US 20020147397A1

a2 Patent Application Publication (0 Pub. No.: US 2002/0147397 Al

a9 United States

Agano (43) Pub. Date: Oct. 10, 2002
(54) ULTRASONIC IMAGING METHOD AND Publication Classification
APPARATUS
(51)  Int. CL7 oo A61B 8/00
(75) Inventor: Toshitaka Agano, Minami-Ashigara-shi (52) US.ClL ... 600/437
JP)
Correspondence Address: (57 ABSTRACT
SUGHRUE MION, PLLC
2100 PENNSYLVANIA AVENUE, N.W.
WASHINGTON, DC 20037 (US) Ultrasonic imaging method and apparatus capable of dis-
) playing on a screen not only the shapes of internal organs but
(73)  Assignee: FUJI PHOTO FILM CO., LTD. also the differences in properties thereof. The ultrasonic
) imaging method includes the steps of (a) obtaining plural
(21)  Appl. No.: 10/114,118 kinds of image data by transmitting plural kinds of ultra-
(22) Filed: Apr. 3, 2002 sonic waves at different transmission power and receiving
’ the plural kinds of ultrasonic waves reflected from an object
(30) Foreign Application Priority Data to be inspected; and (b) performing arithmetic by using the
plural kinds of image data obtained at step (a) to thereby
Apr. 4, 2001 (IP) oo 2001-105700 figure out new image data.
15
= TRANSMISSION 11
TRANSMISSION [~
DRIVE DELAY CONTROL
CIRCUIT CIRCUIT ,
: 12 ~
TRANSMISSION ., | || TRANSHISSION
DRIVE POWER CONTROL | —] S"STEH CONTROL
CIRCUIT CIRCUIT
) 3 J4 33 38
TRANSMISSION
SIGNAL FREQUENCY ADDRESS LAY
" GENERATOR |~ | conTROL CIRCUT CoNTROL - D
PROBE 1321 31 32 34 36 37
SIGNAL PRIMARY SECONDARY IMAGE
RECEPTION PROCESSING || STORAGE |-~ RTHMETC|t 1 "STORAGE [«~{PROCESSING
: SENSITIVITY _ =— UNIT UNIT UNIT UNIT
S o4 24 |cONTROLCROUT .
{AMPLIFIERS 22 35 3
5 RECEPTION [
RECEPTION DELAY CONTROL BLE |, |RECORDING
DELAY CIRCUIT A UNT
CIRCUIT




Oct. 10,2002 Sheet 1 of 5 US 2002/0147397 Al

Patent Application Publication

L

I unowd [+ :
s | R 1N0YI0 g | m
T0INOD AVT3A ~{NolLezozul__| m
= < ] woiLazom w w
° - « TOM0T0RIN0D| 2 SN
LINN LIN N LINN LINN 7 R ALISNTS N
oNgs300kdl-| 30001 [t AN Lt 30WH0LS [+ ONSSI00US AP ez
[ 3owi | |Aavanooss awwied || i =
~ ~ _ , 12
€ 9¢ 165 FAS LE L
LN AO.W_zhoo M_F_.WMW._ON_EOU o
AIdsIa [ 1 ~
SS3AQY ANING: HOLLD
T — NOISSINSNVAL
8¢ ge vl__t ¢
L 0 E 1N0¥D o0
104INOD ¥3Mod| [
TO¥INOI WALSAS ——=] "\ojsqinanwalL | [T INOISSINSNVLL
—~ .
/ Al :
[ nouo Tnoun
JouNodAviaa Ll | 3G
L1~ NOISSIWSNVAL NOISSINSNVAL
1
Sl




Patent Application Publication Oct. 10,2002 Sheet 2 of 5 US 2002/0147397 A1

FIG.2

ECHO
INTENSITY

é1 e2

TRANSMISSION POWER



Patent Application Publication Oct. 10,2002 Sheet 3 of 5

FIG.3

( START )

