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ULTRASONIC DIAGNOSTIC EQUIPMENT
AND METHOD FOR PROCESSING SIGNAL
OF ULTRASONIC DIAGNOSTIC EQUIPMENT

[0001] This application claims benefit of Japanese Appli-
cations No. 2007-000778 filed in Japan on Jan. 5, 2007 and
Japanese Application No.2007-223257 filed in Japan on Aug.
29, 2007, the contents of which are incorporated by this
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to ultrasonic diagnos-
tic equipment and a method for processing a signal of ultra-
sonic diagnostic equipment which displays a blood flow
image in a Color Doppler mode or a Power Doppler mode by
ultrasonic waves in part of a B mode image display region.
[0004] 2. Description of the Related Art

[0005] In recent years, in ultrasonic diagnostic equipment
for medical use, ultrasonic waves are irradiated to a living
body, and two-dimensional distribution of a blood flow is
displayed in a color image by the power of a Doppler signal.
Unlike the method for displaying a blood flow by the fre-
quency of a Doppler signal, the direction and velocity of a
blood flow, or velocity dispersion or the like cannot be dis-
played with the method for displaying a blood flow by the
power of a Doppler signal. However, the method for display-
ing a blood flow by the power of a Doppler signal is one of
useful blood flow display methods in view of the unique
function of being able to display the location and intensity of
the blood flow with high sensitivity and a high S/N ratio.
[0006] In the equipment of this kind, as described in, for
example, Non-patent Document 1 “Diagnostic Imaging,
December 1993, p. 66-69”, a blood flow display region is
provided in part of a B mode image display region, so that a
blood flow image is displayed in the blood flow display
region. The blood flow display region can be freely moved in
the B mode image display region by an operating device,
whereby the blood flow image of a desired region of interest
can be displayed.

[0007] A blood flow image is displayed in a color corre-
sponding to the power of the Doppler signal, and is displayed
in, for example, violet, red, orange and yellow colors in
sequence of increase in power. The portion without a blood
flow has no color display, specifically, a B mode image is
displayed, so that the portion without a blood flow can be
clearly distinguished from the portion with a blood flow. The
blood flow image by the power of the Doppler signal has a
favorable S/N ratio, and therefore, the B mode image is dis-
played for the portion without a blood flow.

[0008] Therefore, when a tumor image is displayed in the B
mode image display region on a display surface of an image
display device and when a blood flow display region is moved
to a part where the tumor image is present to display the blood
flow of the portion, if the blood flow display region lies on the
tumor image while the blood flow display region is moving,
the tumor image is hidden and becomes invisible, and the
target cannot be confirmed.

[0009] Generally, an ultrasonic transducer, for example, an
ultrasonic probe is caused to abut on a subject by an operator,
and therefore, its orientation is easily changeable. Therefore,
the tumor image always has to be kept to be displayed on the
display surface by correcting the deviation of the orientation
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of the echo sounder transducer while watching the screen, but
if the target becomes invisible partway as described above,
the deviation cannot be corrected if the orientation of the echo
sounder transducer deviates. Accordingly, it becomes uncer-
tain whether the blood flow displayed in the blood flow dis-
play region is surely the blood flow of the desired part.
[0010] Thus, for example, Japanese Patent Laid-Open No.
8-173428 or the like proposes ultrasonic diagnostic equip-
ment which makes at least a B mode image observable even
while the flow display region is moved by displaying the B
mode image in the blood flow display region even while the
blood flow display regionis moving, and displaying the blood
flow image when the movement stops.

SUMMARY OF THE INVENTION

[0011] Ultrasonic diagnostic equipment of the present
invention is configured by including

[0012] ultrasonic pulse transmitting unit transmitting an
ultrasonic pulse to an inspection target,

[0013] wultrasonic echo signal receiving unit receiving an
ultrasonic echo signal of the ultrasonic pulse from the inspec-
tion target,

[0014] B mode image generating unit generating a B mode
image of the inspection target based on the ultrasonic echo
signal received by the ultrasonic echo signal receiving unit,
[0015] first region of interest setting unit setting a first
region of interest on the B mode image,

[0016] movement instructing unit instructing movement of
a predetermined set region on the B mode image,

[0017] second region of interest setting unit setting a sec-
ond region of interest in a movement destination of the set
region by the movement instructing unit,

[0018] Dopplerimage generating unit generating a Doppler
image by blood flow state information of the first and/or the
second region of interest based on the ultrasonic echo signal
received by the ultrasonic echo signal receiving unit,

[0019] moving state image generating unit generating a set
region image showing a moving state of the set region based
on the movement instructing unit,

[0020] set region image generation control unit controlling
generation of the set region image by the moving state image
generating unit, and

[0021] image synthesizing unit generating a synthesized
image in which the B mode image, the Doppler image and the
set region image are synthesized.

