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7) ABSTRACT

An ultrasonic diagnosing apparatus capable of obtaining
ultrasonic images in high precision even in such a case
where waveforms of ultrasonic waves are deformed in
transmission and reception stages. The ultrasonic diagnosing
apparatus includes: an ultrasonic wave transmitting unit; an
ultrasonic wave receiving unit; a signal processing unit for
processing the detection signals to thereby produce data; a
first storage unit for storing data obtained by transmitting/
receiving ultrasonic waves to/from a first object; a second
storage unit for storing data obtained by transmitting/receiv-
ing ultrasonic waves to/from a second object; a correlative
coefficient calculating unit for calculating a correlative coef-
ficient between the data stored in the first storage unit and in
the second storage unit; an image processing unit for pro-
ducing an image signal based upon the correlative coeffi-
cient; and an image display unit for displaying an ultrasonic

(51) Int. CL7 s A61B 8/00 diagnostic image based upon the image signal.
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FIG.2
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END
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FIG.3

i START )
. TRANSMIT ULTRASONIC WAVES TO HUMAN BODY IV S201

¢

RECEIVE ULTRASONIC WAVES REFLECTED S202
FROM HUMAN BODY

GENERATE DETECTION SIGNAL AND DETECTION DATA [~ S203

STORE DETECTION DATA S204

CALCULATE CORRELATION COEFFICIENT S205

GENERATE IMAGE SIGNAL S206

DISPLAY ULTRASONIC DIAGNOSTIC IMAGE 5207

END
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ULTRASONIC DIAGNOSING METHOD AND
APPARATUS USING CORRELATIVE
COEFFICIENT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention generally relates to an ultra-
sonic diagnosing method and an ultrasonic diagnosing appa-
ratus, capable of transmitting ultrasonic waves to an object
to be inspected and receiving ultrasonic echoes reflected
from the object so as to display an ultrasonic diagnostic
image of the object on the basis of the reflected ultrasonic
echoes. More specifically, the present invention is directed
to such ultrasonic diagnosing method and apparatus capable
of displaying ultrasonic diagnostic images having a better
S/N ratio by calculating a correlative coefficient between
data which are obtained by detecting ultrasonic echoes
reflected from first and second objects.

[0003]

[0004] In conventional ultrasonic diagnosing apparatus,
ultrasonic transducer elements such as PZT (Pb (lead) zir-
conate titanate) are employed in order to receive ultrasonic
echoes. FIGS. 7A to 7C show waveforms of detection
signals which are processed in one conventional ultrasonic
diagnosing apparatus. An ultrasonic transducer element
which receives ultrasonic waves (ultrasonic echoes) outputs
such a detection signal as shown in FIG. 7A. This ultrasonic
detection signal is demodulated to obtain such a demodu-
lated signal as shown in FIG. 7B.

[0005] Furthermore, since this demodulated signal is fil-
tered by employing a low-pass filter, an envelope signal as
shown in FIG. 7C is extracted from the demodulated signal.
In this case, an “envelope” implies such a line formed by
connecting maximal values of the demodulated signal.

[0006] Generally speaking, such an envelope signal is
employed as an image signal. However, all components of
the detection signal or the demodulated signal are equiva-
lently utilized, so that the image signal obtained in the
above-described signal process manner may be easily and
adversely influenced by noise.

[0007] On the other hand, Japanese patent No. 2676014
(will be also referred to as Document 1 hereinafter)
describes the below-mentioned technique. According to the
technique, ultrasonic pulse signals transmitted from respec-
tive ultrasonic transmitting elements are phase-modulated
by using a modulating signal which is constituted in accor-
dance with such an orthogonal function as Walsh function,
and correlative coefficients between respective reception
waves and a transmission signal are obtained. As a result, it
is no longer necessary to scan the interior of the target space.
That 1s, the ultrasonic pulse signals can be transmitted to the
interior of this target space at the same time, and therefore,
a time duration required to obtain a single ultrasonic image
can be considerably shortened.