\

S1-] INITIALIZATION |

US 2002/0147397 Al

o

A
S2— | TRANSMIT ULTRASONIC
WAVES

v
s3 RECEIVE REFLECTED
WAVES

54 Y
SIGNAL PROCESSING

Y ,
S5 " STORE IN PRIMARY
STORAGE UNIT

v

S6
\@\NNlNG COMPLETED_}NO -
TYES

ST MEASURE WITH VES
DIFFERENT TRANSMISSION
POWER? /- S8

S9 yNO ‘ L

| CHANGE TRANSMISSION
ARITHMETIC PROCESSING I POWER

S10 Y | \

STORE COMBINED I
IMAGE DATA

S11
2 Y

DISPLAY ON SCREEN |

$12 Y
[~ SAVECOMBINED
IMAGE DATA

v

( END )




Patent Application Publication Oct. 10,2002 Sheet 4 of 5 US 2002/0147397 A1

FIG.4A

FIG.4B




Patent Application Publication Oct. 10,2002 Sheet 5 of 5 US 2002/0147397 A1

FIG.5

FIG.6

RED

/| GREEN




US 2002/0147397 Al

ULTRASONIC IMAGING METHOD AND
APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic imag-
ing method and an ultrasonic imaging apparatus for trans-
mitting and receiving ultrasonic waves to obtain images for
ultrasonic diagnosis and so on.

[0003] 2. Description of a Related Art

[0004] Ultrasonic waves reflect at a site where the acoustic
characteristic impedance varies, i.e., at an interface between
different media. Ultrasonic images are constructed in the
form of images on the basis of internal information on an
object to be inspected such as a living body obtained by
utilizing the above-mentioned nature of the ultrasonic
waves. More specifically, the internal information of the
object such as the living body is obtained by transmitting
ultrasonic waves from a probe containing a plurality of
ultrasonic transducers to the object and receiving the ultra-
sonic waves reflected from a reflector existing in the interior
of the object. Such internal information is iteratively col-
lected while changing the direction in which the ultrasonic
waves are transmitted, which enables shapes and motions of
the internal organs, etc., within the living body to be
constructed as images. Therefore, such ultrasonic diagnosis
may be an effective diagnostic method for diseases causing
pathological change which can be recognized in terms of the
shapes and motions of the internal organs, etc.

[0005] By the way, acoustic characteristics of various
tissues in the living body are becoming apparent little by
little. For example, tissues containing more collagen as
intercellular substance have a higher ultrasonic velocity and
a greater attenuation value, whereas tissues having a higher
water content have a smaller attenuation constant. However,
such specific correlation between the acoustic characteristics
and various tissues within the living body has not yet fully
been elucidated. For example, in tissues like pathologically
changed tissues of myocardial infarction where intermingled
denatured portions having an increased water content in
place of melted protein, fiberized portions containing col-
lagen as an ingredient created for restoring the denatured
portions, and sound myocardial portions are intermingled, a
multiplicity of strong echo sources may be present because
the acoustic impedance is significantly different among the
respective tissues. For this reason, the pathologically
changed tissues are displayed with a higher brightness in the
ultrasonic images. On the contrary, in the case of pathologi-
cally changed tissues, etc. where a part or a whole of an
internal organ has uniformly varied, such strong echo
sources are not present and hence the difference in properties
of the tissues may not necessarily be judged by the ultrasonic
images.

SUMMARY OF THE INVENTION

[0006] In view of the above point, an object of the present
invention is to provide an ultrasonic imaging method and an
ultrasonic imaging apparatus capable of displaying not
merely the shapes of internal organs, etc., but also the
difference in properties thereof in the ultrasonic diagnosis.

[0007] In order to solve the above problems, according to
one aspect of the present invention, there is provided an
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ultrasonic imaging method comprising the steps of: (a)
obtaining plural kinds of image data by transmitting plural
kinds of ultrasonic waves at different transmission power
and receiving the plural kinds of ultrasonic waves reflected
from an object to be inspected; and (b) performing arith-
metic by using the plural kinds of image data obtained at
step (a) to thereby figure out new image data.

