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(54) Ultrasound diagnostic system for providing elastic image with additional information

(57) There is provided an ultrasound diagnostic sys-
tem adapted to provide an elastic image with additional
information. The ultrasound diagnostic system compris-
es: aprobe for receiving echo signals from a target object,
the probe being configured to transfer a pressure applied
by an userto the target object; an elasticimage processor
for producing an elastic image and an additional infor-
mation related thereto based on each of the echo signals
before and after applying the pressure; and a display for
displaying the elastic image and the additional informa-

tion, which are inputted from the elastic image processor.
The additional information includes an elasticimage map
and a strain ratio of a medium. The elastic image proc-
essor calculates the strain ratio based on the echo signals
before and after applying the pressure and calculates a
constriction speed based on the strain ratio and the frame
rate, the elasticimage processor being configured to form
an elastic image map showing a relationship between
the constriction speed and the strain ratio.
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Description

[0001] The present invention generally relates to an
ultrasound diagnostic system, and more particularly to
an ultrasound diagnostic system adapted to provide an
elastic image together with additional information.
[0002] Currently, an ultrasound diagnostic system is
widely used to inspect a target object for diagnostic pur-
poses. In order to provide an image of a target object,
the ultrasound diagnostic system radiates an ultrasound
signal to the target object, receives the ultrasound signal
reflected from a discontinuous surface of the target ob-
ject, converts the received ultrasound signal into electri-
cal signals and performs signal processing upon the elec-
trical signals.

[0003] Typically, an elastic imaging technique is used
to visualize a characteristic of a tissue in ultrasound med-
ical imaging. Specifically, the elastic imaging technique
is utilized because it is widely recognized in the art that
the elasticity of the tissue is relevant to a pathological
phenomenon. For example, a cancer or a tumor tissue
is harder than a general soft tissue. Thus, the cancer or
the tumor tissue is less likely to be strained than the gen-
eral soft tissue against a same amount of external force.
[0004] Generally, it is necessary to obtain data before
and after the constriction to measure the elasticity of the
tissue. When obtaining the data from a real time ultra-
sound device, the strained amount of the tissue may vary
depending on the constriction force applied by the user,
wherein the quality of the elastic image depends on the
constriction force and the frame rate of the device. More
specifically, in case of a small constriction force, arelative
strained amount between media, each having a different
elasticity, is not displayed clearly. In case of a large
strained amount, however, the quality of the elasticimage
becomes degraded because a decorrelation in the tissue
becomes increased by the constriction. Therefore, an ap-
propriate level of constriction is required to obtain data
from a real time ultrasound device. Since the constriction
strength varies with the user or the measurement, the
user should be provided with information as to which level
of constriction should be exerted or has been exerted.
The level of constriction can be represented by the con-
striction speed, which can be calculated from the current
frame rate and the currently computed displacement of
the tissue.

[0005] In a conventional elastic imaging technique, a
relative strained amount of the tissue is represented
through using a pseudo color of two-dimensional (2D)
image. Accordingly, the conventional elasticity imaging
technique is highly helpful to diagnose a diseased por-
tion, which cannot be detected in a B-mode image where
a reflection coefficient is represented by using an imped-
ance difference between the tissues.

[0006] However, although the conventional elastic im-
aging technique has the advantage of being able to vis-
ually display the hardness of the tissue, it cannot provide
any precise information on the strain ratio. Therefore, in
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order to obtain numerical information on the strain ratio,
a separate method for displaying a numerical value in-
stead of the image is required.

[0007] In the conventional elastic imaging technique,
constrictions and expansions are repeatedly performed
to achieve a real time elastic image. Due to such con-
strictions and expansions, a flash noise is created in case
the elastic image is displayed with a color Doppler image
or a power Doppler image. Therefore, a method for re-
moving the flash noise is necessary.

[0008] ltis, therefore, an object of the presentinvention
to provide an ultrasound diagnostic system for displaying
an elasticimage along with additional information includ-
ing the constriction speed and the strain ratio by the con-
striction, which are used to obtain the elastic image.
[0009] Further, it is another object of the present in-
vention to provide an ultrasound diagnostic system for
generating the additional information while producing the
elastic image together with the ultrasonic color Doppler
image or the power Doppler image. In accordance with
one aspect of the present invention, the ultrasound diag-
nostic system includes: a probe for receiving first echo
signals from a target object, the probe being configured
to transfer a pressure applied by an user to the target
object and further receive second echo signals from the
target object; an elastic image processor for producing
an elastic image and additional information related there-
to based on the first and second echo signals; and a
display unit for displaying the elastic image and the ad-
ditional information.

