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An ultrasonic imaging apparatus includes an ultrasonic
probe, a volume data generator to generate a plurality of
volume data corresponding to echo signals received as the
ultrasonic probe transmits the ultrasonic signals to the object
a plurality of times before and while external stress is applied
to the object, an elasticity data generator to generate elasticity
data based on displacement of the plurality of volume data, a
controller to adjust parameters of volume rendering using the
elasticity data, and an image processor to perform the volume
rendering using the adjusted parameters and generate a vol-
ume-rendered image.

Accordingly, a multi-dimensional ultrasonic image of a target
region of an object to be diagnosed in which lesion areas are
separated from non-lesion tissues may be output. Thus, the
information regarding the surface of the target region and the
inside volume of the target region may be acquired.
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ULTRASONIC IMAGING APPARATUS AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2013-0050900, filed on May 6, 2013 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to an ultrasonic imaging apparatus
that outputs a multi-dimensional ultrasonic image using elas-
ticity data of an object and a control method thereof.

[0004] 2. Description of the Related Art

[0005] An ultrasonic imaging apparatus radiates ultrasonic
waves toward a target region of an object to be diagnosed
from the surface of the object and detects reflected signals
from the target region, i.e., ultrasonic echo signals, to gener-
ate an image of the target region such as a soft tissue tomo-
gram or a blood stream tomogram, thereby providing infor-
mation regarding the target region.

[0006] The ultrasonic imaging apparatus is small and inex-
pensive, as compared to other image diagnostic apparatuses,
such as an X-ray diagnostic apparatus, a computed tomogra-
phy (CT) scanner, a magnetic resonance imaging (MRI)
apparatus, and a nuclear medicine diagnostic apparatus, and
is thus widely used for heart diagnosis, celiac diagnosis,
urinary diagnosis, as well as obstetric diagnosis due to non-
invasive and nondestructive characteristics thereof.

[0007] In particular, a three-dimensional (3D) ultrasonic
imaging apparatus generates a 3D ultrasonic image of an
object by acquiring 3D data regarding the object using a
probe, or the like, and performing volume rendering of the
acquired 3D data, and then visualizes the 3D ultrasonic image
on a display device. In this case, when a target region is a
fetus, information regarding the surface, such as the eyes,
nose, and mouse, should be visualized. However, when the
target region is an internal organ such as the thyroid, kidney,
and liver, information regarding the inside of the organ, i.e.,
information regarding lesion areas, should be obtained
instead of information regarding the surface of the organ.

SUMMARY

[0008] Exemplary embodiments may address at least the
above problems and/or disadvantages and other disadvan-
tages not described above. Also, the exemplary embodiments
are not required to overcome the disadvantages described
above, and an exemplary embodiment may not overcome any
of the problems described above.

[0009] One or more exemplary embodiments provide an
ultrasonic imaging apparatus to output a multi-dimensional
ultrasonic image of a target region of an object to be diag-
nosed in which lesion areas are separated from non-lesion
tissues using elasticity data of the object and a method of
controlling the ultrasonic imaging apparatus.

[0010] In accordance with an aspect of an exemplary
embodiment, an ultrasonic imaging apparatus and a method
of controlling the ultrasonic imaging apparatus are provided.
[0011] Theultrasonic imaging apparatus includes an ultra-
sonic probe to transmit ultrasonic signals to an object and
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receive echo signals reflected from the object, a volume data
generator to generate a plurality of volume data correspond-
ing to a plurality of echo signals received as the ultrasonic
probe transmits the ultrasonic signals to the object plural
times before or while external stress is applied to the object,
an elasticity data generator to generate elasticity data based
on displacement of the plurality of volume data, a controller
to adjust parameters of volume rendering using the elasticity
data, and an image processor to perform the volume rendering
using the adjusted parameters and generate a volume-ren-
dered image.

[0012] The parameters adjusted by the controller may
include at least one of an opacity value of a voxel and a voxel
value.

[0013] The opacity value may be established as a one-
dimensional increasing function with respect to the elasticity
value and adjusted proportionally to the elasticity value.
[0014] The opacity value may be established as a two-
dimensional increasing function with respect to the elasticity
value and the voxel value and adjusted proportionally to the
elasticity value and the voxel value, or the opacity value may
be established as a two-dimensional increasing function with
respect to the elasticity value and a gradient value and
adjusted proportionally to the elasticity value and the gradient
value.

[0015] The opacity value may be established as a two-
dimensional increasing function with respect to the elasticity
value and the voxel value while only increasing proportion-
ally to the voxel value and adjusted to be established as a
one-dimensional increasing function with respect to the voxel
value when the elasticity value is O.

[0016] The opacity value may be established as a two-
dimensional increasing function with respect to the elasticity
value and the voxel value while only increasing proportion-
ally to the voxel value and adjusted to be established as a
one-dimensional increasing function with respect to the elas-
ticity value when the voxel value is 0.

[0017] The voxel value may be established as a one-dimen-
sional increasing function with respect to the elasticity value
and adjusted proportionally to the elasticity value.

[0018] The voxel value is adjusted by Equation 1 below:
Vozxel,,,=Voxel,,xf(e) Equation 1
[0019] In Equation 1, e is an elasticity value, f is a value

from 0 to 1, the function of the voxel value is a one-dimen-
sional increasing function dependent upon the elasticity
value, Voxel,, is a voxel value before adjustment, and Voxel ,,,
is a voxel value after adjustment.

[0020] The parameters adjusted by the controller may fur-
ther include a color value of the voxel.

[0021] The color value may be adjusted using the opacity
value of the voxel and the voxel value.

[0022] The ultrasonic imaging apparatus may further
include a volume data adjuster to align geometrical positions
of the plurality of volume data generated by the volume data
generator and geometrical positions of the elasticity data
generated by the elasticity data generator.