[0008] In accordance with the technique described in
Document 1, the time duration required to obtain a single
ultrasonic image can be shortened because the interior of the
target space is not scanned. However, in such a case where
the waveforms of the ultrasonic waves are deformed due to
attenuation and scattering phenomena occurred in the ultra-

2. Description of a Related Art
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sonic wave transmission/reception stages, the correlative
coefficients between the respective reception waves and the
transmission signal are decreased.

[0009] Also, Document 1 discloses the ultrasonic wave
transmitting method used in an ultrasonic imaging appara-
tus. In the ultrasonic wave transmitting method, while
pulse-shaped ultrasonic waves are transmitted toward a
target space at the same time from a plurality of non-
directional ultrasonic-wave transmitting elements arranged
in a two-dimensional manner, the scattered waves which are
produced by scattering the pulse-shaped ultrasonic waves
within the interior of the target space are received by a
plurality of non-directional ultrasonic-wave receiving ele-
ments. Based upon the signal strengths and also the elapse
time from the transmitting operation of this ultrasonic pulse
signal to the receiving operation thereof, distribution of the
scattering points of ultrasonic waves within the target space
is calculated. In accordance with this ultrasonic wave trans-
mitting method, ultrasonic transmission signals are phase-
modulated by using modulating signals which are consti-
tuted in accordance with orthogonal functions. This phase
modulation is carried out by employing the modulating
signals which are different from each other for every ultra-
sonic wave transmitting element. Moreover, while combi-
nations between the phase modulating signals and the ultra-
sonic wave transmitting elements are changed for every
ultrasonic transmitting element, the ultrasonic waves are
transmitted plural times in such a time interval during which
these ultrasonic waves never interfere with each other. Both
the numbers of the ultrasonic wave transmitting elements
and the sequential orders of the ultrasonic wave transmis-
sions are converted into binary number indications to obtain
exclusive-OR result thereof for every bit. Then, such an
ultrasonic wave having an orthogonal function number
corresponding to the exclusive-OR result is transmitted from
the ultrasonic wave transmitting elements. The distribution
of the scattering points can be calculated by receiving the
ultrasonic waves plural times.

[0010] According to the ultrasonic wave transmitting
method used in the ultrasonic imaging apparatus disclosed in
the above-described Document 1, while occurrence of an
artifact image can be prevented, an ultrasonic image can be
obtained in high precision. However, in such a case where
the waveforms of the ultrasonic waves are deformed due to
s and scattering phenomena occurred in the ultrasonic wave
transmission/reception stages, the correlative coefficients
between the respective ultrasonic reception waves and the
ultrasonic transmission signals are decreased.

SUMMARY OF THE INVENTION

[0011] The present invention has been made to solve such
a problem of the conventional technique. An object of the
present invention is therefore to provide ultrasonic diagnos-
ing method and apparatus capable of obtaining an ultrasonic
image in high precision even when waveforms of ultrasonic
waves are deformed due to attenuation and scattering phe-
nomena occurred in ultrasonic wave transmission/reception
stages.

[0012] To solve the above-described problem of the prior
art, an ultrasonic diagnosing apparatus according to one
aspect of the present invention comprises: ultrasonic wave
transmitting means for transmitting ultrasonic waves each
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having a predetermined waveform; ultrasonic wave receiv-
ing means for receiving ultrasonic echoes reflected from an
object to be inspected to thereby output detection signals;
signal processing means for processing the detection signals
derived from the ultrasonic wave receiving means to thereby
produce data; first storage means for storing data which is
obtained by transmitting ultrasonic waves to a first object
and receiving ultrasonic echoes reflected from the first
object; second storage means for storing data which is
obtained by transmitting ultrasonic waves to a second object
and receiving ultrasonic echoes reflected from the second
object; correlative coefficient calculating means for calcu-
lating a correlative coefficient between the data stored in the
first storage means and the data stored in the second storage
means; image processing means for producing an image
signal based upon the correlative coefficient calculated by
the correlative coefficient calculating means; and an image
display unit for displaying an ultrasonic diagnostic image
based upon the image signal produced by the image pro-
cessing means.

