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METHOD AND APPARATUS FOR
PROCESSING ULTRASOUND DATA USING
SCAN LINE INFORMATION

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0028246, filed on Mar. 15,2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference, in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Theexemplary embodiments relate to a method and
apparatus for processing ultrasound data to improve the qual-
ity of an image generated by using the scan line information
related to a transmitted ultrasound signal.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnosis devices irradiate an ultra-
sound signal (generally having a frequency of 20 KHz or
above) to a predetermined part inside an object by using a
probe and may acquire an image of the predetermined part by
using a reflected echo signal. In particular, the ultrasound
diagnosis devices are used for medical purposes, such as
detection of foreign substances, injury measurement, medical
observation, and so forth, inside an object. The ultrasound
diagnosis devices are widely used together with other image
diagnosis devices because of advantages such as high stabil-
ity, real-time display capability and safety from radiation
exposure.

[0006] An ultrasound image acquired by an ultrasound
diagnosis device may be displayed on the ultrasound diagno-
sis device or may be stored in a storage medium and displayed
on another image display device. For example, the ultrasound
image may be reduced and displayed on a screen of a portable
phone, a portable electronic device, a personal digital assis-
tant (PDA), a tablet PC, or the like.

[0007] Noise due to interference between ultrasound sig-
nals may appear in an ultrasound image, for example, as
scattered dots called speckles. Accordingly, a strong need
arises for efficiently removing noise from an ultrasound
image.

SUMMARY

[0008] The exemplary embodiments provide a method and
apparatus for efficiently improving the quality of an image
which corresponds to ultrasound data by removing noise
when the image is generated by processing the ultrasound
data.

[0009] The exemplary embodiments also provide a non-
transitory computer-readable storage medium having stored
therein program instructions, which when executed by a pro-
cessor of a computer, causes the computer to perform the
method.

[0010] According to an aspect of the exemplary embodi-
ments, there is provided a method of processing ultrasound
data, the method including: acquiring an ultrasound image
related to an object by applying an ultrasound signal to the
object; acquiring scan line information related to the ultra-
sound signal applied to the object; and reducing speckles of
the ultrasound image by using the scan line information
before scan conversion of the ultrasound image.
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[0011] Thereducing speckles of the ultra sound image may
include detecting an edge in the ultrasound image by using the
scan line information.

[0012] The acquiring scan line information may include
acquiring at least one of a strength and a direction of the
detected edge.

[0013] The reducing may include processing ultrasound
images in regions divided by the detected edge, based on
different references.

[0014] The processing may include processing the ultra-
sound image in the divided regions based on the direction of
the detected edge.

[0015] The detecting may include determining an asym-
metrical window of a predetermined size to be applied to the
ultrasound image based on the scan line information; and
detecting the edge by using the asymmetrical window.

[0016] The determining of the asymmetrical window may
include determining a horizontal length and a vertical length
of the asymmetrical window.

[0017] The detecting may include down-sampling the
ultrasound image based on the scan line information; and
detecting an edge of the down-sampled ultrasound image.

[0018] The method may further include: scan-converting
the ultrasound image from which the speckles have been
reduced; and displaying a scan-converted ultrasound image.

[0019] According to another aspect of the exemplary
embodiments, an apparatus is provided for processing ultra-
sound data, the apparatus including;: a data acquisition device
configured to acquire an ultrasound image related to an object
by applying an ultrasound signal to the object; a scan line
information acquisition device configured to acquire scan
line information related to the ultrasound signal applied to the
object; and a data processor configured to reduce speckles of
the ultrasound image by using the scan line information prior
to scan conversion of the ultrasound image.

[0020] An aspect of an exemplary embodiment may pro-
vide an apparatus for processing ultrasound data, the appara-
tus including; a scan line information acquisition device con-
figured to acquire scan line information related to an
ultrasound image; and a data processor configured to reduce
speckles of the ultrasound image by using the scan line infor-
mation prior to scan conversion of the ultrasound image.

[0021] The apparatus for processing ultrasound data may
further include a data acquisition device configured to acquire
an ultrasound image related to an object by applying an ultra-
sound signal to the object.

[0022] The apparatus for processing ultrasound data may
further include a scan converter configured to scan-convert a
ultrasound image from which the speckles have been
reduced. In addition, the apparatus for processing ultrasound
data of claim 22, further comprising a display configured to
display a scan-converted ultrasound image.

[0023] The data processor may be configured to detect an
edge included in the ultrasound image by using the scan line
information. The data processor may be configured to acquire
at least one of a strength and a direction of the detected edge.
[0024] Moreover, the data processor may be configured to
process an ultrasound image in regions divided by the
detected edge based on different references.

