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(57) ABSTRACT

An ultrasonic imaging apparatus capable of displaying
images in which speckle and structure are expressed in a
desired state. The ultrasonic imaging apparatus includes an
ultrasonic probe for transmitting ultrasonic waves according
to drive signals and receiving ultrasonic echoes generated in
an object to obtain detection signals, a drive signal gener-
ating unit for generating the drive signals, a signal process-
ing unit for generating original data representing ultrasonic
image information on the object by performing signal pro-
cessing on the detection signals, a speckle/structure separa-
tion calculating unit for generating speckle data and struc-
ture data based on the original data, a mixed data generating
unit for generating mixed data representing information on
a mixed image in which a speckle image and a structure
image are mixed with each other at a designated ratio, and
a DSC for generating image data based on the original data
or the mixed data.
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FIG.8
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ULTRASONIC IMAGING APPARATUS,
ULTRASONIC IMAGE PROCESSING METHOD,
AND ULTRASONIC IMAGE PROCESSING
PROGRAM

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an ultrasonic imag-
ing apparatus, an ultrasonic image processing method, and
an ultrasonic image processing program for generating ultra-
sonic images based on ultrasonic image signals obtained by
transmitting ultrasonic waves and receiving ultrasonic ech-
0es.

[0003]

[0004] In medical fields, various imaging technologics
have been developed in order to observe the interior of an
object to be inspected and make diagnoses. Especially,
ultrasonic imaging for obtaining interior information of the
object by transmitting and receiving ultrasonic waves
enables image observation in real time without exposure to
radiation unlike other medical image technologies such as
X-ray photography or RI (radio isotope) scintillation cam-
era. Accordingly, ultrasonic imaging is utilized as an imag-
ing technology at a high level of safety in a wide range of
departments including not only the fetal diagnosis in the
obstetrics, but also gynecology, circulatory system, digestive
system, etc.

[0005] The ultrasonic imaging is an image generation
technology utilizing the nature of ultrasonic waves in which
they are reflected at a boundary between regions having
different acoustic impedances (e.g., a boundary between
structures). Therefore, by transmitting an ultrasonic beam
into an object to be inspected such as a human body and
receiving ultrasonic echoes generated within the object to
obtain reflection points where the ultrasonic echoes are
generated or reflection intensity, the outline of a structure
(e.g., internal organs, diseased tissues, or the like) existing
within the object can be extracted.

[0006] By the way, in an ultrasonic image in which an
object having a nonuniform structure like a living body is
imaged, a pattern having bright parts and/or dark parts are
scattered appears. Such pattern is called as a speckle pattern,
which is generated by interference between ultrasonic ech-
oes reflected by nonuniform tissues existing within an
internal organ, for example. This speckle pattern is a kind of
virtual image, and thereby, the demonstrated outline of the
structure or the like often becomes unclear.

[0007] Japanese Patent Application Publication JP-P2003-
61964A discloses an ultrasonic diagnostic apparatus for
obtaining tomographic images by applying ultrasonic pulses
to an object to be inspected. The ultrasonic diagnostic
apparatus includes analysis calculation means for extracting
a particular signal by using intensity of echo signals gener-
ated from a part of the object or the statistical characteristics
of amplitude information, and display means for displaying
a result extracted by the analysis calculation means (page 1,
FIG. 1). According to the ultrasonic diagnostic apparatus, a
small abnormal lesion in a homogeneous tissue structure
such as a stage of liver cirrhosis can be observed by using
the statistical characteristics of a speckle pattern to perform
smoothing images and extracting a small structure.

1. Field of the Invention

2. Description of a Related Art
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[0008] Further, Ozawa et al., “Endoscopic Ultrasonogra-
phy Using a Small Probe for Staging of Esophageal Carci-
noma”, ENDOSCOPIA DIGESTIVA, 2002, Vol. 14, No. 5,
pp- 583-588, describes the study of a diagnosis as to how
deep a cancer invades in the layer structure represented in an
esophagus tomographic image. When such a diagnosis is
performed, an ultrasonic image is desired in which the layer
structure appears relatively clearly by removing speckle.

[0009] On the other hand, a diagnostic method focused on
speckle appearing in an ultrasonic image has been proposed.
Japanese Patent Application Publication JP-A-11-125549
discloses an ultrasonic diagnostic apparatus including
speckle highlighting means for highlighting a part of echo
signals representing a speckle pattern formed by a moving
object which diffuses ultrasound echoes reflected by a target
to be measured within an object to be inspected, and display
means for two-dimensionally displaying the status within
the object based on the echo signals and displaying the
speckle pattern (pages 1, 3, and 4). According to the ultra-
sonic diagnostic apparatus, by highlighting the speckle
pattern formed by small balls moving with a fluid, informa-
tion on the flow changing with time can be obtained in
spatially accurate positional relationship and real time, and
thereby, images representing movement of tissues such as
blood stream within blood vessels and heart wall can be
formed so that their movements may accurately correspond
to spatial positions with respect to a reference image that
represents the tissue information in a spatial position.

[0010] Further, Kamiyama et al., “Tissue Characterization
Using Statistical Information from Ultrasound Echo Sig-
nals”, MEDICAL IMAGING TECHNOLOGY, March,
2003, Vol. 21, No. 2, pp. 112-116, discloses general char-
acteristics and statistical characteristics of a speckle pattern
appearing in an ultrasonic tomographic image and intro-
duces the study on tissue characteristic diagnoses utilizing
such statistical characteristics of the ultrasonic signal.

[0011] As described above, in ultrasonic diagnoses,
speckle appearing in ultrasonic images is removed or con-
trary highlighted in accordance with diagnostic purposes.
Accordingly, an apparatus that can generate and display
various images such as images including only speckle,
images including only structure and so on is desired in
accordance with various medical diagnoses.

SUMMARY OF THE INVENTION

[0012] The present invention is achieved in view of the
above-described problems. A purpose of the present inven-
tion is to provide an ultrasonic imaging apparatus capable of
displaying images in which speckle and structure are
expressed in a desired state, and an ultrasonic image pro-
cessing method and an ultrasonic image processing program
for generating such images.

[0013] In order to solve the above-described problems, an
ultrasonic imaging apparatus according to one aspect of the
present invention includes: ultrasonic transmitting means for
transmitting ultrasonic waves according to drive signals;
drive signal generating means for generating the drive
signals to be provided to the ultrasonic transmitting means;
receiving means for receiving ultrasonic echoes generated
by reflection of the ultrasonic waves in an object to be
inspected so as to obtain detection signals; signal processing
means for performing predetermined signal processing on
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the detection signals to generate original data representing
ultrasonic image information on the object; calculating
means for generating speckle data representing image infor-
mation on a speckle and structure data representing image
information on a structure based on the original data gen-
erated by the signal processing means; and image data
generating means for generating image data based on at least
one of the original data, the speckle data and the structure
data.

[0014] Further, an ultrasonic image processing method
according to one aspect of the present invention is a method
of generating an ultrasonic image based on original data
representing ultrasonic image information on an object to be
inspected and generated by transmitting ultrasonic waves
and receiving ultrasonic echoes generated by reflection of
the ultrasonic waves in the object so as to obtain detection
signals and performing predetermined signal processing on
the detection signals, and the method includes the steps of:
(2) generating speckle data representing image information
on a speckle and structure data representing image informa-
tion on a structure based on the original data; and (b)
generating image data based on at least one of the original
data, the speckle data and the structure data.

