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FIG.1A
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ULTRASONIC IMAGING DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates generally to ultrasonic
techniques for imaging the inside of a living body by trans-
mitting/receiving ultrasonic waves to/from the living body.
More particularly, the invention relates to an ultrasonic imag-
ing technique for acquiring images using a microbubble con-
trast medivm.

BACKGROUND OF THE INVENTION

[0002] Ultrasonic imaging systems for imaging the inside
of a living body by transmitting/receiving pulsed ultrasonic
waves to/from the living body are most commonly used for
medical diagnosis.

[0003] Indiagnostic imaging modalities, particularly in the
fields of X-rays and MRI, contrast media have long been used
for imaging a blood vessel system and the like. More specifi-
cally, contrast media are used to obtain contrast-enhanced
images of the structure and distribution of the blood vessel
system by administering the contrast medium into the blood-
stream in order to conduct highly accurate diagnoses on
malignant tumors, infarctions, and other diseases reflected in
the blood vessel system.

[0004] Contrast media have not heretofore been widely
used in ultrasonic diagnosis. In the past several years, how-
ever, they have come into widespread use in this field as well,
thanks to the advent of a contrast medium based on a formu-
lation obtained by stabilizing microbubbles of a size of the
order of microns in some way. During operation, the stabili-
zation utilizes the nature that the microbubbles with a diam-
eter of about one micron vibrate with great amplitude in
resonance with the ultrasonic wave of several megahertz that
is used for ultrasonic diagnosis, efficiently scatter the ultra-
sonic waves of this frequency range as a result, and yield a
contrast enhancement capability.

[0005] Microbubble-based ultrasonic contrast media are
characterized by their strong nonlinearity. This is because the
microbubbles have the nature that an increase in their volume
under negative pressure becomes much greater than a
decrease in their volume under a positive pressure of the same
amplitude. For this reason, an echo signal that has been scat-
tered by the microbubbles contains the large quantity of sec-
ond-order harmonic components having twice the frequency
of the transmitted signal. In 1992, V. L. Newhouse et al.
reported the first scheme of obtaining from the above second-
order harmonic components a blood flow Doppler signal
which enhances relative contrast with respect to a soft tissue
(refer to Non-Patent Reference 1, for example).

[0006] Also, P. N. Burns et al. have proposed a pulse inver-
sion method for summing up two echo signals obtained by
transmitting/receiving a sound pressure pulse twice using the
polarity reversed waveform of the transmitted pulse (refer to
Patent Reference 1, for example). The fundamental wave
components of the echo signals from a soft tissue whose
motion can be ignored are canceled since a 180° phase-ro-
tated signal is added during the summation. Second-order
harmonic components, however, grow by a factor of two since
a360° phase-shifted signal is added. Although the necessary
number of transmitting operations is doubled, since pulse
inversion is based on the principles that allow the fundamen-
tal wave components from the soft tissue to be removed
without a band-pass filter, a second-order harmonic echo
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signal can be obtained that is excellent in distance resolution.
In addition, as with a microbubble contrast medium in the
bloodstream, for a scattering object whose changes in state
during the two transmitting/receiving operations cannot be
ignored, a fundamental wave echo signal from the scattering
objectis not completely canceled. This rather suits the current
purpose of obtaining the echo image emphasizing the pres-
ence of the contrast medium with respect to that of the soft
tissue.
[0007] Additionally, W. Wilkening has proposed a method
of transmitting/receiving a sound pressure pulse an N number
of times using the transmitted-pulse waveform rotated in
steps 0of 360°/N in phase angle (refer to, for example, Non-
Patent Reference 2). For example, if N=3, echo signals
obtained from three transmitting/receiving operations at car-
rier phase angles of 0°, 120°, and 240°, are summed in this
method. According to this proposal, using this method allows
components up to the (N-1)th-order harmonic component to
be removed. It is also possible to sharply distinguish between
signals of different spectral characteristics by filtering each
signal during the summation, not by conducting simple sum-
mation. Sharp distinction between an echo generated by
reflection from a vital tissue and a signal from the contrast
medium goes through the following process. First, a signal is
acquired by conducting an ultrasonic imaging operation for a
phantom split into two spatial regions beforehand. One of the
spatial regions is where the contrast medium echo signal is
dominant, and the other is whete the tissue reflection echo
signal is dominant. Next, the filtering coefficient to be used
during the summation is determined using the least squares
method so as to maximize the difference between the tissue
reflection echo signal and the contrast medium signal.
According to the proposal, applying such filtering to subse-
quent signals as well from the living body makes it possible to
sharply distinguish between the contrast medium compo-
nents and the vital reflection echo components.
[0008] Umemura has reported a method of discriminating
between a contrast medium signal and a vital nonlinear signal
by summing up echo signals obtained by transmitting/receiv-
ing a pulse three times at carrier phase angles 0f0°, 120°, and
240° (refer to Non-Patent Reference 3). However, no descrip-
tion is given of whether a filter is used after the receiving of
the three pulses described in Non-Patent Reference 2.
[0009] It is known that intentionally superimposing a sec-
ond-order harmonic component on an ultrasonic transmis-
sion waveform makes it possible to enhance or suppress the
vibration, growth, and collapse of microbubbles in a living
body or liquid (refer to Non-Patent Reference 4).
[0010] Non-Patent Reference 1: 1992 IEEE Ultrasonics
Symposium Proceedings, pp. 1175-1177
[0011] Non-Patent Reference 2: 2001 IEEE Ultrasonics
Symposium Proceedings, pp. 1733-1737
[0012] Non-Patent Reference 3: 2003 IEEE Ultrasonics
Symposium Proceedings, pp. 429-432
[0013] Non-Patent Reference 4: 1996 IEEE Transactions
on Ultrasonics, Ferroelectrics, and Frequency Control, vol.
43, no. 6, pp. 1054-1062

[0014] Patent Reference 1: U.S. Pat. No. 6,095,980
SUMMARY OF THE INVENTION
[0015] As described above, the scheme of using second-

order harmonic components to obtain a blood flow Doppler
signal that enhances relative contrast with respect to a soft
tissue has been proposed as a conventional technique in Non-
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Patent Reference 1. This technique, however, has an unsolved
problem in that using only a band-pass filter to extract these
second-order harmonic components from an echo signal
increases the pulse width of the second-order harmonic echo
signal obtained as an output signal.

[0016] This problem stems from the fact that since the
amplitude of the fundamental wave component included in
the echo signal is at least one digit greater than the amplitude
of the second-order harmonic components, it is unavoidable
to use the filter having sharp band-cutoff characteristics or
narrow band-pass characteristics. This problem has been par-
ticularly serious because two-dimensional image display of
the bloodstream deteriorates the image itself in distance reso-
lution.