[0025] According to another aspect of the exemplary
embodiments, there is provided a non-transitory computer-
readable storage medium having stored therein program
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instructions, which when executed by a processor for com-
puter, causes the coniputer to perform a method of processing
ultrasound data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The exemplary embodiments will be readily under-
stood from a combination of the detailed description below
and their accompanying drawings, wherein reference numer-
als denote structural elements.

[0027] The above and other features and advantages will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached drawings
in which:

[0028] FIG.1isablockdiagram for describing a method of
processing ultrasound data, according to the related art;
[0029] FIG. 2 is a block diagram of an apparatus for pro-
cessing ultrasound data, according to an exemplary embodi-
ment;

[0030] FIG. 3 is a flowchart which illustrates a method of
processing ultrasound data, according to an exemplary;
[0031] FIG. 4 is a flowchart which illustrates a method of
processing ultrasound data, according to another exemplary
embodiment;

[0032] FIG. 5illustrates a scan conversion process accord-
ing to an exemplary embodiment;

[0033] FIG. 6 illustrates a process of processing regions
divided by a detected edge, according to an exemplary
embodiment;

[0034] FIG.7illustrates a process of setting a window to be
applied to ultrasound data, according to an exemplary
embodiment; and

[0035] FIG. 8 illustrates a process of down-sampling and
processing ultrasound data, according to an exemplary
embodiment.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0036] Although general terms are used in the exemplary
embodiments while taking the functions in the exemplary
embodiments into account, the terms may vary according to
the intention of one of ordinary skill in the art, case prece-
dents, or the appearance of new technology. In addition, in
specific cases, terms intentionally selected by the applicant
may be used. In this case, the meaning of the terms will be
disclosed in the corresponding description of the exemplary
embodiments. Accordingly, the terms used in the exemplary
embodiments should be defined notby their simple names but
by their meanings and contents.

[0037] Inthe specification, when a certain part “includes” a
certain component, this indicates that the part may further
include another component instead of excluding another
component unless there is different disclosure. In addition,
the term, such as “ . . . device” or ““. . . module,” disclosed in
the specification indicates a unit for processing at least one
function or operation, and this may be implemented by hard-
ware, software, or a combination thereof.

[0038] As usedherein, expressions such as “atleast one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
[0039] In the specification, the term “ultrasound image”
indicates an image of an object which is acquired by using
ultrasound waves. In addition, the term “object” may include
ahuman being, an animal, or a part of the human being or the
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animal. For example, the object may be a blood vessel, a
blood flow, a tissue, a bone, or an organ such as the liver, the
heart, the womb, the brain, the breast, the abdomen, or the
like. In addition, the object may be a phantom thathas almost
the same volume, density, and effective atomic number as an
organ or a spherical water phantom having similar propetrties
to the human body.

[0040] In addition, in the specification, the term “user”
denotes a medical expert such as a medical practitioner, a
nurse, a radiographer, a clinical pathologist, a medical image
expert, or the like or a service engineer for repairing medical
equipment, but is not limited thereto.

[0041] Hereinafter, exemplary embodiments will be
described in detail with reference to the drawings.

[0042] FIG. 1is ablock diagram which describes a method
of processing ultrasound data, according to the related art.
[0043] Inoperation 12, when an ultrasound signal transmit-
ted to an object is reflected from the object, an ultrasound
diagnosis device receives a reflected ultrasound signal that is
referred to as an echo signal. The ultrasound diagnosis device
may transmit an ultrasound signal through a plurality of trans-
ducers included in a probe and receive an echo signal from an
object.

[0044] In operation 14, the ultrasound diagnosis device
generates ultrasound data by digitizing the echo signal and
focusing the digitized echo signal by using a digital beam
former.

[0045] In operation 16, the ultrasound diagnosis device
performs scan conversion of the generated ultrasound data.
The scan conversion is a process of converting the ultrasound
data to an ultrasound digital image, i.e., a process of convert-
ing the ultrasound data to an ultrasound digital image char-
acterized by various coordinates.

[0046] In operation 18, the ultrasound diagnosis device
improves the image quality of the scan-converted ultrasound
digital image. For example, the ultrasound diagnosis device
may improve the image quality of the ultrasound image by
removing speckles from the ultrasound image.

[0047] In operation 20, the ultrasound diagnosis device
displays the ultrasound image with improved image quality.
As described above, the ultrasound diagnosis device accord-
ing to the related art performs image quality improvement
processing on the scan-converted ultrasound image. How-
ever, in response to noise of the scan-converted ultrasound
image being removed, the noise, such as speckles, may not be
efficiently removed due to wide spreading in a lateral direc-
tion.

