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7) ABSTRACT

An ultrasonic image processing apparatus in which image
quality of ultrasonic images can be improved by performing
image processing that utilizes image characteristics of the
original image. The ultrasonic image processing apparatus
processes image data generated based on a signal obtained
by scanning an object to be inspected by using an ultrasonic
beam and respectively representing pixel values of the
plurality of pixels within the ultrasonic image. The ultra-
sonic image processing apparatus includes a morphology
processing unit for processing the image data to reduce
speckles appearing in the ultrasonic image, and a DSC for
converting a scan format of the image data processed by the
morphology processing unit.
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FIG.8A
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FIG.10A
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FIG.124
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FIG.13A
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ULTRASONIC IMAGE PROCESSING APPARATTUS,
ULTRASONIC IMAGE PROCESSING METHOD
AND ULTRASONIC IMAGE PROCESSING
PROGRAM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic image
processing apparatus for processing ultrasonic image signals
obtained by transmitting ultrasonic waves and receiving
ultrasonic echoes, an ultrasonic image processing method to
be used therein, and an ultrasonic image processing program
for allowing a CPU to execute such ultrasonic image pro-
cessing.

[0003]

[0004] In medical fields, various imaging technologies
have been developed in order to observe the interior of an
object to be inspected and to make diagnoses. Especially,
ultrasonic imaging for obtaining interior information of the
object by transmitting and receiving ultrasonic waves
enables image observation in real time and provides no
exposure to radiation unlike other medical image technolo-
gies such as X-ray photography or RI (radio isotope) scin-
tillation camera. Accordingly, ultrasonic imaging is utilized
as an imaging technology at a high level of safety in a wide
range of departments including not only fetal diagnosis in
obstetrics but also gynecology, circulatory system, digestive
system, etc.

[0005] The ultrasonic imaging is an imaging technology
for generating images according to the following principle.
Ultrasonic waves are reflected at the interface between
regions having different acoustic impedances like the inter-
face between structures. Therefore, by transmitting an ultra-
sonic beam into an object to be inspected such as a human
body, receiving ultrasonic echoes generated within the
object, and obtaining reflection points where the ultrasonic
echoes are generated or reflection intensity, the outline of a
structure (¢.g., internal organs, diseased tissues, or the like)
existing within the object can be extracted.

[0006] By the way, in order to generate ultrasonic images
suitable for medical diagnosis, it is necessary to perform
various kinds of image processing on the original image data
acquired by receiving ultrasonic echoes. For example, there
is generally performed such image processing as processing
by DSC (digital scan converter) for converting a scan format
from image data (sound ray data) in scan space (sound ray
space) of the ultrasonic beam for scanning the object into
image data in physical space, combining of plural frame
images, sharpness enhancement processing (edge enhance-
ment processing), graininess suppression processing
(smoothing processing), or the like. International Applica-
tion Publication WO00/20885 discloses an ultrasonic diag-
nostic imaging system for generating display images by
correcting displacement between component images and
then combining them. Further, Japanese Patent Application
Publication JP-A-10-40371 discloses an image processing
apparatus provided with a filter characteristic determining
unit for calculating a local characteristic amount with
respect to each pixel of interest in image data of an original
image and determining characteristics of local filters based
on the calculated characteristic amounts to output them.

2. Description of a Related Art

Jun. 30, 2005

[0007] Especially, in an ultrasonic image in which an
object having an ununiform structure like a living body is
imaged, there appears a pattern having bright parts and/or
dark parts are scattered. Such a pattern is called as a speckle
pattern, and the speckle pattern is generated, for example, by
interference between ultrasonic echoes reflected from ununi-
form tissues existing within an internal organ or the like. The
speckle pattern acts as a kind of noise, and thereby, the
demonstrated outline of the structure or the like often
becomes unclear. Accordingly, in order to generate an image
suitable for medical diagnosis from such an original image,
it is necessary to perform image processing including sharp-
ness enhancement processing and graininess suppression
processing on the acquired original image data. As such
processing, specifically, averaging processing, median fil-
tering processing, hysteresis smoothing processing, mor-
phology processing and so on are known.

[0008] The morphology processing is image processing
using elements called as structure elements relating to
movement of the image and operations called as Mincowski
sum and Mincowski difference. The Mincowski sum and
Mincowski difference with functions “f” and “g” are defined
by equations (1) and (2), respectively. In the following
equations (1) to (4), “F” and “G” represent domains of “f”

el

and “g”, respectively.

Mincowski sum: 1)
(o= max {flx—u)+ g0}

ucG
Mincowski difference: (@)

(&) = min{f(x— ) - g}

[0009] The morphology processing includes four basic
processing called as dilation, erosion, opening, and closing.
The basic processing with respect to image function “f” by
using structure element “g®” is determined by the following
equations (3) to (6). In the equations (3) to (6), the function

[

g” 1s symmetric with respect to the point of origin.

Dilation: 3
(/®£)x) = max {f(x+u)+gw)

el
Erosion: @
(fegu) = ggél{f(x +u) - gu)}

[0010] Opening:

f=lfOg)Dse ®)
[0011] Closing:

P=(feg"0s O]

[0012] As shown in the equation (3), the dilation is pro-
cessing of obtaining Mincowski sum of image function “f”
moved by the structure element “g®”, and, intuitively, has a
function of expanding the original image by searching for
the maximum value within the mask defined based on the

structure element and replacing the pixel value at the center
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of the mask area with the maximum value. Further, as shown
in the equation (4), the erosion is processing of obtaining
Mincowski difference of image function “f” moved by the
structure element “g*”, and, intuitively, has a function of
contracting the original image by searching for the minimum
value within the mask and replacing the pixel value at the
center of the mask area with the minimum value. Further-
more, the opening is processing of performing dilation after
erosion, and has a function of removing convex portions, for
example. Further, the closing is processing of performing
erosion after dilation, and has a function of plugging con-
cave portions, for example.

[0013] Tt is under study to extracting a structure from an
ultrasonic image or improving the image quality by applying
such morphology processing to ultrasonic image processing.
Japanese Patent Application Publication JP-A-10-84286 dis-
closes that edge lines are extracted by performing morphol-
ogy processing as preprocessing in an apparatus for coding
and decoding time-series data in order to make diagnoses
efficiently. Further, Tsubai et al., “Control of Variable Struc-
turing Element on Adaptive Mathematical Morphology for
Boundary Enhancement of Ultrasound Images”, IEICE
Transactions D-II, Vol. J86-D-II No. 6, pp. 895-907, June
2003 discloses that interface enhancement and speckle
reduction are simultaneously performed by controlling the
structure elements in the morphology processing.

[0014] By the way, generally in ultrasonic image process-
ing, conversion of scan format and so on are performed on
the original image data. However, by such conversion of
scan format, image characteristics (e.g., frequency bands
and so on) of the original image data are sometimes changed
or lost. Accordingly, in the subsequent image processing like
smoothing processing and edge enhancement processing
including the morphology processing, it often occurs that
characteristics of the original image data cannot be utilized.
Further, also in the morphology processing, the following
problem occurs. That is, the morphology processing has a
function of smoothing a pattern smaller than the mask size
which is used as a reference, and therefore, artifacts (virtual
images) due to the mask size, i.e., the structure element are
sometimes generated.

SUMMARY OF THE INVENTION

[0015] The present invention is achieved in view of the
above-described problems. The first purpose of the present
invention is to improve image quality of an ultrasonic image
by performing image processing that utilizes image charac-
teristics of the original image on the ultrasonic image
obtained by transmitting and receiving ulfrasonic waves.
Further, the second purpose of the present invention is to
provide an image processing method and so on by which
artifacts are hardly generated when reduction of speckles is
processed on the ultrasonic image obtained by transmitting
and receiving ultrasonic waves.

[0016] In order to solve the above-described problems, an
ultrasonic image processing apparatus according to the first
aspect of the present invention is an ultrasonic image
processing apparatus for processing a plurality of signals
generated based on a signal obtained by scanning an object
to be inspected by using an ultrasonic beam and respectively
representing pixel values of a plurality of pixels within an
ultrasonic image, and the apparatus includes: image pro-
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cessing means for processing the plurality of signals to
reduce speckles appearing in the ultrasonic image; and scan
converting means for converting a scan format of the
plurality of signals processed by the image processing
means.

[0017] Further, an ultrasonic image processing apparatus
according to the second aspect of the present invention is an
ultrasonic image processing apparatus for processing a plu-
rality of signals generated based on a signal obtained by
scanning an object to be inspected by using an ultrasonic
beam and respectively representing pixel values of a plu-
rality of pixels within an ultrasonic image, and the apparatus
includes: image processing means for performing mask
processing on an image represented by the plurality of
signals; and scan converting means for converting a scan
format of the plurality of signals subjected to the mask
processing by the image processing means.

[0018] Furthermore, an ultrasonic image processing appa-
ratus according to the third aspect of the present invention is
an ultrasonic image processing apparatus for processing a
plurality of signals generated based on a signal obtained by
scanning an object to be inspected by using an ultrasonic
beam and respectively representing pixel values of a plu-
rality of pixels within an ultrasonic image, and the apparatus
includes: scan converting means for converting a scan
format of the plurality of signals; and image signal process-
ing means for performing first signal processing on the
plurality of signals the scan format of which is converted by
the scan converting means to multiply the pixel values of a
plurality of pixels within a mask area determined based on
a structure element in morphology processing by a first
group of weighting factors set depending on positions within
the mask area, respectively, and convert a pixel value at a
center of the mask area into a maximum value of the pixel
values multiplied by the first group of weighting factors
while moving the mask area, and performing second signal
processing on the plurality of signals subjected to the first
signal processing to multiply pixel values of a plurality of
pixels within a mask area determined based on a structure
element in morphology processing by a second group of
weighting factors set depending on positions within the
mask area, respectively, and convert a pixel value at a center
of the mask area into a minimum value of the pixel values
multiplied by the second group of weighting factors while
moving the mask area.

[0019] An ultrasonic image processing method according
to the first aspect of the present invention is an ultrasonic
image processing method of processing a plurality of signals
generated based on a signal obtained by scanning an object
to be inspected by using an ultrasonic beam and respectively
representing pixel values of a plurality of pixels within an
ultrasonic image, and the method includes the steps of: (a)
processing the plurality of signals to reduce speckles appear-
ing in the ultrasonic image; and (b) converting a scan format
of the plurality of signals processed at step (a).

[0020] Further, an ultrasonic image processing method
according to the second aspect of the present invention is an
ultrasonic image processing method of processing a plurality
of signals generated based on a signal obtained by scanning
an object to be inspected by using an ultrasonic beam and
respectively representing pixel values of a plurality of pixels
within an ultrasonic image, and the method includes the
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steps of: (a) performing mask processing on an image
represented by the plurality of signals; and (b) converting a
scan format of the plurality of signals subjected to the mask
processing at step (a).

