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(57) ABSTRACT

An ultrasonic diagnostic apparatus for recognition helpful to
diagnosis by giving and displaying a score serving as an
index of diagnosis.

An ultrasonic diagnostic apparatus comprises a displace-
ment measuring section (109) for measuring the displace-
ment of an organism tissue of a subject (100) according to
a reflection echo signal received correspondingly when an
ultrasonic wave is transmitted from a probe (101) to the
subject (100), an elastic image creating section for creating
an elastic image after determining the distortion amount or
the elastic modulus from the displacement, and an image
display (107) for displaying the elastic image.

The ultrasonic diagnostic apparatus further comprises scor-
ing means for specifying the distorted state or elastic state
according to the information on the elastic image outputted
from the elastic image creating section.
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FIG. 4
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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound
apparatus for displaying hardness and softness of organism
tissues as an elastic image using ultrasonic waves with
regard to a diagnostic region of an object to be examined.

BACKGROUND ART

[0002] A conventional commonly used ultrasound appa-
ratus was composed of: an ultrasound transmission/recep-
tion controlling means for controlling the ultrasound trans-
mission/reception; an ultrasound transmission/reception
means for transmitting and receiving the ultrasonic waves
to/from the object; a tomographic scanning means for
obtaining a tomographic image data repeatedly with prede-
termined cycles in the body of the object including the
dynamic tissues from the ultrasound transmission/reception
controlling means; and an image display means for display-
ing the time-series tomographic image data being obtained
by the tomogtraphhic scanning means.

[0003] And the configuration of organism tissues of the
object was displayed as, for example, B-mode tomographic
image.

[0004] Recently, two methods for imaging have been
suggested. One method is to apply an external force artifi-
cially from the body surface of the object with a pressure
device or a probe and compress the internal organism
tissues, obtain the displacement in the respective points
using the calculation of correlation coefficient of the ultra-
sound reception signals of adjacent two frames in time series
(the two frames that follows in the series), measure the
distortion by spatially differentiating the displacement, and
construct the images of the distortion data. Another method
is to construct the images of the elastic modulus such as
Young’s modulus of organism tissues from the stress distri-
bution and the distortion data by external force. By the
elastic images based on the distortion and/or elastic modulus
data (hereinafter referred as elastic frame data), it is possible
to measure the hardness or softness of organism tissues and
display it as elastic images.

[0005] These methods for the ultrasonic diagnostic appa-
ratus are disclosed in Patent Document 1 and Patent Docu-
ment 2.

[0006] Patent Document 1: JP-A-1993-317313
[0007] Patent Document 2: JP-A-2000-060853
[0008] However, these methods for constructing images of

elastic modulus data of organism tissues by conventional
ultrasound apparatuses merely recognize the degree of hard-
ness with regard to an actual disease, which does not give an
index for diagnosing the disease.

[0009] The present invention was implemented taking the
above issues into consideration, with the intention for pro-
viding an ultrasound apparatus that gives a helpful index for
diagnosing the disease.

DISCLOSURE OF THE INVENTION

[0010] In order to achieve the above-mentioned object, an
ultrasonic diagnostic apparatus of the present invention
comprises:
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[0011] a displacement measuring section for transmitting
the ultrasonic waves from a probe to an object to be
examined, receiving the reflected echo signals correspond-
ing to the transmission of the ultrasonic waves, and mea-
suring the displacement of organism tissues of the object
based on the reflected echo signals;

[0012] an elastic image constructing section for construct-
ing an elastic image by obtaining the distortion amount or
the elastic modulus from the displacement; and

[0013]

[0014] wherein the ultrasonic diagnostic apparatus com-
prises a scoring means for specifying the distorted state or
elastic state according to the information on the elastic
images being outputted from the elastic image constructing
section. This scoring means specifies the distorted or the
elastic state according to the size of the area or the formation
of the elastic images. Also, the ultrasound apparatus com-
prises a tomographic image constructing section for con-
structing the tomographic images from the reflected echo
signals, wherein the scoring means specifies the distorted
state or elastic state according to the relation with the hard
portion region in the elastic images corresponding to the
specified regions on the tomography.

[0015] Consequently, by giving the scores that correspond
with the index of the diagnosis using the elastic images
and/or tomographic images, it is possible to provide recog-
nition that contributes to the diagnosis.

a display section for displaying elastic images,

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a block diagram illustrating the embodi-
ment of the ultrasonic diagnostic apparatus by the present
invention.

[0017] FIG. 2 is a diagram illustrating an example of the
method for attaching a pressure measurement unit on an
ultrasound probe and for measuring the pressure between the
head of the probe and a subject.

[0018] FIG. 3 is a diagram illustrating an example for the
scoring process being carried out by the score inputting
means in FIG. 1.

[0019] FIG. 4 is a diagram illustrating a display example
of the image indicator in the case of implementing the
scoring process using the score inputting means.

[0020] FIG. 5 is a diagram illustrating the scoring by the
stress signals.
[0021] FIG. 6 is a diagram illustrating the scoring by the

variance of region on the elastic image caused by pressure.

[0022] FIG. 7 is a diagram illustrating the scoring by hue
patterns of the elastic images.

[0023] FIG. 8 is a diagram illustrating another embodi-
ment of the scoring process that is carried out by the score
inputting means in FIG. 1.

[0024] FIG. 9is a diagram illustrating yet another embodi-
ment of the scoring process that is carried out by the score
inputting means in FIG. 1.

[0025] FIG. 10 is a flow chart illustrating an example of an
automatic scoring process using a region extracting appli-
cation.
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[0026] FIG. 11 is a pattern diagram illustrating an example
of the operation of the automatic scoring process.