[0048] FIG. 2 is a block diagram of an apparatus 100 for
processing ultrasound data, according to an exemplary
embodiment. The apparatus 100 may include a data acquisi-
tion device 110, a scan line information acquisition device
120, adata processor 130, a scan converter 140, and a display
150. However, the configuration of the apparatus 100 is not
limited to the configuration shown in FIG. 2, and the appara-
tus 100 may further include other general-use components.
[0049] Theapparatus 100 generates an ultrasound image by
processing an ultrasound signal acquired by scanning an
object 50 and provides the generated ultrasound image to a
user. The ultrasound image may not only be a two-dimen-
sional (2D) image showing a cross-sectional surface of the
object 50 but may also be a 3D image. In addition, the ultra-
sound image may not only be a gray scale ultrasound image
acquired by scanning the object 50 in an amplitude mode (A
mode), a brightness mode (B mode), or a motion mode (M
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mode) but also a Doppler image in which a motion of the
object 50 is represented by colors by using Doppler data.
[0050] The apparatus 100 may not only provide an ultra-
sound image generated by directly scanning the object 50 but
may also provide ultrasound data received from an external
device or a server connected over a network. In the former
case, the apparatus 100 may be implemented as a fixed-type/
movable-type ultrasound diagnosis device. In the latter case,
the apparatus 100 may be implemented in various forms
including a screen on which ultrasound information is to be
provided.

[0051] For example, the apparatus 100 may be imple-
mented in various forms including a screen capable of out-
putting an image thereon, such as a work station, a picture
archiving and communication system (PACS) viewer, a por-
table phone, a smart phone, a smart TV, an Internet protocol
TV (IPTV), adigital TV (DTV), a personal computer (PC), a
laptop computer, a tablet PC, an e-book terminal, a personal
digital assistant (PDA), a portable multimedia player (PMP),
a navigation, a consumer electronics (CE) device, and the
like.

[0052] The dataacquisition device 110 acquires ultrasound
data related to the object 50. The data acquisition device 110
may acquire ultrasound data by scanning the object 50
through a probe and processing an echo signal. In addition,
the data acquisition device 110 may receive ultrasound data
from an external device or a server connected over a network
in a wired or wireless manner.

[0053] In response to the data acquisition device 110
acquiring ultrasound data by scanning the object 50, one or
more probes may be used. That is, the data acquisition device
110 may acquire ultrasound data by using various types of
probes, such as a linear array probe, a convex array probe, a
phased array probe, a matrix probe, and so forth.

[0054] When the data acquisition device 110 scans the
object 50, the data acquisition device 110 may acquire ultra-
sound data along a scan line. The scan line indicates a path
along which an ultrasound signal transmitted from a trans-
ducer is focused. That is, a transmission ultrasound signal is
focused on the object 50 while moving along a scan line and
reflected from the focused point. When areceptionultrasound
signal (echo signal) is acquired along one scan line, the trans-
mission ultrasound signal is focused along a new scan line.
The data acquisition device 110 may acquire ultrasound data
of the object 50 by combining reception ultrasound signals
acquired along a plurality of scan lines.

[0055] Whenthe dataacquisition device 110 acquires ultra-
sound data through a network, various types of communica-
tion means may be used. For example, the data acquisition
device 110 may be connected to a network through a wired
connection with a universal serial bus (USB), a data cable, an
optical fiber cable, or the like or a wireless connection with
Bluetooth®, Wi-Fi, near field communication (NFC), a
2G/3G/4G network, or the like. The data acquisition device
110 may acquire ultrasound data from an external device ora
cloud server by being connected to a network. The data acqui-
sition device 110 may acquire ultrasound data from another
device in a hospital server or a server connected to a PACS.
[0056] The scan line information acquisition device 120
acquires scan line information that is information regarding a
transmission ultrasound signal. The scan line information
may include information related to the scan lines described
above and related information between a scan line and the
transmission ultrasound signal. For example, the scan line
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information may include information related to a depth for
focusing an ultrasound signal, i.e., a depth of the transmission
ultrasound signal on a scan line. In addition, the scan line
information may include information regarding a gap
between paths on which the ultrasound signal is focused, i.e.,
information regarding a gap between scan lines. As another
example, the scan line information may include information
regarding a shape of scan lines that are paths on which the
ultrasound signal is transmitted.

[0057] According to an exemplary embodiment, the scan
line information may not only include information regarding
the scan lines but also information regarding a probe and a
transducer. For example, the scan line information may
include information regarding various types of probe, infor-
mation regarding pulses of an ultrasound signal transmitted
by a transducer, information regarding a transmission ultra-
sound signal delayed by a beam former, and so forth.

