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ULTRASONIC IMAGING APPARATUS AND
CONTROL METHOD THEREOF

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to an
ultrasonic imaging apparatus and a control method thereof.

BACKGROUND ART

[0002] An ultrasonic imaging apparatus emits ultrasonic
signals towards a specific part of a subject (e.g., a human
body) from the skin surface of the subject, and receives
ultrasonic signals (that is, ultrasonic echo signals) reflected
from the specific part of the subject so as to non-invasively
acquire section images about soft tissue or images about
blood vessels based on information about the ultrasonic echo
signals.

[0003] Compared to other imaging apparatuses including
an X-ray imaging apparatus, a Computerized Tomography
(CT) scanner, a Magnetic Resonance Image (MRI) appara-
tus, and a radiographic diagnosis system, the ultrasonic
imaging apparatus is a low-priced apparatus having a small
size, can display images in real time, and have high safety
since there is no risk for patients to be exposed to radiation
such as X-rays. For the advantages, the ultrasonic imaging
apparatus is widely used to diagnose the heart, breasts,
abdomen, urinary organs, uterus, etc.

[0004] In general, an ultrasonic imaging apparatus
includes a main body to accommodate main components of
the ultrasonic imaging apparatus, an ultrasonic collector to
transmit and receive ultrasonic waves, a control panel
including various switches and keys through which com-
mands for manipulating the ultrasonic imaging apparatus are
input, and a display to display the results of ultrasonic
diagnosis as images.

[0005] A method in which the ultrasonic imaging appara-
tus performs ultrasonography on a subject is as follows.
First, an operator holds the ultrasonic collector with his/her
one hand to move the ultrasonic collector while keeping the
ultrasonic collector in contact with the skin surface of a
subject, and manipulates the control panel with the other
hand to perform ultrasonography. An ultrasonic image
obtained by the ultrasonography is displayed in real time
through the display so that the operator can diagnose the
state of the subject.

[0006] However, since ultrasonic images obtained by
ultrasonography are monochrome images due to the physical
properties of the ultrasonic imaging apparatus, there is
limitation in representing the inner structure of a subject
realistically. In order to overcome the limitation, a method of
producing 3-dimensional (3D) color ultrasonic images based
on arbitrarily selected colors has been developed. However,
the method still has a problem that reality of images is low
since the images are not based on the real colors of a subject.
Particularly, when producing 3D ultrasonic images of the
fetus, the method results in lower reality than when produc-
ing images of the heart, breasts, etc.

DISCLOSURE OF INVENTION

Technical Problem

[0007] Therefore, it is an aspect of the present invention to
provide an ultrasonic imaging apparatus for producing a
realistic 3-dimensional (3D) image by performing rendering
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with reference to a texture image to which a translucency
property or multi-layer tissue of a subject has been reflected,
and a control method of the ultrasonic imaging apparatus.
[0008] Additional aspects of the invention will be set forth
in part in the description which follows and, in part, will be
obvious from the description, or may be learned by practice
of the invention.

Solution to Problem

[0009] In accordance with one aspect of the present inven-
tion, an ultrasonic imaging apparatus includes: an ultrasonic
collector configured to collect ultrasonic waves from an
object; a volume data generator configured to generate
volume data based on the ultrasonic waves; and an image
processor configured to perform volume rendering on the
volume data with reference to a texture image, wherein a
translucency property and multi-layer tissue of the object are
reflected to each texel of the texture image.

[0010] In accordance with another aspect of the present
invention, an ultrasonic imaging apparatus includes: an
ultrasonic collector configured to collect ultrasonic waves
from an object; a volume data generator configured to
generate volume data based on the ultrasonic waves; and an
image processor configured to perform volume rendering on
the volume data with reference to a texture image, wherein
a translucency property of the object is reflected to each
texel of the texture image.

[0011] In accordance with another aspect of the present
invention, An ultrasonic imaging apparatus includes: an
ultrasonic collector configured to collect ultrasonic waves
from an object; a volume data generator configured to
generate volume data based on the ultrasonic waves; and an
image processor configured to perform volume rendering on
the volume data with reference to a texture image, wherein
multi-layer tissue of the object is reflected to each texel of
the texture image.

[0012] In accordance with another aspect of the present
invention, a control method of an ultrasonic imaging appa-
ratus includes: collecting ultrasonic waves from an object;
generating volume data based on the ultrasonic waves; and
performing volume rendering on the volume data with
reference to a texture image, wherein a translucency prop-
erty and multi-layer tissue of the object are reflected to each
texel of the texture image.

[0013] In accordance with another aspect of the present
invention, a control method of an ultrasonic imaging appa-
ratus includes: collecting ultrasonic waves from an object;
generating volume data based on the ultrasonic waves; and
performing volume rendering on the volume data with
reference to a texture image, wherein a translucency prop-
erty of the object is reflected to each texel of the texture
image.

[0014] In accordance with another aspect of the present
invention, a control method of an ultrasonic imaging appa-
ratus includes: collecting ultrasonic waves from an object;
generating volume data based on the ultrasonic waves; and
performing volume rendering on the volume data with
reference to a texture image, wherein multi-layer tissue of
the object is reflected to each texel of the texture image.

Advantageous Effects of Invention

[0015] According to the ultrasonic imaging apparatus and
the control method thereof as described above, the following
effects can be obtained.
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[0016] By rendering volume data after reflecting a trans-
lucency property and multi-layer tissue of a subject to the
volume data, it is possible to control and produce a realistic
image such that it looks close to the real structure of the
subject.