[0017] Witha view to solving this problem, the pulse inver-
sion method for summing up two echo signals obtained by
transmitting/receiving a sound pressure pulse twice using the
polarity reversed waveform of'the transmitted pulse has been
proposed for the conventional technique in Non-Patent Ref-
erence 1.

[0018] Under high pressure, the sound velocities in many
substances such as a vital soft tissue are higher than those
under low pressure. It is known that when an ultrasonic pulse
propagates through the soft tissue, such nonlinearity permits
the pulse to propagate faster at sections under high sound
pressure than at sections under low sound pressure, and con-
sequently to change from the original sine waveform of the
sound-pressure pulse to an N-waveform which, during the
propagation, causes the pulse edge to abruptly rise and then
gently fall. That is to say, such a pulse is known to have
harmonic components such as a second-order harmonic com-
ponent, in the course of the propagation.

[0019] In the case where these harmonic components are
scattered inside the soft tissue, even when the microbubble
contrast medium does not exist, the echo signal having the
harmonic components will return from the soft tissue. The
method of forming an echo image from the harmonic com-
ponents is called “tissue harmonic imaging”, and since yield-
ing an acoustic S/N ratio higher than that of an echo image
based on the fundamental wave component is preferred, tis-
sue harmonic imaging has recently come to be generally used.
However, this means that even in the pulse inversion method,
the harmonic components resulting from scattering by the
microbubble contrast medium, and those resulting from the
propagation of the transmitted pulse are mixed to cause an
echo signal formed up of the two kinds of harmonic compo-
nents. The formation of such an echo signal, in turn, means
that it is difficult to achieve imaging originally intended to
sharply distinguish the contrast medium from a soft tissue.
[0020] In general, nonlinear scattering by the microbubble
contrast medium, compared with nonlinear propagation
through a soft tissue, tends to be easily observed, even under
low sound pressure. The pulse inversion method that controls
the transmission sound pressure to a low level, therefore, is
most commonly used to suppress the generation of tissue
harmonic components and form an echo image based on the
nonlinear components generated primarily from the
microbubble contrast medium. Because of insufficient signal
amplitude, however, an echo image having an S/N ratio high
enough to obtain the definite diagnostic results expected dut-
ing imaging-based diagnosis is not easily obtainable under
the current situation.

[0021] The conventional technique described in Non-
Patent Reference 2 has proposed, as a method of solving the
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above problem to some extent, the above-described method
of transmitting/receiving a pulse an N number of times using
the pulse waveform phase-rotated in steps of 360°/N. How-
ever, this method, since it uses a phantom optimized filter, is
not always appropriate for the signals that vary with a body to
be examined. In addition, since signal spectra change accord-
ing to the particular depth ofthe reflecting or scattering source
and since nonlinearity depends on sound pressure as well and
varies the spectra, it is difficult to optimize the foregoing
least-squares filter for all depths and/or focus parameters.
[0022] Inview of such current situations, the present inven-
tion is intended to provide an ultrasonic imaging technique
for achieving an contrast echo image with an S/N ratio suffi-
ciently high to conduct definite diagnoses based on the con-
trast echo image, by first distinguishing both sharply and
definitely between echo components generated from scatter-
ing by a microbubble contrast medium and tissue harmonic
components generated by nonlinear propagation of a trans-
mitted pulse, and then converting the two kinds of compo-
nents into image form.

[0023] The present invention proposes, as a fundamental
solution to the foregoing problems, a method of summing up
three echo signals obtained by transmitting/receiving a sound
pressure pulse three times with a common envelope signal of
a pulse transmission waveform and rotating a phase of an
associated carrier wave in steps of 120° with each transmit-
ting/receiving operation. The summation simultaneously
cancels fundamental wave components and second-order har-
monic components of the echo signals scattered by a linear
scattering body whose changes in state cannot be ignored.
The cancellation is due to the fact that when attention is
focused on phases of the three echo signals generated by such
a scattering body, although the fundamental wave compo-
nents naturally rotate in steps of 120° in phase angle, the
second-order harmonic components also rotate in steps of
120° in phase angle in a direction opposite to that of the
fundamental wave components.

[0024] The way these actually occur can be easily under-
stood by considering problems associated with the vibration
of areciprocating four-stroke in-line engine. When the crank-
shaft is rotating at a constant angular velocity, the linear
velocity at which the pistons constituting the reciprocating
engine vibrate contains not only the fundamental wave com-
ponent of the angular velocity, but also the harmonic compo-
nents of amplitude that cannot be ignored. Four-stroke in-line
four-cylinder engines are usually constructed so that two sets
of cylinders, each set including two symmetrically arranged
in-phase pistons, form a crank angle of 180°.

[0025] FIG. 1 is a diagram that illustrates principles of the
pulse inversion method and those of vibration of an in-line
four-cylinder four-stroke engine.

[0026] FIG. 1A shows the phase relationship of fundamen-
tal waves, wherein the particular engine construction cancels
the fundamental wave components that the pistons in the two
sets of cylinders generate. FIG. 1B shows the phase relation-
ship of second-order harmonic waves, which grow to twice
their original order of magnitude and as a result, the vibration
having a frequency twice the crankshaft speed becomes a
problem. The solid line in FIG. 1 denotes the phase of the
vibration caused by a first set of pistons, and the dotted line
denotes the phase of the vibration caused by a second set of
pistons. The four-cylinder engine with a balancer which
rotates at twice the angular velocity of the crankshaft is
present to cancel the two sets of vibration.
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[0027] Four-stroke in-line six-cylinder engines, however,
are usually constructed so that three sets of cylinders, each set
including two symmetrically arranged in-phase pistons, form
a crank angle of 120°.

[0028] FIG. 2 is a diagram that illustrates principles of a
three-pulse method of the present invention, and principles of
vibration of an in-line six-cylinder four-stroke engine.
[0029] FIG. 2A shows the phase relationship of fundamen-
tal waves. In the particular engine construction, fundamental
wave components are generated by the pistons in each set of
cylinders so as to form a crank angle of 120°, and thus the
fundamental wave components cancel one another. FIG. 2B
shows the phase relationship of second-order harmonic
waves, in which case, a single second-order harmonic wave is
also generated at a crank angle of 120° twice, that is, with a
phase angle of 120° when counted from an inverse direction,
and thus the second-order harmonic waves are canceled by
one another. This enables the vibration of an in-line six-
cylinder engine to be small. The alternate short and long dash
line in FIG. 2 denotes the phase of the vibration caused by a
third set of pistons. The configuration of the in-line four-
cylinder engine constructed to enhance the vibration of the
second-order harmonics is equivalent to the pulse inversion
method, and the configuration of the in-line six-cylinder
engine constructed to cancel not only the vibration of the
fundamental waves, but also that of the second-order har-
monic waves, is equivalent to the method of the present inven-
tion.