[0023] In accordance with an aspect of an exemplary
embodiment, a method of controlling an ultrasonic imaging
apparatus may include receiving a plurality of echo signals as
a probe transmits ultrasonic signals to an object plural times
before and while external stress is applied to the object, gen-
erating a plurality of volume data corresponding to the plu-
rality of echo signals, generating elasticity data based on
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displacement of the plurality of volume data, adjusting
parameters of volume rendering using the elasticity data, and
performing volume rendering using the adjusted parameters
and generating a volume rendered image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and/or other aspects will become more
apparent by describing certain exemplary embodiments, with
reference to the accompanying drawings, in which:

[0025] FIG. 1 is a perspective view illustrating an outer
appearance of an ultrasonic imaging apparatus according to
an exemplary embodiment;

[0026] FIG. 2 s a block diagram of an ultrasonic imaging
apparatus according to an exemplary embodiment;

[0027] FIG. 3 is a diagram illustrating a plurality of two-
dimensional (2D) cross-sectional images;

[0028] FIG. 4 is a diagram exemplarily illustrating volume
data;
[0029] FIG. 5 is a diagram for describing a process of

generating elasticity data,

[0030] FIG. 61isa block diagram illustrating a controller of
an ultrasonic imaging apparatus according to an exemplary
embodiment;

[0031] FIG. 7 is a diagram for describing a method of
adjusting geometrical positions of volume data;

[0032] FIG. 8 is a diagram for describing a three-dimen-
sional (3D) scan conversion of volume data;

[0033] FIGS. 9A and 9B illustrate graphs of one-dimen-
sional (1D) opacity transfer functions using elasticity values
according to an exemplary embodiment;

[0034] FIGS. 10A, 10B, 10C, and 10D illustrate graphs of
2D opacity transfer functions using elasticity values accord-
ing to an exemplary embodiment;

[0035] FIGS. 11A and 11B illustrate graphs of 2D opacity
transfer functions using elasticity values according to an
exemplary embodiment;

[0036] FIGS. 12A and 12B illustrate graphs of voxel value
adjustment functions according to an exemplary embodi-
ment;

[0037] FIG. 13 is a diagram for describing volume ray
casting;
[0038] FIG. 14 is a diagram illustrating a 3D ultrasonic

image acquisition by an ultrasonic imaging apparatus; and
[0039] FIG. 15 is a flowchart illustrating a method of con-
trolling an ultrasonic imaging apparatus according to an
exemplary embodiment.

DETAILED DESCRIPTION

[0040] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0041] In the following description, the same drawing ref-
erence numerals are used for the same elements even in dif-
ferent drawings. The matters defined in the description, such
as detailed construction and elements, are provided to assist
in a comprehensive understanding of exemplary embodi-
ments. Thus, it is apparent that exemplary embodiments can
be carried out without those specifically defined matters.
Also, well-known functions or constructions are not
described in detail since they would obscure exemplary
embodiments with unnecessary detail.
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[0042] FIG. 1 is a perspective view illustrating an outer
appearance of an ultrasonic imaging apparatus according to
an exemplary embodiment.

[0043] Asillustrated in FI1G. 1, an ultrasonic imaging appa-
ratus 98 includes a probe 100, a main body 300, an input unit
400, and a display 500.

[0044] The probe 100 that directly contacts an object may
transmit and receive ultrasonic signals in order to acquire an
ultrasonic image of a target region of the object to be diag-
nosed. Here, the object may be a living body of human or
animals, and the target region may be a tissue in the living
body such as, the liver, a blood vessel, a bone, a muscle, and
the like.

[0045] One end of a cable 45 is connected to the probe 100,
and the other end of the cable 45 may be connected to a male
connector 25. The male connector 25 connected to the other
end of the cable 45 may be physically coupled to a female
connector 35.

[0046] The main body 300 may accommodate major con-
stituent elements of the ultrasonic imaging apparatus, for
example, a transmit signal generator 210 of FIG. 2. When an
operator inputs a command to perform ultrasonic diagnosis,
the transmit signal generator 210 may generate a transmit
signal and transmit the transmit signal to the probe 100.
[0047] The main body 300 may have at least one female
connector 35. The female connector 35 may be physically
coupled to the male connector 25 connected to the cable 45
such that the main body 300 and the probe 100 may transmit
and receive signals generated thereby. For example, the trans-
mit signal generated by the transmit signal generator 210 may
be transmitted to the probe 100 via the male connector 25
connected to the female connector 35 of the main body 300
and the cable 45.

[0048] In addition, although not illustrated in FIG. 1, a
plurality of casters, capable of fixing the ultrasonic imaging
apparatus to a predetermined position or moving the ultra-
sonic imaging apparatus in a predetermined direction, may be
installed at lower portions of the main body 300.

[0049] The input unit 400 receives a command regarding
operation of the ultrasonic imaging apparatus. For example,
the input unit 400 may receive a command to initiate ultra-
sonic diagnosis, a command as to whether a parameter of a
volume rendering to be adjusted using an elasticity value is an
opacity value or a voxel value, or a command as to whether
information to be detected is information regarding the sur-
face or information regarding the inside of the target region.
The command input by the input unit 400 may be transmitted
to the main body 300 via a wired or wireless communication
network.

[0050] The input unit 400 may include at least one of a
switch, a keyboard, a trackball, and a touchscreen, but is not
limited thereto.

[0051] The input unit 400 may be disposed at an upper
portion of the main body 300 as illustrated in FIG. 1. How-
ever, a foot switch, a foot pedal, and the like may also be
disposed at lower portions of the main body 300.

[0052] At least one probe holder 55 to hold the probe 100
may be mounted around the input unit 400. Thus, the operator
may store the probe in the probe holder 55 when the ultrasonic
imaging apparatus is not in use.

[0053] The display 500 may display an ultrasonic image
acquired during the ultrasonic diagnosis on a screen. The
display 500 may be coupled to the main body 300, and may
also be implemented detachably from the main body.
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[0054] The display 500 may be a cathode ray tube (CRT), a
liquid erystal display (LCD), an organic light emitting diode
(OLED) display, or the like, but is not limited thereto.
[0055]  Although not illustrated in FIG. 1, the display 500
may include a separate sub-display that displays applications
regarding operation of the ultrasonic imaging apparatus, such
as a menu or guidelines required for ultrasonic diagnosis.
[0056] Hereinafter, the ultrasonic imaging apparatus will
be described in more detail with reference to FIGS. 2 to 14.
[0057] FIG. 2 s a block diagram of an ultrasonic imaging
apparatus according to an exemplary embodiment.

[0058] The probe 100 includes a plurality of transducer
elements and converts an electrical signal into an ultrasonic
signal, and vice versa. The probe 100 transmits ultrasonic
signals to an object and receives echo signals reflected from
the object.

