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G7) ABSTRACT

In order to capture an ultrasonic image of high quality using
ultrasound having a low sound pressure that does not break
a contrast agent, scanning is performed during a pause
period of intermittent scanning, using ultrasound that has a
sound pressure insufficient to break the contrast agent and
has undergone predetermined modulation; pulse compres-
sion is performed on an echo received signal; and an image
is produced based on the pulse-compressed echo received
signal.

16 Claims, 14 Drawing Sheets
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FIG. 4
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FIG. 6
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FIG. 8
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ULTRASONIC TRANSMISSION/RECEPTION
METHOD, ULTRASONIC
TRANSMISSION/RECEPTION APPARATUS,
ULTRASONIC IMAGING METHOD AND
ULTRASONIC IMAGING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Applica-
tion No. 2001-112466 filed Apr. 11, 2001.

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasonic transmis-
sion/reception method, ultrasonic transmission/reception
apparatus, ultrasonic imaging method and ultrasonic imag-
ing apparatus, and particularly to an ultrasonic transmission/
reception method, ultrasonic transmission/reception appara-
tus, ultrasonic imaging method and ultrasonic imaging
apparatus for imaging an object into which an ultrasonic
contrast agent is injected.

In ultrasonic imaging, an echo of ultrasound transmitted
into an object is used to capture a tomographic image, and
the image is displayed as a B-mode image. Moreover, a
Doppler shift of the ultrasonic echo is used to capture a
dynamic image of blood flow etc., and the image is dis-
played as a color Doppler image.

When the signal intensity of the echo needs to be
increased, a region of interest (ROI) is infused with a
contrast agent using the blood flow. The contrast agent is a
collection of microscopic bubbles having a diameter of
several micrometers.

Such a contrast agent is broken up and disappears when
exposed to ultrasound having a sound pressure greater than
a certain level and will generate no echo next time. There-
fore, the next imaging is performed after the contrast agent
has again reached the site being imaged.

For this reason, the ultrasonic imaging using the contrast
agent performs intermittent image capture (scanning) with a
pause period of, for example, from several seconds to
several tens of seconds after every imaging. Each tomo-
graphic image obtained from the scanning is displayed as a
freeze image and is updated every time the next scanning
image is obtained.

In order to make it possible to observe the state of the
imaged site in real time during the pause period, the same
region is imaged using ultrasound having a sound pressure
reduced to a degree such that it does not break the contrast
agent.

However, the image captured using the ultrasound having
a sound pressure reduced to a degree such that the it does not
break the contrast agent has poor quality because of the low
SNR (signal-to-noise ratio) of the echo received signal.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention is to
provide an ultrasonic transmission/reception method, ultra-
sonic transmission/reception apparatus, ultrasonic imaging
method and ultrasonic imaging apparatus that enable an
image to be obtained with high quality using ultrasound
having a sound pressure reduced to a degree such that it does
not break a contrast agent.

(1) The present invention, in one aspect thereof for
solving the aforementioned problem, is an ultrasonic trans-
mission/reception method, comprising the steps of: inter-

10

15

20

25

30

35

40

45

50

55

60

65

2

mittently scanning an imaged region with a predetermined
pause period using ultrasound that has a sound pressure
sufficient to break a contrast agent, and receiving an echo of
the ultrasound; continuously scanning the same region as the
imaged region during the pause period using ultrasound that
has a sound pressure insufficient to break the contrast agent
and has undergone predetermined modulation, and receiving
an echo of the ultrasound; and performing pulse compres-
sion on an echo received signal obtained by the continuous
scanning.

(2) The present invention, in another aspect thereof for
solving the aforementioned problem, is an ultrasonic trans-
mission/reception apparatus, comprising: first ultrasound
transmitting/receiving means for scanning an imaged region
using ultrasound that has a sound pressure sufficient to break
a contrast agent, and receiving an echo of the ultrasound;
second ultrasound transmitting/receiving means for scan-
ning the same region as the imaged region using ultrasound
that has a sound pressure insufficient to break the contrast
agent and has undergone predetermined modulation, and
receiving an echo of the ultrasound; pulse compressing
means for performing pulse compression on an echo
received signal from the second ultrasound transmitting/
receiving means; and control means for causing the first
ultrasound transmitting/receiving means to intermittently
perform the scanning with a predetermined pause period,
and causing the second ultrasound transmitting/receiving
means to continuously perform the scanning during the
pause period.