[0030] Because of their strong nonlinear resonance charac-
teristics, the echo components generated from scattering by
the microbubble contrast medium have a phase affected by
envelope amplitude and not maintained in a constant relation-
ship with respect to the phase of the pulse transmission signal
carrier. Accordingly, even after summation of the three echo
signals obtained during three transmitting/receiving opera-
tions by rotating the phase of the pulse transmission carrier in
steps of 120°, uncanceled components are left in the echo
signals that have been generated from scattering by the
microbubble contrast medium. Therefore, since the uncan-
celed echo signal components reflect only the presence of the
microbubble contrast medium, these uncanceled components
can be used to implement ultrasonic imaging that distin-
guishes the contrast medium both clearly and sharply from
the soft tissue.

[0031] In the known example of Non-Patent Reference 2,
filtering is required during the summation. In the present
invention, however, no such filtering is required. This is
because the invention uses such a region of a high sound
pressure that disturbs the constant relationship in phase
between the above-mentioned pulse transmission signal car-
rier and the contrast medium echo, and additionally because
the invention includes a hardware configuration capable of
transmitting a pulse transmission waveform in strict confor-
mity with a design therefor. More specifically, the sampling
time interval of the pulse transmission waveform to be given
to a D/A converter is set equal to a multiple of 3 of a central
frequency. This makes it possible to zero-suppress the sum-
mation value of the pulse transmission signals output from
three ultrasonic probes each shifted through a phase angle of
120° using the envelope as a common factor.

[0032] An ultrasonic imaging system of the present inven-
tion transmits/receives an ultrasonic pulse to/from a living
body into which contrast-imaging microbubbles are intro-
duced, and forms an image of the living body. This ultrasonic

Sep. 18,2008

imaging system is constructed so that when N is taken as an
integer of 3 or more, the system can, by repeating the pulse-
transmitting/receiving operations the N number of times
using the transmitted pulse waves each of a different wave-
form under the same transmitting/receiving focus conditions,
suppress pulse transmitting/receiving sensitivity with respect
to various components from a fundamental wave component
of an ultrasonic echo signal from an internal soft tissue of the
living body, to the (N-1)th-order harmonic component of the
echo signal, and thus obtain appropriate pulse transmitting/
receiving sensitivity for an ultrasonic echo signal formed by
the contrast-imaging microbubbles. The ultrasonic imaging
system includes a pulse-transmitting amplifier for transmit-
ting the pulse waves to the inside of the living body, and an
input cycle time of the signal applied to the pulse-transmitting
amplifier is an integer-multiple of N with respect to a maxi-
mum frequency of frequency components of the transmitted
pulse. The system also includes a D/A converter to apply the
signal to the pulse-transmitting amplifier, and a signal output
cycle time of the D/A converter is an integer-multiple of N
with respect to the maximum frequency of the frequency
components of the transmitted pulse. Additionally, the trans-
mitted pulse wave takes a waveform obtained by summing up
the fundamental wave and the second-order harmonics asso-
ciated therewith.

[0033] Another ultrasonic imaging system of the present
invention transmits/receives an ultrasonic pulse to/from a
living body into which contrast-imaging microbubbles are
introduced, and forms an image of the inside of the living
body. This ultrasonic imaging system provides two
sequences. One is an imaging sequence in which, by repeat-
ing the pulse transmitting/receiving operations three times
using the transmitted pulse waves each of a different wave-
form under the same transmitting/receiving focus conditions,
the imaging system suppresses pulse transmitting/receiving
sensitivity with respect to components ranging from a funda-
mental wave component of an ultrasonic echo signal derived
from a soft tissue of the living body, to (N-1)th-order har-
monic component of the echo signal, and selectively obtains
pulse transmitting/receiving sensitivity with respect to an
ultrasonic echo signal formed by the contrast-imaging
microbubbles. The other sequence is an imaging sequence in
which, by repeating the pulse-transmitting/receiving opera-
tions twice using the transmitted pulse waves each of a dif-
ferent waveform under the same transmitting/receiving focus
conditions as those mentioned above, the imaging system
suppresses pulse transmitting/receiving sensitivity with
respect to a fundamental wave component of an ultrasonic
echo signal from the soft tissue of the living body, and selec-
tively obtains pulse transmitting/receiving sensitivity with
respect to second-order or subsequent nonlinear signal com-
ponents. Imaging is possible by selecting one of the two
sequences as appropriate. The system is also constructed so
that transmission amplitude differs between the sequence of
repeating the transmitting/receiving operations three times,
and the sequence of repeating the transmitting/receiving
operations twice. In addition, the transmission amplitude in
the sequence of repeating the transmitting/receiving opera-
tions three times is set to be greater than in the sequence of
repeating the transmitting/receiving operations twice.

[0034] Theultrasonic imaging system of the present inven-
tion adapted to transmit/receive ultrasonic pulses to the living
body and form contrast images using the contrast-imaging
microbubbles within the living body, repeats the transmitting/
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receiving operations four times with a phase angle of an
associated carrier set to (a)=0°, (b)=120° (¢)=-120°, and
(d)=180°, respectively, under the same transmitting/receiving
focus conditions by using transmitted pulse waves with a
common envelope signal, forms a contrast image by summing
up three time-series receive echo signals associated with the
above phase angles of (a), (b), and (c), forms a vital propaga-
tion nonlinear image by summing up two time-series receive
echo signals associated with the above phase angles of (a) and
(d), and makes an overlapped display of the two kinds of
images thus obtained. Consequently, the echo components
generated from scattering by the microbubble contrast
medium can be converted into image form in a definitely and
sharply distinguishable state with respect to the tissue har-
monic components generated by nonlinear propagation of the
transmitted pulses, and a contrast echo image of a high S/N
ratio can be acquired.

[0035] According to the present invention, it is possible to
extract only echo signals derived from contrast-imaging
microbubbles, not including any internal signal components
of asoft tissue that are derived from nonlinear propagation or
the like. In addition, the extracted signals, as signals repre-
senting a spatial distribution of the contrast-imaging
microbubbles, can be superimposed in an identifiable color
tone on a background indicating a position and morphology
ofthe soft tissue. A high-resolution two-dimensional or three-
dimensional image can thus be displayed and this, in turn,
makes it possible to provide a diagnostic image of an S/N
ratio sufficiently high for definite diagnosis based on contrast
echo images. Accordingly, the system embodying the present
invention is extremely high in usefulness for medical diagno-
sis. Therefore, the invention is also of great significance in the
industry that supports medical diagnosis.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] An embodiment of the present invention will be
described hereunder with reference being made to the accom-
panying drawings. In FIGS. 4,5,6,7,8,9,10, 11,12, 13, 15,
16, a vertical axis denotes signal amplitude (shown in relative
value) proportional to a sound pressure, and a horizontal axis
denotes time (us).

