EP 2 460 472 A1

(1 9) Europaisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 2 460 472 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
06.06.2012 Bulletin 2012/23

(21) Application number: 10804099.9

(22) Date of filing: 26.07.2010

(51) IntCl.:

A61B 8/00 (2006.01)

(86) International application number:

PCT/JP2010/004750

(87) International publication number:

WO 2011/013346 (03.02.2011 Gazette 2011/05)

(84) Designated Contracting States:
AL AT BEBG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO SE SI SK SM TR

(30) Priority: 29.07.2009 JP 2009176041
(71) Applicant: Panasonic Corporation

Kadoma-shi
Osaka 571-8501 (JP)

(72) Inventor: NISHIMURA, Yushi

Osaka-shi, Osaka 5406207 (JP)

(74) Representative: Griinecker, Kinkeldey,

Stockmair & Schwanhausser
Leopoldstrasse 4
80802 Miinchen (DE)

(54) ULTRASONIC DIAGNOSTIC DEVICE

(57)  An ultrasonic diagnostic apparatus is provided
in which overlap of a displayed ultrasonic image and dis-
played diagnostic data can be avoided without imposing
the burden of complicated operations on the operator.
An ultrasonic diagnostic apparatus includes: an ul-
trasonic probe for transmitting an ultrasonic beam to a
tissue of a biological body and receiving a reflection wave
ofthe ultrasonic beam reflected from the tissue; animage
construction section for constructing an image frame of
a first image representing a tomographic image of the
tissue based on the reflection wave; an image analysis
section for distinguishing a region of no interest based

FIG.6

on an image feature quantity of the image frame, the
region of no interest constituting part of the image frame
which is exclusive of a region of interest that includes the
tomographic image of the tissue; a data generation sec-
tion for generating a second image that is for display of
diagnostic data; an image synthesis section for generat-
ing a synthesized image by determining a display position
of the second image based on a result of the distinguish-
ment by the image analysis section and superimposing
the second image on the image frame of the firstimage;
and a display section for displaying the synthesized im-
age.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic
diagnostic apparatus. More particularly, the present in-
vention relates to a technique of displaying diagnostic
data by an ultrasonic diagnostic apparatus.

BACKGROUND ART

[0002] The techniques of displaying diagnostic data so
as notto overlap aregion of interestin an ultrasonicimage
in an ultrasonic diagnostic apparatus are disclosed in
Patent Document 1 and Patent Document 2.

[0003] Patent Document 1 discloses a technique of
avoiding overlap of an ultrasonic image and diagnostic
data, which is realized by preliminarily storing the display
position of the ultrasonic image for every one of the bod-
ies, diagnosed sites, or measurement functions and se-
lecting a relevant one of the bodies, diagnosed sites, or
measurement functions at the time of diagnosis.

[0004] Patent Document 2 discloses another tech-
nigue of avoiding overlap of an ultrasonic image and di-
agnostic data, which is realized by an operator manually
changing the vertical magnification rate, horizontal mag-
nification rate, or display position of the text data region
via a user interface.

CITATION LIST

PATENT LITERATURE

[0005]
Patent Document 1: Japanese Laid-Open Patent
Publication No. 11-326
Patent Document 2: Japanese Laid-Open Patent

Publication No. 9-47453

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] In diagnosis with the use of an ultrasonic diag-
nostic apparatus, an image is obtained through an ultra-
sonic probe which is in contact with a skin surface of a
body. The position of the region of interest in the ultra-
sonicimage may greatly vary depending on, for example,
the angle of the probe or the posture of the body at the
time of obtaining the image even if the same body or the
same site is diagnosed. According to the aforementioned
method disclosed in Patent Document 1, the display po-
sition of the diagnostic data is preliminarily stored and
uniquely fixed. Therefore, the method of Patent Docu-
ment 1 has difficulty in flexibly treating the variation of
the position of the region of interest which may occur due
to, for example, the angle of the probe or the posture of
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the body.

