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(54) Ultrasound system and method for forming an ultrasound image

(57)  The present invention is directed to an ultra-
sound system and a method for reformatting a planar
image. The ultrasound system includes a volume data
acquiring unit (130) and an image processing unit (140).
The volume data acquiring unit may acquire volume data
by transmitting/receiving ultrasound signals to/from a tar-
get object of an un-echoic area. The image processing

FIG. 4

unit may perform inverse volume rendering upon the vol-
ume data to form a 3-dimensional image showing the
target object and set a region of interest (ROI) on the
target object in response to a user input. The image proc-
essor detects data corresponding to the ROI from the
volume data and reformats the detected data to form a
planar image.
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Description

[0001] The present application claims priority from Ko-
rean Patent Application No. 10-2007-0026909 filed on
March 20, 2007, the entire subject matter of which is in-
corporated herein by reference.

BACKGROUND OF THE INVENTION

[Technical Field]

[0002] The presentinvention generally relates to ultra-
sound systems, and more particularly to an ultrasound
system and a method for displaying multi-planar images.

[Background Art]

[0003] The ultrasound system has become an impor-
tant and popular diagnostic tool due to its non-invasive
and non-destructive nature. Modern high-performance
ultrasound imaging diagnostic systems and techniques
are commonly used to produce two- or three-dimensional
images of internal features of patients.

[0004] An ultrasound system generally uses a probe
containing an array of piezoelectric elements to transmit
and receive ultrasound signals. The ultrasound system
forms an image of human internal tissues by electrically
exciting transducer elements to generate ultrasound sig-
nals that travel into the body. Echoes reflected from tis-
sues and organs return to the transducer element and
are converted into electrical signals, which are amplified
and processed to produce ultrasound data. The ultra-
sound data may include volume data obtained by using
a 3-dimensional probe, etc.

[0005] Generally, the ultrasound system is configured
to perform volume rendering upon the volume data to
form a 3-dimensional ultrasound image. Also, the ultra-
sound system may be adapted to reformat planarimages
by using a reference plane (e.g., sagittal plane, coronal
plane or axial plane) or an arbitrary plane set in the vol-
ume data, which is referred to as a multi-planar reformat-
ting (MPR) method. The MPR method is widely used in
various medical imaging fields in addition to the ultra-
sound fields.

[0006] However, the MPR method is carried out by
reformatting the planarimages with planes having merely
different directions in the volume data in the conventional
ultrasound system. Thus, it is difficult to obtain sufficient
information regarding a target object to be reformatted
to multi-planar images. As such, there is a problem in
that the target object, which exists in many planes and
has un-echoic areas (e.g., blood vessel), cannot be refor-
matted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1isablock diagram showingan ultrasound
system constructed in accordance with one embodiment
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of the present invention.

[0008] FIG. 2is a block diagram of an image process-
ing unit constructed in accordance with one embodiment
of the present invention.

[0009] FIG. 3 shows an exemplary 3-dimensional ref-
erence image formed through inverse volume rendering
in accordance with one embodiment of the present in-
vention.

[0010] FIG. 4 is a schematic diagram showing a pro-
cedure of setting a region of interest in accordance with
one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011] FIG. 1isablock diagram showing an ultrasound
system constructed in accordance with one embodiment
of the present invention. Referring to FIG. 1, the ultra-
sound system 100 includes a Transmit/Receive (T/R) unit
110, a beam former 120, a volume data forming unit 130,
an image processing unit 140, a storage unit 150, an
input unit 160 and a display unit 170.

[0012] The T/R unit 110 may be operable to transmit
ultrasound signals to a target object and receive ultra-
sound echo signals reflected from the target object to
form reception signals. The T/R unit 110 may be a probe
including a plurality of transducer elements for recipro-
cally converting ultrasound signals and electrical signals.
The ultrasound signals transmitted from the T/R unit 110
may be propagated into the target object along an axial
direction.

