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ULTRASOUND SYSTEM FOR DISPLAYING AN
ELASTIC IMAGE

FIELD OF THE INVENTION

[0001] The present invention generally relates to an ultra-
sound system, and more particularly to an ultrasound system
for forming and displaying an elastic image that provides
tissue information of a target object by measuring a modulus
of tissue elasticity.

BACKGROUND OF THE INVENTION

[0002] An ultrasound diagnostic system has become an
important and popular diagnostic tool since it has a wide
range of applications. Specifically, due to its non-invasive
and non-destructive nature, the ultrasound diagnostic system
has been extensively used in the medical profession. Modem
high-performance ultrasound diagnostic systems and tech-
niques are commonly used to produce two or three-dimen-
sional diagnostic images of internal features of an object
(e.g., human organs).

[0003] The ultrasound diagnostic system generally uses a
wide bandwidth transducer to transmit and receive ultra-
sound signals. The ultrasound diagnostic system forms
images of human internal tissues by electrically exciting an
acoustic transducer element or an array of acoustic trans-
ducer elements to generate ultrasound signals that travel into
the body. The ultrasound signals produce ultrasound echo
signals since they are reflected from body tissues, which
appear as discontinuities to the propagating ultrasound sig-
nals. Various ultrasound echo signals return to the transducer
element and are converted into electrical signals, which are
amplified and processed to produce ultrasound data for an
image of the tissues. The ultrasound diagnostic system is
very important in the medical field since it provides physi-
cians with real-time and high-resolution images of human
internal features without the need for invasive observation
techniques such as surgery.

[0004] The ultrasound image is usually displayed in a
Brightness-mode (B-mode) using reflectivity caused by an
impedance difference between the tissues of the target
object. However, if the reflectivity of the target object is
hardly different from those of the neighboring tissues such
as tumor, cancer or the like, then it is not easy to recognize
the target object in the B-mode image. Further, an ultrasound
elastic imaging technology has been developed to display an
image of the target object by using mechanical characteris-
tics of the target object. Such technology is very helpful for
diagnosing lesions such as cancers.

[0005] The conventional elastic imaging technology dis-
plays the image of the target object by mapping relative
strains of the tissues, which occur by applying stress to the
target object, using pseudo colors. Such technology using
pseudo colors is advantageous since it can easily display
information relating to tissue hardness. However, there is a
problem with the above technology in that the tissue hard-
ness cannot be quantitatively displayed.

[0006] Also, it is difficult to clearly display the boundaries
between the lesion and neighboring tissues with the con-
ventional elastic imaging technology. Further, such technol-
ogy is highly inconvenient since various operations must be
carried out in order to measure information relating to radius
and circumference of a tissue in an obtained image.
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SUMMARY OF THE INVENTION

[0007] The present invention provides an ultrasound sys-
tem for forming an ultrasound image by measuring a modu-
lus of elasticity of tissues and then forming and displaying
an elastic image indicating the measured information of a
target object.

[0008] According to an aspect of the present invention,
there is provided an ultrasound diagnosis unit for providing
ultrasound scanning information of a target object and stress
information applied to the target object. The ultrasound
diagnosis unit includes: a probe having a stress applying umt
and a stress measuring sensor around a scan plane; an elastic
image processor for forming an elastic image based on the
ultrasound scanning information and the stress information;
and a display unit for displaying the elastic image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above and other objects and features of the
present invention will become apparent from the following
descriptions of preferred embodiments given in conjunction
with the accompanying drawings, in which:

[0010] FIG. 1 is a block diagram showing an ultrasound
system constructed in accordance with the present invention;

[0011] FIG. 2 is a schematic diagram showing a spring
model for explaining a modulus of elasticity;

[0012] FIG. 3 is a schematic diagram showing a structure
of a probe constructed in accordance with the present
invention;

[0013] FIG. 4 is a diagram showing an example of a
selection window;

[0014] FIG. 5A is a photograph showing an elastic image
before an image enhancing process is performed,

[0015] FIG. 5B is a photograph showing an elastic image
in which an image enhancing process is performed; and

[0016] FIG. 6 is a photograph showing an elastic image
performed in an automatic measure mode in accordance
with the present invention.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0017] FIG. 1 is a block diagram showing an ultrasound
system constructed in accordance with the preferred
embodiment of the present invention. As shown in FIG. 1,
the ultrasound system 100 includes an ultrasound diagnosis
unit 110, an elastrography processor 120, a display unit 130
and a user input unit 140. The ultrasound diagnosis unit 110
includes a probe having a stress applying unit around a scan
surface thereof and a stress measuring sensor positioned on
the stress applying unit. The ultrasound diagnosis unit 100
provides ultrasound scanning information of the target
object and strength information of the stress applied to the
target object. The target object may be a reflector included
in a subject. Further, the probe may be a 3-dimensional
probe.