[0017] Particularly, when the ultrasonic imaging apparatus
is used in gynecological diagnosis, the ultrasonic imaging
apparatus may display the fetus’s figure realistically, which
leads to improvement of emotional stability and mental
satisfaction of fragment woman and her family.

BRIEF DESCRIPTION OF DRAWINGS

[0018] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:

[0019] FIG. 1 is a perspective view of an ultrasonic
imaging apparatus according to an embodiment of the
present invention;

[0020] FIG. 2 is a block diagram of a control configuration
of an ultrasonic imaging apparatus according to an embodi-
ment of the present invention;

[0021] FIG. 3 is a block diagram of a control configuration
of an image processor according to an embodiment of the
present invention;

[0022] FIG. 4 illustrates light paths when a light source is
located to face a viewpoint with an object in between;
[0023] FIG. 5 illustrates an example of a texture image
including information about a translucency property and
multi-layer tissue of an object;

[0024] FIG. 6 is a view for describing a process of
rearranging the position of an object with respect to a
viewpoint upon sampling, according to an embodiment of
the present invention;

[0025] FIG. 7 is a view for describing a method of
calculating the location of a pixel of a texture image,
corresponding to each sample, according to an embodiment
of the present invention;

[0026] FIGS. 8A, 8B, and 8C are views for describing a
method of calculating a depth from a surface to each sample
with respect to a viewpoint, according to an embodiment of
the present invention;

[0027] FIG. 9 is a flowchart of a method of calculating a
depth from an object’s surface to each sample with respect
to a viewpoint, according to an embodiment of the present
invention:

[0028] FIGS. 10A, 10B, and 10C are views for describing
a method of calculating a depth from a surface to each
sample with respect to a light source, according to an
embodiment of the present invention;

[0029] FIG. 11 is a flowchart of a method of calculating a
depth from an object’s surface to each sample with respect
to a light source, according to an embodiment of the present
invention; and

[0030] FIG. 12 is a flowchart of a rendering algorithm for
a volume rendering method, according to an embodiment of
the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0031] Reference will now be made in detail to the
embodiments of the present invention, examples of which
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are illustrated in the accompanying drawings, wherein like
reference numerals refer to like elements throughout.

[0032] FIG. 1 is a perspective view of an ultrasonic
imaging apparatus according to an embodiment of the
present invention. Referring to FIG. 1, the ultrasonic imag-
ing apparatus may include a main body 100, an ultrasonic
collector 110, an input unit 150, a main display unit 160, and
a sub display unit 170.

[0033] 1In one side of the main body 100, one or more
female connectors 145 may be provided. A male connector
connected to a cable 130 may be physically coupled with
one of the female connectors 144.

[0034] In the bottom of the main body 100, a plurality of
castors (not shown) for moving the ultrasonic imaging
apparatus may be provided. The plurality of castors may be
used to fix the ultrasonic imaging apparatus at a specific
location and to move it in a specific direction.

[0035] The ultrasonic collector 110 contacts the skin sur-
face of an object, and may transmit or receive ultrasonic
waves. More specifically, the ultrasonic collector 110 func-
tions to irradiate transmission signals (that is, ultrasonic
signals) received from the main body 100 to the inside of the
object, receive ultrasonic echo signals reflected from a
specific part of the object, and transfer the ultrasonic echo
signals to the main body 100. The ultrasonic collector 110
may be connected to one end of the cable 130, and the other
end of the cable 130 may be connected to the male connector
140. The male connector 140 connected to the other end of
the cable 130 may be physically coupled with one of the
female connectors 145 of the main body 145.

[0036] The input unit 150 is used to receive commands for
instructing operations of the ultrasonic imaging apparatus.
For example, a mode selection command, such as an Ampli-
tude mode (A-mode), a Brightness mode (B-mode), or a
Motion mode (M-mode), or an ultrasonography start com-
mand may be input through the input unit 150. A command
input through the input unit may be transferred to the main
body 100 through wired/wireless communication.

[0037] The input unit 150 may include at least one of a
keyboard, a foot switch, and a foot pedal. The keyboard may
be hardwarily implemented, and disposed on the upper part
of the main body 100. The keyboard may include at least
one(s) of a switch, keys, a joystick, and a trackball. As
another example, the keyboard may be softwarily imple-
mented as a graphic user interface (GUI). In this case, the
keyboard may be displayed through the sub display unit 170
or the main display unit 160. The foot switch or the foot
pedal may be provided in the lower part of the main body
100, and an operator may control operations of the ultrasonic
imaging apparatus using the foot pedal.

[0038] An ultrasonic collector holder 120 for accommo-
dating the ultrasonic collector 110 may be provided to be
adjacent to the input unit 150. There may be provided one or
more ultrasonic collector holders. The operator may put the
ultrasonic collector 110 into the ultrasonic collector holder
120 to safely keep the ultrasonic collector 110 when he/she
does not use the ultrasonic imaging apparatus.

[0039] The sub display unit 170 may be installed in the
main body 100. FIG. 1 shows a case in which the sub display
unit 170 is provided on the upper part of the input unit 150.
The sub display unit 170 may display applications related to
operations of the ultrasonic imaging apparatus. For example,
the sub display unit 170 may display menus or guidance for
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ultrasonography. The sub display unit 170 may be imple-
mented as a Cathode Ray Tube (CRT) or a Liquid Crystal
Display (LCD).

[0040] The main display unit 160 may be also installed in
the main body 100). FIG. 1 shows a case in which the main
display unit 160 is positioned above the sub display unit 170.
The main display unit 160 may display ultrasonic images
acquired by ultrasonography. The main display 160 may be,
like the sub display 170, implemented as a CRT or a LCD.
In FIG. 1, the main display unit 160 is integrated with the
main body 100, however, the main display unit 160 may be
separated from the main body 100.