[0021] Furthermore, an ultrasonic image processing
method according to the third aspect of the present invention
is an ultrasonic image processing method of processing a
plurality of signals generated based on a signal obtained by
scanning an object to be inspected by using an ultrasonic
beam and respectively representing pixel values of a plu-
rality of pixels within an ultrasonic image, and the method
includes the steps of: (a) converting a scan format of the
plurality of signals; (b) performing first signal processing on
the plurality of signals the scan format of which is converted
at step (a) to multiply pixel values of a plurality of pixels
within a mask area determined based on a structure element
in morphology processing by a first group of weighting
factors set depending on positions within the mask area,
respectively, and convert a pixel value at a center of the
mask area into a maximum value of the pixel values mul-
tiplied by the first group of weighting factors while moving
the mask area; and (c) performing second signal processing
on the plurality of signals subjected to the first signal
processing to multiply pixel values of a plurality of pixels
within a mask area determined based on a structure element
in morphology processing by a second group of weighting
factors set depending on positions within the mask area,
respectively, and convert a pixel value at a center of the
mask area into a minimum value of the pixel values multi-
plied by the second group of weighting factors while moving
the mask area.

[0022] An ultrasonic image processing program according
to the first aspect of the present invention is an ultrasonic
image processing program for processing a plurality of
signals generated based on a signal obtained by scanning an
object to be inspected by using an ultrasonic beam and
respectively representing pixel values of a plurality of pixels
within an ultrasonic image, and the program allows a CPU
to execute the procedures of: (a) processing the plurality of
signals to reduce speckles appearing in the ultrasonic image;
and (b) converting a scan format of the plurality of signals
processed at procedure (a).

[0023] Further, an ultrasonic image processing program
according to the second aspect of the present invention is an
ultrasonic image processing program for processing a plu-
rality of signals generated based on a signal obtained by
scanning an object to be inspected by using an ultrasonic
beam and respectively representing pixel values of a plu-
rality of pixels within an ultrasonic image, and the program
allows a CPU to execute the procedures of: (a) performing
mask processing on an image represented by the plurality of
signals; and (b) converting a scan format of the plurality of
signals subjected to the mask processing at procedure (a).

[0024] Furthermore, an ultrasonic image processing pro-
gram according to the third aspect of the present invention
is an ultrasonic image processing program for processing a
plurality of signals generated based on a signal obtained by
scanning an object to be inspected by using an ultrasonic
beam and respectively representing pixel values of a plu-
rality of pixels within an ultrasonic image, and the program
allows a CPU to exccute the procedures of: (a) converting a
scan format of the plurality of signals; (b) performing first

Jun. 30, 2005

signal processing on the plurality of signals the scan format
of which is converted at procedure (a) to multiply pixel
values of a plurality of pixels within a mask area determined
based on a structure element in morphology processing by a
first group of weighting factors set depending on positions
within the mask area, respectively, and convert a pixel value
at a center of the mask area into a maximum value of the
pixel values multiplied by the first group of weighting
factors while moving the mask area; and (c) performing
second signal processing on the plurality of signals sub-
jected to the first signal processing to multiply pixel values
of a plurality of pixels within a mask area determined based
on a structure element in morphology processing by a
second group of weighting factors set depending on posi-
tions within the mask area, respectively, and convert a pixel
value at a center of the mask area into a minimum value of
the pixel values multiplied by the second group of weighting
factors while moving the mask area.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] FIG. 1is ablock diagram showing the constitution

of an ultrasonic imaging apparatus according to the first
embodiment of the present invention;

[0026] FIG. 2 is a schematic diagram showing the appear-
ance of an ultrasonic endoscope;

[0027] FIGS. 3A-3C are diagrams for explanation of
morphology processing;

[0028] FIGS. 4A and 4B are diagrams for explanation of
the influence on a speckle pattern by coordinate conversion;

[0029] FIG. 5 is a block diagram showing the constitution
of an ultrasonic imaging apparatus according to the second
embodiment of the present invention;

[0030] FIG. 6 is a diagram for explanation of frequency
band division processing;

[0031] FIG. 7 is ablock diagram showing the constitution
of an ultrasonic imaging apparatus according to the third
embodiment of the present invention;

[0032] FIGS. 8A and 8B are diagrams for explanation of
mask processing;

[0033] FIG. 9is ablock diagram showing the constitution
of an ultrasonic imaging apparatus according to the fourth
embodiment of the present invention;

[0034] FIGS. 10A-10C are diagrams for explanation of
speckle reduction by general morphology processing and
artifacts produced due to the mask size;

[0035] FIG. 11 is a flowchart showing an ultrasonic image
processing method according to the fourth embodiment of
the present invention;

[0036] FIGS. 12A-12C are diagrams for explanation of
the morphology processing performed in an ultrasonic
image processing method according to the fourth embodi-
ment of the present invention,

[0037] FIGS. 13A and 13B show examples of dilation
factors and erosion factors used in the fourth embodiment of
the present invention;

[0038] FIG. 14 is a block diagram showing the constitu-
tion of a modified example of the ultrasonic imaging appa-
ratus according to the fourth embodiment of the present
invention.
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[0039] FIG. 15 is a block diagram showing the constitu-
tion of an ultrasonic imaging apparatus according to the fifth
embodiment of the present invention; and

[0040] FIG. 16 is a block diagram showing the constitu-
tion of a modified example of the ultrasonic imaging appa-
ratus according to the fifth embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Hereinafter, preferred embodiments of the present
invention will be described in detail by referring to the
drawings. The same component will be assigned with the
same reference number and the description thereof will be
omitted.

[0042] FIG. 11is 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 110 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.

[0043] The ultrasonic probe 110 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 diftuoride). 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 controlling
plural ultrasonic transducers, pulse or continuous ultrasonic
waves are generated from the ultrasonic transducers.
Thereby, an ultrasonic beam is formed by combining those
ultrasonic waves and the object is electronically scanned.
Further, the plural ultrasonic transducers expand and con-
tract by receiving the propagating ultrasonic waves and
generate electric signals. These electric signals are outputted
as detection signals of the ultrasonic waves.

[0044] Such an ultrasonic probe 110 is connected to the
ultrasonic imaging apparatus main body via a cable.

[0045] As the ultrasonic probe 110, a probe including a
linear array in which plural ultrasonic transducers are
arranged in one-dimensional manner, a probe including a
convex array in which plural ultrasonic transducers are
arranged on a convex surface, or the like can be used.
Further, a probe including a two-dimensional array in which
plural ultrasonic transducers are arranged in two-dimen-
sional manner may be used. In this case, ultrasonic images
on plural different sections can be obtained without
mechanically moving the ultrasonic probe.

[0046] Alternatively, as the ultrasonic probe 110, a probe
within body cavity to be inserted into the object for per-
forming ultrasonic imaging may be used. As a probe within
body cavity, an ultrasonic probe to be used by being inserted
into a treatment tool insertion hole of an endoscope, or, as
shown in FIG. 2, an ultrasonic endoscope integrated with an
endoscope is known.
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[0047] The ultrasonic endoscope 30 as shown in FIG. 2
includes an insertion part 31, an operation part, a connecting
cord 33, and a universal cord 34. The insertion part 31 is
formed of a flexible elongated tube so as to be inserted into
the body of a patient. The operation part 32 provided at the
base end of the insertion part 31 is connected to an ultrasonic
observation device via the connecting cord 33, and con-
nected to a light source device via the universal cord 34.
Further, in the operation part 32, there is provided a treat-
ment tool insertion hole 35 into which various treatment
tools are inserted toward the tip end of the insertion part 31.

[0048] In the insertion part 31 of the ultrasonic endoscope
30, an illumination window and an observation window are
provided. An illumination lens for outputting illumination
light supplied via a light guide from the light source device
is attached to the illumination window. These form an
illumination optical system. Further, an objective lens is
attached to the observation window, and, in a position where
the objective lens forms an image, an input end of an image
guide or solid image pickup device such as a CCD camera
is disposed. These form an observation optical system.
Furthermore, ultrasonic transducers for transmitting ultra-
sonic waves toward inside of the object and receiving
ultrasonic echoes generated within the object are provided
on the tip end of the insertion part 31.

[0049] In such a probe within body cavity, ultrasonic
imaging is performed in accordance with a radial scan
method. The radial scan method includes a mechanical
radial scan method of transmitting and receiving ultrasonic
waves while rotating the probe and generating an image
signal based on the ultrasonic signals in synchronization
with the rotation, and an electronic radial scan method of
scanning the object by electrically controlling plural vibra-
tors arranged in a circular form. According to such scan
method, 360-degree region surrounding the probe can be
displayed at a time. Alternatively, as a probe within body
cavity according to a 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 a convex array, a wide viewing
angle can be obtained.

[0050] Referring to FIG. 1 again, the ultrasonic imaging
apparatus main body includes a control unit 100, a recording
unit 101, a drive signal generating unit 102, a transmission
and reception switching unit 120, a signal processing unit
130, an A/D converter 140, a digital processing unit 150, an
image memory 160, D/A converter 170, a display unit 180,
and an input unit 190. The control unit 100 includes a CPU
and software and controls the respective units of the ultra-
sonic imaging apparatus.

[0051] The recording unit 101 controls a recording
medium for recording basic programs which allows the CPU
included in the ultrasonic imaging apparatus to perform
operation, programs (software) to be used for various kinds
of processing, information used for those processing, etc. As
the recording medium, other than the built-in hard disk, an
external hard disk, a flexible disk, an MO, an MT, a RAM,
CD-ROM, DVD-ROM and so on may be used.

[0052] The drive signal generating unit 102 includes plural
pulsers corresponding to the plural ultrasonic transducers
included in the ultrasonic probe 110. Each pulser generates
a drive signal with predetermined timing under control of
the control unit 100. Thereby, ultrasonic waves are gener-
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ated from the plural ultrasonic transducers with predeter-
mined time difference, respectively.

[0053] The transmission and reception switching unit 120
switches between input of the drive signals generated in the
drive signal generating unit 102 to the ultrasonic probe 110
and load of detection signals in the signal processing unit
130, which will be described later, with predetermined
timing in accordance with the control of the control unit 100.
Thus, by limiting the time period for reading detection
signals, ultrasonic echo signals reflected from a specific
depth of the object are detected.

[0054] The signal processing unit 130 includes plural
channels corresponding to the plural ultrasonic transducers,
respectively. 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.

[0055] The A/D converter 140 generates detection data by
converting an analog signal processed in the signal process-
ing unit 130 into a digital signal.

[0056] The digital processing unit 150 includes a memory
151, a reception focus processing unit 152, a switch 153, a
morphology processing unit 154, an image processing unit
155, and a digital scan converter (DSC) 156. The memory
151 includes line memories corresponding to plural channels
of the signal processing unit 130, respectively, for storing the
generated detection data with respect to each line in chro-
nological order. Alternatively, the memory 151 may be
formed by a cine memory for storing moving image data for
a specific period.