[0059] Particularly, when the probe receives current from
an external power supply device or an internal power storage
device, such as a battery, the plurality of transducer elements
vibrate to generate ultrasonic signals and radiate the gener-
ated ultrasonic signals toward an external object. The trans-
ducer elements receive echo signals reflected from the object
and vibrate in response to the received echo signals, thereby
generating current having frequencies corresponding to the
vibration frequencies thereof.

[0060] Referring to FIG. 2, the main body 300 may include
a transmit signal generator 210, a beamformer 200, a volume
data generator 310, an elasticity data generator 320, a con-
troller 330, a storage 340, and an image processor 350.
[0061] The transmit signal generator 210 may generate a
transmit signal in accordance with a control command from
the controller 330 and transmit the generated transmit signal
to the probe 100. Here, the transmit signal is a high-pressure
electrical signal to vibrate the transducer elements of the
probe 100.

[0062] Since the beamformer 200 converts an analog signal
into a digital signal, and vice versa, the beamformer 210 aids
communications between the probe 100 and the main body
300 by converting the transmit signal (digital signal) gener-
ated by the transmit signal generator 210 into an analog signal
or by converting the echo signal (analog signal) received from
the probe 100 into a digital signal.

[0063] The beamformer 200 may apply a time delay to the
digital signal in consideration of position and focus point of
each of the transducer elements in order to remove a time
difference of arrival at a focus point between the ultrasonic
waves or a time difference of arrival at each transducer ele-
ment from the focus point between the ultrasonic echo sig-
nals.

[0064] A process of concentrating ultrasonic waves, which
are simultaneously emitted by a plurality of transducer ele-
ments, into a focus point is referred to as focusing. The
beamformer 210 performs transmit focusing, by which ultra-
sonic waves respectively generated by the transducer ele-
ments are sequentially emitted in a predetermined order to
remove time difference of arrival at the focus point between
the ultrasonic waves, and receive focusing, by which the
ultrasonic echo signals are simultaneously aligned using pre-
determined time difference to remove time difference of
arrival at each transducer element between the ultrasonic
echo signals.

[0065] The beamformer 210 may be disposed in the main
body as illustrated in FIG. 2 or may be disposed in the probe
100 performing functions thereof.

Nov. 6, 2014

[0066] The volume data generator 310 may generate a plu-
rality of volume data before or while external stress is applied
to the object corresponding to a plurality of echo signals
received as the probe 100 transmits a plurality of ultrasonic
signals. Here, the echo signal is a signal having undergone a
variety of processes by a signal processor 332, which will be
described later.

[0067] Forexample, an echo signal reflected from the ultra-
sonic signal transmitted from the probe 100 toward the object
before the external stress is applied to the object is referred to
as a first echo signal, and an echo signal reflected from the
ultrasonic signal transmitted from the probe 100 toward the
object while external stress is applied to the object is referred
to as a second echo signal. In this case, the volume data
generator 310 may generate first volume data corresponding
to the first echo signal and second volume data corresponding
to the second echo signal.

[0068] In this case, the external stress may be applied by
applying stress, in a proceeding direction of the ultrasonic
waves, for example, static stress using a hand of the operator
or the probe 100, a high-pressure ultrasonic pulse, or a
mechanical vibration, or by applying stress, in a direction
perpendicular to the proceeding direction of the ultrasonic
waves, such as, shearwave using transverse wave. However,
the present exemplary embodiment is not limited thereto.
[0069] In addition, when the object is three-dimensionally
visualized, two-dimensional (2D) cross-sectional images of
the object are acquired corresponding to the echo signals
received by the probe 100, and the 2D cross-sectional images
are sequentially stacked in the corresponding order thereof to
generate a set of discrete three-dimensional (3D) alignments.
The volume data refers to a set of the 3D alignments.

[0070] Referring to FIGS. 3 and 4, an example of the vol-
ume data will be described. FIG. 3 illustrates a plurality of 2D
cross-sectional images. FIG. 4 illustrates volume data.

[0071] As illustrated in FIG. 3, a plurality of 2D cross-
sectional images F1, F2, F3, . . ., F10 of the object are
acquired corresponding to the echo signals received by the
probe 100. 3D volume data of the object as illustrated in FIG.
4 may be generated via alignment of the acquired 2D images
F1, F2, F3, . . ., F10 in a 3D shape in the corresponding
positions thereof and data interpolation of the cross-sectional
images.

[0072] The volume data may be constituted with a plurality
of voxels. The term “voxel” is formed through combination of
the terms “volume” and “pixel”. While pixel refers to a single
point in a 2D plane, voxel refers to a single point in a 3D
space. Thus, a pixel has X- and Y-coordinates, whereas a
voxel has X-, Y-, and Z-coordinates.

[0073] Accordingly, when the volume data is a group V of
voxels, and a spatial 3D coordinate value indicating the loca-
tion of the voxel is (x, y, z), the voxel may be represented by
N
[0074] For example, as illustrated in FIG. 4, a voxel having
a spatial coordinate value of (0,0,0) may be represented by
V00, @ Voxel having a spatial coordinate value of (1,0,0) may
be represented by V,,,, and a voxel having a spatial coordi-
nate value of (0,1,0) may be represented by V.

[0075] In addition, a voxel value va corresponding to a
voxel V. may be represented by V(x,y,z)=va. Here, the voxel
value va may be a scalar value or a vector value, and the
volume data may be classified according to the type of the

voxel.
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[0076] For example, a voxel value represented by a binary
number of 0 or 1 may be referred to as a binary volume data,
and a voxel value represented by a measurable value, such as
density and temperature, may be referred to as multi-valued
volume data. In addition, a voxel value represented by a
vector such as speed or RGB color may be referred to as
vector volume data.

[0077] Optical properties of the voxel, such as opacity val-
ues and color values, may be calculated using the voxel val-
ues. The opacity value may be calculated using an opacity
transfer function that defines the relationship between the
voxel values and the opacity values, and the color value may
be calculated using a color transfer function that defines the
relationship between the voxel values and the color values.
[0078] A plurality of volume data or voxel values generated
by the volume data generator 310 may be stored in the storage
340.

[0079] Theelasticity data generator 320 may calculate elas-
ticity values of the voxels based on displacement of the plu-
rality of volume data and generate 3D elasticity data of the
object.

[0080] FIG. 5 is a diagram for describing a process of
generating elasticity data.