[0013] Also, an ultrasonic diagnosing method according to
one aspect of the present invention comprises the steps of:
(a) storing data which is obtained by transmitting ultrasonic
waves e¢ach having a predetermined waveform to a first
object and receiving ultrasonic echoes reflected from the
first object; (b) storing data which is obtained by transmit-
ting ultrasonic waves each having a predetermined wave-
form to a second object and receiving ultrasonic echoes
reflected from the second object; () calculating a correlative
coefficient between the data stored at step (a) and the data
stored at step (b); (d) producing an image signal based upon
the correlative coefficient calculated at step (c); and (e)
displaying an ultrasonic diagnostic image based upon the
image signal produced at step (d).

[0014] As a consequence, according to the ultrasonic
diagnosing method/apparatus of the present invention, the
correlative coefficient between the data obtained by detect-
ing ultrasonic echoes reflected from the first object and the
data obtained by detecting ultrasonic echoes reflected from
the second object is calculated, so that the ultrasonic image
signals may not be easily nor adversely influenced by the
noise. As a consequence, even in the case where the ultra-
sonic waves are attenuated or scattered, the large correlative
coefficients can be obtained, so that the ultrasonic images
having the superior /N ratios can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A more better understanding of the present inven-
tion may be made by reading a detailed description to be
read in conjunction with the accompanying drawings, in
which:

[0016] FIG. 1 is a block diagram schematically showing
an arrangement of an ultrasonic diagnosing apparatus
according to one embodiment of the present invention;

[0017] FIG. 2 is a flow chart showing storage operations
of transmission/reception characteristic as to the ultrasonic
diagnosing apparatus according to one embodiment of the
present inventions;

[0018] FIG. 3 is a flow chart showing the normal imaging
operation of the ultrasonic diagnosing apparatus according
to one embodiment of the present invention;
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[0019] FIGS. 4A to 4E are waveform diagrams showing
a waveform and so on of ultrasonic waves which are
transmitted and received by the ultrasonic diagnosing appa-
ratus according to one embodiment of the present invention;

[0020] FIGS. 5A to 5C are waveform diagrams showing
another waveform and so on of ultrasonic waves which are
transmitted and received by the ultrasonic diagnosing appa-
ratus according to one embodiment of the present invention;

[0021] FIGS. 6A to 6C are waveform diagrams showing
other waveform and so on of ultrasonic waves which are
transmitted and received by the ultrasonic diagnosing appa-
ratus according to one embodiment of the present invention;
and

[0022] FIGS. 7A to 7C are waveform diagrams showing
a detection signal and so on which are processed in the
conventional ultrasonic diagnosing apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Referring now to drawings, various preferred
embodiments of the present invention will be described in
detail. It should be understood that the same reference
numerals will be employed as those for indicating the same,
or similar structural elements, and therefore, descriptions
thereof are omitted.

[0024] FIG. 1 is a schematic diagram showing an arrange-
ment of an ultrasonic diagnosing apparatus according to one
embodiment of the present invention. The ultrasonic diag-
nosing apparatus 1 may be provided with an ultrasonic probe
2 and a main body 3, as shown in FIG. 1.

[0025] The ultrasonic probe 2 includes an ultrasonic wave
transmitting unit 21 and an ultrasonic wave detecting unit
22. The ultrasonic wave transmitting unit 21 owns trans-
ducers capable of transmitting ultrasonic waves in accor-
dance with drive signals supplied from the main body 3. The
ultrasonic wave detecting unit 22 owns optical modulating
elements (ultrasonic wave detecting elements) capable of
modulating light entered from the main body 2 in accor-
dance with applied ultrasonic waves. In this ultrasonic wave
transmitting unit 21, as the ultrasonic transducer, for
example, piezoelectric elements are employed which
involve piezoelectric ceramics typically known as PZT
(Pb(lead) zirconate titanate) and a polymer piezoelectric
element typically known as PVDF (polyvinyl difluoride).
Also, the ultrasonic wave detecting unit 22 may include such
an optical modulating element as an optical fiber array for
transferring therethrough light entered from the main body
2 and, either an FPR (Fabry-Perot resonator) or an FBG
(fiber Bragg grating), which is mounted on a tip portion of
each of optical fibers.