[0041] In the embodiment of FIG. 1, the ultrasonic imag-
ing apparatus includes both the main display unit 160 and
the sub display unit 170, however, the sub display unit 170
may be omitted. In this case, applications, menus, etc.,
which are displayed through the sub display unit 170, may
be display through the main display unit 160.

[0042] FIG. 2 is a block diagram of a control configuration
of an ultrasonic imaging apparatus according to an embodi-
ment of the present invention. Referring to FIGS. 1 and 2,
the ultrasonic collector 110 includes a plurality of ultrasonic
transducers 114 to generate ultrasonic waves according to
alternating current applied from a power source 112, to
irradiate the ultrasonic waves to an object, to receive echo
ultrasonic waves reflected from a target part of the object,
and to convert the received echo ultrasonic waves into
electrical signals. The power source 111 2 may be an external
power supply, or a power storage unit included in the
ultrasonic imaging apparatus.

[0043] Each ultrasonic transducer 114 may be a magne-
tostrictive ultrasonic transducer using the magnetostrictive
effect of a magnetic material, a piezoelectric ultrasonic
transducer using the piezoelectric effect of a piezoelectric
material, or a capacitive micromachined ultrasonic trans-
ducer (CMUT) that transmits and receives ultrasonic waves
using vibration of several hundreds or thousands of micro-
machined thin films.

[0044] When alternating current from the power source
112 is applied to each ultrasonic transducer 114, the piezo-
electric vibrator or thin film of the ultrasonic transducer 114
vibrates, thus generating ultrasonic waves. The generated
ultrasonic waves are irradiated to an object, for example, to
the inside of a human body. The irradiated ultrasonic waves
are reflected by one or more target areas that may be located
at different depths from the surface of the object. The
ultrasonic transducers 114 receive ultrasonic echo signals
reflected from the target areas, and convert the received
ultrasonic echo signals into electrical signals to obtain a
plurality of received signals.

[0045] The received signals are transferred to the main
body 100 through a wired/wireless communication network.
Since the ultrasonic collector 110 receives the ultrasonic
echo signals through a plurality of channels, the plurality of
received signals are also transferred to the main body 100
through a plurality of channels.

[0046] The main body 100 may include a beamformer
210, a volume data generator 220, and an image processor
230. In another embodiment, one or more components of the
above-mentioned components may be omitted.

[0047] The beamformer 210 may perform beamforming
based on the plurality of received signals. Beamforming is
operation of focusing a plurality of received signals received
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through a plurality of channels to acquire a proper ultrasonic
image about the inside of an object.

[0048] The beamformer 210 corrects time differences of a
plurality of received signals, caused by distance differences
between the respective transducers 114 and a target area of
the object. Then, the beamformer 210 enhances a plurality of
received signals corresponding to specific channels, or rela-
tively attenuates a plurality of received signals correspond-
ing to other channels, thereby focusing the plurality of
received signals. At this time, the beamformer 210 may
enhance or attenuate a specific received signal by selectively
allocating predetermined weights to a plurality of received
signals received through individual channels.

[0049] The beamformer 210 may focus a plurality of
received signals collected by the ultrasonic collector 110, for
each frame, in consideration of the locations and focusing
points of the transducers 114 of the ultrasonic collector 110.
[0050] The beamforming that is performed by the beam-
former 210 may be one of data-independent beamforming
and adaptive beamforming.

[0051] The volume data generator 220 generates ultra-
sonic image data based on the signals focused by the
beamformer 210. If the beamformer 210 focuses a plurality
of received signals for each of a plurality of frames, the
volume data generator 220 generates a plurality of pieces of
ultrasonic image data respectively corresponding to the
respective frames based on a plurality of focused signals.
The ultrasonic image data may be 3D ultrasonic image data
for the object, that is, volume data for the object.

[0052] The image processor 230 may receive the volume
data for the object from the volume data generator 230.
Then, the image processor 230 performs volume rendering
on the volume data, and transfers the results of the volume
rendering to the main display unit 160 so that the main
display unit 160 can output the results of the volume
rendering as images.

[0053] The image processor 230 may volume-render the
3D volume data using one of volume rendering methods
well-known in the art. In detail, volume rendering may be
classified into surface rendering and direct volume render-
ing.

[0054] The surface rendering is to extract surface infor-
mation from volume data based on predetermined scalar
values and amounts of spatial changes, to convert the surface
information into a geometric factor, such as a polygon or a
surface patch, and then to apply a conventional rendering
technique to the geometric factor. Examples of the surface
rendering are a marching cubes algorithm and a dividing
cubes algorithm.

[0055] The direct volume rendering is to directly render
volume data without converting volume data into a geomet-
ric factor. The direct volume rendering is useful to represent
a translucent structure since it can visualize the inside of an
object as it is. The direct volume rendering may be classified
into an object-order method and an image-order method
according to a way of approaching volume data.

[0056] The image-order method is to sequentially decide
pixel values of an image. An example of the image-order
method is volume ray casting. According to the volume ray
casting, as illustrated in FIG. 6, a virtual ray is irradiated
from a specific viewpoint toward a predetermined pixel of a
display screen, and then voxels through which the virtual ray
has been transmitted from among voxels of volume data are
detected. Then, brightness values of the detected voxels are
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accumulated to decide a brightness value of the correspond-
ing pixel of the display screen. Alternatively, an average
value of the detected voxels may be decided as a brightness
value of the corresponding pixel of the display screen. Also,
a weighted average value of the detected voxels may be
decided as a brightness value of the corresponding pixel of
the display screen.

