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ULTRASONIC DIAGNOSIS APPARATUS AND
PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2009-
187819, filed Aug. 13, 2009; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
anultrasonic diagnosis apparatus and a program for causing a
computer to function as the ultrasonic diagnosis apparatus
and, more particularly, to an ultrasonic diagnosis apparatus
which acquires and displays a tissue image or a contrast-
enhanced bubble image by transmitting and receiving ultra-
sonic waves and a program which causes a computer to func-
tion as the ultrasonic diagnosis apparatus.

BACKGROUND

[0003] Recently, ultrasonic diagnosis apparatuses have
been widely used in the general medical field. An ultrasonic
diagnosis apparatus allows real-time visual recognition of,
for example, the pulsation of the heart of an object and the
movement of a fetus with the simple operation of only bring-
ing an ultrasonic probe into contact with the body surface of
the object. The ultrasonic diagnosis apparatus is considered
highly safe for human bodies, and can be repeatedly used for
examination.

[0004] In addition, the ultrasonic diagnosis apparatus is
smaller in system size than other medical image diagnosis
apparatuses such as an X-ray diagnosis apparatus, CT appa-
ratus, and MRI apparatus. Therefore, for example, this appa-
ratus allows easy examination upon being moved to a bed
side. More specifically, although it depends on the types of
functions of the ultrasonic diagnosis apparatuses, for
example, compact apparatuses which can be carried with, for
example, one hand have been developed.

[0005] As described above, the ultrasonic diagnosis appa-
ratus is free from the influence of exposure to radiation and
the like and is small in size, and hence can be used for home
medical care services and the like.

[0006] Theultrasonic diagnosis apparatus has a problem of
so-called speckle noise caused by simultaneous occurrence of
reflection and scattering of ultrasonic waves due to amedium,
small bioligical tissue, or the like in an object. This speckle
noise degrades not only the image quality of a video but also
accuracy in the display of an important form such as the
boundary between a body organ to be observed and the back-
ground. Such speckle noise is a significant trouble in fields of
video interpretation, organ recognition, and the like using
videos acquired by the ultrasonic diagnosis apparatus.
[0007] In order to solve this problem, for example, the
following technique is disclosed in Jpn. Pat. Appln. KOKAI
Publication No. 2006-116307.

[0008] That is, Jpn. Pat. Appln. KOKAI Publication No.
2006-116307 discloses a technique including a step (a) of
decomposing a two-dimensional ultrasonic input video into a
plurality of multiresolution videos at N (a positive integer)
levels, a step (b) of determining the characteristic of each
pixel of each decomposed video, a step (c) of executing image
quality improvement processing for each decomposed video
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based on the pixel characteristics, a step (d) of executing
1-level composition of the decomposed videos, and a step (e)
of repeatedly executing the steps (b) to (d) until the size of the
composite video becomes equal to that of the above two-
dimensional ultrasonic video. More specifically, wavelet
transform is used for multiresolution analysis used in the step
(a).

[0009] The technique disclosed in Jpn. Pat. Appln. KOKAI
Publication No. 2006-116307 removes speckle noise and
hence improves the image quality of a video acquired by the
ultrasonic diagnosis apparatus.

[0010] The ultrasonic diagnosis apparatus performs imag-
ing by transmitting ultrasonic waves from the ultrasonic
probe to the inside of an object and receiving reflected signals
from the inside of the object. For this reason, in the process of
propagation of ultrasonic waves in an object, for example,
ultrasonic waves are scattered or attenuated. That is, the
deeper a region is located in an object, the more difficult to
visualize it by the ultrasonic diagnosis apparatus.

[0011] Morespecifically, the distance resolution is superior
but the depth sensitivity is inferior when the wave train length
of the transmission waveform of an ultrasonic wave is short
than when the wave train length is long. In addition, the higher
the frequency of an ultrasonic wave, the higher the spatial
resolution. However, since the degree of attenuation of the
ultrasonic wave during propagation increases, the depth sen-
sitivity decreases.

[0012] The same applies to contrast-enhanced ultrasonog-
raphy. In contrast-enhanced ultrasonography, the detection
sensitivity of contrast-enhanced bubbles is obviously impor-
tant. The ability to visually recognize contrast-enhanced
bubbles with high spatial resolution is also important in a
clinical point of view because, for example, it facilitates
visual recognition of the marginal information of a lesion.
[0013] As described above, in the ultrasonic diagnosis
apparatus, there exists the so-called tradeoff between the
sensitivity of an acquired video and the resolution, and it is
very difficult to satisfy both the requirements.

[0014] Note that the technique disclosed in Jpn. Pat. Appln.
KOKAI Publication No. 2006-116307 is not a technique that
solves this problem.

[0015] The present invention has been made in consider-
ation of the above situation, and has as its object to provide an
ultrasonic diagnosis apparatus and program which can
acquire a video that satisfies both the requirements for sensi-
tivity (luminance) and resolution (visibility).

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1is a block diagram showing the system con-
figuration of an ultrasonic diagnosis apparatus according to
an embodiment of the present invention;

[0017] FIG. 2 is a view showing the principle of image
composition processing by an image generating circuit 24 in
an ultrasonic diagnosis apparatus 10 according to this
embodiment;

[0018] FIG. 3 is a view for explaining the processing of
acquiring images a and b by switching transmission waves
alternately for each frame, and generating a composite image
¢ by performing the above image composition processing
between two consecutive frames;

[0019] FIG. 4 is a view for explaining the processing of
acquiring the images a and b by switching transmission waves
for each raster, and generating a composite image ¢ by per-
forming image composition processing for each raster;
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[0020] FIG.5isablock diagram showing an example of the
system configuration of an ultrasonic diagnosis apparatus
according to a modification;

[0021] FIG. 6 is a view showing a processing (speckle
removal processing) procedure based on a speckle removal
function executed by a speckle removal processing unit; and
[0022] FIG. 7 is a flowchart showing a filter processing
procedure executed by a nonlinear anisotropic diffusion filter.