[0058] The scan line information acquisition device 120
may receive and acquire scan line information from the data
acquisition device 110. In response to the data acquisition
device 110 generating the ultrasound data by directly scan-
ning the object 50, the scan line information acquisition
device 120 may acquire information relating to scan lines
used during a process of scanning the object 50. When the
data acquisition device 110 receives the ultrasound data over
a network, the scan line information acquisition device 120
may extract and acquire information regarding scan lines
from the ultrasound data.

[0059] The data processor 130 processes the ultrasound
data by using the scan line information. The data processor
130 may improve image quality of an ultrasound image by
reducing speckles of the ultrasound image before scan con-
version of the ultrasound image data by the scan converter
140.

[0060] In particular, the data processor 130 may detect an
edge included in the ultrasound image before the scan con-
version by using the scan line information. The data processor
130 may check a structure of the object 50 by detecting an
edge of an organ, bone, blood vessel, tissue, or the like from
the ultrasound image prior to the scan conversion.

[0061] The data processor 130 may detect an actual dis-
tance between pixels of the ultrasound image by using the
scan line information and acquire information regarding a
direction or strength of the edge based on the actual distance
between pixels. According to an exemplary embodiment, the
strength of the edge may indicate a brightness value differ-
ence between regions divided based on the detected edge.
[0062] The data processor 130 may reduce speckles by
processing the regions divided based on the detected edge
according to different references. That is, the data processor
130 may process the ultrasound image along the detected
direction of the edge so that an edge of a region of which the
edge having a high strength is detected is more vividly iden-
tified. In addition, the data processor 130 may process the
ultrasound data along all directions regardless of the direction
of the edge for aregion of which an edge having a low strength
is detected. Accordingly, the data processor 130 may process
the ultrasound data so that a region including the edge is more
vivid and a region without the edge is smooth.

[0063] According to an exemplary embodiment, the data
processor 130 may detect an edge by setting an asymmetrical
window of a predetermined size. According to another exem-
plary embodiment of the present invention, the data processor
130 may detect an edge by down-sampling the ultrasound
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data. These embodiments will be described in detail below
with reference to FIGS. 7 and 8.

[0064] The scanconverter 140 performs scan conversion of
ultrasound data from which speckle noise has been reduced
by the data processor 130. The scan converter 140 may gen-
erate a rectangular or fanwise ultrasound image by scan-
converting the ultrasound data represented in an orthogonal
coordinate system or in a polar coordinate system.

[0065] According to an exemplary embodiment, the scan
converter 140 may scan-convert the ultrasound image by
using the scan line information. That is, the scan converter
140 may convert the ultrasound image by performing an
interpolation process according to a shape of a scan line
indicated by the scan line information.

[0066] The display 150 may provide visual information to
the user by displaying ultrasound diagnosis information, an
ultrasound image, or a graphic user interface (GUI) related to
a setup function of the apparatus 100. For example, the dis-
play 150 may display on a screen various types of images,
such as a 2D or 3D ultrasound image, a Doppler image, and so
forth.

[0067] The display 150 may be at least one of a liquid
crystal display, a thin film transistor-liquid crystal display, an
organic light-emitting diode, a flexible display, and a 3D
display. In addition, the apparatus 100 may include two or
more displays 150, according to a form of implementation.
[0068] According to an exemplary embodiment, the dis-
play 150 may include a user input (not shown) and a touch
screen of a layer structure. That is, the display 150 may be
used as both an output device and an input device, and in this
case, the display 150 may receive a touch input using a stylus
pen or touch by a part, such as a finger, of the human body.
[0069] A method of processing ultrasound data will now be
described with reference to FIG. 3 by using the components
included in the apparatus 100. FIG. 3 is a flowchart which
illustrates a method of processing ultrasound data, according
to an exemplary embodiment. The method illustrated in FIG.
3 includes operations sequentially processed by the data
acquisition device 110, the scan line information acquisition
device 120, the data processor 130, the scan converter 140,
and the display 150 included in the apparatus 100 of FIG. 2.
Thus, although omitted hereinafter, the descriptions related to
the components of FIG. 2 may be applied to the method of
FIG. 3.

[0070] In operation 210, the apparatus 100 receives an
ultrasound signal. In response to a transmission ultrasound
signal being reflected by an object, the apparatus 100 receives
a reflected ultrasound signal.

[0071] Inoperation 220, the apparatus 100 generates ultra-
sound data. The apparatus 100 may generate the ultrasound
data by analyzing the received ultrasound signal.

[0072] As described in FIG. 2, in operations 210 and 220,
the apparatus 100 may receive ultrasound data from an exter-
nal device instead of directly transmitting and receiving the
ultrasound signal.