[0007] Using the method disclosed in Patent Docu-
ment 2 enables change of the size of the display region
of the diagnostic data and movement of the display po-
sition. However, these operations need to be manually
carried out by an operator and are therefore complicated.
Thus, they may disturb the concentration of the operator
on the diagnosis.

[0008] The present invention was conceived for the
purpose of solving the above problems. One of the ob-
jects of the present invention is to provide an ultrasonic
diagnostic apparatus in which overlap of an ultrasonic
image and diagnostic data can be avoided without im-
posing the burden of complicated operations on the op-
erator.

SOLUTION TO PROBLEM

[0009] An ultrasonic diagnostic apparatus of the pre-
sent invention includes: an ultrasonic probe for transmit-
ting an ultrasonic beam to a tissue of a biological body
and receiving a reflection wave of the ultrasonic beam
reflected from the tissue; an image construction section
for constructing an image frame of a first image repre-
senting a tomographic image of the tissue based on the
reflection wave; an image analysis section for distin-
guishing a region of no interest based on an image fea-
ture quantity of the image frame, the region of no interest
constituting part of the image frame which is exclusive
of a region of interest that includes the tomographic im-
age of the tissue; a data generation section for generating
a second image that is for display of diagnostic data; an
image synthesis section for generating a synthesized im-
age by determining a display position of the second im-
age based on aresult of the distinguishment by the image
analysis section and superimposing the second image
on the image frame of the first image; and a display sec-
tion for displaying the synthesized image.

[0010] The image analysis section may divide the im-
age frame into a plurality of small regions and calculate
an image feature quantity of each of the small regions
based on a luminance of the small region.

[0011] The image analysis section may calculate a
mean value and a variance value of the luminance of
each of the small regions and, and if both the mean value
and the variance value are smaller than predetermined
threshold values, the image analysis section may recog-
nize the small region as being the region of no interest.
[0012] The image synthesis section may assign, as
the display position of the second image, a region in the
image frame which is recognized by the image analysis
section as being the region of no interest, and generate
the synthesized image.

[0013] The ultrasonic diagnostic apparatus may fur-
ther include a user interface for an operator to instruct a
change of the display position of the second image in the
displayed synthesized image, wherein if the second re-
gion overlaps the region of interest as a result of the
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change of the display position of the second image which
is instructed by the operator via the user interface, the
image synthesis section forcedly changes the display po-
sition of the second image to a position in the region of
no interest.

[0014] The image analysis section may continuously
perform distinguishment of the region of no interest, and
if the second region overlaps the region of interest as a
result of movement of the region of interest within the
image frame, the image synthesis section may change
the display position of the second image to a position in
a region which is presently recognized as the region of
no interest.

[0015] Theimage synthesis section may hold a thresh-
old value as to a distance between the second image
and the region of interest across a display screen, and
the image synthesis section may assign, as the display
position of the second image, such a position that the
distance between the second image and the region of
interest which are displayed in the display section is
smaller than the threshold value.

ADVANTAGEOUS EFFECTS OF INVENTION

[0016] According to the present invention, a region of
no interest is distinguished based on an image feature
quantity of an image frame, the region of no interest con-
stituting part of the image frame which is exclusive of a
region of interest that includes a tomographic image of
a tissue. The display position of the second image that
is to display diagnostic data is determined based on the
distinguishment result, and a synthesized image is gen-
erated by superimposing the second image on animage
frame of the first image. With this configuration, overlap
of the ultrasonic image and the diagnostic data can be
avoided without imposing the burden of complicated op-
erations on the operator.

BRIEF DESCRIPTION OF DRAWINGS

[0017]

FIG. 1 is a diagram showing the exterior of an ultra-
sonic diagnostic apparatus 100 that is an embodi-
ment of the present invention.

FIG. 2 is a block diagram showing one configuration
example of the ultrasonic diagnostic apparatus 100
that is an embodiment of the present invention.
FIG. 3 is a flowchart illustrating the operation proce-
dure of the ultrasonic diagnostic apparatus 100.
FIG. 4 is a diagram showing a synthesized image
400 displayed on a monitor 107.