[0027] FIG. 12 is a diagram illustrating the timing for
obtaining the elastic image for scoring.

[0028] FIG. 13 is a diagram illustrating an embodiment of
RF signal frame data selecting section in FIG. 1.

[0029] FIG. 14 is a diagram illustrating another embodi-
ment of RF signal frame data selecting section in FIG. 1.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0030] Hereinafter the embodiment of the present inven-
tion will be described in detail according to the attached
drawings. FIG. 1 is a block diagram illustrating the embodi-
ment of the ultrasonic diagnostic apparatus by the present
invention. This ultrasonic diagnostic apparatus obtains the
tomographic images for a diagnostic region of object to be
examined 100 using ultrasonic waves, and displaying elastic
images that indicate the hardness or softness of organism
tissues.

[0031] As illustrated in FIG. 1, this ultrasonic diagnostic
apparatus comprises:

[0032] tomographic image constructing section 118 for
constructing tomographic images using ultrasound probe
101, transmitting circuit 102, receiving circuit 103, phasing
adding circuit 104 and signal processing section 105;

[0033] elastic image constructing section 119 for con-
structing elastic images using displacement measuring sec-
tion 109, pressure measuring section 110, distortion/elastic
modulus calculating section 111, elastic data processing
section 112, and color scan converter 113. It further com-
prises black and white scan converter 106 for image con-
verting the outputted signals of the tomographic image
constructing section, image display 107, RF frame data
selecting section 108, switching and adding circuit 114,
score inputting means 115 for inputting the score, and
scoring section 116 for specifying the distorted state or
elastic state from elastic or tomographic images.

[0034] An ultrasound transmitting/receiving means com-
prises ultrasound probe 101, transmitting circuit 102, receiv-
ing circuit 103, phasing adding circuit 104 and signal
processing section 105. This ultrasound transmitting/receiv-
ing means is for obtaining a tomographic image by making
the ultrasound beam scan toward a fixed direction inside the
body of Object 100 using ultrasound probe 101. Ultrasound
probe 101 is formed by setting a number of transducers in
array in strip forms, and is for transmitting and receiving the
ultrasonic waves to/from object 100. Though the diagram is
omitted, the transducers that are the source of the ultrasonic
waves and for receiving the reflected echo is embedded in
ultrasound probe 101. The respective transducers are gen-
erally configured with two functions. One is to convert
inputted wave pulses or transmitting signals of continuous
waves into ultrasonic waves and emit those waves. The other
is to receive the ultrasonic waves being reflected from inside
object 100, convert them into electric receiving signals and
output those signals.

[0035] Transmitting circuit is for generating the transmit-
ting pulses to irradiate the ultrasonic waves by activating
ultrasound probe 101, and for setting the focusing point of
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the ultrasonic waves being transmitted by embedded trans-
mitting phasing adding circuit to a certain depth. Receiving
circuit 103 is for amplifying the reflected echo signals being
received by ultrasound probe 101 with predetermined gain.
The amplified receiving signals of the same number as the
respective transducers are inputted to phasing adding circuit
104 as respective independent receiving signals. Phasing
adding circuit 104 is for inputting the receiving signals being
amplified by receiving circuit 103, controlling their phase,
and forming the ultrasonic beams corresponding to one or
plural focusing point. Signal processing section 105 is for
inputting the receiving signals from phasing adding circuit
104, and executing a variety of signal processing such as
gain compensation, logarithmic compression, edge enhance-
ment and filtering.

[0036] Black and white scan converter 106 is for obtaining
the RF signal frame data from inside object 100 including
the dynamic tissues using the reflected echo signals being
outputted from signal processing section 105 of the ultra-
sound transmitting/receiving means, and making display this
RF signal frame data on image display 107 via switching and
adding circuit 114. Thus black and white scan converter 106
comprises a tomographic scanning means for reading out the
RF signal frame data sequentially with a cycle of a television
system and a means for controlling the system, such as, an
A/D converter for converting the reflected echo signals from
signal processing section 105 into the digital signals, a
plurality of frame memory for storing the tomographic data
being digitized by the A/D converter, and a controller for
controlling these operations.

[0037] Image display 107 is for displaying the B-mode
tomographic images, i.e. time-series tomographic image
data being obtained by black and white scan converter 106,
and comprises a D/ A converter for converting the image data
being outputted from black and white scan converter 106 via
switching and adding circuit 114 into the analog signals and
a color TV monitor for inputting the analog video signals
from this D/A converter and displaying them as images.

[0038] Inthis embodiment, RF signal frame data selecting
section 108 and displacement measuring section 109 branch-
ing off the output side of phasing adding circuit 104 are set
up, and also pressure measuring section 110 is set up parallel
to them in the purpose of obtaining the modulus of tissue
elasticity. Distortion/elastic modulus calculating section 111,
elastic data processing section 112 and color scan converter
113 are set up in the latter part of displacement measuring
section 109 and pressure measuring section 110, and switch-
ing and adding circuit 114 is set up in the output side of color
scan converter 113 and black and white scan converter 106.
Then the output power of black and white scan converter
106 and color scan converter 113 is brought in to scoring
section 116, and the scoring process is executed there. The
details on this scoring process will be described later.

[0039] Displacement measuring section 109 is for execut-
ing 1-dimensional or 2-dimensional correlation process
according to one set of RF signal frame data being selected
by RF signal frame data selecting section 108, and for
measuring the respective displacement or displacement vec-
tor (the direction and the size of the displacement) on the
tomographic images. As the detection method for the dis-
placement vector there are, for example, the block matching
method and the gradient method that are described in Patent
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Document 1. The block matching method is for dividing
images into blocks consisting of, for example, NxN pixels,
extracting the block which is the best approximation to the
focused block among the present frames, and executing the
predictive coding with reference to the extracted blocks.

