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MODULE FOR PROCESSING ULTRASONIC
SIGNAL BASED ON SPATIAL COHERENCE
AND METHOD FOR PROCESSING
ULTRASONIC SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 USC 119
(a) to Korean Application No. 10-2014-0035009 filed on Mar.
26, 2014, the disclosure of the prior application being incor-
porated herein in its entirety by reference in the disclosure of
this application.

BACKGROUND

[0002] 1.Field

[0003] Apparatuses and methods consistent with the exem-
plary embodiments relate to a module for processing an ultra-
sonic signal based on spatial coherence and a method for
processing an ultrasonic signal, and more particularly, to a
module for processing an ultrasonic signal based on spatial
coherence and a method for processing an ultrasonic signal
that is configured to obtain an enhanced ultrasonic image by
processing a reflected ultrasonic signal based on characteris-
tics of a reflector or a medium.

[0004] 2. Description of the Related Art

[0005] Various types of diagnosis methods and treatment
methods using characteristics of ultrasound that is transmit-
ted to a human body as a medium are publicly known. As a
representative example of medical ultrasonography, an ultra-
sound-based diagnostic imaging technique refers to a tech-
nique that is used to detect and visualize a distance between
an ultrasonic transducer and a boundary surface of a medium
within internal body and echo signals for diagnosis. The
ultrasound-based diagnostic imaging technique may be clas-
sified into A-mode diagnostic imaging technique, M-mode
diagnostic imaging technology, B-mode diagnostic imaging
technique and Doppler mode (D-mode) diagnostic imaging
technology.

[0006] As one of the ultrasound-based diagnostic imaging
technique, the B-mode has been developed focusing on a
beam-forming method for forming a proper ultrasonic beam
for human body using a plurality of ultrasonic array elements
and on a signal processing technology. In the B-mode, signals
that have been transmitted by respective ultrasonic array ele-
ments are amplified and collected by a beam former, and radio
frequency (RF) data that have been transmitted by the beam
former may be demodulated to obtain an amplitude envelope
to thereby form an ultrasonic image. Thereafter, the ampli-
tude envelope data are converted into synthetic image data by
a scan converter and then are processed into an ultrasonic
image by a video processor to be displayed in a monitor.
[0007] Inthe course of obtaining reception data to form an
ultrasonic image, signals that are scattered and returned from
small reflectors have ununiform amplitudes while being col-
lected by an ultrasonic collection system, and thus ultrasonic
images have inherent noise images called speckle. Such
speckle is placed on an image of a human organ and hinders
a detailed diagnosis of areas. Accordingly, it is important to
remove speckle noise from an image to thereby enhance a
quality of an ultrasonic image.

[0008] To remove such speckle noise, image processing
uses difference in characteristics between the speckle noise
and a desired image signal. In general, noise has a high
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frequency and thus speckle noise may be reduced from an
ultrasonic image through low pass filter filtering. In such case,
however, even boundaries of organs which have a high fre-
quency are also removed from the ultrasonic image even
though such boundaries should be shown with a high resolu-
tion in the image.

[0009] The foregoing prior art has such a disadvantage that
characteristics of an entire image vary depending on propet-
ties of a filter used. Therefore, it is disclosed herein that an
image of a target or an ultrasonic beam is formed on the basis
of delay characteristics, in connection with the technology for
enhancing quality of ultrasonic images or improving ultra-
sonic beam-forming.

[0010] Thepresent invention offers amethod for enhancing
quality ofultrasonic images that is different from the methods
or technologies disclosed by the prior art or other known arts.
The purpose of the present invention is to reduce speckle
noise and to enhance quality of images based on calculation
of correlation of ultrasonic signals transmitted by respective
elements of an array transducer that is made to identify
whether signals of image points are those reflected by organs
or are speckle noise.

PRIOR ART LITERATURE

Non-Patent Literature

[0011] 1) M. A.Lediju, G. E. Trahey, B. C. Byram and J. J.
Dahl, “Short-Lag Spatial Coherence of Backscattered
Echos: Imaging Characteristics,” IEEE Transaction of
Ultrasonic Ferroelectronics, and Frequency Control, vol.
58, no. 7, pp. 1377-1388, 2011.