[0013] The beamformer 120 may be operable to focus
the reception signals by considering a distance between
eachtransducer elementand afocal pointsetin the target
object and positions between the transducer elements.
[0014] The volume data forming unit 130 may be op-
erable to form volume data based on the focused recep-
tion signals. The volume data may include position infor-
mation corresponding to pixels (or voxels) of a 3-dimen-
sional ultrasound image (i.e., coordinate information at
a 3-dimensional coordinate system) and brightness in-
formation of the pixels (or voxels). The volume data
formed in the volume data forming unit 130 may be stored
in the storage unit 150.

[0015] The image processing unit 140 may be opera-
ble to reformat a planarimage based on the volume data.
As illustrated in FIG. 2, the image processing unit 140
may include an inverse volume rendering unit 141, a re-
gion of interest (ROI) setting unit 142, a position detecting
unit 143 and a planar reformatting unit 144.

[0016] The inverse volume rendering unit 141 may be
operable to perform inverse volume rendering upon the
volume data by inverting gray levels of voxels contained
in the volume data to thereby form a 3-dimensional ref-
erence image 310 containing the target object 320 of an
un-echoic area, as shown in FIG. 3. The un-echoic area
may be an area at which the ultrasound signals are not
reflected, such as a blood vessel, pleural effusion, ex-
pansion of renal pelvis, hydrocephalic, urethra, duodenal
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atresia or the like.

[0017] From a user, the input unit 160 may receive
setup information of ROI to be reformatted to the planar
image from the 3-dimensional reference image. The set-
up information of ROl may include information of a start
point and an end point of the ROI to be set on the target
object of the un-echoic area in the 3-dimensional refer-
ence image 310. The ROI setting unit 142 may be oper-
able to set the ROI based on the setup information of
ROI. The ROI setting unit 142 may set the start point 411
and the end point 412 on the target object 320 based on
the setup information of the ROI. The ROI setting unit
142 may set a first shortest line 421 connecting the start
point 411 to the end point 412. The ROI setting unit 142
may detect a boundary point 441 along the first shortest
line 421 from the start point 411 to the end point 412. It
may set a first straight line 431 connecting the start point
411 to the detected boundary point 441. The boundary
may be detected by using a change of brightness with a
differential operator. In accordance with one embodiment
of the present invention, the boundary may be detected
by using an edge mask such as Sobel, Prewitt, Robert,
Laplacian of Gaussian, Canny or the like. The ROl setting
unit 142 may set a normal line 451 to the first straight line
431 at the boundary point 441. The normal line 451 may
have a predetermined length. The ROI setting unit 142
may compute brightness values of voxels within a pre-
determined range along the normal line 451 from the
boundary point 441 and determine a direction having a
relatively larger mean brightness value. The ROI setting
unit 142 may set a second straight line 432 from the first
boundary point 441 toward the determined direction at a
predetermined angle with respect to the first straight line
431. The ROI setting unit 142 may detect a boundary
point 442 along the second straight line 432 and set a
second shortest line 422 connecting the boundary point
442 to the end point 412. The ROI setting unit 142 may
repeatedly perform the above procedure until the straight
line extending straight from the boundary point is con-
nected to the end point 412 without passing the boundary
point. The ROI setting unit 142 may set the ROI of a
curvature line shape to be reformatted to the planar im-
age by using curve fitting with the start point 411, the end
point 412 and a plurality of boundary points 441-446.
[0018] The user input unit 160 may further receive an
instruction for rotating the 3-dimensional reference im-
age 310. The instruction may include information upon
a view point of the 3-dimensional reference image 310.
The image processing unit 140 may be operable to rotate
the 3-dimensional image to be displayed at a different
view point in response to the instruction while the ROI
set on the target object. Thus, the user may easily check
whether or not the ROl is appropriately set along the tar-
get object.