[0008] According to one aspect of the present invention,
there is provided an ultrasonic imaging apparatus compris-
ing: ultrasonic wave transmission/reception means having a
plurality of ultrasonic transducers, for transmitting ultra-
sonic waves toward an object to be inspected and receiving
the ultrasonic waves reflected from the object to output a
detection signal; signal processing means for generating
image data on the basis of the detection signal output from
the ultrasonic wave transmission/reception means; control
means for controlling the ultrasonic wave transmission/
reception means to vary transmission power of the ultrasonic
waves to be transmitted so as to transmit and receive plural
kinds of ultrasonic waves at different transmission power;
storage means for accumulating image data output from the
signal processing means to thereby store plural kinds of
image data obtained by transmitting and receiving plural
kinds of ultrasonic waves at different transmission power;
and arithmetic means for performing arithmetic by using the
plural kinds of image data stored in the storage means to
thereby figure out new image data.

[0009] According to the present invention, plural kinds of
ultrasonic images obtained by transmitting and receiving
plural kinds of ultrasonic waves at different transmission
power are combined, so that tissues different in properties
within the interior of the object can be extracted and
displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other objects, aspects, features and
advantages of the present invention will become more
apparent from the following detailed description when taken
in conjunction with the accompanying drawings, in which:

[0011] FIG. 1 is a block diagram showing the configura-
tion of an ultrasonic imaging apparatus according to an
embodiment of the present invention;

[0012] FIG. 2 illustrates an example of echo intensity
characteristics of the internal tissues with respect to trans-
mission power;

[0013] FIG. 3 is a flowchart showing the operations of the
ultrasonic imaging apparatus according to the embodiment
of the present invention;

[0014] FIG. 4a is a diagram showing an image obtained
by transmission/reception of ultrasonic waves at transmis-
sion power ¢,, and FIG. 4b is a diagrams showing an image
obtained by transmission/reception of ultrasonic waves at
transmission power €,;

[0015] FIG. 5 illustrates an image constructed on the basis
of combined image data which have been arithmetically
processed; and

[0016] FIG. 6 illustrates an image in which the combined
image data are separately colored and superimposed on the
original image data for display.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Preferred embodiments of the present invention
will now be described with reference to the drawings. The
same components are designated by the same reference
numeral and an explanation thereof will be omitted.

[0018] FIG. 1 is a block diagram showing an ultrasonic
imaging apparatus according to an embodiment of the
present invention.

[0019] Referring to FIG. 1, a system control unit 1
controls the entire system to acquire combined images by
arithmetically processing plural kinds of frame data which
are obtained based on signals acquired by transmitting plural
kinds of ultrasonic waves at different transmission power
and receiving the ultrasonic waves reflected from a reflector.

[0020] The reason will be explained why the ultrasonic
imaging apparatus makes use of the plural kinds of ultra-
sonic waves transmitted at different transmission power.
FIG. 2 shows echo intensity vs. transmission power as to
reflectors A and B which exist within the interior of a living
body as an object to be inspected. As can be seen in FIG. 2,
such acoustic characteristics can vary diversely depending
on the reflectors such as internal organs, e.g., including ones
like reflector A having an acoustic characteristic indicative
of a response in the form of an exponential function and ones
like reflector B indicating a linear response to transmission
power within a specified range but showing no change out
of the specified. Thus, it is possible to extract an image of a
specific internal organ, etc. by multiplying by appropriate
coefficients a plurality of ultrasonic images, which are
obtained by transmitting and receiving ultrasonic waves at at
least two different kinds of transmission power, and finding
the difference therebetween, thereby canceling the back-
ground indicative of linear acoustic characteristics with
respect to the ultrasonic transmission power.

[0021] A probe 2 includes an ultrasonic transducer array
having a plurality of ultrasonic transducers which are
arranged one-dimensionally or two-dimensionally. As the
ultrasonic transducers, vibrators can be used which are made
of piezoelectric ceramics represented by PZT(Pb (lead)
zirconate titanate) or polymer piezoelectric elements such as
PVDF (polyvinyl difluoride). The vibrators have electrodes
attached thereto and are connected via lead wires to an
electronic circuit included in a main body of the ultrasonic
imaging apparatus. The probe 2 may include a backing
material for supporting the vibrators and providing acoustic
attenuation to the vibrators, an acoustic matching layer
ensuring effective transmission of ultrasonic waves, and an
acoustic lens for gathering the ultrasonic waves.

[0022] The ultrasonic imaging apparatus further includes a
transmission delay control circuit 11 for controlling ultra-
sonic wave transmitting/receiving conditions under the con-
trol of the system control unit 1, a transmission power
control circuit 12, a transmission frequency control circuit
13, a reception sensitivity control circuit 21 and a reception
delay control circuit 22.