[0081] Referring to FIG. 5, the probe 100 transmits ultra-
sonic signals toward the object before and while external
stress is applied. Correspondingly, the volume data generator
310separately generates first volume data and second volume
data. A 3D cross-correlation is calculated using the first vol-
ume data and the second volume data on a per voxel basis,
thereby generating cost function values. A 3D elasticity data
is generated through an optimization algorithm, such as least
squares and dynamic programming, to find a minimum cost
function value.

[0082] That is, displacement of the voxels, namely varia-
tion of the voxel values, is calculated by use of the first
volume data and the second volume data, which correspond to
each other, and then elasticity values of the voxels are calcu-
lated from the displacement.

[0083] Here, the elasticity value refers to an ability of a
material to return to the original shape thereof when external
stress is removed and is inverse proportional to a strain rate
that refers to the degree of deformation caused by the external
stress. Thus, in this case, displacement of the voxel corre-
sponding to the strain rate is proportional to the elasticity
value. That is, as hardness of the target region of the object
increases, displacement of the voxel decreases, but the elas-
ticity value of the voxel increases.

[0084] For example, when the target region contains can-
cerous or tumor-like lesions, the voxel values of the lesions
are not significantly changed by external stress in comparison
with that before the external stress is applied thereto. That is,
displacement of the voxels decreases in the lesion areas, so
that the calculated elasticity values increase. On the other
hand, in soft tissues which are non-lesion areas, displacement
of the voxels increases by the external stress, so that the
calculated elasticity values decrease.

[0085] The elasticity data generated by the elasticity data
generator 320 form a set of 3D alignments, similarly to the
plurality of volume data generated by the volume data gen-
erator 310. Here, the voxel values of the voxels constituting
the elasticity data indicate elasticity values.

[0086] As described above, the generated elasticity data or
elasticity values may be stored in the storage 340.
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[0087] FIG. 6 is a block diagram illustrating a controller
330 of an ultrasonic imaging apparatus according to an exem-
plary embodiment.

[0088] The controller 330 may include a command proces-
sor 331, a signal processor 332, a volume data adjuster 333,
and a parameter adjuster 334.

[0089] The command processor 331 may output a control
command signal to the transmit signal generator 210.

[0090] When an operator inputs a command to perform
ultrasonic diagnosis into the input unit 400, the command
processor 331 outputs a command signal to generate a trans-
mit signal to the transmit signal generator 210.

[0091] The command processor 331 may output a control
command signal to the image processor 350.

[0092] The command processor 331 may output a com-
mand signal to display an image generated during ultrasonic
diagnosis on the display 500 to the image processor 350.
[0093] The command processor 331 may simultaneously
output a command signal regarding a screen display mode to
the image processor 350. In this case, the screen display mode
may include an A-mode to display the intensity of the echo
signal as amplitude, a B-mode using brightness or luminance,
an M-mode to display a distance from a moving target region
using variation of time, a D-mode using a pulse wave or
continuous wave, and a color flow mapping (CFM)-mode to
display a color image using the Doppler effect, but is not
limited thereto. The command signal may be output using an
automatically selected display mode according to the posi-
tion, size, and shape of the target region or a display mode
input by the operator via the input unit 400.

[0094] The signal processor 332 may include an overall
gain control process to amplify the overall amplitude of the
echo signal since it is difficult to display the echo signal
output from the beamformer 200 in a real image due to small
amplitude thereof.

[0095] Since the ultrasonic waves are attenuated while
passing through a medium of the object, the signal processor
332 may perform time gain compensation (TCG) to amplify
the echo signal proportionally to the distance from the target
region.

[0096] The signal processor 332 may conduct filtering, i.e.,
remove low level noises from the echo signal, to obtain a clear
signal.

[0097] The volume data adjuster 333 may align geometri-
cal positions of the plurality of volume data generated by the
volume data generator 310 in a one-to-one corresponding
manner, and align the geometrical positions of the volume
data and elasticity data generated by the elasticity data gen-
erator 310 in a one-to-one corresponding manner.

[0098] First, the volume data adjuster 333 may align the
geometrical positions of the plurality of volume data gener-
ated by the volume data generator 310 in a one-to-one corre-
sponding manner before generating elasticity data.

[0099] FIG. 7 is a diagram for describing a method of
aligning geometrical positions of volume data in a one-to-one
corresponding manner.

[0100] Referring to FIG. 7, when volume data generated as
the probe 100 transmits ultrasonic waves toward the object
before and while external stress is applied thereto are respec-
tively referred to as first volume data V and second volume
data W, the geometrical positions of the two volume data may
be aligned in a one-to-one corresponding manner such that
Voo corresponds to Wy, Voo corresponds to W0, Vg0
corresponds to W, and V4 corresponds to W . In the
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same mannet, the geometrical positions of the two volume
data may be aligned in a one-to-one corresponding manner
such that the voxels V_, of the first volume data V respec-
tively correspond to the voxels W, of the second volume
data W.

[0101] Then, after generating elastic data using displace-
ment of the volume data, the geometrical positions of which
are aligned, the geometrical positions between the volume
data and the elasticity data are aligned in a one-to-one corre-
sponding manner.

[0102] For example, volume data generated as the probe
100 transmits ultrasonic waves toward the object before and
while an external stress is applied thereto are respectively
referred to as first volume data V and second volume data W,
and elastic data generated based on the displacement of the
two volume data is referred to as elastic data E. In this case,
the geometrical positions of the volume data may be aligned
to the geometrical positions of the elasticity data E, such that
Voo corresponds to Egy,, Vo, corresponds to Eiqg, Voo
corresponds to E,, and V|, corresponds to E, . In the
same manner, the geometrical positions of the volume data
may be aligned to the geometrical positions of the elasticity
data E such that the voxels V., of the first volume data V

correspond to the voxels B, of the elasticity data E.

[0103] Here, since the geometrical positions of the two
volume data, i.e., the first volume data and the second volume
data, are adjusted as described above, the geometrical posi-
tions of the two volume data are aligned to the geometrical
positions of the elasticity data in a one-to-one corresponding
mannet.

[0104] The volume data adjuster 333 may also perform 3D
scan conversion of the volume data as illustrated in FIG. 8.

[0105] FIG. 8 is a diagram for describing 3D scan conver-
sion of volume data.