[0019] The positiondetecting unit 143 may be operable
to detect positions of voxels corresponding to the set ROI
on the target object in the 3-dimensional reference image
310. The multi-planar reformatting unit 144 may be op-
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erable to detect data corresponding to the detected po-
sitions from the volume data, i.e., a gray level of bright-
ness, and reformat the detected data to form planar im-
age.

[0020] The storage unit 150 may be operable to store
the volume data formed in the volume data forming unit
130. The display unit 170 may be operable to display the
3-dimensional reference image and the reformatted pla-
nar image.

[0021] As described above, since the present inven-
tion forms a 3-dimensional image containing a target ob-
jectof an un-echoic area through the inverse volume ren-
dering method and set the ROI along the target object to
thereby reformat the planar image, stricture or atresia of
the blood vessel may be easily observed.

[0022] In accordance with one embodiment of the
presentinvention, there is provided an ultrasound system
for forming an ultrasound image, comprising a volume
data acquiring unit operable to acquire volume data by
transmitting/receiving ultrasound signals to/from a target
object of an un-echoic area; and an image processing
unit operable to perform inverse volume rendering upon
the volume data to form a 3-dimensional image showing
the target object and set a region of interest (ROI) on the
target object in response to a user input, the image
processing unit being configured to detect data corre-
sponding to the ROI from the volume data and reformat
the detected data to form a planar image.

[0023] In accordance with another embodiment of the
present invention, there is provided a method of forming
an ultrasound image, comprising: a) acquiring volume
data by transmitting/receiving ultrasound signals to/from
a target object of an un-echoic area; b) performing in-
verse volume rendering upon the volume data to form a
3-dimensional image showing the target object; c) setting
aregion of interest (ROI) on the target object in response
to a user input; and d) reformatting data corresponding
to the ROI in the volume data to form a planar image.
[0024] Any reference in this specification to "one em-
bodiment," "an embodiment," "example embodiment,"
etc. means that a particular feature, structure or charac-
teristic described in connection with the embodiment is
included in at least one embodiment of the present in-
vention. The appearances of such phrases in various
places in the specification are not necessarily all referring
to the same embodiment. Further, when a particular fea-
ture, structure or characteristic is described in connection
with any embodiment, it is submitted that it is within the
purview of one skilled in the art to effect such feature,
structure or characteristic in connection with other ones
of the embodiments.

[0025] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, nu-
merous variations and modifications are possible in the
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component parts and/or arrangements of the subject
combination arrangement within the scope of the disclo-
sure, the drawings and the appended claims. In addition
to variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims

An ultrasound system for forming an ultrasound im-
age, comprising:

a volume data acquiring unit operable to acquire
volume data by transmitting/receiving ultra-
sound signals to/from a target object of an un-
echoic area; and

an image processing unit operable to perform
inverse volume rendering upon the volume data
to form a 3-dimensional image showing the tar-
get object and set a region of interest (ROI) on
the target object in response to a user input, the
image processing unit being configured to de-
tect data corresponding to the ROI from the vol-
ume data and reformat the detected data to form
a planar image.

2. The ultrasound system of Claim 1, wherein the vol-

ume data acquisition unit includes:

a transmit/receive unit operable to transmit the
ultrasound signals to the target object and re-
ceive the ultrasound signals reflected from the
target object to thereby output reception signals;
and

a volume data forming unit operable to form the
volume data of the target object based on the
reception signals.

The ultrasound system of Claim 1, further comprising
a user input unit operable to receive the user input
including setup information for setting a start point
and an end point of the target object on the 3-dimen-
sional image.

The ultrasound system of Claim 3, wherein the im-
aging processing unit includes:

an inverse volume rendering unit operable to
perform the inverse volume rendering upon the
volume data for inverting a gray level of bright-
ness of each voxel contained in the volume data
and forming the 3-dimensional image based on
the inverted volume data;

a ROl setting unit operable to set the ROl on the
target object based on the setup information;

a position detecting unit operable to detect po-
sitions of voxels corresponding to the ROI; and
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areformatting unit operable to reformat data cor-
responding to the detected positions to the pla-
nar image with gray levels of brightness.