[0040] Pressure measuring section 110 is for measuring or
conjecturing the pressure of inner body of the diagnosis
region of object 100. This ultrasonic diagnostic apparatus
employs a method for giving the stress distribution to the
inner body of the diagnosis region of subject 100, for by
pressurizing or depressurizing with a pressurizer (not shown
in the diagram) installed in probe head 1011, as transmitting/
receiving ultrasonic waves using ultrasound probe 101
installed in probe head 1011 under the control of controlling
section 200. In this method, in order to measure the pressure
being applied between probe head 1011 and object 100, for
example as illustrated in FIG. 2, pressure sensor 1012 for
detecting the pressure being applied upon a rod-shaped
member is installed on the side of probe head 1011, the
pressure between probe head 1011 and object 100 is mea-
sured in a given time phase, and the measured pressure value
is sent out to distortion/elastic modulus calculating section
111.

[0041] The pressurizer for pressurizing/depressurizing
probe head 1011 is omitted in FIG. 2.

[0042] Distortion/elastic modulus calculating section 111
is for calculating the distortion or elastic modulus of the
respective points on the tomographic images according to
the moving distance (displacement) and the pressure being
outputted each from displacement measuring section 109
and pressure measuring section 110, generating the numeric
data (elastic frame data) of distortion or elastic modulus, and
outputting them to elastic data processing section 112. The
calculation of the distortion being performed by distortion/
elastic-modulus calculating section 111 is obtained, for
example, by the calculation by spatially differentiating the
displacement without the pressure data. Also, the calculation
of Young’s module that is one of the elastic modulus is
obtained by calculation with dividing the change of pressure
by the change of distance.

[0043] Color scan converter 113 comprises the hue infor-
mation converting means for inputting the elastic frame data
being outputted from elastic data processing section 112, the
command being outputted from controlling section 200 of
the ultrasonic diagnostic apparatus, the upper limit and the
lower limit within the configured range among the elastic
frame data for the image gradation being outputted from
elastic data processing section 112. This means is also for
giving the hue information such as red, green and blue as the
elastic image data from the elastic frame data. This hue
information converting means operates so that the region
with a large degree of distortion is converted into red code
within the elastic image data, and the region with a small
degree of distortion is converted into blue code within the
elastic image data. Also, color scan converter 113 can be
configured with the above-mentioned black and white scan
converter 106. In this case, it can be set so that the region
with a large degree of distortion turns brighter in luminance,
and the region with a small degree of distortion turns darker
within the elastic image data.

[0044] Switching and adding circiut 114 is a means to
input black and white tomographic data from black and
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white scan converter 106 and the elastic image data in color
from color scan converter 113, and to add or switch over
both kinds of images. It is also for outputting only black and
white tomographic image data or only elastic image data in
color, or for performing the composition of both kinds of
images. Also for example, as described in Patent Document
2, black and white tomographic images and the color elastic
images or black and white elastic images by black and white
scan converter can be displayed simultaneously on one
screen of the display. The image data being outputted from
switching and adding circuit 114 are to be outputted to image
display 107.

[0045] Next, the scoring related to the present invention
will be described.

[0046] FIG. 3 is a diagram illustrating the first embodi-
ment of the scoring process executed by scoring section 116
in FIG. 1, and FIG. 3(A) is a diagram illustrating an example
of black and white tomographic image data (B-mode tomo-
graphic image) being outputted from black and white scan
converter 106. FIG. 3(B)~(F) are the pattern diagrams
illustrating an example of the elastic image data in color
being outputted from color scan converter 113, in the case
with different symptoms. These elastic image data are actu-
ally for color displaying according to their hardness. For
example, the soft portion (heavily distorted portion) is
displayed in red, while the hard portion (lightly distorted
portion) is displayed in blue, and the middle of both in green
as a continual color variation. Meanwhile, since color-
display is not possible in FIG. 3, a shading method is used
instead. The soft region is shaded with rough dots and the
hard region with fine dots. In the case of B-mode tomo-
graphic image in FIG. 3(A), an oval region 61 in the center
is a diseased region such as a tumor of the breast, and is
called “low echo region”. Also, the regions corresponding to
the same coordinate region of the low echo region in the
elastic images are displayed in oval shapes with dotted line
in FIG. 3(B)~(F). According to the condition of in which the
elastic image data are displayed, the elastic images are
classified into score 1~score 5 by executing the scoring
process with the operation of score inputting means 115 of
the elastic image data. The respective scores 1~5 have the
following criteria, and the scoring process is executed by the
observer determining whether these criteria are met by the
image. Hereinafter the respective criteria 1~5 will be
described.

[0047] Score 1: The case, as illustrated in FIG. 3(B) that
hard region 62 by the elastic image is not recognized clearly
inside of low echo region 61.

[0048] Score 2: The case, as illustrated in FIG. 3(C) that
hard regions 63 and 64 by the elastic images are partially
recognized, avoiding the center region of low echo region
61.

[0049] Score 3: The case, as illustrated in FIG. 3(D) that
hard region 65 is recognized including the center region of
low echo region 61, though not reaching the circumference
(border).

[0050] Score 4: The case, as illustrated in FIG. 3(E) that
hard region 66 is evenly distributed, reaching the circum-
ference (border) of the low echo region 61.
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[0051] Score 5: The case, as illustrated in FIG. 3(F) that
hard region 67 is covering the whole area of low echo region
61, running off the circumference (border) of low echo
region 61.