[0037] FIG. 3 is a typical example of a block diagram
showing an ultrasonic imaging system constructed to embody
the present invention.

[0038] Elements that constitute an ultrasonic probe 1 are
each connected to a transmit beamformer 3 and a receive
beamformer 10 via transmit/receive selection switches 2. The
transmit beamformer 3 generates signals that become ultra-
sonic pulses with directivity when transmitted through the
elements. Each signal is generated using a waveform that has
been selected and read out from a transmit waveform memory
5 by a transmit waveform selector 4 under control of a trans-
mit/receive sequence controller 6. The signal is converted into
the ultrasonic pulse by the associated element and then trans-
mitted to a living body. An ultrasonic echo signal that has
returned to the ultrasonic probe 1 after being reflected or
scattered in the living body is received by the particular ele-
ment and converted into an electrical signal.

[0039] The receive beamformer 10 gives a delay time to
eachreceive signal and adds received signals to one another to
generate directional receiving sensitivity under the control of
the transmit/receive sequence controller 6. Time-series sig-
nals that have been obtained using the delay-and-add method
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are each written into one of banks of a receive waveform
memory 12 selected by a receive memory selector 11 under
the control of the transmit/receive sequence controller 6.
After time-series signals to be added to one another have been
ready, these signals are read out and then added to one another
by an adder 13. An output signal from the adder 13 is first
passed through a band-pass filter A14 that removes noise
components from the signal, then converted into an envelope
signal by an envelope signal detector A16, and input to a scan
converter 18.

[0040] Meanwhile, part of the time-series signals which
have been written into the receive waveform memory 12, is
read out and directly passed through a band-pass filter B15
that removes noise components from the signal, without
undergoing the above-described addition. After being filtered
above, part of the signals is converted into an envelope signal
by an envelope signal detector B17 and input to the scan
converter 18. The scan converter 18 generates/controls sig-
nals to make a two-dimensional or three-dimensional, super-
imposed display of input plural signals on a screen of a
display device 19 as appropriate.

[0041] FIGS. 15, 16 are diagrams that illustrate relation-
ships between envelopes and carriers of transmitted pulses in
a three-pulse method of the present invention. FIGS. 16A,
16B, 16C are diagrams that illustrate envelope signals
obtained when superimposed on the waveforms shown in
FIGS. 15B, 15C, 15D, respectively, each of the envelope
signals being shown as a dotted line.

[0042] FIG. 4 shows examples of echo signals obtained
from an internal point-scattering body of a vital soft tissue
having a nonlinear pulse propagating property, in the three-
pulse method of the present invention.

[0043] The three ultrasonic pulse waveforms shown in
FIGS. 15B, 15C, 15D, each of the waveforms being different
by approximately 120° in phase angle of anassociated carrier,
are written into the transmit waveform memory 5 by use of
such a common envelope signal as shown in FIG. 15A, and
then one of the three waveforms is selectively transmitted/
received via the transmit waveform selector 4. When this
sequence is repeated three times for different waveforms, the
signals shown in FIGS. 4A, 4B, 4C are written into banks of
the receive waveform memory 12. The receive echo signals
generated by reflection from a single point-reflector after
each transmitted ultrasonic pulse has propagated through the
vital soft tissue are shown for simplicity in FIGS. 4A, 4B, 4C.
The received echo signals were obtained by numerical calcu-
lating simulation, and respective carrier frequencies are all 2
MHz.

[0044] FIG. 4D shows an output signal obtained when the
signals shown in FIGS. 4A, 4B, 4C are input to the adder 13.
Since the transmitted ultrasonic pulse nonlinearly propagates
through the vital soft tissue, the signals in FIGS. 4A, 4B, 4C
include not only fundamental wave components, but also
second-order harmonic components. In FIG. 4D that shows
adder output results, however, signal amplitude is almost
zero-suppressed, not only because the fundamental wave
components cancel one another, but also because the second-
order harmonic components cancel one another. For compari-
son with these results, the results obtained using the pulse
inversion method are shown in FIG. 5.

[0045] FIG. 5 shows examples of echo signals obtained
from a point-scattering body of the vital soft tissue having a
nonlinear pulse propagating property, in the pulse inversion
method.
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[0046] 1In the pulse inversion method, two kinds of ultra-
sonic pulse waveforms each different by 180° in phase angle
of an associated carrier are written into the transmit waveform
memory 5 by use of a common envelope signal and then one
of the two kinds of waveforms is selected and transmitted/
received via the transmit waveform selector 4. When this
sequence is repeated twice for different waveforms, the sig-
nals shown in FIGS. 15A, 15B are written into banks of the
receive waveform memory 12. FIG. 5C shows an output
signal obtained from the adder 13 at that time. This signal
indicates that although fundamental wave components cancel
one another, second-order harmonic components enhance
one another on the contrary. This signal, called the tissue
harmonic signal, has an advantage in that imaging the vital
soft tissue provides a high acoustic S/N ratio. However, when
only the distribution and dynamic morphology of the contrast
medium are to be drawn as an image sharply distinguishable
from an image of the soft tissue, the above signal becomes one
of the greatest obstructions to such imaging.

[0047] Next, a description is given of the receive echo sig-
nals obtained using contrast-imaging microbubbles in the
same transmitting/receiving sequences as those of FIGS. 4, 5.

[0048] FIG. 6 shows examples of echo signals obtained
from scattering by the contrast-imaging microbubbles in the
three-pulse method of the present invention.

[0049] FIG. 8 shows examples of echo signals obtained
from scattering by the contrast-imaging microbubbles in the
pulse inversion method.

[0050] FIG. 7 shows waveforms of band-pass-filtered echo
signals obtained from scattering by the contrast-imaging
microbubbles in the three-pulse method of the present inven-
tion.

[0051] FIG.9 shows waveforms of band-pass-filtered echo
signals obtained from scattering by the contrast-imaging
microbubbles in the pulse inversion method.

[0052] FIGS. 6, 8 show examples of numerical calculating
simulation results on the receive echo signals generated from
scattering by microbubbles of 1.5 pm in radius. FIGS. 7, 9
show associated input/output signals of the band-pass filter
A14. Vertical axes that denote signal amplitude proportional
to sound pressure use the same scale in each of FIGS. 6, 7, 8,
9.