(3) The present invention, in still another aspect thereof
for solving the aforementioned problem, is an ultrasonic
imaging method, comprising the steps of: intermittently
scanning an imaged region with a predetermined pause
period using ultrasound that has a sound pressure sufficient
to break a contrast agent, and receiving an echo of the
ultrasound; continuously scanning the same region as the
imaged region during the pause period using ultrasound that
has a sound pressure insufficient to break the contrast agent
and has undergone predetermined modulation, and receiving
an echo of the ultrasound; performing pulse compression on
an echo received signal obtained by the continuous scan-
ning; and producing respective images based on an echo
received signal obtained by the intermittent scanning and on
an echo received signal after the pulse compression.

(4) The present invention, in still another aspect therecof
for solving the aforementioned problem, is an ultrasonic
imaging apparatus, comprising: first ultrasound transmit-
ting/receiving means for scanning an imaged region using
ultrasound that has a sound pressure sufficient to break a
contrast agent, and receiving an echo of the ultrasound;
second ultrasound transmitting/receiving means for scan-
ning the same region as the imaged region using ultrasound
that has a sound pressure insufficient to break the contrast
agent and has undergone predetermined modulation, and
receiving an echo of the ultrasound; pulse compressing
means for performing pulse compression on an echo
received signal from the second ultrasound transmitting/
receiving means; control means for causing the first ultra-
sound transmitting/receiving means to intermittently per-
form the scanning with a predetermined pause period, and
causing the second ultrasound transmitting/receiving means
to continuously perform the scanning during the pause
period; and image producing means for producing respective
images based on an echo received signal from the first
ultrasound transmitting/receiving means and on an echo
received signal after the pulse compression from the second
ultrasound transmitting/receiving means.
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According to the invention of the aspects as described in
(1) and (2), during the pause period, scanning is performed
using ultrasound that has a sound pressure insufficient to
break the contrast agent and has undergone predetermined
modulation, an echo of the ultrasound is received, and the
echo received signal is subjected to pulse compression; and
therefore, an echo received signal can be obtained with a
good SNR even if the transmitted ultrasound has a low
sound pressure.

According to the invention of the aspects as described in
(3) and (4), during the pause period, scanning is performed
using ultrasound that has a sound pressure insufficient to
break the contrast agent and has undergone predetermined
modulation, and the echo received signal is subjected to
pulse compression; and therefore, an echo received signal
can be obtained with a good SNR even if the transmitted
ultrasound has a low sound pressure. Moreover, since an
image is produced based on such an echo received signal, an
image of good quality can be obtained.

Preferably, the modulation is code modulation, in that the
modulation of the transmitted ultrasound and the pulse
compression of the echo received signal can be effectively
performed.

Preferably, a code sequence for the code modulation is a
Barker code, in that such a code has been well-established
in practical applications such as radar technology.

Preferably, a code sequence for the code modulation is a
Golay code, in that such a code has been well-established in
practical applications such as radar technology, and it gen-
erates no side lobe.

Preferably, the modulation is linear frequency modula-
tion, in that the modulation of the transmitted ultrasound and
the pulse compression of the echo received signal can be
easily achieved.

As described above in detail, the present invention can
provide an ultrasonic transmission/reception method, ultra-
sonic transmission/reception apparatus, ultrasonic imaging
method and ultrasonic imaging apparatus that enable an
image to be obtained with high quality using ultrasound
having a sound pressure reduced to a degree such that the
ultrasound does not break a contrast agent.

Further objects and advantages of the present invention
will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an apparatus in accordance
with one embodiment of the present invention.

FIG. 2 is a block diagram of a transceiver section.

FIGS. 3-5 are schematic diagrams of acoustic line scan-
ning.

FIG. 6 is a block diagram of part of the transceiver
section.

FIG. 7 is a waveform diagram of transmitted ultrasound
based on an output signal from a pulse signal generating
unit.

FIG. 8 is a waveform diagram of transmitted ultrasound
based on an output signal from a modulated signal gener-
ating unit.

FIG. 9 illustrates several code sequences of a Barker code.

FIG. 10 is a block diagram of part of the transceiver
section.

FIG. 11 illustrates pulse compression by a pulse com-
pressing unit.
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FIGS. 12 and 13 are waveform diagrams of transmitted
ultrasound based on an output signal from the modulated
signal generating unit.

