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An ultrasound observation device includes a processor
including hardware, the processor being configured to: gen-
erate an ultrasound image containing a transducer region
based on an ultrasound signal received from an ultrasound
transducer configured to emit ultrasound to an observation
target and receive the ultrasound reflected on the observation
target; cause a display to display the ultrasound image;
receive a command input to move a region of interest set in
the ultrasound image; and move, when a movement vector
having a moving direction and a moving amount based on
the command input passes through a predetermined region
containing at least the transducer region in the ultrasound

(30) Foreign Application Priority Data image, the region of interest to a discontinuous position on
an opposite side with the transducer region interposed in the
Mar. 21, 2017 (JP) weooroeecccccoee e 2017-054710  moving direction.
1
S 2 5‘3
ULTRASOUND ULTRASOUND OBSERVATION DEVICE
ENDOSCOPE
s31 ¢35 5
521 TRANS-
ULTRA- VIR MISSION/ I ] INPUT
SOUND RECEPTION 44 ' DEVICE
TRANS- UNIT b3
DUCER OPERATION
%t CONTROL-
532 " LER 4
DISPLAY =
CONTROL- | ~ -3 DISPLAY
LER 5 <36
x
o
rd MEMORY
O [P
(33 9 UNIT
OPERATION
INPUT UNIT [




Patent Application Publication Nov. 28,2019 Sheet 1 of 13 US 2019/0357890 A1

1
s2 53
ULTRASOUND ULTRASOUND ORSERVATION DEVICE
ENDOSCOPE
531 ¢35 ¢5
21 TRANS-
ULTRA- | letpl MISSION/ 1o e INPUT
SOUND RECEPTION a4 DEVICE
TRANS- UNIT ¢
DUCER OPERATION
“» CONTROL-
+32 - LER o4
DISPLAY £
CONTROL- je3 = s DEEAY
LER e <36
§.m
Z MEMORY
) S
(33 8 UNIT
OPERATION L.,
INPUT UNIT T




Patent Application Publication Nov. 28,2019 Sheet 2 of 13 US 2019/0357890 A1

FIG.2

¢-S1

SET REGION OF INTEREST
IN ULTRASOUND IMAGE

T BTRACK e

" PADALLOCATEDTO ™

e MOVEMENT OF REGION OF
Sy,  INTEREST?

COMMAND INPUT?

s S4
RECEIVE MOVEMENT VECTOR

" DOES MOVEMENT .
- VECTOR PASS THROUGH
gy, TRANSDUCER REGION?

£s6 59

CONTINUQUSLY MOVE REGION OF MOVE REGION OF INTEREST TO

INTEREST ACCORDING TO OPPOSITE SIDE WITH TRANSDUCER
MOVEMENT VECTOR REGEON INTERPOSED

5"3?

GENERATE IMAGE IN WHICH REGION OF
INTEREST IS OVERLAPPED WITH 5
ULTRASOUND IMAGE

NO

""" DOES COMMAND
""" INPUT END?

~S10

GENERATE IMAGE IN WHICH BIOLOGICAL &
INFORMATION IN REGION OF INTEREST |
IS ADDED TO ULTRASOUND IMAGE

15 ALLOCATION OF
" TRACK PAD RELEASED FROM
™y, MOVEMENT OF REGION OF

g, INTEREST?




Patent Application Publication Nov. 28,2019 Sheet 3 of 13 US 2019/0357890 A1

FIG.3

5’41




Patent Application Publication Nov. 28,2019 Sheet 4 of 13 US 2019/0357890 A1

FIG.5

5"41

H 741 {e) 41 (d) @’ 41




Patent Application Publication Nov. 28,2019 Sheet 5 of 13 US 2019/0357890 A1

FIG.7

44 41 41
() [ (e) { @ Vv {




Patent Application Publication Nov. 28,2019 Sheet 6 of 13 US 2019/0357890 A1

FIG.9

FIG.10

43 42 V2 R 41 43 42 V2 R 41 43 42 V2 R 41
(@) ‘

R ® | [/ @ ¢

S
________

~
1)

4
{d)

DA

42 42



Patent Application Publication Nov. 28,2019 Sheet 7 of 13 US 2019/0357890 A1

FIG.12

R 42 43V3 41 R 42 43 V3 41 R 42 43 V3 41

L e\ e

@ | |




US 2019/0357890 A1

Nov. 28,2019 Sheet 8 of 13

Patent Application Publication

L LINA LN
B NOLLYHIO
T
umn L 8 BE
Adonan [z
A
g¢ s) REN
aandd - “IOHLNOD
1IN = AVIdSIa
< NOLLYNIWMTLAA = SaT
INFNEAOW .

VIpES o YERTE

ANS HITIOHLNOD IR -SNVAL

NOLLYHEL0 LI NOILdTDTY . ANNOS

G wHe S "1 /NOISSIN g Yl

SNV 23
ggs T
AAODSOANT
IDIATIC NOLLYABMISE0 GNNOSYELTN ONAOSYHLIN
ves 73

el old




Patent Application Publication Nov. 28,2019 Sheet 9 of 13 US 2019/0357890 A1

FIG.14

SET REGION OF INTEREST
N ULTRASOUND IMAGE

e IS TRACK ™ J

=" PAD ALLOCATED TO

,,,,,,,, MOVEMENT OF REGION OF
INTEREST?