[0015] Furthermore, an ultrasonic image processing pro-
gram according to one aspect of the present invention is a
program to be used for generating an ultrasonic image based
on original data representing ultrasonic image information
on an object to be inspected and generated by transmitting
ultrasonic waves and receiving ultrasonic echoes generated
by reflection of the ultrasonic waves in the object so as to
obtain detection signals and performing predetermined sig-
nal processing on the detection signals, and the program
activates a CPU to execute the procedures of: (a) generating
speckle data representing image information on a speckle
and structure data representing image information on a
structure based on the original data; and (b) generating
image data based on at least one of the original data, the
speckle data and the structure data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1is ablock diagram showing the constitution
of an ultrasonic imaging apparatus according to the first
embodiment of the present invention;

[0017] FIG. 2 shows an original image represented by
original data,
[0018] FIG. 3 shows the original data on an area as shown

by a line A-A' in FIG. 2;

[0019] FIG. 4 is a diagram for explanation of a method of
extracting structure data;

[0020] FIGS. 5A and 5B show a speckle image and a
structure image separated from the original image;

[0021] FIG. 6 shows a mixed image of the speckle image
and the structure image;

[0022] FIG. 7 is a block diagram showing the constitution
of an ultrasonic imaging apparatus according to the second
embodiment of the present invention;

[0023] FIG. 8 shows an example of a composite screen
displayed in the ultrasonic imaging apparatus as shown in
FIG. 7;
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[0024] FIG. 9is a block diagram showing the constitution
of an ultrasonic imaging apparatus according to the third
embodiment of the present invention;

[0025] FIG. 10 shows an example of a composite screen
displayed in the ultrasonic imaging apparatus as shown in
FIG. 9;

[0026] FIG. 11 is a block diagram showing the constitu-
tion of an ultrasonic imaging apparatus according to the
fourth embodiment of the present invention,

[0027] FIG. 12 s a flowchart showing an ultrasonic image
processing method according to the fourth embodiment of
the present invention;

[0028] FIG. 13 is a diagram for explanation of a method
of extracting local maximum points of pixels;

[0029] FIGS. 14A and 14B are diagrams for explanation
of a method of performing four-point interpolation by using
square interpolation masks;

[0030] FIGS. 15A and 15B are diagrams for explanation
of a method of performing four-point interpolation by using
flat interpolation masks;

[0031] FIG.16is a flowchart showing an ultrasonic image
processing method according to the fifth embodiment of the
present invention;

[0032] FIG. 17 is a diagram for explanation of another
method of calculating a pixel value of an interpolation point;

[0033] FIG. 18 is a block diagram showing the constitu-
tion of an ultrasonic imaging apparatus according to the
sixth embodiment of the present invention; and

[0034] FIG. 19 is a diagram for explanation of frequency
band division processing.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] Hereinafter, embodiments of the present invention
will be described in detail by referring to the drawings. The
same reference numbers will be assigned to the same
component elements and the description thereof will be
omitted.

[0036] FIG. 1is ablock diagram showing the constitution
of an ultrasonic imaging apparatus according to the first
embodiment of the present invention. This ultrasonic imag-
ing apparatus includes an ultrasonic probe 10 for transmit-
ting and receiving ultrasonic waves and an ultrasonic imag-
ing apparatus main body for controlling the transmission and
reception of ultrasonic waves and generating ultrasonic
images based on acquired ultrasonic wave detection signals.

[0037] The ultrasonic probe 10 includes an ultrasonic
transducer array in which plural ultrasonic transducers are
arranged. Each ultrasonic transducer is fabricated by form-
ing electrodes on both ends of a material having a piezo-
electric property (piezoelectric material) such as a piezo-
electric ceramic represented by PZT (Pb (lead) zirconate
titanate) or a polymeric piezoelectric element represented by
PVDF (polyvinylidene difluoride). When a voltage is
applied to the electrodes of such an ultrasonic transducer by
sending pulse electric signals or continuous wave electric
signals, the piezoelectric material expands and contracts to
generate ultrasonic waves. Accordingly, by electronically
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controlling plural ultrasonic transducers, pulse or continuous
ultrasonic waves are generated from the ultrasonic transduc-
ers. Thereby, an ultrasonic beam is formed by combining
those ultrasonic waves, and an object to be inspected is
electronically scanned. Further, the plural ultrasonic trans-
ducers expand and contract by receiving the propagating
ultrasonic waves and generate electric signals. These electric
signals are outputted as detection signals of the ultrasonic
waves. Such an ultrasonic probe 10 is connected to the
ultrasonic imaging apparatus main body via a cable.

[0038] As the ultrasonic probe 10, a linear array probe in
which plural ultrasonic transducers are arranged in one-
dimensional manner, a sector probe that can sector-scan
within the object, a convex array probe in which plural
ultrasonic transducers are arranged on a convex surface, and
soon may be used. Further, a two-dimensional array probe in
which plural ultrasonic transducers are arranged in a two-
dimensional manner may be used. In this case, ultrasonic
images on plural different sections can be obtained without
mechanically moving the ultrasonic probe.

[0039] Alternatively, as the ultrasonic probe 10, a probe
within body cavity inserted into the object for performing
ultrasonic imaging may be used. As the probe within body
cavity, there are known an ultrasonic probe to be used while
being inserted into a treatment tool insertion hole of an
endoscope, and an ultrasonic endoscope in which an ultra-
sonic probe is integrated with an endoscope. In the probe
within body cavity, ultrasonic imaging is performed in
accordance with, for example, a radial scan method. The
radials can method includes a mechanical radial scan
method of transmitting and receiving ultrasonic waves while
rotating the probe and forming ultrasonic images in syn-
chronization with the rotation, and an electronic radial scan
method of scanning by electrically controlling plural trans-
ducers circularly arranged. According to these scan methods,
360-degree surrounding region of the probe can be displayed
at a time. Alternatively, as a probe within body cavity
according to another scan method other than the radial scan,
one provided with a convex array at the tip end thereof is
known. In the case of using the convex array, a wide viewing
angle can be obtained.

[0040] The ultrasonic imaging apparatus main body
includes a control unit 20, a scan control unit 21, a drive
signal generating unit 22, a transmission and reception
switching unit 23, a signal processing unit 24, an A/D
converter 25, a phase matching unit 26, a primary memory
27, a speckle/structure separation calculating unit 28, a
mixed data generating unit 29, an image switching unit 30,
a DSC (digital scan converter) 31, a secondary memory 32,
a D/A converter 33, a display unit 34, a console 35 and a
recording unit 36.

[0041] The control unit 20 controls each unit within the
ultrasonic imaging apparatus.

[0042] The scan control unit 21 sets delay times provided
to drive signals for driving the plural ultrasonic transducers
included in the ultrasonic probe 10 in accordance with
directions in which ultrasonic waves are transmitted, under
the control of the control unit 20. Further, when a mechani-
cal radial probe is used as the ultrasonic probe 10, the scan
control unit 21 controls the motion of a motor for rotating
the probe and controls the transmission directions of ultra-
sonic waves in synchronization with the motion.
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[0043] The drive signal generating unit 22 includes plural
pulsers corresponding to the plural ultrasonic transducers
included in the ultrasonic probe 10. Each pulser generates a
drive signal with predetermined timing under the control of
the scan control unit 21. Thereby, ultrasonic waves are
respectively transmitted from the plural ultrasonic transduc-
ers with predetermined time difference.

[0044] The transmission and reception switching unit 23
switches between input of the drive signals generated in the
drive signal generating unit 22 to the ultrasonic probe 10 and
load of detection signals in the signal processing unit 24,
which will be described later, with predetermined timing in
accordance with the control of the control unit 20. Thus, by
limiting the time period for loading detection signals, ultra-
sonic echo signals reflected from a specific depth of the
object are detected.

