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ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC DIAGNOSTIC METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a technique capable
of a two-dimensional (2D) scanning and a real time three-
dimensional (3D) scanning, and more particularly to an ultra-
sonic diagnostic apparatus and an ultrasonic diagnostic
method that emphatically displays a needle-tip portion of a
puncture needle so that an operator can easily visually recog-
nize a position of the needle-tip portion.

[0003] 2. Description of the Related Art

[0004] An ultrasonic diagnostic apparatus is a medical
diagnostic apparatus that noninvasively obtains tomograms
of a soft tissue in a living body from a body surface using an
ultrasonic pulse-echo method. The ultrasonic diagnostic
apparatus has features that the apparatus is compact and inex-
pensive, has high safety with no exposure to X-rays, is
capable of blood flow imaging, or the like as compared with
other medical diagnostic apparatuses, and has been widely
used in cardiac, abdominal, urology, obstetrics and gynecol-
ogy departments, or the like.

[0005] The ultrasonic diagnostic apparatus is used not only
for image diagnosis but also, for example, for radiofrequency
ablation (RFA) as a local therapy of hepatocellular cancer or
a biopsy for hepatocellular tissue examination. Such a
therapy and an examination require precise puncture into a
region of interest such as a tumor using a puncture needle.
Thus, to clearly ascertain where the puncture needle enters in
the living body, an ultrasonic diagnostic apparatus that can
monitor the region of interest and the puncture needle in real
time is used. Particularly, in recent years, the ultrasonic diag-
nostic apparatus sometimes uses real time three-dimensional
ultrasonic images for display because of faster computers. In
such a case, some methods have been proposed of displaying
a puncture needle position on three-dimensional data during
a puncture therapy, or marking a direction of a puncture
needle (for example, Japanese Patent Application Publication
(Laid-open: KOKAI) No. 6-205776). The ultrasonic diagnos-
tic apparatus that is easy to use and capable of easy observa-
tion in real time is often used for a biopsy, or monitoring the
needle-tip portion of a puncture needle and a lesion position
in a local ablation therapy for cancer.

[0006] In recent years, an ultrasonic diagnostic apparatus
capable of a real time volume scanning has also appeared.
This apparatus can obtain needle position information in a
slice direction of an ultrasonic probe, which has been hard to
obtain, and is expected to increase accuracy of a biopsy or an
ablation therapy.

[0007] However, the ultrasonic diagnostic apparatus in the
related art sometimes has poor visibility because the visual-
ized needle-tip portion of the puncture needle is buried in a
background image, or the like, and places a burden on an
operator. Also, because of uncertainty about the precise posi-
tion of the needle-tip portion of the puncture needle, sufficient
therapeutic effects may not be obtained such that tissue in a
different position from the position of planned tissue is
removed or an ablation therapy is performed in a different
position.

[0008] When the ultrasonic diagnostic apparatus capable of
the real time volume scanning is used, there is a problem that
an expected effect cannot be obtained due to insufficient
visibility of the needle-tip portion of the puncture needle.
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[0009] Further, various studies have been made to increase
visibility of a needle-tip portion of a puncture needle, and for
example, there is a method using an image processing filter
such as edge reinforcement. However, such a method has not
been put to practical use because separation of only the
needle-tip portion is difficult, and a substantial portion other
than the needle-tip portion is influenced.

SUMMARY OF THE INVENTION

[0010] The present invention is achieved in view of such
circumstances, and has an object to provide an ultrasonic
diagnostic apparatus and an ultrasonic diagnostic method that
allows an operator to easily visually recognize the position of
a needle-tip portion of a puncture needle in monitoring the
puncture needle.

[0011] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic apparatus com-
prising: an ultrasonic probe configured to transmit an ultra-
sonic pulse to a two-dimensional scanning region or a three-
dimensional scanning region, and receive an echo
corresponding to the ultrasonic pulse as a received signal; a
control unit configured to control the ultrasonic probe so as to
sequentially perform, every scanning line of scanning lines in
the scanning region, the transmitting and receiving under a
first transmitting/receiving condition, the transmitting and
receiving under a second transmitting/receiving condition
which is different from the first transmitting/receiving condi-
tion, and the transmitting and receiving under a third trans-
mitting/receiving condition which is different from the first
transmitting/receiving condition and the second transmitting/
receiving condition; a basic image generating unit configured
to generate a first image based on the received signal under the
first transmitting/receiving condition, a second image based
on the received signal under the second transmitting/receiv-
ing condition, and a third image based on the received signal
under the third transmitting/receiving condition; a differen-
tial image generating unit configured to perform a differential
processing based on the first image and the second image to
generate a differential image; and a composite image gener-
ating unit configured to perform a composite processing
based on the differential image and the third image to gener-
ate a composite image.

[0012] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic apparatus com-
prising: an ultrasonic probe configured to transmit an ultra-
sonic pulse to a two-dimensional scanning region or a three-
dimensional scanning region, and receive an echo
corresponding to the ultrasonic pulse as a received signal; a
control unit configured to control the ultrasonic probe so as to
successively perform, every scanning line of scanning lines in
the scanning region, the transmitting and receiving under a
first transmitting/receiving condition, and the transmitting
and receiving under a third transmitting/receiving condition
which is different from the first transmitting/receiving condi-
tion; a basic image generating unit configured to generate a
first image based on the received signal under the first trans-
mitting/receiving condition, and a third image based on the
received signal under the third transmitting/receiving condi-
tion; and a composite image generating unit configured to
perform a composite processing based on the first image and
the third image to generate a composite image.

[0013] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic method compris-
ing steps of: controlling which controls an ultrasonic probe
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which transmits an ultrasonic pulse to a two-dimensional
scanning region or a three-dimensional scanning region, and
receives an echo corresponding to the ultrasonic pulse as a
received signal so as to sequentially perform, every scanning
line of scanning lines in the scanning region, the transmitting
and receiving under a first transmitting/receiving condition,
the transmitting and receiving under a second transmitting/
receiving condition which is different from the first transmit-
ting/receiving condition, and the transmitting and receiving
under a third transmitting/receiving condition which is dif-
ferent from the first transmitting/receiving condition and the
second transmitting/receiving condition; basic image gener-
ating which generates a first image based on the received
signal under the first transmitting/receiving condition, a sec-
ond image based on the received signal under the second
transmitting/receiving condition, and a third image based on
the received signal under the third transmitting/receiving con-
dition; differential image generating which performs a differ-
ential processing based on the first image and the second
image to generate a differential image; and composite image
generating which performs a composite processing based on
the differential image and the third image to generate a com-
posite image.