[0022] Other features and advantages of the present inven-
tion will become sufficiently apparent upon reading the fol-
lowing description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIGS.1to 7 relate to anembodiment 1 ofthe present
invention;
[0024] FIG. 1is ablockdiagram showing a configuration of

ultrasonic diagnostic equipment;
[0025] FIG.2isaflowchart showinga flow of processing of
the ultrasonic diagnostic equipment in FIG. 1;

[0026] FIG. 3isa first diagram explaining the processing in
FIG. 2;

[0027] FIG. 4 is a second diagram explaining the process-
ing in FIG. 2;

[0028] FIG. 5 is a third diagram explaining the processing
in FIG. 2;
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[0029] FIG. 6is a fourth diagram explaining the processing
in FIG. 2;

[0030] FIG.7isafifth diagram explaining the processing in
FIG. 2;

[0031] FIGS. 8 to 34 relate to an embodiment 2 of the

present invention;
[0032] FIG. 8 is a flowchart showing a flow of the process-
ing of ultrasonic diagnostic equipment;

[0033] FIG.9is afirst diagram explaining the processing of
FIG. 8;

[0034] FIG.10 s a second diagram explaining the process-
ing of FIG. §;

[0035] FIG. 11 is a third diagram explaining the processing
of FIG. 8;

[0036] FIG. 12 is a fourth diagram explaining the process-
ing of FIG. 8;

[0037] FIG. 13 is a fifth diagram explaining the processing
of FIG. 8;

[0038] FIG. 14 is a sixth diagram explaining the processing
of F1G. 8;

[0039] FIG.15is aseventhdiagram explaining the process-
ing of FIG. 8;

[0040] FIG.16is aneighth diagram explaining the process-
ing of FIG. 8;

[0041] FIG.17is a flowchart showing a flow of erasure and

display processing of a Doppler scan region image of a des-
ignated region of FIG. 8;

[0042] FIG. 18 is a first diagram explaining the processing
of FIG. 17,

[0043] FIG.19 is a second diagram explaining the process-
ing of FIG. 17,

[0044] FIG.201is a third diagram explaining the processing
of FIG. 17,

[0045] FIG. 21 is a fourth diagram explaining the process-
ing of FIG. 17,

[0046] FIG. 22 is a fifth diagram explaining the processing
of F1G. 17,

[0047] FIG. 23 is a sixth diagram explaining the processing
of FIG. 17,

[0048] FIG.24 is aseventh diagram explaining the process-
ing of FIG. 17,

[0049] FIG.25is an eighth diagram explaining the process-
ing of FIG. 17,

[0050] FIG. 26 is a flowchart showing a flow of a modified
example of the processing of FIG. 8;

[0051] FIG. 27 is a first diagram explaining the processing
of FIG. 26;

[0052] FIG. 28 is a second diagram explaining the process-
ing of FIG. 26;

[0053] FIG.29is a third diagram explaining the processing
of FIG. 26,

[0054] FIG. 30 is a fourth diagram explaining the process-
ing of FIG. 26;

[0055] FIG. 31 is a fifth diagram explaining the processing
of FIG. 26;

[0056] FIG. 32 is a sixth diagram explaining the processing
of FIG. 26;

[0057] FIG.33 is aseventh diagram explaining the process-
ing of FIG. 26;

[0058] FIG. 34 is aneighth diagram explaining the process-
ing of FIG. 26;

[0059] FIG. 35 is a diagram explaining a monitor screen of
ultrasonic diagnostic equipment of an embodiment 3;
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[0060] FIG. 36 is a diagram explaining the monitor screen
of the ultrasonic diagnostic equipment of the embodiment 3;
[0061] FIG. 37 is a diagram explaining the monitor screen
of the ultrasonic diagnostic equipment of the embodiment 3;
[0062] FIG. 38 is a diagram explaining the monitor screen
of the ultrasonic diagnostic equipment of the embodiment 3;
[0063] FIG. 39 is a block diagram showing a configuration
of the ultrasonic diagnostic equipment of the embodiment 3;
[0064] FIG. 40 is a diagram explaining a monitor screen in
conventional ultrasonic diagnostic equipment; and

[0065] FIG. 41 is a diagram explaining the monitor screen
in the conventional ultrasonic diagnostic equipment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

[0066] As shown in FIG. 1, ultrasonic diagnostic equip-
ment 1 of the present embodiment is configured by including
an ultrasonic probe 2 which is inserted into a luminal organ in
a body cavity, and has, at a distal end portion, an ultrasonic
transducer unit 3 transmitting and receiving ultrasonic waves
to and from a part of interest such as an affected part in the
luminal organ, and an image processing device 5 which ultra-
sonically drives the ultrasonic transducer unit 3 and displays
an ultrasonic image on a monitor 4 by an ultrasonic echo
signal.

[0067] The image processing device 5 is configured by
including an ultrasonic wave transmitting section 11, an ultra-
sonic wave receiving section 12, a transmission and reception
control section 13, a B mode signal processing section 14, a B
mode image generating and storing section 15, an image
synthesizing section 16, a Doppler signal processing section
18, a Doppler image generating and storing section 19, a
Doppler scan region setting section 17, a Doppler scan region
storing section 20, a Doppler scan control section 22, a region
marker movement control section 23 and a region marker
image generating section 24.