[0057] The reception focus processing unit 152 performs
reception focus processing by providing delays on plural
detection data stored in the memory 151 and adding them to
each other. Thereby, sound ray data representing a reception
beam having the focal point narrowed in the predetermined
sound ray direction is generated. Further, detection is per-
formed with respect to a waveform represented by the sound
ray data so as to obtain image data. The values of this image
data represent pixel values of plural pixels that form the
ultrasonic image.

[0058] The switch 153 switches whether speckle reduction
processing in the morphology processing unit 154 is per-
formed or not with respect to the generated sound ray data.
The switch 153 is controlled in accordance with instructions
inputted by the user by using the input unit 190, which will
be described later.

[0059] The morphology processing unit 154 generates
image data in which speckles appearing in the ultrasonic
image are reduced by performing the morphology process-
ing on the image data generated in the reception focus
processing unit 152. The morphology processing will be
described later in detail.

[0060] The image processing unit 155 performs image
processing such as STC (sensitivity time control) for cor-
recting distance attenuation, linear gradation processing
including gain adjustment and contrast adjustment, non-
linear gradation processing including y correction, etc. on
the inputted image data.

[0061] The DSC 156 generates image data for display by
converting the scan format from image data in the scanning
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space of the ultrasonic beam to image data in physical space.
That is, the DSC 156 performs resampling in correspon-
dence with an image display range, performs coordinate
conversion into a display mode corresponding to the scan
method of ultrasonic waves, and performs interpolation. For
example, interpolation processing for generating a linear
image is performed on the image data obtained by the linear
scan. Further, polar coordinate conversion and interpolation
processing are performed on image data obtained by sector
scan, convex scan, or radial scan.

[0062] The image memory 160 stores image data for
display in a format in which raster scan can be performed,
for example. Further, the D/A converter 170 converts image
data read from the image memory 160 into analog signals
and outputs them.

[0063] The display unit 180 is a CRT display or an LED
display of raster scan type, for example, and displays
ultrasonic images based on the D/A converted image signals.

[0064] The input unit 190 is an input device to be used
when various instructions or information to the ultrasonic
imaging apparatus main body. The input unit 190 may be
formed by an adjustment console including an adjustment
knob, input button, a keyboard, touch panel, etc., or a
pointing device such as an external keyboard, mouse, etc.

[0065] In the embodiment, the reception focus processing
unit 152, the switch 153, the morphology processing unit
154, the image processing unit 155, and the DSC 156 are
formed by a CPU and software. However, these respective
units 152 to 156 may be formed by using analog circuits or
digital circuits. For example, the STC, gain adjustment, and
contrast adjustment performed in the image processing unit
155 may be performed on analog signals by providing
analog circuits in the signal processing unit. Further, y
correction of the image processing in the image processing
unit 155 may be performed after conversion of the scan
format in the DSC 156.

[0066] Furthermore, the digital processing unit 150
including the memory 151 to DSC 156 may be formed by
using a personal computer (PC). In this case, the data to be
processed in the digital processing unit 150 may be inputted
directly via the ultrasonic probe 110, the signal processing
unit 130, and the A/D converter 140, or inputted via a
network or recording medium.

[0067] Next, the operation of the ultrasonic imaging appa-
ratus as shown in FIG. 1 will be described.

[0068] When the user starts ultrasonic imaging, under the
control by the control unit 100, an ultrasonic beam having
the set frequency is transmitted from the ultrasonic probe
110, the object is scanned by the scan method such as linear
scan, sector scan, convexX scan, radial scan, or the like. This
ultrasonic beam is reflected by a reflector existing within the
object, and plural ultrasonic echoes are received by the
ultrasonic probe 110. The received ultrasonic echoes are
converted into electric signals in the ultrasonic probe 110,
and inputted as detection signals to the ultrasonic imaging
apparatus main body.

[0069] 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 130.
Thereby, wide band detection signals from which unwanted
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frequency components are eliminated are obtained. These
detection signals are A/D converted, once stored in the
memory 151, and then, subjected to reception focus pro-
cessing in the reception focus processing unit 152 so as to
generate sound ray data. Image data is obtained on the basis
of thus generated sound ray data and subjected to morphol-
ogy processing in the morphology processing unit 154.
Then, the image data that has been subjected to speckle
reduction processing by the morphology processing is sub-
jected to predetermined image processing such as gradation
processing in the image processing unit 155, and subse-
quently, the scan format thereof is converted in the DSC 156
in accordance with the scan method. Further, the image data
the scan format of which has been converted is once stored
in the image memory 160, and then, D/A converted and
outputted. Thereby, the ultrasonic image is displayed on a
screen of the display unit 180.

[0070] The morphology processing performed in the mor-
phology processing unit 154 will be described by referring
to FIGS. 3A-3C and 4A and 4B in detail. FIGS. 3A-3C arc
diagrams for explanation of the morphology processing.

[0071] FIGS. 3A-3C schematically show an ultrasonic
image formed by the plural pixels 10. In FIG. 3A, a high
brightness area 11a divided by a low brightness area 12 is
shown. To connect the divided high brightness area 11q,
dilation as a basic operation of the morphology processing
represented by the following equation (7) is performed on
the ultrasonic image. That is, the maximum value is
extracted from pixels within the mask area 13 with a pixel
of interest 14 as the center thereof, and processing of
converting the pixel value of the pixel of interest 14 into the
maximum value is performed with respect to each of the
plural pixels 10.

g = max{¥(x, y)} D
x,yeG

[0072] Where “g” represents a set of pixel values repre-
senting an image obtained by dilation, “Y” represents a pixel
value of the original image, “G” represents a mask deter-
mined based on the structure element, and (x,y) are coordi-
nates within the mask area. Thereby, as shown in FIG. 3B,
high brightness area expands and the low brightness area
that had divided the high brightness area is deleted.

[0073] Then, erosion represented by the following equa-
tion (8) is performed on the ultrasonic image as shown in
FIG. 3B. That is, the minimum value is extracted from the
pixels within the mask area 13 with a pixel of interest 14 as
the center thereof, and processing of converting the pixel
value of the pixel of interest 14 into the minimum value is
performed with respect to each of the plural pixels 10 as
shown in FIG. 3B.

f = min{gix, ®)
x,yeC
[0074] Where “f” represents a set of pixel values repre-

senting an image obtained by erosion. Thereby, as shown in
FIG. 3C, a high brightness area 11b contracts and returns
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into the original size. Thus, the high brightness area 11a that
had been divided due to the influence of the speckles can be
connected like the high brightness area 1lc.

[0075] In the ultrasonic imaging apparatus according to
the embodiment, unlike the general ultrasonic imaging appa-
ratus, morphology processing is performed on the image
data before scan conversion by the DSC. In the case where
the order of the processing is changed, the following advan-
tages are provided.

[0076] As shown in FIG. 4A, in the image data before
scan conversion by the DSC, the shape of the speckle pattern
is nearly uniform over the entire ultrasonic image. For
example, polar coordinate conversion (scan conversion) is
performed on such image data in order to obtain a sector
image. Here, in the general ultrasonic imaging apparatus,
polar coordinate conversion with display angle of 60° or
more is often performed. Thereby, as shown in FIG. 4B, the
larger the depth L, the horizontally longer the ultrasonic
image extends, and the larger the azimuthal angle 6 (e.g.,
8=01), the radially longer the ultrasonic image extends.
Accordingly, the speckle pattern appearing in the ultrasonic
image deforms into such a shape. That is, the shape of the
speckle pattern becomes ununiform due to the influence of
the image processing.

[0077] When morphology processing is performed on
such an ultrasonic image, speckle reduction effect becomes
ununiform depending on the position within the ultrasonic
image. In order to make the speckle reduction effect uni-
form, it is conceivable that the mask shape is changed
depending on the position within the ultrasonic image,
however, operation processing becomes complicated. On the
other hand, in the case where the morphology processing is
performed on the image data before the deformation of the
speckle pattern is produced, i.e., before scan conversion,
uniform speckle reduction effect can be obtained over the
entire ultrasonic image by simple operation processing.

[0078] Further, interpolation processing is performed by
the DSC on the image data in order to obtain a linear image,
and thereby, the amount of data as a target of operation
increases. However, in the case were the speckle reduction
processing is performed before performing interpolation
processing in a stage where the amount of data is small, the
processing can be performed at high speed.

[0079] Thus, by changing the order of processing per-
formed on the image data, the effect of the processing can be
improved.

[0080] However, depending on the user’s preferences and
parts to be observed, sometimes an ultrasonic image with
speckles is easier to be utilized. In such a case, the user
inputs an instruction for switching the switch 153 by using
the input unit 190 as shown in FIG. 1. Thereby, the image
data generated by the reception focus processing is inputted
to the image processing unit 155 without having being
subjected to the speckle reduction processing, and subjected
to processing such as predetermined image processing and
scan conversion, and outputted to the display unit 180. Thus,
whether the speckle reduction processing is performed or
not can be selected by the user, and therefore, a user-desired
ultrasonic image can be displayed.

[0081] As described above, according to the embodiment,
since the morphology processing is performed on the image



US 2005/0143655 Al

data before scan conversion, uniform and good speckle
reduction effect can be obtained over the entire ultrasonic
image. Especially, as shown in FIG. 4B, the preferable effect
is recognized in the area in which the speckle pattern
deforms significantly due to the influence of scan conversion
like in the area in which the scan interval is large (e.g., ends
of the ultrasonic image).

[0082] Next, an ultrasonic imaging apparatus according to
the second embodiment of the present invention will be
described. FIG. 5 is a block diagram showing the constitu-
tion of the ultrasonic imaging apparatus according to the
embodiment. This ultrasonic imaging apparatus includes a
digital processing unit 200 as shown in FIG. 5 in place of
the digital processing unit 150 as shown in FIG. 1. Other
constitution is the same as in the ultrasonic imaging appa-
ratus as shown in FIG. 1.

[0083] The digital processing unit 200 as shown in FIG.
5 includes a frequency band division processing unit 201 in
place of the morphology processing unit 154 in the digital
processing unit 150 as shown in FIG. 1. The frequency band
division processing unit 201 generates image data in which
speckles appearing in the ultrasonic image are reduced by
performing frequency enhancement on the inputted image
data by using the frequency band division processing.

[0084] Next, the operation of the ultrasonic imaging appa-
ratus as shown in FIG. 5 will be described.

[0085] When the user starts the ultrasonic imaging, simi-
larly to that described in the first embodiment, transmission
of ultrasonic waves is performed and ultrasonic echoes from
the object are received, and thereby, detection signals are
inputted to the ultrasonic imaging apparatus main body.

[0086] The plural detection signals inputted to the ultra-
sonic imaging apparatus main body are A/D converted after
being subjected to the predetermined signal processing, once
stored in the memory 151, and then, subjected to reception
focus processing in the reception focus processing unit 152
s0 as 1o generate sound ray data. Image data obtained on the
basis of thus generated sound ray data is subjected to speckle
reduction and/or edge enhancement by the frequency band
division processing in the frequency band division process-
ing unit 201. Then, the image data that has been subjected
to frequency band division processing is subjected to the
predetermined image processing such as gradation process-
ing in the image processing unit 155, and then, in the DSC
156, the scan format thereof is converted in accordance with
the scan method. Furthermore, the image data the scan
format of which has been converied is once stored in the
image memory 160, and then, D/A converted and outputted.
Thereby, an ultrasonic image is displayed on the screen of
the display unit 180.

