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FIG.5A
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FIG.5B

{1, @2, a3}={10 DEGREES, 20 DEGREES, 30 DEGREES}

A

B =28 DEGREES

< dB/dt=TH(B)

A 4

{a1, @2, a3, a4, b} ={18 DEGREES, 23 DEGREES, 28 DEGREES,
33 DEGREES, 38 DEGREES}




Patent Application Publication  Apr. 2,2015 Sheet 6 of 13 US 2015/0094569 A1

FIG.6
( START b

[
>

Y

$101
NO IS PUNCTURE
MODE STARTED?

» YES

CONTROL SUCH THAT FIRST SCAN AND $102
SECOND SCAN ARE EXECUTED

GENERATE FIRST ULTRASONIC IMAGE DATA
AND SECOND ULTRASONIC IMAGE DATA S103
GROUP

LINE SEGMENT DETECTION PROCESSING FOR | 5104
SECOND ULTRASONIC IMAGE DATA GROUP

CALCULATE ANGLE OF PUNCTURE NEEDLE S105

SELECT THIRD ULTRASONIC IMAGE DATA I S106

BASED ON ANGLE

THIRD ULTRASONIC IMAGE DATA AND
GENERATE NEEDLE IMAGE DATA

v

GENERATE COMPOSITE IMAGE DATA OF
FIRST ULTRASONIC IMAGE DATA AND NEEDLE
IMAGE DATA

EXTRACT HIGH-BRIGHTNESS REGION OF I\S‘IO?

CONTROL SUCH THAT COMPOSITE IMAGE
DATA IS DISPLAYED

DOES PUNCTURE
MODE END?

DETERMINE OBLIQUE ANGLE AND NUMBER OF
OBLIQUE DIRECTIONS IN ACCORDANCE WITH
ANGLE AND TEMPORAL CHANGE AMOUNT OF
ANGLE

S111

DETERMINE TRANSMISSION/RECEPTION S112
CONDITIONS FOR SECOND SCAN

END



m_._ﬁ_m_m_z

US 2015/0094569 A1

(g) a1oNv
NO @3svd v1vad IovNI 31a33N LOI13s ()
+
m_._n_m_mz | oNISS300Hd
JLNLONNG 40 (¢) m:oz< J1IvINDIVD (2) ™ oONINIGNOD ()

3

(dNOYo V.1va A9VINI F1VAIANYD ILYHIANIO)
NOIDZIY SSANIHOIHEG-HOIH 1OvH1X3 (1)
7 §

Apr. 2,2015 Sheet 7 0f 13

. ) . v1lvad 3OVINI
S0 :FT1ONVY INVDI1E0 20 :JTONVY INDINGO L 0 371ONV INDINE0
g JINOSVYHLIN LSHId

N

J\
dNOYUD Y.1vA IADVNI DINOSVYHLTIN ANODIS

L Ol

Patent Application Publication



Patent Application Publication  Apr. 2,2015 Sheet 8 of 13 US 2015/0094569 A1

FIG.8

NO

IS PUNCTURE
MODE STARTED?

GENERATE FIRST ULTRASONIC IMAGE DATA
AND SECOND ULTRASONIC IMAGE DATA
GROUP

S203

GENERATE CANDIDATE IMAGE DATA GROUP
IN WHICH HIGH-BRIGHTNESS REGION IS
EXTRACTED

LINE SEGMENT DETECTION PROCESSING FOR |._ 5205
CANDIDATE IMAGE DATA GROUP
CALCULATE ANGLE OF PUNCTURE NEEDLE |\18206
SELECT NEEDLE IMAGE DATA BASED ON 5207
ANGLE

GENERATE COMPOSITE IMAGE DATA OF
FIRST ULTRASONIC IMAGE DATA AND NEEDLE
IMAGE DATA

S204

CONTROL SUCH THAT COMPOSITE IMAGE

DATA IS DISPLAYED S209

DOES PUNCTURE
MODE END?

DETERMINE OBLIQUE ANGLE AND NUMBER OF
OBLIQUE DIRECTIONS IN ACCORDANCE WITH S211
ANGLE AND TEMPORAL CHANGE AMOUNT OF
ANGLE

DETERMINE TRANSMISSION/RECEPTION 3212
CONDITIONS FOR SECOND SCAN

y
END




Patent Application Publication  Apr.2,2015 Sheet 9 of 13 US 2015/0094569 A1

\
a4

e
i,
225
3
XN
o,

&
R
IR

RN

3
s
e
s

R,
%
%
2
%

%
S
S

124!

&
¢
X

13
%

uva,,
2008
52
o
Rt
S
T
20
e
ooty

5%
3

2000
250
2530
%
o]

%

%
59!

S5

B

e
SR
S
A
5
£525254
s
RIS
s
ar

R
et
2
Sk
Bice

a3 OBLIQUE ANGLE

PUNCTURE NEEDLE
v

a2 OBLIQUE ANGLE
(1) CALCULATE ANGLE (8) OF

(2) SELECT THIRD ULTRASONIC IMAGE
DATA BASED ON ANGLE ()
v
(3) EXTRACT HIGH-BRIGHTNESS
REGION

»
>

FIG.9

SECOND ULTRASONIC IMAGE DATA GROUFP
A

XER
ORI
SRl
SRt
RN ]
A ARY
pesconaitn
o

0°C OBLIQUE ANGLE

]
S

o .
REe
SEER

2303
358
R

o

%

i

3

P
<

S0

AR
S
XXX
T
Joasisissess

f
OBLIQUE ANGLE

&

A
(4) COMBINING |,
PROCESSING

FIRST ULTRASONIC
IMAGE DATA




Patent Application Publication  Apr. 2,2015 Sheet 100f13  US 2015/0094569 A1

(<
s
L
|
O
E —
a. z
v z2 L o)
OO
(@] = ) (a]
S Qo = L
o LL|< o 2
O [I|_ Z é
0< 7 <
a o™ no [
3 w w
Ay =2 S wa
T w
CHNCE 0= ST GRS
T Ul N <
E <N BrE r:'_jS*zg
e . w| 5
o2 55 22| |42
w| C M 03
O | IS w | |3
< g < '5 w
QO b
=) 5 (= ) (@)
O8| u X & 2 | |3
— 0| 2 Wi ) w
. < (U] gy :Z P [4)]
VI E: 8 =l
a3z F
z | 9
@]
o
Q10
al o
o
[}
S
i
|
O
pd
<
L
)
8/
- |
o
O
9 A
pd 0]
& 0]
Bi 22 .
< =7} L
ED Jzn | =4
4% '58 80
) Q L
< 00 o
B2 X SO
n= N og
x 0=
= =




Patent Application Publication  Apr. 2,2015 Sheet 110f13  US 2015/0094569 A1

FIG.11

SECOND ULTRASONIC IMAGE DATA GROUP

A
r A

OBLIQUE ANGLE: o1 OBLIQUE ANGLE: @2 OBLIQUE ANGLE: @3

TATEAATIR R

3 2050 L
R * CSEANEANS
et W CSCnOOIE,
bttt & R )

KRN

SRR,
% ERR Y
DESEEESSN K BRI N

100 101

102

MARKER




Patent Application Publication  Apr. 2,2015 Sheet 120f13  US 2015/0094569 A1

FIG.12

SECOND ULTRASONIC IMAGE DATA GROUP

A
4 B

OBLIQUE ANGLE: @1 OBLIQUE ANGLE: a2 OBLIQUE ANGLE: &3

%2 2 T S e, O X
SRR B R g g
S ERSEERNERONRS oo

-
e,
sty
B> ke i TR

RN e B N N o) AR RRE
NI AR EEEEELERE R ERERtE) R SRR

2 S R
P i RO s
RARAIAAAAIAAR K AKX N LR AAR AN KR
I S R RS

Rt 0
% i
R R R S R AR K2 e

o
LA
R
& 0

3
2,
RESESABLEEEZAEEL S0 SEEESE TERMRIIEINA,

(83)

100 101

103

MARKER




Patent Application Publication  Apr. 2,2015 Sheet 130f13  US 2015/0094569 A1

FIG.13

CANDIDATE IMAGE DATA GROUP

_A
r A

OBLIQUE ANGLE:a1 OBLIQUE ANGLE: a2 OBLIQUE ANGLE: o3

MARKER




US 2015/0094569 A1

ULTRASONIC DIAGNOSIS APPARATUS AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/IP2013/067282 filed on Jun.
24, 2013 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2012-142340, filed on
Jun. 25, 2012, and Japanese Patent Application No. 2013~
131950, filed on Jun. 24, 2013, the entire contents of which
are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnosis apparatus and an image processing
method.

BACKGROUND

[0003] Ultrasonic diagnosis apparatuses have been fre-
quently used when puncture using a puncture needle such as
biopsy and radio frequency ablation (RFA) is performed,
because they can display an ultrasonic image immediately
below an ultrasound probe in real-time. If puncture is per-
formed with a puncture guide attached to an ultrasound probe,
the angle at which the puncture needle is inserted is limited.
Puncture is therefore often performed freehand without using
a puncture guide, based on the positional relationship
between a lesion and a blood vessel. However, the puncture
needle is sometimes obscured due to the effects of the posi-
tion of a lesion or the introduction angle of the puncture
needle. In such a case, puncture is performed by looking at the
motion of tissues when the puncture needle is moved.
[0004] In recent years, a technique of generating an ultra-
sonic image (needle image) in which a puncture needle is
imaged with high brightness has been known. In this tech-
nique, an oblique scan is performed by applying an ultrasonic
beam perpendicular to a puncture needle in order to improve
the visibility of the puncture needle during puncture. A tech-
nique of generating and displaying a composite image of a
needle image and a living body image is also known, in
which, in addition to generation of a needle image, an ultra-
sonic image (living body image) in which a living tissue is
imaged is generated by performing a normal ultrasound scan
without performing an oblique scan.