[0053] Relationships between the above figures are dis-
cussed below. As with FIG. 4, FIGS. 6A, 6B, 6C show the
signals written into banks of the receive waveform memory
12 in the transmitting/receiving sequence of the present
invention. FIGS. 6D and 7A show associated output signals of
the adder 13, that is, associated input signals of the band-pass
filter A14. FIGS. 7B, 7C, 7D, 7E, 7F show the output signals
of the band-pass filter A14 that are obtained when respective
pass-band central frequencies are set equal to a fundamental
wave frequency of 2 MHz, a 3 MHz harmonic frequency 1.5
times as high as the fundamental wave frequency, a second-
order harmonic frequency of 4 MHz, a 5 MHz harmonic
frequency 2.5 times as high as the fundamental wave fre-
quency, and a third-order harmonic frequency of 6 MHz.

[0054] As with FIG. 5, FIGS. 8A, 8B show the signals
written into banks of the receive waveform memory 12 in the
transmitting/receiving sequence of the pulse inversion
method. FIGS. 8C and 9A show associated output signals of
the adder 13, that is, associated input signals of the band-pass
filter A14. FIGS. 9B, 9C, 9D, 9E, 9F show the output signals
of the band-pass filter A14 that are obtained when respective
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pass-band central frequencies are set equal to the same fre-
quencies as those of FIGS. 8A, 8B.

[0055] It is natural that as shown in FIGS. 9C, 9D,
microbubble-derived signals, each containing many compo-
nents from harmonic components 1.5 times as strong as fun-
damental wave components to second-order harmonic com-
ponents, should be obtained using the pulse inversion method
originally devised to enhance the second-order harmonic
components within an echo signal. At the same time, how-
ever, it is to be noted that as shown in FIGS. 7D, 7E, 7F,
microbubble-derived signals of sufficient amplitude, each
containing many components from second-order harmonic
components to third-order harmonic components, are
obtained in the transmitting/receiving sequence of the present
invention devised so that of all second-order harmonic com-
ponents included in an echo signal, only the components
generated by nonlinear propagation or the like are canceled.
[0056] This singular and useful phenomenon originates
from the fact that the microbubbles are a resonator with great
nonlinearity, and in further generalized terms, the phenom-
enon stems from the fact that a delay time has response
characteristics depending on amplitude. That is to say, even
when nonlinearity is present between input and output sound
pressures, the second-order harmonic components in the out-
put signal are canceled as shown in FIG. 4D except for the
case where the relay response time depends on amplitude. For
amere linear resonator, however, it is out of the question since
the second-order harmonic components themselves do not
occur.

[0057] The transmitting/receiving sequence according to
the present invention has another feature in that, with the
above-described principles of the invention, even when the
second-order harmonic components are intentionally super-
imposed on the transmitted-pulse waveform, the
microbubble-derived signals of sufficient amplitude are
obtained while the second-order harmonic components are
being canceled. The transmitted pulse wave with second-
order harmonics superimposed thereon, described in Non-
Patent Reference 4 on a conventional technique, is also con-
sidered to be useful for ultrasonic imaging based on contrast-
imaging microbubbles.

[0058] FIG. 10 shows examples of echo signals obtained
from the internal point-reflector of the vital soft tissue in the
three-pulse method of the present invention when second-
order harmonics are intentionally superimposed on respec-
tive transmitted pulse waves.

[0059] FIG. 11 shows examples of echo signals obtained
from scattering by the contrast-imaging microbubbles in the
three-pulse method of the present invention when second-
order harmonics are intentionally superimposed on respec-
tive transmitted pulse waves.

[0060] FIG. 12 shows waveforms of band-pass-filtered
echo signals obtained from scattering by the contrast-imaging
microbubbles in the three-pulse method of the present inven-
tion when second-order harmonics are intentionally superim-
posed on respective initial transmitted pulse waves.

[0061] Examples of echo signals obtained by intentionally
superimposing second-order harmonics on transmitted pulse
waveforms are shown in FIGS. 10, 11, 12. In addition to the
fundamental wave that is a carrier and includes a common
envelope signal, three ultrasonic pulse waveforms each dif-
ferent by 120° in phase angle of second-order harmonics are
written into the transmit waveform memory 5, and then one of
the three waveforms is selected by atransmit waveform selec-
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tor 4 and transmitted/received. When this sequence is
repeated three times for different waveforms by way of
example, the signals written into banks of the receive wave-
form memory 12 are acquired similarly to the signals in FIG.
4. Examples of the signals thus acquired are shown in FIGS.
10A-10C. An associated output signal of the adder 13 is
shown in FIG. 10D.

[0062] In addition, the receive echo signals generated by
scattering from the contrast-imaging microbubbles are
acquired similarly to the signals in FIG. 6. The signals written
into banks of the receive waveform memory 12 are shown in
FIGS. 11A, 11B, 11C. Associated output signals of the adder
13, that is, associated input signals of the band-pass filter A14
are shown in FIGS. 11D and 12A. FIGS. 12B,12C, 12D, 12E,
12F show the output signals of the band-pass filter Al4,
obtained for the same settings of band-pass central frequen-
cies as those described per FIG. 8.

[0063] As is obvious from FIG. 10D, even when second-
order harmonic components are intentionally superimposed
on the transmitted pulse waveform, second-order harmonic
components within an input signal of the adder 13 for the
receive echo signal generated by scattering from the point-
reflector cancel one another, thus essentially zero-suppress-
ing output signal of the adder in terms of amplitude. This is
the same as for the second-order harmonic components gen-
erated by nonlinear propagation in the associated example of
FIG. 4. For the receive echo signal generated by scattering
from the contrast-imaging microbubbles, however, addition
by the adder 13 does not cancel second-order harmonic com-
ponents, whereby is obtained the output signal of sufficient
amplitude that has many components from second-order har-
monic components to third-order harmonic components. This
is the same as in FIG. 6.

[0064] Additionally, studies were performed on the phase
error ranges of the transmitted pulse wave that are needed to
obtain advantageous effects of the present invention.

[0065] FIG. 13 shows examples of adder output signal
waveforms for the echo signals obtained from the internal
point-reflector of the vital soft tissue in the three-pulse
method of the present invention when respective transmitted
pulses contain phase errors.

[0066] The output signals of the adder 13, that is, input
signals of the band-pass filter A14, that are obtained when the
second transmitted pulse wave is shifted through 20° in
phase, and filter output signals obtained similarly to FIG. 4
when band-pass central frequencies are set to frequencies of
the fundamental wave and second-order harmonics are shown
by way of example in FIGS. 13A, 13B, 13C. A signal
obtained in the example of FIG. 5, that is, a signal obtainable
without a phase error in the pulse inversion method is shown
in FIG. 13A for comparison. FIG. 13C shows an example
where the sum signal of three transmitted pulse waves is
adjusted to zero by shifting a phase of the third transmitted
pulse wave by 10° for the 20° phase shift of the second
transmitted pulse wave.