[0012] 2) P. Perona and J. Malik, “Scale-space and edge
detection using anisotropic diffusion,” in Proceedings of
IEEE Computer Society workshop on Computer Vision,
pp. 12-27, 1989.

SUMMARY

[0013] Accordingly, one or more exemplary embodiments
provide a module for processing an ultrasonic signal based on
spatial coherence and a method for processing an ultrasonic
signal that is configured to obtain ultrasonic images with
enhanced quality by differently filtering image forming data
that has been obtained through a normal signal processing
method for obtaining ultrasonic images, according to spatial
correlation between reception signals transmitted by ultra-
sonic elements and application of weight of area characteris-
tics.

[0014] The foregoing and/or other aspects may be achieved
by providing a module for processing an ultrasonic signal that
receives an ultrasonic signal reflected from the inside of a
human body and forms an image based on the ultrasonic
signal, the module for processing an ultrasonic signal com-
prising: a transducer comprising a plurality of reception ele-
ments to receive the reflected ultrasonic signal; a radio fre-
quency (RF) signal processor configured to process signals
transmitted to the transducer; a spatial coherence calculation
unit configured to calculate spatial coherence from the
received ultrasonic signal; a label unit configured to apply a
value of an area, which is to be visualized, according to area
characteristics, based on the value processed by the spatial
coherence calculation unit; a filter unit configured to correct
peculiarity of the label unit; and an image enhancement filter
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configured to enhance an image by differently applying char-
acteristics of the filter depending on spatial coherence.
[0015] The foregoing and/or other aspects may be achieved
by providing the module for processing an ultrasonic signal,
wherein a type of the filter unit or the image enhancement
filter or a filter value is a user-defined parameter.

[0016] The foregoing and/or other aspects may be achieved
by providing a method for processing an ultrasonic signal,
comprising a delay function to grant a delay time function to
respective reception elements to obtain a collected signal for
a specific area.

[0017] The foregoing and/or other aspects may be achieved
by providing a method for processing an ultrasonic signal
comprising: receiving an ultrasound that has been reflected by
a diagnosed target in a human body; converting the received
ultrasonic signal into radio frequency (RF) data by granting
delay time to respective reception elements to obtain a col-
lected signal for a specific area; calculating spatial coherence
with respect to the RF data and giving a weight according to
characteristics of the diagnosed target; filtering peculiarity of
the characteristics; and enhancing an image by differently
applying characteristics of a filter according to the spatial
coherence.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and/or other aspects will become appar-
ent and more readily appreciated from the following descrip-
tion of the exemplary embodiments, taken in conjunction
with the accompanying drawings, in which:

[0019] FIG. 1 is a block diagram of an embodiment of a
method for processing an ultrasonic signal according to the
present invention;

[0020] FIG. 2 illustrates an embodiment of a signal pro-
cessing process at each phase of the method for processing an
ultrasonic signal according to the present invention;

[0021] FIG. 3 illustrates an embodiment of a spatial coher-
ence calculation unit that may apply to the method for pro-
cessing an ultrasonic signal according to the present inven-
tion;

[0022] FIG. 4 illustrates an embodiment of an ultrasonic
signal processing module according to the present invention;
and

[0023] FIG. 5 illustrates an embodiment of a method for
processing an ultrasonic signal according to the present
invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0024] Below, exemplary embodiments will be described
in detail with reference to accompanying drawings so as to be
easily realized by a person having ordinary knowledge in the
art. The exemplary embodiments may be embodied in various
shapes without being limited to the exemplary embodiments
set forth herein. Descriptions of well-known parts are omitted
for clarity, and like reference numerals refer to like elements
throughout.

[0025] To remove speckle noise and to enhance quality of
images, an ultrasonic image for which an envelope has been
detected is processed through a low pass filter by using char-
acteristics of noise that has a high frequency. In such case,
however, the part of the ultrasonic image that has a high
frequency like a boundary of organs is also processed through
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the lower pass filter and thus speckle is reduced from the
ultrasonic image but also other information is lost.