The ultrasound system of Claim 3, wherein the ROI
setting unit is configured to set a first shortest line
from the start point to the end point, detect a first
boundary point of the un-echoic area along the first
shortest line for setting a first straight line from the
start point to the first boundary point, detect a second
boundary point while moving from the first boundary
point at a predetermined angle for setting a second
straight line from the first boundary point to the sec-
ond boundary point, set a second shortest lime from
the second boundary point to the end point, repeat-
edly perform the detection of boundary points and
the setting of the straight lines and the shortest lines
until the straight line is connected to the end point
without passing a boundary point, and set the ROI
based on the start point, the end points and the de-
tected boundary points.

The ultrasound system of Claim 5, wherein the ROI
setting unit sets a normal line at the boundary points
and computes mean brightness of voxels along the
normal line, the ROI setting unit being configured to
set the straight line in a direction of relatively larger
mean brightness.

The ultrasound system of Claim 5, wherein the ROI
setting unit sets the ROI of a curvature shape from
the start point, the end point and the boundary points
through curve fitting.

A method of forming an ultrasound image, compris-
ing:

a) acquiring volume data by transmitting/receiv-
ing ultrasound signals to/from a target object of
an un-echoic area;

b) performing inverse volume rendering upon
the volume data to form a 3-dimensional image
showing the target object;

c) setting a region of interest (ROI) on the target
object in response to a user input; and

d) reformatting data corresponding to the ROI
in the volume data to form a planar image.

9. The method of Claim 8, wherein the step a) includes:

transmitting the ultrasound signals to the target
object;

receiving the ultrasound signals reflected from
the target object to thereby output reception sig-
nals; and

forming the volume data of the target object
based on the reception signals.
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10. The method of Claim 8, further comprising receiving
the user input including setup information for setting
a start point and an end point of the target object on
the 3-dimensional image.

11. The method of Claim 10, wherein the inverse volume
rendering is performed upon the volume data for in-
verting a gray level of brightness of each voxel con-
tained in the volume data and forming the 3-dimen-
sional image based on the inverted volume data, the 70
ROl is set on the target object based on the setup
information, and
wherein the step d) includes:

detecting positions of voxels corresponding to 75

the ROI; and

reformatting the data corresponding to the de-

tected positions to form the planar image with

gray levels of brightness.

20
12. The method of Claim 11, wherein the step c) in-
cludes:

c1) setting a first shortest line from the start point

to the end point; 25
c2) detecting a first boundary point of the un-
echoic area along the first shortest line for set-

ting a first straight line from the start point to the

first boundary point;

c3) detecting a second boundary point while 30
moving from the first boundary point at a prede-
termined angle for setting a second straight line
from the first boundary point to the second
boundary point;

c4) setting a second shortest lime from the sec- 35
ond boundary point to the end point;

c5) repeatedly performing the detection of
boundary points and the setting of the straight
lines and the shortest lines until the straight line

is connected to the end point without passinga 40
boundary point; and

c6) setting the ROI based on the start point, the

end points and the detected boundary points.

13. The method of Claim 12, wherein the step c) further 45
includes:

setting a normal line at the boundary points and
computing a mean brightness of voxels along

the normal line; and 50
setting the straight line in a direction of relatively
larger mean brightness.

14. The method of Claim 12, wherein the ROl is set as
a curvature shape from the start point, the end point 55
and the boundary points through curve fitting.