= \S THERE
COMMAND INPUT?

-84
RECEIVE MOVEMENT VECTOR

1S REGION OF

T T /INTEREST MOVED TO™
" DOES MOVEMENT ™ < _OPPOSITE SIDE WITH
VECTOR PASS THROUGH “JRANSDUCER REGION

oy, TRANSDUCER REGION?

,, INTERPOSED?
S v 513

NO | KEEP POSITION OF |
| RECIONOF I
INTEREST
MOVE REGION OF INTERES
v ¢S TO 09@@03@5 smeemgﬁ-;
TRANSDUCER REGION
CONTINUOUSLY MOVE REGION OF
INTEREST ACCORDING TO INTERPOSED
MOVEMENT VECTOR

87

GENERATE IMAGE IN WHICH REGION OF |
INTEREST IS OVERLAPPED WITH
ULTRASOUND IMAGE

........... ~="TOES COMMAND
NPUT END?
810

GENERATE IMAGE IN WHICH BIOLOGICAL &
INFORMATION IN REGION OF INTEREST

el iSALLOCATiONOF

TRACK PAD RELEASED FROM ™

v, MOVEMENT OF REGION OF
g, NTEREST? s




Patent Application Publication  Nov. 28,2019 Sheet 10 of 13  US 2019/0357890 A1

FIG.15




Patent Application Publication Nov. 28,2019 Sheet 11 of 13 US 2019/0357890 A1

51




Patent Application Publication Nov. 28,2019 Sheet 12 of 13  US 2019/0357890 A1




Patent Application Publication Nov. 28,2019 Sheet 13 of 13  US 2019/0357890 A1

F I A R S R R e T M S R R S S M S-St
L S S S S T S S S S S

L T S T T S S S O Y
2 e+ v v & s 2 2 2 % ° & % % 2 3 9 & & & ¥ 2 3 3 o

s 1 a o e et ® 32 31 a 6 € ¢ ¢ 3 3 3 & € ¢ ¢ s 3 3 o ¢
v s s sk e o« % v 3 5 B & v ¥ ¥ a2 5 5 & v ¥ ¥ 3 8 &

¢ &« & a2 2 3 o o & R
P S S S P

FE T T T S S e s
I S T Y PR
LI T S S S R S | ERES

LI S S T "o
LR S T R T TR S =

D R S S S . .
L S S P




US 2019/0357890 A1

ULTRASOUND OBSERVATION DEVICE AND
METHOD FOR ULTRASOUND
OBSERVATION

[0001] This application is a continuation of PCT Interna-
tional Application No. PCT/JP2018/010811 filed on Mar. 19,
2018, which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2017-054710, filed on
Mar. 21, 2017, incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to an ultrasound
observation device, and a method for ultrasound observa-
tion.

[0003] Ultrasound may be applied to observe the charac-
teristics of a biological tissue or material of an observation
target. Specifically, the ultrasound is emitted to an observa-
tion target, and an ultrasound echo reflected by the obser-
vation target is subjected to a predetermined signal process-
ing, so that information on the characteristics of the
observation target is acquired.

[0004] For the observation on the biological tissue in a
body using the ultrasound, there is used an ultrasound
observation system which includes an ultrasound endoscope
equipped with an ultrasound transducer at a distal end of an
insertion portion. The ultrasound observation system gen-
erates an image in which biological information is added to
an ultrasound image in various types of operation modes
such as a flow mode, an elastography mode, and a contrast
mode for a more detailed observation and for an improved
accuracy in comprehensive result from the observation of
other aspects. Specifically, a region of interest (ROI) is set
on a B-mode reference image, and a process such as
calculation corresponding to a predetermined operation
mode is performed on the region of interest, so that an image
in which the biological information is added to the ultra-
sound image is generated. When the region of interest s set,
a user moves the region of interest using an input device
such a track ball or a track pad (for example, see JP
2010-63548 A).

[0005] When the region of interest is moved using the
track ball or a track pad, the region of interest is rotatably
moved about a transducer region (an ultrasound transducer
imaged in the ultrasound image) by an operation to the right
or left direction. The region of interest is moved in a depth
direction by an operation to the upward or downward
direction. In addition, when the track pad is used, the region
of interest is moved in an operation direction with respect to
an operation surface.

[0006] Then, when the user sets the region of interest to a
desired position, there is generated an image in which the
biological information is added to the ultrasound image
according to the operation mode.

SUMMARY

[0007] According to one aspect of the present disclosure,
there is provided an ultrasound observation device including
a processor including hardware, the processor being config-
ured to: generate an ultrasound image containing a trans-
ducer region based on an ultrasound signal received from an
ultrasound transducer configured to emit ultrasound to an
observation target and receive the ultrasound reflected on the
observation target; cause a display to display the ultrasound
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image; receive a command input to move a region of interest
set in the ultrasound image; and move, when a movement
vector having a moving direction and a moving amount
based on the command input passes through a predetermined
region containing at least the transducer region in the
ultrasound image, the region of interest to a discontinuous
position on an opposite side with the transducer region
interposed in the moving direction.