[0023] In conformity with the control of the system con-
trol unit 1, the transmission frequency control circuit 13
controls a signal generator 14 in order to transmit ultrasonic
waves having a predetermined frequency. The signal gen-
erator 14 generates signals in accordance with the control of
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the transmission frequency control circuit 13. A plurality of
transmission drive circuits 15 amplify and delay the signals
generated by the signal generator 14, to thereby output drive
signals. On the basis of the drive signals, the probe 2
transmits ultrasonic waves to an object to be inspected and
receives the ultrasonic waves reflected from the object to
output detection signals. The detection signals are amplified
by a plurality of amplifiers 23.

[0024] The transmission power control circuit 12 controls
the amplitude of the drive signals output from the plurality
of transmission drive circuits 15 so that the ultrasonic wave
transmission power is controlled. The transmission delay
control circuit 11 controls the delay time of the drive signals
output from the plurality of transmission drive circuits 15.
This allows each of the plurality of ultrasonic transducers
included in the probe 2 to transmit ultrasonic waves having
a phase difference corresponding to the time difference of
the drive signals, at predetermined transmission power,
toward the object to be inspected. Ultrasonic beams are thus
formed by wavefront combining of such plurality of ultra-
sonic waves.

[0025] The reception sensitivity control circuit 21 controls
gains of the plurality of amplifiers 23 to thereby control the
reception sensitivity. The reception delay control circuit 22
controls the delay time of the detection signals in the
reception delay circuit 24. A signal processing unit 31
subjects output signals of the reception delay circuit 24 to
log compression, detection, analog-to-digital conversion and
other processing, to create image data for output.

[0026] Under the control of the system control unit 1, an
address control unit 33 provides as its output an address for
controlling the storage region for the output image data. In
accordance with the address, a primary storage unit 32
sequentially stores the image data output from the signal
processing unit 31. Those image data are stored in separate
regions corresponding to ultrasonic wave transmission
power to constitute frame data for each transmission power.
In this manner, the primary storage unit 32 stores frame data
obtained as a result of transmission/reception of ultrasonic
waves in accordance with different transmission power.

[0027] A table 35 stores coefficients for use in combining
a plurality of frame data stored in the primary storage unit
32. Referring to the table 35, an arithmetic unit 34 executes
arithmetic processing on the frame data stored in the primary
storage unit 32 to create combined image data. The created
combined image data are stored in a secondary storage unit
36 and displayed on a screen of a display unit 38 such as a
CRT. An image processing unit 37 subjects the combined
image data to interpolation, response modulation process-
ing, gradation processing or other processing. A recording
unit 39 records the combined image data on a recording
medium such as a hard disk or a magneto optical disk (MO).

[0028] The ultrasonic imaging apparatus according to this
embodiment may be of an independent type which incor-
porates the secondary storage unit 36, the display unit 38 and
the recording unit 39 into the main body, or may be of a
network connection type which is connected via a network
to the secondary storage unit 36, the display unit 38, the
recording unit 39 and so on.

[0029] Operations of the ultrasonic imaging apparatus
according to this embodiment will then be described with
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reference to FIGS. 1-3. FIG. 3 is a flowchart showing the
operations of the ultrasonic imaging apparatus according to
this embodiment.

[0030] Initialization is first performed at step S1. More
specifically, ultrasonic wave transmission power ¢, and
ultrasonic wave transmission power e, are set in order to
transmit plural kinds of ultrasonic waves at different trans-
mission power. Herein, a frequency of the ultrasonic waves
to be transmitted may be set. After the initialization, the
system control unit 1 first sends control signals to the
transmission power control unit 12 and the transmission
frequency control unit 13 in order to transmit ultrasonic
waves at the transmission power e;, and sends address
control signals to the address control unit 33 in order to
control the image data storage region.

[0031] Then at step S2, ultrasonic waves at the transmis-
sion power e, are transmitted from the probe 2 toward the
object to be inspected. That is, under the control of the
transmission frequency control circuit 13, the signal gen-
erator 14 generates signals having a predetermined fre-
quency and supplies the signals to the transmission drive
circuits 15. The transmission drive circuits 15 impart a given
delay to the signals under the control of the transmission
delay control circuit 11, and send drive signals to the probe
2 at the transmission power e, controlled by the transmission
power control circuit 12. This allows the ultrasonic trans-
ducers included in the probe 2 to vibrate and transmit
ultrasonic waves to the object.