[0067] The envelope signal of a transmitted pulse wave is
represented by A(t) as a function of time “t”. When first,
second, and third transmitted pulse signals P1(t), P2(t), P3(t)
in the embodiment of the present invention contain no phase
errors, these signals can be represented as follows using
numeric expressions (1), (2), (3). At this time, the relationship
shown in numeric expression (4) is established:

P1{E=A()sin wt M

P2()=A()sin(wr+2n/3) @
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P3()=d(Hsin(wr-2n/3) 3
PLO+P2)+P3(1)=0 )

If a phase error ¢ occurs in the second pulse, the second pulse
can be represented using numeric expression (5).

[0068] In this case, if the third pulse is adjusted to be rep-
resentable as shown in numeric expression (6) or (7), numeric
expression (4) can be established, regardless of the phase
error ¢. FIG. 13C shows aresult of such correction of the third
pulse and indicates that despite the phase error in the second
pulse, the fundamental wave components in the output signal
of the adder 13 are canceled. Therefore, the fundamental
wave components in the signal obtained by summing up an N
number of receive echo signals are canceled since numeric
expression (4) is established and since the sum signal of the N
number of pulse waveforms used for transmission is gener-
ally zero in substance.

P2()=A(Hsin(ct+2m/3+4) )
P3(5)=A3(0)sin(wr-20/3+¢/2) 6)
P3(H)=24(t)cos(u/3+¢/2) )

FIG. 14 illustrates how the echo signals obtained from the
internal point-reflector of the vital soft tissue in the three-
pulse method of the present invention affect phase error
dependence of the amplitude of adder output signals when
respective transmitted pulses contain phase errors.

[0069] InFIG. 14, a peak-to-peak value of the amplitude of
an output signal from the adder 13 (i.e., output signal relative
amplitude PP value) is shown as a function of a phase error
given in degrees to a second pulse. The vertical axis shown in
FIG. 14 denotes the PP value, and the horizontal axis denotes
the phase error. Section (a) in FIG. 14 is associated with a
non-corrected third pulse for the signal amplitude standard-
ized using a value with which the pulse inversion method was
executable without a phase error, and section (b) is associated
with a corrected third pulse. If the phase error reaches 20°,
even when the third pulse is corrected, signal amplitude
derived from nonlinear propagation through the soft tissue
and not derived from the contrast-imaging microbubbles
decreases to at least half the signal amplitude obtained in the
conventional pulse inversion method. Such a significant
decrease in signal amplitude will prevent the present inven-
tion from fully developing the advantageous effects thereof.
Hence, to fully obtain the advantageous effects of the inven-
tion, itis desirable that the phase error of the transmitted pulse
be 10° or less.

[0070] As described above, it is possible, by carrying out
the present invention, to extract echo signals derived only
from contrast-imaging microbubbles, not including any inter-
nal signal components of a soft tissue which are derived from
nonlinear propagation or the like.

[0071] Such a signal can be obtained as the output signal of
the adder 13. In addition, a signal improved in S/N ratio is
obtained as the output signal of the band-pass filter A14. Then
the output signal of the envelope signal detector A16 is
obtained as an associated envelope signal, and the output
signal of the envelope signal detector is input to the scan
converter as the signal representing the spatial distribution of
the contrast-imaging microbubbles.

[0072] Meanwhile, a signal that has been written into one
bank of the receive waveform memory 12 is improved in S/N
ratio by passing through the band-pass filter B15, then based
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on this filtered signal, an envelope signal is obtained by the
envelope signal detector B17, and the envelope signal is input
to the scan converter 18.

[0073] The scan converter 18 superimposes the output sig-
nal of the envelope signal detector A16 on the output signal of
the envelope signal detector B17 by giving the former output
signal a different color tone convenient for discrimination
from the latter output signal, and displays both signals in the
superimposed form on the screen of the display device 19. In
this manner, a distribution of contrast-imaging microbubbles
in a patient’s body to be examined can be understandably
displayed in the form of a two-dimensional or three-dimen-
sional image.

[0074] While the embodiment described above applies to a
case in which the signal written into one bank of the receive
waveform memory 12 is used intact as a signal which repre-
sents the position and morphology of a soft tissue, it is gen-
erally possible to use a summed signal obtained by appropri-
ately weighting the signals written into three banks of the
receive waveform memory 12.

[0075] In addition, while the embodiment detailed in the
description heretofore given in this Specification relates to
using three transmit pulse waveforms, the present invention
can be embodied by using an N number of transmit pulse
waves inclusive of a common envelope signal (N: an integer
of 3 or more), transmitting/receiving the pulse wave the N
number of times with a phase of an associated carrier in steps
0f360°/N, writing the N number of obtained echo signals into
the N number of banks of the receive waveform memory 12,
and supplying to the adder 13 the signals read out from the
memory 12.

[0076] Next, a manner of assigning transmit pulse wave-
forms will be described using FIGS. 17, 18.

[0077] FIG. 17 is a diagram showing an example of input/
output characteristics of a pulse-transmitting amplifier.
[0078] FIG. 18 illustrates relationships between output
waveforms of a D/A converter and sampling points.

[0079] Known output methods relating to transmit pulse
waveforms are by applying positive/negative signals by
means of switches, and by combining a D/A converter and a
pulse-transmitting amplifier. The former method can be used
only for 0° and 180° phase signals, and is therefore not suit-
able for transmitting three or more waveforms different in
phase. The method using a D/A converter cannot be directly
used to transmit multiple waveforms, either. The diagram of
FIG. 17 shows input/output characteristics of a general pulse-
transmitting amplifier. A horizontal axis denotes an input
voltage, and a vertical axis denotes an output voltage. Origi-
nally, it is desirable that output be proportional to input.
During actual operation, however, nonlinearity exists as
shown in FIG. 17. The nonlinear characteristics of the ampli-
fier therein significantly affect three-pulse transmission.
[0080] In FIG. 18, D/A converter output waveforms of
three pulses (0°, 120°, and -=120° in phase) are shown as a
solid line, a broken line, and a dotted line, respectively. Sec-
tions marked with a small black circle are sampling points of
the D/A converter. In FIG. 18, a vertical axis denotes an
output value (relative value) of the D/A converter and a hori-
zontal axis denotes a dimensionless number which indicates
output timing of a control signal to the D/A converter. FIG.
18A relates to sampling at four times a central frequency,
FIG. 18B relates to sampling at six times the central fre-
quency, and FIG. 18C relates to sampling at eight times the
central frequency. At the x4 and x8 sampling frequencies, the
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output value of the D/A converter varies from pulse to pulse.
In these cases, because of the pulse-transmitting amplifier’s
nonlinearity shown in FIG. 17, the D/A converter does not
take the output value exactly as preset.