[0057] The object-order method is to directly project vol-
ume data on an image. An example of the object-order
method is splatting. According to splatting, by aligning the
center of a reconfigured kernel with a point at which a voxel
is projected on a plane to be observed, and then causing
peripheral pixels to distribute values to the voxel, a bright-
ness value of the corresponding pixel is decided.

[0058] If the volume rendering is completed, a 3D ultra-
sonic image may be produced. Each pixel of the 3D ultra-
sonic image may have a brightness value and a color value.
The following description is given under an assumption that
the volume ray casting of the above-mentioned volume
rendering methods is used.

[0059] Referring again to FIG. 2, the storage unit 240 may
store data or algorithms required for operations of the
ultrasonic imaging apparatus 200. For example, the storage
unit 240 may store an algorithm for rendering volume data,
an algorithm for calculating the location of a sample with
respect to a viewpoint, and an algorithm for calculating a
depth from a surface to each sample.

[0060] The storage unit 240 may be Read Only Memory
(ROM). Random Access Memory (RAM), Programmable
Read Only Memory (PROM), Erasable Programmable Read
Only Memory (EPROM), a non-volatile memory device
such as flash memory, a volatile memory device such as
Random Access Memory (RAM), or an optical disk. How-
ever, the storage unit 280 is not limited to these, and may be
any other storage device well-known in the art.

[0061] An embodiment in which the main body 100 of the
ultrasonic imaging apparatus includes the beamformer 210,
the volume data generator 220, the image processor 230, and
the storage unit 240 has been described above with reference
to FIGS. 1 and 2. However, the main body 100 does not need
to include all the above-mentioned components. In other
words, some of the components may be included in another
component, for example, in the ultrasonic collector 110.
[0062] For example, the ultrasonic collector 110 may
include the beamformer 210 to produce an ultrasonic image
based on electrical signals, and to correct the produced
ultrasonic image.

[0063] The above description relates to the appearance and
control configuration of an ultrasonic imaging apparatus
according to an embodiment of the present invention. Here-
inafter, a control configuration of the image processor 230 of
the ultrasonic imaging apparatus, and the functions of the
individual components of the ultrasonic imaging apparatus
will be described in more detail with reference to FIGS. 3 to
12.

[0064] FIG. 3 is a block diagram ofa control configuration
of the image processor 230 according to an embodiment of
the present invention. Referring to FIG. 3, the image pro-
cessor 230 may include a texture image storage unit 232, a
sampling unit 234, a calculator 236, and a data accumulating
unit 238.

[0065] The texture image storage unit 232 may store
texture images that are referred to upon volume rendering.
The texture image storage unit 232 may be implemented as
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the same type of device as the storage unit 240 since the
texture image storage unit 232 also functions to store data.
[0066] The texture image storage unit 232 may store one
or more texture images. A texture image that is to be stored
in the texture image storage unit 232 may reflect a translu-
cency property or multi-layer tissue of an object. Hereinaf-
ter, a translucency property or multi-layer tissue of an object
will be described.

[0067] A phenomenon in which light is transmitted
through a certain object without being absorbed in or
reflected from the object is called transmission. A degree of
light transmission greatly depends on the properties of an
object through which the light is transmitted. For example,
a transparent material such as glass transmits a major part of
incident light although it reflects a small amount of the
incident light and absorbs a small amount of the incident
light. A degree at which light is transmitted through a
material is determined as transparency of the material, and
a material through which light is 100% transmitted can be
considered to have transparency. Meanwhile, a material
through which no light is transmitted is considered as an
opaque material. If a certain material transmits a small
amount of light, and scatters light according to its surface
structure and properties to lower transparency, the material
is considered to have a translucency property.

[0068] An object such as the fetus having soft tissue can
be considered to have a translucency property since a
constant amount of light can be transmitted through the
object. Accordingly, such an object is strongly dependent on
an effect due to a translucency property since a part of light
irradiated from a light source is transmitted deeply to tissue.
In the case of an object having a translucency property, an
effect due to light transmission through the object must be
considered even when a light source is positioned behind the
object, as well as when a light source is positioned in front
of the object. A translucency property can be represented
through calculations under an assumption that a part of
incident light is transmitted through the inside of an object
while the remaining part of the incident light is reflected
from the surface of the object.

[0069] FIG. 4 illustrates light paths when a light source is
located to face a viewpoint with an object in between. In
FIG. 4, no path of light reflected from the object is shown
since the reflected light has no influence in observing the
object at the viewpoint. First, a path of light passing a point
df1 at which light from a light source enters the inside of the
object, and a point do1 at which the light transmitted through
the inside of the object is escaped from the object is
described below. The light is transmitted through the inside
of the object by a distance of S1. Meanwhile, when light
generated from a light source is transmitted through an
object having a non-uniform thickness, a distance by which
the light is transmitted through the inside of the object
depends on a path of the light.

[0070] Referring to FIG. 4, a distance S1 by which light is
transmitted through the lower part of the object is longer
than a distance S2 by which light is transmitted through the
upper part of the object (S1>S2). A part of light incident to
an object is absorbed in the object when the light is trans-
mitted through the inside of the object, so long as the object
is not a completely transparent material. Accordingly, as a
distance by which light is transmitted through the inside of
an object is longer, the more amount of light is absorbed in
the object. Therefore, in the case of FIG. 4, when the object
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is seen from the viewpoint, the point dol is observed darker
than the point do2. That is, an area having the deeper depth
from the surface of an object which a light source faces must
be represented darker than an area having the shallower
depth from the surface of the object which the light source
faces in order to improve the reality of the object. In
consideration of this, one axis of a texture image that is to
be stored in the texture image storage unit 232 may be
configured to represent a depth from a surface of an object
which a light source faces.