[0014] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic method compris-
ing steps of: controlling which controls an ultrasonic probe
which transmits an ultrasonic pulse to a two-dimensional
scanning region or a three-dimensional scanning region, and
receives an echo corresponding to the ultrasonic pulse as a
received signal so as to sequentially perform, every scanning
line of scanning lines in the scanning region, the transmitting
and receiving under a first transmitting/receiving condition,
and the transmitting and receiving under a third transmitting/
receiving condition which is different from the first transmit-
ting/receiving condition; basic image generating which gen-
erates a first image based on the received signal under the first
transmitting/receiving condition, and a third image based on
the received signal under the third transmitting/receiving con-
dition; and composite image generating which performs a
composite processing based on the first image and the third
image to generate a composite image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] In the accompanying drawings:

[0016] FIG.11isaschematic diagram showing a configura-
tion of ultrasonic diagnostic apparatus of the present embodi-
ment;

[0017] FIG. 2 is a block diagram showing a function of the
ultrasonic diagnostic apparatus of the present embodiment;
[0018] FIG. 3 is a diagram showing an example of a scan
sequence;

[0019] FIG. 4 is diagrams showing examples of images
generated by an image generating circuit controlled by an
image generation control unit;

[0020] FIG.5isadiagram showing an example of an image
of liver plotted at two points (needle-tip portion of puncture
needle and substantial portion);

[0021] FIG. 6 is a diagram showing an example of fre-
quency spectrums of RF signals from the needle-tip portion
and the substantial portion;

[0022] FIG. 7 is diagrams showing examples of images
generated by the image generating circuit controlled by the
image generation control unit;
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[0023]
images;
[0024] FIG. 9 is a diagram showing an example of a com-
posite image;

[0025] FIG. 10 is a diagram showing a limited region
including a puncture guideline of a puncture needle in the
differential image;

[0026] FIG. 11 is adiagram showing an actual puncture line
of the present embodiment based on a first coordinate and a
second coordinate in differential volume data;

[0027] FIGS. 12A, 12B, and 12C are diagrams showing
display examples of a puncture guideline in a three-dimen-
sional scanning in the related art;

[0028] FIGS. 13A, 13B, and 13C are diagrams showing
display examples of a puncture line in the three-dimensional
scanning in the present embodiment;

[0029] FIG. 14 is a diagram to explain a fundamental com-
ponent and a harmonic component of a received signal; and
[0030] FIG. 15 is a diagram to explain an additional signal
based on the received signals corresponding to two lines.

FIG. 8 is diagrams showing examples of differential

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] An embodiment of an ultrasonic diagnostic appara-
tus and an ultrasonic diagnostic method according to the
present invention will be described with reference to the
accompanying drawings.

[0032] FIG. 1is a schematic diagram showing a configura-
tion of ultrasonic diagnostic apparatus of the present embodi-
ment.

[0033] FIG. 1 shows an ultrasonic diagnostic apparatus 10
of the present embodiment. The ultrasonic diagnostic appa-
ratus 10 mainly has a puncture adaptor 11, an ultrasonic probe
12, a main body 13, a display 14, and an operation panel 15.
[0034] The puncture adaptor 11 is, for example, secured to
the ultrasonic probe 12 at a predetermined angle. To the
puncture adaptor 11, a puncture needle 11a to be inserted into
a region from a body surface of an object (patient) P to a
puncture target (tumor) in the body is mounted.

[0035] The ultrasonic probe 12 has a plurality of piezoelec-
tric transducers that transmit ultrasonic pulses to a two-di-
mensional or a three-dimensional scanning region including
the puncture target of the patient P based on drive pulses from
the main body 13, and receive echoes corresponding to the
transmitted ultrasonic pulses, and convert the echoes into
electric signals. When the piezoelectric transducers in the
ultrasonic probe 12 transmit the ultrasonic pulses to the scan-
ning region, ultrasonic beams formed by the ultrasonic pulses
are successively reflected by a discontinuous surface of
acoustic impedance of body tissue. The reflected echoes are
received by the piezoelectric transducers. The received echo
is converted into an echo signal by the piezoelectric transduc-
ers. An amplitude of the echo signal depends on a difference
in acoustic impedance on the reflecting discontinuous sur-
face. When the ultrasonic beam is reflected by moving blood
flow or a surface such as a cardiac wall, an echo correspond-
ing to the transmitted ultrasonic pulse depends on a speed
component in an ultrasonic transmitting direction of a mobile
object by the Doppler effect, and undergoes frequency devia-
tion.

[0036] The ultrasonic probe 12 includes, for example, a
mechanical three-dimensional probe and a two-dimensional
probe (matrix array probe). The mechanical three-dimen-
sional probe is a probe that can mechanically sweep many (for
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example, 100 to 200) piezoelectric transducers arranged only
in an X-axis direction (azimuth direction), or a probe that can
mechanically sweep many piezoelectric transducers arranged
in the X-axis direction and a few (for example, 3) piezoelec-
tric transducers arranged in a Y-axis direction (elevation
direction). The two-dimensional probe is a probe having
many piezoelectric transducers arranged in both the X-axis
direction and the Y-axis direction.

[0037] When the ultrasonic probe 12 is the mechanical
three-dimensional probe, the many piezoelectric transducers
arranged in the X-axis direction obtain electronic focus so as
to cause the ultrasonic pulse to converge in the X-axis direc-
tion to form an appropriate ultrasonic beam extending in a
Z-axis direction (depth direction). Meanwhile, when the
ultrasonic probe 12 is the mechanical three-dimensional
probe, it is preferable that an acoustic lens is provided on an
ultrasonic irradiation side of one piezoelectric transducer in
the Y-axis direction or the piezoelectric transducer is formed
as a concave type so as to cause the ultrasonic pulse to con-
verge in the Y-axis direction to form an appropriate ultrasonic
beam extending in the Z-axis direction. When the ultrasonic
probe 12 is the mechanical three-dimensional probe, an
acoustic lens is provided on an ultrasonic irradiation side of a
few piezoelectric transducers in the Y-axis direction, or the
number of driven piezoelectric transducers among the few
piezoelectric transducers is changed in the Y-axis direction
depending on the position of a focus in the Z-axis direction so
as to cause the ultrasonic pulse to converge in the Y-axis
direction to form an appropriate ultrasonic beam extending in
the Z-axis direction. In scanning a three-dimensional region
using the mechanical three-dimensional probe, a plurality of
two-dimensional cross-sections (X-Z cross-sections) are
scanned by the ultrasonic beam formed by the ultrasonic
pulse while the piezoelectric transducers is swept.