[0008] The above and other features, advantages and tech-
nical and industrial significance of this disclosure will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the disclosure,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound observation system which includes an
ultrasound observation device according to a first embodi-
ment;

[0010] FIG. 2 is a flowchart illustrating an operation of the
ultrasound observation device according to the first embodi-
ment;

[0011] FIG. 3 is a diagram illustrating an example of an
ultrasound image displayed in a display device;

[0012] FIG. 4 is a diagram illustrating a state where a user
operates a track pad of an input device;

[0013] FIG. 5 is a diagram illustrating a state where an
operation controller detects a movement vector;

[0014] FIG. 6 is a diagram illustrating a state where the
operation controller moves a region of interest;

[0015] FIG. 7 is a diagram illustrating a state where an
operation controller according to Modification 1-1 moves a
region of interest;

[0016] FIG. 8 is a diagram illustrating a state where an
operation controller according to Modification 1-2 moves a
region of interest;

[0017] FIG. 9 is a diagram illustrating a state where an
operation controller according to Modification 1-3 detects a
movement vector;

[0018] FIG. 10 is a diagram illustrating a state where the
operation controller according to Modification 1-3 moves a
region of interest;

[0019] FIG. 11 is a diagram illustrating a state where the
operation controller according to Modification 1-3 detects a
movement vector;

[0020] FIG. 12 is a diagram illustrating a state where the
operation controller according to Modification 1-3 moves a
region of interest;

[0021] FIG. 13 is a block diagram illustrating a configu-
ration of an ultrasound observation system which includes
an ultrasound observation device according to a second
embodiment;

[0022] FIG. 14 is a flowchart illustrating an operation of
the ultrasound observation device according to the second
embodiment;

[0023] FIG. 15 is a diagram illustrating a state where the
operation controller moves a region of interest;

[0024] FIG. 16 is a diagram illustrating a state where a
user operates a track pad of an input device;

[0025] FIG. 17 is a diagram illustrating a state where a
user operates a track pad of an input device;

[0026] FIG. 18 is a diagram illustrating a state where a
user operates a track pad of an input device; and
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[0027] FIG. 19 is a diagram illustrating a state where a
user operates a track pad of an input device.

DETAILED DESCRIPTION

[0028] Hereinbelow, embodiments of an ultrasound obser-
vation device, an operation method of the ultrasound obser-
vation device, and an operation program of the ultrasound
observation device according to the disclosure will be
described with reference to the drawings. Further, the dis-
closure is not limited to these embodiments. In the following
embodiments, an ultrasound observation system equipped
with an ultrasound endoscope will be described as an
example. However, the disclosure may be generally applied
to an ultrasound observation device used in the ultrasound
observation system such as an external ultrasound observa-
tion system and an ultrasound observation system for indus-
trial use.

[0029] In addition, the same or corresponding elements in
the drawings will be attached with the same symbol appro-
priately. In addition, the drawings are illustrated in a sche-
matic manner. It should be noted that a dimensional relation
between the elements and a ratio of the elements may be
different from the actual ones. Even between the drawings,
there may be portions having different dimensional relation
and ratio.

First Embodiment

[0030] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound observation system which includes an
ultrasound observation device according to a first embodi-
ment. As illustrated in FIG. 1, an ultrasound observation
system 1 includes an ultrasound endoscope 2 which emits an
ultrasound toward a subject of an observation target to
receive the ultrasound reflected on the subject, an ultrasound
observation device 3 which generates an ultrasound image
based on an ultrasound signal acquired by the ultrasound
endoscope 2, a display device 4 which displays the ultra-
sound image generated by the ultrasound observation device
3, and an input device 5 which receives an input of a
command signal such as setting of an observation mode and
setting of an observation condition with respect to the
ultrasound observation device 3. The ultrasound observation
system 1 can observe the subject in various types of opera-
tion modes such as a flow mode, an elastography mode, and
a contrast mode.

[0031] The ultrasound endoscope 2 includes an ultrasound
transducer 21 in its distal end portion. The ultrasound
transducer 21 converts an electrical pulse signal received
from the ultrasound observation device 3 into an ultrasound
pulse (acoustic pulse) to irradiate the subject, and expresses
an ultrasound echo reflected on the subject into a voltage
change and outputs the echo. The ultrasound transducer 21
is realized by a radial transducer. The ultrasound endoscope
2 may be configured to mechanically scan the ultrasound
transducer 21, or may be configured such that a plurality of
elements are provided in an array shape as the ultrasound
transducer 21, electronically switches the elements related to
transmit or receive, and delays the transmitting and receiv-
ing of the element to electronically perform scanning.
[0032] The ultrasound endoscope 2 typically includes an
imaging unit which includes an imaging optical system and
an imaging element, and is inserted into an alimentary tract
(esophagus, stomach, duodenum, and large intestine) or a
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respiratory system (trachea and bronchi) of the subject to
capture the alimentary tract, the respiratory system, and
ambient organs thereof (pancreas, cholecystis, ductus bilif-
eri, biliary tract, lymph gland, mediastinal organ, and blood
vessel). In addition, the ultrasound endoscope 2 includes a
light guide which guides illumination light which is emitted
toward the subject at the time of capturing. The light guide
is configured such that a distal end portion reaches the distal
end of the insertion portion into the subject of the ultrasound
endoscope 2, and a base end portion is connected to a light
source device which generates illumination light.