[0045] The signal processing unit 24 includes plural chan-
nels corresponding to the plural ultrasonic transducers. Each
of these channels loads a detection signal outputted from the
corresponding ultrasonic transducer with predetermined
timing and performs signal processing such as amplification,
Nyquist filter processing, and so on.

[0046] The A/D converter 25 converts analog signals
processed in the signal processing unit 24 into digital signals
thereby generates plural pieces of detection data.

[0047] The phase matching unit 26 performs reception
focus processing by providing delays to detection signals
respectively represented by the plural pieces of detection
data and adding them. Thereby, detection data (sound ray
data) representing a reception beam having a focal point
narrowed in the predetermined sound ray direction is gen-
erated. By further performing envelope detection with
respect to waveforms represented by the sound ray data,
image data representing brightness values in plural pixels
that form the ultrasonic image is obtained. Hereinafter, this
image data is referred to as “original data”.

[0048] The primary memory 27 sequentially stores origi-
nal data generated in the phase matching unit 26. The
original data includes information on a structure within the
object and information on a speckle pattern.

[0049] The speckle/structure separation calculating unit
28 generates a signal representing a speckle pattern, that is,
speckle data and a signal representing a structure such as a
form of an organ; that is, structure data on the basis of the
original data for one frame stored in the primary memory 27.

[0050] The mixed data generating unit 29 performs cal-
culation processing based on the speckle data and structure
data generated in the speckle/structure separation calculat-
ing unit 28 under the control of the control unit 20 to
generate mixed data representing image information in
which the speckle pattern and structure are mixed at a
desired ratio. The mixed data may represent information on
only a speckle pattern or information on only a structure.

[0051] Under the control of the control unit 20, the image
switching unit 30 selects data to be outputted to the DSC 31
from the original data stored in the primary memory 27 and
the mixed data generated by the mixed data generating unit
29.

[0052] The DSC 31 converts the scan format with respect
to the selected data to thereby convert image data represent-
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ing image information in the sound ray direction within the
scan space of the ultrasonic beam into image data for display
in physical space. That is, the DSC 31 performs resampling
within an image display range and coordinate conversion
and interpolation in accordance with the scan method of
ultrasonic waves. For example, interpolation processing for
generating a linear image is performed on the image data
obtained by the linear scan. Further, polar coordinate con-
version and interpolation processing are performed on image
data obtained by sector scan, convex scan or radial scan.

[0053] A STC (sensitivity time control) for correcting
distance attenuation may be provided in the previous stage
of the DSC 31, or an image processing unit, which performs
image processing such as linear gradation processing includ-
ing gain adjustment and contrast adjustment and non-linear
gradation processing including y correction, may be pro-
vided in the subsequent stage of the DSC 31.

[0054] Among the above-mentioned components, at least
the control unit 20, the speckle/structure separation calcu-
lating unit 28, the mixed data generating unit 29, the image
switching unit 30 and the DSC 31 may be constructed by a
CPU and software (program).

[0055] The secondary memory 32 stores image data for
display in a format in which raster scan can be performed,
for example. Further, the D/A converter 33 converts image
data read from the secondary memory 32 into an analog
image signal and outputs the analog image signal.

[0056] The display unit 34 is a CRT display or an LCD
display of a raster scan type, for example, and displays
ultrasonic images based on the analog image signal.

[0057] The console 35 is used when various instructions
and information are inputted to the ultrasonic imaging
apparatus main body. The console 35 includes an input
device such as a keyboard and touch panel, a pointing device
such as a mouse, an adjustment knob, an input button and so
on.

[0058] The recording unit 36 controls a recording medium
for recording programs (software) for activating the CPU
included in the ultrasonic imaging apparatus to perform
various kinds of processing, information to be used for those
processing, etc. As the recording medium, not only the
built-in hard disk, an external hard disk, a flexible disk, an
MO, an MT, a CD-ROM, a DVD-ROM and so on may be
used.

[0059] Next, the operation of the ultrasonic imaging appa-
ratus as shown in FIG. 1 will be described by referring to
FIGS. 1 to 4. FIGS. 2 to 4 are diagrams for explanation of
an ultrasonic image processing method used in the ultrasonic
imaging apparatus according to the embodiment.

[0060] When an operator starts ultrasonic imaging, the
ultrasonic probe 10 as shown in FIG. 1 transmits an ultra-
sonic beam and scans the object in accordance with the scan
method such as linear scan, sector scan, convex scan, radial
scan or the like under the control of the control unit 20. This
ultrasonic beam is reflected by a reflector existing within the
object, and ultrasonic echoes are received by the ultrasonic
probe 10. The received ultrasonic echoes are converted into
electric signals in the ultrasonic probe 10, and inputted as
detection signals to the ultrasonic imaging apparatus main
body.
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[0061] The plural detection signals inputted to the ultra-
sonic imaging apparatus main body are subjected to prede-
termined signal processing in the signal processing unit 24,
A/D conversion, phase matching and detection processing,
and then once stored in the primary memory 27. When the
original data for one frame (frame data) is once stored in the
primary memory 27, the original data is outputted to the
speckle/structure separation calculating unit 28.

[0062] FIG. 2 shows an ultrasonic image (original image)
represented by the original data stored in the primary
memory 27. Further, a curve (1) as shown in FIG. 3
represents original data (brightness values) on a line A-A' in
FIG. 2, and a curve (2) as shown in FIG. 3 represents a
signal as to a structure on the line A-A' in FIG. 2. As shown
in FIG. 3, the original data obtained based on the sound ray
data includes a signal representing a structure and a signal
representing an overlapping speckle pattern. Thus, as shown
in FIG. 2, the structure and speckle pattern are mixed in the
original image.

[0063] Then, the speckle/structure separation calculating
unit 28 extracts structure data from the original data as
shown in FIG. 3. For this purpose, first, the speckle/
structure separation calculating unit 28 obtains a signal
representing local maximum points and a signal representing
local minimum points in the original data. As shown in FIG.
4, the signal representing local maximum points can be
obtained by obtaining derivative values at the respective
points in the original data indicated by the curve (3),
obtaining points at which the derivative value changes from
positive to negative from those derivative values, and fur-
ther, performing linear interpolation between those points.
Similarly, the signals representing local minimum points can
be obtained by obtaining points at which the derivative value
changes from positive to negative from derivative values at
the respective points in the original data indicated by the
curve (3), and performing linear interpolation between those
points. In FIG. 3, a curve (4) indicates a signal representing
the local maximum points and a curve (5) indicates a signal
representing the local minimum points.

[0064] Here, if it was determined whether or not a certain
point in the original data is adopted as a local maximum/
minimum point simply based on the derivative values in the
original data, then the case might occur where the local
maximum/minimum point caused by the speckle and the
local maximum/minimum point caused by the structure are
mixed. Accordingly, as a determination condition as to
whether or not a certain point in the original data is adopted
as a local maximum/minimum point, the following condi-
tion is desirably added. That is, the distance between the
certain point and the local maximum/minimum point, which
was extracted immediately before, is calculated, and the
certain point is not adopted as a local maximum/minimum
point if the distance is longer than the wavelength of the
transmitted ultrasonic wave.

[0065] Next, the speckle/structure separation calculating
unit 28 obtains a signal representing average values of the
signal representing the local maximum points and the signal
representing the local minimum points. A curve (6) in FIG.
4 indicates the signal representing the average values. The
signal representing the average values form the structure
data representing the ultrasonic image of the structure (struc-
ture image) within the imaging area. Alternatively, the signal
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representing the local maximum points or the signal repre-
senting the local minimum points may be used as the
structure data.