DETAILED DESCRIPTION

[0023] In general, according to one embodiment, an ultra-
sonic diagnosis apparatus which acquires tomographic image
data by scanning a predetermined region of an object with an
ultrasonic wave has the following arrangement. That is, the
ultrasonic diagnosis apparatus includes an ultrasonic probe
configured to transmit an ultrasonic wave to the object and
receive an echo signal from inside the object, a first transmis-
sion wave generating unit configured to generate, as a trans-
mission wave for the scanning, a first transmission wave for
acquisition of an image with a higher priority on sensitivity
than on resolution, a second transmission wave generating
unit configured to generate, as a transmission wave for the
scanning, a second transmission wave for acquisition of an
image with a higher priority on resolution than on sensitivity,
a multiresolution analysis unit configured to perform multi-
resolution analysis based on predetermined transform pro-
cessing on the first image acquired by scanning using the first
transmission wave and the second image acquired by scan-
ning using the second transmission wave, a filter operation
unit configured to perform predetermined filter operation for
corresponding coefficients of the first image and the second
image for each coefficient of each resolution acquired by the
multiresolution analysis unit by the predetermined transform
processing, and an inverse transform unit configured to gen-
erate a composite image of the first image and the second
image by performing inverse transform processing of trans-
form processing by the multiresolution analysis unit for an
operation result obtained by the filter operation unit.

[0024] FIG. 1 is a block diagram showing the system con-
figuration of an ultrasonic diagnosis apparatus 10 according
to this embodiment. As shown in FIG. 1, the ultrasonic diag-
nosis apparatus 10 includes an ultrasonic probe 12, an input
device 13, a monitor 14, a transmission/reception unit 21, a
B-mode processing unit 22, a Doppler processing unit 23, an
image generating circuit 24, a control processor 25, an inter-
nal storage device 26, an interface 29, a storage unit 30, and a
position sensor unit 31.

[0025] Obviously, the transmission/reception unit 21 and
the like may be implemented by hardware such as integrated
circuits or may be implemented by software modules as soft-
ware programs.

[0026] Theultrasonic probe 12 is a device (probe) in charge
of transmitting and receiving ultrasonic signals applied/re-
flected to/from an object P based on driving signals from the
transmission/reception unit 21, and is formed by a piezoelec-
tric element such as a piezoelectric ceramic element serving
as an electromechanical reversible transducer element. The
ultrasonic probe 12 is of, for example, a phased array type that
has, on its distal end portion, a plurality of piezoelectric
elements arranged in an array. With this arrangement, the
ultrasonic probe 12 converts an applied pulse driving voltage
into an ultrasonic pulse signal, transmits it in a desired direc-
tion in a scan area of an object, and converts an ultrasonic
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signal reflected by the object into an echo signal with a volt-
age corresponding to the ultrasonic signal.

[0027] Assume that the ultrasonic probe 12 is, for example,
a two-dimensional array probe (a probe having ultrasonic
transducers arranged in a matrix form) capable of three-di-
mensionally scanning an object. Obviously, however, the
ultrasonic probe 12 may be a one-dimensional array probe (a
probe having ultrasonic transducers arranged along one
direction) configured to perform three-dimensional scanning
by a manual, mechanical, or divergent beam system.

[0028] The input device 13 is connected to the ultrasonic
diagnosis apparatus 10 and includes a trackball 134 and vari-
ous switches 134 for inputting, to the ultrasonic diagnosis
apparatus 10, various instructions from the operator, an
instruction to set a region of interest (ROI), and various
instructions to set various image quality conditions.

[0029] The monitor 14 displays images of morphological
information, blood flow information, and the like inside a
living body based on video signals generated by the image
generating circuit 24.

[0030] Thetransmission/reception unit 21 includes a pulser
circuit, delay circuit, trigger generating circuit, amplifier cir-
cuit, A/D converter, and adder all of which are not shown. The
pulser circuit repetitively generates rate pulses for the forma-
tion of transmission ultrasonic waves at a predetermined rate
frequency fr Hz (period: 1/{r sec). The delay circuit gives each
rate pulse a delay time necessary to focus an ultrasonic wave
into a beam and determine transmission directivity for each
channel. The trigger generating circuit applies a driving pulse
to the ultrasonic probe 12 at the timing based on this rate
pulse. The amplifier circuit amplifies an echo signal received
through the ultrasonic probe 12 for each channel. The A/D
converter gives each amplified echo signal a delay time nec-
essary to determine reception directivity. The adder then per-
forms addition processing to enhance the reflection compo-
nent ofthe echo signal from the direction corresponding to the
reception directivity, and forms a synthetic beam for ultra-
sonic transmission/reception in accordance with the recep-
tion directivity and transmission directivity.

[0031] Note that the transmission/reception unit 21 has a
function of instantly changing a transmission frequency,
transmission driving voltage, or the like to execute a prede-
termined scan sequence in accordance with an instruction
from the control processor 25.

[0032] The B-mode processing unit 22 performs logarith-
mic amplification and envelope detection processing for the
echo signal output from the transmission/reception unit 21 to
generate data whose signal intensity is expressed by a lumi-
nance level. This data is output to the image generating circuit
24. The monitor 14 then displays the data as a B-mode image
representing the intensity of a reflected wave by luminance.
[0033] The Doppler processing unit 23 frequency-analyzes
velocity information and outputs, to the image generating
circuit 24, the analysis result as a signal carrying blood flow or
tissue moving velocity information inside the object.

[0034] The image generating circuit 24 performs coordi-
nate conversion of output signals from the B-mode process-
ing unit 22 and the Doppler processing unit 23 into display
coordinates, and performs various kinds of image processing
and composition processing associated with a B-mode image
and CFM (Color Flow Mapping) image. The image generat-
ing circuit 24 further performs various kinds of quantitative
analyses and measurements based on these images, and per-
forms image processing such as adding information indicat-
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ing the respective results to the images. The image generating
circuit 24 then converts the resultant image signals into scan
signals for TV and outputs them as video signals to the moni-
tor 14.

[0035] Note that when performing multiplane display
based on three-dimensional scanning (displaying a plurality
of ultrasonic images associated with different slices), the
image generating circuit 24 generates image data for sequen-
tially or simultaneously displaying images of a plurality of
slices obtained by three-dimensional scanning in a predeter-
mined form.

[0036] The control processor 25 is a control unit which has
a function as an information processing apparatus (computer)
and comprehensively controls the operation of the ultrasonic
diagnosis apparatus 10. The control processor 25 reads out
control programs for the execution of image generating/dis-
play operation from the internal storage device 26 as needed.
The control processor 25 expands the control program in a
memory area which it has, and executes arithmetic operation/
control operation and the like associated with various kinds of
processing.