[0005] Objects whose brightness is increased by an oblique
scan include not only a puncture needle but also a living tissue
perpendicular to the transmission direction of ultrasound.
When an oblique scan is performed, grating lobes are pro-
duced due to the beam shape and artifacts are produced in the
image. Furthermore, the brightness of the puncture needle
decreases as the puncture needle is displaced from immedi-
ately below the ultrasound probe. In particular when puncture
is performed frechand, the angle of the puncture needle is not
always constant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a diagram illustrating an exemplary con-
figuration of an ultrasonic diagnosis apparatus according to a
first embodiment;

[0007] FIG. 2 is a diagram for explaining a scan controller
according to the first embodiment;
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[0008] FIG. 3 is a diagram illustrating an overview of an
image generation control processing performed in the first
embodiment;

[0009] FIG. 4 is a diagram for explaining a detector illus-
trated in FIG. 1;
[0010] FIG. 5A and FIG. 5B are diagrams illustrating an

example of a second scan condition change processing by the
scan controller according to the first embodiment;

[0011] FIG. 6 is a flowchart for explaining an example of'a
processing by the ultrasonic diagnosis apparatus according to
the first embodiment;

[0012] FIG. 7 is a diagram illustrating an overview of an
image generation control processing performed in a second
embodiment;

[0013] FIG. 8 is a flowchart for explaining an example of a
processing by the ultrasonic diagnosis apparatus according to
the second embodiment;

[0014] FIG. 9 is a diagram illustrating an overview of an
image generation control processing performed in a third
embodiment;

[0015] FIG. 10 is a diagram illustrating an overview of an
image generation control processing performed in a fourth
embodiment;

[0016] FIG. 11, FIG. 12 and FIG. 13 are diagrams for
explaining a fifth embodiment;

DETAILED DESCRIPTION

[0017] An ultrasonic diagnosis apparatus according to an
embodiment includes a scan controller, an image generator, a
detector, an image generation controller, an image combiner
and a display controller. The scan controller causes an ultra-
sound probe to execute a first scan for performing ultrasound
transmission in a first direction relative to a transducer ele-
ment surface for the purpose of visualizing a tissue of a
subject and a second scan for performing ultrasound trans-
mission in each of a plurality of directions relative to the
transducer element surface, in ultrasound scanning of the
subject into which a puncture needle is inserted. The image
generator generates first ultrasonic image data using a
reflected wave received by the ultrasound probe through the
first scan and generates a second ultrasonic image data group
comprising ultrasonic image data for each of the plurality of
the directions using a reflected wave received by the ultra-
sound probe through the second scan. The detector detects a
line segment based on the second ultrasonic image data
group. The image generation controller controls the image
generator to generate needle image data in which the puncture
needle is imaged, based on information about the line seg-
ment detected by the detector. The image combiner generates
composite image data of the first ultrasonic image data and
the needle image data. The display controller controls the
composite image data to be displayed on a predetermined
display.

[0018] Embodiments of an ultrasonic diagnosis apparatus
will be described in details below with reference to the
accompanying drawings.

First Embodiment

[0019] First of all, a configuration of an ultrasonic diagno-
sis apparatus according to a first embodiment will be
described. FIG. 1 1s a diagram illustrating an exemplary con-
figuration of the ultrasonic diagnosis apparatus according to
the first embodiment. As illustrated in FIG. 1, the ultrasonic
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diagnosis apparatus according to the first embodiment has an
ultrasound probe 1, a monitor 2, an input device 3, and an
apparatus body 10.

[0020] The ultrasound probe 1 is removably connected to
the apparatus body 10. The ultrasound probe 1 includes a
plurality of piezoelectric transducer elements. The plurality
of the piezoelectric transducer elements generate ultrasonic
waves based on a drive signal supplied from a transmitter/
receiver 11 of the apparatus body 10 described later. The
ultrasound probe 1 receives a reflected wave from a subject P
and converts the reflected wave into an electrical signal. The
ultrasound probe 1 additionally has a matching layer pro-
vided for the piezoelectric transducer elements and a backing
material for preventing propagation of an ultrasonic wave
backward from the piezoelectric transducer elements.
[0021] When an ultrasonic wave is transmitted from the
ultrasound probe 1 to the subject P, the transmitted ultrasonic
wave is successively reflected on a surface of discontinuity of
acoustic impedance in tissues inside the body of the subject P
and is received as an echo signal by the piezoelectric trans-
ducer elements of the ultrasound probe 1. The amplitude of
the received echo signal depends on the difference in acoustic
impedance on the surface of discontinuity on which the ultra-
sonic wave is reflected. In a case where the transmitted ultra-
sonic pulse is reflected on a moving blood flow or a surface
such as a heart wall, the echo signal undergoes a frequency
shift depending on the velocity component of the moving
target relative to the ultrasound transmission direction, due to
the Doppler effect.

[0022] Itisnoted that the first embodiment is applicable in
either case where the ultrasound probe 1 illustrated in FIG. 1
is a one-dimensional ultrasound probe having a plurality of
piezoelectric transducer elements arranged in line, a one-
dimensional ultrasound probe in which a plurality of piezo-
electric transducer elements arranged in line are mechani-
cally swung, or a two-dimensional ultrasound probe in which
a plurality of piezoelectric transducer elements are arranged
in a two-dimensional array.

[0023] In the first embodiment, in order to perform biopsy
or radio frequency ablation, a doctor who refers to the ultra-
sonic image data displayed on the monitor 2 through ultra-
sound transmission/reception performed by the ultrasound
probe 1 inserts a puncture needle 1a to a target site of the
subject P from the proximity of the body surface in abutment
with the ultrasound probe 1. In the first embodiment, puncture
with the puncture needle 1a is performed freehand. However,
the first embodiment is also applicable in a case where punc-
ture is performed with the puncture needle 1qa attached to a
puncture adapter mounted on the ultrasound probe 1.

[0024] The input device 3 includes, for example, a mouse,
akeyboard, abutton, a panel switch, a touch command screen,
a foot switch, and a trackball for accepting a variety of setting
requests from the operator of the ultrasonic diagnosis appa-
ratus and transferring the accepted setting requests to the
apparatus body 10. For example, when the operator presses a
stop button or a freeze button of the input device 3, transmis-
sion/reception of an ultrasonic wave is terminated to cause the
ultrasonic diagnosis apparatus according to the first embodi-
ment to pause. The operator can also make an initial setting of
the oblique angle of ultrasound transmission for performing a
second scan (oblique scan) described later through the input
device 3.

[0025] The monitor 2 displays graphical user interfaces
(GUIs) for the operator of the ultrasonic diagnosis apparatus

Apr. 2,2015

to input a variety of setting requests using the input device 3
or displays an ultrasonic image generated in the apparatus
body 10.

[0026] The apparatus body 10 is an apparatus for generat-
ing ultrasonic image data based on the reflected wave
received by the ultrasound probe 1. The apparatus body 10
has the transmitter/receiver 11, a B-mode processing unit 12,
a Doppler processing unit 13, an image generator 14, an
image memory 15, an image combiner 16, an internal storage
17, and a controller 18, as illustrated in FIG. 1.

[0027] The transmitter/receiver 11 includes a trigger gen-
erating circuit, a delay circuit, a pulser circuit, and the like for
supplying a drive signal to the ultrasound probe 1. The pulser
circuit repeatedly generates a rate pulse for forming a trans-
mission ultrasonic wave at a predetermined rate frequency.
The delay circuit provides each rate pulse generated by the
pulser circuit with a delay time for each piezoelectric trans-
ducer element that is required to focus ultrasonic waves gen-
erated from the ultrasound probe 1 into a beam and decide
transmission directivity. The trigger generating circuit
applies a drive signal (driving pulse) to the ultrasound probe
1 at a timing based on the rate pulse. In other words, the delay
circuit adjusts the transmission direction from the piezoelec-
tric transducer element surface as desired by changing the
delay time provided to each rate pulse.

[0028] The driving pulse is transmitted from the pulse cir-
cuit to the piezoelectric transducer element in the ultrasound
probe 1 through a cable and is then converted from an elec-
trical signal to mechanical vibration in the piezoelectric trans-
ducer element. The mechanical vibration is transmitted as an
ultrasonic wave in the inside ofa living body. Here, ultrasonic
waves with transmission delay time varying among the piezo-
electric transducer elements are focused and propagate in a
predetermined direction. That is, the delay circuit adjusts the
transmission direction from the piezoelectric transducer ele-
ment surface as desired by changing the transmission delay
time provided to each rate pulse.

[0029] The transmitter/receiver 11 has a function of
capable of instantaneously changing a transmission fre-
quency, a transmission driving voltage, and the like for
executing a predetermined scan sequence, based on an
instruction of the controller 18 described later. In particular,
the transmission driving voltage is changed by a linear ampli-
fier-type transmission circuit capable of instantaneously
switching its values or by a mechanism for electrically
switching a plurality of power supply units.

[0030] In addition, the transmitter/receiver 11 includes an
amplifier circuit, an A/D converter, an adder, and the like for
performing a variety of processing on the echo signal received
by the ultrasound probe 1 to generate echo data. The amplifier
circuit performs a gain correction processing by amplifying
the echo signal for each channel. The A/D converter A/D-
converts the echo signal having the gain corrected and pro-
vides a delay time required to determine the reception direc-
tivity. The adder performs an addition processing for the echo
signal based on the provided delay time to generate echo data.
The addition processing by the adder enhances the echo com-
ponent from the direction corresponding to the reception
directivity of the echo signal.

[0031] As described above, the transmitter/receiver 11 con-
trols the transmission directivity and the reception directivity
in transmission/reception of an ultrasonic wave. The trans-
mitter/receiver 11 has a function of instantaneously changing
delay information, a transmission frequency, a transmission
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driving voltage, the number of elements in the aperture, and
the like, under the control of the controller 18 described later.
The transmitter/receiver 11 can also transmit and receive a
waveform different for each frame or rate.

[0032] The B-mode processing unit 12 receives echo data
from the transmitter/receiver 11 and performs logarithmic
amplification, envelop detection, and the like on the received
echo data to generate data (B-mode data) in which a signal
intensity is represented with the luminance of brightness.
[0033] The Doppler processing unit 13 receives echo data
from the transmitter/receiver 11, frequency-analyzes the
velocity information from the received echo data, extracts
blood flow, tissue, or contrast medium echo components due
to the Doppler effect, and generates data (Doppler data) in
which moving target information such as average velocity,
distribution, and power is extracted at multiple points. The
data generated by the B-mode processing unit 12 and the
Doppler processing unit 13 is also called raw data.

[0034] The B-mode processing unit 12 can change the fre-
quency range to be visualized, by changing the detection
frequency. Using this function of the B-mode processing unit
12, contrast harmonic imaging (CHI) can be executed. Spe-
cifically, the B-mode processing unit 12 can separate echo
data (harmonic data or subharmonic data) in which contrast
medium (micro-bubbles foam or bubbles) is the source of
reflection and echo data (fundamental data) in which tissues
in the subject P are a source of reflection, from the echo data
of the subject P into which the contrast medium is injected.
The B-mode processing unit 12 can generate B-mode data for
generating contrast image data.

[0035] In addition, this function of the B-mode processing
unit 12 can be used to generate B-mode data for generating
tissue image data having noise components removed there-
from, by separating harmonic data or subharmonic data from
the echo data of the subject P in tissue harmonic imaging
(THI). The B-mode processing unit 12 can also generate
B-mode data for generating contrast image data and B-mode
data for generating tissue image data by a signal processing
method based on phase modulation (PM), amplitude modu-
lation (AM), or amplitude modulation-phase modulation
(AMPM) in CHI and THI.