[0066] Furthermore, the speckle/structure separation cal-
culating unit 28 calculates speckle data by subtracting the
values represented by the structure data from the values
represented by the original data. At the time, an offset value
may be added to the difference values thereof according to
need. As the offset value, a fixed value that has been set in
advance in the ultrasonic imaging apparatus may be used, or
a value inputted by an operator may be used.

[0067] By performing such calculation processing with
respect to frame data for one frame, a speckle image as
shown in FIG. 5A and a structure image as shown in FIG.
5B separated from each other can be obtained.

[0068] The following is the reason why the local maxi-
mum points and the local minimum points in the original
data are used in the embodiment rather than a general filter
processing when the signal representing the structure is
obtained. That is, the size of the speckle pattern expressed in
the imaging area (speckle size) differs depending on the
depth of the imaging areca. Accordingly, when the filter
processing is uniformly performed on the original data, the
case occurs where the speckle can not be removed com-
pletely, or contrary, the signal representing the structure is
removed.

[0069] Referring to FIG. 1 again, the mixed data gener-
ating unit 29 calculates values of mixed data by using the
following equation based on the values represented by the
speckle data and the values represented by the structure data
generated in the speckle/structure separation calculating unit
28.

(mixed data value) =

(structure data value) X K + (speckle data value) x{1 — K)

[0070] Where K represents mixing ratio between the struc-
ture image and the speckle image, and a desired value within
arange 0=K =1 is inputted by the operator using the console
35. Thereby, as shown in FIG. 6, the mixed image in which
the structure and speckle pattern are mixed at the desired
ratio can be obtained. If K=0, the mixed image is an image
including only a speckle pattern (i.c., speckle image), and, if
K=1, the mixed image is an image including only a structure
(i.e., structure image).

[0071] Furthermore, the operator selects one of the origi-
nal image and the mixed image to be displayed on the
display unit 34, and inputs an instruction by using the
console 35. In response to this, the image switching unit 30
changes over the switch 30 under the control of the control
unit 20. Thereby, one of the original data stored in the
primary memory 27 and the mixed data generated in the
mixed data generating unit 29 is outputted to the DSC 31.
The selected image data is subjected to the predetermined
processing in the DSC 31, converted into an analog signal by
the D/A converter 33, and displayed on the display unit 34.
Thereby, the selected image is displayed on the display unit
34.

[0072] As described above, according to the embodiment,
since the mixing ratio K as a variable value is inputted by the
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operator, an image in which the structure and speckle pattern
are mixed at the desired ratio (including an image of only
speckle or only structure) can be generated. Further, such
mixed image and the original image can be displayed on the
screen in a form desired by the operator. Therefore, appro-
priate images are displayed on the screen in accordance with
diagnostic purposes, and thereby, the diagnoses by doctors
are facilitated and the quality of diagnoses can be improved.

[0073] Next, an ultrasonic imaging apparatus according to
the second embodiment of the present invention will be
described by referring to FIGS. 7 and 8.

[0074] The ultrasonic imaging apparatus as shown in FIG.
7 includes a first DSC 41 and a second DSC 42 in place of
the DSC 31 as shown in FIG. 1, and further includes a
screen composing unit 43. Other constitution is the same as
in the ultrasonic imaging apparatus shown in FIG. 1. The
first DSC 41, the second DSC 42 and the screen composing
unit 43 also may be constructed by the CPU and software

(program).

[0075] The DSC 41 performs conversion of scan format
with respect to the mixed data generated by the mixed data
generating unit 29. On the other hand, the DSC 42 performs
conversion of scan format with respect to the original data
stored in the primary memory 27. Further, the screen com-
posing unit 43 creates a screen to be displayed on the display
unit 34 based on the mixed data and the original data
outputted from the DSC 41 and the DSC 42, respectively,
under the control of the control unit 20.

[0076] The screen to be created by the screen composing
unit 43 is set based on the instruction inputted by the
operator using the console 35. According to the instruction
inputted by the operator, the screen composing unit 43
creates a screen in which only the mixed image is displayed,
a screen in which the original image is displayed, or a screen
in which the mixed image and the original image are
displayed side by side (FIG. 8). At that time, the operator
can adjust the mixing ratio K to be used in the mixed data
generating unit 29 such that the image including only the
speckle pattern or the image including only the structure and
the original image can be displayed side by side.

[0077] As described above, according to the embodiment,
one of the original image and the mixed image, or both of
them can be displayed according to operator’s preference.
Especially, in the latter case, since the original image and the
mixed image can be compared and referred to in one screen,
the efficiency of the diagnoses by doctors can be improved.

[0078] Here, in the embodiment, the scan format conver-
sions are performed with respect to mixed data and original
data in parallel by providing the two DSC. However, the
scan format conversions may be performed with respect to
those image data by one DSC in a time-sharing manner, and
thus obtained two kinds of image data may be outputted to
the screen composing unit 43.

[0079] Next, an ultrasonic imaging apparatus according to
the third embodiment of the present invention will be
described by referring to FIGS. 9 and 10.

[0080] The ultrasonic imaging apparatus as shown in FIG.
9 has first to fourth DSCs 51 to 54 in place of the DSC 31
as shown in FIG. 1, and further includes a screen composing
unit 55. Other constitution is the same as in the ultrasonic
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imaging apparatus as shown in FIG. 1. The first to fourth
DSCs 51 to 54 and the screen composing unit 55 also may
be constructed by the CPU and software (program).

[0081] The DSC 51 performs conversion of scan form at
with respect to the original data stored in the primary
memory 27. Further, the DSC 52 performs conversion of
scan format with respect to the speckle data generated in the
speckle/structure separation calculating unit 28. Further, the
DSC 53 performs conversion of scan format with respect to
the mixed data generated by the mixed data generating unit
29. Further, the DSC 53 performs conversion of scan format
with respect to the structure data generated in the speckle/
structure separation calculating unit 28. The screen compos-
ing unit 55 creates a screen to be displayed on the display
unit 34 based on the image data outputted from the DSCs 51
to 54 under the control of the control unit 20.

[0082] The screen created by the screen composing unit 55
is set based on the instruction inputted by the operator using
the console 35. That is, the screen composing unit 55 creates
a screen in which one image selected from the original
image, the speckle image, the mixed image and the structure
image is displayed, or creates a composite screen in which
two to four images are displayed side by side (FIG. 10).
Thereby, the operator can make a medical diagnosis by using
an ultrasonic image displayed in the desired form.

[0083] By the way, in the embodiment, instead of provid-
ing the four DSCs, the scan format conversions may be
performed with respect to the original data, the speckle data,
the mixed data and the structure data by one DSC in a
time-sharing manner, and thus obtained four kinds of image
data may be outputted to the screen composing unit 55.

[0084] In the above-described first to third embodiments
of the present invention, in order to separate the speckle data
and the structure data, the local maximum points and/or the
local minimum points in the original data are used. How-
ever, other methods may be used. For example, the structure
data may be obtained by extracting the speckle data by using
the statistical characteristics of intensity or amplitude infor-
mation of echo signals (see page 4 of the publication
JP-P2003-61964A, or page 114 of Kamiyama et al., “Tissue
Characterization Using Statistical Information from Ultra-
sound Echo Signals”), and subtracting the values repre-
sented by the speckle data from the values represented by the
original data to obtain the structure data.