[0037] The internal storage device 26 stores control pro-
grams for the execution of a predetermined scan sequence,
image generation, and display processing, diagnosis informa-
tion (a patient ID, findings by a doctor, and the like), a diag-
nosis protocol, transmission/reception conditions, and other
data. Note it is possible to transfer data stored in the internal
storage device 26 to an external peripheral apparatus via the
interface 29.

[0038] Theinterface 29 is an interface for connection to the
input device 13, a network, an external storage device (not
shown), and the like. Note that the interface 29 can transfer
data such as ultrasonic images, analysis results, and the like
acquired by the ultrasonic diagnosis apparatus 10 to another
apparatus via a network.

[0039] The storage unit 30 includes an image memory 30a
1o store the images acquired by the ultrasonic diagnosis appa-
ratus 10 and various kinds of images acquired via a network
and a software storage unit 305 to store software for causing
the ultrasonic diagnosis apparatus 10 to function.

[0040] The position sensor unit 31 is a sensor unit for
detecting the position and direction of the ultrasonic probe 12.

[0041] This embodiment is configured to perform compo-
sition processing of images acquired by scanning using dif-
ferent kinds of transmission waves. FIG. 2 is a view showing
the principle of image composition processing by the image
generating circuit 24 in the ultrasonic diagnosis apparatus 10
according to the embodiment. The above image composition
processing will be described by taking, as an example, a case
in which two images, namely images a and b, are composited.

[0042] First of all, the image generating circuit 24 uses an
ultrasonic wave having a transmission waveform with a rela-
tively long wave train length as a transmission wave, and
extracts only signal components in the second harmonic band
from a reception wave through a bandpass filter, thereby
acquiring the image a which is a sensitivity-priority image.
Note that it is possible to receive second harmonic compo-
nents with high sensitivity by using a phase modulation tech-
nique (called phase inversion, phase modulation, phase sub-
traction, and the like). The image generating circuit 24 then
uses an ultrasonic wave having a transmission waveform with
a relatively short wave train length as a transmission wave,
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and visualizes the second harmonic band like the image a,
thereby obtaining the image b which is a resolution-priority
image.

[0043] Theimage generating circuit 24 uses a transmission
sequence of switching between transmission of a transmis-
sion wave for the acquisition of the image a and transmission
of a transmission wave for the acquisition of the image b
frame by frame. Obviously, it is possible to switch transmis-
sion and reception raster by raster.

[0044] The image generating circuit 24 performs coordi-
nate conversion of the images acquired by the respective
types of scanning and then performs multiresolution analysis
of the two consecutive images. In addition, to perform mul-
tiresolution analysis, two-dimensional discrete wavelet trans-
form at an L level (for example, about 2 or 3) is performed.
This operation will be described in detail below.

[0045] The following is a case in which two-dimensional
discrete wavelet transform at level 3 is performed to perform
multiresolution analysis of the images a and b.

[0046] First ofall, the image generating circuit 24 performs
two-dimensional discrete wavelet transform (dwt) at level 1
to decompose each of the images a and b into wavelet coef-
ficients A1 (Approximation), H1 (Horizontal detail), V1 (Ver-
tical detail), and D1 (Diagonal detail) (the respective wavelet
coeflicients of the image a will be referred to as Ala, Hla,
Vla, and Dla, and the respective wavelet coefficients of the
image b will be referred to as A1b, H1b, V15, and D1b; that is,
ooa and oob respectively represent coefficients co of the
images a and b).

[0047] The image generating circuit 24 then obtains A2,
H2, V2, and D2 by further performing two-dimensional dis-
crete wavelet transform of Al. The image generating circuit
24 obtains A3, H3, V3, and D3 by further performing two-
dimensional discrete wavelet transform of A2. The above
processing is performed for both the images a and b.

[0048] In this case, new coefficients are generated by per-
forming predetermined arithmetic operations using the cor-
responding wavelet coefficients. As the predetermined arith-
metic operations, for example, the following arithmetic
operations can be presented:

[0049] setting A3=A3a, or executing Mean(A3a, A3b), or
increasing the ratio of A3a like 0.8*A3a+0.2*A35, and add-
ing/averaging the corresponding wavelet coefficients;

[0050] setting H3=H3b or increasing the ratio of H3b, and
adding/averaging the corresponding wavelet coefficients;
[0051] setting V3=V3b or increasing the ratio of V35, and
adding/averaging the corresponding wavelet coefficients;
[0052] setting D3=D3b or increasing the ratio of D35, and
adding/averaging the corresponding wavelet coefficients;
[0053] setting H2=H2b or increasing the ratio of H2b, and
adding/averaging the corresponding wavelet coefficients;
[0054] setting V2=V2b or increasing the ratio of V25, and
adding/averaging the corresponding wavelet coefficients;
[0055] setting D2=D2b or increasing the ratio of D25, and
adding/averaging the corresponding wavelet coefficients;
[0056] setting H1=H15 or increasing the ratio of H1b, and
adding/averaging the corresponding wavelet coefficients;
[0057] setting V1=V1b or increasing the ratio of V15, and
adding/averaging the corresponding wavelet coefficients; and
[0058] setting D1=D15 or increasing the ratio of D15, and
adding/averaging the corresponding wavelet coefficients.
[0059] In this case, Mean(a, b) represents the arithmetic
operation of calculating the average value of coefficients oo
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of the images a and b. Note that if b=0, it is possible to output
the value of a, whereas if a=0, it is possible to output the value
of b.

[0060] Upon performing the above arithmetic operations,
the image generating circuit 24 calculates the coefficient A2
by performing two-dimensional inverse discrete wavelet
transform (idwt) for the coefficients A3, H3, V3, and D3. The
image generating circuit 24 further calculates the coefficient
Al by performing two-dimensional inverse discrete wavelet
transform for the coefficients A2, H2, V2, and D2. The image
generating circuit 24 then obtains a composite image from the
coefficients A1, H1, V1, and D1 by performing two-dimen-
sional inverse discrete wavelet transform.

[0061] The above image composition processing will be
described in detail below. This processing will be described
by taking, as an example, a case in which arithmetic opera-
tions are performed for two frames for each wavelet coeffi-
cient.

[0062] First of all, assume that the arithmetic function to be
used is func(al, a2, . . ., aN, M, Level), where al, a2, .. ., aN
represent input data, M=0 represents Approximation, M=1
represents Horizontal detail, M=2 represents Vertical detail,
M=3 represents Diagonal detail, and Level represents a wave-
let expansion count. In addition idwt2 represents two-dimen-
sional inverse discrete wavelet transform.