[0033] The ultrasound observation device 3 includes a
transmission/reception unit 31, a display controller 32, an
operation input unit 33, an operation controller 34, a control
unit 35, and a memory unit 36.

[0034] The transmission/reception unit 31 transmits and
receives an electric signal between the imaging unit and the
ultrasound transducer 21. The transmission/reception unit 31
is electrically connected to the imaging unit, transmits image
information such as an imaging timing to the imaging unit,
and receives an imaging signal generated by the imaging
unit. In addition, the transmission/reception unit 31 is elec-
trically connected to the ultrasound transducer 21, transmits
the electrical pulse signal to the ultrasound transducer 21,
and receives an echo signal which is an electric signal
received from the ultrasound transducer 21. Specifically, the
transmission/reception unit 31 generates the electrical pulse
signal based on a predetermined waveform and a transmis-
sion timing, and transmits the generated pulse signal to the
ultrasound transducer 21.

[0035] The transmission/reception unit 31 performs a sen-
sitivity time control (STC) correction to amplify the echo
signal with a higher gain as a reception depth is high. The
transmission/reception unit 31 performs processing such as
filtering on the amplified echo signal, performs A/D con-
version, and generates a digital radio frequency signal (RF
signal) of a time domain and outputs the signal.

[0036] The display controller 32 generates endoscope
image data based on the imaging signal, and ultrasound
image data corresponding to the electrical echo signal.
Further, the display controller 32 overlaps various types of
information with the endoscope image data and the ultra-
sound image data, outputs the data, and controls the dis-
playing of the display device 4. The ultrasound image
generated by the display controller 32 is an image containing
a transducer region which is the ultrasound transducer 21
reflected on the ultrasound image. Specifically, the ultra-
sound image is an annular image in which all around
periphery (360°) of the ultrasound transducer 21 using the
radial ultrasound transducer 21 is captured, and an image in
which the periphery (180° or more) of the ultrasound
transducer 21 using the radial or convex ultrasound trans-
ducer 21 is captured.

[0037] The display controller 32 sets a region of interest in
the ultrasound image according to a user’s command input.
Further, the display controller 32 generates an image
obtained by overlapping the region of interest on the ultra-
sound image with a solid line, for example. In addition, the
display controller 32 generates an image obtained by adding
biological information in the region of interest to the ultra-
sound image according to the operation mode. For example,
the image added with the biological information is generated
by adding color using an average value of the biological
information in the set region of interest as a reference value.
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Further, the biological information is bloodstream informa-
tion in an organ or information of rigidity of a biological
tissue, for example. The display controller 32 is realized
using a central processing unit (CPU) having calculation and
control functions, and various types of calculation circuits.
[0038] The operation input unit 33 receives the command
signal which is input by the input device 5, and receives
various types of information according to the received
command signal. As the command signal, there are a com-
mand input to move the region of interest set in the ultra-
sound image, setting of the observation mode and setting of
the observation condition (for example, switching of gain
and display range, scroll command information (a slide
direction and a slide amount of B mode image)), and rotation
command information (a rotation direction and a rotation
amount of the ultrasound image). For example, the operation
input unit 33 receives a command input to associate an
operation surface of the input device 5 of a track pad with
the display device 4. Specifically, the operation input unit 33
receives a command input such that a moving amount of the
command input for the operation surface of the input device
5 and a moving amount of the region of interest in the
display device 4 are in a predetermined correlation (for
example, the moving amount to the operation surface and
the moving amount to the screen of the display device
correspond to each other at a ratio of 1:1). The operation
input unit 33 is realized using a CPU having calculation and
control functions, and various types of calculation circuits.
[0039] The operation controller 34 moves the region of
interest according to the moving direction and the moving
amount based on the command input received by the opera-
tion input unit 33. Specifically, the operation controller 34
moves the region of interest to a discontinuous position on
an opposite side with a transducer region interposing in the
moving direction when the moving direction and the moving
amount based on the command input pass through a prede-
termined region containing at least the transducer region in
the ultrasound image. On the other hand, the operation
controller 34 continuously moves the region of interest when
the moving direction and the moving amount based on the
command input do not pass through a predetermined region.
The predetermined region is, for example, the transducer
region. The operation controller 34 is realized using a CPU
having calculation and control functions, and various types
of calculation circuits.

[0040] The control unit 35 controls the entire ultrasound
observation system 1. The control unit 35 is realized using
a CPU having calculation and control functions, and various
types of calculation circuits. The control unit 35 reads from
the memory unit 36 the information memorized and stored
by the memory unit 36 and performs various types of
calculation processes related to the operation method of the
ultrasound observation device 3, thereby integrally control-
ling the ultrasound observation device 3. Further, the control
unit 35 may be configured by using the CPU and the like
common to the display controller 32, the operation input unit
33, and the operation controller 34.