[0036] The image generator 14 generates ultrasonic image
data from data generated by the B-mode processing unit 12
and the Doppler processing unit 13. Specifically, the image
generator 14 generates B-mode image data that represents the
intensity of reflected wave by brightness from the B-mode
data generated by the B-mode processing unit 12. The image
generator 14 also generates color Doppler image data as
average velocity image data, distribution image data, power
image data, or an image including a combination thereof that
represents moving target information from the Doppler data
generated by the Doppler processing unit 13.

[0037] Here, the image generator 14 scan-converts a scan
line signal train in ultrasound scanning into a scan line signal
train in a video format typically of television and generates
ultrasonic image data as a display image. The image genera-
tor 14 performs, as a variety of image processing in addition
to scan-conversion, for example, image processing of regen-
erating amean value image of brightness (smoothing process-
ing) or image processing using a differential filter in an image
(edge enhancement processing), by using a plurality of image
frames after scan-conversion.

[0038] The image generator 14 is installed with a storage
memory for storing image data and can perform, for example,
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a re-construction processing for three-dimensional images.
The operator can invoke images recorded during a test from
the storage memory installed in the image generator 14, for
example, after diagnosis.

[0039] The image combiner 16 combines character infor-
mation of various parameters, such as a scale, a body mark,
etc., with the ultrasonic image generated by the image gen-
erator 14 and outputs the combined image as a video signal to
the monitor 2. The image combiner 16 also generates com-
posite image data in which a plurality of images are superim-
posedon one another. The composite image data generated by
the image combiner 16 according to the first embodiment will
be detailed later.

[0040] The image memory 15 is a memory for storing
therein the ultrasonic image data generated by the image
generator 14 and the composite image data combined by the
image combiner 16. For example, the image memory 15
stores therein ultrasonic images corresponding to a plurality
of frames immediately before a FREEZE button is pressed.
The ultrasonic diagnosis apparatus can display ultrasonic
moving images by successively displaying images stored in
the image memory 15 (cine-display).

[0041] The internal storage 17 stores therein a control pro-
gram for performing ultrasound transmission/reception,
image processing, and display processing, diagnosis infor-
mation (for example, a patient 1D, the doctor’s observation,
etc.), and various data such as diagnosis protocols and a
variety of body marks. The internal storage 17 is also used to
retain image data stored in the image memory 15, as neces-
sary. The data stored in the internal storage 17 may be trans-
ferred to an external peripheral device via a not-shown inter-
face circuits.

[0042] The controller 18 controls the entire processing in
the ultrasonic diagnosis apparatus. Specifically, the controller
18 controls the processing in the transmitter/receiver 11, the
B-mode processing unit 12, the Doppler processing unit 13,
the image generator 14, and the image combiner 16, based on
a variety of setting requests input through the input device 3
by the operator and a variety of control programs and data
read from the internal storage 17. For example, a scan con-
troller 181 illustrated in FIG. 1 controls an ultrasound scan by
the ultrasound probe 1 through the transmitter/receiver 11. A
display controller 184 illustrated in FIG. 1 controls ultrasonic
image data or composite image data store in the image
memory 15 to be displayed on the monitor 2.

[0043] The controller 18 according to the first embodiment
includes, in addition to the scan controller 181 and the display
controller 184, a detector 182 and an image generation con-
troller 183 as illustrated in FIG. 1. The image generation
controller 183 includes a selector 1834 and an extractor 1835
as illustrated in F1G. 1.

[0044] The processing executed by the scan controller 181,
the detector 182, the selector 183a, the extractor 18354, and the
display controller 184 in the first embodiment will be detailed
later.

[0045] Theoverall configuration of the ultrasonic diagnosis
apparatus according to the first embodiment has been
described above. Based on such a configuration, the ultra-
sonic diagnosis apparatus according to the first embodiment
generates ultrasonic image data by capturing an image of a
living tissue of the subject P into which the puncture needle
1a is inserted. The ultrasonic diagnosis apparatus according
to the first embodiment generates composite image data in
which the visibility of the puncture needle 1a is improved
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irrespective of the angle of the puncture needle 1a, through
the control processing by the controller 18 as described in
details below.

[0046] For example, when the operator presses a puncture
mode start button of the input device 3, the ultrasonic diag-
nosis apparatus according to the first embodiment starts the
processing described below. For example, when the operator
presses a puncture mode end button of the input device 3, the
ultrasonic diagnosis apparatus according to the first embodi-
ment terminates the processing described below.

[0047] First, the scan controller 181 causes the ultrasound
probe 1 to execute a first scan and a second scan in ultrasound
scanning of a subject P into which the puncture needle 1q is
inserted.

[0048] The first scan is a scan in which ultrasound trans-
mission is performed in a first direction relative to the trans-
ducer element surface for the purpose of visualizing a tissue
of the subject P. Specifically, the first scan is an ultrasound
scan in which ultrasound transmission in the first direction
that is most suitable for visualizing a living tissue of the
subject P is performed along the direction of arrangement of
the transducer elements. Specifically, the first direction is a
direction perpendicular to the transducer element surface of
the ultrasound probe 1. For example, the first direction is a
direction perpendicular to the lateral direction. The first direc-
tion may be a direction other than the direction perpendicular
to the transducer element surface if it is an ultrasound trans-
mission direction that is most suitable for visualizing a tissue
of the subject P.

[0049] Here, as the ultrasound transmission/reception con-
ditions set in the first scan, the conditions for the THI mode
described above are set in order to obtain image data in which
a living tissue is well imaged. However, for example, the
conditions for the normal B-mode may be set as long as image
data in which a living tissue is well imaged is obtained.
[0050] The second scanis a scan in which ultrasound trans-
mission is performed in each of a plurality of directions
relative to the transducer element surface. Specifically, the
second scan is an ultrasound scan (oblique scan) in which
ultrasound transmission is performed in each of a plurality of
directions for the purpose of searching for an ultrasound
transmission direction that is most suitable for visualizing the
puncture needle 1a inserted into the subject P. In the second
scan, ultrasound transmission is performed along the direc-
tion of arrangement of the transducer elements in each of a
plurality of directions. In the first embodiment, each direction
ofaplurality of directions described above is a direction other
than the direction perpendicular to the transducer element
surface of the ultrasound probe 1. For example, each direction
of a plurality of directions is a direction other than the direc-
tion perpendicular to the lateral direction.

[0051] Here, the ultrasound transmission/reception condi-
tions for the second scan may be the same as in the first scan
but, desirably, are set such that artifacts due to grating lobes
are minimized and a received signal from the puncture needle
la is larger. In the second scan, therefore, for example, the
ultrasound transmission/reception conditions are set such
that a transmission waveform at a relatively low frequency is
transmitted from the ultrasound probe 1 and the fundamental
component of the transmitted ultrasonic wave is used in the
processing of the received signal.

[0052] FIG. 2 is a diagram for explaining the scan control-
ler according to the first embodiment. In an example illus-
trated in FIG. 2, the puncture needle 1a is inserted toward a
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target site (T). In this state, the scan controller 181 allows
execution of ultrasound transmission in a direction perpen-
dicular to the lateral direction as the first scan, as illustrated in
FIG. 2, in the same manner as the scan performed to generate
B-mode image data or THI image data. The scan controller
181 allows execution of an oblique scan, for example, at three
differentangles “al, a2, a:3” as the second scan, as illustrated
in FIG. 2. The value or number of the oblique angles may be
initially set or may be set by the operator before puncture.
[0053] The image generator 14 illustrated in FIG. 1 gener-
ates firstultrasonic image data using a reflected wave received
by the ultrasound probe 1 in the first scan. In the present
embodiment, the first ultrasonic image data is THI image data
using a harmonic component. In addition, the image genera-
tor 14 generates a second ultrasonic image data group that
consists of ultrasonic image data for each of a plurality of
directions using a reflected wave received by the ultrasound
probe 1 in the second scan. The second ultrasonic image data
group includes a plurality of ultrasonic image data with dif-
ferent oblique angles.

[0054] In the example above, the image generator 14 gen-
erates ultrasonic image data with “the oblique angle: al”,
ultrasonic image data with “the oblique angle: 62", and ultra-
sonic image data with “the oblique angle: a3” as the second
ultrasonic image data group. In the following, the ultrasonic
image data generated through the second scan is also referred
to as oblique image data.

[0055] In the first embodiment, an image generation con-
trol processing by the image generation controller 183 is
performed using the processing result by the detector 182.
The detector 182 has a function of detecting a line segment
imaged in image data. In the first embodiment, the detector
182 further has a function of calculating the angle of the
detected line segment. The detector 182 detects a line seg-
ment based on the second ultrasonic image data group. In the
firstembodiment, the detector 182 further calculates the angle
of the detected line segment. The detector 182 calculates the
angle of the detected line segment as the angle of the puncture
needle 1a. The image generation controller 183 then controls
the image generator 14 to generate needle image data in
whichthe puncture needle 1a is imaged, based on information
about the line segment detected by the detector 182. The
image generation controller 183 according to the first
embodiment controls the image generator 14 to generate
needle image data in which the puncture needle 1a is imaged,
based on the angle calculated by the detector 182. For
example, the needle image data is image data in which the
puncture needle 1a is imaged with high brightness. In the first
embodiment, the detector 182 detects a line segment from the
second ultrasonic image data group and calculates the angle
of the detected line segment. The image generation controller
183 according to the first embodiment then controls the image
generator 14 to generate needle image data in which the
puncture needle 1a is imaged with high brightness, based on
the angle calculated by the detector 182 for each image data
that constitutes the second ultrasonic image data group.
[0056] An example of the image generation control pro-
cessing performed in the first embodiment will be described
below using FIG. 3 and F1G. 4. F1G. 3 is a diagram illustrating
an overview of the image generation control processing per-
formed in the first embodiment. FIG. 4 is a diagram for
explaining the detector illustrated in FIG. 1.

[0057] As illustrated in FIG. 3, the detector 182 calculates
the angle (B) of the puncture needle la using ‘ultrasonic
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image data with “the oblique angle: a1”, ultrasonic image
data with “the oblique angle: ¢2”, and ultrasonic image data
with the “oblique angle: 3™ that are the second ultrasonic
image data group (see (1) in FIG. 3). For example, the detec-
tor 182 performs a line segment detection processing such as
Hough transform on the oblique image data.

[0058] Thedetector 182 thus detects a line segment L in the
oblique image data, as illustrated in FIG. 4. The detector 182
then calculates the angle () formed by “a straight line L1 in
the lateral direction (the horizontal direction in image data”
and “a straight line including the line segment 1.”, as illus-
trated in FIG. 4. This angle (j) is the angle also formed by “a
straight line L.2 perpendicular to the line segment L. and “a
straight line L3 perpendicular to the lateral direction” as
illustrated in FIG. 4. That is, the angle (B) serves as the
oblique angle for performing ultrasound transmission pet-
pendicular to the linear source of reflection corresponding to
the line segment L.