[0052] The hard region here, as the distorted image of the
elastic images, can be distinguished as a region that mea-
sured a smaller distortion than threshold Ts of a distortion.
For example, when 0% of distortion is set as threshold Ts,
the hard region is distinguished as a region (measure point
group) that did not receive any compression even with
pressure from the body surface. In the case of using the
elastic modulus images as the elastic image by taking in the
suppressed strength upon scanning the diagnosis region, the
region that has bigger elastic modulus than threshold Ty of
an elastic modulus may be distinguished as the hard region.

[0053] By the above-mentioned scoring (classification), it
is possible to give an indicator as well as assistance for
diagnosing an illness. FIG. 4 is a diagram illustrating a
display example of image display 107 for the case of
executing the scoring process using score inputting means
115. The superposed translucence color images of the elastic
image data indicating the distribution of hardness of the
tissues on the B-mode tomographic images such as (B)~(F)
of FIG. 3 are displayed on display screen 1071 of image
display 107, and column 1072 for inputting the scoring
index and display region 1073 for displaying the index of the
respective scores are set up on the right to the display screen.
This display region 1073 is for displaying the brief descrip-
tion of the content of the above-mentioned respective scores,
and for displaying diagrams such as (B)~(F) in FIG. 3 in
conjunction with those descriptions. The examiner inputs
the score as he/she thinks is appropriate to scoring index
inputting column 1072, as looking at display indicator 1071
and comparing the images with scoring index 1073. The
above-mentioned operations are executed by score inputting
means 115. Additionally, the images being displayed on
display screen 1071 may be arranged so that the B-mode
tomographic images are displayed on a separate window as
illustrated in FIG. 3(A). This makes it possible to improve
the visibility during the scoring process. The scores being
inputted to score index inputting column 1072 may also be
set to be linked to the reporting function of each patient
being installed in the ultrasonic diagnostic apparatus, and to
be inputted also to the scoring index inputting column being
provided in the reporting function at the same time. It also
may be arranged so that the model diagrams to be the index
for the scoring such as (B)~(F) of FIG. 3 are included in
display region 1073.

[0054] Described in the above embodiment was the scor-
ing process being implemented by the examiner as looking
at the images on display screen 1071, but scoring section 116
automatically executes scoring (classification) using image
processing. Hereinafter the automatic scoring process by
this scoring section 116 will be described. Scoring section
116 is for executing the edge detection that detects with well
known edge detection software with regard to color elastic
image data (distorted images) being outputted from color
scan converter 113, and for obtaining area B of hard-portion
regions 62~67 with such as the number of pixels.

[0055] 1In the second embodiment, the scoring with only
elastic image data will be illustrated. For example, the
elastic images to be the reference images for the reference
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information are obtained in advance, and the scores accord-
ing to the size of the area of the elastic images are set as
below, representing the number of pixels of the region on the
elastic images as B:

[0056] If X1<B Score 1

[0057] If X2<B=X1 Score 2

[0058] If X3<B=X2 Score 3

[0059] If X4<B=X3 Score 4

[0060] If B<Xd4 Score 5

[0061] And the scoring is to be performed by applying the

size of the area of the newly obtained elastic data to area B
being set as the above. Also, the scores may be set according
to the form of the elastic images by setting the elastic images
that are connected in sequence as above score 2, or the
elastic images that are connected with a smooth circular
form as above score 3.

[0062] The scoring process using the characteristic feature
that the stress signals are put out on the elastic images when
exerting pressure on the subject is illustrated in FIG. 5. FIG.
5(a) and (b) are the diagrams illustrating the state of subject
100 being pressed by probe 101. When exerting pressure on
a malignant tumor, stress signal 122 is displayed as shown
in FIG. 5(5). FIG. 5(a) is illustrating a benign tumor.

[0063] In scoring section 166, the score corresponding
with width 123 of stress signals 122 is set in advance. The
scores are set, for example, so that the bigger the width the
elastic images indicate a malignant tumor as illustrated in
FIG. 4. And the scoring for elastic image 121 is executed by
comparing the width being set corresponding to the score
with width 123 of stress signals 122 on obtained elastic
image 121. Though an example of implementing the scoring
using the width of stress 122 here, it also can be imple-
mented using the dimension of stress signals 122. In this
way the scoring can be performed by the stress signals of the
elastic images.

[0064] Also, an example of executing the scoring process
using the elastic images being varied by exerting pressure on
the object is illustrated in FIG. 6. In the case that the tumor
of the image is malignant, there is a feature that when
gradual pressure is exerted on the subject, the region dis-
played in blue for example, gets gradually smaller. On the
contrary, when the tumor on the image is benign, there is a
feature that causes the blue region to get bigger gradually
upon exerting gradual pressure on the object. Given this
factor, the scores with regard to the feature corresponding to
the color change of the region being generated by the
compression in scoring section 116 are set as illustrated in
FIG. 4. And the scoring is performed according to colors
being varied in accordance with the compression on the
elastic images. In this way, it is possible to perform the
scoring according to the previously mentioned variance of
the region by compression in the elastic images.

[0065] The example for executing the scoring process
using a cyst pattern is illustrated in FIG. 7. The cyst pattern
is a pattern that indicates shallow depth portion 141 in a
particular region of elastic images being displayed in blue,
and deep depth portion 142 in red. Experience shows that the
regions being displayed using this pattern is a benign tumor.
Given this factor, the scoring can be executed by setting the
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program separately in scoring section 116 so that when the
cyst pattern is recognized it indicates that the tumor is
malignant. In this way the scoring can also be performed
according to the hue pattern of the elastic images.