[0085] Next, an ultrasonic imaging apparatus according to
the fourth embodiment of the present invention will be
described by referring to FIGS. 11 to 15B.

[0086] FIG. 11 is a block diagram showing the constitu-
tion of an ultrasonic imaging apparatus according to the
embodiment. This ultrasonic imaging apparatus has a
speckle/structure separation calculating unit 60 in place of
the speckle/structure separation calculating unit 28 as shown
in FIG. 1 and a DSC 61 in place of the DSC 31 shown in
FIG. 1. The speckle/structure separation calculating unit 60
and the DSC 61 also may be constructed by the CPU and
software (program).

[0087] The speckle/structure separation calculating unit
60 generates speckle data and structure data, which have
been subjected to interpolation processing and scan conver-
sion, based on the original data for one frame stored in the
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primary memory 27. Further, the DSC 61 performs conver-
sion of scan format with respect to the original data stored
in the primary memory 27.

[0088] FIG. 12 is a flowchart showing an ultrasonic image
processing method to be used in the ultrasonic imaging
apparatus according to the embodiment. The ultrasonic
image processing method according to the embodiment is
performed on the original data acquired by performing linear
scan and characterized by using two-dimensional mask
processing at that time.

[0089] At step S11 in FIG. 12, the speckle/structure
separation calculating unit 60 as shown in FIG. 11 extracts
local maximum points from the original image based on the
original data stored in the primary memory 27. The local
maximum points can be extracted by, for example, the
following method. As shown in FIG. 13, attention is focused
on a certain pixel Y, and the pixel value (brightness value)
D(Y,) of the pixel Y, and pixel values (Y,,) to D(Y ) of
pixels Y ; to Y ¢ located in the periphery thereof are com-
pared. Then, if the pixel value D(Y,) is larger than the pixel
values of the surrounding pixels, that is, all of the relational
expressions D(Y)>(Y,.), D(Y)>(Y..), D(Y.)>(Y.s),
D(Y,)>(Y,), D(Y,)>(Yas), DY, )>(Yye), D(Y,)>(Y,),
and D(Y,)>(Y,s) are satisfied, Y, is judged as a local
maximum point.

[0090] Then, at step S12 in FIG. 12, the speckle/structure
separation calculating unit 60 calculates a pixel value of an
interpolation point by four-point interpolation using square
interpolation masks or flat interpolation masks in order to
interpolate the extracted local maximum points.

[0091] FIGS. 14A and 14B are diagrams for explanation
of a method of performing the four-point interpolation using
square interpolation masks, and shaded areas show local
maximum points extracted at step S11. As shown in FIG.
14A, in order to obtain four points to be used for calculating
a pixel value of the interpolation point Y, first, with the
interpolation point Y as a center, surrounding pixels are
divided into four quadrants. Then, by using the square
interpolation masks M;, M, . . . as shown in FIG. 14B
sequentially in ascending order of mask size, the local
maximum points near the interpolation point Y are explored
in the first quadrant to the fourth quadrant, respectively. The
pixels Y, to Y, as shown in FIG. 14A show the local
maximum points respectively explored in the first quadrant
to the fourth quadrant.

[0092] Then, the pixel value D(Y) of the interpolation
point Y is calculated based on the positions of the explored
pixels Y, to Y, and the pixel values D(Y,) to D(Y,). For this
purpose, a pixel value D(Y,) at a point Y, on one axis
including the pixel Y is calculated by the weighed average
method using the pixel value D(Y,) of the pixel Y, and the
pixel value D(Y,,) of the pixel Y,, and the pixel value D(Yy)
at a point Yy on another axis including the pixel Y is
calculated by using the pixel value D(Y) of the pixel Y, and
the pixel value D(Y ) of the pixel Y. Further, the pixel value
D(Y) of the interpolation point Y is calculated by the
weighed average method using the positions of the points Y ,
and Yy, and the pixel values D(Y,) and D(Yy).

[0093] FIGS. 15A and 15B are diagrams for explanation
of a method of performing four-point interpolation using flat
interpolation masks. In this embodiment, non-square masks
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extending in the vertical direction in the drawing (i.¢., depth
direction in the object) are used. As shown in FIG. 15, in
order to obtain four points to be used for calculating the
pixel value of the interpolation point Y, first, with the
interpolation point Y as a center, surrounding pixels are
divided into four quadrants. Then, by using the flat interpo-
lation masks M,', M,' . . . as shown in FIG. 15B sequentially
in ascending order of mask size, the local maximum points
near the interpolation point Y are explored in the first
quadrant to the fourth quadrant, respectively. In FIG. 15A,
the pixels Y, to Y show the local maximum points respec-
tively in the first quadrant to the fourth quadrant.

[0094] Then, the pixel value D(Y)' of the interpolation
point Y is calculated based on the positions of the explored
pixels Y, to Y of the explored local maximum points and
the pixel values D(Y5) to D(Y,). The method of calculating
the pixel value D(Y) is the same as that for the square
interpolation masks.

[0095] Then, at step S13 in FIG. 12, interpolation data is
generated based on the pixel value D(Y) calculated by using
the square interpolation masks and the pixel value D(Y)'
calculated by using the flat interpolation masks.

[0096] Here, the image interpolation processed by using
the square interpolation masks is good in continuousness in
lateral lines, however, not very good in continuousness in
diagonal lines. On the other hand, the image interpolation
processed by using the flat interpolation masks is good in
continuousness in diagonal lines, however, not very good in
continuousness in lateral lines. Accordingly, in the embodi-
ment, the interpolation data is generated by comparing the
pixel value D(Y) calculated by using the square interpola-
tion masks and the pixel value D(Y)' calculated by using the
flat interpolation masks, and adopting the value of the larger
pixel value as the pixel value in the interpolation point Y.

[0097] Then, at step S14, by using the interpolation data
generated at step S13, interpolation processing is performed
with respect to data at local maximum points extracted at
step S11. Thus generated image data forms structure image
data representing an ultrasonic image of the structure (struc-
ture image) within the imaging area.

[0098] Next, at step S15, the speckle data representing the
speckle image is generated by subtracting the values repre-
sented by the structure data generated at step S14 from the
values represented by the original data.

[0099] According to the embodiment, since the interpola-
tion processing is performed based on the pixel values
obtained by using the square interpolation masks and the flat
interpolation masks, the structure image good in continu-
ousness in lateral lines and diagonal lines can be obtained.
Therefore, by using such a structure image, a speckle image
good in separation from the structure can be obtained.

[0100] As a modified example of the ultrasonic image
processing method according to the embodiment, interpola-
tion data may be generated by using one of the square
interpolation masks and the flat interpolation masks at steps
$12 and S13 as shown in FIG. 12. In the case of using the
square interpolation masks, a structure image good in con-
tinuousness in lateral lines can be acquired, and in the case
of using the flat interpolation masks, a structure image good
in continuousness in diagonal lines can be acquired. Alter-
natively, when the interpolation data is generated at step
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S13, one of the pixel values obtained by using the square
interpolation masks, the pixel values obtained by using the
flat interpolation masks, and the pixel values selected by
comparing those pixel values may be selected. Thereby, a
structure image desired by the operator can be acquired.

[0101] Next, an ultrasonic image processing method
according to the fifth embodiment of the present invention
will be described by referring to FIGS. 11 to 14B and 16.
The ultrasonic image processing method according to the
embodiment is performed on the original data acquired by
performing sector scan, convex scan, or radial scan and
characterized by using two-dimensional mask processing at
that time, and can be used in the speckle/structure separation
calculating unit 60 as shown in FIG. 11.