[0038] When the ultrasonic probe 12 is the two-dimen-
sional probe, the many piezoelectric transducers arranged in
the X-axis direction and the Y-axis direction obtain electronic
focus so as to cause the ultrasonic pulse to converge in the
X-axis direction and the Y-axis direction to form an appropri-
ate ultrasonic beam extending in the Z-axis direction. In scan-
ning the three-dimensional region using the two-dimensional
probe, a plurality of X-Z cross-sections are scanned by the
ultrasonic beam formed by the ultrasonic pulse while a trans-
mission surface of the ultrasonic pulse is electronically
shifted in the Y-axis direction.

[0039] The main body 13 has a transmitting/receiving cir-
cuit 21, a signal processing circuit 22, an image generating
circuit 23, an image memory 24, a central processing unit
(CPU) 25, a main memory 26, an interface (IF) 27, and a
storage 28. In the present embodiment, the transmitting/re-
ceiving circuit 21, the signal processing circuit 22, and the
image generating circuit 23 are configured as integrated cir-
cuits for description, but all or part thereof may function by
execution of a modularized software program.

[0040] The transmitting/receiving circuit 21 has a transmit-
ting circuit and a receiving circuit, not shown. The transmit-
ting circuit has a pulser circuit, a transmission delay circuit, a
trigger generating circuit, or the like, not shown. The pulser
circuit repeatedly generates rate pulses for forming transmit-
ting ultrasonic at a predetermined rate frequency fr [Hz]
(cycle: 1/{r [sec]). The transmission delay circuit provides
each rate pulse with a delay time required for focusing the
ultrasonic into the beam for each channel and determining a
transmission directivity. The trigger generating circuit

Aug. 12,2010

applies a drive pulse to the piezoelectric transducer in the
ultrasonic probe 12 at timing based on the rate pulse.

[0041] The transmitting circuit in the transmitting/receiv-
ing circuit 21 has a function of instantaneously changing a
transmission frequency, a transmission drive voltage (sound
pressure), a transmission pulse rate, a scanning region, and
the number of flashes according to instructions from the CPU
25. Particularly, the sound pressure is changed by a transmit-
ting portion of linear amplifier type that can instantaneously
change the value of the sound pressure or a mechanism that
electrically switches a plurality of power supply portions.
[0042] The receiving circuit in the transmitting/receiving
circuit 21 has an amplifier, a receiving delay circuit, an analog
to digital (A/D) conversion circuit, an addition circuit, or the
like, not shown. The amplifier amplifies an echo signal cap-
tured via the ultrasonic probe 12 for each channel. The receiv-
ing delay circuit provides the echo signal amplified by the
amplifier with a delay time required for determining a receiv-
ing directivity. The A/D conversion circuit converts the echo
signal output from the receiving delay circuit into a digital
signal. The addition circuit performs an addition processing
of the digital echo signal. The addition by the addition circuit
enhances a reflection component from a direction according
to the receiving directivity of the echo signal, the receiving
directivity and the transmitting directivity form an overall
beam for ultrasonic transmitting and receiving, and a radio
frequency (RF) signal is generated.

[0043] The signal processing circuit 22 has a B-mode pro-
cessing circuit 22a and a Doppler processing circuit 225. The
B-mode processing circuit 22a performs logaritmetic ampli-
fication and envelope detection or the like of the RF signal
obtained from the transmitting/receiving circuit 21, and gen-
erates a B-mode image with signal intensity expressed by
brightness. In this case, a visualized frequency band can be
changed by changing a detection frequency. Detection pro-
cesses with two detection frequencies may be performed for
one receiving data in parallel.

[0044] The Doppler processing circuit 225 performs fre-
quency analysis of speed information from the RF signal
obtained from the transmitting/receiving circuit 21, extracts
blood flow, tissue, or a contrast medium echo component by
the Doppler effect, and calculates blood flow information
such as an average speed, dispersion and power for many
points. The Doppler processing circuit 225 generates an aver-
age speed image, a dispersion image, and a power image as
blood flow information and a Doppler image as a combination
thereof.

[0045] The image generating circuit 23 converts a cross-
sectional image of a scan line signal sequence of ultrasonic
scanning, which is output from the signal processing circuit
22, into a cross-sectional image of a scan line signal sequence
in a general video format typified in, for example, televisions.
The image generating circuit 23 includes a memory (not
shown) that stores an image. For example, after a diagnosis,
an operator (or auser) can call up an image recorded during an
examination. Further, the image generating circuit 23 forms
volume data on the basis of the cross-sectional images.
[0046] Theimage memory 24 is a storage device that stores
images output from the signal processing circuit 22 and the
image generating circuit 23. In the image memory 24, images
obtained under different transmitting/receiving conditions
are stored in parallel. The image memory 24 stores a cross-
sectional image of data format before conversion that is
referred to as so-called RAW data output from the signal
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processing circuit 22, a cross-sectional image of data format
after video format conversion output from the image gener-
ating circuit 23, and volume data based on the cross-sectional
image of data format after the video format conversion output
from the image generating circuit 23.

[0047] The CPU 25 is a control device having a configura-
tion of an integrated circuit (LSI) in which an electronic
circuit configured by a semiconductor is sealed in a package
having a plurality of terminals. The CPU 25 has a function of
executing a program stored in the main memory 26. Alterna-
tively, the CPU 25 has a function of loading a program stored
in the storage 28 and a program transferred from a network N,
received by the IF 27 and installed in the storage 28, into the
main memory 26, and performing the programs.

[0048] The main memory 26 is a storage device having a
configuration that also serves as a read only memory (ROM),
a random access memory (RAM), or the like. The main
memory 26 has a function of storing initial program loading
(IPL: large scale integration), basic input/output system
(BIOS) and data, or temporarily storing a work memory or
data of the CPU 25.