[0068] An input device 21 configured by a keyboard or, for
example, a mouse or a trackball that is a pointing device is
connected to the Doppler scan control section 22. The input
device 21 configures movement instructing unit in the present
embodiment.

[0069] The ultrasonic wave transmitting section 11 is a
drive section which ultrasonically drives the ultrasonic trans-
ducer unit 3, and configures ultrasonic pulse transmitting unit
in the present embodiment.

[0070] Further, the ultrasonic wave receiving section 12is a
receiving section which receives an ultrasonic echo signal
from the ultrasonic transducer unit 3, and configures ultra-
sonic echo signal receiving unit in the present embodiment.

[0071] The transmission and reception control section 13 is
a control section which controls the timing of transmission
and reception of the ultrasonic wave transmitting section 11
and the ultrasonic wave receiving section 12.

[0072] The B mode signal processing section 14 performs
signal processing on an ultrasonic echo signal received by the
ultrasonic wave receiving section 12 to generate a B mode
image, creates the generated B mode image, and stores the
generated B mode image in the B mode image generating and
storing section 15, and configures B mode image creating unit
in the present embodiment.

[0073] The Doppler signal processing section 18 processes
the ultrasonic echo signal received by the ultrasonic wave
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receiving section 12 by a Pulse Doppler method, generates a
Doppler image expressing image data for displaying a CFM
(Color Flow Mapping) image regarding blood flow dynam-
ics, namely, a blood flow velocity, power of a Doppler signal,
distribution of the blood flow velocity and the like, and stores
the Doppler image in the Doppler image generating and stor-
ing section 19, and configures Doppler image generating unit
in the present embodiment.

[0074] The Doppler scan region setting section 17 sets a
processing region of the Doppler image, which is generated
by the Doppler signal processing section 18, on the B mode
image generated by the B mode signal processing section 14,
and configures first region of interest setting unit and second
region of interest setting unit in the present embodiment.
[0075] The Doppler scan region storing section 20 stores
region information of the processing region of the Doppler
image set by the Doppler scan region setting section 17.
[0076] The Doppler scan control section 22 controls setting
of the processing region of the Doppler image in the Doppler
scan region setting section 17, and configures Doppler image
region of interest designating unit in the present embodiment.
[0077] Theregion marker image generating section 24 gen-
erates a Doppler scan region image on the B mode image of
the processing region of the Doppler image set by the Doppler
scan region setting section 17, and configures moving state
image generating unit in the present embodiment.

[0078] The region marker movement control section 23
controls movement of the Doppler scan region image genet-
ated by the region marker image generating section 24 on the
B mode image, and configures set region image generation
control unit in the present embodiment.

[0079] Theimagesynthesizing section 16 synthesizes the B
mode image, the Doppler image and the Doppler scan region
image and displays the same on the monitor 4, and configures
image synthesizing unit in the present embodiment.

[0080] An operation of the present embodiment thus con-
figured will be described by using a flowchart in FIG. 2 and
explanatory diagrams in FIGS. 3 to 7.

[0081] When an operator inserts the ultrasonic probe 2 into
a luminal organ inside a body cavity and starts diagnosis, the
ultrasonic diagnostic equipment 1 of the present embodiment
scans an observation region of the luminal organ in a B mode
as shown in FIG. 2, and displays a B mode ultrasonic image
31 as shown in FIG. 3 on the monitor 4 via the image synthe-
sizing section 16 in step S101. The monitor 4 on which the B
mode ultrasonic image 31 is displayed displays an inspection
information area 30 displaying inspection information (pa-
tient information, inspection date and time and the like).
Further, in the B mode ultrasonic image 31, for example, parts
of interest 32a and 32b which are a plurality of regions of
interest in which the operator who conducts diagnosis is
interested are displayed.

[0082] Next, in step S102, the Doppler scan region setting
section 17 sets a Doppler scan region 51 of default of a
predetermined size stored in the Doppler scan region storing
section 20 as shown in FIG. 4. At this time, scan of the
ultrasonic image displayed on the monitor 4 is formed by only
B mode scan.

[0083] Next, the Doppler signal processing section 18 pro-
cesses the Doppler scan region 51 by a Pulse Doppler method
based on the ultrasonic echo signal received by the ultrasonic
wave receiving section 12 in step S103, and generates a Dop-
pler scan region image expressing image data for displaying
a CFM (Color Flow Mapping) image regarding blood flow
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dynamics, namely, the blood flow velocity, power of the Dop-
pler signal, distribution of the blood flow velocity and the like,
and stores the Doppler scan region image in the Doppler
image generating and storing section 19.

[0084] Subsequently. in step S104, the image synthesizing
section 16 generates a synthesized image in which a Doppler
scan region image 55 of a region of interest 51a as a first
region of interest that is the Doppler scan region 51 is super-
imposed on the B mode ultrasonic image 31, and displays the
synthesized image on the monitor 4 as shown in FIG. 5.