[0032] The transmitted ultrasonic waves are reflected from
the reflector existing in the interior of the object, and at step
S3 the reflected waves are received and converted into
electric signals by the ultrasonic transducers, which electric
signals are output as detection signals.

[0033] The detection signals are subjected to various sig-
nal processing. More specifically, the detection signals are
amplified by the amplifiers 23 and entered into the reception
delay circuit 24 to have a given delay under the control of
the reception delay control circuit 22. The output signals
from the reception delay circuit 24 are subjected in the signal
processing unit 31 to log compression, detection, analog-to-
digital conversion and other processing, and then output as
image data. The output image data are stored in the primary
storage unit 32 at step S5.

[0034] Such transmission/reception of the ultrasonic
waves at steps S2 to S5 is iterated a plurality of times to
effect the ultrasonic beam scanning (step S6), whereby
image data are stored in the primary storage unit 32 so that
frame data reflecting the acoustic characteristics as to the
transmission power ¢, are obtained. It is to be understood
that the ultrasonic wave transmission timing at step S2 may
be set such that the next ultrasonic wave is transmitted
without waiting for the completion of the signal processing
and the completion of image data storage at step S4 and SS§,
as long as it can be separated from the precedingly trans-
mitted ultrasonic wave.

[0035] 1t is then judged at step S7 whether or not the
measurement is to be continued by changing the ultrasonic
wave transmission power. If affirmative, then the procedure
goes to step S8 in which the system control circuit 1 changes
and issues various control signals in order to transmit
ultrasonic waves at the transmission power e,. In response
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to this, the transmission power control circuit 12 and the
transmission frequency control circuit 13 control the trans-
mission drive circuits 15 and the signal generator 14 respec-
tively for the purpose of transmitting ultrasonic waves at the
transmission power e, set at step S1. The address control unit
33 enters into the primary storage unit 32 an address for
designating a storage region which stores image data
obtained by transmitting and receiving the ultrasonic waves
at the transmission power e,.

[0036] Furthermore, steps S2 to S6 are iterated so that the
image data obtained by transmitting and receiving the ultra-
sonic waves at the transmission power ¢, are accumulated in
the primary storage unit 32 to constitute frame data.

[0037] Then, the system control unit 1 changes and issues
various control signals in order to again transmitting ultra-
sonic waves at the transmission power e;.

[0038] Thus, by alternately iterating the transmission of
the ultrasonic waves at the transmission power e, and the
transmission of the ultrasonic waves at the transmission
power e,, the frame data obtained by transmitting and
receiving the ultrasonic waves at the transmission power ¢,
and the frame data obtained by transmitting and receiving
the ultrasonic waves at the transmission power e, are alter-
nately stored in the primary storage unit 32.

[0039] Then, at step 9, the arithmetic unit 34 performs
arithmetic processing for the frame data stored in the pri-
mary storage unit 32, while referring to the table 35.

[0040] Description will be made herein of the arithmetic
processing in case of transmitting and receiving two differ-
ent ultrasonic waves at different transmission power. In this
case, a reflector A in FIG. 2 is a contrast medium A flowing
in a blood vessel, while a reflector B is an internal organ B.

[0041] FIG. 4a illustrates an image made up on the basis
of frame data D(e,) acquired by transmission/reception of
ultrasonic waves at the transmission power e,, whilst FIG.
4) illustrates an image made up on the basis of frame data
D(e,) acquired by transmission/reception of ultrasonic
waves at the transmission power e,. In FIGS. 4a and 4b,
broken lines denote a boundary between an image of the
contrast medium A and an image of the internal organ B, and
also denote a boundary between the internal organ B and the
background.