[0026] The main body 3 includes a control unit 31, a drive
signal generating circuit 32, a light source unit 33, a beam
separator 34, a focusing unit 35, a photo-detecting unit 36,
an A/D (analog-to-digital) converting unit 37, a signal
processing unit 38, an image processing unit 39, an image
storage unit 40, and an image displaying unit 41. Also, the
signal processing unit 38 includes a transmission/reception
characteristic storage unit 381, a correlative coefficient cal-
culating unit 382, and a detection data storage unit 383.

[0027] The control unit 31 controls operation timing of the
drive signal generating circuit 32 and operation timing of the
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signal processing unit 38, and also controls the respective
structural units of this main body 3.

[0028] The drive signal generating circuit 32 outputs a
drive signal used to drive the ultrasonic wave transmitting
unit 21 under control of the control unit 31. The drive signal
output from the drive signal generating circuit 32 is used to
drive the ultrasonic wave transmitting unit 21 to output
ultrasonic waves having predetermined pulse waveforms.

[0029] The light source unit 33 produces light having a
predetermined wavelength.

[0030] The beam separator 34 causes the light projected
from the light source unit 33 to be penetrated through the
own beam separator 34 toward a direction of the ultrasonic
wave detecting unit 22, and also reflects a portion of light
entered from a direction of the ultrasonic wave detecting
unit 22 so as to conduct this reflected light toward a direction
of the focusing unit 35.

[0031] The photo-detecting unit 36 includes a plurality of
PDs (photodiodes) or a CCD (charge-coupled device),
which may convert received light into an electric signal.

[0032] The focusing unit 35 focuses the light entered from
the beam separator 34 onto a light receiving plane of the
photo-detecting unit 36.

[0033] The A/D converting unit 37 converts an analog
signal (detection signal) output from the photo-detecting
unit 36 into a digital signal (detection data or demodulated
data).

[0034] The transmission/reception characteristic storage
unit 381 stores thereinto the data received from the A/D
converting unit 37 when a transmission/reception character-
istic storage operation is carried out before the normal
imaging operation is performed.

[0035] The detection data storage unit 383 stores thereinto
the data received from the A/D converting unit 37 while the
normal imaging operation is carried out.

[0036] The correlative coefficient calculating unit 382
calculates such a correlative coefficient R(t) between the
data which is stored in the transmission/reception charac-
teristic storage unit 381 and the data which is stored in the
detection data storage unit 383.

[0037] It should also be noted that the correlative coeffi-
cient R(t) may be calculated by employing a self-correlative
function C(t) on the basis of the below-mentioned equation:

R(t)=C(1)/C(0)

[0038] where symbol “t” indicates delay time. In connec-
tion with this equation, the above-described self-correlative
function C(t) is expressed by:

C(r)=[eox(tx(t-t)dt

[0039] In the ultrasonic diagnosing apparatus of this
embodiment, the correlative coefficient calculating unit 382
may calculate the correlative coefficient R(t) in such a
manner that while the data stored in the transmission/
reception characteristic storage unit 381 and the data stored
in the detection data storage unit 383 are slightly shifted
(namely, this data shift corresponds to changing of delay
time “t”), these shifted data are multiplied with each other
and then the multiplied data are added cumulatively.
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[0040] The image processing unit 39 produces an image
signal (image data) by multiplying the correlative coefficient
calculated by the correlative coefficient calculating unit 382
by the data stored in the detection data storage unit 383.

[0041] The image storage unit 40 stores thereinto the
image signal produced by the image processing unit 39.

[0042] The image display unit 41 displays thereon an
ultrasonic image in response to the image signal produced
by the image processing unit 39.

[0043] Next, various operations of the above-described
ultrasonic diagnosing apparatus according to one embodi-
ment of the present invention. This ultrasonic diagnosing
apparatus 1 may perform both an ultrasonic transmission/
reception characteristic storage operation and the normal
ultrasonic imaging operation. In the ultrasonic transmission/
reception characteristic storage operation, ultrasonic trans-
mission/reception characteristics of the diagnostic apparatus
1 are measured and stored. In the normal ultrasonic imaging
operation, an image of an object to be inspected is ultra-
sonically imaged for the normal ultrasonic diagnosis. These
operations are carried out under control of the control unit 31
in accordance with instructions issued by an operator.