[0066] In the above-mentioned embodiment the case for
executing the scoring process using only the elastic image
data was explained, but an automatic scoring process by the
elastic image data using the tomographic image data as
reference information will be described in the third embodi-
ment referring to FIG. 3. First, scoring section 116 detects
low echo region 61 in the diseased region on black and white
tomographic image data (B-mode tomographic images)
being outputted from black and white scan converter 106
using well known edge detecting software. Then area A of
detected section 61 is obtained using, for example, the
number of pixels. Next, scoring section 116 performs edge
detection in the same way also on colored elastic image data
(distortion images) being outputted from color scan con-
verter 113, and obtains area B of the hard portion being
measured in low echo region 61 of the diseased region using,
for example, the number of pixels. In the case that the hard
portions are scattered as illustrated in sections 63 and 64, the
sum of those area is set as area B.

[0067] Scoring section 116 implements the scoring pro-
cess as follows according to the relation between each
obtained areas A and B.

[0068] First, B/A is calculated as Z as proportion of the
areas A and B. Also, as the following thresholds of the area
ratio are set in advance in the ultrasonic diagnostic appara-
tus:

[0069] Threshold of score 1 Thl (for example, 0.1)
[0070] Threshold of score 2 Th2 (for example, 0.3)
[0071] Threshold of score 3 Th3 (for example, 0.7)
[0072] Threshold of score 4 Th4 (for example, 1.0).

With that, the following determination is to be performed:

[0073] If Z<Thl Score 1

[0074] If Th1<Z=Th2 Score 2

[0075] If Th2<Z=Th3 Score 3

[0076] If Th3<Z=Th4 Score 4

[0077] If Thd<Z Score 5

[0078] Also, some other options may be added to the

above-mentioned scoring method. For example, as illus-
trated in FIG. 8, region of interest 61a in the center of low
echo region 61 which has a fixed ratio (for example, area
Ax0.6) and has a smaller area than the low echo region is set,
and a estimation of how much of the hard portion in the
elastic image occupies the region of interest 6la can be
added to the scoring method. By adding this rating, not only
the occupied-area ratio of the hard portion corresponding to
the low echo region but also how the hard portions are
allocated as a spatial distribution are added to the rating of
the scoring, and it leads to the result of raising the precision
of the estimation.

[0079] Moreover, an estimation of how much the hard
portion in the elastic image occupies corresponding not only
to the central region of interest but also to a plural interest
of regions may be implemented, by setting a border of the
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low echo region as a reference and setting plural regions of
interest 625 inside or outside of the border as illustrated in
FIG. 9. Also, another option may be used for the estimation
of scoring by first rating each plural regions of interest 625
if the ratio that the hard portion in the elastic image occupies
in each of their area exceed a certain fixed ratio or not, then
adding up the regions which exceeded the ratio. Also, the
edge detection can be achieved by using methods such as
well-known snake method or region growing method. If the
edge is hidden by the shadow for example, the methods such
as setting ROI or interpolating from surrounding edge
information can respond to the problem.

[0080] Though an example of the scoring using the occu-
pancy ratio of the hard portion and its ratio being distributed
within the low echo region was described in the above-
mentioned embodiment, but a scoring can also implemented
according to the statistical feature quantity by performing
the statistical work with elastic measure point group being
included in the low echo region as the (parent of) the
population, and the method using its average value will be
described below. The total number of the elements of the
measure point group that are within the low echo region is
set as N, and the distortion or elastic module of the respec-
tive measure points is set as Ei(i=1,2,3 . . . N) And average
value Em of distortion or elastic modulus of the measure
point within the low echo region is calculated as below:

(Average value Em)=2Ei(i=1,2,3,... N)

[0081] Also, the threshold values of the average value are
set in the ultrasonic diagnostic apparatus in advance as
follows:

[0082] Threshold value Tml of score 1
[0083] Threshold value Tm2 of score 2
[0084] Threshold value Tm3 of score 3
[0085] Threshold value Tm4 of score 4.
[0086] In the case of calculating the elastic modulus as a

value to reflect the elasticity, the scores are set by maintain-
ing the following magnitude relation:

Tml<Tm2<Tm3<Tm4.

And the following determination is to be performed:

[0087] If Z<Tml Score 1

[0088] If Th1<Z=Tm2 Score 2

[0089] If Th2<Z=Tm3 Score 3

[0090] If Th3<Z=Tm4 Score 4

[0091] If Thd<Z Score 5

[0092] In the case of using the distortion as the value for

reflecting the elasticity, the following magnitude relation is
set:

Tm1>Tm2>Tm3>Tm4

And the following determination is to be performed:

[0093] If Tml<Z Score 1
[0094] If Tm2<Z=Tml Score 2
[0095] If Tm3<Z=Tm2 Score 3
[0096] If Tmd<Z=Tm3 Score 4
[0097] If Z<Tmd4 Score 5
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[0098] The average value was used as an example in the
above explanation, but the present invention is not limited to
this, and the significance of the scoring method in the
present invention is to first execute the statistical work with
the measure point group of the elasticity being included in
the low echo region as a (parent of) population, and to
perform the scoring according to its statistical feature quan-

tity.