[0059] Here, it is likely that the linear source of reflection
corresponding to the line segment L is the puncture needle 1a.
Based on this, the angle () serves as the oblique angle for
performing ultrasound transmission in the direction perpen-
dicular to the puncture needle 1a. That is, the angle (B) serves
as the oblique angle for setting the ultrasound transmission
direction most suitable for visualizing the puncture needle 1a.
It is noted that the line segment detection processing and the
angle calculation processing are not limited to Hough trans-
form, and any method generally known may be used as a
method of calculating the angle of a line segment from an
image.

[0060] Here, the detector 182 calculates a statistical value
such as the mean value or median value of angles calculated
from image data that constitute the second ultrasonic image
data group, as the angle (). The detector 182 does not per-
form the angle calculation processing for image data from
which no line segment is detected, or image data from which
no line segment having a length longer than a predetermined
length is detected.

[0061] Theselector 183a of the image generation controller
183 illustrated in FIG. 1 selects third ultrasonic image data
from the second ultrasonic image data group, based on the
angle calculated by the detector 182 for each image data that
constitutes the second ultrasonic image data group. The third
ultrasonic image data is image data generated through ultra-
sound transmission performed in the direction suitable for
visualizing the puncture needle 1a. Specifically, the selector
183a selects image data (third ultrasonic image data) gener-
ated through ultrasound transmission performed in a direc-
tion at an angle closest to perpendicularity (a right angle)
relative to the puncture needle 1a, based on the angle ()
calculated by the detector 182 (see (2) in FIG. 3). More
specifically, the selector 183a selects oblique image data with
the oblique angle closest to the angle () as the third ultra-
sonic image data. For example, ifa plurality of oblique angles
set in the second scan are “{al, a2, a3}={10 degrees, 20
degrees, 30 degrees}” and =28 degrees”, the selector 1834
selects the ultrasonic image data with “the oblique angle:
03=30 degrees” as the third ultrasonic image data.

[0062] The extractor 1835 of the image generation control-
ler 183 illustrated in FIG. 1 extracts a high-brightness region
of the third ultrasonic image data as a puncture needle region
(see (3)in FIG. 3). The extractor 1835 then controls the image
generator 14 to generate needle image data using the
extracted puncture needle region.
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[0063] Forexample, the extractor 1835 searches for a high-
brightness region in the vicinity of the line segment detected
in the third ultrasonic image data. As an example, the extrac-
tor 1835 searches for a region having a brightness value equal
to or larger than a threshold for high-brightness region extrac-
tion among pixels in the vicinity of the line segment detected
in the third ultrasonic image data, as a high-brightness region.
The image generator 14 then generates needle image data by
setting the brightness value of the region excluding the high-
brightness region found by the extractor 1835 to “0”. In this
manner, the search for ahigh-brightness region is restricted to
the vicinity of the line segment, whereby needle image data in
which only the puncture needle 1a is imaged can be generated
by setting the brightness value of a high-brightness region
resulting from artifacts or a high-brightness region corre-
sponding to a living tissue with high reflection intensity, to
“0”.

[0064] The image combiner 16 then generates composite
image data of the first ultrasonic image data and the needle
image data through a combining processing (see (4) in FIG.
3). For example, the image combiner 16 compares the first
ultrasonic image data in which a living tissue is well imaged
with the brightness value of the needle image data in which
the puncture needle 1a is well imaged, pixel by pixel. The
image combiner 16 then creates composite image data where
the pixel where a brightness value of the needle image data is
“0” has the brightness value of the first ultrasonic image data
and the pixel where a brightness value of the needle image
data is larger than “0” has the brightness value of the needle
image data. Image data where only high-brightness needle
image data is superimposed on the living tissue image of good
image quality can be thus generated. It is noted that the
method of generating composite image data is not limited to
the brightness value comparison as described above. The
composite image data may be generated by simple addition or
weighted addition.

[0065] The display controller 184 then controls the com-
posite image data to be displayed on the monitor 2. In the
present embodiment, the brightness value of the needle image
data may be adjusted by performing gain adjustment or
dynamic range adjustment before generation of composite
image data. As a result of such brightness adjustment, the
puncture needle 1a imaged in the needle image data can be
highlighted.

[0066] Described above is the image generation control
processing performed in the first embodiment. In the first
embodiment, the scan controller 181 makes a condition
change for the second scan, based on the angle calculated by
the detector 182.

[0067] First, the scan controller 181 changes the direction
of ultrasound transmission performed in the second scan,
based on the angle calculated by the detector 182. The scan
controller 181 also changes the number of directions of ultra-
sound transmission performed in the second scan, based on
the temporal change of the angle calculated by the detector
182. The case where the direction of ultrasound transmission
and the number of directions of ultrasound transmission are
changed will be described below. In the present embodiment,
however, only the direction of ultrasound transmission may
be changed, or only the number of directions of ultrasound
transmission may be changed.

[0068] The second scan condition change processing
described above will be explained below with reference to
FIGS. 5A and 5B. FIG. 5A and FIG. 5B are diagrams illus-
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trating an example of the second scan condition change pro-
cessing by the scan controller according to the first embodi-
ment.

[0069] First, the processing of changing the direction of
ultrasound transmission will be described. The scan control-
ler 181 controls such that the oblique angle corresponding to
the angle calculated by the detector 182 when one frame of
composite image data is generated is included in a plurality of
oblique angles in the second scan performed for generating
the next frame of composite image data. In addition to this,
the scan controller 181 may control such that the interval
between a plurality of oblique angles set in the second scan
when one frame of composite image data is generated is
narrowed in the second scan to be performed for generating
the next frame of composite image data.

[0070] For example, as illustrated in FIG. 5A, let us con-
sider a case when a plurality of oblique angles set in the
second scan when one frame of composite image data is
generated are “{al, a2, a3}={10 degrees, 20 degrees, 30
degrees}” and the angle calculated by the detector 182 is
“P=28 degrees”.

[0071] In this case, the scan controller 181 changes a plu-
rality of oblique angles set in the second scan to be performed
for generating the next frame of composite image data to
“fal, a2, a3}={23 degrees, 28 degrees, 33 degrees}”, as
illustrated in FIG. SA. In the example illustrated in FIG. 5A,
the scan controller 181 changes the second scan performed in
three directions at an interval of 10 degrees with “20 degrees”
as the center, to the second scan to be performed in three
directions including “P=28 degrees” at an interval of 5
degrees with “p=28 degrees” being the center. Accordingly,
in the next frame, composite image data in which the puncture
needle 1a is depicted more sharply can be generated.

[0072] Next, the processing of changing the direction of
ultrasound transmission will be described. When puncture is
performed freehand, the angle at which the puncture needle
1a is introduced is not always constant and often varies. In
some cases, puncture is performed in a situation in which the
puncture needle 1a is introduced while avoiding blood ves-
sels. In such a case, the angle at which the puncture needle 1a
is introduced varies. The same thing happens when a puncture
adapter is used.

[0073] Then, for example, the scan controller 181 calcu-
lates the temporal change “dp/dt” of the angle (p) Alterna-
tively, the detector 182 may calculate the temporal change of
the angle (). The scan controller 181 then compares “dfy/dt”
with a threshold of the angular change amount “TH(p)”, and,
if“dp/dt=TH(p)”, increases the number of directions of ultra-
sound transmission for the oblique scan.

[0074] For example, as illustrated in FIG. 5B, let us con-
sider a case where a plurality of oblique angles set in the
second scan when the “n-th” frame of composite image data
is generated are “{al, 02, a3}={10 degrees, 20 degrees, 30
degrees}”, and the angle calculated by the detector 182 is
“B=28 degrees”. It is further assumed that the temporal
change (dp/dt) calculated between the angle obtained when
the “(n-1)th” frame of composite image data is generated and
the angle obtained when the “n-th” frame of composite image
data is generated is “do/dt=TH(f)”. In this case, the scan
controller 181 changes a plurality of oblique angles set in the
second scan to be performed for generating the “(n+1)th”
frame of composite image data to “{al, a2, a3, a4, a5}={18
degrees, 23 degrees, 28 degrees, 33 degrees, 38 degrees}” as
illustrated in FIG. 5B.
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[0075] 1In the example illustrated in FIG. 5B, the scan con-
troller 181 changes the second scan performed in three direc-
tions at an interval of 10 degrees with “20 degrees” being the
center to the second scan performed in five directions includ-
ing “pf=28 degrees” and being performed at an interval of 5
degrees with “B=28 degrees” being the center. Accordingly,
even when the angle of the puncture needle 1a changes a few
degrees from the present 28 degrees, the puncture needle 1a is
imaged with high brightness in any of the oblique image data
in five directions, so that the visibility of the puncture needle
1a in the composite image data can be ensured.

[0076] The scan controller 181 changes the ultrasound
transmission/reception conditions for the second scan after
change, based on the condition change of the second scan. For
example, as illustrated in FIG. 5B, when the number of
oblique directions is changed from three directions to five
directions, the density of transmission/reception beams for
generating one frame of oblique image data is set to “34” of
the present state. The frame rate of the composite image can
thus be kept in the present embodiment.

[0077] Next, an example of the processing by the ultrasonic
diagnosis apparatus according to the first embodiment will be
described with reference to FIG. 6. FIG. 6 is a flowchart for
explaining an example of the processing by the ultrasonic
diagnosis apparatus according to the first embodiment.
[0078] As illustrated in FIG. 6, the ultrasonic diagnosis
apparatus according to the first embodiment determines
whether a puncture mode is started (Step S101). Here, if the
puncture mode is not started (No at Step S101), the ultrasonic
diagnosis apparatus according to the first embodiment waits
until the puncture mode is started.

[0079] On the other hand, if the puncture mode is started
(Yes at Step S101), the scan controller 181 controls the ultra-
sound probe 1 to execute the first scan and the second scan are
executed (Step S102).

[0080] The image generator 14 then generates the first
ultrasonic image data and the second ultrasonic image data
group (Step S103). The detector 182 then performs a line
segment detection processing on the second ultrasonic image
data group (Step S104) and calculates the angle of the line
segment, that is, the angle of the puncture needle 1a (Step
S105).