[0018] The information relating to the stress applied to the
tissues should be obtained in order to accurately form an
elastic image and to quantitatively measure the modulus of
elasticity of the tissues. In order to deeply and uniformly
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apply the stress to the target object along a vertical direction,
a probe, the scan surface of which is provided with a stress
applying unit 310, is employed (shown in FIG. 3). The stress
applying unit 310 has an opening exposing the scan surface
of the probe at a center thereof. The contact surface of the
stress applying unit 310 should be greater than the scan
surface of the probe so that the stress can be more deeply and
uniformly applied to the tissues within the human body. A
stress measuring sensor 320 may be attached to the contact
surface of the stress applying unit 310. The strength infor-
mation of the stress measured by the stress measuring sensor
320 is transferred to the elastic image processor 120. The
stress measuring sensor 320 may be a cable-type or wireless-
type sensor.

[0019] The elastic image processor 120 forms an elastic
image based on the ultrasound scanning information and the
strength information of the stress. If the stress measuring
sensor 320 is a cable-type sensor, then the strength infor-
mation of the stress is directly transmitted from the stress
measuring sensor 320 to the elastic image processor 120.
However, if the stress measuring sensor 320 is a wireless-
type sensor, then the ultrasound system 100 may further
include a wireless signal receiving unit and a wireless signal
processing unit (not shown). The strength information of the
stress is transmitted to the elastic image processor 120
through the wireless signal processing unit.

[0020] The modulus of elasticity may be obtained by
measuring the strain obtained by comparing the ultrasound
signals reflected from the target object before and after the
stress is applied. The modulus of elasticity may be defined
by using the 1-dimensional spring model illustrated in FIG.
2. A force F required for compressing the spring by a
predetermined depth is proportional to the modulus of
elasticity. That is, if the stress applied to a unit area is a and
the strain is €, then the modulus of elasticity (E) is defined
as the following equation:

E= g(o-zF/A, e=AL/L) M

[0021] Wherein “A” represents an area to which the stress
is applied, “L” represents a length of the spring not applying
the stress, and “AL” represents a length variation of the
spring according to the stress applied. The modulus of
elasticity is referred to as the Young’s modulus. The modu-
lus of elasticity of the target object is measured by calcu-
lating the ratio of a length not subjected the stress to a length
subjected to the stress. However, since the degree of the
strain of the tissues in the human body cannot be directly
measured, the strain is usually measured with the assump-
tion that the stress is uniformly distributed in the human
body. The elastic image is formed based on the measured
strain.

[0022] The user input unit 140 receives an input from a
user for selecting an image enhancement mode or an auto-
matic measure mode for the elastic image. A selection
window can be displayed on a screen of the display unit 130
displaying the current elastic image for mode selection
(shown in FIG. 4). The selection widow provides a first
button 410 for selecting an image enhancement mode and a
second button 420 for selecting an automatic measure mode.
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If the image enhancement mode is selected by the user, then
the image processor 120 performs image processing to
clearly separate the boundaries between the lesions and
neighboring tissues.

[0023] Hereinafter, an image enhancing method, which is
performed in the image processor 120, will be described. If
the selection information for selecting the image enhance-
ment mode is inputted through the user input unit 140, then
a mask of MxN size is applied to an elastic image currently
displayed on a screen, wherein M and N are positive
integers. Then, a threshold value is set based on the color
values of entire pixels in the elastic image. Subsequently, a
sum of the differences of the color values between neigh-
boring pixels, which exist in the MxN mask, is calculated
and the calculated sum is compared with the threshold value.
If the sum is smaller than the threshold value, then the elastic
image is smoothened by using a convolution mask, which is
generally used to blur the image. According to the above
process, normal tissues are displayed in a relatively smooth
image in comparison to the lesion tissues.

[0024] If the sum is greater than the threshold value, a
sharpening process is carried out for the elastic image. The
sharpening process is carried out by applying a high-pass
filter to the MxN mask. Since color differences between the
lesion tissues are greater than those between the normal
tissues, the boundaries between the lesion tissues and the
normal tissues can be further sharpened through the sharp-
ening process.

[0025] FIG. 5A is a photograph showing an elastic image
before the image enhancement process is performed. FIG.
5B is a photograph showing an elastic image after perform-
ing the image enhancement process of the present invention.
As shown in FIGS. 5A and 5B, an enhanced elastic image
can be obtained through the image enhancement process of
the present invention. Symbols A and B in FIGS. 5A and 5B
represent the lesion and normal tissues (adjacent to the
lesion), respectively.

[0026] Hereinafter, the operation of the automatic measure
mode will be described. If the automatic measure mode is
selected by the user through the selection window shown in
FIG. 4, then a user interface such as a mouse pointer is
activated on the elastic image. A specific lesion is selected
by the user through the user interface and then the user
interface is inactivated. After the lesion is selected, an
automatic measure function used in a conventional ultra-
sound system is executed. This is so that the boundaries of
the selected lesion are extracted and the diameter of the
lesion is indicated based on the boundary information of
extracted lesion. Different color information between the
normal tissues and lesion tissues is used to trace the normal
tissues and the lesion tissues. Trace coordinates (horizontal
and vertical) of the boundaries between the normal tissues
and the lesion tissues are stored. The difference between the
minimum coordinate value and the maximum coordinate
value is used to calculate the diameter of the lesion.