[0010] In accordance with another aspect of the
present invention, the ultrasound diagnostic system in-
cludes: a probe for receiving first echo signals from a
target object, the probe being configured to transfer a
pressure applied by an user to the target object and fur-
ther receive second echo signals from the target object;
an elasticimage processor for producing an elasticimage
and additional information related thereto based on the
firstand second echo signals; a Dopplerimage processor
for producing a Doppler image and a Doppler map based
on the echo signals; a synthesis image processor for pro-
ducing a synthesized image by synthesizing the elastic
image and the Doppler image, the synthesis image proc-
essor being configured to receive the additional informa-
tion and information on the Doppler map; and a display
unit for displaying the synthesized image, the additional
information and the Doppler map, which are inputted from
the synthesis image processor.

[0011] The above and other objects and features in
accordance with the present invention will become ap-
parent from the following descriptions of preferred em-
bodiments given in conjunction with the accompanying
drawings, in which:

Fig. 1 is a block diagram showing a configuration of
an ultrasound diagnostic system constructed in ac-
cordance with one embodiment of the presentinven-
tion.
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Fig. 2A shows an elastic image map representing a
relationship between a strain and a constriction
speed in accordance with one embodiment of the
present invention.

Fig. 2B is an exemplary diagram depicting an imple-
mentation of the elastic image of Fig. 2A.

Fig. 3A is an exemplary diagram showing a state in
which the user selects a line SL on the elasticimage.
Fig. 3B is a graph showing a strain ratio according
to a depth of the selected line of Fig. 3A.

Fig. 4 is an exemplary diagram presenting a numer-
ically computed strain ratio of a selection region on
the elastic image.

Fig. 5 is a block diagram showing a configuration of
an ultrasound diagnostic system constructed in ac-
cordance with another embodiment of the present
invention.

Fig. 6 is an exemplary diagram showing a new frame
formed by an interpolation in comparison with a
frame having a noise over a threshold value.

Fig. 7 is an exemplary diagram showing a synthe-
sized image of the elastic image and the color Dop-
pler image.

Fig. 8 is an exemplary diagram depicting an image
resulting from synthesizing the elasticimage and the
power Doppler image.

Fig. 9 is an exemplary diagram presenting a strain
ratio of the elastic image, the constriction speed and
the blood flow information of the Doppler as a single
color map.

Fig. 10 is an exemplary diagram separately repre-
senting the Doppler map and the elastic image map
showing the strain ratio of the elastic image and the
constriction speed.

[0012] Hereinafter, the embodiments of the presentin-
vention will be described by referring to the attached
drawings.

[0013] Referring to Fig. 1, an ultrasound diagnostic
system 100, which is constructed in accordance with one
embodiment of the present invention, includes a probe
101, a controller 102, an elastic image processor 103, a
monitor 104 and a user interface unit 105.

[0014] The probe 101 transmits an ultrasound signal
to a target object and receives an ultrasonic signal (echo
signal) reflected from the target object. The probe is also
configured to transfer a pressure applied by a user to the
target object.

[0015] The controller 102 controls an overall operation
of the ultrasound diagnostic system 100. Particularly, the
controller 102 provides a previously set frame rate to the
elastic image processor 103.

[0016] The elastic image processor 103 calculates a
strain ratio of a medium based on the echo signal inputted
from the probe 101. That is, the elastic image processor
103 calculates the strain ratio of the medium based on a
change in the echo signals before and after applying the
pressure. Additionally, the elastic image processor 103

10

15

20

25

30

35

40

45

50

55

calculates a constriction speed based on the calculated
strain ratio and the frame rate information provided by
the controller 102 and makes an elastic image map E01
(i.e., a pseudo color map showing information on the con-
striction speed and the strain ratio). The constriction
speed (mm/sec) can be calculated by multiplying the
frame rate (frames/sec) and a displacement (mm/frame)
computed from a current frame. Fig. 2A shows an elastic
image map representing a relationship between the
strain and the constriction speed in accordance with one
embodiment of the present invention. Fig. 2B is an ex-
emplary diagram depicting animplemented aspect of Fig.
2A. As shown in Figs. 2A and 2B, an entire span of the
constriction speed may be divided into predetermined
number of steps. The information on the strain ratio can
be represented through using a 256 or 512 number of
steps.