FIG. 5(a) is a diagram showing an image 500a where
the arrangement of a diagnostic data image 503a is
not adjusted. FIG. 5(b) is a diagram showing an im-
age 500b where a downsized diagnostic data image
503b is displayed.

FIG. 6(a) is a diagram of an example where the po-
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sition of the region of interest moves from the initial
position 604 to a position 602 in an image frame
600a so that the region of interest overlaps a diag-
nostic dataimage 603a. FIG. 6(b) is adiagram show-
ing an image frame 600b where a diagnostic data
image 603b is moved.

FIG. 7(a) is a diagram of an example where an op-
erator instructs via a user interface 106 to move a
diagnostic data image from the initial position 704 in
a noise region 701 to a position in the region of in-
terest702. FIG. 7(b) is a diagram showing a forcedly-
moved diagnostic data image 703.

FIG. 8 is a flowchart illustrating the operation proce-
dure of detecting a noise region.

DESCRIPTION OF EMBODIMENTS

[0018] Hereinafter, an embodiment of an ultrasonic di-
agnostic apparatus of the present invention is described
with reference to the attached drawings.

[0019] FIG. 1 shows the exterior of the ultrasonic di-
agnostic apparatus 100 of the present embodiment. The
ultrasonic diagnostic apparatus 100 displays in real time
on a monitor 107 a tomographic image of an internal
tissue which is produced using an ultrasonic probe 101.
In that case, an image which shows the diagnostic data
of a subject, for example, is superimposed on an image
frame of the tomographic image and displayed on the
monitor 107. Note that this diagnostic data" comprehen-
sively represents information about the subject and in-
formation about the diagnostic apparatus used and the
diagnostic procedure.

[0020] The ultrasonic diagnostic apparatus 100 of the
present embodiment determines the display position of
the image that shows the diagnostic data, or the like,
according to a distinguishment result as to whether it is
aregion of theimage frame in which atomographicimage
of a tissue is present (region of interest) or the other re-
gion of the image frame which is exclusive of the region
of interest (region of no interest), and superimposes the
image on the image frame. More specifically, the ultra-
sonic diagnostic apparatus 100 superimposes an image
which shows the diagnostic data, or the like, on the region
of no interest of the image frame.

[0021] In the description below, the configuration of
the ultrasonic diagnostic apparatus 100 is first described,
and then, how the ultrasonic diagnostic apparatus 100
specifies a region of no interest and in what manner an
image which shows, for example, data about the subject
is superimposed on the specified region of no interest
are described in detail.

[0022] FIG. 2 is a block diagram showing a configura-
tion example of the ultrasonic diagnostic apparatus 100
of the present embodiment.

[0023] The ultrasonic diagnostic apparatus 100 in-
cludes a probe 101, an AD converter 102, a beam former
103, awave detection section 104, animage construction
section 105, a user interface 106, a monitor 107, and a
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processor 150.

[0024] The ultrasonic probe 101 transmits and re-
ceives an ultrasonic beam. During the operation of the
ultrasonic diagnostic apparatus 100, the ultrasonic probe
101 transmits an ultrasonic beam to a tissue of a biolog-
ical body and receives a reflection wave of the ultrasonic
beam from the tissue of the biological body.

[0025] The AD converter 102 converts the received
ultrasonic reflection wave to a digital signal. The beam
former 103 performs delayed combination on the AD-
converted ultrasonic reflection wave. The wave detection
section 104 performs envelope detection on an ultrasonic
echo signal obtained by the delayed combination.
[0026] The image construction section 105 performs
a signal process on a detected ultrasonic echo signal to
construct a tomographic image frame of the tissue.
[0027] The userinterface 106 is an entry device, such
as a keyboard, which is utilized by an operator for enter-
ing diagnostic data (e.g., data about a subject) or data
other than the diagnostic data (non-diagnostic data).
Note that the user interface 106 may be utilized when
instructing whether or not data is displayed on the monitor
107 or when instructing a change of the display position
of displayed data. For example, when the operator in-
structs a change of the display position of a diagnostic
data image which will be described later, the user inter-
face 106 may be utilized.