[0073] In operation 230, the apparatus 100 acquires scan
line information. The apparatus 100 may acquire the scan line
information from a probe which has transmitted and received
the ultrasound signal or may extract the scan line information
from the ultrasound data.

[0074] In operation 240, the apparatus 100 reduces speck-
les of the ultrasound image. The apparatus 100 may reduce
speckles before scan conversion by using the scan line infor-
mation acquired in operation 230. As described in FIG. 2, a

Sep. 18,2014

detailed operation of reducing speckle noise in the apparatus
100 will be described with reference to FIG. 4.

[0075] In operation 250, the apparatus 100 scan-converts
the ultrasound image from which speckles have been
reduced. The apparatus 100 may generate an ultrasound
image by scan-converting the ultrasound image with reduced
speckles.

[0076] In operation 260, the apparatus 100 displays an
ultrasound image of which image quality has been improved
prior to the scan conversion.

[0077] According to the apparatus 100 and the method
described above, a speckle pattern may be efficiently detected
by detecting an edge included in the ultrasound image by
using the scan line information prior to the scan conversion.
Accordingly, speckles may be reduced prior to the scan con-
version, thereby improving image quality of the scan-con-
verted ultrasound image.

[0078] FIG. 4 is a flowchart which illustrates a method of
processing ultrasound data, according to another exemplary
embodiment. FIG. 4 illustrates another exemplary embodi-
ment of the speckle noise reduction in operation 240 of FIG.
3.

[0079] In operation 242, the apparatus 100 detects an edge
of the ultrasound image by using the scan line information.
The apparatus 100 may acquire information regarding a dis-
tance between scan lines, a location on a scan line where the
ultrasound signal is focused, and so forth from the scan line
information and may accurately detect an edge included in
the ultrasound image by utilizing the acquired information.
As described in FIG. 2, the detected edge may indicate an
edge of astructure of a bone, blood vessel, tissue, organ, or the
like included in the ultrasound data.

[0080] In operation 242, the apparatus 100 may detect at
least one of a strength and a direction of the edge. According
to an exemplary embodiment, the strength of the edge may
indicate a brightness value difference between regions
divided based on the edge. The direction of the edge may
indicate an oriented direction of the edge dividing the regions.
[0081] In operation 244, the apparatus 100 divides regions
of the ultrasound image based on the edge detected in opera-
tion 242. The apparatus 100 may use information regarding
the strength and direction of the edge described in operation
242 when dividing the regions, and a detailed embodiment
thereof will be described with reference to FIG. 6.

[0082] In operation 246, the apparatus 100 processes the
ultrasound image for each divided region. The apparatus 100
may process the ultrasound image of the regions divided
based on the edge in operation 244 according to different
references.

[0083] For example, the apparatus 100 may process the
ultrasound image to be vividly viewed in the edge direction
for a region of which a strength of the edge is high. In addi-
tion, the apparatus 100 may process the ultrasound image to
be smoothly viewed in all directions for a region of which the
strength of the edge is low.

[0084] Thereafter, in operation 250, the apparatus 100 may
generate an ultrasound image by scan-converting the ultra-
sound image processed in operation 246.

[0085] FIG. 5 illustrates a scan conversion process accord-
ing to an exemplary embodiment. The left image of FIG. 5
shows ultrasound image 510 prior to scan conversion, and the
right image of FIG. 5 shows an ultrasound image 520
obtained by scan-converting the ultrasound image 510.
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[0086] The apparatus 100 generates the ultrasound image
510by using an ultrasound signal focused along a plurality of
scan lines 530. In the exemplary embodiment illustrated in
FIG. 8, ahorizontal axis of the ultrasound image 510 indicates
scan lines, and a vertical axis thereof indicates a depth axis of
an object. In the exemplary embodiment illustrated in FIG. 5,
the ultrasound image 510 includes three structures 512, 514,
and 516. The structures 512, 514, and 516 may include bones,
blood vessels, organs, tissues, and so forth of the object.

[0087] The ultrasound image 520 obtained by scan-con-
verting the ultrasound image 510 includes structures 522,
524, and 526 which respectively correspond to the structures
512,514, and 516 of the ultrasound data image. The structures
522, 524, and 526 of the ultrasound image 520 appear as if
they were spread out in left and right directions (a lateral
direction) due to the scan conversion of the ultrasound image
510, based on scan line information.