[0102] FIG. 16 is a flowchart showing the ultrasonic
image processing method according to the embodiment.

[0103] At step S21 in FIG. 16, the speckle/structure
separation calculating unit 60 as shown in FIG. 11 extracts
local maximum points from the original image based on the
original data stored in the primary memory 27. Then, at step
S22, the speckle/structure separation calculating unit 60
generates interpolation data by calculating the pixel value of
the interpolation point for interpolation of local maximum
points by four-point interpolation using square interpolation
masks. Note that the extraction processing of the local
maximum points at step S21 and the calculation processing
of the pixel value at S22 are the same as described at steps
S11 and S12 in FIG. 12 by referring to FIGS. 13 to 14B.

[0104] Then, at step S23, interpolation processing is per-
formed with respect to data at the local maximum points
extracted at step S21 by using the interpolation data gener-
ated at step S22, and further, polar coordinate conversion
processing (scan conversion processing) in accordance with
the scan method of ultrasonic wave is performed. Thereby,
image data representing a sector image, convex image, or
radial image is generated. Such image data forms structure
data representing structure image in the imaging area.

[0105] Then, at step S24, the speckle data representing the
speckle image is generated by subtracting the values repre-
sented by the structure data from the values represented by
the original data.

[0106] According to the embodiment, since the interpola-
tion processing and the polar coordinate conversion pro-
cessing are performed based on the pixel value calculated by
using the square interpolation masks good in continuousness
in lateral lines, a structure image good in continuousness can
be obtained. Therefore, by using such a structure image, a
speckle image good in separation from the structure can be
obtained.

[0107] In the fourth and fifth embodiments described
above, the pixel value of the interpolation point is calculated
by performing the four-point interpolation using local maxi-
mum points. However, the pixel value may be calculated in
accordance with other methods. For example, as shown in
FIG. 17, pixel values of the local maximum points Y, Yo,
Y, . . . included within a predetermined range from the
interpolation point Y (e.g., inside of a circle Cl around the
interpolation point Y as a center). In this case, the pixel value
D(Y) of the interpolation point Y can be calculated by the
following equation (1). In the equation (1), d;, d,, and d,
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represent the distances between the interpolation point Y and
the local maximum points Y;, Y,, and Y5, respectively.

DY) =(1/d)1/d +1[/dy+1/d3)x Y, + €Y)
(1/dz)(l/d1 +1/’d2+1/d3))<Y2+

(1/ds)1jdi+1]dr +1/d3)X Y3

[0108] According to the method, the time for exploring the
pixels of the local maximum points to be used when the
pixel value of the pixel Y is calculated can be shortened.

[0109] Alternatively, in place of the equation (1), the pixel
value of the pixel Y may be calculated using the following
equation (2) or (3).

D(Y)=(1/d®)1/d? + 1]dE +1/dP)xY, @
= ()1 /d} +1/d5 +1jdDx Y
=/ jdE+ 1/ +1[d})xYs

DY)=(1/d)1/d} +1/d3 +1/d5)xY, 3
= (1 d} +1]d3 +1jd)x Y
=1/ )1 )d} +1/d3 +1]d)xYs

[0110] Inthe case of using the equation (2) or (3), the local
maximum points near the pixel Y exert a larger influence
compared to the case of using the equation (1).

[0111] Further, in the fourth and fifth embodiments of the
present invention, the structure image data is generated by
using the local maximum points in the original image.
However, in place of the local maximum points, local
minimum points or average points of the local maximum
points and the local minimum points may be used.

[0112] Furthermore, in the fourth and fifth embodiments
of the present invention, a screen composing unit that creates
a screen for display based on the original image data, the
structure data, the speckle data and the mixed data may be
provided similarly to that in the second or third embodiment
of the present invention.

[0113] Next, an ultrasonic imaging apparatus according to
the sixth embodiment of the present invention will be
described by referring to FIGS. 18 and 19.

[0114] FIG. 18 is a block diagram showing the constitu-
tion of the ultrasonic imaging apparatus according to the
embodiment. The ultrasonic imaging apparatus as shown in
FIG. 18 further includes image processing units 70 and 71
in comparison with the ultrasonic imaging apparatus as
shown in FIG. 1. Other constitution is the same as in the
ultrasonic imaging apparatus as shown in FIG. 1.

[0115] The image processing unit 70 performs frequency
band division processing on the speckle data generated in
the speckle/structure separation calculating unit 28. Further,
the image processing unit 71 performs frequency band
division processing on the structure data generated in the
speckle/structure separation calculating unit 28. The fre-
quency band division processing refers to image processing
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of dividing an ultrasonic image into plural frequency bands
and enhancing a desired frequency component.

[0116] The frequency band division processing performed
in each of the image processing units 70 and 71 will be
described in detail by referring to FIG. 19. FIG. 19 is a
diagram for explanation of the frequency band division
processing.

[0117] As shown in FIG. 19, when speckle data or struc-
ture data (image data) DT(0) generated in the speckle/
structure separation calculating unit 28 is inputted, in a
down-sampling unit 701, the image data DT(0) is thinned
out and filter processing such as Nyquist filter processing is
performed on the thinned out data. By repeating such
processing, down-sampling data DT(1), DT(2), . . . , DT(N)
having low spatial frequency components are sequentially
generated.

[0118] Then, in an up-sampling unit 702, “0” value data is
inserted into the “n”th down-sampling data DT(n)(n=1 to N)
and filter processing such as smoothing filter processing is
performed. Thereby, up-sampling data DT(n)' having the
same size as that of the adjacent (n-1)th data is obtained.

[0119] Next, in a subtracting unit 703, subtraction pro-
cessing is performed between the (n-1)th down-sampling
data DT(n-1) and the adjacent “n”th up-sampling data
DT(n)'. Thereby, subtraction data DS(0) to DS(N-1) are
obtained. These subtraction data DS(0) to DS (N-1) are data
groups including frequency components that are formed by
dividing spatial frequency components f, to fy; included in
the image data DT(0) into N frequency bands, respectively.
For example, the subtraction data DS(n) (n=0 to N-1)
includes frequency components f, to f__ ;.

[0120] Then, in a multiplying unit 704, subtraction data
DS(0), DS(1), . . ., DS(N-1) are multiplied by weighting
factors kg, ky, . . . , Kny_g, respectively. Furthermore, the data
DS(n) (n=1 to N-1) multiplied by the weighting factors are
up-sampled in the up-sampling unit 705 so as to have the
same data size as that of the original image data DT(0).

[0121] Thus equally sized data DS(0) and DS(1)', DS(2),,
..., DS(N-1)" are added to each others in an adding unit
706. Thereby, data DT, weighted with respect to each
spatial frequency band is generated. Furthermore, the
weighted data DTy and the original image data DT(0) are
multiplied by predetermined weighting factors Ky and
(1-Kgg), respectively, in the multiplying unit 707, and
added to each other in the adding unit 708. Thus, image data
DTy that has been subjected to the frequency enhance-
ment processing is generated, and outputted to the mixed
data generating unit 29.

[0122] The weighting factors k, to ky_; to be used in the
multiplying unit 704 are set in accordance with the charac-
teristics of the image data to be processed. The weighting
factors k, to ky_; may be stored in the recording unit 36 as
shown in FIG. 18 in advance in association with parameters
such as the ultrasonic frequency, the depth of the object or
observation part. Alternatively, the operator may input arbi-
trary values. In the former case, the weighting factors
suitable for those parameters are set, and in the latter case,
operator-desired frequency enhancement effect can be
obtained.