[0087] The frequency band division processing performed
in the frequency band division processing unit 201 will be
described in detail by referring to FIG. 6. FIG. 6 is a
diagram for explanation of the frequency band division
processing.

[0088] As shown in FIG. 6, when image data DT(0)
generated in the reception focus processing unit 152 is
inputted to the frequency band division processing unit 201,
in a downsampling unit 21, image data DT (O) is thinned out
and filter processing such as Nyquist filter processing is
performed on the thinned out data. By repeating such
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processing, down-sampling data DT(1), DT(2), . . ., DT(N)
having low spatial frequency components are sequentially
generated.

[0089] Then, in an up-sampling unit 22, data having a
value “0” is inserted into the n-th down-sampling data
DT(n), where n=1 to N, and filter processing such as
smoothing filter processing is performed. Thereby, up-sam-
pling data DT(n)' having the same size as that of the adjacent
(n-1)th data is obtained.

[0090] Next, in a subtracting unit 23, subtraction process-
ing 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) correspond to
data groups including frequency components that are formed
by dividing spatial frequency components in a range from f,
to £, included in image data DT(0) into N frequency bands,
respectively. For example, the subtraction data DS(n), where
n=0 to N-1, includes frequency components in a range from
f tof,,.

[0091] Then, in a multiplying unit 24, subtraction data
DS(0), DS(1), . . ., DS(N-1) are multiplied by weighting
factors, ko, ky, . . ., ky.q, respectively. Further, the data
DS(n) multiplied by the weighting factors, where n=1 to
N-1, are up-sampled in the up-sampling unit 25 to become
the same as the original image data DT(0) in data size.

[0092] Thus equally sized data DS(0) and DS(1)', DS(2),
..., DS(N-1)' are added in an adding unit 26. Thereby, data
DTy weighted with respect to each spatial frequency band
are generated. Furthermore, the weighted data DT and the
original image data DT(0) are respectively multiplied by
predetermined weighting factors K and (1-K) in the multi-
plying unit 27, and added to each other in the adding unit 28.
Thus, image data DTr that has been subjected to the
frequency enhancement processing is generated, and out-
putted to the image processing unit 153.

[0093] The weighting factors k, to ky_; to be used in the
multiplying unit 24 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 advance in association
with parameters such as the ultrasonic frequency, the depth
of the object, or observation part in the storage unit 101 as
shown in FIG. 5. Alternatively, a user may input arbitrary
values. In the former case, the weighting factors suitable for
those parameters are set, and, in the latter case, user-desired
frequency enhancement effect can be obtained.

[0094] In the ultrasonic imaging apparatus according to
the embodiment, unlike a general ultrasonic imaging appa-
ratus, frequency band division processing is performed on
image data before scan conversion by the DSC. In the case
where the order of the processing is thus changed, the
following advantages are provided.

[0095] Theimage data before subjected to scan conversion
such as coordinate conversion includes image information in
a wider band and larger amount compared to that of the
image data after the scan conversion. Accordingly, when the
frequency band division processing is performed on the
image data before the scan conversion, frequency bandwidth
can be narrowed to increase the number of divided adjust-
able frequency bands. That is, the frequency enhancement
processing can be controlled more finely. Therefore, by
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enhancing the desired frequency component, ultrasonic
images with high image quality can be generated.

[0096] Further, as described referring to FIGS. 4A and
4B, the shape and size of the speckle pattern appearing in the
ultrasonic image become ununiform by performing scan
conversion on the image data. Accordingly, in the stage
before scan conversion in which the shape and size of the
speckle pattern are uniform, the weighting factors in the
frequency bands containing many speckle components are
set smaller and the frequency band division processing of
suppressing the frequency components is performed, and
thereby, speckle reduction effect can be obtained. Further-
more, by enhancing other frequency components, the
speckle reduction effect and edge enhancement effect can be
obtained simultaneously.

[0097] By the way, in the embodiment, the user may also
select generating an ultrasonic image that has not been
subjected to speckle reduction processing by switching the
switch 153.

[0098] As described above, according to the embodiment,
since frequency band division processing can be performed
on image data before scan format conversion, image quality
of ultrasonic images can be improved by the speckle reduc-
tion and/or edge enhancement.

[0099] In the case where image data obtained by trans-
mitting and receiving an ultrasonic beam at an ultrasonic
frequency of about 12 MHz, for example, is divided into six
spatial frequency bands with a down-sampling rate of % by
using the ultrasonic imaging apparatus according to the
embodiment, when the weighting factor k) is set larger and
the weighting factors k; and k, are set smaller, good results
regarding speckle reduction effect and edge enhancement
effect are obtained.

[0100] Next, an ultrasonic imaging apparatus according to
the third embodiment of the present invention will be
described. FIG. 7 is a block diagram showing the constitu-
tion of the ultrasonic imaging apparatus according to the
embodiment. This ultrasonic imaging apparatus includes a
digital processing unit 300 as shown in FIG. 7 in place of
the digital processing unit 150 as shown in FIG. 1. Other
constitution is the same as in the ultrasonic imaging appa-
ratus as shown in FIG. 1.

[0101] The digital processing unit 300 includes a switch
301, a morphology processing unit 302, and a frequency
band division processing unit 303. The functions of the
memory 151, reception focus processing unit 152, image
processing unit 135, and DSC 156 included in the digital
processing unit 300 are the same as in the digital processing
unit 150.

[0102] The switch 301 is used for switching whether
speckle reduction processing is performed on the generated
sound ray data or not.

[0103] The morphology processing unit 302 performs
processing of reducing speckles appearing in the ultrasonic
image by performing morphology processing on the inputted
image data. This morphology processing is the same as
described in the first embodiment of the present invention by
referring to FIG. 3.

[0104] The frequency band division processing unit 303
performs frequency enhancement processing by frequency
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band division on the image data that has been subjected to
speckle reduction processing in the morphology processing
unit 302. This frequency band division processing is the
same as described in the second embodiment of the present
invention by referring to FIG. 6.

[0105] As shown in FIG. 7, in the embodiment, morphol-
ogy processing is performed on image data before scan
conversion, and further, frequency enhancement processing
is performed. Thus, by combining two kinds of processing,
image quality of the ultrasonic image can be further
improved. Specifically, by enhancing the component at a
high spatial frequency with respect to the ultrasonic image
having reduced speckles, interfaces of organs or the like are
enhanced. In the case where the image data obtained by
transmitting and receiving an ultrasonic beam at an ultra-
sonic frequency of about 12 MHZ, for example, is divided
into six spatial frequency bands at a down-sampling rate of
1, when the weighting factor k,, is set larger, good results are
obtained with respect to speckle reduction effect and edge
enhancement effect.

[0106] The user can select whether the speckle reduction
processing is performed or not by inputting an instruction to
switch the switch 301. Thereby, the user can obtain a desired
ultrasonic image.

[0107] As described above, according to the first to third
embodiments of the present invention, since image process-
ing is performed on the original image data representing
scan space (sound ray space) of the ultrasonic beam before
characteristics of the original image are changed or lost due
to scan format conversion, image processing utilizing the
image characteristics that the original image has can be
performed, and image quality of the ultrasonic image can be
improved.

[0108] In the first to third embodiments of the present
invention, speckle reduction processing and edge enhance-
ment processing are performed on the data before scan
conversion. However, various kinds of mask processing
such as smoothing filter processing may be performed on the
data. Here, the mask processing is to temporarily except the
designated region 40 from a target of processing as shown
in FIG. 8A to thereby perform desired image processing on
the regions other than the masked region 40 as shown in
FIG. 8B. The above-described morphology processing and
the generally known smoothing filter processing are kinds of
mask processing.

[0109] Generally, in comparison between before DSC and
after DSC, the amount of data to be processed is smaller
before DSC. Accordingly, when the mask processing is
performed on plural pixels while scanning, it is advanta-
geous that processing time can be shortened by performing
those processing before DSC. Especially, in radial scan
using an ultrasonic endoscope or the like, the amount of data
as a target of processing is large, and therefore, the effect by
shortening the processing time is great.

[0110] Next, an ultrasonic imaging apparatus according to
the fourth embodiment of the present invention will be
described. FIG. 9 is a block diagram showing the constitu-
tion of the ultrasonic imaging apparatus according to the
embodiment. This ultrasonic imaging apparatus includes a
digital processing unit 400 as show in FIG. 9 in place of the
digital processing unit 150 as shown in FIG. 1, and further,
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includes an input unit 191 as shown in FIG. 9 in place of the
input unit 190 as shown in FIG. 1. Other constitution is the
same as in the ultrasonic imaging apparatus as shown in
FIG. 1.

[0111] The digital processing unit 400 includes a memory
401, a reception focus processing unit 402, a digital scan
converter (DSC) 403, a speckle reduction processing unit
404, and an image processing unit 405. The memory 401
includes line memories corresponding to plural channels of
the signal processing unit 130, and stores generated detec-
tion data in respective lines in chronological order. Alterna-
tively, the memory 401 may be formed by a cine memory for
storing moving images for a certain period.

[0112] The reception focus processing unit 402 generates
sound ray data representing a reception beam the focal point
of which is narrowed in a predetermined sound ray direction
by performing reception focus processing on the plural
detection data stored in the memory 401, as well as the
reception focus processing unit 152 as shown in FIG. 1.
Further, image data is obtained by performing detection with
respect to a waveform represented by the sound ray data.
The values of this image data represent pixel values of plural
pixels forming an ultrasonic image.

[0113] The DSC 403 generates image data for display by
converting the scan format from the image data in the scan
space of the ultrasonic beam into the image data in the
physical space, as well as the DSC 156 as shown in FIG. 1.

[0114] The speckle reduction processing unit 404 per-
forms processing on the inputted image to reduce speckles
in the ultrasonic image by performing morphology process-
ing using weighting factors. Details about the data process-
ing method (ultrasonic image processing method) and the
operation in this speckle reduction processing unit 404 will
be described later.

[0115] The image processing unit 405 performs image
processing such as STC (sensitivity time control) for cor-
recting distance attenuation, linear gradation processing
including gain adjustment and contrast adjustment, non-
linear gradation processing including y correction, etc. on
the inputted image data.

[0116] In the embodiment, these respective units 402 to
405 are formed by a CPU and software. However, they may
be formed by using analog circuits or digital circuits. Fur-
ther, the digital processing unit 400 including the memory
401 to image processing unit 405 may be formed by using
a personal computer (PC). In this case, the data may be
inputted directly to the digital processing unit 400 via the
ultrasonic probe 110, the signal processing unit 130 and so
on. Alternatively, the data may be inputted via a network or
recording medium.