[0088] In the ultrasound image 520 in a fan shape, a length
of an upper part in the lateral direction is different from a
length of a lower part in the lateral direction. Accordingly,
even though speckles have the same size in the ultrasound
image 510, the speckles may have different sizes in the ultra-
sound image 520 according to locations of the speckles in a
depth axis direction. Thatis, a speckle located atan upper part
of the ultrasound image 520 and a speckle located at a lower
part thereof may have the same size and shape in the ultra-
sound image 510 but may be have different sizes and shapes
in the ultrasound image 520. For example, the speckle located
at the upper part may appear small and close to other speckles,
and the speckle located at the lower part may be appear long
in the lateral direction.

[0089] The apparatus 100 may improve image quality of
the ultrasound image 520 through various algorithms for
reducing speckle noise. However, due to the shape of the
ultrasound image 520, the apparatus 100 may not efficiently
remove noise when reducing speckles in the scan-converted
ultrasound image 520.

[0090] Meanwhile, speckles in the ultrasound image 510
have a constant shape and pattern regardless of locations
thereof. Thus, the apparatus 100 may conveniently and effi-
ciently improve image quality of the ultrasound image 520
when scan conversion of the ultrasound image 510 is per-
formed after reducing speckles.

[0091] FIG. 6 illustrates a process of processing regions
divided by a detected edge, according to an exemplary
embodiment. Ultrasound image 610 shown in F1G. 6 includes
a structure 615 drawn by a solid line. The apparatus 100 may
detect an edge of the structure 615 by using scan line infor-
mation.

[0092] Theapparatus 100 may detect a strength and a direc-
tion of the edge of the structure 615. That is, the apparatus 100
may detect an oriented direction of the edge drawn by a solid
line or a brightness value difference between regions divided
based on the edge.

[0093] The apparatus 100 identifies the regions based on
the detected edge. According to exemplary embodiment, the
apparatus 100 may identify an inside region 620, an edge
region 625, and an outside region 630 of the structure 615
based on the edge drawn by a solid line.

[0094] The apparatus 100 may process the inside region
620, the edge region 625, and the outside region 630 accord-
ing to different references. That is, the apparatus 100 may
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differently process the inside region 620, the edge region 625,
and the outside region 630 when reducing speckles of the
ultrasound image 610.

[0095] According to an exemplary embodiment, the appa-
ratus 100 may process the ultrasound image 610 by taking the
detected direction or strength of the edge of the structure 615
into account. Alternatively, the apparatus 100 may take both
the direction and strength of the edge into account. For
example, the apparatus 100 may process the ultrasound image
610 to be smooth in all directions in the inside region 620 and
the outside region 630 that are apart by a predetermined
distance from the edge of the structure 615. To the contrary,
the apparatus 100 may process the ultrasound image 610 for
the edge region 625 in which the edge of the structure 615 is
located so that the edge is more vivid.

[0096] According to the exemplary embodiment described
above, the apparatus 100 may increase a difference in a gra-
dient direction for the edge region 625 from which an edge in
the ultrasound image 610 is detected in order for the edge to
be more vivid. To the contrary, the apparatus 100 may process
the ultrasound image 610 for the inside region 620 and the
outside region 630 from which no edge is detected, i.e., hav-
ing weak directivity, so that the inside region 620 and the
outside region 630 are smooth in all directions. Accordingly,
the apparatus 100 may easily detect and remove speckles of
the ultrasound image 610.

[0097] FIG. 7illustrates a process of setting a window to be
applied to ultrasound data 710, according to an exemplary
embodiment. The left image of FIG. 7 indicates the ultra-
sound image 710 prior to the scan conversion, and the right
image of FIG. 7 indicates an ultrasound image subsequent to
the scan conversion.

[0098] The apparatus 100 may determine a window to be
applied to the ultrasound image 710. The window is a group
of adjacent pixels, and the apparatus 100 may detect an edge
by applying the window to the ultrasound image 710. Accord-
ing to an exemplary embodiment, the window has predeter-
mined lengths in horizontal and vertical directions, wherein
the horizontal direction of the window may correspond to a
scan line, and the vertical direction thereof may correspond to
a depth of an object.

[0099] In the left image of FIG. 7, a window 735 of a 3x3
size in the lower right consists of a total of nine pixels includ-
ing a pixel 730 and eight pixels spatially adjacent to the pixel
730. A window 745 of a 3x5 size in the left consists of a total
of fifteen pixels including a pixel 740. In FIG. 7, the horizon-
tal direction of each of the windows 735 and 745 matches a
plurality of scan lines 720. The windows 735 and 745 are
respectively shown as windows 765 and 775 in a scan-con-
verted ultrasound image 750. Similarly, the pixels 730 and
740 in the ultrasound image 710 are shown as pixels 760 and
770 in the ultrasound image 750, respectively.