[0063] The above arithmetic operations are represented by

A(L)=func(A(L,n),A(L,n-1), . .. ,A(L,n-k),0,L)
H(L)=func(H(L,n),H(L,n-1), . . . H(L,n-k),1,L)
V(L)=tunc(V(L,n),V(L,n-1), . .. ,V(L,n-k),2,L.)

D(L)=func(D(L,n),D(L,n-1), . .. ,D(L,n-k),3,L)
H(L-1)~func(H(L-1.0),H(L-1,n-1), ... H(L-1,n-k),1,L-
D

V(L-1)=func(V(L-1,n),V(L-1,n-1), . .. ,V(L-1,n-k),2,L-
1)

D(L-1)=func(D(L-1.n),D(L-1,n-1), . .. ,.D(L-1,n-k),3,L-
)

H(1)=func(H(L,n),HL,n-1), . .. H(L,n-k),1,1)
V(1)=func(V(L,n),V(L,n-1), ... ,V(Ln-k),2,1)
D(1)=func(D(L,n),D(,n-1), . .. ,D(L,n-k),3,1)
A(L-1)=idwt2(A(L),H(L),V(L),D(L))

A(L-2)=idwt2(A(L-1),H(L-1),V(L-1),D(L-1))

A(0)=idwi2(A(1),H(1),V(1),D(1))

[0064] In this case, A(0) represents an image after compo-
sition processing.

[0065] The following is an example of the arithmetic func-
tions. That is, at all Levels,

func(al, a2, . .., aN, M, Level)j=a M=0

func(al, a2, . . ., aN, M, Level)=a2 M=1, 2, 3

[0066] That is, with regard to Approximation, arithmetic
operations are performed by using the coefficients of the
image a. With regard to other coefficients, arithmetic opera-
tions are performed by using the coefficients of the image b.
Obviously, itis possible to execute adding/averaging process-
ing with predetermined allocation ratios instead of using one
of the sets of the coefficients of the images a and b. It is also
possible to set allocation ratios in such adding/averaging pro-
cessing to the values desired by the user. It is obviously
possible to provide an operation unit or the like to allow the
user to perform such setting.

[0067] As described above, using the coefficients of the
image a with regard to “Approximation” coefficient can
obtain a rough luminance distribution and structure of an
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image from the image a. On the other hand, since the infor-
mation of the image b is reflected in “detail” coefficients of H,
V, D, the resultant image will inherit the apparent granularity
and the like of the image b.

[0068] In this case, the following merit is obtained when
acquiring the images a and b by switching the above trans-
mission waves frame by frame and generating a composite
image ¢ by performing the above image composition process-
ing between two consecutive frames, as shown in, for
example, FI1G. 3. When the monitor 14 displays the composite
image generated by the above processing, the apparent frame
rate does not change.

[0069] On the other hand, assume that the images a and b
are acquired by switching transmission waves alternately for
each raster, and the composite image ¢ is generated by per-
forming the above composition processing for each raster, as
shown in, for example, FI1G. 4. A merit of this processing is
that when the monitor 14 displays the generated composite
image, the time phase shift in a frame is small. In this case,
however, the frame rate decreases.

[0070] To overcome this problem, it is possible to suppress
adecrease in frame rate by changing the number of rasters for
theimages a and b (reducing the number of transmission wave
rasters of the image a to almost half). Since high resolution is
not required for the image a, reducing the number of trans-
mission wave raters to about half will pose no problem.

[0071] In the above case, although arithmetic operations
are performed by using only the coefficient of each pixel, itis
obviously possible to perform arithmetic operations by using
the coefficients of neighboring pixels. For example, as a
method of calculating the “AbsMax” of two images at posi-
tion (X, y), it is possible to use a method of calculating an
average valueal of neighboring 5x5 points including (x, y) of
the first image, calculating an average value a2 of neighboring
5x5 points including (x, y) of the second image, and using a
larger one of the absolute values of al and a2 as an output
value at (X, y).

[0072] The above sequence of image composition process-
ing performed by the ultrasonic diagnosis apparatus accord-
ing to this embodiment can be easily on sale and distributed as
a single software product independent of the ultrasonic diag-
nosis apparatus by programming the sequence or storing the
resultant program in a storage medium. In addition, the tech-
nique according to the embodiment can be used on other
hardware.

[0073] As described above, this embodiment can provide
an ultrasonic diagnosis apparatus and program which can
acquire a video satisfying both the requirements for sensitiv-
ity (luminance) and resolution (visibility).

[0074] More specifically, it is possible to generate animage
inheriting both the merits of the images a and b by performing
arithmetic operations of mainly outputting the coefficients of
the image a with high sensitivity (high luminance) with
regard to low-frequency components acquired by wavelet
transform and mainly outputting the coefficients of the image
b with high resolution (high visibility) with regard to high-
frequency components. Therefore, the merits of two images
having different advantages can be expressed on one image.
This contributes to an improvement in examination efficiency
and diagnosis efficiency.

[0075] Obviously, it is also possible to perform filter pro-
cessing for edge enhancement and speckle reduction in com-
bination with the above image composition processing by the
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ultrasonic diagnosis apparatus according to the above
embodiment. This processing will be described in detail
below.

[First Modification]

[0076] This apparatus may perform processing as a combi-
nation of multiresolution analysis like that disclosed in, for
example, Jpn. Pat. Appln. KOKAI Publication No. 2006-
116307 and a nonlinear diffusion filter like that described
below before the above image composition processing. Per-
forming such processing can generate a more viewable image
with less speckle and enhanced edges.

[0077] A speckle removal function using a nonlinear diffu-
sion filter will be described in detail below. This speckle
removal function acquires low-frequency decomposed image
dataat the first to nth levels (where n is a natural number equal
to or more than two) and high-frequency decomposed image
data at the first to nth levels by hierarchically performing
multiresolution decomposition of image data (raw data)
before so-called scan conversion processing by the image
generating circuit 24. The function then performs nonlinear
anisotropic diffusion filtering for output data from the next
lower layer or the low-frequency decomposed image data on
the lowest layer, and filtering for generating edge information
of a signal for each layer from the output data from the next
lower layer or the low-frequency decomposed image data on
the lowest layer.