[0081] The selector 1834 then selects the third ultrasonic
image data based on the angle (Step $106). The extractor
1835 extracts a high-brightness region of the third ultrasonic
image data. The image generator 14 generates needle image
data under the control of the extractor 1834 (Step S107).
[0082] Theimage combiner 16 then generates a composite
image of the first ultrasonic image data and the needle image
data (Step S108). The display controller 184 controls such
that the composite image data is displayed (Step S109).
[0083] Thescancontroller 181 then determines whether the
puncture mode ends (Step S110). Here, if the puncture mode
does not end (No at Step S110), the scan controller 181
determines the oblique angle and the number of oblique
directions in accordance with the angle and the temporal
change of the angle (Step S111). Specifically, the scan con-
troller 181 determines whether to change the oblique angle
and whether to change the number of oblique directions,
based on the angle and the temporal change of the angle. The
scan controller 181 then determines the oblique angle after
change, if the oblique angle is to be changed, and determines
the number of oblique directions after change, if the number
of oblique directions is to be changed.
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[0084] The scan controller 181 then determines the trans-
mission/reception conditions for the second scan, based on
the result of the decision processing performed at Step S111
(Step S112) and returns to Step S102 to control such that the
first scan and the second scan are executed for generating a
composite image for the next frame.

[0085] On the other hand, if the puncture mode ends (Yes at
Step S110), the ultrasonic diagnosis apparatus terminates the
processing. The display controller 184 may display the first
ultrasonic image data, the third ultrasonic image data, or the
second ultrasonic image data group concurrently with the
composite image data. In the foregoing description, the punc-
ture mode end determination is performed after display of the
composite image at Step S109. In the first embodiment, how-
ever, the puncture mode end determination may be performed
after the first scan and the second scan are performed at Step
S102. That is, the first scan and the second scan may be
executed in a sequential order concurrently with the process-
ing at Step S103 to Step S109.

[0086] As described above, in the first embodiment, the
oblique angle most suitable for visualizing the puncture
needle 1a is estimated by detecting a line segment in the
oblique image data and calculating the angle of the detected
line segment. In the first embodiment, the oblique image data
corresponding to the oblique angle closest to the calculated
angle is then selected as image data including a region in
which the puncture needle 1a is imaged with high brightness.
In the first embodiment, the needle image data is then gener-
ated by extracting a high-brightness region of the selected
oblique image data, and is combined with the first ultrasonic
image data.

[0087] Forexample, in order to generate needle image data,
it is possible that image data including a region in which the
puncture needle 1a is imaged with high brightness is selected
from the distribution of brightness values of a plurality of
oblique image data with different oblique angles. However,
with such a method, it is necessary to apply ultrasonic waves
at aplurality of oblique angles in order to image the puncture
needle 1a with an unknown puncture angle, with high bright-
ness. Moreover, with such a method, image data in which the
puncture needle 1a is imaged with high brightness cannot
always be selected, but image data in which the brightness of
the puncture needle 1a is low and a bone or artifact is imaged
with high brightness may be selected. It is also possible that
the position and angle of the puncture needle 1a is detected
with a position sensor attached to the puncture needle 1a, and
the oblique angle is determined based on the detected angle.
However, position sensors are expensive, and it is not practi-
cal to attach position sensors to all the puncture needles la. It
is also possible that a mechanism that allows the operator to
set and change the oblique angle is provided to set the oblique
angle at which the puncture needle 1a in image data is imaged
with high brightness. Such operation, however, is compli-
cated as operation during the puncture procedure and may
deteriorate the test efficiency. The operator often wears ster-
ilized gloves during the puncture procedure. It is therefore not
practical to operate the apparatus during the puncture proce-
dure.

[0088] In order to image the puncture needle 1a with high-
est brightness, it is necessary to apply an ultrasonic beam
perpendicular to the puncture needle 1a. In the first embodi-
ment, even when the puncture needle la is inserted at any
angle, the transmission direction of an ultrasonic beam per-
pendicular to the puncture needle 1a can be directly found by
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detecting the line segment corresponding to the puncture
needle 1a through image processing. In the first embodiment,
therefore, the visibility of the puncture needle can be
improved irrespective of the angle of the puncture needle.
[0089] In the first embodiment, the direction and/or the
number of directions of ultrasound transmission performed in
the second scan is changed based on the angle and/or the
temporal change of the angle. Accordingly, even when the
puncture angle fluctuates, it can be ensured that oblique
image data in the direction close to the perpendicular to the
puncture needle 1a is captured. In the first embodiment, the
frame rate of composite image data can be kept because the
scan line density is changed with the change of the number of
transmission directions.

Second Embodiment

[0090] 1In asecond embodiment, a modification of the pro-
cessing by the image generation controller 183 that is per-
formed after the scan control similar to the first scan and the
second scan explained in the first embodiment will be
described with reference to FIG. 7. FIG. 7 is a diagram illus-
trating an overview of an image generation control processing
performed in the second embodiment.

[0091] Theultrasonic diagnosis apparatus according to the
second embodiment is configured in the same manner as the
ultrasonic diagnosis apparatus explained in the first embodi-
ment described with reference to F1G. 1. The second embodi-
ment, however, differs from the first embodiment in that the
processing by the selector 183a is performed after the pro-
cessing by the extractor 1835 is performed. In the following,
differences from the first embodiment will be mainly
described. The matters mentioned in the first embodiment are
applied to the matters not specifically mentioned in the fol-
lowing description.

[0092] In the second embodiment, the image generation
controller 183 controls the image generator 14 to generate
needle image data, based on the angle calculated by the detec-
tor 182 for each image data that constitutes the image data
group based on the second ultrasonic image group.

[0093] Specifically, the extractor 1835 according to the sec-
ond embodiment controls the image generator 14 to generate
a candidate image data group in which a high-brightness
region is extracted, by performing a threshold processing on
each image data that constitutes the second ultrasonic image
data group. Specifically, the image generator 14 sets the
brightness value of a pixel having a brightness value smaller
than a threshold for high-brightness region extraction in the
oblique image data, to “0”, under the control of the extractor
1835. The image generator 14 thus generates candidate image
data in which only pixels having a brightness value equal to or
larger than the threshold for high-brightness region extraction
are extracted with high brightness.

[0094] Forexample, the image generator 14 generates can-
didate data with “the oblique angle: ¢1” from ultrasonic
image data with “the oblique angle: a1”, generates candidate
data with “the oblique angle: a2” from ultrasonic image data
with “the oblique angle: 2”, and generates candidate data
with “the oblique angle: .3 from ultrasonic image data with
“the oblique angle: a3” (see (1) in F1G. 7).

[0095] The detector 182 according to the second embodi-
ment then calculates the angle (p) of the puncture needle by
performing a line segment detection processing on each can-
didate image data (see (2) in FIG. 7).
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[0096] The selector 183a according to the second embodi-
ment then selects image data generated through ultrasound
transmission performed in a direction suitable for visualizing
the puncture needle 14 as needle image data from the candi-
date image data group, based on the angle calculated by the
detector 182 (see (3) in FIG. 7). That is, the selector 183«
selects candidate image data with the oblique angle closest to
the angle ((3) as needle image data.

[0097] The image combiner 16 then generates composite
image data of the first ultrasonic image data and the needle
image data through a combining processing (see (4) in FIG.
7). The display controller 184 then controls the composite
image data to be displayed on the monitor 2. The combining
processing performed in the second embodiment is per-
formed in the same manner as the combining processing
described in the first embodiment. The processing of chang-
ing the oblique angle and the number of oblique directions
and the processing of changing ultrasound transmission/re-
ception conditions as described in the first embodiment are
also performed in the second embodiment.

[0098] Next, an example of the processing by the ultrasonic
diagnosis apparatus according to the second embodiment will
be described with reference to FIG. 8. FIG. 8 is a flowchart for
explaining an example of the processing by the ultrasonic
diagnosis apparatus according to the second embodiment.

[0099] As illustrated in FIG. 8, the ultrasonic diagnosis
apparatus according to the second embodiment determines
whether the puncture mode is started (Step S201). Here, if the
puncture mode is not started (No at Step S201), the ultrasonic
diagnosis apparatus according to the second embodiment
waits until the puncture mode is started.

[0100] On the other hand, if the puncture mode is started
(Yes at Step S201), the scan controller 181 controls the ultra-
sound probe 1 such that the first scan and the second scan are
executed (Step S202).

[0101] The image generator 14 then generates the first
ultrasonic image data and the second ultrasonic image data
group (Step S203). The image generator 14 then generates a
candidate image data group in which ahigh-brightness region
is extracted, from the second ultrasonic image data group,
under the control of the extractor 1835 (Step S204). The
detector 182 then performs a line segment detection process-
ing on the candidate image data group (Step S205) and cal-
culates the angle of the line segment, that is, the angle of the
puncture needle 1a (Step S206).

[0102] The selector 183a then selects needle image data
from the candidate image data group, based on the angle (Step
S207). The image combiner 16 then generates a composite
image of the first ultrasonic image data and the needle image
data (Step S208). The display controller 184 controls such
that the composite image data is displayed (Step S209).

[0103] Thescancontroller 181 then determines whether the
puncture mode ends (Step S210). Here, if the puncture mode
does not end (No at Step S210), the scan controller 181
determines the oblique angle and the number of oblique
directions in accordance with the angle and the temporal
change amount of the angle (Step S211). The scan controller
181 then determines transmission/reception conditions for
the second scan, based on the result ofthe decision processing
performed at Step S211 (Step S212), and returns to Step S202
to control the ultrasonic diagnosis apparatus such that the first
scan and the second scan for generating a composite image
for the next frame are executed.
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[0104] On the other hand, if the puncture mode ends (Yes at
Step S210), the ultrasonic diagnosis apparatus terminates the
processing. The display controller 184 may display the first
ultrasonic image data, the second ultrasonic image group, or
the candidate image data group concurrently with the com-
posite image data. In the foregoing description, a case is
explained where the puncture mode end determination is
performed after display of the composite image at Step S209.
In the second embodiment, however, the puncture mode end
determination may be performed after the first scan and the
second scan of Step S202 are performed. That is, the first scan
and the second scan may be performed in a sequential order
concurrently with the processing at Step S203 to Step S209.
[0105] As described above, in the second embodiment, a
candidate image data group selectable as needle image data is
generated by extracting a high-brightness region in each
oblique image data in advance. In the second embodiment,
the candidate image data corresponding to the oblique angle
closest to the calculated angle is then selected as needle image
data. This also makes it possible to improve the visibility of
the puncture needle irrespective of the angle of the puncture
needle.

[0106] In the second embodiment, the brightness value of
each pixel that constitutes the first ultrasonic image data may
be used as a threshold for high-brightness region extraction.
In the second embodiment, image data obtained by subtract-
ing the first ultrasonic image data from each image data that
constitutes the second ultrasonic image data group may be
used as the candidate image data.

Third Embodiment

[0107] Inathirdembodiment, a case where the second scan
different from the second scan described in the first and
second embodiments will be described with reference to FIG.
9, etc. FIG. 9 is a diagram illustrating an overview of an image
generation control processing performed in the third embodi-
ment.