EP 1973 076 A1

05, ——{ 1unabeiojg
yun Buisseaoid Jun Buiwoy
nun Aeidsiq obew| £Jep SWN|OA Jawioj weag un xy/x 1
oo O 0€! 0z} 0Lt
09} | Hunjndy|

E

004




EP 1973 076 A1

abew| Q7 —

Jun Bumewlojsl nun Bunoslap Jun jun Bupapual
leueid-nny uoijsod bunies |0y 3WIN[OA 3SJAAU|
124" Evl chl Lyl

¢ Ol

B)ep
BWN|OA



EP 1973 076 A1

FIG. 3

17

320




EP 1973 076 A1

FIG. 4




no

EPO FORM 1503 03.82 (P04C01)

P)

EP 1973 076 A1

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 08 00 5145

The present search report has been drawn up for all claims

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
9ory of relevant passages to claim APPLICATION (IPC)
X US 20057273009 Al (DEISCHINGER HARALD [AT]|1-4,8-11 INV.
ET AL) 8 December 2005 (2005-12-08) GO6T11/00
* abstract * GO6T15/00
* paragraphs [0018], [0019], [0031], G01S15/89
[6032], [0035] - [0037] * A61B8/14
* figures 1,4,5 *
A EP 1 419 737 A (ALOKA CO LTD [JP]) 1,8
19 May 2004 (2004-05-19)
* abstract *
A SHEKHAR R ET AL: "Cine MPR: interactive [1,8
multiplanar reformatting of
four-dimensional cardiac data using
hardware-accelerated texture mapping"
IEEE TRANSACTIONS ON INFORMATION
TECHNOLOGY IN BIOMEDICINE, IEEE SERVICE
CENTER, LOS ALAMITOS, CA, US,
vol. 7, no. 4,
1 December 2003 (2003-12-01), pages
384-393, XP011106640 TECHNICAL FIELDS
ISSN: 1089-7771 SEARCHED _ (PO)
* the whole document * GO6T
----- GO1S
A US 5 934 288 A (AVILA RICARDO SCOTT [US] 1,8 A61B
ET AL) 10 August 1999 (1999-08-10)
* abstract *

Place of search Date of completion of the search

Examiner

Munich

7 July 2008 Willig, Hendrik

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 1973 076 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 08 00 5145

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.

07-07-2008
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005273009 Al 08-12-2005 DE 102005025835 Al 22-12-2005
JP 2005342516 A 15-12-2005
EP 1419737 A 19-05-2004 DE 60314822 T2 13-03-2008
JP 3944059 B2 11-07-2007
JP 2004159997 A 10-06-2004
US 2004097808 Al 20-05-2004
US 5934288 A 10-08-1999  EP 0952457 A2 27-10-1999
JP 2000152938 A 06-06-2000

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

11




EP 1973 076 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* KR 1020070026909 [0001]

12



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

#RIRBAA
RHA

IPCH %S
CPCH %5
REM(F)
£ 54X

H 2 FF 3k
ShEREESE

BE@®F)

patsnap
BERSNATERBERGN S E
EP1973076A1 NI (»&E)B 2008-09-24
EP2008005145 RiEH 2008-03-19
MEDISON CO. , LTD.

MEDISON CO. , LTD.

CHOI YOUNG DO

CHOI, YOUNG DO
G06T11/00 GO6T15/00 G01S15/89 A61B8/14 A61B8/00

A61B8/14 A61B8/469 A61B8/483 G01S7/52063 G01S15/8993 GOGT 15/08

SCHMID , WOLFGANG

1020070026909 2007-03-20 KR
EP1973076B1

Espacenet

FIG. 4

EEASR-—MBEREN-—HATEFRXCTEEGN T L, BF

REAEHRRERRET (130 ) NEGLEET (140 ) . AKIBRE
B 5 A BB )/ M SE 1P X 40 B AR S 1 U B 7 45 2 SRR ER A B
1. ERA IR S T ] U AR BIR AT e S LU AR B R R =
wEE  FEMETASHAEE RN R ERBEREBXE (ROI) . H
BB E IR B I SROMER RN BIE | H EFRRLRN BB
ELUE R E R &,



https://share-analytics.zhihuiya.com/view/f1d52d14-ffd4-4816-afce-62613ec179d6
https://worldwide.espacenet.com/patent/search/family/039537742/publication/EP1973076A1?q=EP1973076A1