[0042] Asseenin FIGS. 4a and 4b, when the transmission
power rises from €, to ¢,, the brightness of the entire screen
including the background increases accordingly. However,
in case of the reflectors having nonlinear acoustic charac-
teristics with respect to the ultrasonic wave transmission
power, like the contrast medium A and the internal organ B,
an increase of the transmission power will not uniformly
result in an increase of the echo intensity. For example, the
increased transmission power leads to a sharply increased
echo intensity as in the contrast medium A, but to insignifi-
cant change as in the internal organ B. It is therefore possible
to extract image data of the contrast medium A and of the
internal organ B by multiplying the frame data D(e,) and
D(e,) by appropriate coefficients so as to cancel the back-
ground and finding the difference therebetween.

[0043] Let G(e4, €,) be combined image data which have
been arithmetically processed, and k, and k, be positive
coefficients stored in the table 35, then the combined image
data can be figured out from

Gley, ep)=koxDl(ez)-k xDle)
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[0044] The frame data D(e,) and D(e,) used herein are
preferably shortest interframe data.

[0045] As aresult of such arithmetic processing, as is clear
from reference to FIG. 2, the data on the contrast medium
A are positive values and data on the internal organ B are
negative values.

[0046] In order to use these data for image display, a
certain value may be added to the combined image data.
More specifically, let C be a constant, then the combined
image data G'(e,, e,) for display can be given as

G'ley, ex)=Gley, e)+C

[0047] FIG. 5 shows an image defined by the thus
obtained combined image data G'(e;, €,).

[0048] The arithmetically processed combined image data
are stored in the secondary storage unit 36 at step S10. The
combined image data may be subjected to image processing
such as interpolation, response modulation processing and
gradation processing by the image processing unit 37.

[0049] Furthermore, on the basis of such combined image
data, combined images may be displayed on the screen of
the display unit 38 such as a CRT (step S11) or saved on
various record media in the recording unit 39 (step S12).

[0050] When displaying a combined image, display of
only the tissue extracted may possibly make the whole
image unclear. In such an event, additional processing such
as coloring on each extracted tissue may be effected for
display. For example, as seen in FIG. 6, portions indicated
by positive value data contained in the combined image data
G(e,, €,), i.e., data on the contrast medium A may be
displayed in red, and portions indicated by negative value
data on the internal organ B may be displayed in green,
further they may be superimposed on an image of the
original image data D(e,) or D(e,). Effecting such process-
ing would make the position of the internal organ, etc.
apparent in a visual field and enable a pathologically
changed tissue within the internal organ to be seen distinctly.

[0051] As set forth hereinabove, according to the present
invention, there can be obtained image data containing the
difference in the acoustic characteristics depending on the
properties of each tissue, which could not be obtained by
only the transmission/reception of ultrasonic waves at a
single kind of transmission power. This enables tissues of
internal organs, etc. different in not merely the shape but also
in properties to be extracted for display on the screen.
Consequently, in the ultrasonic diagnosis, the status of
pathologically changed tissues can be diagnosed in addition
to the finding of the pathologically changed tissues.

[0052] While illustrative and presently preferred embodi-
ments of the present invention have been described in detail
herein, it is to be understood that the inventive concepts may
be otherwise variously embodied and employed and that the
appended claims are intended to be construed to include
such variations except insofar as limited by the prior art.

1. An ultrasonic imaging method comprising the steps of:

(a) obtaining plural kinds of image data by transmitting
plural kinds of ultrasonic waves at different transmis-
sion power and receiving the plural kinds of ultrasonic
waves reflected from an object to be inspected; and
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(b) performing arithmetic by using the plural kinds of
image data obtained at step (a) to thereby figure out
new image data.

2. The ultrasonic imaging method according to claim 1,

wherein:

step (a) includes obtaining plural kinds of frame data by
iterating a plurality of times a step of obtaining frame
data by scanning ultrasonic waves at predetermined
transmission power, while varying the transmission
power of the ultrasonic waves to be transmitted, and

step (b) includes performing arithmetic by using the plural
kinds of frame data obtained at step (2) to figure out
new frame data.
3. The ultrasonic imaging method according to claim 1,
wherein:

step (b) includes a step of combining two kinds of image
data D(e,) and D(e,) obtained by transmitting and
receiving ultrasonic waves respectively at transmission
power e, and e,, the step of combining including
figuring out combined image data G(e,, ¢,) from the
following equation:

Gley, ep)=kxD(ez)~-kixDley)

where k; and k, are positive coefficients.
4. The ultrasonic imaging method according to claim 2,
wherein:

step (b) includes a step of combining two kinds of image
data D(e,) and D(e,) obtained by transmitting and
receiving ultrasonic waves respectively at transmission
power e, and e,, the step of combining including
figuring out combined image data G(e,, ¢,) from the
following equation:

Gley e)=koxD(es)-k,;xD(ey)

where k; and k, are positive coefficients.