[0017] The monitor 104 is provided with the
above-mentioned elastic image map showing the infor-
mation on the constriction speed and the strain ratio.
[0018] In accordance with another embodiment of the
present invention, the strain ratio of the region selected
by the user may be provided in the form of numerical
values. That is, if the user selects any region from the
elastic image through the user interface unit 105, the nu-
merical information on the strain ratio of the selected re-
gion is provided.

Fig. 3Ais an exemplary diagram showing a state in which
the user selects a line SL on the elastic image and Fig.
3B is a graph showing the strain ratio according to a depth
of the selected line of Fig. 3A. As shown in Fig. 4, in case
the user selects two random regions, the strain ratios of
the selected regions (I and Il) are calculated and accord-
ingly the numerical information is provided to the user.
The numerical information may include a variance, an
average and a standard deviation of the strain ratio,
wherein the strain ratio versus a position in the selected
region can be provided in the form of a graph.

[0019] The Doppler image displays an amount of fre-
quency shift together with a diffusion intensity of the sig-
nal so that a dynamic function of a living body can be
observed. Particularly, the color Doppler and the power
Doppler images are obtained by demodulating the re-
ceived signal and performing digital processing thereon
so as to depict a blood flow in a heart or a large blood
vessel as a real time 2-D image.

[0020] In the color Doppler image a cross section of
tissue is presented by a black and white B-mode image
and the blood flow is displayed with colors. The blood
flows running into and against a direction of the radiated
ultrasonic beam are displayed with warm color (red se-
ries) and cold color (blue series), respectively. The power
Doppler image can represent information on the blood
flow by displaying the power of the blood flow with a dif-
ferent brightness of color.

[0021] In accordance with another embodiment of the
present invention, the ultrasound diagnostic system is
provided, which presents an image with the Doppler im-
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age and the elastic image synthesized, together with the
constriction speed of the target object set at the time of
obtaining the elastic image. The ultrasound diagnostic
system according to this embodiment facilitates the exact
diagnosis of a diseased portion.

[0022] As shown in Fig. 5, an ultrasound diagnostic
system 200, which is constructed in accordance with an-
other embodiment of the present invention, includes a
probe 201, a controller 202, an image processor 203, a
monitor 204 and a user interface unit 205. The image
processor 203 includes an elasticimage processor 203A,
a Doppler image processor 203B and a synthesis image
processor 203C.

[0023] Since the functions of the probe 201, the con-
troller 202, the elasticimage processor 203A, the monitor
204 and the user interface unit 205 are identical to those
of the probe 101, the controller 102, the elastic image
processor 103 and the monitor 104 and the user interface
105, respectively, the detailed descriptions of the
above-mentioned elements are omitted herein.

[0024] The Doppler image processor 203B corre-
sponds to the color Doppler image processor or the pow-
er Doppler image processor. The Doppler image proc-
essor 203B produces the color Doppler image/the power
Doppler image (hereinafter referred to as the Doppler
image) and the Doppler image map based on the echo
signal inputted from the probe 201. The Doppler image
map shows the speed or the power of the blood flow by
a color map. Due to the repeated constriction and resto-
ration of the target object for obtaining the elastic image,
the flash noise may occur to the Doppler image. For each
frame of the Doppler image obtained, the Doppler image
processor 203B checks the quantity of a flash noise oc-
currence, removes the frame having the flash noise over
a threshold value and replaces the removed frame with
a new frame formed by an interpolation by using frames
before and after the removed frame. Fig. 6 shows the
new frame F| formed by the interpolation in comparison
with the frame FR having a noise over the threshold val-
ue.

[0025] The synthesisimage processor 203C produces
the synthesized image by synthesizing the elastic image
and the Doppler image delivered from the elastic image
processor 203A and the Doppler image processor 203B,
respectively. The synthesis image processor 203C pro-
vides the monitor 204 with the Doppler image map re-
ceived from the Doppler image processor 203B and at
least one of the strain ratio, the constriction speed and
the pseudo color map from the elastic image processor
203A, together with the synthesized image.