[0044] First, a description will now be made of the ultra-
sonic transmission/reception characteristic storage operation
of the ultrasonic diagnosing apparatus 1 with reference to
FIGS. 1and 2. FIG. 2 is a flow chart showing the ultrasonic
transmission/reception characteristic storage operation
executed by this ultrasonic diagnosing apparatus 1. In this
transmission/reception characteristic storage operation, such
an ultrasonic reflection article is employed by which a
predetermined reception effect (result) can be obtained with
respect to a transmission of a predetermined ultrasonic wave
to this ultrasonic reflection article. In this embodiment, an
aluminum plate is employed as such an ultrasonic reflection
article.

[0045] For instance, when an operator holds the ultrasonic
probe 2 of the ultrasonic diagnosing apparatus 1 in such a
manner that this ultrasonic probe 2 is located opposite to
such an aluminum plate installed within a fluid such as water
and instructs the ultrasonic diagnosing apparatus 1 to com-
mence the transmission/reception characteristic storage
operation, this ultrasonic diagnosing apparatus 1 com-
mences a series of ultrasonic transmission/reception char-
acteristic storage operation as explained in the flow chart of
FIG. 2.

[0046] In the ultrasonic transmission/reception storage
operation, the drive signal generating circuit 32 generates a
drive signal and supplies this drive signal to the ultrasonic
wave transmitting unit 21 under control of the control unit
31. The ultrasonic wave transmitting unit 21 transmits an
ultrasonic wave having a predetermined waveform to the
aluminum plate in accordance with the drive signal (step
$101). In this embodiment, an ultrasonic wave having such
a pulse waveform as shown in FIG. 4A is transmitted. The
ultrasonic wave transmitted from the ultrasonic wave trans-
mitting unit 21 is propagated through the water to be
reflected on the aluminum plate, and then, the reflected
ultrasonic echo is received by the ultrasonic detecting unit
22 (step S102).

[0047] In the ultrasonic wave detecting unit 22, the light
having the predetermined wavelength, which is produced by
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the light source unit 33, is modulated by the received
ultrasonic echo. The direction of this modulated light is
changed by the beam separator 34, and the resultant light
passes through the focusing unit 35, and thereafter, this light
is focused onto the detection plane of the photo-detecting
unit 36.

[0048] At step S103, the photo-detecting unit 36 produces
an analog electric signal (detection signal) on the basis of the
light focused onto the detection plane thereof, and then, the
A/D converting unit 37 converts this analog detection signal
into a digital signal (data). In this embodiment, such a
detection signal which is obtained in the ultrasonic trans-
mission/reception characteristic storage operation will be
referred to as a “reference signal”, whereas data which is
converted from this reference signal will be referred to as
“reference data”.

[0049] At step S104, the transmission/reception character-
istic storage unit 381 stores thereinto the reference data.

[0050] FIG. 4B represents an example of a waveform of
this reference signal. The reference signal may be preferably
obtained in correspondence with a position of each of sound
rays. The reference signal obtained in such a manner may be
conceived to contain components representative of ultra-
sonic transmission/reception characteristics of ultrasonic
wave transmitting/receiving system circuits. The ultrasonic
wave transmitting/receiving system circuits include both
ultrasonic wave transmitting system circuits (namely, drive
signal generating circuit 32 and ultrasonic wave transmitting
unit 21) and ultrasonic wave receiving system circuits
(namely, ultrasonic detecting unit 22, beam separator 34,
focusing unit 35 and photo-detecting unit 36) employed in
the ultrasonic diagnosing apparatus 1.

[0051] Referring now to FIGS. 1 and 3, normal imaging
operation of the ultrasonic diagnosing apparatus 1 according
to this embodiment will be explained. FIG. 3 is a flow chart
showing this normal imaging operation of the ultrasonic
diagnosing apparatus 1.