[0049] The IF 27 is configured by a connector of parallel
connection specifications or serial connection specifications.
The IF 27 is an interface relating to the operation panel 15, the
network N such as a basic local area network (LAN) of a
hospital, the storage 28, or the like. The image generated by
the main body 13 can be transferred to other systems via the
network N by the IF 27.

[0050] The storage 28 is a storage device having a configu-
ration in which a metal disk with a magnetic material applied
or evaporated is irremovably installed in a reading device (not
shown). The storage 28 has a function of storing a program
(including an application program and also an OS (operating
system) or the like) installed in the main body 13. The OS may
be provided with a graphical user interface (GUI) that can use
many graphics in displaying information for the operator, and
can perform a basic operation with the operation panel 15.

[0051] The main memory 26 or the storage 28 store a con-
trol program such as an ultrasonic diagnosis program, diag-
nosis information (patient identification (ID), doctor’s obser-
vation, or the like), a diagnosis protocol, a transmitting/
receiving condition, and other groups of data. Further, the
data stored in the main memory 26 or the storage 28 can be
transferred to the network N via the IF 27.

[0052] The display 14 may be a liquid crystal display or a
cathode ray tube (CRT). The display 14 has a function of
displaying two-dimensional data or three-dimensional data
together with character information or scales of various
parameters based on a video signal from the image generating
circuit 23.

[0053] The operation panel 15 may be a trackball 15a,
various switches 155, a button 15¢, a mouse 154, a keyboard
15e, or the like. The operation panel 15 is connected to the
main body 13, and has a function of inputting various instruc-
tions from the operator, for example, a setting instruction of a
region of interest (ROI), a setting instruction of an image
quality condition to the main body 13. The operator can input
a transmission frequency of the ultrasonic pulse transmitted
from the ultrasonic probe 12, a transmission drive voltage
(sound pressure), a transmission pulse rate, a scanning region,
puncture mode start and contrast medium flush instructions, a
receiving condition, or the like to the main body 13 via the
operation panel 15.
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[0054] FIG. 2 is a block diagram showing a function of the
ultrasonic diagnostic apparatus 10 of the present embodi-
ment.

[0055] The CPU 25 shown in FIG. 1 executes a program,
and thus the ultrasonic diagnostic apparatus 10 functions as
an image generation control unit 31, a differential image
generating unit 32, and a composite image generating unit 33.
The differential image generating unit 32 is not a component
essential to the ultrasonic diagnostic apparatus 10. In the
present embodiment, the units 31 to 33 function by execution
of a modularized software program for description, but all or
part thereof may be configured by hardware such as an inte-
grated circuit.

[0056] The image generation control unit 31 has a function
of controlling the transmitting/receiving circuit 21 so as to
sequentially perform, for each raster (scanning line), ultra-
sonic transmitting and receiving under a first transmitting/
receiving condition in which a reflection signal from the
needle-tip portion of the puncture needle 11a is relatively
stronger than a substantial portion other than the needle-tip
portion, ultrasonic transmitting and receiving under a second
transmitting/receiving condition in which the reflection sig-
nal from the needle-tip portion of the puncture needle 11a is
relatively weaker than the substantial portion, and ultrasonic
transmitting and receiving under a third transmitting/receiv-
ing condition different from the first transmitting/receiving
condition and the second transmitting/receiving condition.
The image generation control unit 31, for example, causes the
transmitting/receiving circuit 21 to perform the ultrasonic
transmitting and receiving under the first transmitting/receiv-
ing condition at a low frequency, and the ultrasonic transmit-
ting and receiving under the second transmitting/receiving
condition at a high frequency.

[0057] The image generation control unit 31 changes at
least one of a transmitting condition and a receiving condition
included in the transmitting/receiving condition to set the first
transmitting/receiving condition, the second transmitting/re-
ceiving condition, and the third transmitting/receiving condi-
tion. The transmitting condition includes, for example, a fre-
quency (fundamental frequency), a transmission pulse
waveform, a transmission pulse phase, a transmission fre-
quency, the number of transmission burst waves, the number
of transmission drive elements (transmission opening), a
transmission focus (transmission delay), or the like. The
receiving condition includes, for example, a receiving fre-
quency, the number of receiving burst waves, the number of
receiving drive elements (receiving opening), a receiving
focus (receiving delay), or the like.

[0058] FIG. 3 is a diagram showing an example of a scan
sequence.

[0059] As shown in FIG. 3, the ultrasonic probe 12 is con-
trolled by the image generation control unit 31 to perform, for
a first raster L1, the ultrasonic transmitting and receiving
under the first transmitting/receiving condition, then per-
forms the ultrasonic transmitting and receiving under the
second transmitting/receiving condition, and then performs
the ultrasonic transmitting and receiving under the third trans-
mitting/receiving condition. Then, the ultrasonic probe 12 is
controlled by the image generation control unit 31 to perform,
for a second raster [.2, the ultrasonic transmitting and receiv-
ing under the first transmitting/receiving condition, then per-
forms the ultrasonic transmitting and receiving under the
second transmitting/receiving condition, and then performs
the ultrasonic transmitting and receiving under the third trans-
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mitting/receiving condition. Then, the ultrasonic probe 12 is
controlled by the image generation control unit 31 to perform,
for a third raster L3, the ultrasonic transmitting and receiving
under the first transmitting/receiving condition, then per-
forms the ultrasonic transmitting and receiving under the
second transmitting/receiving condition, and then performs
the ultrasonic transmitting and receiving under the third trans-
mitting/receiving condition. The order of the ultrasonic trans-
mitting and receiving for each raster is not limited to that
shown in FIG. 3, but for example, an order may be conceiv-
able of the ultrasonic transmitting and receiving under the
second transmitting/receiving condition, the ultrasonic trans-
mitting and receiving under the third transmitting/receiving
condition, and the ultrasonic transmitting and receiving under
the first transmitting/receiving condition.

[0060] Also, the image generation control unit 31 shown in
FIG. 2 has a function of controlling the signal processing
circuit 22 and the image generating circuit 23 to generate a
first image (first cross-sectional image, first volume data)
based on a received (echo) signal by scanning under the first
transmitting/receiving condition, a second image (second
cross-sectional image, second volume data) based on a
received signal by scanning under the second transmitting/
receiving condition, and a third image (third cross-sectional
image, third volume data) based on a received signal by
scanning under the third transmitting/receiving condition and
store the images in the image memory 24.