[0123] In the case where such frequency band division
processing is performed on the speckle data, speckle having
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a large size is reduced by making the vicinity of the
weighting factors k, and k5 smaller to suppress the smaller
frequency components. Thereby, an image, in which a tissue
part is easily viewable, can be obtained in the synthesized
image. On the other hand, in the case such frequency band
division processing is performed on the structure data, the
effect of making edges of the structure clearer can be
obtained by making the vicinity of the weighting factors k,
and k, larger to enhance the larger frequency components.

[0124] Further, in the embodiment, in the image process-
ing units 70 and 71 as shown in FIG. 18, various kinds of
image processing may be performed in spite of the fre-
quency band division processing. Specifically, smoothing
filter processing, Laplacian filter processing, etc. may be
performed.

[0125] Furthermore, the image processing units 70 and 71
as shown in FIG. 18 and described in the embodiment may
be applied to the ultrasonic imaging apparatuses according
to the second to fourth embodiments of the present invention
as shown in FIGS. 7, 9, and 11.

[0126] As described above, according to the present
invention, since the speckle data and the structure data are
separated from the acquired original data and an image is
generated based on the data selected from those data or by
mixing speckle and structure at a desired ratio, the original
image, the image including only speckle or structure, or the
image in which they are mixed at a desired ratio can be
displayed in accordance with the selection by the operator.
Thus, by using appropriate images, medical diagnoses by
doctors are facilitated and diagnosis efficiency can be
improved, and therefore, the quality of diagnoses can be
improved.

1. An ultrasonic imaging apparatus comprising:

ultrasonic transmitting means for transmitting ultrasonic
waves according to drive signals;

drive signal generating means for generating the drive
signals to be provided to said ultrasonic transmitting
means;

receiving means for receiving ultrasonic echoes generated
by reflection of the ultrasonic waves in an object to be
inspected so as to obtain detection signals;

signal processing means for performing predetermined
signal processing on the detection signals obtained by
said receiving means to generate original data repre-
senting ultrasonic image information on the object;

calculating means for generating speckle data, represent-
ing image information on a speckle and structure data
representing image information on a structure based on
the original data generated by said signal processing
means; and

image data generating means for generating image data
based on at least one of the original data, the speckle
data and the structure data.
2. An ultrasonic imaging apparatus according to claim 1,
further comprising:

mixed data generating means for generating mixed data
representing information on a mixed image in which a
speckle image and a structure image are mixed with
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each other at a designated ratio based on the speckle
data and the structure data;

wherein said image data generating means generates
image data based on at least one of the original data, the
speckle data, the structure data and the mixed data.
3. An ultrasonic imaging apparatus comprising:

ultrasonic transmitting means for transmitting ultrasonic
waves according to drive signals;

drive signal generating means for generating the drive
signals to be provided to said ultrasonic transmitting
means;

receiving means for receiving ultrasonic echoes generated
by reflection of ultrasonic waves in an object to be
inspected so as to obtain detection signals;

signal processing means for performing predetermined
signal processing on the detection signals obtained by
said receiving means to generate original data repre-
senting ultrasonic image information on the object;

calculating means for generating speckle data represent-
ing image information on a speckle and structure data
representing image information on a structure based on
the original data generated by said signal processing
means;

mixed data generating means for generating mixed data
representing information on a mixed image in which a
speckle image and a structure image are mixed with
each other at a designated ratio based on the speckle
data and the structure data; and

image data generating means for generating image data
based on at least one of the original data and the mixed
data.

4. An ultrasonic imaging apparatus according to claim 2,
wherein the ratio at which the speckle image and the
structure image are mixed with each other can be designated
in a range from 1:0 to 0:1.

5. An ultrasonic imaging apparatus according to claim 2,
wherein said image data generating means generates image
data representing a composite screen including at least two
images based on at least two of the original data, the speckle
data, the structure data and the mixed data.

6. An ultrasonic imaging apparatus according to claim 3,
wherein said image data generating means generates image
data representing a composite screen including an original
image and a mixed image based on the original data and the
mixed data.

7. An ultrasonic imaging apparatus according to claim 1,
further comprising:

image processing means for performing image processing

on at least one of the speckle data and the structure data.

8. An ultrasonic imaging apparatus according to claim 3,
further comprising:

image processing means for performing image processing
on at least one of the speckle data and the structure data.

9. An ultrasonic imaging apparatus according to claim 7,
wherein said image processing means performs processing
of dividing an ultrasonic image represented by one of the
speckle data and the structure data into a plurality of
frequency components, multiplying the plurality of fre-
quency components by predetermined weighting factors
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respectively, and adding the plurality of frequency compo-
nents multiplied by the weighting factors to each others.

10. An ultrasonic imaging apparatus according to claim §,
wherein said image processing means performs processing
of dividing an ultrasonic image represented by one of the
speckle data and the structure data into a plurality of
frequency components, multiplying the plurality of fre-
quency components by predetermined weighting factors
respectively, and adding the plurality of frequency compo-
nents multiplied by the weighting factors to each others.

11. An ultrasonic imaging apparatus according to claim 1,
further comprising:

displaying means for displaying an image based on the
image data generated by said image data generating
means.
12. An ultrasonic imaging apparatus according to claim 3,
further comprising:

displaying means for displaying an image based on the
image data generated by said image data generating
means.

13. An ultrasonic imaging apparatus according to claim 1,
wherein said calculating means generates the structure data
based on at least one of (i) local maximum points extracted
from the original data, (ii) local minimum points extracted
from the original data, (iii) average points of the local
maximum points and the local minimum points, (iv) inter-
polation points having pixel values obtained by interpolation
between the local maximum points, (v) interpolation points
having pixel values obtained by interpolation between the
local minimum points, and (vi) interpolation points having
pixel values obtained by interpolation between the average
points.

14. An ultrasonic imaging apparatus according to claim 3,
wherein said calculating means generates the structure data
based on at least one of (i) local maximum points extracted
from the original data, (ii) local minimum points extracted
from the original data, (iii) average points of the local
maximum points and the local minimum points, (iv) inter-
polation points having pixel values obtained by interpolation
between the local maximum points, (v) interpolation points
having pixel values obtained by interpolation between the
local minimum points, and (vi) interpolation points having
pixel values obtained by interpolation between the average
points.

15. An ultrasonic imaging apparatus according to claim
13, wherein said calculating means generates said structure
data by performing two-dimensional mask processing.

16. An ultrasonic imaging apparatus according to claim
14, wherein said calculating means generates said structure
data by performing two-dimensional mask processing.

17. An ultrasonic imaging apparatus according to claim
15, wherein said calculating means divides an ultrasonic
image into four two-dimensional areas by using one of the
interpolation points as a reference and performs four-point
interpolation processing by using one of four local maxi-
mum points, four local minimum points and four average
points of the four local maximum points and the four local
minimum points selected in the respective areas to obtain a
pixel value of the interpolation point.

18. An ultrasonic imaging apparatus according to claim
16, wherein said calculating means divides an ultrasonic
image into four two-dimensional areas by using one of the
interpolation points as a reference and performs four-point
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interpolation processing by using one of four local maxi-
mum points, four local minimum points and four average
points of the four local maximum points and the four local
minimum points selected in the respective areas to obtain a
pixel value of the interpolation point.

19. An ultrasonic imaging apparatus according to claim
17, wherein said calculating means selects one of the four
local maximum points, the four local minimum points and
the four average points by using square interpolation masks.

20. An ultrasonic imaging apparatus according to claim
18, wherein said calculating means selects one of the four
local maximum points, the four local minimum points and
the four average points by using square interpolation masks.