[0085] Next, in step S105, it is determined whether ornot a
movement instruction of the Doppler scan region 51 is given
by the input device 21 configured by, for example, a track ball
by the operation of the operator, and when the movement
instruction of the Doppler scanregion 51 is not given, the flow
returns to step S104. When the movement instruction of the
Doppler scan region 51 is given, the flow goes to step S106.

[0086] Then, in step S106, as shown in FIG. 6, the region
marker movement control section 23 controls the region
marker image generating section 24, and moves a moving
region frame image 510 based on an input signal of the input
device 21 configured by, for example, a track ball, while
displaying the synthesized image in which the Doppler scan
region image 55 of the region of interest 51a is superimposed,
and displaying the moving region frame image 510 showing
the Doppler scan region 51 on the B mode ultrasonic image
31. Atthis time, Doppler scan is performed for displaying the
Doppler scan region image 55 in real time.

[0087] In the conventional ultrasonic diagnostic equip-
ment, only the moving region frame image 510 showing the
Doppler scan region 51 is moved while the moving region
frame image 510 is displayed on the B mode ultrasonic image
31, and the Doppler scan region image 55 of the region of
interest 51a (of the part of interest 32a) cannot be observed
(see FIG. 12).

[0088] Next, in step S107, the region marker movement
control section 23 determines whether the operation of, for
example, the track ball is stopped for a specified time, and
when it determines that the operation of the track ball stops
for a specified time, it judges that the moved Doppler scan
region 51 is set as a designated region, and the flow goes to
step S108. When the region marker movement control section
23 determines that the operation of the track ball does not stop
for a specified time, the region marker movement control
section 23 judges that the moved Doppler scan region 51 is
not set as a designated region, and the flow returns to step
S106.

[0089] When the operation of the track ball stops, for
example, for a certain time (for example, one second) or
more, in step S108, the Doppler signal processing section 18
performs Doppler-scan at the position of the Doppler scan
region 51 that is a region of interest (ROI) after movement,
and generates a Doppler scan region image expressing image
data for displaying the CFM (Color Flow Mapping) image
regarding blood flow dynamics, namely, the blood flow veloc-
ity, power of the Doppler signal, distribution of the blood flow
velocity and the like, and stores the Doppler scan region
image in the Doppler image generating and storing section
19.

[0090] Then, in step S109, the image synthesizing section
16 generates a synthesized image in which the Doppler scan
region image 55 of the region of interest 515 as the second
region of interest that is the Doppler scan region 51 is super-
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imposed on the B mode ultrasonic image 31, and displays the
synthesized image on the monitor 4, and the flow goes to step
S110.

[0091] Instep S110, judgment is made in accordance with
the input of the operator using the input device 21 configured
by akeyboard, and when termination of the inspection (diag-
nosis) cannot be confirmed, the flow returns to step S103 and
when the termination of the inspection (diagnosis) is con-
firmed, the processing is finished.

[0092] By returning to step S103, and repeating the above
described processing S103 to S108, as shown in FIG. 7, the
Doppler scan region image 55 of the initial Doppler scan
region 51 of the movement destination is displayed, and at the
same time, the synthesized image in which the Doppler scan
region image 55 of the previous Doppler scan region 51 is
erased is displayed on the monitor 4.

[0093] As above, according to the present embodiment,
when the Doppler scan region image of the first region of
interest 51a is displayed when the B mode image is displayed,
even if the display region of the Doppler scan region image is
moved by the moving region frame image 510, the display of
the Doppler scan region image of the first region of interest
51a is kept, and therefore, B mode observation and Doppler
observation can be continued. When the Doppler scan region
51 in the movement destination is fixed by the moving region
frame image 510, the Doppler scan region image of a second
region of interest 515 is displayed by being switched from the
Doppler scan region image of the first region of interest 51a,
and therefore, Doppler observation of the region of interest
can be continuously performed.

[0094] Accordingly, in the present embodiment, the obser-
vation target of which blood flow state needs to be grasped
canbe always optimally observed in real time in a color image
by the Power Doppler mode.

[0095] Conventionally, the software detects the position of
the blood flow display region with a constant timing even
while the blood flow display region is moving, and Doppler
scan is performed at the location of the detected blood flow
display region. Thus, a load is exerted on the software. There-
fore, a CPU with a high performance is required, which
results in increase in the cost of the equipment.

[0096] However, in the present embodiment, while the
blood flow display region is moving, Doppler scan is always
performed in the blood flow display region at the time of start
of moving, and therefore, a load is not exerted on the software
as compared with the conventional equipment, and less
expensive CPU can be used by simple processing.

Embodiment 2

[0097] Embodiment 2 is substantially the same as the
embodiment 1. Therefore, only the point differing from the
embodiment 1 will be described, and the explanation of the
same components will be omitted by assigning the same
reference numerals and characters to them.

[0098] An operation of the present embodiment will be
described by using flowcharts in FIGS. 8 and 17, and explana-
tory diagrams in FIGS. 3 and 9 to 16.