[0078] This function also controls the signal level of the
high-frequency decomposed image data for each layer based
on the edge information on each layer and hierarchically
performs multiresolution composition ofthe output data from
the nonlinear anisotropic diffusion filter and the output data of
the high-frequency level control, which are obtained on each
layer. Performing such processing will remove speckle by the
synergetic effect of the multiresolution decomposition and
the nonlinear anisotropic diffusion filter processing. For the
sake of a concrete description, this embodiment will exem-
plify a case in which the number n of levels of multiresolution
decomposition is 3. However, this case is merely an example,
and the number n may be any value as long as it is a natural
number equal to or more than two, for example.

[0079] FIG.5is ablock diagram showing an example of the
system configuration of an ultrasonic diagnosis apparatus
according to this modification. The main difference between
the ultrasonic diagnosis apparatus according to this modifi-
cation and the ultrasonic diagnosis apparatus according to the
above embodiment is whether they include a speckle removal
processing unit 46.

[0080] FIG. 6 is a view showing processing (speckle
removal processing) procedure executed by the speckle
removal processing unit 46.

[0081] As shown in FIG. 6, first of all, a wavelet transform
unit 261a of level 1 performs multiresolution decomposition
of image data (raw data) input from the B-mode processing
unit 22. In this case, “wavelet transform” means discrete
wavelet transform. In addition, wavelet transform is an
example of multiresolution decomposition, and the technical
idea of the present invention is not limited to this technique.
For example, multiresolution decomposition may be imple-
mented by other techniques such as the Laplacian pyramid
method.

[0082] As a result of the multiresolution decomposition,
image data after decomposition is decomposed into a low-
frequency image LL, a horizontal high-frequency image LH,
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a vertical high-frequency image HL, and a diagonal high-
frequency image HH, of which horizontal and vertical lengths
are half of those before the decomposition. Among the image
data acquired by the decomposition, the wavelet transform
unit 2614 outputs the low-frequency image LL to a wavelet
transform unit 262a of level 2 and outputs the horizontal
high-frequency image LLH, the vertical high-frequency image
HL, and the diagonal high-frequency image HH to a high-
frequency level control unit 2615.

[0083] The wavelet transform unit 2624 of level 2 acquires
the low-frequency image LL, the horizontal high-frequency
image LH, the vertical high-frequency image HL, and the
diagonal high-frequency image HH by performing multireso-
lution decomposition of the low-frequency image LI, output
from the wavelet transform unit 2614 of level 1. The wavelet
transform unit 262a outputs the low-frequency image LI to a
wavelet transform unit 2634 of level 2 and outputs the hori-
zontal high-frequency image LH, the vertical high-frequency
image HL, and the diagonal high-frequency image HH to a
high-frequency level control unit 2625.

[0084] The wavelet transform unit 263« of level 2 acquires
the low-frequency image LL, the horizontal high-frequency
image LH, the vertical high-frequency image HL, and the
diagonal high-frequency image HH by performing multireso-
lution decomposition of the low-frequency image LL output
from the wavelet transform unit 262a of level 2. The wavelet
transform unit 2634 outputs the low-frequency image L1 to a
nonlinear anisotropic diffusion filter 263¢ of level 3, and
outputs the horizontal high-frequency image LH, the vertical
high-frequency image HL, and the diagonal high-frequency
image HH to a high-frequency level control unit 2634
[0085] The nonlinear anisotropic diffusion filter 263¢ of
level 3 then performs filtering of the low-frequency image LL
and outputs the low-frequency image LL after the filtering to
an inverse wavelet transform unit 2634. In addition, the non-
linear anisotropic diffusion filter 263¢ of level 3 generates
edge information based on the low-frequency image LI and
outputs the information to the inverse wavelet transform unit
2634.

[0086] A nonlinear anisotropic diffusion filter will be
described below. The nonlinear anisotropic diffusion filter is
expressed by the following partial differential equation (1).

al P (1)
T iV ]

where 1 is the pixel level of an image to be processed, VI is the
gradient vector of the image, t is the time for the processing,
and D is diffusion tensor, which can be expressed by the
following expression (2).

dy d A0 2)
D:(“ 12]:1{ 1 ]RT
dip dnp 0 A

where R is a rotation matrix. The diffusion tensor D indicates
an arithnietic operation of applying coefficients A1 and A2 to
the gradient vector of each pixel in a specific direction and a
direction perpendicular to the specific direction. The direc-
tion is the direction of the edge of a detected image, and the
coefficient depends on the size of the edge.
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[0087] In order to detect the size and direction of the edge,
it is general to acquire the structure tensor of the image and
calculate its eigenvalue and eigenvector. The eigenvalue is
associated with the size of the edge, and the eigenvector
indicates the direction of the edge. The structure tensor is
defined by equation (3) given below.
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where Ix and Iy represent spatial differentiation of the image
I to be processed in the x (horizontal) and y (vertical) direc-
tions, Gp represents a two-dimensional Gaussian function,
and an operator “*” represents convolution. The calculation
ofthe size and direction of an edge need not strictly follow the
above method. Instead of calculating Ix and Iy as the first step
in processing, a sobel filter or a high-frequency component of
multiresolution decomposition may be applied.

[0088] Although the method of calculating the coefficients
A1 and A2 differs depending on the characteristics of an
ultrasonic image in each diagnostic field, it is useful to pre-
pare a general expression so that the coefficients can be
adjusted by some parameters.

[0089] In addition, the calculation of the filter itself is per-
formed by a numerical analysis method using a partial differ-
ential equation. That is, from the pixel level of a pixel at a
given point and pixel levels of, for example, pixels at nine
points around the pixel and each element value of diffusion
tensor at time t, a new pixel level at the point at time t+At is
calculated. The same calculation is then repeated once to
several times with t+At as new t.

[0090] FIG. 7 is a flowchart showing a filter processing
procedure executed by the nonlinear anisotropic diffusion
filter 263¢ (or 261¢ or 262¢). As shown in FIG. 7, the nonlin-
ear anisotropic diffusion filter 263¢ differentiates the input
low-frequency image LL in the x and y directions (step S1)
and calculates structure tensors s11, s12, and s22 (step S2).
Note that the calculation in step S2 also includes calculation
using a Gaussian filter.

[0091] The nonlinear anisotropic diffusion filter 263¢ cal-
culates the size of the edge from each element of the structure
tensor (step S3). This calculation result is used for partial
differential equation calculation in a subsequent stage and
processing in the high-frequency level control unit 2635 (or
2625 or 2615).