[0028] The monitor 107 may be a display device in
which, for example, a liquid crystal or a cathode ray tube
is used, and which is configured to display an ultrasonic
image and an image of the diagnostic data.

[0029] Note that a touchscreen into which the user in-
terface 106 and the monitor 107 are integrated may be
provided.

[0030] The processor 150 is a so-called central
processing unit (CPU) and is configured to analyze an
image frame of a tomographic image (ultrasonic image)
and determine the display position of the diagnostic data
and/or non-diagnostic data.

[0031] The processor 150 includes an image analysis
section 151 for analyzing an ultrasonic image, a diagnos-
tic data image generation section 152 for generating an
image of the diagnostic data, and an image synthesis
section 153 for synthesizing the ultrasonic image and the
diagnostic data. Each of these components may be con-
figured by hardware or may be configured by software
running on the processor 150 to carry out the function of
the component.

[0032] When the processor 150 is, for example, a spe-
cial-purpose integrated circuit chip which is designed and
manufactured exclusively for the ultrasonic diagnostic
apparatus 100, the image analysis section 151, the di-
agnostic data image generation section 152 and the im-
age synthesis section 153 are configured as independent
integrated circuits in the processor 150.

[0033] When the processor 150 is a general-purpose
integrated circuit chip, the image analysis section 151,
the diagnostic data image generation section 152 and
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the image synthesis section 153 are realized by the proc-
essor 150 and computer programs executed by the proc-
essor 150. Specifically, suppose that there are library
programs A, B and C provided for implementing the re-
spective functions of the image analysis section 151, the
diagnostic data image generation section 152 and the
image synthesis section 153. During the execution of the
library program A, the processor 150 functions as the
image analysis section 151. During the execution of the
library program B, the processor 150 functions as the
diagnostic data image generation suction 152. The same
applies to the other program. Note that the processor 150
may execute the plurality of programs in parallel, so that
the processor 150 seemingly concurrently operates as
the image analysis section 151, the diagnostic data im-
age generation section 152 and the image synthesis sec-
tion 153.

[0034] Next, an operation of the ultrasonic diagnostic
apparatus 100 is described.

[0035] FIG. 3 is a flowchart which illustrates the pro-
cedure in the ultrasonic diagnostic apparatus 100.
[0036] In step S1, the ultrasonic diagnostic apparatus
100 constructs an image frame of a tomographic image
of an internal tissue with the use of an ultrasonic beam
of the probe 101. Specifically, the probe 101 transmits
an ultrasonic beam into a biological body and receives a
reflection wave of the ultrasonic beam from a tissue inside
the biological body, for example. The AD converter 102
converts the received reflection wave of the ultrasonic
beam to a digital signal. The beam former 103 performs
a delayed combination process on the digital signal. The
wave detection section 104 performs envelope detection
to remove a transmitted wave (carrier) component from
the received signal. The resultant signal is input to the
image construction section 105. The image construction
section 105 performs a filtering process, a luminance
conversion process, a scan line conversion (scan con-
vert) process, etc., on the input ultrasonic echo signal to
construct an ultrasonic tomographic image frame. The
ultrasonic tomographicimage frame is output to the proc-
essor 150. The image frame is first input to the image
analysis section 151 in the processor 150.

[0037] In step S2, the image analysis section 151 an-
alyzes the tomographic image to distinguish a noise re-
gion in the image frame. The "noise region" means a
region of the image frame which is exclusive of the region
that includes the image of the internal tissue. In the spec-
ification of the present application, the noise region is
referred to as "region of no interest". Part of the image
of the internal tissue which is utilized by an operator for
diagnosis, or which is adopted as the basis for diagnosis,
is referred to as "region of interest" or "non-noise region".
The process of distinguishing the noise region will be
described later in detail with reference to FIG. 8.
[0038] Then, in step S3, the diagnostic data image
generation section 152 generates image data based on
the diagnostic data entered via the user interface.
[0039] First, the operator uses the user interface 106
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to perform measurements of the image, etc., and enter
the diagnostic data. The diagnostic data image genera-
tion section 152 converts the entered diagnostic data to
image data. This process is, for example, conversion of
the diagnostic data entered in the form of text data to an
image object. The diagnostic data converted to an image
object is hereinafter referred to as "diagnostic data im-
age".