[0099] When an operator inserts the ultrasonic probe 2 into
a luminal organ in a body cavity and starts diagnosis, the
ultrasonic diagnostic equipment 1 of the present embodiment
performs B mode scan for an observation region of the lumi-
nal organ, and displays the B mode ultrasonic image 31 onthe
monitor 4 as in the embodiment 1 in step S1 as shown in FIG.
8 (see FIG. 3). The monitor 4 on which the B mode ultrasonic
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image 31 is displayed displays the inspection information
area 30 for displaying inspection information (patient infor-
mation, inspection date and time and the like). Further, in the
B mode ultrasonic image 31, for example, parts of interest
32a and 325, which are a plurality of regions of interest in
which the operator performing diagnosis is interested, are
displayed.

[0100] When, for example, the operator designates, for
example, the part of interest 32a to a Doppler region as a
designated region by using the input device 21 in step S2, the
Doppler scan control section 22 sets a parameter i to one.
Then, the flow goes to step S3.

[0101] In step S3, the Doppler scan region setting section
17 sets the Doppler scan region 51 of a predetermined size
including the part of interest 32a by a pointer 50 using the
input device 21 by the operation of the operator as shown in
FIG. 9. At this time, scan of the ultrasonic image displayed on
the monitor 4 is formed by only the B mode scan.

[0102] Next, in step S4, the Doppler scan region setting
section 17 stores the region information on the B mode image
in the Doppler scan region 51 in the Doppler scan region
storing section 20 as region information of the i” region of
interest, for example.

[0103] Subsequently. in step S5, the Doppler signal pro-
cessing section 18 processes the i region of interest by a
Pulse Doppler method based on the ultrasonic echo signal
received by the ultrasonic wave receiving section 12, gener-
ates the i” Doppler scan region image 55 expressing image
data for displaying a CFM (Color Flow Mapping) image
regarding the blood flow dynamics, namely, the blood flow
velocity, power of the Doppler signal, distribution of the
blood flow velocity and the like, and stores the i Doppler
scan region image 55 in the Doppler image generating and
storing section 19.

[0104] Subsequently. in step S6, the image synthesizing
section 16 generates a synthesized image in which the i*
Doppler scan region image 55 of the i” region of interest 51a
is superimposed on the B mode ultrasonic image 31, and
displays the synthesized image on the monitor 4 as shown in
FIG. 10.

[0105] Next, in step S7, it is determined whether or not an
instruction to move the Doppler scan region 51 is given by the
pointer 50 using the input device 21 by the operation of the
operator. When the instruction to move the Doppler scan
region 51 is not given, the flow returns to step S5. When the
instruction to move the Doppler scan region 51 is given, the
flow goes to step S8.

[0106] Instep S8, as shown in FIG. 11, the region marker
movement control section 23 controls the region marker
image generating section 24 to move the Doppler scan region
51 based on the pointer 50 using the input device 21 while
displaying the synthesized image in which the i Doppler
scan region image 55 of the i” region of interest 51a is
superimposed, and also displaying the Doppler scan region
51 on the B mode ultrasonic image 31.

[0107] In the conventional ultrasonic diagnostic equip-
ment, the Doppler scan region 51 is moved while only the
Doppler scan region 51 is displayed on the B mode ultrasonic
image 31 as shown in FIG. 12, and observation of the i”
Doppler scan region image 55 in the i* region of interest 51a
(of the part of interest 32a) cannot be performed.

[0108] Next, in step S9, as shown in FIG. 13, it is deter-
mined whether or not the moved Doppler scan region 51 is
added as a designated region by the instruction using the input
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device 21 by the operation of the operator. When the moved
Doppler scan region 51 is not added as the designated region,
the flow returns to step S8, and when the moved Doppler scan
region 51 is added as the designated region, the flow goes to
step S10.

[0109] Subsequently, in step S10, the image processing
device 5 displays an image as shown in FIG. 14, 15 or 16 on
the monitor 4 in accordance with the instruction using the
input device 21 by the operation of the operator to execute
“ERASURE AND DISPLAY PROCESSING OF DOPPLER
SCAN REGION IMAGE OF DESIGNATED REGION”
which will be described later, and the flow goes to step S11.
[0110] In step S11, termination of the inspection (diagno-
sis) is determined by the input by the operator using the input
device 21. When the termination of the inspection (diagnosis)
cannot be confirmed, i 1s incremented in step S12 to return to
step S4, and the processing is finished when the termination
of the inspection (diagnosis) is confirmed.

[0111] Next, “ERASURE AND DISPLAY PROCESSING
OF DOPPLER SCAN REGION IMAGE OF DESIGNATED
REGION” of the above described step S10 will be described
by using a flowchart in F1G. 17.

[0112] Inthe erasure and display processing of the Doppler
scan region image of the designated region, the Doppler scan
control section 22 of the image processing device 5 displays
only the i” Doppler scan region image 55 of the i” region of
interest 51b, and erases a k™ Doppler scan region image 55
with k<i in step S21 as shown in FIG. 17.