[0026] Fig. 7 is an exemplary diagram showing the im-
age resulting from synthesizing the elastic image A and
the color Dopplerimage B. Fig. 8 is an exemplary diagram
depicting the image A with the elastic image and the pow-
er Doppler image C synthesized.

[0027] The Doppler image map and the elastic image
map can be displayed together with the synthesized im-
age. The Doppler image map and the elastic image map
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can be represented as a single map. The strain ratio and
the constriction speed of the elastic image, as well as the
blood flow and the power, are configured 3-dimensionally
and shown as a single color map, as shown in Fig. 9.
Alternatively, as shown in Fig. 10, the Doppler image
map (left side of Fig. 10), which indicates the strain ratio
vs. the constriction speed, and the elastic image map
(right side of Fig. 10) can be shown separately.

[0028] As described above, the present invention can
provide specificinformation on the strain ratio of the elas-
tic image. That is, the information on the constriction
speed and the strain ratio can be observed by referring
to a single pseudo color map, which provides the images
of the constriction speed and the strain ratio simultane-
ously to allow the optimum elastic image of the tissue to
be obtained.

[0029] Further, the trial and error due to the mistake
of the user can be reduced in the process of obtaining
the elasticimage to provide an optimum and stable elastic
image.

[0030] Furthermore, the result of the strain ratio can
be displayed with numerical values to show an elasticity
difference between the tissues and help diagnose a dis-
eased portion having a minute elasticity difference.
[0031] Moreover, the elastic image and the Doppler
image are represented simultaneously so that the hard
tissue such cancer cell can be observed along with the
blood vessel developed around the tissue, which is ben-
eficial to the diagnosis.

[0032] When a high intensity focused ultrasound (HI-
FU) is adopted, the ultrasound diagnostic system con-
structed in accordance with the present invention may
be used to observe the remaining blood vessel after burn-
ing the diseased portion by a high intensity ultrasonic
wave.

[0033] Inthe ultrasound diagnosis system constructed
in accordance with the present invention, the information
on the constriction speed can be observed by referring
to a single color map to allow the user to obtain the op-
timized elastic image.

[0034] Further, the frame having a high flash noise can
be removed to obtain a high quality of the image.
[0035] While the present invention has been shown
and described with respect to a preferred embodiment,
those skilled in the art will recognize that various changes
and modifications may be made without departing from
the spirit and scope of the invention as defined in the
appended claims.

Claims

1. An ultrasound diagnostic system, comprising:
a probe for receiving first echo signals from a
target object, the probe being configured to

transfer a pressure applied by an user to the
target object and further receive second echo
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signals from the target object;

an elastic image processor for producing an
elastic image and additional information related
thereto based on the first and second echo sig-
nals; and

a display unit for displaying the elastic image
and the additional information.

The system of Claim 1, wherein the additional infor-
mation includes an elastic image map and a strain
ratio of a medium.

The system of Claim 1, further comprising a control-
ler for providing a previously set frame rate to the
elastic image processor.

The system of Claim 3, wherein the elastic image
processor calculates the strain ratio based on the
echo signals before and after applying the pressure
and calculates a constriction speed based on the
strain ratio and the frame rate, the elasticimage proc-
essor being configured to form an elastic image map
showing a relationship between the constriction
speed and the strain ratio.

The system of any one of Claims 1 to 4, further com-
prising a user interface unit for receiving a selection
region from the user, wherein the elastic image proc-
essor provides information on the strain ratio of the
selection region.

An ultrasound diagnostic system, comprising:

a probe for receiving first echo signals from a
target object, the probe being configured to
transfer a pressure applied by an user to the
target object and further receive second echo
signals from the target object;

an elastic image processor for producing an
elastic image and additional information related
thereto based on the first and second echo sig-
nals;

a Dopplerimage processor for producing a Dop-
pler image and a Doppler map based on the
echo signals;

a synthesis image processor for producing a
synthesized image by synthesizing the elastic
image and the Doppler image, the synthesis im-
age processor being configured to receive the
additional information and information on the
Doppler map; and

a display unit for displaying the synthesized im-
age, the additional information and the Doppler
map inputted from the synthesis image proces-
sor.

7. The system of Claim 6, wherein the Doppler image

processor checks a quantity of a flash noise occur-
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10.

1.

rence in each frame of the Doppler image and re-
moves the frame having the flash noise over a
threshold value, the Doppler image processor being
configured to replace the removed frame with a new
frame formed by an interpolation by using frames
before and after the removed frame.