[0071] With the translucency property of an object, multi-
layer tissue of the object must be considered. Light trans-
mitted through a medium is influenced by the kind of the
medium. Specifically, since different kinds of mediums
absorb different wavelengths of light, the color of an object
shown from a viewpoint depends on a depth to which light
has been transmitted through the object. Accordingly, when
an object is shown from a viewpoint, the effect of light
transmitted through different material layers of the object,
that is, the colors of light transmitted through the different
material layers of the object are mixed and visually shown.
[0072] For example, if an object is a human body, multi-
layer tissue of the human body can be considered. The
reason is because the skin of a human body is not a single
material and consists of several different kinds of layers. If
the skin of the human body is divided into a horny layer, an
epidermis layer, a dermis layer, and a panniculus layer, the
object may be represented in a different way from an object
having a single layer since the respective layers have dif-
ferent properties. Accordingly, when an object has multi-lay
tissue like the skin of a human body, the multi-layer tissue
of the object is considered upon rendering in order to
improve reality. Particularly, in the case of volume render-
ing, since the inside of an object as well as the surface of the
object must be rendered, a method of deciding color values
in consideration of multi-layer tissue of an object can
improve the reality of rendering.

[0073] 1In order to consider multi-layer tissue of an object,
what layer of the object a sample is located in needs to be
determined. In order to determine a layer to which a sample
belongs, a depth at which a sample is located from a surface
with respect 1o a viewpoint may be calculated. By deciding
a color value in consideration of the depth of a sample upon
rendering, reality can be improved. In order to reflect the
depths of samples to a texture image, one axis of the texture
image may be configured to represent a depth from a surface
with respect to a viewpoint.

[0074] FIG. 5 illustrates an example of a texture image
including information about a translucency property and
multi-layer tissue of an object (e.g., the fetus). In the
following description, a texture image, which is shown as
black and white in F1G. 5, is assumed to be in color since the
present disclosure is implemented using a color texture
image.

[0075] The texture image storage unit 232 (see FIG. 3)
may store 2-dimensional (2D) texture images. Each of the
2D texture images may be configured with a group of texels
each having a brightness value or a color value. When
rendering is performed, the brightness or color values of the
texels may be referred to in order to improve reality. The
texel is a minimum unit constructing text image data.
[0076] Referring to FIG. 5, a texture image may be
configured such that the horizontal axis represents the depths
of samples from a surface with respect to a viewpoint, and
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the vertical axis represents the depths of the samples from a
surface with respect to a light source. As described above,
the depth (the horizontal axis of a texture image) of a sample
from a surface with respect to a viewpoint is used to
determine what layer of the corresponding object the sample
is located in, and accordingly, the horizontal axis of the
texture image may become criteria to decide a color value of
a texel. Also, the depth (the vertical axis of a texture image)
of a sample from a surface with respect to a light source is
used to determine a depth to which light has been transmit-
ted through the corresponding object, and accordingly, the
vertical axis of the texture image may become criteria to
decide a brightness value of a texel.

[0077] Referring again to FIG. 3, the sampling unit 234
receives volume data of an object from the volume data
generator 220 (see FIG. 2). The sampling unit 234 performs
sampling for volume rendering on the received volume data.

[0078] Upon sampling, the position of the object may be
rearranged with respect to a viewpoint in order to facilitate
calculations for volume rendering. Specifically, axes of a
display screen may be set to axes of an orthogonal coordi-
nates system, and the locations of samples may be repre-
sented as vectors. Thereby, distances between samples and
a surface may be obtained through a simple mathematical
calculation.

[0079] FIG. 6 is a view for describing a process of
rearranging the position of an object with respect to a
viewpoint upon sampling, according to an embodiment of
the present invention. FIG. 6 shows an example of an
arrangement of volume data samples, having a cube shape in
which each side has scalar values of N voxels. Each voxel

is represented in the form of T=(i.k), and a voxel value of

the vector 1 is F(T), wherein f is a function representing a
voxel value corresponding to a voxel. First, it is assumed
that light beams are projected from an observer toward
volume data. In this case, a display screen is configured with
MxN pixels, wherein M is the number of pixels arranged on
the horizontal axis of the display screen, and N is the number
of pixels arranged on the vertical axis of the display screen.
Each light beam is projected to a pixel. Each pixel or a light
beam projected through each pixel is represented as a vector

u=(uv), wherein u and v are coordinates on x- and y-axis,
and points that are sampled on the light beams are repre-

sented as ﬁ:(u,v,w), wherein w is a coordinate on the z-axe.

The z-axis coordinate w of the vector U increases in
proportion to a sampling distance and the number of times

of sampling. By obtaining the vector U, the locations of
samples can be acquired. By representing the locations of
samples as vectors, distances of the samples to a surface can
be easily acquired by a mathematical calculation.

[0080] Setting values for sampling that is performed by
the sampling unit 234 may be input by a user through the
input unit 150. For example, a sampling distance, the
number of times of sampling, and a point at which sampling
terminates may be set to desired values by a user.

[0081] Referring again to FIG. 3, the calculator 236
receives the location of each sample, acquired by sampling,
from the sampling unit 234. The calculator 236 functions to
calculate a distance of the sample to the surface, using the
received location of the sample. In order to increase the
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speed and accuracy of calculation, the calculator 236 may be
hardwarily implemented to enable parallel processing using
a plurality of pipelines.