[0052] When the operator depresses the ultrasonic probe 2
of the ultrasonic diagnosing apparatus 1 against a human
body as an object of ultrasonic diagnosis and instructs the
ultrasonic diagnosing apparatus 1 to commence the above-
described normal imaging operation, this ultrasonic diag-
nosing apparatus 1 starts a series of such normal imaging
operation as described in the flow chart of FIG. 3.

[0053] While the normal imaging operation is carried out,
the drive signal generating circuit 32 generates a drive signal
and supplies this drive signal to the ultrasonic wave trans-
mitting unit 21 under control of the control unit 31, and then,
the ultrasonic wave transmitting unit 21 transmits an ultra-
sonic wave having a preselected waveform to the human
body in accordance with this drive signal (step S201). The
ultrasonic wave transmitted from the ultrasonic wave trans-
mitting unit 21 is propagated within the human body, and
then, is reflected from an organ and the like, and thereafter,
the reflected ultrasonic echoes are received by the ultrasonic
wave detecting unit 22 (step S202).

[0054] In the ultrasonic wave detecting unit 22, the light
having the predetermined wavelength, which is generated by
the light source unit 33, is modulated by the received
ultrasonic echo. The direction of this modulated light is
changed by the beam separator 34 and the resultant light
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passes through the focusing unit 35, and thereafter, this light
is focused onto the detection plane of the photo-detecting
unit 36.

[0055] At step S203, the photo-detecting unit 36 produces
an analog electric signal (detection signal) on the basis of the
light focused onto the detection plane thereof, and then, the
A/D converting unit 37 converts this analog detection signal
into a digital signal (data). In this embodiment, such data
which is converted from the detection signal obtained during
the normal imaging operation will be referred to as “detec-
tion data”.

[0056] Next, the detection data storage unit 383 stores
thereinto the detection data (step S204).

[0057] FIG. 4C shows an example of a waveform of the
detection signal. The detection signal is produced every
sound ray, and the detection data is stored every sound ray.

[0058] Next, the correlative coefficient calculating unit
382 calculates a correlative coefficient between the reference
data stored in the transmission/reception characteristic stor-
age unit 381 and the detection data stored in the detection
data storage unit 383 (step S205). FIG. 4D is a diagram
showing a correlative coefficient between the reference
signal as shown in FIG. 4B and the detection signal as
shown in FIG. 4C. Such a correlative coefficient is calcu-
lated every sound ray. Further, the correlative coefficient
calculating unit 382 may furthermore execute a threshold
value processing operation capable of extracting correlative
coefficient portions larger than, or equal to a predetermined
threshold value with respect to the calculated correlative
coefficients. FIG. 4E shows such an example that the
threshold value processing operation is performed with
respective to the correlative coefficient as shown in FIG. 4D.

[0059] Subsequently, the image processing unit 39 multi-
plies the detection data by the correlative coefficient to
produce an image signal (step S206). This image signal is
temporarily stored in the image storage unit 40.

[0060] Next, the image display unit 41 displays thereon an
ultrasonic diagnostic image indicative of the organ and the
like contained in the human body based upon the image
signal (step S207).

[0061] In this embodiment, the detection data is multiplied
by the correlative coefficient so as to produce the image
signal. Alternatively, the correlative coefficient may be
directly employed as such an image signal. Alternatively, the
detection data may be multiplied by the correlative coeffi-
cient after the threshold value processing operation.

[0062] According to this embodiment, the image signal is
produced on the basis of the correlative coefficient between
the reference data and the detection data, and therefore, the
image having the superior S/N ratio can be displayed while
considering both the response characteristic of the ultrasonic
wave transmission system circuit and also the response
characteristic of the ultrasonic wave reception system cir-
cuit.

[0063] While the ultrasonic diagnosing method and appa-
ratus according to the present invention have been described
based upon the above-described embodiments, the present
invention is not apparently limited to these embodiments.