[0113] Subsequently, the Doppler scan control section 22
determines whether or not an instruction to display the Dop-
pler scan region image 55 other than the i Doppler scan
region image 55 is given by the instruction using the input
device 21 by the operation of the operator. When the instruc-
tion is not given, the Doppler scan control section 22 finishes
the processing, and when the instruction is given, the flow
goes to step S23.

[0114] In step S23, the Doppler scan control section 22
displays a Doppler image selection window 200 as shown in
FIG. 18 on the monitor 4, waits for selection of number k (k
is an integer which is one or more and less than or equal to
ik designated area) of the Doppler designated region which
is stored in the Doppler scan region storing section 20 by
using the input device 21 by the operation of the operator in
the Doppler image selection window 200, and detects the
number k.

[0115] When the Doppler scan control section 22 detects
the number k, the Doppler scan control section 22 displays
only the k™ Doppler scan region image of the k™ designated
area designated in step S24, and finishes the processing.
[0116] The above described FIG. 14 shows the display
example of the image when the first and second Doppler scan
region images are designated, the above described FIG. 15
shows the display example of the image when only the first
Doppler scan region image is designated, and the above
described FIG. 16 shows the display example of the image
when only the second Doppler scan region image is desig-
nated.

[0117] FIGS. 19 to 25 show the display examples of the
above described processing when more than two parts of
interest, for example, three parts of interest 32a, 326 and 32¢
are present.

[0118] Inthe present embodiment the region of the Doppler
scan region image 35 is designated by the Doppler scan
region 51, but the present invention is not limited to this.
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[0119] Specifically, as shown in steps Sda, 8a and 9a in
FIG. 26, a marker 100 may be used instead of the Doppler
scan region 51. In concrete, as shown in FIGS. 27 to 34, by
moving the marker 100 and setting the Doppler scan region
51 of'a predetermined size including the marker 100, the same
operation as in the present embodiment can be obtained.
[0120] As described above, according to the present
embodiment, as in the embodiment 1, in the case of display-
ing the Doppler scan region image when the B mode image is
displayed, display of the Doppler scan region image is kept
even if the display region of the Doppler scan region image is
moved, and therefore, B mode observation and Doppler
observation can be continued.

[0121] Inthe present embodiment, in addition to the above
described effect, a plurality of Doppler scan region images
can be displayed by being superimposed on the B mode
image, and therefore, the effect of being able to observe and
diagnose the blood flow state of a part of interest at the same
time is provided.

[0122] Accordingly, in the present embodiment, as in the
embodiment 1, the observation target of which blood flow
state needs to be grasped can be always optimally observed in
real time in a color image by the Power Doppler mode.

Embodiment 3

[0123] Hereinafter, ultrasonic diagnostic equipment 100
according to a third embodiment of the present invention will
be described with inclusion of comparison with the conven-
tional ultrasonic diagnostic equipment. FIGS. 40 and 41 are
both diagrams explaining monitor screens in the conventional
ultrasonic diagnostic equipment. In the conventional ultra-
sonic diagnostic equipment, the number of blood flow display
regions 51a (hereinafter, called a color display region) of
which color image display (hereinafter, called color display)
of the two-dimensional distribution of the blood flow can be
made is only one in the region of the B mode image display
31. Therefore, in order to make color display of a plurality of
target parts of interest 32, 326 and 32¢ in the region of the B
mode image display 31 in real time at the same time, there is
no other method but to extend the color display region 51a
including one part of interest 32a which is displayed in colors
to be large as shown in FIG. 40, and designate the color
display region 514 including all the plurality of target parts of
interest 32a, 326 and 32¢ as shown in FIG. 41.

[0124] However, ifthe color display region 51a is extended
to be large, signal processing and the like increase, and the
frame rate is reduced, that is, the display response reduces.
Therefore, the method for extending the color display region
51a is not suitable for the case in which the region of interest
is desired to be observed at a high speed. Further, parts of no
interest existing between the plurality of target parts of inter-
est 32a and 32b or 32¢ are sometimes displayed in a color
image. Then, it becomes not easy for the operator to recognize
only the information of the necessary target part of interest.
[0125] The present embodiment is made in view of the
above described problems, and has an object to provide ultra-
sonic diagnostic equipment capable of making color display
of only a plurality of target parts of interest in the B mode
image display region in real time.

[0126] FIGS. 35 to 38 are diagrams explaining the monitor
screen of the ultrasonic diagnostic equipment according to
the embodiment 3 of the present invention. FIGS. 35 and 36
display the screen on which color display of only one part of
interest 32a in the region of the B mode image display 31 is
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made shown in FIG. 35 and the screen on which color display
of three parts of interest 324, 325 and 32¢ is made shown in
FIG. 36 in the ultrasonic diagnostic equipment of the present
embodiment by comparison. In order to designate a plurality
of parts of interest by an operator, the operator designates
them by using pointers 50a, 505 and 50¢ by an input device,
for example, a mouse or the like as shown in FIG. 37. Then, as
shown in FIG. 38, three color display regions 1a are formed
around the pointers 50a, 505 and 50c¢, and color display of a
plurality of parts of interest 324, 325 and 32¢ in them is made
in real time at the same time.