[0081] Accordingly, since even the signals received from a
medium completely free from signal nonlinearity are not
completely canceled after summation, the associated tech-
nique cannot achieve its purpose. This problem is the asym-
metry of three pulses that is described on the second para-
graph, page 5 of Non-Patent Reference 2. In the present
invention, as shown in FIG. 18C, D/A converter output uses a
sampling frequency six times (for N pulses, an integer-mul-
tiple of N) as great as the central frequency. Consequently, the
output value of the D/A converter does not significantly vary
from pulse to pulse, and even if the pulse-transmitting ampli-
fier has nonlinearity, this does not pose problems.

[0082] Next, a description will be given of imaging meth-
ods which allow for contrast medium destruction/damage.

[0083] FIG. 19 illustrates discrimination ratios between a
contrast medium signal and a vital nonlinear signal, and trans-
mitted-pulse amplitude dependence of sensitivity of the con-
trast medium signal. FIG. 19A is a diagram of discrimination
ratios between a contrast medium signal and a vital nonlinear
signal, plotted for amplitude of a transmitted pulse, in the
pulse inversion method and the three-pulse method. FIG. 19B
is a diagram of the sensitivity of the contrast medium signal,
plotted for amplitude of a transmitted pulse signal. In FIG. 19,
a horizontal axis denotes transmitted-pulse amplitude in
terms of sound pressure amplitudex(.1 MPa, and a vertical
axis denotes, in FIG. 19A, a discrimination ratio (selectivity,
dB)and in FIG. 19B, sensitivity (dB). A solid line denotes the
data obtained using the three-pulse method, and a dotted line
denotes the data obtained using the pulse inversion method. In
terms of discrimination ratio, the three-pulse method is con-
stantly about 20 to 40 dB superior to the conventional pulse
inversion method.

[0084] In terms of sensitivity, however, as the transmitted-
pulse amplitude diminishes, the three-pulse method
decreases. This is because the foregoing relationship in phase
between the signal from the contrast medium and the trans-
mitted pulse signal becomes disturbed only at great transmit-
ted-pulse amplitude, that is, when nonlinearity is great. [mag-
ing at great transmitted-pulse amplitude to obtain sensitivity,
however, results in the contrast medium being destructed/
damaged during imaging, thus finally making it difficult to
maintain appropriate or high sensitivity.

[0085] The present invention, therefore, uses two methods
to avoid the above problem. One method is by using such a
waveform as shown in FIG. 10, the waveform having second-
order harmonics superimposed thereon. For example, when
pulled, the contrast medium becomes destructed/damaged
more easily than when pushed. Therefore, if the waveform
with second-order harmonics superimposed thereon is used
so that a negative pressure decreases in comparison with a
positive pressure, the contrast medium can be made less prone
to destruction/damage, even at high sound pressure.

[0086] Another effective method is by using sequence con-
trol. This method uses the pulse inversion method and the
three-pulse method in an alternate fashion to transmit/receive
pulses. In this case, the pulse inversion method is usually used
to monitor at low sound pressure, and the three-pulse method
is used to monitor at high sound pressure as necessary.
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[0087] FIGS. 20, 21 are control flow diagrams of a pulse
inversion method/three-pulse method selective imaging
sequernce.

[0088] As shown in the control process flow diagram of
FIG. 20, either of the above two methods can be selected, not
only depending on whether imaging has been repeated a
preset M or N number of times, but also according to input
from an operator. Following pulse inversion imaging process
step 20, selection judgment process step 21 is executed to
judge whether imaging has been repeated the N number of
times or external input has been detected. Next if imaging has
been repeated the N number of times, three-pulse imaging
process step 22 is conducted, which is then followed by
execution of selection judgment process step 23 to judge
whether imaging has been repeated the M number of times or
external input has been detected once again.

[0089] In the method of FIG. 20, pulse inversion or the
three-pulse method is selected for each frame. In the method
shown in FIG. 21, however, either method is selected for each
raster. As shown in FIG. 21, (a) 180° pulse wave transmit/
receive process step 101, (b) 0° pulse wave transmit/receive
process step 102, (¢) 120° pulse wave transmit/receive pro-
cess step 103, (d) -120° pulse wave transmit/receive process
step 104 are first executed in that order. Step 105 for judging
whether one frame of imaging has been completed is con-
ducted next. If one frame of imaging has been completed,
raster movement follows. In this selective imaging method,
even when the body to be examined moves, since the selection
time required is sufficiently short, objects of the signals
obtained by imaging with the pulse inversion method and
with the three-pulse method can be regarded as equivalent to
one another. Thus, a contrast medium signal based on the
three-pulse method can be superimposed in a different color
code on a black-and-white image which was obtained by
imaging with the pulse inversion method.

[0090] According to the present invention, it is possible to
provide an ultrasonic imaging system that offers an S/N ratio
sufficiently high to conduct definite diagnoses based on con-
trast echo images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0091] FIG. 1 is a diagram that illustrates principles of the
pulse inversion method and those of vibration of an in-line
four-cylinder four-stroke engine;

[0092] FIG. 2 is a diagram that illustrates principles of a
three-pulse method of the present invention, and principles of
vibration of an in-line six-cylinder four-stroke engine;

[0093] FIG.3isablock diagram showing a configuration of
an ultrasonic imaging system which embodies the present
invention;

[0094] FIG. 4 shows examples of echo signals obtained
from an internal point-scattering body of a vital soft tissue
having a nonlinear pulse propagating propetrty, in the three-
pulse method of the present invention;

[0095] FIG. 5 shows examples of echo signals obtained
from the point-scattering body ofthe vital soft tissue having a
nonlinear pulse propagating property, in the pulse inversion
method,;

[0096] FIG. 6 shows examples of echo signals obtained
from scattering by contrast-imaging microbubbles in the
three-pulse method of the present invention;
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[0097] FIG. 7 shows waveforms of band-pass-filtered echo
signals obtained from scattering by the contrast-imaging
microbubbles in the three-pulse method of the present inven-
tion;

[0098] FIG. 8 shows examples of echo signals obtained
from scattering by the contrast-imaging microbubbles in the
pulse inversion method;

[0099] FIG. 9 shows waveforms of band-pass-filtered echo
signals obtained from scattering by the contrast-imaging
microbubbles in the pulse inversion method;

[0100] FIG. 10 shows examples of echo signals obtained
from an internal point-reflector of a vital soft tissue by inten-
tionally superimposing second-order harmonics on respec-
tive transmitted pulse waves in the three-pulse method of the
present invention;

[0101] FIG. 11 shows examples of echo signals obtained
from scattering by the contrast-imaging microbubbles when
second-order harmonics are intentionally superimposed on
respective transmitted pulse waves in the three-pulse method
of the present invention;

[0102] FIG. 12 shows waveforms of band-pass-filtered
echo signals obtained from scattering by the contrast-imaging
microbubbles when second-order harmonics are intentionally
superimposed on respective transmitted pulse waves in the
three-pulse method of the present invention;