[0026] According to the present invention, the filter differ-
ently applies by using difference in characteristics of speckle
noise in the area from which a signal is obtained and of a
target image signal. A transmitted ultrasound is reflected by a
reflector and shows different reflection characteristics
depending on the size of reflectors with respect to the ultra-
sonic wavelength. Internal human organs are sufficiently
large compared to the wavelength, and the reflected signals
become signals with high correlation and in a similar shape
when transmitted to ultrasonic reception elements. However,
signals from the area in which reflectors are smaller than the
ultrasonic wavelength are scattered and are differently inci-
dent to elements of the transducer. Accordingly, by calculat-
ing correlation of signals transmitted to the elements of the
transducer, it can be identified whether such signals are from
human organs or from small reflectors. In the present inven-
tion, adaptive filtering separately applies to organ areas and to
speckle areas according to correlation of received signals to
thereby reduce speckle and to enhance quality of images.

[0027] According to the present invention, correlation of
ultrasonic signals transmitted to respective elements of an
array transducer is calculated to identify whether signals from
image points are those reflected by organs or are speckle
noise.

[0028] According to the present invention, an ultrasonic
image system processes ultrasonic images and simulta-
neously calculates correlation of areas from which images are
to be provided and uses the calculation result in filtering and
removing speckle from ultrasonic images to thereby enhance
quality of images. In this specification, spatial coherence and
spatial correlation are used as the same or similar meaning.

[0029]

[0030] FIG. 1 is a block diagram of an embodiment of a
method for processing an ultrasonic signal according to the
present invention.

[0031] A process for processing an ultrasonic signal
according to the present invention may include an operation
of receiving by respective elements of a transducer in a time-
delayed form an ultrasonic signal Rx that has been transmit-
ted to a human body and then reflected by a predetermined
area (P11); an operation of calculating spatial correlation
based on the time-delayed reception ultrasonic signal
received by the ultrasonic elements of the transducer (P12);
an operation of forming a spatial coherence matrix from the
calculated spatial correlation (P13); an operation of calculat-
ing a label matrix according to characteristics of reflected
areas within ahuman body in addition to the spatial coherence
matrix (P14); detecting and filtering peculiarity according to
aperipheral area based on label result (P15); and an operation
of enhancing an image by applying an adaptive filter to an
image based on the filtered label result (P16).

[0032] The purpose of the method or device according to
the present invention is to enhance quality of B-mode ultra-
sonic images, and the foregoing method is characterized by
enhancing quality of a B-mode image by adding an adaptive
filtering process to a calculated spatial coherence. The device
or method for processing an ultrasonic signal according to the
present invention may apply to form a B-mode image for
ultrasonic diagnosis, but not limited thereto. For example, the
device or method according to the present invention may
apply to obtain an image of a treated area during a highly

This will be described later in more detail.
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intensive ultrasonic treatment. The device or method accord-
ing to the present invention may apply to diagnosis of various
modes or treatment.

[0033] An ultrasonic signal that is transmitted to a diag-
nosed area in a human body may be generated by a plurality
of ultrasonic elements arranged in a transducer, and may be a
beam-forming ultrasonic signal to form a focus on a prede-
termined area or be an ultrasonic signal that does not form a
focus due to non-existence of a predetermined area. The
signal that is reflected by the predetermined area in the human
body may be transmitted to the same ultrasonic element or to
an ultrasonic element that is arranged in a different location
from the location of another ultrasonic element for transmis-
sion. The ultrasonic element for reception of ultrasonic sig-
nals may be arranged in a structure known in the art, and time
delay of the ultrasonic signals transmitted to the respective
elements may be calculated.