[0106] Since a display device has a Cartesian coordinate
system, the volume data of the object needs to be converted so
as to conform to the Cartesian coordinate system to three-
dimensionally visualize the volume data on the screen of the
display device. That is, when the volume data generated by
the volume data generator 310 is defined on a spherical coor-
dinate system as illustrated in FIG. 8 on the left, coordinate
conversion is required to visualize the volume data on the
screen of the display device. Thus, the volume data adjuster
333 conducts 3D scan conversion to convert the volume data
of each voxel defined in the spherical coordinate system of
FIG. 8 on the left into the volume data of a corresponding
position defined in the Cartesian coordinate system as illus-
trated in FIG. 8 on the right.

[0107] The parameter adjuster 334 may adjust parameters
of volume rendering such as a voxel value, an opacity value,
and a color value, using electricity data generated by the
elasticity data generator 320 before performing the volume
rendering. Here, the adjusted voxel value, the opacity value,
and the color value are a voxel value, an opacity value, and a
color value of each voxel constituting the volume data among
volume data generated before external stress is applied to the
object.

[0108] First, the parameter adjuster 334 may adjust at least
one of the opacity value of the voxel and the voxel value.
[0109] The opacity value is established as a one-dimen-
sional (1D) increasing function with respect to elasticity val-
ues and may be adjusted to increase proportionally to the
elasticity values. In this regard, the 1D increasing function is
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referred to as a 1D opacity transfer function, and examples
thereof are illustrated in FIGS. 9A and 9B.

[0110] FIGS. 9A and 9B illustrate graphs of 1D opacity
transfer functions using elasticity values according to an
exemplary embodiment.

[0111] In the functions illustrated in FIGS. 9A and 9B, an
opacity value of a voxel having a low elasticity value is set to
0, and an opacity value of a voxel having a high elasticity
value is increased. Thus, when the target region contains
cancerous or tumor-like lesions, lesion areas are represented
to be opaque due to high elasticity values, and non-lesion
areas of soft tissue are represented to be transparent due to low
elasticity values according to these functions.

[0112] The 1D opacity transfer function may have a linear
structure as illustrated in FIG. 9A or a nonlinear structure as
illustrated in FIG. 9B.

[0113] The opacity values may be established as a 2D
increasing function with respect to elasticity values and voxel
values so as to increase proportionally to the elasticity value
and the voxel value. Alternatively, the opaque values may be
established as a 2D increasing function with respect to elas-
ticity values and gradient values so as to increase proportion-
ally to the elasticity values and the gradient values. Here, the
2D increasing function is referred to as a 2D opacity transfer
function, and examples thereof are illustrated in FIG. 10A to
10D.

[0114] FIGS. 10A to 10D illustrate graphs of 2D opacity
transfer functions using elasticity values according to an
exemplary embodiment.

[0115] Referring to FIGS. 10A and 10C, the elasticity value
and the voxel value are used as input variables. An opacity
value of a voxel having a low elasticity value and a low voxel
value is set to 0 to make the voxel transparent, and an opacity
value of a voxel having a high elasticity value and a high voxel
value is increased to raise the degree of reflection of the
opacity value on the image generated as a result of volume
rendering. Thus, when the target region contains cancerous or
tumor-like lesions, lesion areas are represented to be opaque
due to high elasticity values and high voxel values, and non-
lesion areas of soft tissue are represented to be transparent due
to low elasticity values and low voxel values according to
these functions.

[0116] FIGS.10B and 10D are graphs using gradient values
instead of the voxel values. That is, the elasticity value and the
gradient value are used as input variables. An opacity value of
avoxel having a low elasticity value and a low gradient value
is set to 0 such that the voxel is represented to be transparent,
and an opacity value of a voxel having a high elasticity value
and a high gradient value is increased to raise the degree of
reflection of the opacity value on the image generated as a
result of volume rendering.

[0117] Thus, boundaries between the lesion areas and the
non-lesion areas may be more clearly expressed in the result
image using the functions as illustrated in FIGS. 10B and
10D, in comparison to the functions as illustrated in FIGS.
10A and 10C, since voxels located in the boundaries between
the lesion areas and the non-lesion areas have higher gradient
values.

[0118] The 2D opacity transfer function may have a linear
structure as illustrated in FIGS. 10A and 10B or a nonlinear
structure as illustrated in FIGS. 10C and 10D.

[0119] FIGS. 11A and 11B illustrate graphs of 2D opacity
transfer functions using elasticity values according to an
exemplary embodiment.
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[0120] When the operator wants to obtain information
regarding the surface ofthe target region rather than the inside
of the target region, the opacity value may be adjusted by
increasing the weight of the voxel value. That is, although the
opacity value is established as a 2D function with respect to
the elasticity value and the voxel value, the opacity value only
increases proportionally to the voxel value. Accordingly,
when the elasticity value is 0, the opacity value may be
adjusted so as to be established as a 1D increasing function
with respect to the voxel value.

[0121] FIG.11A exemplarily illustrates a 2D opacity trans-
fer function in which the weight of the voxel value is
increased. By setting the elasticity value to 0, the opacity
value is established as a 1D increasing function with respect
to the voxel value. Thus, by setting the elasticity valueto 0, the
operator may obtain information regarding the surface of the
target region.

[0122] When the operator wants to obtain information
regarding theinside of the target region rather than the surface
of the target region, the opacity value may be adjusted by
increasing the weight of the elasticity value. That is, although
the opacity value is established as a 2D function with respect
to the elasticity value and the voxel value, the opacity value
only increases proportionally to the elasticity value. Thus,
when the voxel value is 0, the opacity value may be adjusted
so as to be established as a 1D increasing function with
respect to the elasticity value.

[0123] FIG. 11B exemplarily illustrates a 2D opacity trans-
fer function in which the weight of the elasticity value is
increased. By setting the voxel value to 0, the opacity value is
established as a 1D increasing function with respect to the
elasticity value. Thus, by setting the voxel value to 0, the
operator may obtain information regarding the inside of the
target region.

[0124] A command as to whether information to be
obtained by the operator is information regarding the surface
of the target region or information regarding the inside of the
target region may be input using the input unit 400. The
parameter adjuster 334 may set the weights of the voxel value
and the elasticity value in accordance with the input com-
mand to adjust the opacity value.

[0125] The voxel value is established as a 1D increasing
function with respect to the elasticity value so as to increase
proportionally to the elasticity value. Here, the 1D increasing
function may have a linear or nonlinear structure.

[0126] Furthermore, the voxel value may be adjusted by
Equation 1 below.