[0103] FIG. 13 shows examples of adder output signal
waveforms with respect to the echo signals obtained from the
internal point-reflector of the vital soft tissue in the three-
pulse method of the present invention when respective trans-
mitted pulses contain phase errors;

[0104] FIG. 14 illustrates how the echo signals obtained
from the internal point-reflector of the vital soft tissue in the
three-pulse method of the present invention when respective
transmitted pulses contain phase errors affect phase error
dependence of the amplitude of adder output signals;

[0105] FIG. 15 is a diagram that illustrates a relationship
between an envelope and carrier waves of a transmitted pulse
in the three-pulse method of the present invention;

[0106] FIG. 16is another diagram that illustrates a relation-
ship between an envelope and carrier waves of a transmitted
pulse in the three-pulse method of the present invention;
[0107] FIG. 17 is a diagram showing an example of input/
output characteristics of a pulse-transmitting amplifier;
[0108] FIG. 18 illustrates relationships between output
waveforms and sampling points of a D/A converter;

[0109] FIG. 19 illustrates discrimination ratios between a
contrast medium signal and a vital nonlinear signal, and trans-
mitted-pulse amplitude dependence of sensitivity of the con-
trast medium signal;

[0110] FIG. 20 is a control flow diagram of a pulse inver-
sion method/three-pulse method selective imaging sequence;
and

[0111] FIG. 21 is another control flow diagram of the pulse
inversion method/three-pulse method selective imaging
sequence.

EXPLANATIONS OF NUMERALS

[0112] 1 .. . Ultrasonic probe, 2 . . . Transmit/receive
selector switches, 3 . . . Transmit beamformer, 4 . . . Transmit
waveform selector, 5 . . . Transmit waveform memory, 6 . . .
Transmit/receive sequence controller, 10 . . . Receive beam-
former, 11 . . . Receive waveform selector, 12 . . . Receive
waveform memory, 13 . . . Adder, 14 . . . Band-pass filter A,
15 ... Band-pass filter B, 16 . . . Envelope signal detector A,
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17 . . . Envelope signal detector B, 18 . . . Scan converter,
19 ... Display device, 20 . . . Pulse inversion imaging step,
21 . .. Judgment step, 22 . . . 3-pulse imaging step, 23 . . .
Judgment step, 101 . . . 180° pulse wave transmit/receive
process step, 102 . . . 0° pulse wave transmit/receive process
step, 103 . . . 120° pulse wave transmit/receive process step,
104 . . . -120° pulse wave transmit/receive process step,
105 . .. Judgment step.

1. An ultrasonic imaging system that transmits/receiving
an ultrasonic pulse to/from a living body having contrast-
imaging microbubbles introduced therein, and forms an
image of the living body, the ultrasonic imaging system being
constructed such that when N is taken as an integer of 3 or
more, by repeating the transmitting/receiving operations the
N number of times using the transmitted pulse waves each of
a different waveform under the same transmitting/receiving
focus conditions, the ultrasonic imaging system suppresses
pulse transmitting/receiving sensitivity with respect to com-
ponents ranging from a fundamental wave component of an
ultrasonic echo signal derived from an internal soft tissue of
the living body, to (N-1)th-order harmonic component of the
ultrasonic echo signal, and thus obtains appropriate pulse
transmitting/receiving sensitivity with respect to an ultra-
sonic echo signal derived from the contrast-imaging
microbubbles, wherein:

the system includes a pulse-transmitting amplifier for

transmitting the pulse waves to the inside of the living
body; and

an input cycle time of a signal applied to the pulse-trans-

mitting amplifier is an integer-multiple of N with respect
to a maximum frequency of frequency components of
the transmitted pulse.

2. The system ultrasonic imaging according to claim 1,
further comprising a D/A converter to apply the signal to the
pulse-transmitting amplifier, wherein a signal output cycle
time of the D/A converter is an integer-multiple of N with
respect to the maximum frequency of the frequency compo-
nents of the transmitted pulse.

3. An ultrasonic imaging system that transmits/receiving
an ultrasonic pulse to/from a living body having contrast-
imaging microbubbles introduced therein, and forms an
image of the living body, the ultrasonic imaging system being
constructed such that when N is taken as an integer of 3 or
more, by repeating the transmitting/receiving operations the
N number of times using the transmitted pulse waves each of
a different waveform under the same transmitting/receiving
focus conditions, the ultrasonic imaging system suppresses
pulse transmitting/receiving sensitivity with respect to com-
ponents ranging from a fundamental wave component of an
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ultrasonic echo signal derived from an internal soft tissue of
the living body, to (N-1)th-order harmonic component of the
ultrasonic echo signal, and thus obtains appropriate pulse
transmitting/receiving sensitivity with respect to an ultra-
sonic echo signal derived from the contrast-imaging
microbubbles, wherein the transmitted pulse wave has a
waveform formed by summing a fundamental wave and sec-
ond-order harmonics associated with the fundamental wave.

4. An ultrasonic imaging system that transmits/receives an
ultrasonic pulse to/from a living body having contrast-imag-
ing microbubbles introduced therein, and forms an image of
the inside of the living body, the ultrasonic imaging system
providing:

a first imaging sequence in which, by repeating the pulse
transmitting/receiving operations three times using the
transmitted pulse waves each of a different waveform
under the same transmitting/receiving focus conditions,
the ultrasonic imaging system suppresses pulse trans-
mitting/receiving sensitivity with respect to components
ranging from a fundamental wave component of an
ultrasonic echo signal derived from a soft tissue of the
living body, to second-order harmonic component of the
echo signal, and selectively obtains pulse transmitting/
receiving sensitivity with respect to an ultrasonic echo
signal derived from the contrast-imaging microbubbles;
and

a second imaging sequence in which, by repeating the
transmitting/receiving operations twice using the trans-
mitted pulse waves each of a different waveform under
the same transmitting/receiving focus conditions as the
conditions used in the first imaging sequence, the ultra-
sonic imaging system suppresses pulse transmitting/re-
ceiving sensitivity with respect to a fundamental wave
component of an ultrasonic echo signal from the soft
tissue of the living body, and selectively obtains pulse
transmitting/receiving sensitivity with respect to a sec-
ond-order or subsequent nonlinear signal components;

wherein imaging is implemented using the two sequences
selectively as appropriate, and transmission amplitude
in the first imaging sequence is greater than transmission
amplitude in the second imaging sequence.

5. The ultrasonic imaging system according to claim 4,
wherein a maximum value of the transmission amplitude in
the first imaging sequence is about 0.1 MPa and a maximum
value of the transmission amplitude in the second imaging
sequence is less than 0.1 MPa.

6. (canceled)
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