[0040] In step S4, the image synthesis section 153
generates a synthesized image by superimposing the
diagnostic data image on the image frame (or synthesiz-
ing the diagnostic data image with the image frame) such
that the diagnostic data image is displayed on the noise
region (region of no interest) in the image frame. Deter-
mination as to whether or not the diagnostic data image
is on the noise region in the image frame may be made
based on whether or not, supposing that the diagnostic
data image is rectangular, the entire area of the rectan-
gular image is within the noise region 501.

[0041] In step S5, the monitor 107 displays the syn-
thesizedimage. FIG. 4 shows the synthesized image 400
displayed on the monitor 107. The synthesized image
400 includes a noise region 401 and a non-noise region
402. A diagnostic data image 403 is displayed in the non-
noise region 402.

[0042] When the diagnostic data image 403 is dis-
played on a region of no interest, the display position of
the diagnostic data image 403 is preferably as close to
a region of interest as possible. This is for the purpose
of minimizing the movement of the sight line of the oper-
ator. For example, in the case where the blood vessel
wall of the common carotid artery is observed and the
intima-media thickness measured, the measured values
are preferably displayed in part of the region of no interest
which is close to the blood vessel wall.

[0043] Thus, the image synthesis section 153 may
generate a synthesized image such that the diagnostic
data image is placed at such a position that the distance
between the diagnostic data image and the region of in-
terest is smaller than a predetermined threshold value.
The operator can preset the threshold value in the image
synthesis section 153 via the user interface 106. The
image synthesis section 153 holds the threshold value
in, for example, an internal memory, and refers to the
threshold value in determination of where on the region
of no interest the diagnostic data image 403 is to be dis-
played.

[0044] In the present embodiment, even after the
above process is completed, the image analysis section
151 continues the process of distinguishing the noise
region as described above as long as generation of ul-
trasonic images is continued. This is because the posi-
tions of the region of interest and the region of no interest
may vary depending on, for example, the position of the
probe 101. The process performed in this phase will be
described later with reference to FIG. 6.

[0045] Hereinafter, a specific example is described.
[0046] FIG. 5(a) shows an image 500a where the ar-
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rangement of a diagnostic dataimage 503a is not adjust-
ed. In the image 500a, the diagnostic data image 503a
is displayed in a predetermined size at a predetermined
position. As shown, part of the diagnostic data image
503a lies over the noise region 501 while the other part
lies over a region of interest 502. In this example, the
diagnostic data region is unduly large so that it cannot
be displayed without overlapping the region of interest.
[0047] In that case, the image synthesis section 153
displays a diagnostic data image 503b, which is a down-
sized version of the diagnostic data image 503a, as
shown in FIG. 5(b). The image synthesis section 153
downsizes the diagnostic data image stepwise and de-
termines, at every step of downsizing, whether or not the
downsized diagnostic dataimage can be displayed within
the noise region 501. This determination is similar to the
previously-described determination as to whether or not
the diagnostic data image is present on the noise region
in the image frame. If the diagnostic data image is rec-
tangular, the determination may be made based on
whether or not all the vertexes at the four corners of the
rectangular image are in the noise region 501. In this
way, a synthesized image 500b, in which the diagnostic
data image 503b is placed on the noise region 501 that
is different from the region of interest 502, can be dis-
played.

[0048] FIG. 6(a) shows an example where the position
of the region of interest moves from the initial position
604 to a position 602 in an image frame 600a so that the
region of interest overlaps a diagnostic data image 603a.
Such a move of the region of interest may occur due to,
for example, a variation of the angle of the probe 101 or
the posture of the body.