5. The ultrasonic imaging method according to claim 3,
wherein the two kinds of image data are shortest interframe
data.

6. The ultrasonic imaging method according to claim 4,
wherein the two kinds of image data are shortest interframe
data.

7. An ultrasonic imaging apparatus comprising:

ultrasonic wave transmission/reception means having a
plurality of ultrasonic transducers, for transmitting
ultrasonic waves toward an object to be inspected and
receiving the ultrasonic waves reflected from the object
to output a detection signal,

signal processing means for generating image data on the
basis of the detection signal output from said ultrasonic
wave transmission/reception means;

control means for controlling said ultrasonic wave trans-
mission/reception means to vary transmission power of
the ultrasonic waves to be transmitted so as to transmit
and receive plural kinds of ultrasonic waves at different
transmission power;

storage means for accumulating image data output from
said signal processing means to thereby store plural
kinds of image data obtained by transmitting and
receiving plural kinds of ultrasonic waves at different
transmission power; and
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arithmetic means for performing arithmetic by using the
plural kinds of image data stored in said storage means
to thereby figure out new image data.
8. The ultrasonic imaging apparatus according to claim 7,
wherein:

said storage means stores plural kinds of frame data
obtained by scanning plural kinds of ultrasonic waves
at different transmission power, and

said arithmetic means performs arithmetic by using the
plural kinds of frame data stored in said storage means
to thereby figure out new frame data.
9. The ultrasonic imaging apparatus according to claim 7,
wherein:

said control means changes an address for designating a
storage region in said storage means in accordance with
transmission power of the ultrasonic waves to be trans-
mitted.

10. The ultrasonic imaging apparatus according to claim

8, wherein:

said control means changes an address for designating a
storage region in said storage means in accordance with
transmission power of the ultrasonic waves to be trans-
mitted.

11. The ultrasonic imaging apparatus according to claim

7, wherein:

said plurality of ultrasonic transducers of said ultrasonic
wave transmission/reception means are arranged one-
dimensionally and receive echoes containing two-di-
mensional information on the object to be inspected.
12. The ultrasonic imaging apparatus according to claim
8, wherein:

said plurality of ultrasonic transducers of said ultrasonic
wave transmission/reception means are arranged one-
dimensionally and receive echoes containing two-di-
mensional information on the object to be inspected.
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13. The ultrasonic imaging apparatus according to claim
9, wherein:

said plurality of ultrasonic transducers of said ultrasonic
wave transmission/reception means are arranged one-
dimensionally and receive echoes containing two-di-
mensional information on the object to be inspected.
14. The ultrasonic imaging apparatus according to claim
10, wherein:

said plurality of ultrasonic transducers of said ultrasonic
wave transmission/reception means are arranged one-
dimensionally and receive echoes containing two-di-
mensional information on the object to be inspected.
15. The ultrasonic imaging apparatus according to claim
7, wherein:

said plurality of ultrasonic transducers of said ultrasonic

wave transmission/reception means are arranged two-

dimensionally and receive echoes containing three-

dimensional information on the object to be inspected.

16. The ultrasonic imaging apparatus according to claim
8, wherein:

said plurality of ultrasonic transducers of said ultrasonic

wave transmission/reception means are arranged two-

dimensionally and receive echoes containing three-

dimensional information on the object to be inspected.

17. The ultrasonic imaging apparatus according to claim
9, wherein:

said plurality of ultrasonic transducers of said ultrasonic

wave transmission/reception means are arranged two-

dimensionally and receive echoes containing three-

dimensional information on the object to be inspected.

18. The ultrasonic imaging apparatus according to claim
10, wherein:

said plurality of ultrasonic transducers of said ultrasonic
wave transmission/reception means are arranged two-
dimensionally and receive echoes containing three-
dimensional information on the object to be inspected.

#* % * & #*
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