[0117] The input unit 191 is an input device to be used
when various instructions or information to the ultrasonic
imaging apparatus main body, and may be formed by an
adjustment console including an adjustment knob, input
button, a keyboard, touch panel, etc., or a pointing device
such as an external keyboard, mouse, etc. The input unit 191
includes a transmission frequency input unit 192 to be used
for setting transmission frequencies, an observation part
(body mark) input unit 193 to be used for inputting a part
that the user desires to observe, etc.
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[0118] Next, an ultrasonic image processing method to be
used in the speckle reduction processing unit 404 as shown
in FIG. 9 will be described by referring to FIGS. 1A to 13B
in detail. The ultrasonic image processing method according
to the embodiment is to reduce the influence of speckles in
the ultrasonic image by utilizing the morphology processing.

[0119] First, the case is considered where the general
morphology processing described as above referring to FIG.
3 is performed on an ultrasonic image (original image) as
shown in FIG. 10A. First, dilation is performed on the
original image as shown in FIG. 10A with a mask size of
7x7 (mask area 15). Thereby, as shown in FIG. 10B, high
brightness area expands and relatively low brightness areas
collect at the central part.

[0120] Then, erosion is performed on the image as shown
in FIG. 10B. When a part of the mask area 15 overlaps with
the central low brightness area 16, that is, the mask is at the
areas 15a to 15d or the inner side thereof, the pixel value of
the pixel of interest is converted into a pixel value in the low
brightness area 16. Accordingly, the values of all pixels
existing at the center pixel of areas 154 to 154 or the inner
side thereof are converted into low brightness pixel values,
and a rectangular low brightness area 17 is produced at the
central part of the image as shown in FIG. 10C.

[0121] This low brightness area 17 is an artifact that
occurs due to the mask size and mask shape. The existence
of such an artifact is not desirable in use of the ultrasonic
image for medical diagnosis.

[0122] Accordingly, in the embodiment, morphology pro-
cessing is performed by using weighting factors set depend-
ing on the distance from the pixel of interest.

[0123] FIG. 11 is a flowchart showing the ultrasonic
image processing method according to the embodiment,
FIGS. 12A-12B are diagrams for explanation of the mor-
phology processing in the embodiment, and FIGS. 13A and
13B show weighting factors used in the embodiment.

[0124] At step S1 in FIG. 11, ultrasonic detection signals
are acquired by transmitting ultrasonic waves from the
ultrasonic probe toward an object to be inspected and
receiving ultrasonic echoes reflected from the object, and
ultrasonic image data is acquired by performing signal
processing such as amplification, A/D conversion and detec-
tion on those ultrasonic detection signals. FIG. 12A is an
ultrasonic image (original image) represented by thus
acquired ultrasonic image data.

[0125] Then, at steps S2 and S3, dilation using weighting

factors is performed on the original image as shown in FIG.
12A.

[0126] That is, at step S2, by using a certain pixel of
interest (x,y)=(0,0), which forms a part of the original image
shown in FIG. 12A, as a center, for example, the pixel
values of the pixels (x,y) within the mask area having mask
size of 7x7 are multiplied by the weighting factors dk(x,y)
(hereinafter, also referred to as “dilation factors™) as shown
in FIG. 13A. Here, (x,y) are coordinates in the mask area.
As shown in FIG. 13A, dilation factors dk(x,y) are set to
have the value “1” in the pixel of interest (dk(0, 0)=1) and
have smaller values as the pixel separates from the pixel of
interest.
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[0127] Furthermore, at step S3, as represented by the
following equation (9), the maximum value is extracted
from the pixel values multiplied by the weighting factors
dk(x,y) and the pixel value of the pixel of interest is
converted into the maximum value.

g = max {Y(x, y)x dk(x, )} ©)
X,y&

[0128] Where “g" represents an image obtained by dila-
tion, “Y” represents a pixel value of the original image, and
“G” represents a mask determined based on the structure
element. By performing such processing on each of the
plural pixels forming the ultrasonic image, an image is
obtained in which the high brightness area expands as shown
in FIG. 12B.

[0129] Next, at steps S4 and S5, erosion using weighting
factors is performed on the ultrasonic image that has been
subjected to dilation.

[0130] That is, at step S4, by using the pixel of interest
(x,5)=(0,0) as the center, pixel values of pixels (x,y) within
the mask area having mask size of 7x7 are multiplied by
weighting factors ek(x,y) (hereinafter, also referred to as
“crosion factors”) as shown in FIG. 13B. As shown in FIG.
13B, the erosion factors are set to have the value “1” in the
pixel of interest (ek(0, 0)=1) and have larger values as the
pixel separates from the pixel of interest.

[0131] Furthermore, at step S5, as represented by the
following equation (10), the minimum value is extracted
from the pixel values multiplied by the weighting factors
ek(x,y) and the pixel value of the pixel of interest is
converted into the minimum value.

f' = min{g’(x, y)xek(x, y)} (10

x,yeCG

[0132] Where “f* represents an image obtained by ero-
sion. By performing such processing on each of the plural
pixels forming the ultrasonic image, an image is obtained in
which the high brightness area contracts as shown in FIG.
12C.

[0133] As clearly seen by comparison between FIG. 10C
and FIG. 12C, few artifacts due to the mask size or mask
shape appear in FIG. 12C. This is because, as shown in
FIGS. 13A and 13B, the values of factors by which the
pixels apart from the mask center are multiplied are made
smaller in the dilation of taking the maximum value within
the mask area, and the values of factors by which the pixels
apart from the mask center are multiplied are made larger in
the erosion of taking the minimum value within the mask
area, and thereby, the influence of the mask periphery on the
mask center can be made smaller.

[0134] Next, the weighting factors (dilation factors and
erosion factors) to be used in the embodiment will be
described in detail.

[0135] In order to improve the effect of reducing the
influence of the speckles without producing artifacts due to
the mask size and mask shape, it is desired that the dilation
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factors and the erosion factors are set depending on the
amounts of characteristics of speckles including sizes and
shapes of speckle patterns.

[0136] Here, the higher the frequency of the transmitted
ultrasonic waves, the higher the resolving power of the
ultrasonic image becomes. On the other hand, the lower the
frequency of the transmitted ultrasonic waves, the lower the
resolving power of the ultrasonic image becomes. Further,
the ultrasonic wave becomes easily attenuated as the fre-
quency becomes higher, and therefore, in the ultrasonic
echoes reflected from the depth part of the object, compo-
nents at relatively low frequencies remain. Accordingly,
with respect to the depth direction (distance direction) of the
object, the larger the depth, the lower the resolving power of
the ultrasonic image becomes. Thus, the size of the speckle
pattern appearing in the ultrasonic image has tendency to
become smaller as the frequency of the ultrasonic wave
transmitted from the ultrasonic probe is higher, and become
larger as the frequency of the ultrasonic wave is lower.
Further, there is a tendency that the speckle pattern becomes
small in the ultrasonic image representing the shallow part
of the object, and the speckle pattern becomes large in the
ultrasonic image representing the deep part of the object.

[0137] On the other hand, the shape of the speckle pattern
is affected by the depth of the object represented in the
ultrasonic image (hereinafter, also referred to as “depth of
ultrasonic image), the scan method of ultrasonic waves,
image processing performed on the image data, and so on.
For example, in the original image data before subjected to
coordinate conversion corresponding to the scan method, the
speckle pattern has an elliptical shape longer in the distance
direction and shorter in the azimuthal direction. Further,
when interpolation processing is performed on the original
image data obtained by linear scan, the speckle pattern
becomes to have an elliptical shape shorter in the distance
direction and longer in the azimuthal direction.

[0138] Accordingly, using the frequency of the transmis-
sion ultrasonic wave and the depth of the ultrasonic image
as parameters, the mask size, mask shape, and factor values
of the dilation factors and erosion factors are set. Alterna-
tively, as parameters, the kind and part of an organ such as
a heart or liver as a target of observation may be used. The
frequency of the transmission ultrasonic wave to be used
when a certain organ is imaged, the range of depth at which
the organ exists, the scan method, types of coordinate
conversion and so on are generally determined. Accordingly,
the frequency of the transmission ultrasonic wave, the depth
of the ultrasonic image, the scan method and so on may be
associated with the observation part in advance, and the
dilation factors and the erosion factors may be set in
accordance with each observation part. Further, a combina-
tion of the frequency of the transmission ultrasonic wave
and the depth of the ultrasonic image, a combination of the
observation part and the frequency of the transmission
ultrasonic wave, a combination of the observation part and
the depth of the ultrasonic image, or a combination of the
frequency of the transmission ultrasonic wave and the depth
of the ultrasonic image and the observation part may be
used.

[0139] Specific examples of the mask size and mask shape
of the weighting factors set based on the above-described
parameters will be cited. For example, the case where a
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linear image of the cervical part is generated by using an
ultrasonic probe for transmitting ultrasonic waves at a center
frequency of 12 MHz is considered. In this case, since the
frequency of the transmission ultrasonic wave is relatively
high and the depth of the ultrasonic image is small, the
speckle pattern is relatively small but long in the azimuthal
direction by the interpolation processing. Accordingly, for
example, an anisotropic mask of (azimuthal direction)x
(distance direction)=9x5 is used. Further, the case where a
linear image of the cervical part is generated by using
ultrasonic wave at a center frequency of 3.5 MHz is con-
sidered. In this case, since the frequency of the transmission
ultrasonic wave is relatively low and the depth of the
ultrasonic image is large, the speckle pattern becomes rela-
tively large. Accordingly, an anisotropic mask of (azimuthal
direction)x(distance direction)=9x13 is used, for example.

[0140] Next, the values of weighting factors will be
described. In dilation and erosion, the smaller the difference
in weighting factors at the mask center and the mask
periphery becomes, the larger the influence by the mask
periphery on the mask center becomes, so that the speckle
reduction effect becomes higher. Contrary, the larger the
difference in weighting factors becomes, the further speckle
reduction effect becomes moderate. Therefore, in the case
where the frequency of the transmission ultrasonic wave is
low or the deep part of the object is imaged (that is, the size
of the speckle pattern is large), the speckle reduction effect
may be made higher by making the difference in weighting
factors smaller. Specifically, the values of dilation factors are
made larger within the range less than “1”, and the values of
erosion factors are made smaller within the range more than
“1”, Contrary, in the case where the frequency of the
transmission ultrasonic wave is high or the shallow part of
the object is imaged (that is, the size of the speckle pattern
is small), the difference in weighting factors may be made
larger. Specifically, the values of dilation factors are made
smaller and the values of erosion factors are made larger. In
this case, the effect of suppressing the artifacts becomes
higher.

[0141] Further, a user may arbitrarily set the dilation
factors and erosion factors. The user sets these factors while
observing the ultrasonic image displayed on the screen, and
thereby, desired speckle reduction and artifact suppression
effects can be obtained.