[0092] The nonlinear anisotropic diffusion filter 263¢ then
calculates each coefficient used in the numerical analysis of
the partial differential equation of the nonlinear anisotropic
diffusion filter based on each element of the structure tensor
(step S4). In addition, the processing in this step also includes
the calculation of the structure tensor, and also uses the size of
the edge in the calculation for efficient processing.

[0093] The nonlinear anisotropic diffusion filter 263c¢
repeatedly executes numerical-analytical calculation of the
partial differential equation once or several times (step S5).
The result obtained by the calculation is output to the inverse
wavelet transform unit 263d (or 261d or 2624d).

[0094] AsshowninFIG. 6, the high-frequency level control
unit 263b of level 3 receives the horizontal high-frequency
image LH, the vertical high-frequency image HL, the diago-
nal high-frequency image HH, and edge information associ-
ated with these three components and controls a high-fre-
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quency level according to the images and the edge
information. In this embodiment, the edge information is the
size of an edge normalized based on the eigenvalue of the
structure tensor, a product of the size and each high-frequency
image is calculated for each pixel, and a control coefficient of
each high-frequency image is applied to the result.

[0095] As another example, there is a method of setting a
threshold for the size of an edge, determining that a given
portion is an edge when its size is equal to or more than the
threshold, and applying a control coefficient of each high-
frequency image to a region other than the edge. Three high-
frequency images processed in this manner are input to the
inverse wavelet transform unit 2634.

[0096] The inverse wavelet transform unit 263d forms one
composite image from the low-frequency image LL output
from the nonlinear anisotropic diffusion filter 263¢ and the
horizontal high-frequency image LH, the vertical high-fre-
quency image HL, and the diagonal high-frequency image
HH output from the high-frequency level control unit 26354.
The horizontal and vertical lengths of the composite image
are twice those of an input image.

[0097] The composite image output from the inverse wave-
let transform unit 2634 of level 3 is input to the nonlinear
anisotropic diffusion filter 262¢ of level 2, is subjected to the
same filtering processing as that at level 3, and is then trans-
mitted to the low-frequency image input of the inverse wave-
let transform unit 2624.

[0098] On the other hand, the high-frequency level control
unit 2625 performs the same high-frequency control as that at
level 3 for the horizontal high-frequency image LH, the ver-
tical high-frequency image HL, and the diagonal high-fre-
quency image HH output from the wavelet transform unit
262a. The high-frequency level control unit 2625 then trans-
mits the resultant images to the high-frequency image input of
the inverse wavelet transform unit 262d. The inverse wavelet
transform unit 2624 forms one composite image data from
one low-frequency image and three high-frequency images in
the same manner as level 3.

[0099] In addition, the composite image output from the
inverse wavelet transform unit 2624 of level 2 is input to the
nonlinear anisotropic diffusion filter 261 of level 1, is sub-
jected to the same filtering processing as that at levels 2 and 3,
and is then transmitted to the low-frequency image input of
the inverse wavelet transform unit 2614.

[0100] On the other hand, the high-frequency level control
unit 2615 performs the same high-frequency control as that at
levels 2 and 3 for the horizontal high-frequency image LH,
the vertical high-frequency image HIL, and the diagonal high-
frequency image HH output from the wavelet transform unit
261a. The high-frequency level control unit 2615 then trans-
mits the resultant images to the high-frequency image input of
the inverse wavelet transform unit 2614. The inverse wavelet
transform unit 261d forms one composite image data from
one low-frequency image and three high-frequency images in
the same manner as levels 2 and 3.

[0101] The composite image data formed by the above
processing is transmitted from the speckle removal process-
ing unit 46 to the image generating circuit 24. The image
generating circuit 24 composites the composite image data
with character information, scale, and the like of various
parameters, converts the result into a scanning line signal
string in a general video format typified by a TV format, and
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generates an ultrasonic diagnostic image as a display image.
The monitor 14 displays the generated ultrasonic image in a
predetermined form.

[0102] As described above, this modification can provide
an ultrasonic diagnosis apparatus and program which have
the following effects in addition to effects similar to those of
the above embodiment.

[0103] This ultrasonic diagnosis apparatus hierarchically
performs multiresolution decomposition of image data (raw
data) before scan conversion processing to acquire low-fre-
quency decomposed image data at the first to nth levels
(where n is a natural number equal to or more than two) and
high-frequency decomposed image data at the first to nth
levels, performs nonlinear anisotropic diffusion filtering for
output data from the next lower layer or the low-frequency
decomposed image data on the lowest layer, and performs
filtering for generating edge information of a signal for each
layer from the output data from the next lower layer or the
low-frequency decomposed image data on the lowest layer.
[0104] In addition, this apparatus controls the signal level
of the high-frequency decomposed image data for each layer
based on the edge information on each layer and hierarchi-
cally performs multiresolution composition of the output data
from the nonlinear anisotropic diffusion filter and the output
data of the high-frequency level control, which are obtained
on each layer. With this processing, the apparatus removes
speckle by the synergetic effect of the multiresolution decom-
position and the nonlinear anisotropic diffusion filter process-
ing. Therefore, compared with a case in which only a filter is
applied, speckle removal processing in which the speckle is
fine and an interface of tissues is clearer can be implemented.
As aresult, a high-quality diagnostic image can be provided,
which can contribute to an improvement in the quality of
image diagnosis.

[0105] In addition, this ultrasonic diagnosis apparatus
applies the nonlinear anisotropic diffusion filter after reduc-
ing an image by multiresolution decomposition. Accordingly,
compared with a case in which a nonlinear anisotropic diffu-
sion filter is applied directly to an original image, the process-
ing area (the amount of data to be processed) can be reduced.
As aresult, high-speed processing can be implemented com-
pared with a nonlinear anisotropic diffusion filter which
requires much time for calculation.

[0106] Furthermore, according to the ultrasonic diagnosis
apparatus, since only a B-mode image is processed in speckle
removal processing, the processing does not influence a color
Doppler image even if the color Doppler image is superim-
posed on the B-mode image. As a result, it is possible to
implement high-quality speckle removal without restricting
the degree of freedom in image processing or image display
and without influencing the processing speed even if the
resolution of a display system increases.