[0049] In this situation, the image synthesis section
153 can automatically move the diagnostic data image
603b to a position shown in FIG. 6(b). The image syn-
thesis section 153 analyzes the image 600a after the
move of the region of interest to distinguish a noise region
601 again. Then, the diagnostic data image may be su-
perimposed on the image frame such that the diagnostic
data image is displayed on the distinguished noise re-
gion. In this way, a synthesized image 600b shown in
FIG. FIG. 6(b) can be obtained.

[0050] Also,the operator can move the display position
of the diagnostic data using the user interface 106. FIG.
7(a) shows an example where the operator attempts to
move the diagnostic data image from the initial position
704 in a noise region 701 to a position on the region of
interest 702 via a user interface 106. In such a situation,
the image synthesis section 153 of the processor 501
can automatically (or "forcedly") move the diagnostic da-
ta image to a position on the noise region 702 as shown
in FIG. 7(b).

[0051] Next, a method of detecting a noise region,
which isimplemented by the image analysis section 151,
isdescribed. FIG. 8is aflowchartillustrating the operation
procedure of detecting a noise region. First, in step S11,
the image analysis section 151 divides the image frame
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into small regions. In the subsequent step S12, theimage
analysis section 151 calculates the mean value and the
variance value of the luminance of each of the small re-
gions. In the specification of the present application,
these physical quantities are also referred to as "image
feature quantities".

[0052] Inthe subsequentstep S13, theimage analysis
section 151 determines whether or not the mean value
and the variance value of each of the small regions are
smaller than threshold values THm and THv, respective-
ly. The mean value and the variance value of the lumi-
nance of the noise component have a tendency to be
smaller than those of the luminance of the biological body
tissue component. Therefore, if the mean value and the
variance value of each of the small regions are smaller
than the predetermined threshold values THm and THy,
respectively, the small region is estimated to be a noise
region. On the other hand, if that condition is not met, the
small region is estimated to be a non-noise region (region
of interest). Therefore, by determination which is made
based on the above criteria, it can be distinguished
whether the small region is a noise region or a region of
interest. Note that the size of the small region can be
arbitrarily determined, although it is desirably equal to
the size of the diagnostic data image generated by the
diagnostic data image generation section 152. Note that
the threshold values THm and THv can be determined
as a function of the mean luminance and the variance of
the entire image. Note that the threshold values may vary
depending on the noise level of the ultrasonic diagnostic
apparatus 100, the site which is to undergo diagnosis,
and the parameters set by a user (such as dynamic
range, transmission power, etc.) Therefore, appropriate
values may be determined through adjustments on the
ultrasonic diagnostic apparatus 100.

[0053] According to the above process, whether or not
each of the small regions is a noise region can be deter-
mined based on the image feature quantities. By making
the determination on every one of the small regions, the
region of interest that includes an image corresponding
to the internal tissue and the noise region can be distin-
guished with the accuracy which depends on the size of
the small region.

[0054] In this example, a noise region is detected as
a region of no interest, although there is a region of no
interest other than the noise region. Even in such a case,
the region of no interest can be detected using a variety
of methods other than the method illustrated in FIG. 8.
For example, it is highly probable that part of the image
which frequently moves is a region of interest, and there-
fore, a method of distinguishing a region of no interest
from a region of interest by means of motion detection
which is based on the frame correlation may be applica-
ble.

[0055] When the shape and the luminance pattern of
the region of interest are specified beforehand, such as
in the case of measurement of the intima-media thick-
ness of the blood vessel wall of the common carotid ar-
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tery, the image analysis section 151 may detect the re-
gion of interest by means of pattern matching, thereby
distinguishing the region of interest and the region of no
interest from each other.

[0056] In this example, the tomographic image (B
mode) is described, although the extent of the present
invention is not limited to the B mode. As a matter of
course, the present invention is applicable to typical ul-
trasonic images of other types, such as M mode, Doppler
mode, etc.