[0108] The ultrasonic diagnosis apparatus according to the
third embodiment is configured in the same manner as the
ultrasonic diagnosis apparatus described in the first embodi-
ment described with reference to FIG. 1. The matters men-
tioned in the first embodiment, etc., are applied to the matters
not specifically mentioned in the following description.
[0109] The scan controller 181 according to the third
embodiment performs the first scan described in the first and
second embodiments. The scan controller 181 according to
the third embodiment causes the ultrasound probe 1 to per-
form ultrasound transmission in each of a plurality of direc-
tions including the direction perpendicular to the transducer
element surface, as the second scan. That is, the second scan
according to the third embodiment includes a scan with the
oblique angle “0 degrees”. The oblique angle “0 degrees” is
usually a first direction performed in the first scan. For
example, in a case of four directions as illustrated in FIG. 9,
the oblique angles are “a1, a2, a3, ad”, where al is O degrees.
Accordingly, the image generator 14 generates ultrasonic
image data with “the oblique angle: a1 =0 degrees”, ultra-
sonic image data with “the oblique angle: 2”, ultrasonic
image data with “the oblique angle: @3, and ultrasonic image
data with “the oblique angle: ad” as the second ultrasonic
image data group, as illustrated in FIG. 9.

[0110] In the third embodiment, the ultrasound transmis-
sion/reception conditions for the second scan are set such that
artifacts due to grating lobes are minimized and the reception
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signal from the puncture needle 1a is larger, in the same
manner as in the first embodiment. For example, the ultra-
sound transmission/reception conditions for the second scan
are set such that a transmission waveform at a relatively low
frequency is transmitted from the ultrasound probe 1, and a
fundamental component of the transmitted ultrasonic wave is
used in the processing of the received signal.

[0111] The detector 182 according to the third embodiment
then performs a line segment detection processing and an
angle detection processing on each image data generated
through ultrasound transmission/reception performed from
among the second ultrasonic image data group in a direction
other than the perpendicular direction. For example, the
detector 182 calculates the angle () for ultrasonic image data
with “the oblique angle: a2”, ultrasonic image data with “the
oblique angle: a3”, and ultrasonic image data with “the
oblique angle: 04” (see (1) in FIG. 9).

[0112] The selector 183a according to the third embodi-
ment selects the third ultrasonic image data from a plurality of
oblique image data other than the “oblique angle: 0 degrees”
from among the second ultrasonic image data group, based on
the angle () calculated by the detector 182, as described in
the first embodiment.

[0113] The extractor 1834 according to the third embodi-
ment then extracts a high-brightness region (puncture needle
region), based on the third ultrasonic image data and the
“oblique image data with the oblique angle of 0 degrees” (see
(3) in FIG. 9). The extractor 1835 then controls the image
generator 14 to generate needle image data using the
extracted puncture needle region.

[0114] In the first embodiment, a high-brightness region
(puncture needle region) is extracted from the oblique image
data selected as the third ultrasonic image data. In the first
embodiment, however, a region in which a living tissue with
high reflectivity is imaged may be extracted as a high-bright-
ness region to become noise of the needle image data. Mean-
while, in the “oblique image data with the oblique angle of 0
degrees” generated under the same transmission/reception
conditions as the third ultrasonic image data, although it is
unlikely that a high-brightness region resulting from the
puncture needle 1a is included, it is likely that a high-bright-
ness region resulting from a living tissue with high reflectivity
is included.

[0115] The extractor 1835 according to the third embodi-
ment performs an extraction processing described below so
thatno noise is included in a high-brightness region to be used
to generate needle image data, by using the “oblique image
data with the oblique angle of O degrees”.

[0116] Theextractor 1835 compares the brightness value of
the “oblique image data with the oblique angle of 0 degrees”
with the third ultrasonic image data, pixel by pixel. The
extractor 1835 then sets a pixel of brightness value where
“oblique image data with the oblique angle of 0 degrees” is
larger. to “0”. The extractor 1835 sets a pixel of brightness
value where the third ultrasonic image datais larger, as a pixel
that constitutes a high-brightness region as it is. The extractor
1835 then notifies the image generator 14 of the position of
the pixel having the brightness value set to “0”, among pixels
that constitute the third ultrasonic image data. The image
generator 14 thus generates needle image data in which a
high-brightness region (puncture needle region) of the third
ultrasonic image data is extracted, as illustrated in FIG. 9.
[0117] The extractor 1835 may generate image data
obtained by subtracting the brightness value of the “oblique
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image data with the oblique angle of 0 degrees” from the
brightness value of the third ultrasonic image data, pixel by
pixel, as needle image data. The extractor 1835 may generate
image data obtained by performing weighted addition/sub-
traction on the brightness value of the third ultrasonic image
data and the brightness value of the “oblique image data with
the oblique angle of 0 degrees” pixel by pixel, as needle image
data.

[0118] The image combiner 16 then generates composite
image data of the first ultrasonic image data and the needle
image data through a combining processing (see (4) in FIG.
9). The display controller 184 then controls the composite
image data to be displayed on the monitor 2. The combining
processing performed in the third embodiment is performed
in the same manner as the combining processing explained in
the first embodiment.

[0119] In the case where a puncture needle region of the
third ultrasonic image data is extracted by comparing the
brightness value pixel by pixel, the extractor 1835 preferably
performs the processing of extracting a puncture needle
region, using image data with a reduced brightness value of
the third ultrasonic image data. For example, the extractor
1835 sets the gain of the third ultrasonic image lower relative
to the “oblique image with the oblique angle of 0 degrees”.
Accordingly, the brightness value of the pixel corresponding
to aliving tissue in the third ultrasonic image data is set to “0”
for sure by comparison of brightness values, thereby leaving
only the puncture needle with high brightness.

[0120] Intheoblique scanin general settings, the ultrasonic
diagnosis apparatus performs brightness adjustment by per-
forming gain adjustment or dynamic range adjustment so that
the overall brightness of each of the oblique image data is
approximately equal. Then, when the brightness value of the
third ultrasonic image data and the brightness value of the
“oblique image data with the oblique angle of 0 degrees” are
compared pixel by pixel, the gain of the third ultrasonic image
is intentionally reduced, whereby the puncture needle region
of the third ultrasonic image data can be accurately extracted.
[0121] The processing of changing the oblique angle and
the number of oblique directions and the processing of chang-
ing ultrasound transmission/reception conditions as
explained in the first embodiment are also performed in the
third embodiment.

[0122] Forexample, letus consider a case where a plurality
of oblique angles set in the second scan when one frame of
composite image data is generated are “{al, 02, 0.3, ad}={0
degrees, 10 degrees, 20 degrees, 30 degrees}” and the angle
calculated by the detector 182 is “B=28 degrees”. In this case,
the scan controller 181 changes a plurality of oblique angles
setin the second scan performed for generating the next frame
of composite image data to “{a.1, a2, a3, ad}={0 degrees, 23
degrees, 28 degrees, 33 degrees}”.

[0123] As an another example, let us consider a case where
a plurality of oblique angles set in the second scan when the
“p-th” frame of composite image data is generated are “{al,
02, a3, ad}={0 degrees, 10 degrees, 20 degrees, 30
degrees)” and the angle calculated by the detector 182 is
“P=28 degrees”. It is further assumed that the temporal
change (dfi/dt) calculated between the angle obtained when
the “(n-1)th” frame of composite image data is generated and
the angle obtained when the “n-th” frame of composite image
data is generated is “de/dt=TH (). In this case, the scan
controller 181 changes a plurality of oblique angles set in the
second scan to be performed for generating the “(n+1)th”
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frame of composite image data to “{al, a2, a3, ad, a5,
06}=10 degrees, 18 degrees, 23 degrees, 28 degrees, 33
degrees, 38 degrees}”.

[0124] In this case, the scan controller 181 sets the density
of transmission/reception beams for generating one frame of
oblique image data to “4” of the present state because the
number of oblique directions is changed from four directions
to six directions. Accordingly, in the present embodiment, the
frame rate of the composite image can be kept.

[0125] The processing performed by the ultrasonic diagno-
sis apparatus according to the third embodiment differs from
the processing performed by the ultrasonic diagnosis appara-
tus according to the first embodiment described with refer-
ence to FIG. 6 in the following points. Namely, the third
embodiment differs from the first embodiment in that the
second scan includes the oblique angle “0 degrees” at Step
$102 in FIG. 6. In addition, the third embodiment differs from
the first embodiment in that the line segment detection pro-
cessing at Step S104 in FIG. 6 is targeted for the second
ultrasonic image data group other than the “oblique image
with the oblique angle of 0 degrees”. The processing per-
formed by the ultrasonic diagnosis apparatus according to the
third embodiment differs from the first embodiment in that
the “oblique image with the oblique angle of 0 degrees” is
used in the processing at Step S107 in FIG. 6.

[0126] As described above, in the third embodiment,
brightness value comparison is performed between pixels
using the “oblique image with the oblique angle of 0
degrees”, thereby avoiding inclusion of noise components in
a high-brightness region extracted from the third ultrasonic
image data. Accordingly, in the third embodiment, the vis-
ibility of the puncture needle can be further improved.
[0127] Inthe third embodiment, a high-brightness region is
extracted after the brightness value of the third ultrasonic
image data is reduced, whereby the puncture needle region
can be extracted for sure.

Fourth Embodiment

[0128] 1In a fourth embodiment, a modification of the pro-
cessing by the image generation controller 183 that is per-
formed after the same scan control as the first scan and the
second scan explained in the third embodiment will be
described with reference to FIG. 10. FIG. 10 is a diagram
illustrating an overview of an image generation control pro-
cessing performed in the fourth embodiment.

[0129] The ultrasonic diagnosis apparatus according to the
fourth embodiment is configured in the same manner as the
ultrasonic diagnosis apparatus described in the first embodi-
ment described with reference to FIG. 1. The fourth embodi-
ment, however, differs from the third embodiment in that the
processing by the selector 183a is performed after the pro-
cessing by the extractor 1835 is performed. In the following,
differences from the third embodiment will be mainly
described. The matters mentioned in the first embodiment
etc., are applied to the matters not specifically mentioned in
the following description.

[0130] First, in the fourth embodiment, ultrasound trans-
mission is also performed for each of a plurality of directions
including the direction perpendicular to the transducer ele-
ment surface, as the second scan, in the same manner as in the
third embodiment. The image generator 14 thus generates, for
example, ultrasonic image data with “the oblique angle: a1=0
degrees”, ultrasonic image data with “the oblique angle: ¢.2”,
ultrasonic image data with “the oblique angle: 3", and ultra-
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sonic image data with “the oblique angle: a4” as the second
ultrasonic image data group, as illustrated in FIG. 10.
[0131] In the fourth embodiment, the image generation
controller 183 then controls the image generator 14 to gener-
ate needle image data, based on the angle calculated by the
detector 182 for each image data that constitutes the image
data group based on the second ultrasonic image data group.
[0132] Specifically, the extractor 18354 according to the
fourth embodiment controls the image generator 14 to gen-
erate an image data group obtained by subtracting image data
generated through ultrasound transmission/reception per-
formed as the second scan in the perpendicular direction from
each image data generated through ultrasound transmission/
reception performed in a direction other than the perpendicu-
lar direction from among the second ultrasonic image data
group, as the candidate image data group.