[0061] Theimage generation control unit 31 may set trans-
mitting conditions of the first transmitting/receiving condi-
tion, the second transmitting/receiving condition, and the
third transmitting/receiving condition to be identical, and set
receiving conditions thereofto be different. In this case, three
types of images corresponding to the three transmitting/re-
ceiving conditions can be obtained by one ultrasonic trans-
mission. Thus, it takes only one third of transmission time in
the case with different transmitting conditions of the first
transmitting/receiving condition, the second transmitting/re-
ceiving condition, and the third transmitting/receiving condi-
tion, and there is an advantage that a differential processing or
a composite processing can be performed at a general frame
rate (volume rate for volume data).

[0062] Also, with the identical transmitting conditions of
the first transmitting/receiving condition, the second trans-
mitting/receiving condition, and the third transmitting/re-
ceiving condition and the different receiving conditions
thereof, the image generation control unit 31 sets the first
transmitting/receiving condition as a condition for visualiz-
ing a low frequency band of the echo signal, and sets the
second transmitting/receiving condition and the third trans-
mitting/receiving condition as conditions for visualizing a
relatively narrow and high frequency band of the echo signal.
Alternatively, with the identical transmitting conditions of the
first transmitting/receiving condition, the second transmit-
ting/receiving condition, and the third transmitting/receiving
condition and the different receiving conditions thereof, the
image generation control unit 31 sets a relatively broad beam
sound field and a relatively broad receiving opening of the
ultrasonic probe 12 as the first transmitting/receiving condi-
tion, and sets a relatively narrow beam sound field and a
relatively narrow receiving opening of the ultrasonic probe 12
as the second transmitting/receiving condition and the third
transmitting/receiving condition.

[0063] FIG. 4 is diagrams showing examples of images
generated by the image generating circuit 23 controlled by the
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image generation control unit 31. The left side in FIG. 4
shows a third image generated with the puncture needle 11a
inserted into an agar phantom as the object P, and the right
side in FIG. 4 shows a first image generated with the puncture
needle 11a inserted into the agar phantom.

[0064] Inthe first image on the right side in FIG. 4, there is
not alarge difference in density in the phantom part other than
the needle-tip portion of the puncture needle 11a, but there is
a large difference in density in only the needle-tip portion. In
the first image on the right side in FIG. 4, the needle-tip
portion of the puncture needle 11a can be clearly differenti-
ated from the phantom part as compared with the third image
shown on the left side in FIG. 4.

[0065] FIG.Sisadiagram showing an example of an image
of the liver plotted at two points (needle-tip portion of the
puncture needle 11a and substantial portion). FIG. 6 is a
diagram showing an example of frequency spectrums of RF
signals from the needle-tip portion and the substantial por-
tion.

[0066] Asshow in FIG. 6, the RF signal from the needle-tip
portion includes fewer high frequency components than the
RF signal from the substantial portion other than the needle-
tip portion of the puncture needle 11a. This is because fewer
harmonic components are generated from the needle-tip por-
tion of the puncture needle 11a, or an ultrasonic beam spreads
more at a low frequency to allow reflection signals scattering
at the needle-tip portion of the puncture needle 11a to be
easily received. Thus, when a visualized frequency band is set
to a narrow and relatively high frequency band, an image with
fewer signals from the needle-tip portion of the puncture
needle 11a can be obtained, which is suitable for the second
or third transmitting/receiving condition. Meanwhile, when a
relatively low frequency band is visualized, an image with the
needle-tip portion of the puncture needle 11a clearly differ-
entiated can be obtained, which is suitable for the first trans-
mitting/receiving condition.

[0067] FIG. 7 is diagrams showing examples of images
generated by the image generating circuit 23 controlled by the
image generation control unit 31.

[0068] The upper left side in FIG. 7 shows a first image of
an agar phantom into which the puncture needle 11a is
inserted, generated under the first transmitting/receiving con-
dition, and the lower left side in FIG. 7 shows a third image of
the agar phantom into which the puncture needle 11a is
inserted, generated under the third transmitting/receiving
condition. The upper right side in FIG. 7 shows a first image
oftheliver as a object P, generated under the first transmitting/
receiving condition, and the lower right side in FIG. 7 shows
a third image of the liver, generated under the third transmit-
ting/receiving condition.

[0069] Comparing the firstimage and the third image of the
agar phantom shown on the upper and lower left sides in FIG.
7, the needle-tip portion of the puncture needle 11a is clearly
differentiated in the first image, while the needle-tip portion
of the puncture needle 114 is not clear in the third image as
described above. Comparing the first image and the third
image of the liver shown on the upper and lower right sides in
FIG. 7, few differences are found therebetween although
there is a slight difference such as speckle sizes due to a
difference in resolution.

[0070] The differential image generating unit 32 shown in
FIG. 2 has a function of performing a differential processing
of the first image and the second image stored in the image
memory 24 controlled by the image generation control unit
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31 to generate a differential image (differential cross-sec-
tional image, differential volume data). Alternatively, the dif-
ferential image generating unit 32 has a function of perform-
ing gain correction of the first image and the second image
generated by the image generating circuit 23 controlled by the
image generation control unit 31 so that the substantial por-
tions have approximately the same brightness, and then per-
forming the differential processing of a first corrected image
(first corrected volume data) based on the first image and a
second corrected image (second corrected volume data)
based on the second image to generate a differential image.
Note that the differential image generating unit 32 may per-
form the differential processing based on the first image and
the second image converted into a general video format, or
based on the first image the second image as RAW data.

[0071] FIG. 8 is diagrams showing examples of the differ-
ential images.
[0072] From the differential image of the agar phantom

shown on the left side in FIG. 8 and the differential image of
the liver shown on the right side in FIG. 8, the needle-tip
portion of the puncture needle 11a is extracted in the differ-
ential image of the agar phantom although a little noise is
included, while tissue is canceled in the differential image of
the liver. Specifically, when the puncture needle 11a is
inserted in the living body, only the puncture needle 11a can
be extracted in the differential image.

[0073] The composite image generating unit 33 shown in
FIG. 2 has a function of executing a composite processing
based on the differential image generated by the differential
image generating unit 32, and the third image stored in the
image memory 24 controlled by the image generation control
unit 31 to generate a composite image. Alternatively, the
composite image generating unit 33 has a function of execut-
ing a composite processing based on the first image and the
third image stored in the image memory 24 controlled by the
image generation control unit 31 to generate a composite
image. When the three-dimensional scanning is performed
under the control by the image generation control unit 31, the
composite image generating unit 33 performs the composite
processing based on predetermined cross-section included in
differential volume data as the differential image generated
by the differential image generating unit 32, and predeter-
mined cross-section included in third volume data as the third
image stored in the image memory 24 controlled by the image
generation control unit 31 to generate the composite image.