[0099] A concrete example of an automatic scoring (clas-
sification) implemented by scoring section 116 using the
image processing will now be described. First, scoring
section 116 detects area A of low echo region 61 in the
diseased region on the black and white tomographic image
data (B-mode tomographic images) being outputted from
black and white scan converter 106 as illustrated in FIG. 3,
using for example, the region growing method which is a
well-known software for region detection. Then it obtains
detected area A by using, for example, number of pixels.
Next, scoring section 116, in the color elastic image data
(distortion images) being outputted from color scan con-
verter 113, counts the number of pixels that are illustrated as
hard sections 62~67 within area A. These pixels should have
higher luminance value than a predetermined one that the
operator of the apparatus can determine in advance. This
number of pixels is set as area B. The scoring process below
is to be executed according to area A and area B (number of
pixels which have higher luminance value than a predeter-
mined luminance value).

[0100] First, B/A is calculated as Z, as ratio between areas
(number of pixels) A and B. Also, the following thresholds
of the area ratio are set in advance in the ultrasonic diag-
nostic apparatus:

[0101] Threshold of score 1 Thl (for example, 0.1)
[0102] Threshold of score 2 Th2 (for example, 0.3)
[0103] Threshold of score 3 Th3 (for example, 0.7)
[0104]

[0105] And now when Z<0.7, the score is executed
according to the following rules:

Threshold of score 4 Th4 (for example, 1.0)

[0106] If Z<Thl Score 1

[0107] If Th1<Z=Th2 Score 2

[0108] If Th2<Z=Th3 Score 3

[0109] Further, in the obtained elastic image data (distor-

tion images), if Th3=7 (0.7=7), the sections illustrated as
hard sections 65~67 which have higher luminance value
than the predetermined one are extracted by well-known
applications for region extraction (for example, the region
growing method) In this case, the region for the extraction
is not limited within low echo region 61, but includes its
periphery also as the extracting region.

[0110] The extracted area being obtained here is set as C.
C/A is calculated as 7', as ratio between area A and area C,
and the following determination is to be implemented if the
value of 7' is:

[0111]
[0112]

Th3<7'=Th4 Score 4
Thd<Z' Score 5
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[0113] In the above embodiment, the scoring can be
implemented without the region extracting process up to
score 3 in the elastic image data.

[0114] FIG. 10 is a flow chart illustrating an example of
the automatic scoring process using the region extracting
application. FIG. 11 is a pattern diagram illustrating an
example of the operation for this automatic scoring process.
It will be explained here with the region growing method as
the region extraction algorithm.

[0115] 1In step S91, the low echo regions that are desirable
to be extracted are selected after pressurized by arbitrary
means on the displayed B-mode tomographic images, in
order to obtain the distortion images. This selection process
is executed by designating an arbitrary position within low
echo region 61 as a source point (indicated as SP in the
diagram) as illustrated in FIG. 11(A).

[0116] Instep S92, the extraction of low echo region 61 as
illustrated in FIG. 11(B) is executed according to source
point SP being designated in step S91 and the threshold
value given by discretional means. The region growing
method is a method for extracting the regions of which the
difference of the luminance value is within the value being
set in advance (threshold value) in the adjacent region to the
designated source point. Consequently, the area of extracted
low echo region 61 is calculated by means such as counting
the number of pixels. This area is indicated as SBW in FIG.
1(B).

[0117] In step S93, the area on the displayed distorted
images that have the higher luminance value than the
discretionally set luminance value indicating the hard region
are counted by the number of pixels. This hard region is
indicated as Sb1 in FIG. 11(C).

[0118] In step S94, the determination is implemented
whether or not area Sb1 of the hard region is smaller than;
area SBW of the low echo regionx0.7. As a result of the
determination, if area Sb1 of the hard region is smaller than
area SBW of the low echo regionx0.7 (SBWx0.7<Sb1), step
S95 is to be carried out. And in step S95, the determined
areas will be classified into score 1~3 according to its value.

[0119] On the contrary, as a result of the determination, if
the area Sb1 of the hard region is bigger than area SBW of
the low echo regionx0.7 (SBWx0.7=Sb1), since it may not
be within the low echo region, step 896 is to be carried out.

[0120] In step S96, the detection of the region (area Sb1")
by region growing method on the elastic image data is
performed again. In this case the detection is performed up
to the region including the peripheral area of the low echo
region on the B-mode tomographic images. In this region
extracting process, the source point designated on the pre-
vious B-mode tomographic images can be used as it is, or the
new one may be set additionally. The area of the region
being extracted here is set as Sb1'. And in step 97, score 4
and 5 are classified according to the proportion between area
SBW of the low echo region and area Sb1' (SBW/Sb1'). To
be more precise, if Sb1'<SBW it will be classified as score
4, and if not it will be classified as score 5.

[0121] In this way, performing the region extraction by
well-known region extracting applications such as the region
growing method enables the automatic scoring process
according to the hardness distribution of the tissues. Need-
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less to say that the above-mentioned thresholds are mere
examples, and they can be varied as the operator desires.

[0122] Though the example of detecting the outline infor-
mation of the low echo region in the diseased region on the
B-mode tomographic images using the well-known edge-
detecting software was described in the above-mentioned
embodiment, another embodiment can be implemented.
Another embodiment can be executed by the examiner
inputting the outline of the diseased region on the B-mode
tomographic images using the interface on the ultrasound
apparatus such as mouse or trackball, obtaining area A of
section 61 on the basis of the outline information, and
executing automatic scoring by comparing with area B being
obtained from the above-mentioned method. The above-
mentioned scoring is merely an example, and it is essential
to perform the scoring using the elastic images that include
the distortion images. The above-mentioned numeric values
used for scoring are also merely examples, and of course,
various sorts of values that are most suitable for each of the
actual clinical cases should be applied. Though the scoring
method intended particularly for the mammary gland region
was described as an example in the above explanation, the
scoring method best suited according to each region ought to
be defined. Also, the scoring method according to the
above-mentioned embodiment can be used not only indi-
vidually but also by combining a plurality of methods for
implementing one scoring process.