[0107] Note that the image a with poor resolution has a
problem associated with false recognition of an edge, and
hence the above filter processing cannot be sometimes be
applied strongly. Therefore, when edge information is to be
extracted, the information may be calculated from the image
b before arithmetic operation between the images, and a
smoothing filter may be applied to the image after the arith-
metic operation by using the calculation result. This can sup-
press false recognition of an edge and the like.

[0108] The above embodiment and modification use dis-
crete wavelet transform as multiresolution analysis. In gen-
eral discrete wavelet transform, an LPF (Low Pass Filter) and
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HPF (High Pass Filter) are applied to information, and the
respective outputs are downsampled to half. For this reason,
the amount of information does not change before and after
the wavelet transform. When inverse wavelet transform is
performed after operation of coefficients in wavelet shrink-
age, block-like artifact may appear on an image.

[0109] Inconsideration of such a situation, it is conceivable
to use stationary wavelet transform as multiresolution analy-
sis instead of discrete wavelet transform.

[0110] Stationary wavelet transform is configured not to
perform downsampling. For this reason, when, for example,
stationary wavelet transform of a two-dimensional image is
performed once, the amount of information increases four
times. However, even when inverse transform of the image is
performed after wavelet shrinkage, any block-like artifact
like that described above does not appear.

[0111] It is also possible to use one of various types of
pyramid transforms such as Laplacian pyramid transform,
RoL (Ratio of low pass) pyramid transform, and gradient
pyramid transform as multiresolution analysis instead of
wavelet transform.

[0112] The main difference between wavelet transform and
pyramid transform is that wavelet transform is orthogonal
transform, but pyramid transform is not necessarily orthogo-
nal transform. However, like wavelet transform, pyramid
transform allows multiresolution analysis.

[0113] Note that it is possible to apply the above embodi-
ment and modification to image composition processing
based on the above frequency compound. When, for example,
an amplitude modulation method is to be used, since only
bubbles are visualized, only the fundamental wave band can
be used. In this case, however, the frequency band is narrow,
and hence the obtained image has poor resolution. For this
reason, this image is set as the image a, and an image con-
taining up to the second harmonic is set as the image b. The
above composition processing is performed for the images a
and b to obtain an image with high sensitivity and good
resolution. This method need not switch transmission waves,
and hence is free from a reduction in frame rate.

[0114] The above embodiment includes inventions of vari-
ous stages, and various inventions can be extracted by proper
combinations of a plurality of disclosed constituent elements.
Evenif, forexample, several constituent elements are omitted
from all the constituent elements in the embodiment, the
problem described in “Description of the Related Art” can be
solved. If the effects described above can be obtained, the
arrangement from which these constituent elements are omit-
ted can be extracted as an invention.

[Second Modification]

[0115] Contrast-enhanced ultrasonography requires good
spatial resolution and high contrast-enhanced bubble detec-
tion sensitivity, and also requires high separation between
contrast-enhanced bubbles and the tissue. The second modi-
fication has been made in consideration of this situation.

[0116] To avoid a redundant description, the differences
between the above embodiment and the first modification will
be described below. The ultrasonic diagnosis apparatus and
program according to the second modification acquire the
images a and b described above by the following processing.
[0117] The image a is acquired by a technique known by
those skilled in the art as an AM (Amplitude Modulation)
method. In the AM method, when repetitively generating rate
pulses, the pulser circuit repetitively generates the rate pulses
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while amplitude-modulating them at a predetermined (e.g.,
5-kHz) rate frequency fr Hz (period: 1/fr sec).

[0118] The AM method provides superior separation
between contrast-enhanced bubbles and the tissue, and exhib-
its high depth sensitivity.

[0119] The image b is acquired by a technique known by
those skilled in the artas a PM (Phase Modulation) method. In
the PM method, when repetitively generating rate pulses, the
pulser circuit repetitively generates the rate pulses while
phase-modulating them at a predetermined (e.g., 5-kHz) rate
frequency fr Hz (period: 1/fr sec).

[0120] The PM method provides superior spatial resolu-
tion. However, the PM method is regarded as a method which
does not provide superior separation between contrast-en-
hanced bubbles and the tissue.

[0121] Like the above embodiment and the first modifica-
tion, the second modification switches between transmission
of a transmission wave for the acquisition of the image a and
transmission of a transmission wave for the acquisition of the
image b alternately for each frame or raster. This modification
performs multiresolution analysis of the image a obtained by
the AM method and the image b obtained by the PM method,
and further performs composition processing.

[0122] As described above, the second modification can
obtain effects similar to those of the ultrasonic diagnosis
apparatus and program according to the above embodiment
and provide an ultrasonic diagnosis apparatus and program
which have the following effects.

[0123] The second modification can provide an ultrasonic
diagnosis apparatus and program which satisfy both the
requirements for sensitivity (luminance) and resolution (vis-
ibility) and provide good separation between contrast-en-
hanced bubbles and the tissue.

[0124] In order to reduce the time difference between
acquired images, scanning for the acquisition of the image a
may be performed with a smaller number of rasters than that
of scanning for the acquisition of the image b. In addition, it
is possible to provide a UI for changing the composition ratio
between the images a and b.

[0125] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasonic diagnosis apparatus which acquires tomo-
graphic image data by scanning a predetermined region of an
object with an ultrasonic wave, the apparatus comprising:

an ultrasonic probe configured to transmit an ultrasonic
wave to the object and receive an echo signal from inside
the object;

a first transmission wave generating unit configured to
generate, as a transmission wave for the scanning, a first
transmission wave for acquisition of an image with a
higher priority on sensitivity than on resolution;

a second transmission wave generating unit configured to
generate, as a transmission wave for the scanning, a
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second transmission wave for acquisition of an image
with a higher priority on resolution than on sensitivity;

a multiresolution analysis unit configured to perform mul-
tiresolution analysis based on predetermined transform
processing on the first image acquired by scanning using
the first transmission wave and the second image
acquired by scanning using the second transmission
wave;

a filter operation unit configured to perform predetermined
filter operation for corresponding coefficients of the first
image and the second image for each coefficient of each
resolution acquired by the multiresolution analysis unit
by the predetermined transform processing; and

an inverse transform unit configured to generate a compos-
ite image of the first image and the second image by
performing inverse transform processing of transform
processing by the multiresolution analysis unit for an
operation result obtained by the filter operation unit.

2. The apparatus according to claim 1, wherein the multi-
resolution analysis unit petforms, as the predetermined trans-
form processing, any one of wavelet transform, stationary
wavelet transform, and pyramid transform.