Voxel

[0127] InEquation 1, eis an elasticity value and fis a value
from 0 to 1. The function of the voxel value is a 1D increasing
function dependent upon the elasticity value, Voxel,, is a
voxel value before adjustment, and Voxel ,, is a voxel value
after adjustment. In this regard, f may be defined as a voxel
value after adjustment.

[0128] FIGS. 12A and 12B illustrate graphs of voxel value
adjustment functions f according to an exemplary embodi-
ment.

[0129] Referring to FIGS. 12A and 12B, the voxel value
adjustment function f is a 1D increasing function propor-
tional to the elasticity value e of O to 1. The voxel value also
has a value of 0 to 1. Here, the graph of the voxel value
adjustment function f may be a 1D increasing downwardly
concave function in which the slope gradually decreases as

=Voxel,,xf(e) Equation 1

out
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the elasticity value increases as illustrated in FIG. 12A or may
be a 1D increasing upwardly concave function in which the
slope gradually increases as the elasticity value increases as
illustrated in FIG. 12B.

[0130] The voxel value adjustment function f may have a
nonlinear structure as illustrated in FIGS. 12A and 12B, but
may also have a linear structure.

[0131] A command as to whether the parameter to be
adjusted using the elasticity value is the opacity value or the
voxel value may be input by the operator via the input unit 400
or may preset regardless of the operator’s input. When the
operator inputs a command to control the voxel value or
controlling of the voxel value is preset, the parameter adjuster
334 adjusts the voxel value as described above, and then
adjusts the opacity value of the corresponding voxel using the
voxel value after adjustment. In this regard, the opacity value
may be adjusted using the voxel value according to any
method well known in the art.

[0132] Asdescribed above, the parameter adjuster 334 may
adjust at least one of the opacity value of the voxel and the
voxel value.

[0133] Then, the parameter adjuster 334 may adjust the
color value of the corresponding voxel using the opacity value
of the voxel and the voxel value. Here, the used opacity value
and voxel value may be adjusted values as described above.
The color value may be adjusted using the opacity value and
the voxel value according to any one method well known in
the art.

[0134] The storage 340 may store data or algorithms to
manipulate the ultrasonic imaging apparatus.

[0135] Thestorage 340 may storea plurality of volume data
generated by the volume data generator 310 and elasticity
data generated by the elasticity data generator 320. That is,
spatial coordinate values of the voxels, and voxel values and
elasticity values corresponding thereto may be stored.
[0136] The storage 340 may also store the voxel values, the
opacity values, and the color value, before and after adjust-
ment by the parameter adjuster 334.

[0137] The storage 340 may also store image data of a
resultant image generated by the image processor 350, which
will be described later.

[0138] For example, the storage 340 may store algorithms
such as an algorithm to generate volume data based on a
plurality of 2D cross-sectional images, an algorithm to gen-
erate elasticity data based on displacement of the plurality of
volume data, an algorithm to align the geometrical positions
of the pluralities of volume data and elasticity data in a one-
to-one corresponding manner, an algorithm to adjust the
opacity value or the voxel value, an algorithm to adjust the
color value, and an algorithm to perform volume rendering
based on the volume data.

[0139] The storage 340 may be implemented as a storage
device including a non-volatile memory device such as a read
only memory (ROM), a programmable read only memory
(PROM), an erasable programmable read only memory
(EPROM), and a flash memory, a volatile memory such as a
random access memory (RAM), a hard disk, or an optical
disc. However, the disclosure is not limited thereto, and any
other storages well known in the art may also be used.
[0140] The image processor 350 may include a renderer
351 and an image corrector 352.

[0141] The renderer 351 may perform volume rendering
based on 3D volume data adjusted by the parameter adjuster
334 and generate a projection image of the object. Particu-
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larly, the volume rendering is performed based on the voxel
values, the opacity values, and the color values constituting
the volume data generated before external stress is applied to
the object. If there is an adjusted value by the parameter
adjuster 334, volume rendering is performed using the
adjusted value.

[0142] A method of performing volume rendering by the
renderer 351 is not limited. For example, ray casting may be
used.

[0143] FIG. 13 is a diagram for describing volume ray
casting.
[0144] Referring to FIG. 13, when an operator gazes in a

direction, a straight line is formed from a viewpoint of the
operator in the gazing direction. A virtual ray is emitted in the
gazing direction from a pixel of an image located on the
straight line. Sample points 60, 62, 64, 66, 68, and 70 are
selected from 3D volume data V located on a path of the ray.
[0145] When the sample points are selected, color values
and opacity values of the sample points are respectively cal-
culated. In this regard, the color value and the opacity value of
each of the sample points may be calculated via an interpo-
lation method using color values and opacity values of voxels
adjacent to each of the sample points. For example, the color
value and the opacity value of sample point 62 may be cal-
culated via interpolation of color values and opacity values of
8 voxels Vass, Vasg, Vosuzs Vouss Viaz, Viag, Viags, and Vi,
adjacent to sample point 62.

[0146] The calculated color values and opacity values of
the sample points are accumulated to determine the color
value and the opacity value of the pixel from which the ray is
emitted. In addition, an average or weighted average of the
color values and the opacity values of each of the sample
points may be determined as the color value or the opacity
value of the pixel. Here, the determined color value and
opacity value are regarded as pixel values of the pixel from
which the ray is emitted.

[0147] A projection image may be generated by filling all
pixels of the image by repeating the aforementioned process.
[0148] The image corrector 352 may correct brightness,
contrast, color, size, or direction of the projection image
generated by the renderer 351.

[0149] Theimage corrector 352 may transmit the corrected
image to the display 500 via a wired or wireless communica-
tion network. Accordingly, the operator may confirm the cor-
rected image of the object.

[0150] FIG. 14 is a diagram illustrating a 3D ultrasonic
image acquisition by the ultrasonic imaging apparatus.
[0151] When the volume data generated before external
stress is applied to the object among the plurality of volume
data generated by the volume data generator 310 is first vol-
ume data, information regarding the inside of the target
region, i.e., boundaries of the lesion area, may not be clearly
represented by the first volume data as illustrated in FIG. 14.
On the other hand, the boundaries of a lesion area having a
high elasticity value may be clearly represented by the elas-
ticity data generated based on displacement of the plurality of
volume data.