[0133] Specifically, the image generator 14 generates a can-
didate image data group (subtraction image data group) in
which a high-brightness region is extracted, by subtracting
the brightness value of the “oblique image data with the
oblique angle of 0 degrees” from the brightness value of the
“oblique image data with the oblique angle other than the
oblique angle of 0 degrees”, pixel by pixel, under the control
of the extractor 1834 (see (1) in FIG. 10). The image generator
14 sets a pixel having a negative subtraction value to “0”.
[0134] The “oblique image data with the oblique angle
other than the oblique angle of 0 degrees” is image data in
which the puncture needle 1a may be visualized well. The
“oblique image data with the oblique angle of 0 degrees” is
image data in which a living tissue is visualized well, under
the ultrasound transmission/reception conditions for the sec-
ond scan. Therefore, a plurality of image data that constitutes
the candidate image data group generated through the sub-
traction processing above includes image data in which a
high-brightness region corresponding to the puncture needle
region is extracted. Such an image data group serves as an
image data group including image data that can be selected as
needle image data generated by comparing the brightness
values pixel by pixel as described in the third embodiment.
[0135] In the fourth embodiment, therefore, any candidate
image data of the candidate image data group is selected as
needle image data. Based on this, in the fourth embodiment,
it is preferable that the brightness value adjustment process-
ing performed on the third ultrasonic image data in the third
embodiment should be performed on the “oblique image data
with the oblique angle other than the oblique angle of 0
degrees™.

[0136] Specifically, the extractor 1835 according to the
fourth embodiment controls the image generator 14 to gen-
erate a candidate image data group using image data with a
reduced brightness value of each image data generated
through ultrasound transmission/reception performed in a
direction other than the perpendicular direction from among
the second ultrasonic image data group. Accordingly, inclu-
sion of noise components in the high-brightness region ofthe
candidate image data can be avoided for sure.

[0137] The detector 182 according to the fourth embodi-
ment then calculates the angle (f) of the puncture needle by
performing a line segment detection processing on each can-
didate image data (see (2) in FIG. 10).

[0138] The selector 1834 according to the fourth embodi-
ment then selects image data generated through ultrasound
transmission performed in a direction suitable for visualizing
the puncture needle 1q, as needle image data, from the can-
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didate image data group, based on the angle calculated by the
detector 182 (see (3) in FIG. 10). That is, the selector 183a
selects candidate image data with the oblique angle closest to
the angle (B) as needle image data.

[0139] The image combiner 16 then generates composite
image data of the first ultrasonic image data and the needle
image data through a combining processing (see (4) in FIG.
10). The display controller 184 then controls the composite
image data to be displayed on the monitor 2. The combining
processing performed in the fourth embodiment is performed
in the same manner as the combining processing described in
the first embodiment. In the fourth embodiment, the process-
ing of changing the oblique angle and the number of oblique
directions and the processing of changing ultrasound trans-
mission/reception conditions as described in the third
embodiment are also performed.

[0140] The processing performed by the ultrasonic diagno-
sis apparatus according to the fourth embodiment differs
from the processing performed by the ultrasonic diagnosis
apparatus according to the second embodiment described
with reference to FIG. 8 in the following points. Namely, the
fourth embodiment differs from the second embodiment in
that the second scan includes the oblique angle of “0 degrees”
at Step S202 in FIG. 8. In addition, the fourth embodiment
differs from the second embodiment in that a candidate image
data group is generated from “oblique image data with the
oblique angle other than the oblique angle of 0 degrees” using
the “oblique image data with the oblique angle of 0 degrees”
in the processing at Step S204 in FIG. 8.

[0141] As described above, in the fourth embodiment, a
candidate image data group that can be selected as needle
image data is generated by extracting a high-brightness
region in the “oblique image data with the oblique angle other
than the oblique angle of 0 degrees” using the “oblique image
data with the oblique angle of 0 degrees” in advance. In the
fourth embodiment, the candidate image data corresponding
to the oblique angle closest to the calculated angle is then
selected as needle image data. This can also improve the
visibility of the puncture needle irrespective of the angle of
the puncture needle.

[0142] In the fourth embodiment, a high-brightness region
is extracted using the “oblique image data with the oblique
angle of 0 degrees” after the brightness value of the “oblique
image data with the oblique angle other than the oblique angle
of 0 degrees” is reduced, whereby the puncture needle region
can be extracted for sure.

Fifth Embodiment

[0143] Ina fifth embodiment, a modification of the forego-
ing first to fourth embodiments will be described with refer-
ence to FIGS. 11 to 13. FIGS. 11 to 13 are diagrams for
explaining the fifth embodiment.

[0144] In the first to fourth embodiments, the case where
needle image data is generated based on the angle calculated
from the detected line segment has been described. The
needle image data, however, may be generated based on the
detected line segment.

[0145] In the first to fourth embodiments, the case where
needle image data in which the puncture needle 1a is imaged
is generated using ultrasonic image data has been described.
Specifically, in the first and third embodiments, needle image
data is generated using a region corresponding to the puncture
needle 1a of the third ultrasonic image data. In the second and
fourth embodiments, needle image data is selected from a
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candidate image data group. The needle image data, however,
may be generated by drawing an artificial marker correspond-
ing to the puncture needle 1a.

[0146] In the following, three modifications performed in
the fifth embodiment will be described. In the first modifica-
tion, the image generation controller 183 controls the image
generator 14 to generate, as needle image data, image data in
which a marker based on the line segment detected by the
detector 182 for the second ultrasonic image data group is
drawn. The second ultrasonic image data group illustrated in
FIG. 11 is the same image data group as the second ultrasonic
image data group illustrated in FIG. 3. The detector 182
determines that line segment detection is impossible for the
ultrasonic image data with “the oblique angle: a1” as illus-
trated in FIG. 11. The detector 182 detects a line segment 100
from the ultrasonic image data with “the oblique angle: a.2”
as illustrated in FIG. 11. The detector 182 detects a line
segment 101 from the ultrasonic image data with “the oblique
angle: a3 as illustrated in FIG. 11.

[0147] Here, the image generation controller 183 selects a
line segment for use to create a marker, using a threshold
(hereinafter referred to as THL) for the length of a line seg-
ment. Let us consider a case where the length of the line
segment 100 is equal to or larger than “THL” and the length
of the line segment 101 is equal to or larger than “THL”. In
this case, the image generation controller 183 controls the
image generator 14 to draw a marker based on the line seg-
ment 100 and the line segment 101. For example, the image
generation controller 183 sets the average value of the length
of the line segment 100 and the length of the line segment 101
as the length of the marker. For example, the image genera-
tion controller 183 compares the average brightness value of
the region corresponding to the line segment 100 with the
average brightness value of the region corresponding to the
line segment 101 and decides to arrange a marker in the line
segment with the higher value. In the case illustrated in FIG.
11, the image generation controller 183 decides to arrange a
marker in the line segment 101.

[0148] Accordingly, as illustrated in FIG. 11, a line seg-
ment 102 based on the line segment 100 and the line segment
101 is determined. The image generator 14 then draws a
marker at the position corresponding to the line segment 102,
asillustrated in FIG. 11. The image generator 14 then outputs,
to the image combiner 16, image data in which a marker is
drawn as needle image data. Alternatively, the image genera-
tor 14 may output image data in which ultrasonic image data
with “the oblique angle: ¢.2”, ultrasonic image data with “the
oblique angle: ¢:3”, and the marker are superimposed on one
another, as needle image data, to the image combiner 16. In
this case, the image generator 14 uses addition image data,
arithmetic mean image data, or weighted addition image data
of the ultrasonic image data “with the oblique angle: ¢2”” and
the ultrasonic image data “with the oblique angle: 3, as a
target to be superimposed with the marker. In the case where
weighed addition is performed, the weight is determined, for
example, based on the average brightness value of the region
corresponding to the line segment.

[0149] If the length of the line segment 101 is equal to or
larger than “THL” and the length of the line segment 100 is
equal to or shorter than “THL”, a marker based on the line
segment 101 is drawn.

[0150] In the second modification, the image generation
controller 183 controls the image generator 14 to generate, as
needle image data, image data in which a marker based on the
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line segment and the angle obtained by the detector 182 for
the second ultrasonic image data group is drawn. The second
ultrasonic image data group illustrated in FIG. 12 is the same
image data group as the second ultrasonic image data group
illustrated in FIG. 11. The line segment 100 and the line
segment 101 illustrated in FIG. 12 are the same as the line
segment 100 and the line segment 101 illustrated in FIG. 11.
[0151] Thedetector 182 further calculates the angle “p2” of
the line segment 100 and calculates the angle “f3” of the line
segment 101 as illustrated in FIG. 12. Let us consider a case
where the length of the line segment 100 is equal to or larger
than “THL” and the length of the line segment 101 is equal to
or larger than “THL”. In this case, the image generation
controller 183 controls the image generator 14 to draw a
marker based on the line segment 100 and the line segment
101 and the angle “p2” and the angle “B3”. For example, the
image generation controller 183 sets the average value of the
length of the line segment 100 and the length of the line
segment 101 as the length of the marker. For example, the
image generation controller 183 sets the average angle of the
angle “P2” and the angle “B3” as the angle of the marker. The
image generation controller 183 sets the end point of the
depth in the marker, for example, as the end point of the depth
in the line segment 101 with a high average brightness value.
[0152] Accordingly, as illustrated in FIG. 12, a line seg-
ment 103 based on the line segment 100 and the line segment
101 and the angle “f2” and the angle “p3” is determined. The
image generator 14 then draws a marker at the position cor-
responding to the line segment 103 as illustrated in FIG. 11.
The image generator 14 then outputs the image data in which
the marker is drawn, as needle image data to the image com-
biner 16. Alternatively, the image generator 14 may output
image data in which the ultrasonic image data with “the
oblique angle: a2, the ultrasonic image data with “the
oblique angle: ¢3”, and the marker are superimposed on one
another, as needle image data to the image combiner 16.
When a superimposing processing is performed, the same
processing as the processing described above is applied.
[0153] When angle calculation is performed, the process-
ing may be performed only using the third ultrasonic image
data. In this case, a marker based on the line segment 101
detected in the ultrasonic image data with “the oblique angle:
a3” that is the third ultrasonic image data is drawn. The
processing that is targeted for the second ultrasonic image
data group as described with reference to FIGS. 11 and 12 can
be applied even when the second scan described in the third
embodiment is performed.