[0034] Spatial correlation may be calculated according to
time delay of a received ultrasonic signal (P12). Spatial cor-
relation may be calculated on the basis of time delay received
by respective ultrasonic elements arranged in the transducer.
Spatial correlation between ultrasonic elements that are dis-
tant from each other by m (0 or a natural number) may be
calculated by the following formula 1:

n < Formulal >

o D SHISil)

1 i=mp
r(m) = mz —

2 % 2
S5 m) 2 Sim(m)
i

i=ny

[0035] Inthe formula 1 above, r(m) is spatial correlation, N
is the number of entire ultrasonic elements, N-m is the size of
a kernel, and s,(n) refers to data of the ith ultrasonic element
that has been obtained from the depth n.

[0036] Ifthe spatial correlation between different elements
is calculated by the formula 1, spatial coherence may be also
calculated, and the spatial coherence r may be the sum of the
spatial correlation and M. The spatial coherence r may be
represented by the following formula 2:

< Formula2 >

[0037] Inthe formula2 above, rrefers to spatial correlation.
A single scalar is obtained with respect to a sampling location
on which a focus of the reflected area in the human body is
formed, and respective sampling locations may be stored in a
2D arrangement (matrix 1) (P13).

[0038] Ifa2D matrix (matrix I) related to spatial coherence
is calculated, label characteristics may be applied according
to characteristics of the reflected area (P14). Label character-
istics means reflection characteristics of an ultrasonic signal.
Ultrasonic signals may have different reflection characteris-
tics depending on density or distribution of a medium. A
strong reflector that is sufficiently large compared to ampli-
tude of ultrasound has a high spatial coherence. A small
medium such as blood corpuscle that is smaller compared to
amplitude of ultrasound may have a low spatial coherence
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due to scattering of ultrasound. Accordingly, characteristics
ofanarea, an ultrasonic image of which is to be obtained, may
be calculated on the basis of the calculated spatial coherence.
More specifically, a structural area that has a strong reflector
such as a bone or diaphragm has a high spatial coherence
while a uniform area that has a small material such as a soft
tissue or the inside of blood vessel has a low spatial coher-
ence. Such characteristics may be shown in spatial coherence,
and the label value z may be +1 in a structural area with high
density, and may be -1 ina uniform area with low density, and
may be between -1 and +1 in an area that is in the middle of
the structural area and the uniform area, and may be calcu-
lated by the following formula 3:

+1, rzh < Formula 3 >
-1, rea
=
r—1 .
, otherwise

-1

[0039] In the formula 3 above, t1 and t2 refer to critical
values of a uniform area and a structural area.

[0040] If a label value of the area is applied, existence or
non-existence of peculiarity in peripheral areas may be
detected. Existence or non-existence of peculiarity may be
independently detected for the uniform area and the structural
area. According to the detection result, the peculiarity may be
filtered and removed (P15). The peculiarity that exists in the
uniform area is corrected depending on the standardization of
a form. If a form has a certain size and a certain shape, it is
processed as a signal to be distinguished from other periph-
eral areas. If a form has no certain size orhas no certain shape,
it may be processed as noise. The certain size or shape that
acts as a basis may be determined depending on the inspected
area in a human body. For example, if a known form exists in
an inspected are and a similar signal has been detected, the
form may be processed as an image signal. If the form has no
contrast ratio that is distinguished from peripheral areas, it
may be processed as noise and may be smoothed to have
correlation with peripheral areas as will be described later.
Peculiarity in the structural area may be basically processed
as an image signal, and may be processed as a noise signal by
taking into account a contrast ratio of peripheral areas.
[0041] Median filtering may apply to the peculiarity in the
structural area. The median filtering may be a non-linear
digital filter known in the art that is used to reduce noise. For
example, alinear Gaussian filter may be used. Filtering result
of the peculiarity may be represented as a 2D matrix (matrix
A), and the 2D matrix is applied with an adaptive filter to
enhance images together with spatial correlation matrix by
the image enhancement unit.

[0042] Imageenhancement may be performed to determine
an image with respect to an ultrasonic signal to display the
image by a display unit or to enhance quality of a displayed
image. A digital signal to which the adaptive filtering has
applied according to the peculiarity is finally processed and
shows image enhancement (16) and may be displayed by a
display unit.