[0142] Such dilation factors and erosion factors are desir-
ably in a relationship in which multiplication of factors in
corresponding positions within the mask area results in “17,
ie., in the relationship of dk(x,y)xek(x,y)=1. Thereby,
before and after the morphology processing, variations in
the brightness of the entire ultrasonic imagg, i.e., variations
in average level of pixel values of all pixels that form the
ultrasonic image can be suppressed.

[0143] As described above, according to the embodiment,
when the smoothing processing is performed on the ultra-
sonic image, speckles can be reduced while suppressing
artifacts due to the mask size and mask shape. Therefore, an
ultrasonic image with good image quality can be obtained.

[0144] The ultrasonic image processing method according
to the embodiment can not only perform smoothing on the
ultrasonic image but also obtain edge enhancement effect by
combining known linear or non-linear brightness conver-
sion, enhancement processing such as unsharp masking,
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frequency processing, etc. For example, by performing
frequency enhancement processing after performing the
image processing according to the embodiment on the
original image data, the accuracy of the edge-enhanced
image can be improved.

[0145] Next, the operation of the ultrasonic imaging appa-
ratus as shown in FIG. 9 will be described.

[0146] Prior to the start of ultrasonic imaging, a user
inputs predetermined setting items by using the input unit
191. For example, the user inputs information such as the
frequency of the transmission ultrasonic wave and the
observation part (¢.g., the name of an organ such as a heart
or liver) by using the transmission frequency input unit 192
and the observation part input unit 193. Alternatively, the
user may connect the ultrasonic probe 110 to the ultrasonic
imaging apparatus main body so that the control unit 100
may recognize the kind of the ultrasonic probe 110 and the
frequency of the transmission ultrasonic wave. Thereby, the
control unit 100 sets the predetermined items for transmit-
ting and receiving ultrasonic waves, and selects weighting
factors to be used in the morphology processing from the
plural weighting factors recorded in a weighting factor
recording unit 101 based on the parameters.

[0147] Then, when the user starts ultrasonic imaging,
under the control by the control unit 100, an ultrasonic beam
having the set frequency is transmitted from the ultrasonic
probe 110, the object is scanned in accordance with the scan
method such as linear scan, sector scan, convex scan, radial
scan, or the like. This ultrasonic beam is reflected by a
reflector existing within the object, and plural ultrasonic
echoes are received by the ultrasonic probe 110. The
received ultrasonic echoes are converted into electric signals
in the ultrasonic probe 110, and inputted as detection signals
to the ultrasonic imaging apparatus main body.

[0148] 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 130.
Thereby, wide band detection signals from which unwanted
frequency components are eliminated are obtained. These
detection signals are A/D converted, once stored in the
memory 401, and then, subjected to reception focus pro-
cessing in the reception focus processing unit 402 to gen-
erate sound ray data. Image data obtained on the basis of
thus generated sound ray data is input to the DSC 403. In the
DSC 403, the scan format conversion according to the scan
method is performed on the inputted sound ray data.

[0149] Thus, generated image data is subjected to mor-
phology processing using weighting factors, which have
been selected by the control unit 100 in advance, in the
speckle reduction processing unit 404. Alternatively, at this
time, the dilation factors and the erosion factors, which have
been arbitrarily inputted by the user, may be used.

[0150] The image data that has been subjected to speckle
reduction processing is subjected to predetermined image
processing such as gradation processing in the image pro-
cessing unit 405, once stored in the image memory 160, and
then, D/A converted and outputted. Thereby, the ultrasonic
image is displayed on the screen of the display unit 180.

[0151] Next, a modified example of the ultrasonic imaging
apparatus according to the fourth embodiment of the present
invention will be described. FIG. 14 is a block diagram
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showing the constitution of the modified example of the
ultrasonic imaging apparatus according to the embodiment.
This ultrasonic imaging apparatus includes a digital pro-
cessing unit 410 as shown in FIG. 14 in place of the digital
processing unit 400 as shown in FIG. 9. Other constitution
is the same as in the ultrasonic imaging apparatus as shown
in FIG. 9.

[0152] As clearly seen from the drawing, the order of the
data processing after reception focus processing is different
between the digital processing unit 400 as shown in FIG. 9
and the digital processing unit 410 as shown in FIG. 14.
That is, in the digital processing unit 400 as shown in FIG.
9, as well as in the general ultrasonic imaging apparatus, the
image data generated in the reception focus processing unit
401 is subjected to scan form at conversion, and then,
subjected to image processing including speckle reduction
processing. Contrary, in the digital processing unit 410 as
shown in FIG. 14, the image data is subjected to speckle
reduction processing in the speckle reduction processing
unit 404 and image processing such as gradation processing
in the image processing unit 403, and then, subjected to scan
format conversion in the DSC 403.

[0153] In this modified example, the reason for perform-
ing the speckle reduction processing before scan format
conversion on the image data is that the same advantages
exist as described above referring to FIG. 4. That is, by
performing speckle reduction processing before the speckle
pattern is deformed, uniform speckle reduction effect can be
obtained in the entire image. Accordingly, the effect of the
morphology processing using weighting factors performed
in the embodiment can be further improved. Further, by
performing speckle reduction processing in the stage in
which the amount of data is small before performing DSC,
processing can be performed at high speed. Especially, in the
case of a radial image acquired by the ultrasonic endoscope
or the like, a great effect can be obtained.

[0154] Further, generally, before subjected to scan con-
version, the speckle pattern has a shape extending longer in
the distance direction. Accordingly, in this case, an aniso-
tropic mask of (azimuthal direction)x(distance direction)=
9x13 is used, for example. Furthermore, by performing scan
conversion on the image after morphology processing,
abdominal convex image can be obtained.

[0155] Also in the modified example, y correction of the
image processing in the image processing unit 405 may be
performed after scan format conversion in the DSC 403.

[0156] Next, an ultrasonic imaging apparatus according to
the fifth embodiment of the present invention will be
described. FIG. 15 is a block diagram showing the consti-
tution of the ultrasonic imaging apparatus according to the
embodiment. This ultrasonic imaging apparatus includes a
digital processing unit 500 as shown in FIG. 15 in place of
the digital processing unit 400 as shown in FIG. 9. Other
constitution is the same as in the ultrasonic imaging appa-
ratus as shown in FIG. 9.

[0157] The digital processing unit 500 further includes a
frequency band division processing unit 501 provided in the
subsequent stage of the speckle reduction processing unit
404 to the digital processing unit 400 as shown in FIG. 9.
Other constitution in the digital processing unit 500 is the
same as in the digital processing unit 400.
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[0158] The frequency band division processing unit 501
performs frequency enhancement processing by dividing a
spatial frequency component into plural frequency bands
with respect to the image data that has been subjected to
speckle reduction processing in the speckle reduction pro-
cessing unit 404. The detailed operation of the frequency
band division processing unit 501 is the same as described
in the second embodiment of the present invention by
referring to FIG. 6.

[0159] Here, the weighting factors k, to ky_; to be used in
the multiplying unit 24 as shown in FIG. 6 are set in
accordance with the characteristics of the image data to be
processed. As in the embodiment, when the frequency
enhancement processing is performed on the image data that
has been subjected to speckle reduction processing, it is
preferable to enhance the component having relatively high
spatial frequency. In the case where image data obtained by
transmitting and receiving an ultrasonic beam at an ultra-
sonic frequency of about 12 MHz, for example, is divided
into six spatial frequency bands with a down-sampling rate
of ¥5, when the weighting factor k,, is set larger, good results
are obtained. The weighting factors k, to ky., may be
recorded in the storage unit 101 as shown in FIG. 15 in
advance in correspondence with parameters such as the
ultrasonic frequency, the depth of the object and observation
part. Alternatively, the user may input arbitrary values.

[0160] As described above, according to the embodiment,
frequency enhancement processing based on frequency band
division is performed on the image data processed in the
speckle reduction processing unit 404, and thereby, the
image in which speckles have been reduced can be subjected
to edge enhancement while suppressing artifacts. Therefore,
an ultrasonic image with high accuracy can be obtained.

[0161] Next, a modified example of the ultrasonic imaging
apparatus according to the fifth embodiment of the present
invention will be described. FIG. 16 is a block diagram
showing the constitution of the modified example of the
ultrasonic imaging apparatus according to the embodiment.
This ultrasonic imaging apparatus includes a digital pro-
cessing unit 510 as shown in FIG. 16 in place of the digital
processing unit 500 as shown in FIG. 15. Other constitution
is the same as in the ultrasonic imaging apparatus as shown
in FIG. 15.

[0162] The order of the data processing after reception
focus processing is different between the digital processing
unit 500 as shown in FIG. 15 and the digital processing unit
510 as shown in FIG. 16. That is, in the digital processing
unit 510 as shown in FIG. 16, the sound ray data generated
in the reception focus processing unit 402 is subjected to
image processing such as speckle reduction processing in
the speckle reduction processing unit 404, frequency
enhancement processing in the frequency band division
processing unit 501, and gradation processing in the image
processing unit 405, and then, subjected to scan format
conversion in the DSC 403.

[0163] In this modified example, the reason for perform-
ing the frequency band division processing before convert-
ing scan format on the image data is the same as described
above in the second embodiment. That is, since the image
data before subjected to processing such as scan conversion
includes information in a wider band and larger amount, and
therefore, by performing the frequency band division pro-
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cessing on such image data, frequency bandwidth can be
narrowed to increase the number of divided adjustable
frequency bands. Therefore, the frequency enhancement
processing can be controlled more finely, and thereby, an
ultrasonic image with high accuracy can be obtained by the
precise edge enhancement processing.

[0164] As described above, according to the fourth and
fifth embodiments of the present invention, since morphol-
ogy processing is performed on the acquired ultrasonic
image by using weighting factors set depending on positions
within the mask area, speckles can be reduced while sup-
pressing artifacts due to the structure element. Therefore, an
ultrasonic image with high image quality in which noise has
been reduced can be obtained.

1. An ultrasonic image processing apparatus for process-
ing a plurality of signals generated based on a signal
obtained by scanning an object to be inspected by using an
ultrasonic beam and respectively representing pixel values
of a plurality of pixels within an ultrasonic image, said
apparatus comprising:

image processing means for processing the plurality of
signals to reduce speckles appearing in the ultrasonic
image; and

scan converting means for converting a scan format of the
plurality of signals processed by said image processing
means.

2. The ultrasonic image processing apparatus according to
claim 1, wherein said image processing means performs first
signal processing on the plurality of signals to convert a
pixel value at a center of a mask area determined based on
a structure element in morphology processing into a maxi-
mum value of pixel values within the mask area while
moving the mask area, and performs second signal process-
ing on the plurality of signals subjected to the first signal
processing to convert a pixel value at a center of a mask area
determined based on a structure element in morphology
processing into a minimum value of pixel values within the
mask area while moving the mask area.

3. The ultrasonic image processing apparatus according to
claim 2, further comprising second image processing means
for dividing an image represented by the plurality of signals
processed by said image processing means 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 other.