[0074] FIG. 9 is a diagram showing an example of the
composite image.

[0075] As shown in FIG. 9, when the differential image
formed by the needle-tip portion of the puncture needle 11a is
visualized with a different color tone from that of the third
image, the operator can easily visually recognize the position
of the needle-tip portion of the puncture needle 11a. In the
related art, monitoring a path of the puncture needle 11a
requires use of a transmitting/receiving condition with lower
image quality than that for general observation of the living
body by lowering a frequency or spreading the beam so that
the needle-tip portion of the puncture needle 11a is easily
recognized, which is not suitable for displaying a substantial
portion. However, when the composite image generating unit
33 generates the composite image to be displayed, the differ-
ential image effective for displaying the needle-tip portion of
the puncture needle 11a and the third image obtained under
the third transmitting/receiving condition effective for dis-
playing the substantial portion can be displayed in a super-
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imposed manner. Note that the operator may operate the
switch 155 or the like of the operation panel 15 to switch
display of the differential image, the composite image, the
first image (first corrected image), the second image (second
corrected image), and the third image at arbitrary timing.
[0076] When the puncture needle 11a is actually inserted
into the living body as the object P, the substantial portion is
not completely cancelled and remains on the differential
image in the differential processing by the differential image
generating unit 32 in some cases. Thus, the composite image
generating unit 33 may set a limited region including a punc-
ture guideline g (shown in FIG. 10) ofthe puncture needle 11a
in the differential image to perform the composite processing
based on the differential image of the limited region and the
third image. The composite image generating unit 33 may
perform a filtering processing for removing a relatively high
frequency band (frequency band higher than a threshold)
from the differential image. In this case, the composite image
generating unit 33 performs the composite processing based
on the differential image after the filtering processing and the
third image. The composite image generating unit 33 may
perform the filtering processing of only the limited region
including the puncture guideline G rather than the entire
differential image, and perform the composite processing
based on the differential image of the limited region after the
filtering processing and the third image of the entire region.
[0077] With the ultrasonic diagnostic apparatus 10 of the
present embodiment, the needle-tip portion of the puncture
needle 11a can be easily separated from the substantial por-
tion on the differential image, and thus an actual (present)
inserted needle-tip portion of the puncture needle 11a can be
detected by positional information of the puncture adaptor 11
including the puncture needle 11a¢ using the differential
image. Thus, when the differential volume data is generated
under the control by the image generation control unit 31, the
composite image generating unit 33 can recognize the coor-
dinate of the needle-tip portion of the puncture needle 11a
based on the differential volume data. For example, the com-
posite image generating unit 33 calculates the center of grav-
ity of the needle-tip portion of the puncture needle 11a
detected by performing preprocessing such as a noise
removal processing or a binarization processing of the differ-
ential volume data as a first coordinate [x1, y1, z1] (first
coordinate [x1, y1] for the differential cross-sectional image)
ofthe needle-tip portion of the puncture needle 11a. Since the
positional relationship between the puncture adaptor 11 and
the ultrasonic probe 12 is already known, the composite
image generating unit 33 can calculate a second coordinate
[x2, y2, z2] on the puncture adaptor 11 through which the
needle-tip portion of the puncture needle 11a always passes.
[0078] As described above, the composite image generat-
ing unit 33 can recognize an actual puncture line G (shown in
FIG. 11) in the present embodiment passing through the first
coordinate and the second coordinate based on the calculated
first coordinate and second coordinate in the differential vol-
ume data. The puncture line G is displayed on the display 14.
[0079] FIGS. 12A, 12B and 12C are diagrams showing
display examples of a puncture guideline g in the three-
dimensional scanning in the related art.

[0080] FIG.12A shows an image of a first cross-section (A
plane) on a preset puncture guideline g, FIG. 12B shows an
image of a second cross-section (cut plane) perpendicular to
the first cross-section and on the preset puncture guideline g,
and FIG. 12C shows an image of a third cross-section (cut
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plane) perpendicular to the second cross-section. Each image
is displayed as a moving image. With the related art, the first
coordinate is set in the position of a puncture target where the
needle-tip portion of the puncture needle 1la is finally
inserted. However, if the needle-tip portion of the puncture
needle 11q inserted into the body goes beyond the puncture
guideline g, the image of the puncture needle 11a disappears
from each image, and the operator cannot visually recognize
the position of the puncture needle 11a.

[0081] FIGS. 13A, 13B and 13C are diagrams showing
display examples of a puncture line G in the three-dimen-
sional scanning in the present embodiment.

[0082] FIGS. 13A, 13B and 13C show images having the
same cross-sections as in FIGS. 12A, 12B and 12C. The
puncture line G of the puncture needle 11a is calculated based
on the first coordinate of the needle-tip portion actually
detected by the composite image generating unit 33. Thus,
when the puncture line G is in a three-dimensional coordinate
system, a projection puncture line G' that is the puncture line
G in the three-dimensional coordinate system projected on
each cross-section can be displayed as shown in FIGS. 13A
and 13B. As show in FIG. 13C, the image of the third cross-
section can be displayed in a circle around an intersection
between the puncture line G and the third cross-section to
display an expected arrival position of the needle-tip portion
of the puncture needle 11a. Thus, the operator can ascertain
the precise position of the puncture needle 11a, and can
perform quick and precise puncture. It may be conceivable
that a cross-section position is automatically changed so that
the puncture line G is displayed on each cross-section when
the puncture needle 11a goes beyond the preset puncture
guideline g.

[0083] The image memory 24 is controlled by the image
generation control unit 31 to store the first image of a plurality
of frames, the second image of a plurality of frames, and the
third image of a plurality of frames. The composite image
generating unit 33 generates a brightness maximum value
image holding a maximum value of brightness that changes
with time at each pixel based on the differential image, and
generates a composite image based on the brightness maxi-
mum value image and a live third image. The composite
image based on the brightness maximum value image and the
live third image is sequentially generated and displayed, and
thus the locus of the needle-tip portion of the puncture needle
11ais displayed as a moving image when the puncture needle
11a is inserted into the body, thereby increasing visibility of
the puncture needle 11a in monitoring the puncture needle
11a. When an image holding a maximum value of brightness
is generated using a third image in the related art, the maxi-
mum value of brightness is also held for a pixel of a substan-
tial portion, and thus generation of the image holding the
maximum value of brightness cannot be used.