FIGS. 14-16 illustrates pulse compression by the pulse
compressing unit.

FIG. 17 illustrates linear frequency modulation and cor-
responding pulse compression.

FIG. 18 is a schematic diagram showing an example of a
screen displayed on a display section.

DETAILED DESCRIPTION OF THE
INVENTION

Several embodiments of the present invention will now be
described in detail with reference to the accompanying
drawings. It should be noted that the present invention is not
limited to the embodiments. FIG. 1 shows a block diagram
of an ultrasonic imaging apparatus, which is an embodiment
of the present invention. The configuration of the apparatus
represents an embodiment of the apparatus in accordance
with the present invention. The operation of the apparatus
represents an embodiment of the method in accordance with
the present invention.

As shown in FIG. 1, the present apparatus has an ultra-
sonic probe 2. The ultrasonic probe 2 has an array of
ultrasonic transducers (not shown). The individual ultra-
sonic transducers are made from a piezoelectric material
such as PZT (lead zirconate titanate [Pb—Zr—Ti]) ceramic.
The ultrasonic probe 2 is used abutted against an object 4 by
a user. A region of interest in the object 4 is supplied with
a contrast agent 402 using blood flow.

The ultrasonic probe 2 is connected to a transceiver
section 6. The transceiver section 6 supplies driving signals
to the ultrasonic probe 2 to transmit ultrasound. The trans-
ceiver section 6 also receives echo signals caught by the
ultrasonic probe 2.

FIG. 2 shows a block diagram of the transceiver section
6. As shown, the transceiver section 6 has a transmission
signal generating unit 602. The transmission signal gener-
ating unit 602 periodically generates a transmission signal,
and inputs the signal to a transmission beamformer 604. The
transmission signal generating unit 602 is controlled by a
control section 18, which will be described later.

The transmission beamformer 604 is for performing
beamforming for the transmission, involving generating a
beamforming signal for forming an ultrasonic beam in a
certain direction based on the transmission signal. The
beamforming signal consists of a plurality of driving signals
that are given respective time differences corresponding to
the direction. The beamforming is controlled by the control
section 18, which will be described later. The transmission
beamformer 604 inputs the transmission beamforming sig-
nal to a transmission/reception switching unit 606.

The transmission/reception switching unit 606 inputs the
beamforming signal to the ultrasonic transducer array. A
plurality of ultrasonic transducers that constitute a transmis-
sion aperture in the ultrasonic transducer array generate
ultrasound having respective phase differences correspond-
ing to the time differences in the driving signals. By wave-
front synthesis of the ultrasound, an ultrasonic beam is
formed along an acoustic line in a certain direction.

The transmission/reception switching unit 606 is con-
nected with a reception beamformer 608. The transmission/
reception switching unit 606 inputs the echo signals caught
by a reception aperture in the ultrasonic transducer array to
the reception beamformer 608. The reception beamformer
608 is for performing beamforming for the reception corre-
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sponding to an acoustic line for the transmission, involving
imparting time differences to a plurality of received echoes
to adjust their phases, and then adding the echoes to form an
echo received signal along an acoustic line in a certain
direction. The reception beamforming is controlled by the
control section 18, which will be described later.

The transmission of the ultrasonic beam is repeated at
predefined time intervals according to the transmission
signal generated by the transmission signal generating unit
602. Synchronously with the signal, the transmission beam-
former 604 and the reception beamformer 608 change the
direction of the acoustic line by a predefined amount. Thus,
the interior of the object 4 is sequentially scanned by the
acoustic line. The transceiver section 6 having such a
configuration performs scanning as exemplarily shown in
FIG. 3. Specifically, a fan-shaped two-dimensional region
206 is scanned in the 0-direction by an acoustic line 202
extending from an emission point 200 in the z-direction, and
so-called sector scanning is carried out.

When the transmission and reception apertures are formed
using part of the ultrasonic transducer array, scanning as
exemplarily shown in FIG. 4 can be performed by sequen-
tially shifting the apertures along the array. Specifically, a
rectangular two-dimensional region 206 is scanned in the
x-direction by translating an acoustic line 202, which ema-
nates from an emission point 200 in the z-direction, along a
linear trajectory 204, and so-called linear scanning is carried
out.