[0064] For instance, both the ultrasonic wave transmitting
unit 21 and the ultrasonic wave detecting unit 22 may be
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arranged in an integral form by using as the ultrasonic wave
detecting element such an element (PZT etc.) capable of
transmitting and receiving ultrasonic echoes in the ultrasonic
wave detecting unit 22. Even in such an alternative case, an
image signal can be produced based upon the reference data
and the detection data to display an image having a superior
S/N ratio.

[0065] Also, in the ultrasonic wave transmitting unit 21,
ultrasonic waves may be transmitted and received by
employing a phased-array type ultrasonic wave detecting
element having a plurality of channels. In this alternative
case, either the transmission/reception characteristic storage
unit 381 or the detection data storage unit 383 may store as
the reference data or the detection data such data which is
obtained by matching phases of plural detection signals with
each other, which are output from the respective plural
channels of ultrasonic wave detecting elements, and the
correlative coefficient calculating unit 382 may calculate
correlative coefficients between these stored data.

[0066] Inthe embodiment, the signal processing unit 38 is
interposed between the A/D converting unit 37 and the
image processing unit 39 so as to perform the digital signal
processing operation. Alternatively, a signal processing unit
may be interposed between the photo-detecting unit 36 and
the A/D converting unit 37 to carry out an analog signal
processing operation.

[0067] Also, in this embodiment, the aluminum plate
arranged within the fluid is employed as the article capable
of reflecting the ultrasonic wave while the transmission/
reception characteristic storage operation is carried out.
Instead of this aluminum plate, a phantom or the like may be
employed which has acoustic impedance substantially equal
to that of a human body.

[0068] Also, in the embodiment, as shown in FIG. 4A, the
ultrasonic wave having the pulse waveform is transmitted
from the ultrasonic wave transmitting unit 21. Alternatively,
a coded-ultrasonic wave may be transmitted. For instance,
when a sine wave as shown in FIG. 5B is modulated based
upon a code as shown in FIG. 5A, such a waveform as
shown in FIG. 5C may be produced. An ultrasonic wave
having such a waveform may be transmitted. Furthermore,
for example, when a sine wave as shown in FIG. 6B is
modulated by such a code as shown in FIG. 6A, another
waveform as shown in FIG. 6C may be produced. Then, an
ultrasonic wave having such a waveform may be transmit-
ted. In these alternative cases, when the ultrasonic transmis-
sion/reception storage operation is carried out, it is prefer-
able to obtain reference data corresponding to patterns of
these codes. In addition, AC (alternating current) waves such
as rectangular waves and triangular waves other than the
above-explained sine waves may be employed.

[0069] As previously described, according to the present
invention, since the correlative coefficient between the data
obtained by detecting the ultrasonic echo reflected from the
first object (for example, aluminum plate) and the data
obtained by detecting the ultrasonic echoes reflected from
the second object (for example, human body) is calculated,
the ultrasonic image signals are hardly influenced by the
noise. As a consequence, even in the case where the ultra-
sonic waves are attenuated and/or scattered, the large cor-
relative coefficients can be obtained, and therefore, the
ultrasonic images having the superior S/N ratios can be
obtained.
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1. An ultrasonic diagnosing apparatus comprising:

ultrasonic wave transmitting means for transmitting ultra-
sonic waves each having a predetermined waveform;

ultrasonic wave receiving means for receiving ultrasonic
echoes reflected from an object to be inspected to
thereby output detection signals;

signal processing means for processing the detection
signals derived from said ultrasonic wave receiving
means to thereby produce data;

first storage means for storing data which is obtained by
transmitting ultrasonic waves to a first object and
receiving ultrasonic echoes reflected from the first
object;

second storage means for storing data which is obtained
by transmitting ultrasonic waves to a second object and
recciving ultrasonic echoes reflected from the second
object;

correlative coefficient calculating means for calculating a
correlative coefficient between the data stored in said
first storage means and the data stored in said second
storage means;

image processing means for producing an image signal
based upon the correlative coefficient calculated by said
correlative coefficient calculating means; and