4. The ultrasonic image processing apparatus according to
claim 1, wherein said image processing means divides an
image represented by the plurality of signals into a plurality
of frequency components, multiplies the plurality of fre-
quency components by predetermined weighting factors,
respectively, and adds the plurality of frequency components
multiplied by the weighting factors to each other.

5. The ultrasonic image processing apparatus according to
claim 1, wherein said image processing means performs first
signal processing on the plurality of signals to multiply pixel
values of a plurality of pixels within a mask area determined
based on a structure element in morphology processing by a
first group of weighting factors set depending on positions
within the mask area, respectively, and convert a pixel value
at a center of the mask area into a maximum value of the
pixel values multiplied by the first group of weighting
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factors while moving the mask area, and performs second
signal processing on the plurality of signals subjected to the
first signal processing to multiply pixel values of a plurality
of pixels within a mask area determined based on a structure
element in morphology processing by a second group of
weighting factors set depending on positions within the
mask area, respectively, and convert a pixel value at a center
of the mask area into a minimum value of the pixel values
multiplied by the second group of weighting factors while
moving the mask area.

6. The ultrasonic image processing apparatus according to
claim 5, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

7. The ultrasonic image processing apparatus according to
claim 5, wherein said first and second groups of weighting
factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “1”.

8. The ultrasonic image processing apparatus according to
claim 5, wherein said first and second groups of weighting
factors are set based on a frequency of ultrasonic waves to
be transmitted.

9. The ultrasonic image processing apparatus according to
claim 5, wherein said first and second groups of weighting
factors are set based on a depth of the object represented in
the ultrasonic image.

10. The ultrasonic image processing apparatus according
to claim 5, wherein said first and second groups of weighting
factors are set based on a target part of observation.

11. The ultrasonic image processing apparatus according
to claim 5, further comprising second image processing
means for dividing an image represented by the plurality of
signals processed by said image processing means into a
plurality of frequency components, multiplying the plurality
of frequency components by predetermined weighting fac-
tors, respectively, and adding the plurality of frequency
components multiplied by the weighting factors to each
other.

12. The ultrasonic image processing apparatus according
to claim 11, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

13. The ultrasonic image processing apparatus according
to claim 11, wherein said first and second groups of weight-
ing factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “1”.

14. The ultrasonic image processing apparatus according
to claim 11, wherein said first and second groups of weight-
ing factors are set based on a frequency of ultrasonic waves
to be transmitted.

15. The ultrasonic image processing apparatus according
to claim 11, wherein said first and second groups of weight-
ing factors are set based on a depth of the object represented
in the ultrasonic image.
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16. The ultrasonic image processing apparatus according
to claim 11, wherein said first and second groups of weight-
ing factors are set based on a target part of observation.

17. The ultrasonic image processing apparatus according
to claim 1, wherein said plurality of signals are obtained by
scanning the object by using an ultrasonic endoscope being
inserted into the object.

18. The ultrasonic image processing apparatus according
to claim 1, further comprising switching means for switch-
ing whether reduction of speckles by said image processing
means is performed or not based on information inputted by
a user.

19. An ultrasonic image processing apparatus for process-
ing a plurality of signals generated based on a signal
obtained by scanning an object to be inspected by using an
ultrasonic beam and respectively representing pixel values
of a plurality of pixels within an ultrasonic image, said
apparatus comprising:

image processing means for performing mask processing
on an image represented by the plurality of signals; and

scan converting means for converting a scan format of the
plurality of signals subjected to the mask processing by
said image processing means.

20. The ultrasonic image processing apparatus according
to claim 19, wherein said image processing means performs
smoothing filter processing on the image represented by the
plurality of signals.

21. The ultrasonic image processing apparatus according
to claim 20, further comprising second image processing
means for dividing an image represented by the plurality of
signals processed by said image processing means into a
plurality of frequency components, multiplying the plurality
of frequency components by predetermined weighting fac-
tors, tespectively, and adding the plurality of frequency
components multiplied by the weighting factors to each
other.

22. The ultrasonic image processing apparatus according
to claim 19, wherein said plurality of signals are obtained by
scanning the object by using an ultrasonic endoscope being
inserted into the object.

23. The ultrasonic image processing apparatus according
to claim 19, further comprising switching means for switch-
ing whether reduction of speckles by said image processing
means is performed or not based on information inputted by
a user.

24. An ultrasonic image processing apparatus for process-
ing a plurality of signals generated based on a signal
obtained by scanning an object to be inspected by using an
ultrasonic beam and respectively representing pixel values
of a plurality of pixels within an ultrasonic image, said
apparatus comprising:

scan converting means for converting a scan format of the
plurality of signals; and

image signal processing means for performing first signal
processing on the plurality of signals the scan format of
which is converted by said scan converting means to
multiply pixel values of a plurality of pixels within a
mask area determined based on a structure element in
morphology processing by a first group of weighting
factors set depending on positions within the mask
area, respectively, and convert a pixel value at a center
of the mask area into a maximum value of the pixel
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values multiplied by the first group of weighting factors
while moving the mask area, and performing second
signal processing on the plurality of signals subjected
to the first signal processing to multiply pixel values of
a plurality of pixels within a mask area determined
based on a structure element in morphology processing
by a second group of weighting factors set depending
on positions within the mask area, respectively, and
convert a pixel value at a center of the mask area into
a minimum value of the pixel values multiplied by the
second group of weighting factors while moving the
mask area.

25. The ultrasonic image processing apparatus according
to claim 24, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be
increased as separated from the center of the mask area.

26. The ultrasonic image processing apparatus according
to claim 24, wherein said first and second groups of weight-
ing factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “17.

27. The ultrasonic image processing apparatus according
to claim 24, wherein said first and second groups of weight-
ing factors are set based on a frequency of ultrasonic waves
to be transmitted.

28. The ultrasonic image processing apparatus according
to claim 24, wherein said first and second groups of weight-
ing factors are set based on a depth of the object represented
in the ultrasonic image.

29. The ultrasonic image processing apparatus according
to claim 24, wherein said first and second groups of weight-
ing factors are set based on a target part of observation.

30. The ultrasonic image processing apparatus according
to claim 24, further comprising second image processing
means for dividing an image represented by the plurality of
signals subjected to said second signal processing into a
plurality of frequency components, multiplying the plurality
of frequency components by predetermined weighting fac-
tors, respectively, and adding the plurality of frequency
components multiplied by the weighting factors to each
other.

31. The ultrasonic image processing apparatus according
to claim 30, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be
increased as separated from the center of the mask area.

32. The ultrasonic image processing apparatus according
to claim 30, wherein said first and second groups of weight-
ing factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “1”.

33. The ultrasonic image processing apparatus according
to claim 30, wherein said first and second groups of weight-
ing factors are set based on a frequency of ultrasonic waves
to be transmitted.
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34. The ultrasonic image processing apparatus according
to claim 30, wherein said first and second groups of weight-
ing factors are set based on a depth of the object represented
in the ultrasonic image.

35. The ultrasonic image processing apparatus according
to claim 30, wherein said first and second groups of weight-
ing factors are set based on a target part of observation.

36. The ultrasonic image processing apparatus according
to claim 24, wherein said plurality of signals are obtained by
scanning the object by using an ultrasonic endoscope being
inserted into the object.

37. The ultrasonic image processing apparatus according
to claim 24, further comprising switching means for switch-
ing whether reduction of speckles by said image processing
means is performed or not based on information inputted by
a user.

38. An ultrasonic image processing method of processing
a plurality of signals generated based on a signal obtained by
scanning an object to be inspected by using an ultrasonic
beam and respectively representing pixel values of a plu-
rality of pixels within an ultrasonic image, said method
comprising the steps of:

(a) processing the plurality of signals to reduce speckles
appearing in the ultrasonic image; and

(b) converting a scan format of the plurality of signals
processed at step (a).

39. The ultrasonic image processing method according to
claim 38, wherein step (a) includes performing first signal
processing on the plurality of signals to convert a pixel value
at a center of a mask area determined based on a structure
element in morphology processing into a maximum value of
pixel values within the mask area while moving the mask
area, and performing second signal processing on the plu-
rality of signals subjected to the first signal processing to
convert a pixel value at a center of a mask area determined
based on a structure element in morphology processing into
a minimum value of pixel values within the mask area while
moving the mask area.

40. The ultrasonic image processing method according to
claim 39, further comprising the steps of:

dividing an image represented by the plurality of signals
processed at step (a) into a plurality of frequency
components;

multiplying the plurality of frequency components by
predetermined weighting factors, respectively; and

adding the plurality of frequency components multiplied

by the weighting factors to each other.

41. The ultrasonic image processing method according to
claim 38, wherein step (a) includes dividing an image
represented by the plurality of signals 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 other.

42. The ultrasonic image processing method according to
claim 38, wherein step (a) includes performing first signal
processing on the plurality of signals to multiply pixel
values of a plurality of pixels within a mask area determined
based on a structure element in morphology processing by a
first group of weighting factors set depending on positions
within the mask area, respectively, and converting a pixel
value at a center of the mask area into a maximum value of
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the pixel values multiplied by the first group of weighting
factors while moving the mask area, and performing second
signal processing on the plurality of signals subjected to the
first signal processing to multiply pixel values of a plurality
of pixels within a mask area determined based on a structure
element in morphology processing by a second group of
weighting factors set depending on positions within the
mask area, respectively, and converting a pixel value at a
center of the mask area into a minimum value of the pixel
values multiplied by the second group of weighting factors
while moving the mask area.

43. The ultrasonic image processing method according to
claim 42, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

44. The ultrasonic image processing method according to
claim 42, wherein said first and second groups of weighting
factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “1”.

45. The ultrasonic image processing method according to
claim 42, wherein said first and second groups of weighting
factors are set based on a frequency of ultrasonic waves to
be transmitted.

46. The ultrasonic image processing method according to
claim 42, wherein said first and second groups of weighting
factors are set based on a depth of the object represented in
the ultrasonic image.

47. The ultrasonic image processing method according to
claim 42, wherein said first and second groups of weighting
factors are set based on a target part of observation.

48. The ultrasonic image processing method according to
claim 42, further comprising the steps of:

dividing an image represented by the plurality of signals
processed at step (a) into a plurality of frequency
components;

multiplying the plurality of frequency components by
predetermined weighting factors, respectively; and

adding the plurality of frequency components multiplied
by the weighting factors to each other.
49. The ultrasonic image processing method according to
claim 48, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

50. The ultrasonic image processing method according to
claim 48, wherein said first and second groups of weighting
factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “1”.

51. The ultrasonic image processing method according to
claim 48, wherein said first and second groups of weighting
factors are set based on a frequency of ultrasonic wave to be
transmitted.
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52. The ultrasonic image processing method according to
claim 48, wherein said first and second groups of weighting
factors are set based on a depth of the object represented in
the ultrasonic image.

53. The ultrasonic image processing method according to
claim 48, wherein said first and second groups of weighting
factors are set based on a target part of observation.