[0082] The calculator 236 may perform a calculation for
detecting a texel corresponding to each sample in the
direction of the light beam passing through the display
screen. Referring to FIG. 6, the horizontal axis of the texture
image may be set to a depth from a surface with respect to
a viewpoint, and the vertical axis of the texture image may
be set to a depth from a surface with respect to a light source.
By calculating a value of the sample on the horizontal or
vertical axis of the texture image using the sample location
received from the sampling unit 234, the corresponding
texel can be detected. The calculator 236 may transfer a
brightness value or a color value of the detected texel to the
data accumulating unit 238.

[0083] FIG. 7 is a view for describing a method of
calculating the location of a texel corresponding to each
sample, according to an embodiment of the present inven-
tion. In order to obtain a color value of each sample of an
object, to which multi-layer tissue of the object has been
reflected, a depth X of the corresponding sample from a
surface with respect to a viewpoint is calculated. Also, in
order to obtain a brightness value of each sample of an
object, to which the translucency property of the object has
been reflected, a depth Y of the corresponding sample from
a surface with respect to a light source is calculated. Based
on the resultant coordinate value (x, y), a texel correspond-
ing to the sample may be detected from the texture image of
FIG. 6. The calculator 236 may transfer the color value and
brightness value of the detected texel to the data accumu-
lating unit 238. Hereinafter, a method of calculating the
depths X and Y will be described in detail with reference to
FIGS. 8 to 11.

[0084] FIGS. 8A, 8B, and 8C are views for describing a
method of calculating a depth X from a surface to each
sample with respect to a viewpoint, according to an embodi-
ment of the present invention. Referring to FIG. 8A, when
a virtual light beam is projected to an object from a view-
point, volume data is sampled in the direction of the light
beam. In order to find a surface on the path of the light beam,
sampling from the viewpoint continues to be performed, and
if it is found a first sample which is not an empty space, the
location of the found sample is estimated as the location of
a surface. If an empty space is found during continuous
sampling, the location of a sample which is not an empty
space and 1s first found is again estimated as the location of
a surface.

[0085] Referring to FIG. 8B, a gradient vector of the
estimated surface is calculated. The gradient vector of the
surface is calculated using texel values of peripheral samples
on x-, y-, and z-axis. The following Equation (1) is used to
calculate an x component of a gradient vector of a surface.
In Equation (1), a vector represents the location of a sample,
frepresents a voxel value of the sample, and h represents a
unit distance between samples, wherein v, v, and w are x-,
y-, and z-axis coordinates.

f(U(u+l,v,w)) - f‘:U(ufl,v,W]) Equaﬁon (1)

2h

gx(U(u,v,wi) =
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[0086] Referring to FIG. 8C, a plane in which the normal
vector is the gradient vector of the surface is obtained. The
plane is a tangential plane of the object at a point corre-
sponding to the surface. A distance from the plane to the
sample of which a depth has to be calculated is calculated,
and the distance becomes a depth X from the surface to the
sample with respect to the viewpoint.

[0087] FIG. 9 is a flowchart of a method of calculating a
depth X from an object’s surface to each sample with respect
to a viewpoint, according to an embodiment of the present
invention. The depth X can be calculated by obtaining a
tangential plane at a point corresponding to the surface, and
calculating a distance from the tangential plane to the
sample.

[0088] First, sampling is performed along a light beam
from a viewpoint (300). At this time, the number of times of
sampling increases in proportion to a degree of reality of
volume rendering. The reason is because as the number of
times of sampling is more, the more accurate location of a
surface can be found. The number of times of sampling may
be set to a value input by a user through the input unit 150
(see FIG. 2). Sampling may be performed simultaneously
with or separately from the following process, and in the
following description, it is assumed that sampling is per-
formed simultaneously with the following process.

[0089] Successively, voxel values of samples are checked
in order from the viewpoint (310). Then, it is determined
whether each sample is an empty space based on the voxel
values (320). Whether each sample is an empty space may
be determined using an Opacity Transfer Function (OTF)
that defines the relationship between density values and
transparency among the voxel values. Since a method of
determining an empty space using an OTF is well-known in
the art, further descriptions will be omitted.

[0090] If a sample is an empty space, the next sample is
checked (325). If a sample which is not an empty space is
found, the location values of the sample are acquired (330).
The sample whose location values have been acquired is
estimated as a surface. The reason is because a sample which
is not an empty space and is first found is a first sample that
exists in the inside of the object in the direction of the light
beam.

[0091] Then, operation for calculating a depth X of the
sample is performed. The depth X of the sample is calculated
using the location values of the sample. To do this, operation
of calculating a gradient vector at the location of the sample
is performed (340). The gradient vector is calculated using
peripheral values on the x-, y-, and z-axis of the sample.
Since a method of calculating the gradient vector has been
described above with reference to FIG. 8B, further descrip-
tions will be omitted.

[0092] After the gradient value is calculated, a plane on
which the location of the sample estimated as the surface
exists and in which the normal vector is the gradient vector
of the surface is obtained (350). The plane is a tangential
plane of the object at a point corresponding to the surface
since the plane meets the object only at the point of the
surface and is perpendicular to the object. By using the
tangential plane which is perpendicular to the object, the
depths of samples can be easily calculated in the direction of
the light beam.

[0093] Finally, by calculating a distance between the tan-
gential plane and the sample of which the depth X has to be
calculated, the depth X of the sample from the surface with
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respect to the viewpoint may be acquired (360). The depth
X may be used to detect a texel on the horizontal axis of the
texture image of FIG. 6.