[0041] The memory unit 36 stores various types of pro-
grams to operate the ultrasound observation system 1, and
data containing various types of parameters required for the
operation of the ultrasound observation system 1. For
example, the memory unit 36 stores an initial position
(acoustic ray number) of a writing position of the ultrasound
image (a transmission start position of the pulse signal).
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[0042] In addition, the memory unit 36 stores various
types of programs containing the operation program to
execute the operation method of the ultrasound observation
system 1. The operation program may be widely distributed
in a form of a computer-readable recording medium such as
a hard disk, a flash memory, a CD-ROM, a DVD-ROM, a
flexible disk. Further, the various types of programs may be
acquired by being downloaded through a communication
network. The communication network herein is realized by
an existing public line, a local area network (LAN), or a
wide area network (WAN), and is realized in a wired or
wireless manner.

[0043] The memory unit 36 thus configured is realized
using a read only memory (ROM) where the various types
of programs are installed in advance, and a random access
memory (RAM) where calculation parameters, data, and the
like of each process are stored.

[0044] The display device 4 is connected to the ultrasound
observation device 3. The display device 4 is configured
using a display panel made of liquid crystal or organic
Electro Luminescence (EL). The display device 4 displays
the ultrasound image output by the ultrasound observation
device 3 and various types of information related to the
operation.

[0045] The input device 5 includes a track pad which
detects movement of a contact position of a contact object
touched by the user, such as a user’s finger. The input device
5 is electrically connected to the ultrasound observation
device 3 through a cable, and outputs a signal of the
command input for the track pad to the operation input unit
33

[0046] When the contact object such as an operator’s
finger comes into contact with the track pad, the input device
5 detects a contact position using a contact sensor and
outputs the position to the ultrasound observation device 3.
In addition, when the contact object moves while being in
contact with the track pad, the moving direction and the
moving amount are detected and output to the ultrasound
observation device 3. The operation input unit 33 performs
a signal processing according to the input contact position,
and the moving direction and the moving amount of the
contact position based on the received information. Then,
the operation input unit 33 calculates a movement vector
from the information of movement of the contact position
input from the track pad of the input device 5. Further, the
input device 5 may include a touch panel in which the
contact sensor is overlapped with the display device instead
of the track pad.

[0047] FIG. 2 is a flowchart illustrating an operation of the
ultrasound observation device according to the first embodi-
ment. As illustrated in FIG. 2, first, the display controller 32
sets the region of interest in the ultrasound image according
to the command input from the input device 5 (Step S1).
FIG. 3 is a diagram illustrating an example of an ultrasound
image displayed in a display device. As illustrated in FIG. 3,
the display controller 32 sets a region of interest R below a
transducer region 42 in an ultrasound image 41 according to
the command input from the input device 5. For example,
the region of interest R has a shape obtained by concentri-
cally dividing a fan shape radially expanding from the center
of the transducer region 42 in a depth direction.

[0048] Subsequently. the control unit 35 determines
whether the track pad of the input device 5 is allocated to the
movement of the region of interest R (Step S2). When the
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control unit 35 determines that the track pad of the input
device 5 is not allocated to the movement of the region of
interest R (Step S2: No), the determination of Step S2 is
repeatedly performed.

[0049] On the other hand, when the control unit 35 deter-
mines that the track pad of the input device 5 is allocated to
the movement of the region of interest R (Step S2: Yes), the
control unit 35 determines whether there is a command input
to move the region of interest R to the track pad (Step S3).
When the control unit 35 determines that there is no com-
mand input to move the region of interest R to the track pad
(Step S3: No), the determination of Step S3 is repeatedly
performed, and the process is on standby until there is a
command input of the movement of the region of interest R.
[0050] On the other hand, when the control unit 35 deter-
mines that there is a command input to move the region of
interest R to the track pad (Step S3: Yes), the operation input
unit 33 receives the movement vector having the moving
direction and the moving amount according to the command
input of the user which is detected by the input device 5
(Step S4). FIG. 4 is a diagram illustrating a state where a
user operates a track pad of an input device. As illustrated in
FIG. 4, when a finger of a user’s hand H comes into contact
with a track pad 51 and moves upward, the operation input
unit 33 detects a movement vector V1 which is directed
upward. Further, the movement vector V1 schematically
represents a set of minute movement vectors which are
repeatedly detected at every minute unit time. The operation
input unit 33 may associate the contact position of the track
pad 51 to the center of the region of interest R, or may
associate the contact position to four corners of the region of
interest R. In addition, when there is a command input, the
operation input unit 33 may display the contact position to
the track pad 51 to be overlapped with the ultrasound image
41, or may highlight the transducer region 42 to be over-
lapped with the ultrasound image 41.

[0051] Subsequently, the operation controller 34 deter-
mines whether the movement vector received by the opera-
tion input unit 33 passes through the transducer region 42 in
the ultrasound image 41 (Step S5). FIG. 5 is a diagram
illustrating a state where an operation controller detects a
movement vector. As illustrated in FIG. 5, the operation
controller 34 compares the movement vector V1 with the
ultrasound image 41, and determines whether the movement
vector passes through the transducer region 42 in the ultra-
sound image 41.