54. An ultrasonic image processing method of processing
a plurality of signals generated based on a signal obtained by
scanning an object to be inspected by using an ultrasonic
beam and respectively representing pixel values of a plu-
rality of pixels within an ultrasonic image, said method
comprising the steps of:

(2) performing mask processing on an image represented
by the plurality of signals; and

(b) converting a scan format of the plurality of signals
subjected to the mask processing at step (a).

55. The ultrasonic image processing method according to
claim 54, wherein step (a) includes performing smoothing
filter processing on the image represented by the plurality of
signals.

56. The ultrasonic image processing method according to
claim 55, further comprising the steps of:

dividing an image represented by the plurality of signals
processed at step (a) into a plurality of frequency
components;

multiplying the plurality of frequency components by
predetermined weighting factors, respectively; and

adding the plurality of frequency components multiplied
by the weighting factors to each other.

57. An ultrasonic image processing method of processing
a plurality of signals generated based on a signal obtained by
scanning an object to be inspected by using an ultrasonic
beam and respectively representing pixel values of a plu-
rality of pixels within an ultrasonic image, said method
comprising the steps of:

(2) converting a scan format of the plurality of signals;

(b) performing first signal processing on the plurality of
signals the scan format of which is converted at step (a)
to multiply pixel values of a plurality of pixels within
amask area determined based on a structure element in
morphology processing by a first group of weighting
factors set depending on positions within the mask
area, respectively, and convert a pixel value at a center
of the mask area into a maximum value of the pixel
values multiplied by the first group of weighting factors
while moving the mask arca; and

(¢) performing second signal processing on the plurality
of signals subjected to the first signal processing to
multiply pixel values of a plurality of pixels within a
mask area determined based on a structure element in
morphology processing by a second group of weighting
factors set depending on positions within the mask
area, respectively, and convert a pixel value at a center
of the mask area into a minimum value of the pixel
values multiplied by the second group of weighting
factors while moving the mask area.

58. The ultrasonic image processing method according to

claim 57, wherein:
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said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

59. The ultrasonic image processing method according to
claim 57, wherein said first and second groups of weighting
factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “17.

60. The ultrasonic image processing method according to
claim 57, wherein said first and second groups of weighting
factors are set based on a frequency of ultrasonic waves to
be transmitted.

61. The ultrasonic image processing method according to
claim 57, wherein said first and second groups of weighting
factors are set based on a depth of the object represented in
the ultrasonic image.

62. The ultrasonic image processing method according to
claim 57, wherein said first and second groups of weighting
factors are set based on a target part of observation.

63. The ultrasonic image processing method according to
claim 57, further comprising the steps of:

dividing an image represented by the plurality of signals
processed at step (c) into a plurality of frequency
components;

multiplying the plurality of frequency components by
predetermined weighting factors, respectively; and

adding the plurality of frequency components multiplied
by the weighting factors to each other.
64. The ultrasonic image processing method according to
claim 63, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

65. The ultrasonic image processing method according to
claim 63, wherein said first and second groups of weighting
factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “1”.

66. The ultrasonic image processing method according to
claim 63, wherein said first and second groups of weighting
factors are set based on a frequency of ultrasonic waves to
be transmitted.

67. The ultrasonic image processing method according to
claim 63, wherein said first and second groups of weighting
factors are set based on a depth of the object represented in
the ultrasonic image.

68. The ultrasonic image processing method according to
claim 63, wherein said first and second groups of weighting
factors are set based on a target part of observation.

69. An ultrasonic image processing program for process-
ing a plurality of signals generated based on a signal
obtained by scanning an object to be inspected by using an
ultrasonic beam and respectively representing pixel values
of a plurality of pixels within an ultrasonic image, said
program allowing a CPU to execute the procedures of:

(a) processing the plurality of signals to reduce speckles
appearing in the ultrasonic image; and
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(b) converting a scan format of the plurality of signals
processed at procedure (a).

70. The ultrasonic image processing program according to
claim 69, wherein procedure (a) includes performing first
signal processing on the plurality of signals to convert a
pixel value at a center of a mask area determined based on
a structure element in morphology processing into a maxi-
mum value of pixel values within the mask area while
moving the mask area, and performing second signal pro-
cessing on the plurality of signals subjected to the first signal
processing to convert a pixel value at a center of a mask area
determined based on a structure element in morphology
processing into a minimum value of pixel values within the
mask area while moving the mask area.

71. The ultrasonic image processing program according to
claim 70, wherein said program allows the CPU to further
execute the procedures of:

dividing an image represented by the plurality of signals
processed at procedure (2) into a plurality of frequency
components,

multiplying the plurality of frequency components by
predetermined weighting factors, respectively; and

adding the plurality of frequency components multiplied

by the weighting factors to each other.

72. The ultrasonic image processing program according to
claim 69, wherein procedure () includes dividing an image
represented by the plurality of signals 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 other.

73. The ultrasonic image processing program according to
claim 69, wherein procedure (a) includes performing first
signal processing on the plurality of signals to multiply pixel
values of a plurality of pixels within a mask area determined
based on a structure element in morphology processing by a
first group of weighting factors set depending on positions
within the mask area, respectively, and converting a pixel
value at a center of the mask area into a maximum value of
the pixel values multiplied by the first group of weighting
factors while moving the mask area, and performing second
signal processing on the plurality of signals subjected to the
first processing to multiply pixel values of a plurality of
pixels within a mask area determined based on a structure
element in morphology processing by a second group of
weighting factors set depending on positions within the
mask area, respectively, and converting a pixel value at a
center of the mask area into a minimum value of the pixel
values multiplied by the second group of weighting factors
while moving the mask area.

74. The ultrasonic image processing program according to
claim 73, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area;
and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

75. The ultrasonic image processing program according to

claim 73, wherein said first and second groups of weighting

factors are set such that a value obtained by multiplying

corresponding factors within the mask area in said first and
second groups together becomes “1”.
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76. The ultrasonic image processing program according to
claim 73, wherein said first and second groups of weighting
factors are set based on a frequency of ultrasonic waves to
be transmitted.

77. The ultrasonic image processing program according to
claim 73, wherein said first and second groups of weighting
factors are set based on a depth of the object represented in
the ultrasonic image.

78. The ultrasonic image processing program according to
claim 73, wherein said first and second groups of weighting
factors are set based on a target part of observation.

79. The ultrasonic image processing program according to
claim 73, wherein said program allows the CPU to further
execute the procedures of:

dividing an image represented by the plurality of signals
processed at procedure (a) into a plurality of frequency
components;

multiplying the plurality of frequency components by
predetermined weighting factors, respectively; and

adding the plurality of frequency components multiplied
by the weighting factors to each other.
80. The ultrasonic image processing program according to
claim 79, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the mask center, and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

81. The ultrasonic image processing program according to
claim 79, wherein said first and second groups of weighting
factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “1”.

82. The ultrasonic image processing program according to
claim 79, wherein said first and second groups of weighting
factors are set based on a frequency of ultrasonic waves to
be transmitted.

83. The ultrasonic image processing program according to
claim 79, wherein said first and second groups of weighting
factors are set based on a depth of the object represented in
the ultrasonic image.

84. The ultrasonic image processing program according to
claim 79, wherein said first and second groups of weighting
factors are set based on a target part of observation.

85. An ultrasonic image processing program for process-
ing a plurality of signals generated based on a signal
obtained by scanning an object to be inspected by using an
ultrasonic beam and respectively representing pixel values
of a plurality of pixels within an ultrasonic image, said
program allowing a CPU to execute the procedures of:

(a) performing mask processing on an image represented
by the plurality of signals; and

(b) converting a scan format of the plurality of signals
subjected to the mask processing at procedure (a).

86. The ultrasonic image processing program according to
claim 85, whercin procedure (a) includes performing
smoothing filter processing on the image represented by the
plurality of signals.

87. The ultrasonic image processing program according to
claim 86, wherein said program allows the CPU to further
execute the procedures of:
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dividing an image represented by the plurality of signals
processed at procedure (2) into a plurality of frequency
components;

multiplying the plurality of frequency components by
predetermined weighting factors, respectively; and

adding the plurality of frequency components multiplied

by the weighting factors to each other.

88. An ultrasonic image processing program for process-
ing a plurality of signals generated based on a signal
obtained by scanning an object to be inspected by using an
ultrasonic beam and respectively representing pixel values
of a plurality of pixels within an ultrasonic image, said
program allowing a CPU to execute the procedures of:

(2) converting a scan format of the plurality of signals;

(b) performing first signal processing on the plurality of
signals the scan format of which is converted at pro-
cedure (a) to multiply pixel values of a plurality of
pixels within a mask area determined based on a
structure element in morphology processing by a first
group of weighting factors set depending on positions
within the mask area, respectively, and convert a pixel
value at a center of the mask area into a maximum
value of the pixel values multiplied by the first group of
weighting factors while moving the mask area; and

(¢) performing second signal processing on the plurality
of signals subjected to the first signal processing to
multiply pixel values of a plurality of pixels within a
mask area determined based on a structure element in
morphology processing by a second group of weighting
factors set depending on positions within the mask
area, respectively, and convert a pixel value at a center
of the mask arca into a minimum value of the pixel
values multiplied by the second group of weighting
factors while moving the mask area.

89. The ultrasonic image processing program according to

claim 88, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

90. The ultrasonic image processing program according to

claim 88, wherein said first and second groups of weighting

factors are set such that a value obtained by multiplying

corresponding factors within the mask area in said first and
second groups together becomes “1”.
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91. The ultrasonic image processing program according to
claim 88, wherein said first and second groups of weighting
factors are set based on a frequency of ultrasonic waves to
be transmitted.

92. The ultrasonic image processing program according to
claim 88, wherein said first and second groups of weighting
factors are set based on a depth of the object represented in
the ultrasonic image.

93. The ultrasonic image processing program according to
claim 88, wherein said first and second groups of weighting
factors are set based on a target part of observation.

94. The ultrasonic image processing program according to
claim 88, wherein said program allows the CPU to further
execute the procedures of:

dividing an image represented by the plurality of signals
processed at procedure (c) into a plurality of frequency
components;

multiplying the plurality of frequency components by
predetermined weighting factors, respectively; and

adding the plurality of frequency components multiplied
by the weighting factors to each other.
95. The ultrasonic image processing program according to
claim 94, wherein:

said first group of weighting factors are set so as to be
reduced as separated from the center of the mask area,
and

said second group of weighting factors are set so as to be

increased as separated from the center of the mask area.

96. The ultrasonic image processing program according to
claim 94, wherein said first and second groups of weighting
factors are set such that a value obtained by multiplying
corresponding factors within the mask area in said first and
second groups together becomes “1”.

97. The ultrasonic image processing program according to
claim 94, wherein said first and second groups of weighting
factors are set based on a frequency of ultrasonic waves to
be transmitted.

98. The ultrasonic image processing program according to
claim 94, wherein said first and second groups of weighting
factors are set based on a depth of the object represented in
the ultrasonic image.

99. The ultrasonic image processing program according to
claim 94, wherein said first and second groups of weighting
factors are set based on a target part of observation.
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