an image display unit for displaying an ultrasonic diag-
nostic image based upon the image signal produced by
said image processing means.
2. An ultrasonic diagnosing apparatus according to claim
1, wherein said ultrasonic wave transmitting means trans-
mits ultrasonic waves each having any one of a pulse
waveform, an AC (alternating current) waveform, and an AC
waveform modulated by a predetermined code.
3. An ultrasonic diagnosing apparatus according to claim
1, wherein:

said ultrasonic wave receiving means includes a plurality
of phased-array type ultrasonic wave detecting ele-
ments;

said first storage means stores data obtained by matching
phases of plural detection signals with each other which
are derived from said plurality of phased-array type
ultrasonic wave detection elements on the basis of the
ultrasonic echoes reflected from the first object; and

said second storage means stores data obtained by match-

ing phases of plural detection signals with each other

which are derived from said plurality of phased-array

type ultrasonic wave detection elements on the basis of

the ultrasonic echoes reflected from the second object.

4. An ultrasonic diagnosing apparatus according to claim

1, wherein both said ultrasonic wave transmitting means and

said ultrasonic wave receiving means constitute an ultra-

sonic wave transmitting/receiving unit as an integral form.

5. An ultrasonic diagnosing apparatus according to claim

1, wherein said image processing means produces an image

signal by executing a threshold value processing operation

with respect to the correlative coefficient calculated by said
correlative coefficient calculating means.

6. An ultrasonic diagnosing apparatus according to claim

1, wherein said image processing means produces an image
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signal by multiplying the correlative coefficient calculated
by said correlative coefficient calculating means by the data
stored in said second storage means.

7. An ultrasonic diagnosing apparatus according to claim
1, wherein said image processing means produces an image
signal by multiplying data, which has been obtained by
executing a threshold value processing operation with
respect to the correlative coefficient calculated by said
correlative coefficient calculating means, by the data stored
in said second storage means.

8. An ultrasonic diagnosing method comprising the steps
of:

(a) storing data which is obtained by transmitting ultra-
sonic waves each having a predetermined waveform to
a first object and receiving ultrasonic echoes reflected
from the first object;

(b) storing data which is obtained by transmitting ultra-
sonic waves each having a predetermined waveform to
a second object and receiving ultrasonic echoes
reflected from the second object;

(c) calculating a correlative coefficient between the data
stored at step (a) and the data stored at step (b);

(d) producing an image signal based upon the correlative
cocfficient calculated at step (c); and

(e) displaying an ultrasonic diagnostic image based upon
the image signal produced at step (d).

9. An ultrasonic diagnosing method according to claim 8,
wherein each of steps (a) and (b) includes transmitting
ultrasonic waves each having any one of a pulse waveform,
an AC (alternating current) waveform, and an AC waveform
modulated by a predetermined code.

10. An ultrasonic diagnosing method according to claim
9, wherein:

step (a) includes storing data obtained by receiving ultra-
sonic echoes reflected from the first object by using a
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plurality of phased-array type ultrasonic wave detect-
ing elements and matching phases of plural detection
signals with each other which are derived from said
plurality of phased-array type ultrasonic wave detec-
tion elements; and

step (b) includes storing data obtained by receiving ultra-
sonic echoes reflected from the second object by using
said plurality of phased-array type ultrasonic wave
detecting elements and matching phases of plural
detection signals with each other which are derived
from said plurality of phased-array type ultrasonic
wave detection elements.

11. An ultrasonic diagnosing method according to claim 8,
wherein said first object is an aluminum plate arranged
within a fluid.

12. An ultrasonic diagnosing method according to claim
8, wherein said first object is a phantom having acoustic
impedance which is substantially equal to that of a human
body.

13. An ultrasonic diagnosing method according to claim
8, wherein step (d) includes producing an image signal by
executing a threshold value processing operation with
respect to the correlative coefficient calculated at step (c).

14. An ultrasonic diagnosing method according to claim
8, wherein step (d) includes producing an image signal by
multiplying the correlative coefficient calculated at step (c)
by the data stored at step (b).

15. An ultrasonic diagnosing method according to claim
8, wherein step (d) includes producing an image signal by
multiplying data, which has been obtained by executing a
threshold value processing operation with respect to the
correlative coefficient calculated at step (c), by the data
stored at step (b).
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