[0100] The apparatus 100 may detect an edge by applying
the windows 735 and 745 to the ultrasound image 710. That
is, although the apparatus 100 may detect the edge from the
whole region at once, the apparatus 100 may detect the edge
by setting a window of a predetermined size and subsequently
moving the window.

[0101] The apparatus 100 may determine a size of the win-
dow by using scan line information. According to an exem-
plary embodiment, the apparatus 100 may set the window 735
of a3x3 size regardless of the scan line information. Accord-
ing to another exemplary embodiment, the apparatus 100 may
determine horizontal and vertical lengths of the window 745
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to be asymmetrical by using the scan line information. That is,
the apparatus 100 may determine a size of the window
according to a ratio of horizontal resolution to vertical reso-
lution. For example, the apparatus 100 may determine a size
of the window to have an asymmetrical ratio such as 3x5, 3x7,
or the like.

[0102] FIG. 8 illustrates a process of down-sampling and
processing ultrasound image 810, according to an exemplary
embodiment. The left image of FIG. 8 indicates the ultra-
soundimage 810 prior to scan conversion, and the right image
of FIG. 8 indicates down-sampled ultrasound image 830.
[0103] Fortheultrasound image 810 having high resolution
in the vertical direction, the apparatus 100 may down-sample
avertical direction of the ultrasound image 810 before detect-
ing an edge from the ultrasound image 810. As an example of
the down-sampling, the apparatus 100 may perform a deci-
mation process of the vertical direction of the ultrasound
image 810.

[0104] A down-sampling ratio of the ultrasound image 810
in the apparatus 100 may be determined by the apparatus 100
according to a difference between resolutions of the ultra-
sound image 810 in horizontal and vertical directions. Alter-
natively, the apparatus 100 may receive a user input and may
down-sample the ultrasound image 810, according to a ratio
set by the user.

[0105] For the right image of FIG. 8, the apparatus 100
performs speckle reduction 840 for the down-sampled ultra-
sound image 830. Thereafter, the apparatus 100 may generate
an ultrasound image by performing scan conversion 850 for
ultrasound data of which image quality has been improved.
[0106] The apparatus 100 may quickly and efficiently per-
form the speckle reduction 840 by down-sampling the ultra-
sound image 810 before performing the speckle reduction
840 by detecting an edge of the ultrasound image 810.
[0107] The exemplary embodiments described with refer-
ence to FIGS. 7 and 8 are merely used to perform an image
quality improving process for ultrasound image, and other
various methods and algorithms may be used.

[0108] The methods of the exemplary embodiments can be
written as computer programs and can be implemented in
general-use digital computers that execute the programs
using a non-transitory computer-readable recording medium.
Inaddition, a data structure of data used in the methods can be
recorded in a non-transitory computer-readable recording
medium in various ways. It should be understood that pro-
gram storage devices, which may be used to describe a stor-
age device including executable computer codes for execut-
ing the methods of the exemplary embodiments, do not
include temporary objects, such as carrier waves and signals.
Examples of the non-transitory computer-readable recording
medium include storage media such as magnetic storage
media (e.g., ROM, floppy disks, hard disks, etc.) and optical
recording media (e.g., CD-ROMs, or DVDs).

[0109] According to the apparatus and method for process-
ing ultrasound image data, image quality of an ultrasound
image may be efficiently improved by performing an image
quality improving process prior to scan conversion of the
ultrasound image. In addition, since speckles can be removed
before information related to a high frequency band is dam-
aged in ascan conversion process of the ultrasound image, the
performance of removing speckles may be improved by dis-
tinguishing an ultrasound signal from noise.

[0110] In addition, regardless of an asymmetrical shape of
the ultrasound image and the locations of speckles, speckles
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in similar shapes and patterns may be easily detected and
removed. Furthermore, even though the ultrasound image is
asymmetrical, a speckle removing process for an edge portion
of the ultrasound image may be efficiently performed.
[0111] Itwill be understood by one of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
exemplary embodiments as defined by the following claims.
The exemplary embodiments should be considered in a
descriptive sense only and not for purposes of limitation.
Therefore, the scope of the exemplary embodiments is
defined not by the detailed description of the but by the
appended claims, and all differences within the scope will be
construed as being included in the present invention.

What is claimed is:

1. A method of processing ultrasound data, the method
comprising:

acquiring an ultrasound image related to an object by
applying an ultrasound signal to the object;

acquiring scan line information related to the ultrasound
signal applied to the object; and

reducing speckles of the ultrasound image by using the
scan line information prior to scan conversion of the
ultrasound image.

2. The method of claim 1, wherein the reducing comprises
detecting an edge included in the ultrasound image by using
the scan line information.

3. The method of claim 2, wherein the acquiring scan line
information comprises acquiring at least one of a strength and
a direction of the detected edge.

