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(57) The present application relates to an ultrasound
system comprising: an ultrasound diagnosis unit (110)
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

Ultrasound system for displaying an elastic image

stress applying unit and a stress measuring sensor
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(120) for forming an elastic image based on the ultra-
sound scanning information and the stress information;
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Description

[0001] The presentinvention generally relates to an ultrasound 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.

[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
techniques are commonly used to produce two or three-dimensional 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 transducer 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 signals. 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 physicians
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 characteristics of the target object. Such technology is very helpful for
diagnosing lesions such as cancers.

[0005] The conventional elastic imaging technology displays 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 hardness cannot be quantitatively displayed.

[0006] Also, itis difficult to clearly display the boundaries between the lesion and neighboring tissues with the con-
ventional elastic imaging technology. Further, such technology 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.
[0007] The presentinvention provides an ultrasound system for forming an ultrasound image by measuring a modulus
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 unit 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.

[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:

Fig. 1 is a block diagram showing an ultrasound system constructed in accordance with the present invention;
Fig. 2 is a schematic diagram showing a spring model for explaining a modulus of elasticity;

Fig. 3 is a schematic diagram showing a structure of a probe constructed in accordance with the present invention;
Fig. 4 is a diagram showing an example of a selection window;

Fig. 5A is a photograph showing an elastic image before an image enhancing process is performed;

Fig. 5B is a photograph showing an elastic image in which an image enhancing process is performed; and

Fig. 6 is a photograph showing an elastic image performed in an automatic measure mode in accordance with the
present invention.

[0010] Fig. 1is a block diagram showing an ultrasound system constructed in accordance with the preferred embod-
iment 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
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subject. Further, the probe may be a 3-dimensional probe.

[0011] 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
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
information 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.

[0012] 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
information 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.

[0013] 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 prede-
termined depth is proportional to the modulus of elasticity. That is, if the stress applied to a unit area is ¢ and the strain
is s, then the modulus of elasticity (E) is defined as the following equation:

E=Z (6=Fl4e=ALIL) (1)
g .

[0014] 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 modulus of elasticity of the target object is measured by calculating 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 assumption that the
stress is uniformly distributed in the human body. The elastic image is formed based on the measured strain.

[0015] The userinput unit 140 receives an input from a user for selecting an image enhancement mode or an automatic
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. If the image enhance-
ment 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.

[0016] Hereinafter, an image enhancing method, which is performed in the image processor 120, will be described.
If the selection information for selecting the image enhancement 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 neighboring 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.

[0017] 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 sharpening process.

[0018] 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 performing 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.

[0019] Hereinafter, the operation of the automatic measure mode will be described. If the automatic measure mode
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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 ultrasound
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.

[0020] 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 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 occurring in the area calculation of the triangles can be accu-
mulated. Therefore, the threshold is set to minimize the errors.

[0021] 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 approximate 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 ... nth 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.

[0022] 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 — ﬂT3 .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 gﬂxyz. The calculated volume is displayed on the elastic

image display unit.

[0023] 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).

[0024] 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. Therefore, the lesion can
be easily diagnosed.

[0025] Also, the present invention provides the enhancement 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.

[0026] 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.

Claims

1. An ultrasound system, comprising:
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an ultrasound diagnosis unit for providing ultrasound scanning information of a target object and stress infor-
mation applied to the target object, the ultrasound diagnosis unit including a probe having a stress applying 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.

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 elasticity of the target object.

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.

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.

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.

The ultrasound system of Claim 5, wherein the automatic measure mode is at lease one of a diameter, an area and
a volume of the selected region.



EP 1 747 757 A1

FIG. 1
100
110 120 130
3 2 )
ULTRASOUND ELASTROGRAPHY
DIAGNOSIS UNIT PROCESSOR DISPLAY UNIT
(40— USERINPUT
UNIT
FIG. 2

VoSl e
L .