[0127] Further, in the ultrasonic diagnostic equipment of
the present embodiment, if a region of interest is the region of
interest which is designated once, thatis, if it is the designated
area, stop of color display of the designated area or restart of
the color display can be both performed instantly. Stop of
display of the designated area and the like are designated by
operating the screen similar to the display screen shown in
FIG. 18.

[0128] Inthe ultrasonic diagnostic equipment of the present
embodiment, color display of only a necessary part of interest
can be made when the operator needs it. Therefore, color
display of a plurality of target parts of interest can be simul-
taneously made while reduction in frame rate is prevented as
much as possible. In the ultrasonic diagnostic equipment of
the present embodiment, color display of the blood flow infor-
mation of the region other than the region of interest is not
made on the display screen, and therefore, the operator easily
recognizes the information of the region of interest.

[0129] Inthe ultrasonic diagnostic equipment of the present
embodiment, the concept of “movement of a region of inter-
est” does not exist. In the ultrasonic diagnostic equipment of
the present embodiment which can display a plurality of color
display regions at the same time, a region of interest is newly
added simply. Therefore, in the ultrasonic diagnostic equip-
ment of the present embodiment, motion display or the like
while the region of interest is moving is not necessary on the
B mode image display screen.

[0130] Next, FIG. 391s a block diagram showing a configu-
ration of the ultrasonic diagnostic equipment 100 of the
present embodiment. In FIG. 39, the same components as in
FIG. 1 are assigned with the same reference numerals and
characters, and the explanation of them will be omitted.
[0131] Unlike the ultrasonic diagnostic equipment 1 of the
embodiment 1 shown in FIG. 1, in the ultrasonic diagnostic
equipment 100 of the present embodiment, the region marker
movement control section 23 is not required as shown in FIG.
39.

[0132] Unlike the ultrasonic diagnostic equipment 1 of the
embodiment 1 shown in FIG. 1, the ultrasonic diagnostic
equipment 100 of the present embodiment desirably has a
plurality of Doppler scan region storing section 20A and a
plurality of Doppler image generating and storing section
19A to make color display of a plurality of regions of interest
in the B mode image display region in real time at the same
time.

[0133] Specifically, the ultrasonic diagnostic equipment
100 ofthe present embodiment is ultrasonic diagnostic equip-
ment having the region marker image generating section 24
for designating a Doppler scan region (color display region),
the Doppler scan region setting section 17 for setting a Dop-
pler scan region, a plurality of Doppler scan region storing
sections 20A storing the position or region of the Doppler
scan region, the transmission and reception control section 13
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which controls transmitting and receiving unit which trans-
mits and receives ultrasonic waves to and from a Doppler scan
region and obtains Doppler data, and transmission and recep-
tion of ultrasonic waves, the Doppler signal section 18 which
processes Doppler data obtained in each Doppler scan region,
a plurality of Doppler image generating and storing section
19A which generate and store Doppler images, and an image
synthesizing section 16 which synthesizes a Doppler image
onto a Doppler scan region on the B mode display image.
[0134] Markers are set by the region marker image gener-
ating section 24 respectively near a plurality of parts of inter-
est which are designated by the Doppler scan control section
22 via the input device 21. At the same time, a plurality of
Doppler scan regions are set by the Doppler scan region
setting section 17, and are stored in the Doppler scan region
storing section 20A. Subsequently, by the information of the
Doppler scan region storing section 20A, one Doppler scan
region is set in sequence from a plurality of Doppler scan
regions. With respect to the selected one Doppler scan region,
ultrasonic wave transmission and reception are performed via
the signal processing section 18, the Doppler signal is trans-
mitted to the Doppler signal processing section 18, and a
Doppler image is generated and stored in one Doppler image
generating and storing section 19A selected from a plurality
of them. Next, one Doppler scan region is set from the unse-
lected Doppler scan regions, and the Doppler scan is per-
formed as described above, and the Doppler image is stored in
another Doppler image generating and storing section 19A.
The processing is performed repeatedly, and the Doppler
images and the region marker images of all the designated
parts of interest are synthesized in the image synthesizing
section 16, and the synthesized image is displayed on the
monitor 4.

[0135] The ultrasonic diagnostic equipment 100 of the
present embodiment described above can always display a
plurality of parts of interest on the B mode image display
screen in a Doppler image by the Color Doppler mode or the
Power Doppler mode in real time at the same time.

[0136] In this invention, different embodiments in a wide
range can be obviously configured based on the invention
without departing from the spirit and scope of the invention.
The invention is not restricted by the specified embodiments
except that the invention is limited by the accompanying
claims.