[0043] Image enhancement may include an operation of
smoothing peculiarity to remove noise from a uniform area
and of processing peculiarity into an image signal with
respect to a structural area. More specifically, the matrix A
that has been obtained at the filtering operation may apply to
the matrix 1 that represents spatial correlation to thereby
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correct the matrix I. For example, a diffusing filter that is
represented by the following formula 4 may apply to a
B-mode image matrix I:

ar < Formula4 >
PP div(cV1)

[0044] Inthe formula 4 above, div refers to divergence and
¢ refers to a diffusion coefficient. The diffusion coefficient ¢
may be represented by the following formula 5:

c:f(A;o')=1‘m

[0045] Inthe formula 5 above, A refers to the matrix A that
has been obtained at the filtering operation, and m may be a
user-defined parameter.

[0046] Ifthe matrix A that has area characteristics applies
to the matrix I related to spatial coherence by the formula 4,
speckle that amounts to noise may be reduced from, e.g., a
B-mode image. Then, the signal that has an enhanced quality
through adaptive filtering may be scan-converted and may be
displayed by a display unit, and an enhanced image may be
obtained.

[0047] The methods for calculating the spatial coherence
and for calculating the label value or the filtering method are
examples and the present invention is not limited to the fore-
going embodiment.

[0048] Hereinafter, units that apply to the module for pro-
cessing an ultrasonic signal according to the present invention
will be described.

[0049] FIG. 2 illustrates an embodiment of a process of
processing signals at respective operations of the method for
processing an ultrasonic signal according to the present
invention. FIG. 3 illustrates an embodiment of application of
a spatial coherence calculation unit that may apply to the
method for processing an ultrasonic signal according to the
present invention.

[0050] (A)inFIG.2 is ablock diagram showing an embodi-
ment of the process of processing signals according to the
present invention. (B) in FIG. 2 illustrates an embodiment of
a known signal processing process for comparison. (A) and
(B) in FIG. 3 illustrate embodiments of the signal processing
process according to the present invention and a known signal
processing process that correspond to the beam forming and
calculation of spatial coherence in (A) and (B) in FIG. 2.
[0051] Referring to (A) in FIG. 2 and FIG. 3, an ultrasonic
signal processing module may include transducers 31ato 31x
thatinclude a plurality of piezoelectric elements to receive the
reflected ultrasonic signal; delay signal processors 31a to 32r
that apply delay for beam collection of the signal transmitted
by the transducers 31a to 31r; a spatial coherence calculation
unit 33 that calculates spatial coherence from the reflected
ultrasonic signal; and a filter unit 28 that filters the signal
processed by the delay signal processors 324 to 32» to remove
peculiarity of the value that has been calculated by the spatial
coherence calculation unit 33.

[0052] An ultrasonic signal that has been reflected by a
diagnosed area T in a human body may be transmitted to
ultrasonic elements 31a to 31r arranged in the transducers,
and the signal is time-delayed from the diagnosed area T that
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amounts to a focus location, depending on the relative loca-
tion of the respective ultrasonic elements 31¢ and 315 and is
transmitted to the ultrasonic elements 31a to 31z. The delay
time of the respective signals may be compensated for by the
delay signal processors 21a to 32x. The foregoing process
may be performed by a beam forming unit 21. The signals
with respect to which time delay has been compensated for by
the beam forming unit 21 may be demodulated by a wave
form detection unit 22 and amplitude of the signals may be
detected and the respective signals may be synthesized.
[0053] Referring to (B) in FIG. 2 and (B) in FIG. 3, the
signals that have been processed by the delay signal proces-
sors 32a to 32n» may be combined into a single signal by the
wave form forming unit 36, and may be converted into a
signal representing a diagnosed area through an envelope
detection unit 22 and then may be transmitted to a scan
converter 24. Then, the signals may be processed by a post
processing processor 241, and transmitted to, and displayed
as an image by, the display unit 25. The signal processing
module according to the present invention may calculate spa-
tial coherence from the signals that have been processed by
the delay signal processors 32a to 32n.