[0027] Further, an area of the lesion is calculated by using
the stored trace coordinates and the coordinates of a mouse
point selecting the lesion through the user interface. The
areas of triangles drawn with the coordinates of the mouse
point and the two traced coordinates are calculated. Then,
the calculated areas are summed to calculate an area of the
lesion. In order to calculate the area of the triangle, one of
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the trace coordinates is selected as first trace coordinates and
a threshold is set to select the second trace coordinates
around the first trace coordinates. If the area of the lesion is
calculated by using all trace coordinates, then errors occut-
ring in the area calculation of the triangles can be accumu-
lated. Therefore, the threshold is set to minimize the errors.

[0028] The second trace coordinates are selected in a
predetermined direction by using the threshold. The second
trace coordinates correspond to coordinates, which render
the distance difference between the first trace coordinates
and the neighboring trace coordinates to be most approxi-
mate to the threshold. A first area of a first triangle drawn by
the first trace coordinates, the second trace coordinates and
the coordinates of the mouse point is calculated. Subse-
quently, third trace coordinates are selected by using the
threshold. Further, a second area of a second triangle drawn
by the second trace coordinates, the third trace coordinates
and the coordinates of the mouse point is calculated. A
fourth, fifth . . . n™ trace coordinates are selected and the
areas of the triangles are calculated as in the above process.
The first trace coordinates are selected to calculate an area
of a last triangle regardless of the threshold. That is, the last
triangle is drawn by the nth trace coordinates, the first trace
coordinates and the coordinates of the mouse point. The
calculated diameter and the area of the lesion are indicated
on the elastic image.

[0029] Also, if the user selects the automatic measure
mode, then a volume of lesion can be measured in a
3-dimensional space by using 3-dimensional data obtained
by using the 3-dimensional probe. The boundaries between
the lesion and the normal tissues can be detected in the same
manner as mentioned above. If the lesion is a sphere, then
the volume of the lesion can be calculated by the equation
of 4/3nr®. However, since the lesion cannot be considered as
a sphere, the volume of the lesion is calculated by measuring
the diameters in axial, lateral and elevational directions. If
the diameters in the axial, lateral and elevational directions
are x, y and z, respectively, then the volume of the lesion can
be approximately calculated by using the equation of
4/3mxyz. The calculated volume is displayed on the elastic
image display unit.

[0030] FIG. 6 is a photograph showing an elastic image
performed in the automatic measure mode of the present
invention. If the user selects a lesion on the elastic image
displayed on the display unit and the automatic measure
mode in the selection window shown in FIG. 3, then a
diameter 610 and an area 620 of the selected lesion are
automatically measured and displayed on the display unit
(shown in FIG. 6).

[0031] As mentioned above, since the modulus of the
elasticity is quantitatively calculated and displayed in a
numerical value on the elastic image display unit, the
hardness of the lesion can be perceived intuitively. There-
fore, the lesion can be easily diagnosed.
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[0032] Also, the present invention provides the enhance-
ment mode and the automatic measure mode of the elastic
image so that a desirable elastic image can be provided.
Further, since the diameter and the area of the lesion can be
automatically measured and the volume of the lesion in the
3-dimensional space can be measured by using the volume
data, the characteristics of the lesion can be rapidly and
conveniently diagnosed.

[0033] While the present invention has been described and
illustrated with respect to a preferred embodiment of the
invention, it will be apparent to those skilled in the art that
variations and modifications are possible without deviating
from the broad principles and teachings of the present
invention, which should be limited solely by the scope of the
claims appended hereto.

What is claimed is:
1. An ultrasound system, comprising:

an ultrasound diagnosis unit for providing ultrasound
scanning information of a target object and stress
information applied to the target object, the ultrasound
diagnosis unit including a probe having a stress apply-
ing unit and a stress measuring sensor around a scan
plane thereof;

an elastic image processor for forming an elastic image
based on the ultrasound scanning information and the
stress information; and

a display unit for displaying the elastic image.

2. The ultrasound system of claim 1, wherein the elastic
image processor calculates a strain of the target object based
on ultrasound receiving signals obtained before and after
applying the stress, wherein the elastic image processor
calculates a modulus of elasticity of the target object based
on the stress information and the strain, and wherein the
elastic image processor forms the elastic image based on the
ultrasound scanning information and the modulus of elas-
ticity of the target object.

3. The ultrasound system of claim 2, further comprising a
user input unit for receiving an input from a user to select
one of an image enhancement mode and an automatic
measuring mode.

4. The ultrasound system of claim 3, wherein the elastic
image processor enhances the elastic image displayed on the
display unit in response to selecting the image enhancement
mode, and wherein the display unit displays the enhanced
elastic image.

5. The ultrasound system of claim 3, wherein the elastic
image processor generates automatic measure information
of a selected region from the target object in response to
selecting the automatic measure mode, and wherein the
display unit displays the automatic measure information.

6. The ultrasound system of claim 5, wherein the auto-
matic measure mode is at lease one of a diameter, an area
and a volume of the selected region.
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