[0052] When the operation controller 34 determines that
the movement vector received by the operation input unit 33
does not pass through the transducer region 42 in the
ultrasound image 41 (Step S5: No), the operation controller
34 continuously moves the region of interest R according to
the movement vector (Step S6). FIG. 6 is a diagram illus-
trating a state where the operation controller moves a region
of interest. As illustrated in (a) to (¢) of FIG. 6 or (e) and (f)
of FIG. 6, when the operation controller 34 determines that
the movement vector (a minute movement vector detected at
every minute unit time) received by the operation input unit
33 does not pass through the transducer region 42 in the
ultrasound image 41, the operation controller 34 continu-
ously moves the region of interest R upward according to the
movement vector. Further, in the first embodiment, when the
region of interest R abuts on the transducer region 42, the
operation controller 34 gradually reduces the region of
interest R according to the movement vector (see (¢) of FIG.
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6). In addition, the operation controller 34 gradually
increases the region of interest R moved to the opposite side
with the transducer region 42 interposed up to the original
size (see (e) of FIG. 6). When the region of interest R abuts
on the transducer region 42, the display controller 32 may
highlight the transducer region 42. Then, the display con-
troller 32 generates an image to which the region of interest
R moved to the ultrasound image 41 is overlapped with a
solid line, for example (Step S7).

[0053] Thereafter, the control unit 35 determines whether
the command input to the track pad 51 ends (Step S8). When
the control unit 35 determines that the command input to the
track pad 51 does not end (Step S8: No), the process returns
to Step S4 and continues.

[0054] In Step S5, when the operation controller 34 deter-
mines that the movement vector received by the operation
input unit 33 passes through the transducer region 42 in the
ultrasound image 41 (Step S5: Yes), the operation controller
34 moves the region of interest R to a discontinuous position
on the opposite side with the transducer region 42 interposed
in the moving direction as illustrated in (c) to (e) of FIG. 6
(Step S9). Further, in the first embodiment, the operation
controller 34 moves the region of interest R to a discontinu-
ous position on the opposite side with the transducer region
42 interposed after a state that the region of interest R
temporarily disappears (see (d) of FIG. 6). Then, the display
controller 32 generates an image to which the region of
interest R moved to the ultrasound image 41 is overlapped
with a solid line, for example (Step S7). By displaying the
image generated by the display controller 32 is displayed in
the display device 4, the user can observe a state that the
region of interest R is moving, as illustrated in FIG. 6.
[0055] In Step S8, when the control unit 35 determines
that the command input to the track pad 51 ends (Step S8:
Yes), the display controller 32 generates an image added
with the biological information in the region of interest R
moved to the ultrasound image 41 according to the operation
mode (Step S10).

[0056] Thereafter, the control unit 35 determines whether
the allocation of the track pad 51 of the input device 5 is
released from the movement of the region of interest R (Step
S11). When the control unit 35 determines that the allocation
of the track pad of the input device 5 is not released from the
movement of the region of interest R (Step S11: No), the
process returns to Step S3 and continues.

[0057] On the other hand, when the control unit 35 deter-
mines that the allocation of the track pad 51 of the input
device 5 is released from the movement of the region of
interest R (Step S11: Yes), a seties of processes ends.
[0058] As described above, according to the first embodi-
ment, the region of interest R moves to the opposite side
with the transducer region 42 interposed according to the
user’s operation. Therefore, the region of interest R can be
moved intuitively with respect to the ultrasound image 41
containing the transducer region 42.

[0059] Modification 1-1

[0060] FIG. 7 is a diagram illustrating a state where the
operation controller according to Modification 1-1 moves a
region of interest. As illustrated in (a) to (f) of FIG. 7, when
the operation controller 34 moves the region of interest R to
a discontinuous position on the opposite side with the
transducer region 42 interposed in the moving direction
(Step S9), and if the region of interest R abuts on the
transducer region 42, the region of interest R is reduced in
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the depth direction, and the region of interest R correspond-
ing to the reduced amount may be formed on the opposite
side with the transducer region 42 interposed.

[0061] Modification 1-2

[0062] FIG. 8 is a diagram illustrating a state where the
operation controller according to Modification 1-2 moves a
region of interest. As illustrated in (a) to (c) of FIG. 8, when
the operation controller 34 moves the region of interest R to
a discontinuous position on the opposite side with the
transducer region 42 interposed in the moving direction
(Step S9), and if the region of interest R abuts on the
transducer region 42, the entire region of interest R may be
moved to the opposite side with the transducer region 42
interposed at a time.

[0063] Modification 1-3

[0064] FIG. 9 is a diagram illustrating a state where an
operation controller according to Modification 1-3 detects a
movement vector. As illustrated in FIG. 9, when a movement
vector V2 passes through a region 43 containing the trans-
ducer region 42 in the ultrasound image 41, the operation
controller 34 moves the region of interest R to a discontinu-
ous position on the opposite side with the transducer region
42 interposed in the moving direction.