[0084] The image generation control unit 31 in the ultra-
sonic diagnostic apparatus 10 is not limited to the case of
generating the first image from the received signal based on
the ultrasonic transmitting and receiving by scanning under
the first transmitting/receiving condition at the low frequency,
and generating the second image from the received signal
based on the ultrasonic transmitting and receiving by scan-
ning under the second transmitting/receiving condition at the
high frequency. For example, it may be conceivable that the
image generation control unit 31 controls the signal process-
ing circuit 22 and the image generating circuit 23 to generate
the first image from a fundamental component of the received
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signal based on the ultrasonic transmitting and receiving by
scanning under the first transmitting/receiving condition, and
generate the second image from a harmonic component of the
received signal.

[0085] FIG. 14 is a diagram to explain the fundamental
component and the harmonic component of the received sig-
nal.

[0086] FIG. 14 shows a frequency spectrum of the received
signal with the abscissa representing the frequency [MHz]
and the ordinate representing the signal intensity level [dB].
As shown in FIG. 14, the received signal includes the funda-
mental component and the harmonic component (second har-
monic component, third harmonic component). The funda-
mental component of the received signal includes much
information on the needle-tip portion of the puncture needle
11a, while the harmonic component of the received signal
includes little information on the needle-tip portion of the
puncture needle 11a.

[0087] Further, pulse invention may be applied to the image
generation control unit 31 shown in FIG. 2. The image gen-
eration control unit 31 may control the signal processing
circuit 22 and the image generating circuit 23 to generate a
first image from the fundamental component of the received
signal by scanning under the first transmitting/receiving con-
dition, and generate a second image from a secondary har-
monic component of an additional signal of the received
signal by scanning under the first transmitting/receiving con-
dition, and the received signal by scanning under the second
transmitting/receiving condition, including a transmission
pulse waveform having a phase opposite to a transmission
pulse waveform included in the first transmitting/receiving
condition.

[0088] FIG. 15 is a diagram to explain the additional signal
based on the received signals corresponding to two lines.
[0089] As shown in FIG. 15, the additional signal is
obtained by adding the received signal by scanning under the
first transmitting/receiving condition on the upper left side
and the received signal by scanning under the second trans-
mitting/receiving condition on the lower left side.

[0090] According to the ultrasonic diagnostic apparatus 10
of the present embodiment, the image of the object P includ-
ing the needle-tip portion is displayed with only the needle-
tip portion of the puncture needle 11a enhanced in monitoring
the puncture needle 11a, thereby allowing the operator to
easily visually recognize the position of the needle-tip por-
tion.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe configured to transmit an ultrasonic
pulse to a two-dimensional scanning region or a three-
dimensional scanning region, and receive an echo cor-
responding to the ultrasonic pulse as a received signal;

a control unit configured to control the ultrasonic probe so
as to sequentially perform, every scanning line of scan-
ning lines in the scanning region, the transmitting and
receiving under a first transmitting/receiving condition,
the transmitting and receiving under a second transmit-
ting/receiving condition which is different from the first
transmitting/receiving condition, and the transmitting
and receiving under a third transmitting/receiving con-
dition which is different from the first transmitting/re-
ceiving condition and the second transmitting/receiving
condition;
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a basic image generating unit configured to generate a first
image based on the received signal under the first trans-
mitting/receiving condition, a second image based on
the received signal under the second transmitting/receiv-
ing condition, and a third image based on the received
signal under the third transmitting/receiving condition;

a differential image generating unit configured to perform
a differential processing based on the first image and the
second image to generate a differential image; and

acomposite image generating unit configured to perform a
composite processing based on the differential image
and the third image to generate a composite image.

2. The ultrasonic diagnostic apparatus according to claim

1, further comprising a puncture needle to be inserted into an
object, wherein

the ultrasonic probe receives the echo in the scanning
region including a needle-tip portion of the puncture
needle in the object, and

the control unit causes the ultrasonic probe to perform the
transmitting and receiving under the first transmitting/
receiving condition in which an echo from the needle-tip
portion is relatively stronger than a substantial portion
other than the needle-tip portion, and the second trans-
mitting/receiving condition in which the echo from the
needle-tip portion of the puncture needle is relatively
weaker than the substantial portion.

3. The ultrasonic diagnostic apparatus according to claim
2, further comprising a correction unit configured to perform
a gain correction processing based on the first image and the
second image to generate a first corrected image and a second
corrected image, wherein

the differential image generating unit performs the differ-
ential processing based on the first corrected image and
the second corrected image.

4. The ultrasonic diagnostic apparatus according to claim

2, wherein

the composite image generating unit sets a limited region
including a guideline of the puncture needle in the first
image or the differential image, and

the composite image generating unit performs the compos-
ite processing based on the limited region, set in the first
image or the differential image, and the entire region of
the third image.

5. The ultrasonic diagnostic apparatus according to claim
2, further comprising a filtering unit configured to perform a
filtering processing for removing a frequency band higher
than a threshold from the first image or the differential image,
wherein

the composite image generating unit performs the compos-
ite processing based on the filtered first image or the
filtered differential image, and the third image.

6. The ultrasonic diagnostic apparatus according to claim

5, wherein

the filtering unit performs the filtering processing based on
only a limited region including a guideline of the punc-
ture needle, and

the composite image generating unit performs the compos-
ite processing based on the limited region set in the
filtered first image or the filtered differential image, and
the entire region of the third image.