3. The apparatus according to claim 1, wherein the prede-
termined filter operation performed by the filter operation
unit comprises one of adding/averaging processing of corre-
sponding coefficients of the first image and the second image
for each resolution and adding/averaging processing of coef-
ficients with resolutions lower than a predetermined resolu-
tion upon increasing a ratio of the first image and adding/
averaging processing of coefficients with resolutions higher
than a predetermined resolution upon increasing a ratio of the
second image.

4. The apparatus according to claim 1, wherein the prede-
termined filter operation performed by the filter operation
unit comprises a filter operation using coefficients of the first
image as the coeflicients of resolutions lower than the prede-
termined resolution and using coefficients of the second
image as the coefficients with resolutions higher than the
predetermined resolution.

5. The apparatus according to claim 1, wherein the first
image and the second image comprise images obtained by
scanning while switching the first transmission wave and the
second transmission wave frame by frame.

6. The apparatus according to claim 1, wherein the first
image and the second image comprise images obtained by
scanning while switching the first transmission wave and the
second transmission wave raster by raster.

7. The apparatus according to claim 1, further comprising
an edge processing unit configured to extract edge position
information from the second image after processing by the
multiresolution analysis unit and before processing by the
filter operation unit and perform edge enhancement process-
ing or edge preserving smoothing filter processing for each
coeflicient of the first image based on the extracted edge
information.

8. The apparatus according to claim 1, wherein a wave train
length of the first transmission wave is longer than a wave
train length of the second transmission wave.

9. The apparatus according to claim 1, wherein contrast
medium bubbles are injected into a capillary vessel in the
object, and the sensitivity indicates a detectability of the
contrast medium bubbles.

10. The apparatus according to claim 1, wherein the num-
ber of the first transmission waves generated by the first



US 2011/0040183 Al

transmission wave generating unit is substantially % the
number of the second transmission waves generated by the
second transmission wave generating unit.

11. An ultrasonic diagnosis apparatus which acquires
tomographic image data by scanning a predetermined region
of an object with an ultrasonic wave, the apparatus compris-
ing:

a transmission unit configured to transmit a predetermined

transmission wave to the object;

a reception unit configured to acquire a first image with a
higher priority on sensitivity than on resolution and a
second image with a higher priority on resolution than
on sensitivity by receiving echo signals from the object,
to which the transmission waves have been transmitted,
with a plurality of reception frequencies and reception
bands;

a multiresolution analysis unit configured to perform mul-
tiresolution analysis based on predetermined transform
processing for the first image and the second image
acquired by the reception unit;

a filter operation unit configured to perform predetermined
filter operation for corresponding coefficients of the first
image and the second image for each coefficient of each
resolution acquired by the multiresolution analysis unit
by the predetermined transform processing; and

an inverse transform unit configured to generate acompos-
ite image of the first image and the second image by
performing inverse transform processing of transform
processing by the multiresolution analysis unit for an
operation result obtained by the filter operation unit.

12. An ultrasonic diagnosis apparatus which acquires
tomographic image data by scanning a predetermined region
of an object, in which a contrast medium has been injected,
with an ultrasonic wave, the apparatus comprising:

an ultrasonic probe configured to transmit an ultrasonic
wave o the object and receive an echo signal from inside
the object;

a first transmission wave generating unit configured to
generate a first transmission wave by a amplitude modu-
lation method as a transmission wave for the scanning;

a second transmission wave generating unit configured to
generate a second transmission wave by a phase modu-
lation method as a transmission wave for the scanning;

a multiresolution analysis unit configured to perform mul-
tiresolution analysis based on predetermined transform
processing on the first image acquired by scanning using
the first transmission wave and the second image
acquired by scanning using the second transmission
wave;

a filter operation unit configured to perform predetermined
filter operation for corresponding coefficients of the first
image and the second image for each coefficient of each
resolution acquired by the multiresolution analysis unit
by the predetermined transform processing; and

an inverse transform unit configured to generate acompos-
ite image of the first image and the second image by
performing inverse transform processing of transform
processing by the multiresolution analysis unit for an
operation result obtained by the filter operation unit.

13. A program which causes a computer to function as an
ultrasonic diagnosis apparatus which acquires tomographic
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image data by scanning a predetermined region of an object
with an ultrasonic wave, the program causing the computer to
implement

a function of transmitting an ultrasonic wave to the object
and receiving an echo signal from inside the object,

a first transmission wave generating function of generat-
ing, as a transmission wave for the scanning, a first
transmission wave for acquisition of an image with a
higher priority on sensitivity than on resolution,

a second transmission wave generating function of gener-
ating, as a transmission wave for the scanning, a second
transmission wave for acquisition of an image with a
higher priority on resolution than on sensitivity,

a multiresolution analysis function of performing multi-
resolution analysis based on predetermined transform
processing on the first image acquired by scanning using
the first transmission wave and the second image
acquired by scanning using the second transmission
wave,

a filter operation function of performing predetermined
filter operation for corresponding coefficients of the first
image and the second image for each coefficient of each
resolution acquired by the multiresolution analysis
function) by the predetermined transform processing,
and

an inverse transform function of generating a composite
image of the first image and the second image by per-
forming inverse transform processing of transform pro-
cessing by the multiresolution analysis function for an
operation result obtained by the filter operation function.

14. A program which causes a computer to function as an

ultrasonic diagnosis apparatus which acquires tomographic
image data by scanning a predetermined region of an object,
in which a contrast medium has been injected, with an ultra-
sonic wave, the program causing the computer to implement

a function of transmitting an ultrasonic wave to the object
and receiving an echo signal from inside the object,

a first transmission wave generating function of generating
a first transmission wave by a amplitude modulation
method as a transmission wave for the scanning,

a second transmission wave generating function of gener-
ating a second transmission wave by a phase modulation
method as a transmission wave for the scanning,

a multiresolution analysis function of performing multi-
resolution analysis based on predetermined transform
processing on the first image acquired by scanning using
the first transmission wave and the second image
acquired by scanning using the second transmission
wave,

a filter operation function of performing predetermined
filter operation for corresponding coefficients of the first
image and the second image for each coefficient of each
resolution acquired by the multiresolution analysis
function by the predetermined transform processing,
and

an inverse transform function of generating a composite
image of the first image and the second image by per-
forming inverse transform processing of transform pro-
cessing by the multiresolution analysis function for an
operation result obtained by the filter operation function.
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