[0152] Thus, when the voxel value, the opacity value, and
the color value of the first volume data are adjusted using the
elasticity data, and volume rendering is performed using the
adjusted values, a result image in which the lesion area is
clearly distinguished from non-lesion areas may be acquired
as illustrated in F1G. 14
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[0153] FIG. 15 is a flowchart illustrating a method of con-
trolling an ultrasonic imaging apparatus according to an
exemplary embodiment.

[0154] Referring to FIG. 15, first, the volume data genera-
tor 310 generates first volume data V and second volume data
W of the object (operation 600).

[0155] Here, when the echo signal received from the object
as the probe 100 transmits the ultrasonic signal before exter-
nal stress is applied to the object is regarded as a first echo
signal, and the echo signal received from the object as the
probe 100 transmits the ultrasonic signal while external stress
1s applied to the object is regarded as a second echo signal, the
first volume data is a set of 3D alignments corresponding to
the first echo signals, and the second volume data is a set of
3D alignments corresponding to the second echo signals.
[0156] When a plurality of volume data is generated, the
elasticity data generator 320 generates elasticity data E based
on displacement between the first volume data V and the
second volume data W (operation 610).

[0157] Before generating the elasticity data, geometrical
positions of the first volume data V are aligned to the geo-
metrical positions of the second volume data W such that
voxels V, of the first volume data V respectively correspond
to voxels W, of the second volume data W.

[0158] Displacements between voxels of the corresponding
first volume data and second volume data are respectively
calculated, and then elasticity values of the voxels are respec-
tively calculated based on the displacements.

[0159] Here, when the target region contains cancerous or
tumor-like lesions, the voxel values of the lesions are not
significantly changed by external stress, such that the calcu-
lated elasticity values increase. On the other hand, in soft
tissues which are non-lesion areas, displacement of the voxels
increases by the external stress, such that the calculated elas-
ticity values decrease.

[0160] The elasticity data form a set of 3D alignments,
similarly to first and second volume data V and W. Here, the
voxel values of the voxels constituting the elasticity data
indicate elasticity values.

[0161] Then, volume is adjusted between the first volume
data V and the elasticity data E (operation 620). That is, the
geometrical positions of the first volume data V are adjusted
to geometrical positions of the elasticity data E such that the
voxels V, , of the first volume data V respectively correspond
to voxels B, of the elasticity data E.

[0162] When the volume is adjusted, necessity of adjusting
the volume value is determined by the operator or a preset
method (operation 630).

[0163] Ifacommand not to adjust the voxel value is input
by the operator or preset (@), the parameter adjuster 334
adjusts the opacity value using the elastic value of the elas-
ticity data E (operation 640).

[0164] The opacity value is established as a 1D increasing
function with respect to the elasticity value so as to increase
proportionally to the elasticity value.

[0165] The opacity value may be established as a 2D
increasing function with respect to the elasticity value and the
voxel value so as to increase proportionally to the elasticity
value and the voxel value. Alternatively, the opacity value
may be established as a 2D increasing function with respect to
the elasticity value and the gradient value so as to increase
proportionally to the elasticity value and the gradient value.
[0166] When the operator wants to obtain information
regarding the surface of the target region rather than the inside
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of the target region, the opacity value may be established as a
2D function with respect to the elasticity value and the voxel
value, while only increasing proportionally to the voxel value.
Thus, when the elasticity value is 0, the opacity value may be
established as a 1D increasing function with respect to the
voxel value.

[0167] When the operator wants to obtain information
regarding the inside of the target region rather than the surface
of the target region, the opacity value may be established as a
2D function with respect to the elasticity value and the voxel
value, while only increasing proportionally to the elasticity
value. Thus, when the voxel value is 0, the opacity value may
be established as a 1D increasing function with respect to the
elasticity value.

[0168] In this regard, the operator may input whether the
information to be acquired is information regarding the sur-
face of the target region or information regarding the inside of
the target region.

[0169] The parameter adjuster 334 adjusts a color value of
a corresponding voxel using the opacity value and the voxel
value (operation 641).

[0170] In this regard, the opacity value after adjustment is
used, the method of adjusting the color value using the opac-
ity value and the voxel value may be any known method in the
art, and thus a detailed description thereof will not be given.
[0171] If a command to adjust the voxel value is input by
the operator or is preset (25, the parameter adjuster 334
adjusts the voxel value using the elasticity value of the elas-
ticity data E (operation 650).

[0172] The voxel value is established as a 1D increasing
function with respect to the elasticity value and may be
adjusted so as to increase proportionally to the elasticity
value.
[0173]
below.

The voxel value may be adjusted by Equation 1

Voxel,,,=Voxel,,xf(e)

[0174] In Equation 1, e is an elasticity value, f is a value
from 0 to 1. The function of the voxel value is a 1D increasing
function dependent upon the elasticity value, Voxel,, is a
voxel value before adjustment, and Voxel ,, is a voxel value
after adjustment.

[0175] The parameter adjuster 334 adjusts the opacity
value of the corresponding voxel using the voxel value, and
then adjusts the color value of the corresponding voxel using
the opacity value and the voxel value (operation 651).
[0176] Here, the voxel value and opacity value after adjust-
ment are used, a method of adjusting the opacity value using
the voxel value or a method of adjusting the color value using
the opacity value and the voxel value are well known in the
art, and thus a detailed description thereof will not be given.
[0177] The parameters adjusted as described above may
include the voxel value, the opacity value, and the color value
of each voxel constituting the first volume data V.

[0178] When the parameters of volume rendering are
adjusted, volume rendering is performed based on the
adjusted first volume data V (operation 660).

[0179] That is, the volume rendering is performed by using
the voxel value, the opacity value, and the color value of the
voxels constituting the first volume data V and adjusted by the
parameter adjuster 334.

[0180] The method of performing volume rendering is not
limited. For example, volume ray casting may be used. Vol-
ume ray-casting may be performed by selecting sample

Equation 1

out
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points from the first volume data V corresponding to each
pixel of an image, calculating a color value and a transparency
value of each of the sample points via interpolation of adja-
cent voxels, and calculating a color value and a transparency
value of each pixel by accumulating the calculated color
values and transparency values.

[0181] A projection image of the object may be generated
by performing volume rendering, and brightness, contrast, or
color of the projection image may further be corrected.
[0182] The generated projection image may be output to
the display 500 connected to the main body 300 via a wired or
wireless communication network (operation 670).