7. The ultrasonic diagnostic apparatus according to claim

2, wherein

the basic image generating unit generates the first images

corresponding to a plurality of frames, the second
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images corresponding to a plurality of frames, and the
third images corresponding to a plurality of frames,
respectively.
8. The ultrasonic diagnostic apparatus according to claim
7, wherein
the composite image generating unit generates, every
frame of the frames, a brightness maximum value image
holding a maximum value of brightness that changes
with time at each pixel based on the first image or the
differential image, and performs the composite process-
ing based on the brightness maximum value image and
the third image.
9. The ultrasonic diagnostic apparatus according to claim
2, wherein
the basic image generating unit generates first volume data
as the first image based on a plurality of cross-sectional
images relating to the three-dimensional scanning
region under the first transmitting/receiving condition,
generates second volume data as the second image based
on a plurality of cross-sectional images relating to the
three-dimensional scanning region under the second
transmitting/receiving condition, and generates third
volume data as the third image based on a plurality of
cross-sectional images relating to the three-dimensional
scanning region under the third transmitting/receiving
condition.
10. The ultrasonic diagnostic apparatus according to claim
9, further comprising an addition unit configured to detect a
position of the needle-tip portion based on the first volume
data, or differential volume data based on the first volume
data and the second volume data, calculate a puncture line of
the puncture needle in the three-dimensional scanning region
based on the position of the needle-tip portion and positional
information of a puncture adaptor including the puncture
needle, and add the puncture line to the composite image.
11. The ultrasonic diagnostic apparatus according to claim
10, wherein
the composite image generating unit generates three cross-
sectional images perpendicular to each other as the com-
posite image, and projects the position of the needle-tip
portion on the three cross-sectional images.
12. The ultrasonic diagnostic apparatus according to claim
2, wherein
the control unit sets transmitting conditions of the first
transmitting/receiving condition, the second transmit-
ting/receiving condition, and the third transmitting/re-
ceiving condition to be identical, and sets receiving con-
ditions thereof to be different.
13. The ultrasonic diagnostic apparatus according to claim
12, wherein
the control unit sets the first transmitting/receiving condi-
tion as a condition for visualizing a low frequency band
of the received signal, and sets the second transmitting/
receiving condition and the third transmitting/receiving
condition as conditions for visualizing a relatively nar-
row and high frequency band of the received signal.
14. The ultrasonic diagnostic apparatus according to claim
12, wherein
the control unit sets a relatively broad beam sound field and
a relatively broad receiving opening of the ultrasonic
probe as the first transmitting/receiving condition, and
sets a relatively narrow beam sound field and a relatively
narrow receiving opening of the ultrasonic probe as the
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second transmitting/receiving condition and the third
transmitting/receiving condition.

15. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe configured to transmit an ultrasonic
pulse to a two-dimensional scanning region or a three-
dimensional scanning region, and receive an echo cor-
responding to the ultrasonic pulse as a received signal;

a control unit configured to control the ultrasonic probe so
as to successively perform, every scanning line of scan-
ning lines in the scanning region, the transmitting and
receiving under a first transmitting/receiving condition,
and the transmitting and receiving under a third trans-
mitting/receiving condition which is different from the
first transmitting/receiving condition;

a basic image generating unit configured to generate a first
image based on the received signal under the first trans-
mitting/receiving condition, and a third image based on
the received signal under the third transmitting/receiv-
ing condition; and

acomposite image generating unit configured to perform a
composite processing based on the first image and the
third image to generate a composite image.

16. The ultrasonic diagnostic apparatus according to claim

15, further comprising a puncture needle to be inserted into an

object, wherein

the ultrasonic probe receives the echo in the scanning
region including a needle-tip portion of the puncture
needle in the object, and

the control unit causes the ultrasonic probe to perform the
transmitting and receiving under the first transmitting/
receiving condition in which an echo from the needle-tip
portion is relatively stronger than a substantial portion
other than the needle-tip portion, and the second trans-
mitting/receiving condition in which the echo from the
needle-tip portion of the puncture needle is relatively
weaker than the substantial portion.

17. An ultrasonic diagnostic method comprising steps of:

controlling which controls an ultrasonic probe which trans-
mits an ultrasonic pulse to a two-dimensional scanning
region or a three-dimensional scanning region, and
receives an echo corresponding to the ultrasonic pulse as
a received signal so as to sequentially perform, every
scanning line of scanning lines in the scanning region,
the transmitting and receiving under a first transmitting/
receiving condition, the transmitting and receiving
under a second transmitting/receiving condition which
is different from the first transmitting/receiving condi-
tion, and the transmitting and receiving under a third
transmitting/receiving condition which is different from
the first transmitting/receiving condition and the second
transmitting/receiving condition;

basic image generating which generates a first image based
onthereceived signal under the first transmitting/receiv-
ing condition, a second image based on the received
signal under the second transmitting/receiving condi-
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tion, and a third image based on the received signal
under the third transmitting/receiving condition;

differential image generating which performs a differential
processing based on the first image and the second
image to generate a differential image; and

composite image generating which performs a composite
processing based on the differential image and the third
image to generate a composite image.

18. The ultrasonic diagnostic method according to claim

17, wherein

when the ultrasonic probe receives the echo in the scanning
region including a needle-tip portion of a puncture
needle to be inserted into an object, the step of control-
ling causes the ultrasonic probe to perform the transmit-
ting and receiving under the first transmitting/receiving
condition in which an echo from the needle-tip portion is
relatively stronger than a substantial portion other than
the needle-tip portion, and the second transmitting/re-
ceiving condition in which the echo from the needle-tip
portion of the puncture needle is relatively weaker than
the substantial portion.

19. An ultrasonic diagnostic method comprising steps of:

controlling which controls an ultrasonic probe which trans-
mits an ultrasonic pulse to a two-dimensional scanning
region or a three-dimensional scanning region, and
receives an echo corresponding to the ultrasonic pulse as
a received signal so as to sequentially perform, every
scanning line of scanning lines in the scanning region,
the transmitting and receiving under a first transmitting/
receiving condition, and the transmitting and receiving
under a third transmitting/receiving condition which is
different from the first transmitting/receiving condition;

basic image generating which generates a firstimage based
on the received signal under the first transmitting/receiv-
ing condition, and a third image based on the received
signal under the third transmitting/receiving condition;
and

composite image generating which performs a composite
processing based on the first image and the third image
to generate a composite image.

20. The ultrasonic diagnostic method according to claim

19, wherein

when the ultrasonic probe receives the echo in the scanning
region including a needle-tip portion of a puncture
needle to be inserted into an object, the step of control-
ling causes the ultrasonic probe to perform the transmit-
ting and receiving under the first transmitting/receiving
condition in which an echo from the needle-tip portion is
relatively stronger than a substantial portion other than
the needle-tip portion, and the second transmitting/re-
ceiving condition in which the echo from the needle-tip
portion of the puncture needle is relatively weaker than
the substantial portion.
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