[0065] FIG. 10 is a diagram illustrating a state where the
operation controller according to Modification 1-3 moves a
region of interest. As illustrated in (a) to (c) of FIG. 10 or (d)
to () of FIG. 10, when the operation controller 34 deter-
mines that the movement vector (a minute movement vector
detected at every minute unit time) received by the operation
input unit 33 does not pass through the transducer region 42
in the ultrasound image 41, the operation controller 34
continuously moves the region of interest R along the
movement vector. On the other hand, when the operation
controller 34 determines that the movement vector received
by the operation input unit 33 passes through the transducer
region 42 in the ultrasound image 41, the operation control-
ler 34 moves the region of interest R to a discontinuous
position on the opposite side with the transducer region 42
interposed along the movement vector as illustrated in (c) to
(d) of FIG. 10. More specifically, the region of interest R is
moved to a position symmetrical about a straight line which
is perpendicular to the movement vector and passes through
the center of the transducer region 42. In this way, the region
of interest R may be not necessarily moved to a position
symmetrical about a point, that is, the center of the trans-
ducer region 42.

[0066] FIG. 11 is a diagram illustrating a state where an
operation controller according to Modification 1-3 detects a
movement vector. FIG. 12 is a diagram illustrating a state
where the operation controller according to Modification 1-3
moves a region of interest. As illustrated in FIG. 11 and (a)
to (f) of FIG. 12, when a movement vector V3 does not pass
through the region 43 containing the transducer region 42 in
the ultrasound image 41, the operation controller 34 con-
tinuously moves the region of interest R along the move-
ment vector as illustrated in FIG. 11.

[0067] As described above, when the movement vector
passes through the region 43 containing the transducer
region 42 in the ultrasound image 41, the region of interest
R may be moved to a discontinuous position on the opposite
side with the transducer region 42 interposed in the moving
direction according to the movement vector. In addition,
when the movement vector passes through a position devi-
ated from the center of the transducer region 42, the region
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of interest R may be moved to a discontinuous position on
the opposite side with the transducer region 42 interposed
along the movement vector in the moving direction.

Second Embodiment

[0068] FIG. 13 is a block diagram illustrating a configu-
ration of an ultrasound observation system which includes
an ultrasound observation device according to a second
embodiment. As illustrated in FIG. 13, an operation con-
troller 34A of an ultrasound observation device 3A in an
ultrasound observation system 1A according to the second
embodiment includes a movement determination unit 341A.
The other configurations are similar to that of the first
embodiment, and thus the description will be omitted appro-
priately.

[0069] When a predetermined condition is satisfied, the
movement determination unit 341A determines whether the
region of interest is moved to a discontinuous position on the
opposite side with the transducer region interposed in the
moving direction. For example, the movement determina-
tion unit 341A determines whether the region of interest is
moved to a discontinuous position on the opposite side with
the transducer region interposed in the moving direction
using at least one of a continuation time of the command
input to the operation input unit 33 and the number of times
of the command input to the operation input unit 33 after the
region of interest abuts on a predetermined region, a moving
speed of the command input to the operation input unit 33,
and a type of the command input to the operation input unit
33. Specifically, the movement determination unit 341A
determines that the region of interest is moved to a discon-
tinuous position on the opposite side with the transducer
region interposed in the moving direction when the continu-
ation time of the command input to the operation input unit
33 elapses by a predetermined time or more and when the
number of times of the command input to the operation input
unit 33 is a predetermined number of times or more after the
region of interest abuts on the transducer region, when the
moving speed of the command input to the operation input
unit 33 is a predetermined speed or more, or when the type
of the command input to the operation input unit 33 is an
operation using two fingers.

[0070] The operation controller 34A moves the region of
interest to a discontinuous position on the opposite side with
the transducer region interposed in the moving direction
according to the determination result of the movement
determination unit 341A.

[0071] FIG. 14 is a flowchart illustrating an operation of
the ultrasound observation device according to the second
embodiment. As illustrated in FIG. 14, in Step S5, when the
operation controller 34A determines that the movement
vector received by the operation input unit 33 passes through
the transducer region in the ultrasound image 41 (Step S5:
Yes), the movement determination unit 341A determines
whether the region of interest is moved to a discontinuous
position on the opposite side with the transducer region
interposed (Step S12).

[0072] When the movement determination unit 341A
determines that the region of interest is moved to a discon-
tinuous position on the opposite side with the transducer
region interposed (Step S12: Yes), the operation controller
34A moves the region of interest to the discontinuous
position on the opposite side with the transducer region
interposed in the moving direction according to the move-



US 2019/0357890 A1

ment vector (Step S9). Thereafter, the process proceeds to
Step S7. FIG. 15 is a diagram illustrating a state where the
operation controller moves a region of interest. As illustrated
in FIG. 15, the operation controller 34A moves the entire
region of interest R to a discontinuous position on the
opposite side with the transducer region 42 interposed in the
moving direction.