It will be easily recognized that when the ultrasonic
transducer array is a so-called convex array, which is formed
along an arc protruding in the direction of ultrasound
transmission, a partial fan-shaped two-dimensional region
206 can be scanned in the 6-direction by performing acous-
tic line scanning similar to that of the linear scanning and
moving an emission point 200 of an acoustic line 202 along
an arc-like trajectory 204, as exemplarily shown in FIG. 5,
and so-called convex scanning can thus be carried out.

The reception beamformer 608 is connected with a
received signal processing unit 610. The received signal
processing unit 610 performs processing as described later
on an output signal, or an echo received signal, from the
reception beamformer 608.

Under the control of the control section 18, which will be
described later, scanning as described above is performed
using two kinds of ultrasound having different sound pres-
sures. One of the two kinds of ultrasound has a sound
pressure sufficient to break the contrast agent, and the other
has a sound pressure insufficient to break the contrast agent.

The scanning using the ultrasound having the higher
sound pressure is intermittently performed. The interval
between scannings, or the pause period, of the intermittent
scanning ranges from several seconds to several tens of
seconds. The scanning using the ultrasound having the lower
sound pressure is continuously performed during the pause
period of the intermittent scanning.

To perform the scanning using the two kinds of ultra-
sound, the transmission signal generating unit 602 has two
signal generating units, as shown in FIG. 6. One of the two
signal generating units is a pulse signal generating unit 622,
and the other is a modulated signal generating unit 624. One
of the output signals from these signal generating units is
selected by a selecting unit 626 and input to the transmission
beamformer 604. The selecting unit 626 is controlled by the
control section 18, which will be described later.

The output signal from the pulse signal generating unit
622 is a signal for causing the ultrasonic transducers to
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6

generate ultrasound having a sound pressure greater than a
contrast agent breaking sound pressure Pc, as exemplarily
shown in FIG. 7.

The output signal from the modulated signal generating
unit 624 is a signal for causing the ultrasonic transducers to
generate ultrasound having a sound pressure not greater than
the contrast agent breaking sound pressure Pc, as exemplar-
ily shown in FIG. 8.

As shown in FIG. 8, the output signal from the modulated
signal generating unit 624 is modulated. Among other
modulation schemes, a code modulation scheme, for
example, is employed. As a code sequence for the modula-
tion, there is employed, for example, a Barker code or a
Golay code, both of which are practically used in pulse
compression radar applications.

In FIG. 8, a case is illustrated in which the signal is
modulated using the Barker code having a code length of
four and a code sequence of [+++-]. The Barker code
includes seven code sequences, as shown in FIG. 9. The
code modulation may be achieved by any one of these code
sequences.

To process the two kinds of echo received signals corre-
sponding to the two kinds of transmitted ultrasound, the
received signal processing unit 610 has a configuration as
shown in FIG. 10. Specifically, as shown, an echo received
signal is supplied to one of a through signal path 612 and a
pulse compressing unit 614 according to selection by a
selecting unit 616. The selecting unit 616 is controlled by the
control section 18, which will be described later.

The selecting unit 616 is linked with the selecting unit
626. When the selecting unit 626 selects the pulse generating
unit 622, the selecting unit 616 selects the through signal
path 612; and when the selecting unit 626 selects the
modulated signal generating unit 624, the selecting unit 616
selects the pulse compressing unit 614.

Thus, the echo received signal of ultrasound transmitted
based on the output signal from the pulse generating unit 622
is input to the signal path 612; and the echo received signal
of ultrasound transmitted based on the output signal from the
modulated signal generating unit 624 is input to the pulse
compressing unit 614.

The pulse compressing unit 614 performs pulse compres-
sion processing on the echo received signal. The pulse
compression on the echo received signal of the code-
modulated ultrasound is achieved by an autocorrelation
calculation.

By performing the autocorrelation calculation on the echo
received signal of the ultrasound modulated as described
above, a pulse-compressed signal as shown in FIG. 11 is
obtained. As shown, the pulse-compressed signal has a
relative amplitude of 0, -1, 0, +1, +4, +1, 0, -1, O along a
time axis.

By such pulse compression, a compressed pulse having a
relative amplitude of 4 at the signal center can be obtained.
In other words, a signal can be obtained that corresponds to
an echo of transmitted ultrasound having a sound pressure
four times that of the actually transmitted ultrasound.