[0057] In the above-described embodiment, the user
himself enters the diagnostic data using the user inter-
face 106. However, the "diagnostic data" is merely an
example. For example, non-diagnostic data which is ir-
relevant to diagnosis (e.g., the name of the subject, the
date of production of the tomographic image, etc.) may
be entered. Further, the user interface 106 may not be
used in entering the diagnostic data or non-diagnostic
data. The diagnostic data or non-diagnostic data may be
produced by the processor 150. For example, the proc-
essor 150 may measure and display the thickness of the
tissue in a tomographic image.

[0058] The procedure which has been previously de-
scribed using the flowchart shown in FIG. 3 may be im-
plemented in the form of a computer program which is
executed by the image construction section 105 and the
processor 150. Such a computer program may be re-
corded in a storage medium, such as CD-ROM, which is
to be circulated as a commercial product in the market,
or may be distributed via electric communication lines,
such as the Internet. Note that, the functions of the image
construction section 105 may be realized by the proces-
sor 150 which executes computer programs, instead of
providing the image construction section 105 as hard-
ware.

INDUSTRIAL APPLICABILITY

[0059] An ultrasonic diagnostic device of the present
invention can display various diagnostic data concerning
a body so as not to overlap a region of interest of an
ultrasonic image and is therefore useful to, for example,
medical applications.

PREFERENCE SIGNS LIST

[0060]

101  probe

102  AD converter

103  beam former

104 wave detection section
105 image construction section
106 user interface

107  monitor

150 processor

151 image analysis section
152  diagnostic data image generation section
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image synthesis section

Claims

1.

An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe configured to transmit an ul-
trasonic beam to a tissue of a biological body
and receiving a reflection wave of the ultrasonic
beam reflected from the tissue;

an image construction section configured to
construct an image frame of a firstimage repre-
senting a tomographicimage of the tissue based
on the reflection wave;

an image analysis section configured to distin-
guish a region of no interest based on an image
feature quantity of the image frame, the region
of nointerest constituting part of the image frame
which is exclusive of a region of interest that
includes the tomographic image of the tissue;
a data generation section configured to gener-
ate a second image that is for display of diag-
nostic data;

an image synthesis section configured to gen-
erate a synthesized image by determining a dis-
play position of the second image based on a
result of the distinguishment by the image anal-
ysis section and superimposing the second im-
age on the image frame of the first image; and
a display section configured to display the syn-
thesized image.

The ultrasonic diagnostic apparatus of claim 1, whe-
rein the image analysis section divides the image
frame into a plurality of small regions and calculates
animage feature quantity of each of the small regions
based on a luminance of the small region.

The ultrasonic diagnostic apparatus of claim 2, whe-
rein

the image analysis section calculates a mean value
and a variance value of the luminance of each of the
small regions and, and

if both the mean value and the variance value are
smallerthan predetermined threshold values, the im-
age analysis section recognizes the small region as
being the region of no interest.

The ultrasonic diagnostic apparatus of claim 1, whe-
rein the image synthesis section assigns, as the dis-
play position of the second image, a region in the
image frame which is recognized by the image anal-
ysis section as being the region of no interest, and
generates the synthesized image.

The ultrasonic diagnostic apparatus of claim 1, fur-
ther comprising a user interface for an operator to
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instructa change of the display position of the second
image in the displayed synthesized image,

wherein if the second region overlaps the region of
interest as a result of the change of the display po-
sition of the second image which is instructed by the
operator via the user interface, the image synthesis
section forcedly changes the display position of the
second image to a position in the region of no inter-
est.

The ultrasonic diagnostic apparatus of claim 1, whe-
rein

the image analysis section continuously performs
distinguishment of the region of no interest, and

if the second region overlaps the region of interest
as a result of movement of the region of interest with-
in the image frame, the image synthesis section
changes the display position of the second image to
a position in a region which is presently recognized
as the region of no interest.

The ultrasonic diagnostic apparatus of claim 1, whe-
rein

the image synthesis section holds a threshold value
as to a distance between the second image and the
region of interest across a display screen, and

the image synthesis section assigns, as the display
position of the second image, such a position that
the distance between the second image and the re-
gion of interest which are displayed in the display
section is smaller than the threshold value.
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FIG.3
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FIG.8
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