What is claimed is:

1. Ultrasonic diagnostic equipment, comprising:

ultrasonic pulse transmitting unit transmitting an ultra-
sonic pulse to an inspection target;

ultrasonic echo signal receiving unit receiving an ultra-
sonic echo signal of the ultrasonic pulse from the inspec-
tion target;

B mode image generating unit generating a B mode image
of the inspection target based on the ultrasonic echo
signal received by the ultrasonic echo signal receiving
unit;

first region of interest setting unit setting a first region of
interest on the B mode image;

movement instructing unit instructing movement of a pre-
determined set region on the B mode image;

second region of interest sefting unit setting a second
region of interest in a movement destination of the set
region by the movement instructing unit;

Dopplerimage generating unit generating a Doppler image
by blood flow state information of the first and/or the
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second region of interest based on the ultrasonic echo
signal received by the ultrasonic echo signal receiving
unit;

moving state image generating unit generating a set region
image showing a moving state of the set region based on
the movement instructing unit;

set region image generation control unit controlling gen-
eration of the set regionimage by the moving state image
generating unit; and

image synthesizing unit generating a synthesized image in
which the B mode image, the Doppler image and the set
region image are synthesized.

2. The ultrasonic diagnostic equipment according to claim

15

wherein the Doppler image generating unit

continuously generates at least the Doppler image of the
first region of interest while the set region is moving, and
erases the Doppler image of the first region of interest
when the second region of interest of the movement
destination is set, and generates the Doppler image of the
second region of interest and

the image synthesizing unit

synthesizes the Doppler image of the second region of
interest which is continuously generated onto the B
mode image and the set region image.

3. The ultrasonic diagnostic equipment according to claim

1,

wherein the Doppler image generating unit

continuously generates at least the Doppler image while
the set region is moving, and

the image synthesizing unit

synthesizes the continuously generated Doppler image
onto the B mode image and the set region image.

4. The ultrasonic diagnostic equipment according to claim

1, further comprising:

Doppler image region of interest designating unit desig-
nating one or a plurality of regions of interest of the
Doppler image which is synthesized by the image syn-
thesizing unit.

5. The ultrasonic diagnostic equipment according to claim

2, further comprising:

Doppler image region of interest designating unit desig-
nating one or a plurality of regions of interest of the
Doppler image which is synthesized by the image syn-
thesizing unit.

6. The ultrasonic diagnostic equipment according to claim

3, further comprising:

Doppler image region of interest designating unit desig-
nating one or a plurality of regions of interest of the
Doppler image which is synthesized by the image syn-
thesizing unit.

7. A method for processing a signal of ultrasonic diagnostic

equipment, comptrising:

an ultrasonic pulse transmitting step of transmitting an
ultrasonic pulse to an inspection target;

an ultrasonic echo signal receiving step of receiving an
ultrasonic echo signal of the ultrasonic pulse from the
inspection target;

a B mode image generating step of generating a B mode
image of the inspection target based on the ultrasonic
echo signal received in the ultrasonic echo signal receiv-
ing step;
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a first region of interest setting step of setting a first region
of interest on the B mode image;

a movement instructing step of instructing movement of a
predetermined set region on the B mode image;

a second region of interest setting step of setting a second
region of interest in a movement destination of the set
region by the movement instructing step;

a Doppler image generating step of generating a Doppler
image by blood flow state information of the first and/or
the second region of interest based on the ultrasonic echo
signal received in the ultrasonic echo signal receiving
step;

a moving state image generating step of generating a set
region image showing a moving state of the set region
based on an instruction in the movement instructing
step;

a set region image generation control step of controlling
generation of the set region image by the moving state
image generating step; and

an image synthesizing step of generating a synthesized
image in which the B mode image, the Doppler image
and the set region image are synthesized.

8. The method for processing a signal of ultrasonic diag-

nostic equipment according to claim 7,

wherein in the Doppler image generating step,

at least the Doppler image of the first region of interest is
continuously generated while the set region is moving,
and when the second region of interest in the movement
destination s set, the Doppler image of the first region of
interest is erased, and the Doppler image of the second
region of interest is generated, and

in the image synthesizing step,

the Doppler image of the second region of interest which is
continuously generated is synthesized onto the B mode
image and the set region image.

9. The method for processing a signal of ultrasonic diag-

nostic equipment according to claim 7,

wherein in the Doppler image generating step,

at least the Doppler image is continuously generated while
the set region is moving, and

in the image synthesizing step,

the Doppler image continuously generated is synthesized
onto the B mode image and the set region image.

10. The method for processing a signal of ultrasonic diag-

nostic equipment according to claim 7, further comprising:

a Doppler image region of interest designating step of
designating one or a plurality of regions of interest of the
Doppler image which is synthesized in the image syn-
thesizing step.

11. The method for processing a signal of ultrasonic diag-

nostic equipment according to claim 8, further comprising:

a Doppler image region of interest designating step of
designating one or a plurality of regions of interest of the
Doppler image which is synthesized in the image syn-
thesizing step.

12. The method for processing a signal of ultrasonic diag-

nostic equipment according to claim 9, further comprising:

a Doppler image region of interest designating step of
designating one or a plurality of regions of interest of the
Doppler image which is synthesized in the image syn-
thesizing step.
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