[0154] Inthe third modification, the image generation con-
troller 183 controls the image generator 14 to generate, as
needle image data, image data in which a marker based on the
line segment and the angle acquired by the detector 182 for
the candidate image data group described in the second or
third embodiment is drawn. The candidate image data group
illustrated in FIG. 13 is the same image data group as the
candidate image data group illustrated in FIG. V.

[0155] The detector 182 determines that line segment
detection is impossible for the candidate image data with “the
oblique angle: a1, as illustrated in FIG. 13. The detector 182
detects aline segment 200 from the candidate image data with
“the oblique angle: 02" as illustrated in FIG. 13. The detector
182 also detects a line segment 201 from the candidate image
data with “the oblique angle: 3" as illustrated in F1G. 13.
[0156] The detector 182 then calculates the angle “$20” of
the line segment 200 and calculates the angle “f30” of the line
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segment 201, as illustrated in FIG. 13. Let us consider a case
where the length of the line segment 200 is equal to or larger
than “THL” and the length of the line segment 201 is equal to
or larger than “THL”. In this case, the image generation
controller 183 controls the image generator 14 to draw a
marker based on the line segment 200 and the line segment
201 and the angle “p20” and the angle “p30”. For example,
the image generation controller 183 sets the average value of
the length of the line segment 200 and the length of the line
segment 201 as the length of the marker. For example, the
image generation controller 183 sets the average angle of the
angle “f20” and the angle “pf30” as the angle of the marker.
The image generation controller 183 sets the end point of the
depth in the marker, for example, as the end point of the depth
in the line segment 201 with the higher brightness value.
[0157] Accordingly, as illustrated in FIG. 13, a line seg-
ment 203 based on the line segment 200 and the line segment
201 and the angle “[20” and the angle “f30” is determined.
The image generator 14 then draws a marker at the position
corresponding to the line segment 203 as illustrated in FIG.
13. The image generator 14 then outputs the image data in
which the marker is imaged as needle image data to the image
combiner 16. Alternatively, the image generator 14 may out-
put image data in which candidate image data with “the
oblique angle: 02”, candidate image data with “the oblique
angle: 3", and the marker are superimposed on one another,
as needle image data to the image combiner 16. When the
superimposing processing is performed, the same processing
as the processing as described above is applied.

[0158] The processing illustrated in FIG. 13 may be per-
formed only using the candidate image data selected as
needle image data in the second and fourth embodiments. In
this case, for example, a marker based on the line segment 201
detected in the candidate image data with “the oblique angle:
a3” selected as needle image data is drawn.

[0159] As described above, even when needle image data in
which an artificial marker representing the puncture needle
1a is imaged is used, the visibility of the puncture needle can
be improved irrespective of the angle of the puncture needle.
[0160] The components of each apparatus described in the
first to fifth embodiments are functionally conceptual and not
always physically configured as illustrated in the figures. That
is, the specific manner of distribution and integration of each
apparatus is not limited to the one illustrated in the figures,
and each apparatus can be entirely or partially configured to
be functionally or physically distributed or integrated in a
desired unit, depending on various loads or use conditions.
Each processing function performed in each apparatus may
be entirely or partially implemented by a CPU and a program
analyzed and executed in the CPU, or implemented as hard-
ware with wired logics.

[0161] The image processing method explained in the first
to fifth embodiments can be implemented by causing a com-
puter such as a personal computer or a workstation to execute
an image processing program prepared beforehand. The
image processing program can be distributed over a network
such as the Internet. The image processing program may be
recorded on a computer-readable non-transitory recording
medium such as a hard disk, a flexible disk (FD), a compact
disc-read only memory (CD-ROM), a magnetic optical disk
(MO), adigital versatile disk (DVD), or a Flash memory such
as a universal serial bus (USB) memory and a secure digital
(SD) card memory and be read out from the non-transitory
recording medium by a computer for execution.
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[0162] As described above, the first to fifth embodiments
can improve the visibility of the puncture needle irrespective
of the angle of the puncture needle.

[0163] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:
1. An ultrasonic diagnosis apparatus comprising:
ascan controller that causes an ultrasound probe to execute
a first scan for performing ultrasound transmission in a
first direction relative to a transducer element surface for
the purpose of visualizing a tissue of a subject and a
second scan for performing ultrasound transmission in
each of a plurality of directions relative to the transducer
element surface, in ultrasound scanning of the subject
into which a puncture needle is inserted,
an image generator that generates first ultrasonic image
data using a reflected wave received by the ultrasound
probe through the first scan and that generates a second
ultrasonic image data group comprising ultrasonic
image data for each of the plurality of the directions
using a reflected wave received by the ultrasound probe
through the second scan;
a detector that detects a line segment based on the second
ultrasonic image data group;
an image generation controller that controls the image
generator to generate needle image data in which the
puncture needle is imaged, based on information about
the line segment detected by the detector;
an image combiner that generates composite image data of
the first ultrasonic image data and the needle image data;
and
a display controller that controls the composite image data
to be displayed on a predetermined display.
2. The ultrasonic diagnosis apparatus according to claim 1,
wherein
the detector further calculates an angle of the line segment
detected based on the second ultrasonic image data
group, and
the image generation controller controls the image genera-
tor to generate the needle image data, based on the angle
calculated by the detector.
3. The ultrasonic diagnosis apparatus according to claim 2,
wherein
the image generation controller includes
a selector that selects image data generated through
ultrasound transmission performed in a direction suit-
able for visualizing the puncture needle as third ultra-
sonic image data, from the second ultrasonic image
data group, based on the angle calculated by the detec-
tor for each image data that constitutes the second
ultrasonic image data group, and
an extractor that extracts a high-brightness region of the
third ultrasonic image data as a puncture needle
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region and that controls the image generator to gen-
erate the needle image data using the extracted punc-
ture needle region.

4. The ultrasonic diagnosis apparatus according to claim 3,
wherein

the scan controller causes the ultrasound probe to perform

ultrasound transmission in each of a plurality of direc-
tions including a direction perpendicular to the trans-
ducer element surface, as the second scan,

the selector selects the third ultrasonic image data, based

on the angle calculated by the detector for each image
data generated through ultrasound transmission/recep-
tion performed in a direction other than the perpendicu-
lar direction from among the second ultrasonic image
data group, and

the extractor extracts the puncture needle region, based on

the third ultrasonic image data and image data generated
through ultrasound transmission/reception performed in
the perpendicular direction as the second scan.

5. The ultrasonic diagnosis apparatus according to claim 4,
wherein the extractor performs a processing of extracting the
puncture needle region, using image data with a reduced
brightness value of the third ultrasonic image data.

6. The ultrasonic diagnosis apparatus according to claim 2,
wherein

the image generation controller includes

an extractor that controls the image generator to genet-
ate a candidate image data group in which a high-
brightness region is extracted, by performing a thresh-
old processing on each image data that constitutes the
second ultrasonic image data group, and

a selector that selects image data generated through
ultrasound transmission performed in a direction suit-
able for visualizing the puncture needle as the needle
image data from the candidate image data group,
based on the angle calculated by the detector for each
image data that constitutes the candidate image data
group.

7. The ultrasonic diagnosis apparatus according to claim 6,
wherein

the scan controller causes the ultrasound probe to perform

ultrasound transmission in each of a plurality of direc-
tions including a direction perpendicular to the trans-
ducer element surface, as the second scan, and

the extractor controls the image generator to generate an

image data group obtained by subtracting image data
generated through ultrasound transmission/reception
performed as the second scan in the perpendicular direc-
tion from each image data generated through ultrasound
transmission/reception performed in a direction other
than the perpendicular direction from among the second
ultrasonic image data group, as the candidate image data
group.

8. The ultrasonic diagnosis apparatus according to claim 7,
wherein the extractor controls the image generator to gener-
ate the candidate image data group using image data with a
reduced brightness value of each image data generated
through ultrasound transmission/reception performed in a
direction other than the perpendicular direction from among
the second ultrasonic image data group.

9. The ultrasonic diagnosis apparatus according to claim 3,
wherein the selector selects image data generated through
ultrasound transmission performed in a direction at an angle
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closest to perpendicularity relative to the puncture needle,
based on the angle calculated by the detector.

10. The ultrasonic diagnosis apparatus according to claim
6, wherein the selector selects image data generated through
ultrasound transmission performed in a direction at an angle
closest to perpendicularity relative to the puncture needle,
based on the angle calculated by the detector.

11. The ultrasonic diagnosis apparatus according to claim
2, wherein the scan controller changes a direction of ultra-
sound transmission to be performed in the second scan, based
on the angle calculated by the detector.

12. The ultrasonic diagnosis apparatus according to claim
2, wherein the scan controller changes a number of directions
of ultrasound transmission to be performed in the second
scan, based on a temporal change of the angle calculated by
the detector.

13. The ultrasonic diagnosis apparatus according to claim
11, wherein the scan controller changes an ultrasound trans-
mission/reception condition for the second scan after change,
based on a condition change of the second scan.

14. The ultrasonic diagnosis apparatus according to claim
12, wherein the scan controller changes an ultrasound trans-
mission/reception condition for the second scan after change,
based on a condition change of the second scan.

15. The ultrasonic diagnosis apparatus according to claim
1, wherein the image generation controller controls the image
generator to generate, as the needle image data, image data in
which a marker based on the line segment detected by the
detector for the second ultrasonic image data group is drawn.

16. The ultrasonic diagnosis apparatus according to claim
2, wherein the image generation controller controls the image
generator to generate, as the needle image data, image data in
which a marker based on the line segment and the angle
acquired by the detector for the second ultrasonic image data
group is drawn.
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17. The ultrasonic diagnosis apparatus according to claim
6, wherein the image generation controller controls the image
generator to generate, as the needle image data, image data in
which a marker based on the line segment and the angle
acquired by the detector for the candidate image data group is
drawn.
18. An image processing method including:
causing, by a scan controller, an ultrasound probe to
execute a first scan for performing ultrasound transmis-
sion in a first direction relative to a transducer element
surface forthe purpose of visualizing a tissue of a subject
and a second scan for performing ultrasound transmis-
sion in each of a plurality of directions relative to the
transducer element surface, in ultrasound scanning of
the subject into which a puncture needle is inserted;
generating, by an image generator, first ultrasonic image
data using a reflected wave received by the ultrasound
probe through the first scan and that generates a second
ultrasonic image data group comprising ultrasonic
image data for each of the plurality of the directions
using a reflected wave received by the ultrasound probe
through the second scan;
detecting, by a detector, a line segment based on the second
ultrasonic image data group;
controlling, by an image generation, the image generator to
generate needle image data in which the puncture needle
is imaged, based on information about the line segment
detected by the detector;
generating, by an image combiner, composite image data
of the first ultrasonic image data and the needle image
data; and
controlling, by a display controller, the composite image
data to be displayed on a predetermined display.
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