[0183] Accordingly, the operator may confirm the result
image of the object displayed on the display screen imple-
mented as a cathode ray tube (CRT), a liquid crystal display
(LCD), an organic light emitting diode (OLED) display, and
the like.

[0184] As apparent from the above description, according
to the ultrasonic imaging apparatus and the control method
thereof, a multi-dimensional ultrasonic image of a target
region in which lesion areas and non-lesion areas are sepa-
rated from each other may be output. Thus, both the informa-
tion regarding the surface of the target region and the infor-
mation regarding the inside, i.e., internal volume, of the target
region may be acquired.

[0185] The described-above exemplary embodiments and
advantages are merely exemplary and are not to be construed
as limiting. The present teaching can be readily applied to
other types of apparatuses. The description of exemplary
embodiments is intended to be illustrative, and not to limit the
scopeofthe claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.

What is claimed is:

1. An ultrasonic imaging apparatus comprising:

an ultrasonic probe;

a volume data generator configured to generate a plurality
of volume data corresponding to echo signals received
as the ultrasonic probe transmits the ultrasonic signals to
an object a plurality of times before and while external
stress s applied to the object;

an elasticity data generator configured to generate elastic-
ity data based on displacement of the plurality of volume
data;

a controller configured to adjust parameters of volume
rendering using the elasticity data; and

an image processor configured to perform the volume ren-
dering using the adjusted parameters and generate a
volume-rendered image.

2. The ultrasonic imaging apparatus according to claim 1,
wherein the volume data generator generates first volume
data corresponding to first echo signals received as the ultra-
sonic probe transmits the ultrasonic signals to the object
before the external stress is applied to the object, and gener-
ates second volume data corresponding to second echo sig-
nals received as the ultrasonic probe transmits the ultrasonic
signals to the object while the external stress is applied to the
object.

3. The ultrasonic imaging apparatus according to claim 1,
wherein the parameters adjusted by the controller comprise at
least one of an opacity value of a voxel and a voxel value.

4. The ultrasonic imaging apparatus according to claim 3,
wherein the opacity value is established as a one-dimensional
increasing function with respect to the elasticity value and is
adjusted proportionally to the elasticity value.
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5. The ultrasonic imaging apparatus according to claim 3,
wherein the opacity value is established as a two-dimensional
(2D) increasing function with respect to the elasticity value
and the voxel value and is adjusted proportionally to the
elasticity value and the voxel value, or

the opacity value is established as the 2D increasing func-

tion with respect to the elasticity value and a gradient
value and is adjusted proportionally to the elasticity
value and the gradient value.

6. The ultrasonic imaging apparatus according to claim 3,
wherein the opacity value is established as a two-dimensional
increasing function with respect to the elasticity value and the
voxel value while only increasing proportionally to the voxel
value and is adjusted to be established as a one-dimensional
increasing function with respect to the voxel value when the
elasticity value is 0.

7. The ultrasonic imaging apparatus according to claim 3,
wherein the opacity valueis established as a two-dimensional
increasing function with respect to the elasticity value and the
voxel value while only increasing proportionally to the voxel
value and is adjusted to be established as a one-dimensional
increasing function with respect to the elasticity value when
the voxel value is 0.

8. The ultrasonic imaging apparatus according to claim 3,
wherein the voxel value is established as a one-dimensional
increasing function with respect to the elasticity value and is
adjusted proportionally to the elasticity value.

9. The ultrasonic imaging apparatus according to claim 3,
wherein a function of the voxel value is a one-dimensional
increasing function dependent upon an elasticity value, and

the voxel value is adjusted as:

Voxel,,,=Voxel,,xf(e],

wherein e is the elasticity value,

fis a value from 0 to 1,

Voxel,, is a voxel value before adjustment, and

Voxel,,,,, is a voxel value after the adjustment.

10. The ultrasonic imaging apparatus according to claim 3,
wherein the parameters adjusted by the controller further
comprise a color value of the voxel.

11. The ultrasonic imaging apparatus according to claim 1,
further comprising a volume data adjuster configured to align
geometrical positions of the plurality of volume data and
geometrical positions of the elasticity data.

12. A method of controlling an ultrasonic imaging appara-
tus, the method comprising:

receiving echo signals as a probe transmits ultrasonic sig-

nals to an object a plurality of times before and while
external stress is applied to the object;

generating a plurality of volume data corresponding to the

echo signals;

generating elasticity data based on displacement of the

plurality of volume data;
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adjusting parameters of volume rendering using the elas-

ticity data;

performing volume rendering using the adjusted param-

eters; and

generating a volume rendered image.

13. The method according to claim 12, wherein the adjust-
ing the parameters of volume rendering comprises adjusting
at least one of an opacity value of a voxel and a voxel value.

14. The method according to claim 13, wherein the opacity
value is established as a one-dimensional increasing function
with respect to the elasticity value and is adjusted proportion-
ally to the elasticity value.

15. The method according to claim 13, wherein the opacity
value is established as a two-dimensional (2D) increasing
function with respect to the elasticity value and the voxel
value and is adjusted proportionally to the elasticity value and
the voxel value, or

the opacity value is established as the 2D increasing func-

tion with respect to the elasticity value and a gradient
value and is adjusted proportionally to the elasticity
value and the gradient value.

16. The method according to claim 13, wherein the opacity
value is established as a two-dimensional increasing function
with respect to the elasticity value and the voxel value while
only increasing proportionally to the voxel value and is
adjusted to be established as a one-dimensional increasing
function with respect to the voxel value when the elasticity
value is 0.

17. The method according to claim 13, wherein the opacity
value is established as a two-dimensional increasing function
with respect to the elasticity value and the voxel value while
only increasing proportionally to the voxel value and is
adjusted to be established as a one-dimensional increasing
function with respect to the elasticity value when the voxel
value is 0.

18. The method according to claim 13, wherein the voxel
value is established as a one-dimensional increasing function
with respect to the elasticity value and is adjusted proportion-
ally to the elasticity value.

19. The method according to claim 13, wherein a function
of the voxel value is a one-dimensional increasing function
dependent upon an elasticity value, and

the voxel value is adjusted as:

Voxel,,=Voxel,,xf(e),

wherein e is the elasticity value,

fisavalue from O to 1,

Vozxel,, is a voxel value before adjustment, and

Vozxel,,, s a voxel value after the adjustment.

20. The method according to claim 13, wherein the adjust-
ing the parameters of volume rendering further comprises
adjusting a color value of the voxel.
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