[0094] FIGS. 10A, 10B, and 10C are views for describing
a method of calculating a depth Y from a surface to each
sample with respect to a light source, according to an
embodiment of the present invention. Referring to FIG.
10A, a light beam advancing from a sample of which a depth
has to be calculated toward a light source is generated. This
is aimed at calculating a distance by which light irradiated
from a light source is transmitted through a medium until the
light arrives at the corresponding sample to reflect the
translucency property of the corresponding object. Since
light reflected from the surface of the object has no influence
in deciding a brightness value of the sample, only light
advancing straightly is considered.

[0095] Referring to FIG. 10B, volume data is sampled at
regular time intervals along the generated light beam. At this
time, sampling is performed along the traveling direction of
the light beam, starting from the sample of which the depth
has to be calculated, so that brightness values among voxel
values of samples are checked. Since a brightness value
becomes greater as light irradiated from a light source is
transmitted through a medium to the deeper depth, the
brightness values are checked to detect a sample on the
surface of a medium. The brightness values acquired in
order of sampling are compared to a predetermined thresh-
old value. Since a point having a great change in brightness
values can be considered as a point at which light starts to
be transmitted through a medium, if the brightness value of
a certain sample falls below the predetermined threshold
value, the previous sample may be estimated as a surface.
Then, a distance between the surface and the sample of
which the depth has to be calculated is calculated, so that a
depth Y from the surface to the sample can be calculated.
[0096] FIG. 11 is a flowchart of a method of calculating a
depthY from an object’s surface to each sample with respect
to a light source, according to an embodiment of the present
invention. The depth Y can be calculated based on a fact that
the strength of light varies depending on a distance by which
the light is transmitted through a medium until the light
arrives at a sample.

[0097] In order to calculate the depth Y, first, a light beam
advancing from a sample of which a depth has to be
calculated toward a light source is generated (400). This is
aimed at setting a path of light arriving at the corresponding
sample from an actual light source, and easily calculating a
distance by which the light advancing along the path is
transmitted through a medium.

[0098] After the light beam is generated, sampling is
performed at regular time intervals along the traveling
direction of the generated light beam (410). At this time, the
number of times of sampling increases in proportion to a
degree of reality of volume rendering. The reason is because
as the number of times of sampling is more, the more
accurate location of a surface can be found. The number of
times of sampling may be set to a value input by a user
through the input unit 150 (see FIG. 2). Sampling may be
performed simultaneously with or separately from the fol-
lowing process, and in the following description, it is
assumed that sampling is performed simultaneously with the
following process.

[0099] If sampling is performed, brightness values among
voxel values of samples are acquired in order, starting from
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a sample located most distant from the light source (420),
and the brightness values are compared to a predetermined
threshold value (430). By comparing the brightness values
to the predetermined threshold value, it can be determined
whether a sample is included in the inside of the object. The
predetermined threshold value may be set to an appropriate
value within an error range of a brightness value when light
is not transmitted through any medium.

[0100] When the brightness value of a sample is compared
to the predetermined threshold value, if the brightness value
of the sample is greater than the predetermined threshold
value, the corresponding sample is determined as a sample
located in the inside of the object, and then, the next sample
is compared to the predetermined threshold value (435).
Meanwhile, if the brightness value of the sample is smaller
than the predetermined threshold value, the sample is deter-
mined as a sample located outside the object.

[0101] If a sample is determined as a sample located
outside the object, the previous sample is estimated as a
surface of the object. Then, the location values of the sample
are acquired (440). The reason is because if a sample located
outside the object is found after successive samples located
in the inside of the object are found, the previous sample of
the sample located outside the object is a final sample
located in the inside of the object in the traveling direction
of the light beam.

[0102] Then, a distance from the surface to the sample of
which the depth has to be calculated is calculated, so that a
depth Y from the surface to the sample can be calculated
(450). The depth Y may be used to detect a texel on the
vertical axis of the texture image of FIG. 6.

[0103] Referring to FIGS. 3 and 11, the calculator 236
may detect a texel corresponding to the sample from a
texture image stored in the texture image storage unit 232
based on the resultant depth value (x, y). Then, a brightness
value or a color value is detected from the corresponding
texel.

[0104] The data accumulating unit 238 receives the bright-
ness value or the color value of the texel detected by the
calculator 236. The brightness values or color values of
texels corresponding to samples acquired along the path of
a light beam passing through a display pixel with respect to
a viewpoint are all accumulated in the data accumulating
unit 238. Based on the values accumulated in the accumu-
lating unit 238, the brightness or color of the display pixel
through which the light beam passes is decided.

[0105] FIG. 12 is a flowchart of a rendering algorithm for
a volume rendering method, according to an embodiment of
the present invention.

[0106] First, sampling is performed at regular time inter-
vals in the direction of a light beam from a viewpoint (500).
At this time, as sampling is performed at shorter time
intervals, more samples are subject to a calculation to decide
a brightness value and a color value of each display pixel.
Accordingly, since more brightness values and color values
of texels are acquired, a more amount of data is accumulated
to obtain the results of rendering having high reality. A
sampling interval may be set to a value input by a user
through the input unit 150.

[0107] Then, voxel values of samples are checked in order,
starting from a sample located closest to a viewpoint (510).
Then, it is determined whether each sample is an empty
space (520). Whether the sample is an enipty space may be
determined using the OTF which is well-known in the art. If
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it is determined that a sample is an empty space based on the
voxel value of the sample, it is determined whether the next
sample is an empty space (525). The reason is because a
sample corresponding to an empty space has no information
about an object.