Therefore, even if the sound pressure of the transmitted
signal is low to the extent of being not greater than the
contrast agent breaking sound pressure, an echo received
signal having a good SNR can be obtained that is compa-
rable with that in the case of the transmitted ultrasound
having a sound pressure greater than the contrast agent
breaking sound pressure.

The case in which the Golay code is employed is as
follows: The Golay code has a pair of two code sequences
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[+++-] and [++-+]. By using the code sequence pair, two
series of transmitted ultrasound are obtained as shown in
FIGS. 12 and 13.

For an echo of the transmitted ultrasound shown in FIG.
12, the autocorrelation calculation is performed using the
code sequence [+++-]; and for an echo of the transmitted
ultrasound shown in FIG. 13, the autocorrelation calculation
is performed using the code sequence [++—+].

Thus, respective compressed pulses are obtained as
shown in FIGS. 14 and 15. The compressed pulse shown in
FIG. 14 has a relative amplitude of 0, -1, 0, +1, +4, +1,
0, -1, 0; and the compressed pulse shown in FIG. 15 has a
relative amplitude of 0, +1, 0, -1, +4, -1, 0, +1, 0.

By calculating the sum of such compressed pulses, a
compressed pulse can be obtained having a center signal of
+8 and all the other signals of 0, as shown in FIG. 16. In
other words, a pulse that has an even better SNR than by the
Barker code can be obtained. Moreover, such a pulse is
advantageous in that it has no side lobe because all the
signals other than the center signal become zero.

When the Golay code is employed, ultrasound transmis-
sion/reception is performed twice for every acoustic line.
The first ultrasound transmission/reception is performed
using one of the pair of the code sequences, and the second
ultrasound transmission/reception is performed using the
other. Then, the sum of the first pulse-compressed echo
received signal and the second pulse-compressed echo
received signal is calculated, and the sum is defined as the
echo received signal for one acoustic line. Such transmis-
sion/reception is performed while sequentially changing the
acoustic line direction.

In lieu of the code modulation, linear frequency modula-
tion may be employed. FIG. 17 shows the concept of the
linear frequency modulation and corresponding pulse com-
pression. As shown in FIG. 17(a), a frequency modulated
signal as shown in FIG. 17(b) having a frequency that
linearly changes by f in a time period T is generated by the
modulated signal generating unit 624, and ultrasound based
on the signal as shown in FIG. 17(b) is transmitted. Natu-
rally, the sound pressure of the transmitted ultrasound should
not be greater than the contrast agent breaking sound pres-
sure Pc.

By performing the pulse compression on an echo received
signal of such ultrasound by the pulse compressing unit 614
having a frequency-delay time characteristic such that the
delay time varies from T to O in the frequency range Af, as
shown in FIG. 17(c), a compressed pulse having an
increased relative amplitude at the signal center can be
obtained, as shown in FIG. 17(d).

A portion including the pulse signal generating unit 622,
selecting unit 626, transmission beamformer 604, transmis-
sion/reception switching unit 606, ultrasonic probe 2 and
reception beamformer 608 is an embodiment of the first
ultrasound transmitting/receiving means of the present
invention.

A portion including the modulated signal generating unit
624, sclecting unit 626, transmission beamformer 604, trans-
mission/reception switching unit 606, ultrasonic probe 2 and
reception beamformer 608 is an embodiment of the second
ultrasound transmitting/receiving means of the present
invention. The pulse compressing unit 614 is an embodiment
of the pulse compressing means of the present invention.
The control section 18, which will be described later, is an
embodiment of the control means of the present invention.

The transceiver section 6 as described above is connected
to a B-mode processing section 10 and a Doppler processing
section 12, as shown in FIG. 1. The echo received signal for
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each acoustic line output from the transceiver section 6 is
input to the B-mode processing section 10 and the Doppler
processing section 12.

The B-mode processing section 10 is for generating
B-mode image data. The B-mode processing section 10
logarithmically amplifies the echo received signal and then
detects its envelope to obtain a signal indicating the intensity
of the echo at each reflection point on an acoustic line, i.c.,
an A-scope signal; and generates B-mode image data using
the amplitude of the A-scope signal at each instant as the
brightness. Image data for the aforementioned two kinds of
transmitted ultrasound are individually generated as the
B-mode image data.