4. The method of claim 2, wherein the reducing comprises
processing ultrasound image in regions divided by the
detected edge based on different references.

5. The method of claim 4, wherein the processing com-
prises processing the ultrasound image in the divided regions
based on the direction of the detected edge.

6. The method of claim 2, wherein the detecting comprises:

determining an asymmetrical window of a predetermined
size to be applied to the ultrasound image based on the
scan line information; and

detecting the edge by using the window.

7. The method of claim 6, wherein the determining of the
asymmetrical window comprises determining a horizontal
length and a vertical length of the asymmetrical window.

8. The method of claim 2, wherein the detecting comprises:

down-sampling the ultrasound image based on the scan
line information; and

detecting an edge of the down-sampled ultrasound image.

9. The method of claim 1, further comprising:

scan-converting the ultrasound image from which the
speckles have been reduced; and

displaying a scan-converted ultrasound image.

10. An apparatus for processing ultrasound data, the appa-
ratus comprising:

a data acquisition device configured to acquire an ultra-
sound image related to an object by applying an ultra-
sound signal to the object;

a scan line information acquisition device configured to
acquire scan line information related to the ultrasound
signal applied to the object; and

a data processor configured to reduce speckles of the ultra-
sound image by using the scan line information prior to
scan conversion of the ultrasound image.
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11. The apparatus of claim 10, wherein the data processor
is configured to detect an edge included in the ultrasound
image by using the scan line information.

12. The apparatus of claim 11, wherein the data processor
is configured to acquire at least one of a strength and a direc-
tion of the detected edge.

13. The apparatus of claim 11, wherein the data processor
is configured to process an ultrasound image in regions
divided by the detected edge based on different references.

14. The apparatus of claim 13, wherein the data processor
is configured to process the ultrasound image in the divided
regions based on the direction of the detected edge.

15. The apparatus of claim 11, wherein the data processor
is configured to determine an asymmetrical window of a
predetermined size to be applied to the ultrasound image
based on the scan line information and detects the edge by
using the asymmetrical window.
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16. The apparatus of claim 15, wherein the data processor
is configured to determine a horizontal length and a vertical
length of the asymmetrical window.

17. The apparatus of claim 11, wherein the data processor
is configured to down-sample the ultrasound image based on
the scan line information and detects an edge of the down-
sampled ultrasound image.

18. The apparatus of claim 11, further comprising:

a scan converter configured to scan-convert a ultrasound

image from which the speckles have been reduced; and
adisplay configured to display a scan-converted ultrasound
image.

19. A non-transitory computer-readable storage medium
having stored therein program instructions, which when
executed by a processor of a computer, cause the computer to
perform the method of claim 1.

* ok %k



patsnap

TRAFROE) FERPAELERLEBEREN S EIMEE
NIF(2E)E US20140276045A1 K (2E)R 2014-09-18
RS US14/102669 iR 2013-12-11

IRIREERFROAR) ZELEFHKIALHE
B (EFIR)A(GR) SAMSUNG ELECTRONICS CO. , LTD.

LFTEHIB(ERR)A(E) SAMSUNG ELECTRONICS CO. , LTD.

[FRIRBAA LEE YOUNG YOON
LEE HYUN TAEK
YOON HEE CHUL
YIM JIN WOO
MOON YOUNG HO
SOHN KIWON
JUNG HAE KYUNG

KBAAN LEE, YOUNG-YOON
LEE, HYUN-TAEK
YOON, HEE-CHUL
YIM, JIN-WOO
MOON, YOUNG-HO
SOHN, KIWON
JUNG, HAE-KYUNG

IPCHEF A61B8/08 A61B8/00
CPCH¥ESH A61B8/461 A61B8/5269 A61B8/5207 A61B8/08 A61B8/4427
k54X 1020130028246 2013-03-15 KR
SNEBEEHE Espacenet USPTO
WER) /100
RET A TAENY KRN EEHRIEN S EMEE. FIATRAM®
RIS ENEE | BIFEAERSEGNAERIR RN R /120
HEBEFESNABLKERRELEFRGFHIR. SCANLIE
INFORMATION
ACQUISITION DEVICE
/110 130 /140 /150
Am%ﬁgﬁm DATA SCAN DISPLAY
- DEVICE FROCESSOR CONVERTER DEVICE



https://share-analytics.zhihuiya.com/view/caf4ff57-2e42-4497-bf95-b7aff58455d1
https://worldwide.espacenet.com/patent/search/family/051530462/publication/US2014276045A1?q=US2014276045A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140276045%22.PGNR.&OS=DN/20140276045&RS=DN/20140276045