[0054] Referring to (A) in FIG. 2 and (A) in FIG. 3, the
signal with respect to which time delay has been compensated
for by the delay signal processors 32a to 32 is processed by
the spatial coherence calculation unit 33 to be used to enhance
images. More specifically, the spatial coherence calculation
unit 33 may include a correlation calculation unit 26, a label
unit 27 and a filter unit 28. As described above, the correlation
calculation unit 26 may generate a correlation matrix I while
the label unit 27 may generate an area characteristics matrix
A to which a weight is given depending on the uniform area
and the structural area. The matrix [ and the matrix A may be
transmitted to, and filtered by, the filter unit 28 to remove
peculiarity of the uniform area and the structural area. For
example, the filter unit 28 may include a median filter, an
adaptive filter or a diffusing filter. The filter unit 28 may
generate a 2D matrix as a correction value for the diagnosed
area T on the respective areas and such 2D matrix may be
transmitted to the image enhancement unit 23. The image
enhancement unit 23 may apply the adaptive filter to the
signal, to which time delay has been compensated for and
wave form has been synthesized, according to the matrix
provided by the filter unit 28. The finally processed signal
may be transmitted to the scan converter 24 and may be
displayed by the display unit 25. The foregoing process is
shown in FIG. 4.

[0055] In the embodiment in FIG. 3, the label unit 27 may
give a weight depending on area characteristics of the area
which is to be visualized. The filter unit 28 may detect and
correct peculiarity of the label unit 27. In the course of cor-
rection, characteristics of the filter may be changed on the
basis of the value calculated by the spatial coherence calcu-
lation unit 33 or the correlation calculation unit 26. The value
of the filter unit 28 or the image enhancement filter may be
determined on the basis of the value calculated by the label
unit 27 or the correlation calculation unit 26 and on charac-
teristics of the diagnosed area. That is, the filter value may be
a user-defined parameter.

[0056] FIG. 4 illustrates an embodiment of the module for
processing an ultrasonic signal according to the present
invention.

[0057] Referring to FIG. 4, a reflected ultrasonic signal Rx
may be received by respective ultrasonic elements 411 to



US 2015/0272551 Al

411k of a transducer 41. The signal that has been received by
the ultrasonic element 411 may be converted into an electric
signal to become RF data, and may be transmitted to a detec-
tion unit 44 after delay time of the signal is compensated for
by beam forming units 42a to 42k. The signal may be trans-
mitted by the beam forming units 42a to 42k to the correlation
unit 43 to calculate spatial correlation of the ultrasonic ele-
ments 411 to 411k depending on correlative locations thereof.
The detection unit 44 may generate an envelope, and accord-
ingly, a preliminary image signal may be formed with respect
to the diagnosed area. The preliminary image signal does not
practically have characteristics of the diagnosed area and thus
needs to be corrected. The label unit 441 shows characteris-
tics of the area from which a signal has been transmitted to the
uniform area or the structural area, and the filter unit 442
filters and removes peculiarity. An adaptive filter may apply
to the signal depending on characteristics of the uniform area
and the structural area and then the signal may be transmitted
to the image enhancement unit 45 for image enhancement and
then to the scan converter 46 and then transmitted to and
displayed as an image by the display unit 47.

[0058] Inthe embodiment in FIGS. 3 and 4, the correlation
unit, the label unit or the filter unit are illustrated as indepen-
dent elements, and also be integrated into a single processor
or processing device. Likewise, the delay signal processor
may be integrated into a single processor together with the
correlation unit, the label unit or the filter unit. The correlation
unit, the label unit or the filter unit may be hardware or
software.

[0059] As described above, the module or method for pro-
cessing an ultrasonic signal according to the present invention
enhances quality of an ultrasonic image or a B-mode ultra-
sonic image through reduction of speckle resulting from area
characteristics of the diagnosed area or blurring in an edge of
the area rather than enhancing quality of an image through
improvement of a contrast ratio of an image. As the contrast
ratio of the ultrasonic image is improved, the image may be
clearer.

[0060] FIG. 5 illustrates an embodiment of the method for
processing an ultrasonic signal according to the present
invention.