The Doppler processing section 12 is for generating
Doppler image data. Image data for the aforementioned two
kinds of transmitted ultrasound are individually generated as
the Doppler image data. The Doppler processing section 12
quadrature-detects the echo received signal and then MTI
(moving target indication)-processes the signal to obtain the
Doppler shift in the echo signal; and calculates the average
flow velocity, variance of the flow velocity, power of the
Doppler signal, etc. from an autocorrelation calculation on
the Doppler shift. The average flow velocity will sometimes
be referred to simply as the flow velocity hereinbelow.
Moreover, the variance of the flow velocity will sometimes
be referred to simply as the variance, and the power of the
Doppler signal simply as the power hereinbelow.

The Doppler processing section 12 provides data repre-
senting the flow velocity, variance and power of an echo
source moving inside the object 4 for each acoustic line. The
data represents the flow velocity, variance and power at each
point (pixel) on an acoustic line. The flow velocity is
obtained as a component in an acoustic line direction, and a
direction approaching the ultrasonic probe 2 and a direction
going away from the ultrasonic probe 2 are distinguished.

The B-mode processing section 10 and the Doppler
processing section 12 are connected to an image processing
section 14. The image processing section 14 produces a
B-mode image and a color Doppler image based on respec-
tive data supplied from the B-mode processing section 10
and the Doppler processing section 12. The B-mode image
and the color Doppler image are generated for each of the
two kinds of transmitted ultrasound.

The image processing section 14 is connected with a
display section 16, which displays the B-mode and color
Doppler images produced by the image processing section
14. A portion including the B-mode processing section 10,
Doppler processing section 12, image processing section 14
and display section 16 is an embodiment of the image
producing means of the present invention.

The transceiver section 6, B-mode processing section 10,
Doppler processing section 12, image processing section 14
and display section 16 are connected with the control section
18. The control section 18 supplies control signals to these
sections for controlling their operation. The control section
18 is supplied with several kinds of notification signals from
the controlled sections. The B-mode operation and the
Doppler mode operation are executed under the control of
the control section 18.

The control section 18 is connected with an operating
section 20. The operating section 20 is operated by the user,
and the section 20 inputs appropriate instructions and infor-
mation to the control section 18. The operating section 20
includes, for example, a keyboard, pointing device and other
operating devices.

Now the operation of the present apparatus will be
described. The user abuts the ultrasonic probe 2 against a
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desired portion on the object 4, and operates the operating
section 20 for performing, for example, B-mode imaging.
The imaging is performed under the control of the control
section 18.

The transceiver section 6 performs scanning as shown in
FIGS. 3-5 on the interior of the object 4 in an acoustic-line-
sequential manner using the ultrasonic probe 2. Of the
aforementioned two kinds of transmitted ultrasound, scan-
ning by the ultrasound having a sound pressure greater than
the contrast agent breaking sound pressure is intermittently
performed with a pause period of from several seconds to
several tens of seconds, and scanning by the ultrasound
having a sound pressure not greater than the contrast agent
breaking sound pressure is continuously performed during
the pause period of the intermittent scanning.

Thus, two B-mode images are captured. One of the two
B-mode images will be sometimes referred to as a high
sound pressure image and the other as a low sound pressure
image hereinbelow. These images are displayed next to each
other on the screen of the display section 16, as exemplarily
shown in FIG. 18.

The high sound pressure image 162 is a contrast image.
This image is displayed as a freeze image, and is updated
every time a new image is obtained by the intermittent
scanning. The low sound pressure image 164 is displayed as
a real-time image because it is obtained by the continuous
scanning. This image shows the state in real time from the
time the contrast agent is broken and to the time it again
infuses the site being imaged. Since the image is produced
based on the pulse-compressed echo received signal having
a high SNR, the image quality is high even if the transmitted
ultrasound has a low sound pressure.

While the present invention has been described with
reference to preferred embodiments hereinabove, various
changes or substitutions may be made on these embodiments
by those ordinarily skilled in the art pertinent to the present
invention without departing from the technical scope of the
present invention. Therefore, the technical scope of the
present invention encompasses not only those embodiments
described above but all the embodiments that fall within the
scope of the appended claims.

Many widely different embodiments of the invention may
be configured without departing from the spirit and the
scope of the present invention. It should be understood that
the present invention is not limited to the specific embodi-
ments described in the specification, except as defined in the
appended claims.