[0073] The determination in the movement determination
unit 341A will be described specifically. FIGS. 16 to 19 are
diagrams illustrating states where a user operates a track pad
of an input device. As illustrated in FIG. 16, when a
continuation time t of the command input to the operation
input unit 33 elapses by a predetermined time or more after
the region of interest R abuts on the transducer region 42, the
movement determination unit 341A determines that the
region of interest R is moved to a discontinuous position on
the opposite side with the transducer region 42 interposed in
the moving direction. In addition, as illustrated in FIG. 17,
when the number n of times of the command input to the
operation input unit 33 is a predetermined number of times
or more after the region of interest R abuts on the transducer
region 42, the movement determination unit 341A deter-
mines that the region of interest R is moved to a discon-
tinuous position on the opposite side with the transducer
region 42 interposed in the moving direction. In addition, as
illustrated in FIG. 18, when the moving speed v of the
command input to the operation input unit 33 is a predeter-
mined speed or more, the movement determination unit
341A determines that the region of interest R is moved to a
discontinuous position on the opposite side with the trans-
ducer region 42 interposed in the moving direction. In
addition, as illustrated in FIG. 19, when the type of the
command input to the operation input unit 33 is an operation
using two fingers, the movement determination unit 341A
determines that the region of interest R is moved to a
discontinuous position on the opposite side with the trans-
ducer region 42 interposed in the moving direction.

[0074] On the other hand, when the movement determi-
nation unit 341A determines that the region of interest is not
moved to a discontinuous position on the opposite side with
the transducer region 42 interposed (Step S12: No), the
operation controller 34A keeps the position of the region of
interest R without moving (Step S13). Thereafter, the pro-
cess proceeds to Step S7.

[0075] As described above, according to the second
embodiment, when a predetermined condition is satisfied,
the transducer region 42 moves to the opposite side with the
transducer region 42 interposed according to the user’s
operation. Therefore, the region of interest R can be moved
intuitively with respect to the ultrasound image 41 contain-
ing the transducer region 42.

[0076] Further, in the above embodiments, the region of
interest R has been described to have a shape obtained by
concentrically dividing a fan shape radially expanding from
the center of the transducer region 42 in the depth direction,
but the disclosure is not limited thereto. For example, the
region of interest R may be formed in a circular or polygonal
shape.

[0077] In addition, in the above-described embodiments,
the ultrasound observation device 3 has been described to
move the region of interest R based on the command input
from the track pad 51 of the input device 5, but the
disclosure is not limited thereto. For example, the ultrasound
observation device 3 may be configured to move the region
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of interest R based on the command input from a track ball
or a mouse of the input device 5.
[0078] According to the disclosure, it is possible to realize
an ultrasound observation device, an operation method of
the ultrasound observation device, and an operation program
of the ultrasound observation device with which a region of
interest can be moved intuitively with respect to an ultra-
sound image containing a transducer region.
[0079] The above and other features, advantages and tech-
nical and industrial significance of this disclosure will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the disclosure,
when considered in connection with the accompanying
drawings.
What is claimed is:
1. An ultrasound observation device comprising
a processor comprising hardware, the processor being
configured to:
generate an ultrasound image containing a transducer
region based on an ultrasound signal received from
an ultrasound transducer configured to emit ultra-
sound to an observation target and receive the ultra-
sound reflected on the observation target;
cause a display to display the ultrasound image;
receive a command input to move a region of interest
set in the ultrasound image; and
move, when a movement vector having a moving
direction and a moving amount based on the com-
mand input passes through a predetermined region
containing at least the transducer region in the ultra-
sound image, the region of interest to a discontinu-
ous position on an opposite side with the transducer
region interposed in the moving direction.
2. The ultrasound observation device according to claim
1, wherein the predetermined region is the transducer region.
3. The ultrasound observation device according to claim
1, wherein the processor receives the command input from
a track pad configured to detect a contact position of a
contact object brought into contact by a user.
4. The ultrasound observation device according to claim
1, wherein the processor continuously moves the region of
interest when the movement vector does not pass through
the predetermined region.
5. The ultrasound observation device according to claim
1, wherein the processor moves the region of interest to a
discontinuous position on an opposite side with the trans-
ducer region interposed in the moving direction when the
region of interest abuts on the transducer region.
6. The ultrasound observation device according to claim
1, wherein the processor is further configured to determine
whether the region of interest is moved to the discontinuous
position on the opposite side with the transducer region
interposed in the moving direction using at least one of a
continuation time of the command input and number of
times of the command input after the region of interest abuts
on the predetermined region, a moving speed of the com-
mand input, and a type of the command input.
7. The ultrasound observation device according to claim
6, wherein the processor moves the region of interest to the
discontinuous position on the opposite side with the trans-
ducer region interposed in the moving direction according to
a result of the determination.
8. A method for ultrasound observation, the method
comprising:
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generating an ultrasound image containing a transducer
region based on an ultrasound signal received from an
ultrasound transducer configured to emit ultrasound to
an observation target and receive the ultrasound
reflected on the observation target;

displaying the ultrasound image;

receiving a command input to move a region of interest
set in the ultrasound image; and

moving, when a movement vector having a moving
direction and a moving amount based on the command
input passes through a predetermined region containing
at least the transducer region in the ultrasound image,
the region of interest to a discontinuous position on an
opposite side with the transducer region interposed in
the moving direction.
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