[0123] In the above embodiment the scoring process by
scoring section 116 using black and white tomographic
image data (B-mode tomographic data) being outputted
from black and white scan converter 106 and color elastic
image data (distortion data) being outputted from color scan
converter 113 was described, but it can also use the output
from signal processing section 105, elastic data processing
section 112 or distortion/elastic modulus calculating section
111. Also in the above-mentioned embodiment the pressure
measuring section was included in FIG. 1, but the pressure
measuring section can be omitted in the case of obtaining the
distortion and displaying the distortion image.

[0124] FIG. 12 is a diagram illustrating the timing for
calculating the distortion or elastic modulus in distortion/
elastic-modulus calculating section 111 in the above-de-
scribed embodiment. In probe 101, the condition of not
compressing object 100 is indicated with 0 and the limit of
compression is indicated with MAX. The timing for obtain-
ing the elastic images is the timing with lightly compressed
condition, so the scoring should be executed corresponding
to the obtained elastic images with the condition that have
about 3~20% of the limit of compression.

[0125] Inconcrete terms, the pressure value of the limit of
compression is detected in advance by pressure sensor 1012,
and the obtained pressure value is stored in scoring section
116 as compression MAX value. The pressure value of the
elastic images for compressing and obtaining is set using
score inputting means 115 referring to the stored compres-
sion MAX value. The pressure value for the setting may also
be arbitrarily appointed in advance as, for example, 10% of
the compression MAX value. By compressing object 100
and obtaining the elastic image at the point of reaching the
fixed pressure value, the scoring is to be executed on the
obtained elastic image.

[0126] Because it is often difficult to distinguish between
the hard portion and soft portion of the elastic images in
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strongly compressed condition, it is possible to improve the
accuracy of the scoring by using the elastic image being
obtained with the timing of lightly compressed condition as
described above.

[0127] The operation of RF signal frame data selecting
section 108 related to the present invention will now be
described referring to FIG. 13. FIG. 13 is a diagram illus-
trating one embodiment of the RF signal frame data arbi-
trarily selecting section in FIG. 1. RF signal frame data
selecting section 108 is for selecting the number of frames
to be retroactive as one RF signal frame data to be the
reference of displacement measurement (number of frame
intervals between the present frame data). In other words,
RF signal frame data selecting section 108 sequentially
acquires RF signal frame data being continuously outputted
with time from phasing adding circuit 104 with a frame rate
of the ultrasonic diagnostic apparatus, to frame memory
1081 being installed in RF signal frame data selecting
section 108. RF signal frame data selecting section 108 sets
RF signal frame data being presently acquired in frame
memory 1081, as RF signal frame data N. RF signal frame
data selecting section 108 selects one RF signal frame data
out of past RF signal frame data N-1, N-2, N-3, , N-M
according to the control command from controlling section
200 in the ultrasonic diagnostic apparatus, and stores it
temporarily to RF signal frame data selecting circuit 1082 as
RF signal frame data X. RF signal frame data selecting
section 108 outputs the newest RF signal frame data N being
stored in frame memory 1081 and RF signal frame data X
being stored in RF signal frame data selecting circuit 1082
to displacement measuring section 109 in parallel.

[0128] Namely RF signal frame data selecting section 108
can arbitrarily select as the past RF signal frame data X
which configures one set of RF signal frame data for
outputting to displacement measuring section 109 not only
RF signal frame data N-1 being temporally adjoining to the
present RF signal frame data N, but also RF signal frame
data N-M of which M frame (M=1,2,3, . . . ) is thinned.
Additionally, the thinned out frame interval number M(M=1,
2,3, ... ) can be arbitrarily set or changed via the user
interface of the ultrasonic diagnostic apparatus.

[0129] FIG. 14 is a diagram illustrating another embodi-
ment of the RF signal frame data selecting section in FIG.
1. RF signal frame data selecting section 108 in FIG. 14
acquires RF signal frame data P being obtained in one time
phase P in the past to frame memory 1081 according to the
control command from controlling section 200 in the ultra-
sonic diagnostic apparatus. RF signal frame data selecting
circuit 1082 consistently refers to RF signal frame data P
being acquired in frame memory 1081 without updating, as
the past RF signal frame data in arbitrary time phase. Thus
to displacement measuring section 109, a set of RF signal
frame data configured by presently acquired RF signal frame
data N and RF signal frame data P is brought in. The setting
for whether to apply the feature as seen in FIG. 14 or for the
timing to obtain RF signal frame data P upon applying the
feature, can be switched, set or changed arbitrarily via the
user interface in the ultrasonic diagnostic apparatus.

[0130] In the case of limiting the interval of present and
past RF signal frame data N and P which configure a set of
RF signal frame data, there are occasions that the pressur-
ization quantity or depressurization quantity given in the
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time intervals between the RF signal frame data which
configure a set of the plural RF signal frame data being
obtained during a series of pressurizing or depressurizing
operation processes are not capable of sufficiently reaching
the pressurization or depressurization quantity suited for
projecting the elastic image data (generally about 1%). At
the same time, by configuring RF signal frame data selecting
section as illustrated in FIG. 13 and FIG. 14, it is possible
to enlarge the frame intervals between present and past RF
signal frame data sufficiently to lead to appropriate projec-
tion of the elastic images by the elastic frame data. This is
especially useful under conditions wherein the speed of
pressurization or depressurization cannot be high enough for
the ultrasound examination during the process of sequential
pressurization or depressurization operation due to physical
restrictions caused by the body frame of the subject.