What is claimed is:

1. An ultrasonic transmission/reception method, compris-
ing the steps of: intermittently scanning an imaged region
with a predetermined pause period using a first ultrasound
signal that has a sound pressure sufficient to break a contrast
agent, and receiving an echo of the first ultrasound signal,
continuously scanning the same region as said imaged
region during said pause period using a second ultrasound
signal that has a sound pressure insufficient to break the
contrast agent and has undergone predetermined modula-
tion, and receiving an echo of the second ultrasound signal,
and performing pulse compression on an echo received
signal obtained by said continuous scanning.

2. The ultrasonic transmission/reception method as
defined by claim 1, wherein said modulation is code modu-
lation.

3. The ultrasonic transmission/reception method as
defined by claim 2, wherein a code sequence for said code
modulation is a Barker code.
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4. The wultrasonic transmission/reception method as
defined by claim 2, wherein a code sequence for said code
modulation is a Golay code.

5. An ultrasonic transmission/reception apparatus, com-
prising: first ultrasound transmitting/receiving means for
intermittently scanning an imaged region using a first ultra-
sound signal that has a sound pressure sufficient to break a
contrast agent, and receiving an echo of the first ultrasound
signal; second ultrasound transmitting/receiving means for
continuously scanning the same region as said imaged
region using a second ultrasound signal that has a sound
pressure insufficient to break the contrast agent and has
undergone predetermined modulation, and receiving an echo
of the second ultrasound signal; pulse compression means
for performing pulse compression on an echo received
signal from said second ultrasound transmitting/receiving
means; and control means for causing said first ultrasound
transmitting/receiving means to perform the intermittent
scanning with a predetermined pause period, and causing
said second ultrasound transmitting/receiving means to per-
form the continuous scanning during said pause period.

6. The ultrasonic transmission/reception apparatus as
defined by claim 5, wherein said modulation is code modu-
lation.

7. The ultrasonic transmission/reception apparatus as
defined by claim 6, wherein a code sequence for said code
modulation is a Barker code.

8. The ultrasonic transmission/reception apparatus as
defined by claim 6, wherein a code sequence for said code
modulation is a Golay code.

9. An ultrasonic imaging method, comprising the steps of:
intermittently scanning an imaged region with a predeter-
mined pause period using a first ultrasound signal that has a
sound pressure sufficient to break a contrast agent, and
receiving an echo of the first ultrasound signal; continuously
scanning the same region as said imaged region during said
pause period using a second ultrasound signal that has a
sound pressure insufficient to break the contrast agent and
has undergone predetermined modulation, and receiving an
echo of the second ultrasound signal; performing pulse
compression on an echo received signal obtained by said
continuous scanning; and producing respective images
based on an echo received signal obtained by said intermit-
tent scanning and on an echo received signal after said pulse
compression.

10. The ultrasonic imaging method as defined by claim 9,
wherein said modulation is code modulation.

11. The ultrasonic imaging method as defined by claim 10,
wherein a code sequence for said code modulation is a
Barker code.

12. The ultrasonic imaging method as defined by claim
10, wherein a code sequence for said code modulation is a
Golay code.

13. An ultrasonic imaging apparatus, comprising: first
ultrasound transmitting/receiving means for intermittently
scanning an imaged region using a first ultrasound signal
that has a sound pressure sufficient to break a contrast agent,
and receiving an echo of the first ultrasound signal; second
ultrasound transmitting/receiving means for continuously
scanning the same region as said imaged region using a
second ultrasound signal that has a sound pressure insuffi-
cient to break the contrast agent and has undergone prede-
termined modulation, and receiving an echo of the second
ultrasound signal; pulse compression means for performing
pulse compression on an echo received signal from said
second ultrasound transmitting/receiving means; control
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means for causing said first ultrasound transmitting/receiv-
ing means to perform the intermittent scanning with a
predetermined pause period, and causing said second ultra-
sound transmitting/receiving means to perform the continu-
ous scanning during said pause period; and image producing
means for producing respective images based on an echo
received signal from said first ultrasound transmitting/re-
ceiving means and on an echo received signal after said
pulse compression from said second ultrasound transmit-
ting/receiving means.

5
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14. The ultrasonic imaging apparatus as defined by claim
13, wherein said modulation is code modulation.

15. The ultrasonic imaging apparatus as defined by claim
14, wherein a code sequence for said code modulation is a
Barker code.

16. The ultrasonic imaging apparatus as defined by claim
14, wherein a code sequence for said code modulation is a
Golay code.
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