21. An ultrasonic imaging apparatus according to claim
17, wherein said calculating means selects one of the four
local maximum points, the four local minimum points and
the four average points by using flat interpolation masks.

22. An ultrasonic imaging apparatus according to claim
18, wherein said calculating means selects one of the four
local maximum points, the four local minimum points and
the four average points by using flat interpolation masks.

23. An ultrasonic imaging apparatus according to claim
17, wherein said calculating means obtains a pixel value of
the interpolation point by comparing pixel values based on
said one of the four local maximum points, the four local
minimum points and the four average points selected by
using square interpolation masks and pixel values based on
said one of the four local maximum points, the four local
minimum points and the four average points selected by
using flat interpolation masks.

24. An ultrasonic imaging apparatus according to claim
18, wherein said calculating means obtains a pixel value of
the interpolation point by comparing pixel values based on
said one of the four local maximum points, the four local
minimum points and the four average points selected by
using square interpolation masks and pixel values based on
said one of the four local maximum points, the four local
minimum points and the four average points selected by
using flat interpolation masks.

25. An ultrasonic imaging apparatus according to claim
15, wherein said calculating means obtains a pixel value of
the interpolation point based on pixel values of selected one
of the local maximum points, the local minimum points and
the average points extracted from the original data, and
based on one of distances of the selected points and the
interpolation point, squares of the distances and third powers
of the distances.

26. An ultrasonic imaging apparatus according to claim
16, wherein said calculating means obtains a pixel value of
the interpolation point based on pixel values of selected one
of the local maximum points, the local minimum points and
the average points extracted from the original data, and
based on one of distances of the selected points and the
interpolation point, squares of the distances and third powers
of the distances.

27. An ultrasonic imaging apparatus according to claim
13, wherein said calculating means generates speckle data
based on one of (i) differences between values represented
by the original data and values represented by the structure
data and (ii) values obtained by adding an offset value to the
differences between values represented by the original data
and values represented by the structure data.

28. An ultrasonic imaging apparatus according to claim
14, wherein said calculating means generates speckle data
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based on one of (i) differences between values represented
by the original data and values represented by the structure
data and (if) values obtained by adding an offset value to the
differences between values represented by the original data
and values represented by the structure data.

29. An ultrasonic image processing method of generating
an ultrasonic image based on original data representing
ultrasonic image information on an object to be inspected
and generated by transmitting ultrasonic waves and receiv-
ing ultrasonic echoes generated by reflection of the ultra-
sonic waves in the object so as to obtain detection signals
and performing predetermined signal processing on the
detection signals, said method comprising the steps of:

(2) generating speckle data representing image informa-
tion on a speckle and structure data representing image
information on a structure based on the original data;
and

(b) generating image data based on at least one of the

original data, the speckle data and the structure data.

30. An ultrasonic image processing method according to
claim 29, further comprising the step of:

generating mixed data representing information on a
mixed image in which a speckle image and a structure
image are mixed with each other at a designated ratio
based on the speckle data and the structure data;

wherein step (b) includes generating image data based on
at least one of the original data, the speckle data, the
structure data and the mixed data.

31. An ultrasonic image processing method of generating
an ultrasonic image based on original data representing
ultrasonic image information on an object to be inspected
and generated by transmitting ultrasonic waves and receiv-
ing ultrasonic echoes generated by reflection of the ultra-
sonic waves in the object so as to obtain detection signals
and performing predetermined signal processing on the
detection signals, said method comprising the steps of:

(a) generating speckle data representing image informa-
tion on a speckle and structure data representing image
information on a structure based on the original data;

(b) generating mixed data representing information on a
mixed image in which a speckle image and a structure
image are mixed with each other at a designated ratio
based on the speckle data and the structure data; and

(c) generating image data based on at least one of the
original data and the mixed data.
32. An ultrasonic image processing method according to
claim 29, further comprising the step of:

(d) performing image processing on at least one of the
speckle data and the structure data.

33. An ultrasonic image processing method according to
claim 31, further comprising the step of:

(d) performing image processing on at least one of the

speckle data and the structure data.

34. An ultrasonic image processing method according to
claim 32, wherein step (d) includes dividing an ultrasonic
image represented by one of the speckle data and the
structure data into a plurality of frequency components,
multiplying the plurality of frequency components by pre-

Nov. 24, 2005

determined weighting factors respectively, and adding the
plurality of frequency components multiplied by the weight-
ing factors to each others.

35. An ultrasonic image processing method according to
claim 33, wherein step (d) includes dividing an ultrasonic
image represented by one of the speckle data and the
structure data into a plurality of frequency components,
multiplying the plurality of frequency components by pre-
determined weighting factors respectively, and adding the
plurality of frequency components multiplied by the weight-
ing factors to each others.

36. An ultrasonic image processing method according to
claim 29, wherein step (a) includes generating the structure
data based on at least one of (i) local maximum points
extracted from the original data, (ii) local minimum points
extracted from the original data, (iii) average points of the
local maximum points and the local minimum points, (iv)
interpolation points having pixel values obtained by inter-
polation between the local maximum points, (v) interpola-
tion points having pixel values obtained by interpolation
between the local minimum points, and (vi) interpolation
points having pixel values obtained by interpolation between
the average points.

37. An ultrasonic image processing method according to
claim 31, wherein step (a) includes generating the structure
data based on at least one of (i) local maximum points
extracted from the original data, (if) local minimum points
extracted from the original data, (iii) average points of the
local maximum points and the local minimum points, (iv)
interpolation points having pixel values obtained by inter-
polation between the local maximum points, (v) interpola-
tion points having pixel values obtained by interpolation
between the local minimum points, and (vi) interpolation
points having pixel values obtained by interpolation between
the average points.

38. An ultrasonic image processing method according to
claim 36, wherein step (a) includes generating said structure
data by performing two-dimensional mask processing.

39. An ultrasonic image processing method according to
claim 37, wherein step (a) includes generating said structure
data by performing two-dimensional mask processing.

40. An ultrasonic image processing program to be used for
generating an ultrasonic image based on original data rep-
resenting ultrasonic image information on an object to be
inspected and generated by transmitting ultrasonic waves
and receiving ultrasonic echoes generated by reflection of
the ultrasonic waves in the object so as to obtain detection
signals and performing predetermined signal processing on
the detection signals, said program activating a CPU to
execute the procedures of:

(2) generating speckle data representing image informa-
tion on a speckle and structure data representing image
information on a structure based on the original data,
and

(b) generating image data based on at least one of the

original data, the speckle data and the structure data.

41. An ultrasonic image processing program according to

claim 40, further activating the CPU to execute the proce-
dure of:

generating mixed data representing information on a
mixed image in which a speckle image and a structure
image are mixed with each other at a designated ratio
based on the speckle data and the structure data;
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wherein procedure (b) includes generating image data
based on at least one of the original data, the speckle
data, the structure data and the mixed data.

42. An ultrasonic image processing program to be used for
generating an ultrasonic image based on original data rep-
resenting ultrasonic image information on an object to be
inspected and generated by transmitting ultrasonic waves
and receiving ultrasonic echoes generated by reflection of
the ultrasonic waves in the object so as to obtain detection
signals and performing predetermined signal processing on
the detection signals, said program activating a CPU to
execute the procedures of:
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(a) generating speckle data representing image informa-
tion on a speckle and structure data representing image
information on a structure based on the original data;

(b) generating mixed data representing information on a
mixed image in which a speckle image and a structure
image are mixed with each other at a designated ratio
based on the speckle data and the structure data; and

(c) generating image data based on at least one of the
original data and the mixed data.
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