The system of Claim 6, wherein the additional infor-
mation includes an elastic image map and a strain
ratio of a medium.

The system of Claim 7, further comprising a control-
ler for providing a previously set frame rate to the
elastic image processor.

The system of Claim 9, wherein the elasticity image
processor calculates the strain ratio based on the
echo signals and information related to the pressure
and calculates a constriction speed based on the
strain ratio and the frame rate, the elasticity image
processor being configured to form an elastic image
map showing a relationship between the constriction
speed and the strain ratio.

The system of any one of Claims 6 to 10, further
comprising a user interface unit for receiving a se-
lection region from the user, wherein the elastic im-
age processor provides information on the strain ra-
tio of the selection region.



EP 1 647 837 A2

102 ™

Fig. 1
103 104
§ 5
ELASTICITY .
PROCESSOR | MONITOR
»
CONTROLLER —— rentace  f105




STRAIN

EP 1 647 837 A2

Fig. 2A

rQ

0

0

V

CONSTRICTION SPEE

>
D



EP 1 647 837 A2




EP 1 647 837 A2




EP 1 647 837 A2

Fig. 3B

STRAIN [%]

- — N
O O =Y DO

- - . -
L A R N R R R R R R R e R
. - . -

DEPTH (cm)

15 2 25 3 35 4

10



EP 1 647 837 A2

11



EP 1 647 837 A2

203

200 203A ELASTICITY
IMAGE PROCESSOR

Iy
[qne }
I~

b s

201

A

|
¢ 203C w -
tqu ) N SYNTHESIS ~
© MAGE PROCESSOR MONITOR

[ 3

2038 — DOPPLER
IMAGE PROCESSOR

USER :
INTERFACE | - 20

4

502-~] CONTROLLER

12



EP 1 647 837 A2

- - L

Frame n

Frame 3

Frame 2

rrame 1

Frame n

Frame 3

Frame 2
bt om e oo me e e naww-

Frarme 1

13



EP 1 647 837 A2

14



EP 1 647 837 A2

15



EP 1 647 837 A2

A S
Fig. 9
=
oy
%
0
0 0 >/ CONSTRICTION
SPEED
/ /7
[ S L LS
BLOOD FLOW

VELOCITY / POWER

16



STRAIN

EP 1 647 837 A2

Fig. 10

0

0 V

CONSTRICTION SPEED

17

BLOOD FLOW VELOCITY / POWER




THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

RHAA

IPCH S
CPCH#E
REHE(F)

LR

HA 23 TF SRk

S\EReERE

E()

REtT —MERE

BEZSHRE , ATHREEGREHMMER
EP1647837A2 K (AE)B
EP2005022333
MEDISON CO. , LTD.

MEDISON CO. , LTD.

KIM CHEOL AN

KIM JONG SIK
SONG YOUNG SEUK
CHO GAE YOUNG
YOON RA YOUNG

KIM, CHEOL AN

KIM, JONG SIK
SONG, YOUNG SEUK
CHO, GAE YOUNG
YOON, RA YOUNG

G01S15/89 A61B8/08
AG61B8/485 A61B8/08 AG1B8/463 A61B8/488 G01S57/52042
LORENZ , WERNER

1020050074160 2005-08-12 KR
1020040082803 2004-10-15 KR

EP1647837A3
EP1647837B1

Espacenet

WiRsS , HETOREEGREHAMNER. BFE LM

RO RUR  ATEUCREEFIRNWERES , RUBKEE )
REAFEMNEDERE BN R RERGLER  ATERNESD
AN BETENERESTER RGNS EB XM IE S AR

AT R RMEMEE G E R WA RGN E SN ERER. M0
FEaOEEMEGRAMNFANNEL, BEEGLERETRMNED
ZEI M ENERESITENREL , 8T NELRMIOER T E KRR
B, REGLCERKEENEREERGRE , RE T 2ErX
Ro WAEEMMELL,

M

patsnap

2006-04-19
2005-10-13
Fig. 1
0 s
5 >
ELASTICIY
PROCESSOR || WONTOR
] COVROUER f— it o1



https://share-analytics.zhihuiya.com/view/83c17fc1-5544-429b-95ed-4cf65f7f3d03
https://worldwide.espacenet.com/patent/search/family/035501111/publication/EP1647837A2?q=EP1647837A2