[0061] Referring to FIG. 5, the method for processing an
ultrasonic signal according to the present invention includes
an operation of receiving a reflective wave from a diagnosed
area (S51); an operation of compensating for delay with
respect to respective reflected waves (S52); an operation of
calculating spatial correlation from time delay data of the
received reflected waves (S53); an operation filtering pecu-
liarity from the correlation value (S54); an operation of apply-
ing different adaptive filters to the obtained correlation value
depending on the uniform area or the structural area (S55);
and an operation of transmitting image data that has been
enhanced through the filter to the scan converter (S56).
[0062] Reflected waves may be received by respective
reception elements arranged in the transducer. Time delay of
the signals that have been received by the respective reception
elements is compensated for and thus the signals may be
converted into wireless RF data. Spatial correlation may be
calculated from the converted RF data (S53). Spatial correla-
tion may be calculated by the foregoing method, and for
example, may be expressed as a matrix. As necessary, a
weight may be given depending on area characteristics.
Based on the spatial correlation, peculiarity may be filtered
(S54). The type of the filter may be determined on the basis of
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the spatial correlation or according to area characteristics.
The filter value may be a user-defined parameter. The image
enhancement is performed by the adaptive filter (S55), and
enhanced image data may be obtained. The enhanced image
data may be transmitted to the scan converter and displayed as
an image (556).

[0063] In processing the ultrasonic signal according to the
present invention, filtering may be performed by various
methods, and the present invention is not limited to the fore-
going embodiment.

[0064] The module for processing an ultrasonic signal
according to the present invention defines characteristics of
an area to be visualized on the basis of a value obtained from
spatial coherence, and applies the characteristics to process
the ultrasonic signal for image enhancement to thereby obtain
an enhanced ultrasonic image. Also, the method for process-
ing an ultrasonic signal according to the present invention
reduces speckle from a B-mode image.

[0065] As described above, a module for processing an
ultrasonic signal according to the present invention differ-
ently filters signals that have been obtained on the basis of
spatial coherence, depending on characteristics of peripheral
areas to thereby obtain an enhanced ultrasonic image. Also, a
method for processing an ultrasonic signal reduces speckle
from a B-mode image.

[0066] Although a few exemplary embodiments have been
shown and described, it will be appreciated by those skilled in
the art that changes may be made in these exemplary embodi-
ments without departing from the principles and spirit of the
invention, the range of which is defined in the appended
claims and their equivalents.

What is claimed is:

1. A module for processing an ultrasonic signal that
receives an ultrasonic signal reflected from the inside of a
human body and forms an image based on the ultrasonic
signal, the module for processing an ultrasonic signal com-
prising:

a transducer comprising a plurality of reception elements

to receive the reflected ultrasonic signal,

aradio frequency (RF) signal processor configured to pro-

cess signals transmitted to the transducer;
a spatial coherence calculation unit configured to calculate
spatial coherence from the received ultrasonic signal,

alabel unit configured to apply a value of an area, which is
to be visualized, according to area characteristics, based
on the value processed by the spatial coherence calcula-
tion unit;

a filter unit configured to correct peculiarity of the label

unit; and

an image enhancement filter configured to enhance an

image by differently applying characteristics ofthe filter
depending on spatial coherence.

2. The module for processing an ultrasonic signal accord-
ing to claim 1, wherein a type of the filter unit or the image
enhancement filter or a filter value is a user-defined param-
eter.

3. The module for processing an ultrasonic signal accord-
ing to claim 1, comprising a delay function to grant a delay
time function to respective reception elements to obtain a
collected signal for a specific area.

4. A method for processing an ultrasonic signal compris-
ing:

receiving an ultrasound that has been reflected by a diag-

nosed target in a human body;
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converting the received ultrasonic signal into radio fre-
quency (RF) data by granting delay time to respective
reception elements to obtain a collected signal for a
specific area;

calculating spatial coherence with respect to the RF data
and giving a weight according to characteristics of the
diagnosed target;

filtering peculiarity of the characteristics; and

enhancing an image by differently applying characteristics
of a filter according to the spatial coherence.
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