high
stability in the fluctuation cycles.

10. The method for evaluating image quality of elastic

images according to claim §, further comprising:

obtaining the proportion of a noise region included in the
elastic image in a section predetermined to have high
stability; and

displaying on the display the elastic image having the
smallest proportion of noise region.
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