AL




EP 1 747 757 A1

FIG. 3

320

310

410 420

Irmage Enhancernent Auto Measure




EP 1 747 757 A1

FIG. 5A




EP 1 747 757 A1

FIG. 6

B [xC 3.29cm |

oy

L)EA 0.86cm?




[y

EPO FORM 1503 03.82 (P04C01)

P)

EP 1747 757 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 06 01 5465

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of g;atr:elleve;r:tvF\l)i:;Sig:i::tion, where appropriate, Ee(icle;/i;nt glﬁéf%il_ﬁéllloup%r; THE
X JP 2005 066041 A (HITACHI MEDICAL CORP) 1-6 INV.

17 March 2005 (2005-03-17) A61B8/08

* paragraph [0018]; figure 1 *

* paragraph [0024] - paragraph [0031];

figure 4 *

* paragraph [0039] - paragraph [0041] *
X EP 1 554 982 A (HITACHI MEDICAL CORP [JP])[1-6

20 July 2005 (2005-07-20)

* paragraph [0024] - paragraph [0037];

figure 1 *

* paragraph [0045] *
X US 2005/119568 Al (SALCUDEAN SEPTIMIU E 1-3

[CA] ET AL) 2 June 2005 (2005-06-02)

* paragraph [0064] - paragraph [0083] *

* paragraph [0091] - paragraph [0092] *
A US 4 926 871 A (GANGULY DIPANKAR [US] ET |6

AL) 22 May 1990 (1990-05-22)

* column 2, Tine 63 - column 3, line 27 * TECHNICAL FIELDS

* column 7, line 20 - column 8, line 39 * aPe)

----- A61B

A US 5 497 249 A (KOIZUMI TAEKO [JP] ET AL) |1

5 March 1996 (1996-03-05)

* column 1, Tine 58 - column 2, line 11 *

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

Berlin 13 October 2006

Trachterna, Morten

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

10




EPO FORM P0459

EP 1747 757 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 06 01 5465

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

13-10-2006
Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2005066041 A 17-03-2005  NONE

EP 1554982 A 20-07-2005 CN 1705460 A 07-12-2005
WO 2004039262 Al 13-05-2004
JP 2004135929 A 13-05-2004
US 2006052702 Al 09-03-2006

US 2005119568 Al 02-06-2005  NONE

US 4926871 A 22-05-1990  NONE

US 5497249 A 05-03-1996  JP 3640404 B2 20-04-2005
JP 7058959 A 03-03-1995

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

11



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

RAAN

IPCH S
CPCH#E
RENE(F)

LR

HAh 22 TF SRk

S\EReERE

BWE(R)

FRESR-MBEFRS , BF  BFUMET (110) , BTRHABR
NERNBFLBESNENZ BN KRONANES , BF UM ETEE
SENHEE TR DR N B L BBRESEQHFEREREL
H3R (120) ATREEFSKAHESNN I EEERREE K ER

RATEREEERNERS RS
EP1747757A1

EP2006015465
MEDISON CO. , LTD.

=EMEDISON CO. , LTD.

MOON HAE YEAN
KIM CHEOL AN
YOON RA YOUNG

MOON, HAE YEAN
KIM, CHEOL AN
YOON, RA YOUNG

A61B8/08

A61B8/485 A61B5/0053 A61B8/08 G01S7/52042

SCHMID , WOLFGANG

1020050131465 2005-12-28 KR
1020050068269 2005-07-27 KR

EP1747757B8
EP1747757B1

Espacenet

22 (130) ATETRHMERENE T,

patsnap

F(RE)R 2007-01-31
fi% A 2006-07-25
FIG. 1
10
10 120 130
| ) )
ULTRASOUND | | ELASTROGRAPHY | |
DIAGNOSIS UNIT PROCESSOR DAY

140~  USERINPUT

UNIT



https://share-analytics.zhihuiya.com/view/3f5e58e0-7cd8-42c1-b03b-6800a63ce8e3
https://worldwide.espacenet.com/patent/search/family/037067450/publication/EP1747757A1?q=EP1747757A1