[0108] If a sample which is not an empty space is found,
the location values of the sample are acquired (530), and a
calculation for detecting a texel corresponding to the sample
from a texture image is performed. To do the calculation, a
depth of the sample from a surface of the object with respect
to a light source is calculated (540), and a depth of the
sample from a surface of the object with respect to the
viewpoint is calculated (550).

[0109] The depth of the sample from the surface of the
object with respect to the light source is calculated by
calculating a distance by which a light beam generated from
the sample passes through a medium until the light beam
arrives at the light source. The depth of the sample from the
surface of the object with respect to the viewpoint is
calculated by estimating a sample which is not an empty
space and is first found as a surface, and calculating a
distance between a tangential plane of the object at a point
corresponding to the surface and the sample of which the
depth has to be obtained. Operation of calculating the depth
of the sample from the surface of the object with respect to
the light source may be performed simultaneously with or
separately from operation of calculating the depth of the
sample from the surface of the object with respect to the
viewpoint.

[0110] Based on the results of the calculations, the corre-
sponding texel is detected from a texture image stored in the
texture image storage unit 232. The texture image can have
brightness values and color values to which a translucency
property and multi-layer tissue of the object have been
reflected. A brightness value to which a translucency prop-
erty has been reflected can be obtained by calculating a
depth from a surface of an object to a sample of which a
depth has to be obtained with respect to a light source, and
detecting the corresponding texel. A color value to which
multi-layer tissue has been reflected can be obtained by
calculating a depth from a surface of an object to a sample
of which a depth has to be obtained with respect to a
viewpoint, and detecting the corresponding texel. In this
way, the brightness and color values of the texel are obtained
(560).

[0111] The obtained brightness and color values are accu-
mulated in existing values, thereby performing rendering
(570). Accordingly, the brightness and color values of a
display pixel are decided by accumulating the brightness and
color values of texels corresponding to samples sampled
along a light beam passing through the corresponding dis-
play pixel. After the brightness and color values are accu-
mulated, it is determined whether sampling needs to con-
tinue to be performed (580). If sampling needs to continue
to be performed, the location of the next sample is acquired,
and the above-described operation is performed on the next
sample. If sampling does no longer need to continue to be
performed, the process terminates.

1. An ultrasonic imaging apparatus comprising:

an ultrasonic collector configured to collect ultrasonic
waves from an object;

a volume data generator configured to generate volume
data based on the ultrasonic waves; and
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an image processor configured to perform volume ren-
dering on the volume data with reference to a texture
image,

wherein a translucency property and multi-layer tissue of

the object are reflected to each texel of the texture
image.

2. The ultrasonic imaging apparatus according to claim 1,
wherein the image processor comprises a calculator config-
ured to detect a texel corresponding to a sample obtained by
sampling the volume data, from the texture image.

3. The ultrasonic imaging apparatus according to claim 2,
wherein each texel to which the translucency property of the
object has been reflected has a brightness value varying
depending on a depth from a surface of the object with
respect to the light source.

4. The ultrasonic imaging apparatus according to claim 3,
wherein the calculator detects the texel by calculating a
distance from the surface of the object to the sample with
respect to the light source.

5. The ultrasonic imaging apparatus according to claim 2,
wherein each texel to which the multi-layer tissue of the
object has been reflected has a color value varying depend-
ing on a depth from a surface of the object with respect to
a viewpoint.

6. The ultrasonic imaging apparatus according to claim 5,
wherein the calculator detects the texel by calculating a
distance from the surface of the object to the sample with
respect to the viewpoint.

7. An ultrasonic imaging apparatus comprising:

an ultrasonic collector configured to collect ultrasonic

waves from an object;

a volume data generator configured to generate volume

data based on the ultrasonic waves; and

an image processor configured to perform volume ren-

dering on the volume data with reference to a texture
image,

wherein a translucency property of the object is reflected

to each texel of the texture image.

8. An ultrasonic imaging apparatus comprising:

an ultrasonic collector configured to collect ultrasonic

waves from an object:

a volume data generator configured to generate volume

data based on the ultrasonic waves; and

an image processor configured to perform volume ren-

dering on the volume data with reference to a texture
image,

wherein multi-layer tissue of the object is reflected to each

texel of the texture image.

9. A control method of an ultrasonic imaging apparatus,
comprising:

collecting ultrasonic waves from an object;

generating volume data based on the ultrasonic waves;

and

performing volume rendering on the volume data with

reference to a texture image,

wherein a translucency property and multi-layer tissue of

the object are reflected to each texel of the texture
image.

10. The control method according to claim 9, wherein the
performing of the volume rendering comprises detecting a
texel corresponding to a sample obtained by sampling the
volume data, from the texture image.

11. The control method according to claim 10, wherein
each texel to which the translucency property of the object
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has been reflected has a brightness value varying depending
on a depth from a surface of the object with respect to a light
source.

12. The control method according to claim 11, wherein the
detecting of the texel comprises detecting the texel by
calculating a distance from the surface of the object to the
sample with respect to the light source.

13. The control method according to claim 10, wherein
each texel to which the multi-layer tissue of the object has
been reflected has a color value varying depending on a
depth from a surface of the object with respect to a view-
point.

14. The control method according to claim 13, wherein
the detecting of the texel comprises detecting the texel by
calculating a distance from the surface of the object to the
sample with respect to a viewpoint.

15. A control method of an ultrasonic imaging apparatus,
comptrising:

collecting ultrasonic waves from an object;

generating volume data based on the ultrasonic waves;

and

performing volume rendering on the volume data with

reference to a texture image,

wherein a translucency property of the object or multi-

layer tissue of the object is reflected to each texel of the
texture image.
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