1. An ultrasonic diagnostic apparatus comprising:

a displacement measuring section for transmitting the
ultrasonic waves from a probe to an object to be
examined, receiving the reflected echo signals corre-
sponding to the transmission of the ultrasonic waves,
and measuring the displacement of organism tissues of
the object based on the reflected echo signals;

an elastic image constructing section for constructing the
elastic images by obtaining the distortion or the elastic
modulus from said displacement; and

a display section for displaying the elastic images,

wherein the ultrasonic diagnostic apparatus includes a
scoring means for specifying the distorted state or
elastic state according to the information on the elastic
image being outputted from elastic image constructing
section.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the scoring means specifies the distorted state or
elastic state according to the size of the area or the formation
of the elastic images.

3. The ultrasonic diagnostic apparatus according to claim

2, wherein said area is determined by number of pixels on
the elastic image.

4. The ultrasonic diagnostic apparatus according to claim

2, wherein said dimension is the sum of the dimensions of
a plurality of elastic images when there are two or more
elastic images.

5. The ultrasonic diagnostic apparatus according to claim

1, the apparatus comprises a tomographic image construct-
ing section for constructing the tomographic images from
the reflected echo signals, wherein the scoring means speci-
fies the distorted or elastic state according to the relation
with the hard portion of the elastic image corresponding to
the specified region on the tomographic images.

6. The ultrasonic diagnostic apparatus according to claim

5, the apparatus further comprises a region setting means for
setting the regions on the tomographic or elastic images.

7. The ultrasonic diagnostic apparatus according to claim

6, wherein the region setting means sets the regions by
arranging the low echo region on the tomographic images as
the first region and the region for the hard portion on the
elastic images as the second region, and the scoring means
specifies the distorted state or elastic state according to the
proportion between the first region and the second region.
8. The ultrasonic diagnostic apparatus according to claim
6, wherein the region setting means obtains the regions by
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the region growing means for extracting the regions by the
luminance of the elastic images or the tomographic images,
or by the edge detection means.

9. The ultrasonic diagnostic apparatus according to claim
8, wherein the region growing means sets a position within
the region as a source point, and extracts the region that fits
within the threshold value of which the difference of lumi-
nance is set in advance and adjoins the set source point.

10. The ultrasonic diagnostic apparatus according to
claim 6, wherein the region setting means inputs the outline
on the tomographic images or the elastic images, and obtains
the regions on the basis of the outline information.

11. The ultrasonic diagnostic apparatus according to claim
7, wherein the scoring means sets a plurality of regions of
interest, and specifies the distorted state or elastic state based
on the occupancy rate of the hard portion in a plurality of
region of interest.

12. The ultrasonic diagnostic apparatus according to
claim 7, wherein the scoring means sets a region of interest
in the center of the low echo region, and specifies the
distorted state or elastic state based on the occupancy rate of
the hard portion in the elastic image.

13. The ultrasonic diagnostic apparatus according to
claim 1, the apparatus comprises a pressure setting means
for setting the pressure value that compresses the object, and
the distorted state or elastic state are specified based on the
elastic image upon reaching to the set pressure value.

14. The ultrasonic diagnostic apparatus according to
claim 1, wherein the scoring means classifies the distorted
state or elastic state into a plurality of stages based on said
region.

15. The ultrasonic diagnostic apparatus according to
claim 1, the scoring input column is arranged on the screen
of the display section, and the scores are inputted in the
scoring input column using an input means.

16. The ultrasonic diagnostic apparatus according to
claim 1, the apparatus comprises a frame data selecting
section for selecting a set of frame data of reflected echo
signals for outputting to the displacement measuring section,
and the elastic images are constructed based on a set of
selected frame data.

17. The ultrasonic diagnostic apparatus according to
claim 16, wherein the frame data selecting section arbitrarily
selects the frame intervals of a set of frame data, the elastic
images are constructed based on a set of selected frame data.

18. The ultrasonic diagnostic apparatus according to
claim 16, wherein the frame data selecting section selects the
frame data from a set of adjoining frames.

19. The ultrasonic diagnostic apparatus according to
claim 1, wherein the scoring means specifies the distorted
state or elastic state based on the stress signals of the elastic
images.

20. The ultrasonic diagnostic apparatus according to
claim 1, wherein the scoring means specifies the distorted
state or elastic state based on the variance of the region on
the elastic image caused by gradual compression.

21. The ultrasonic diagnostic apparatus according to
claim 1, wherein the scoring means specifies the distorted
state or elastic state based on the hue pattern of the elastic
images.

22. An ultrasonic diagnostic method comprising:

a step for constructing the tomographic images by trans-
mitting the ultrasonic waves from a probe to an object
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to be examined and receiving the reflected echo signals
corresponding to the transmission of the ultrasonic
waves;

a step for measuring the displacement of organism tissues
of the object based on the reflected echo signals;

a step for constructing an elastic image by obtaining the
distortion quantity or elastic modulus from the dis-
placement;

a step for displaying the tomographhic images and the
elastic images; and

a step for scoring to specify the distorted state or elastic
state based on the information of the elastic images.
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23. The ultrasonic diagnostic method according to claim
22, wherein on the step for scoring the distorted state or
elastic state is specified based on the dimension or formation
of the elastic images.

24. The ultrasonic diagnostic method according to claim
22, the method includes a step for setting the low echo
region on the tomographic images as the first region and the
region of the hard portion on the elastic images as the second
region, wherein on the step for scoring the distorted state or
elastic state is specified based on the proportion between the
first region and the second region.
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