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(57)  Embodiments for providing a plurality of 3-di-
mensional ultrasound images in an ultrasound system
are disclosed. The ultrasound system includes: an ultra-
sound data acquisition unit configured to acquire a first
ultrasound frame data set from a target object; a process-
ing unit configured to form a 2-dimensional ultrasound
image based on the first ultrasound frame data set; and
a user input unit for allowing a user to input user input
information, wherein the processing unit is further con-

Providing multiple 3-dimensional ultrasound images in an ultrasound image

figured to set a plurality of regions of interest (ROIS) in
either a multiple ROI setting way or a single ROI setting
way based on the user input information, wherein the
ultrasound data acquisition unit is further configured to
acquire a plurality of second ultrasound frame data sets
according to the setting of ROIS, and wherein the
processing unit is further configured to form multiple 3-
dimensional ultrasound images corresponding to the re-
spective ROIS.

FIG. 1
120 100
USER INPUT
UNIT
o 130 150
ULTRASOUND
PROCESSING
DATA ACQUISITION UNIT Dlﬁm Y
UNIT
STORAGE
UNIT
140

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 339 368 A2 2

Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority from Ko-
rean Patent Application No. 10-2009-0124957 filed on
December 15, 2009.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ul-
trasound signal processing, and more particularly to an
ultrasound system configured to provide multiple 3-di-
mensional ultrasound images and a method of imple-
menting the same.

BACKGROUND

[0003] An ultrasound system has been extensively
used in the medical field due to its non-invasive and non-
destructive nature. Modem high-performance ultrasound
imaging diagnostic systems and techniques are com-
monly used to produce two- or three-dimensional ultra-
sound images of internal features of patients.

[0004] Recently, the ultrasound system may provide a
3-dimensional ultrasound image showing clinical infor-
mation such as spatial information, anatomical features
and the like, which may not be provided by a 2-dimen-
sional ultrasound image. The ultrasound system is de-
signed to transmit ultrasound signals to the target object
andthenreceive ultrasound echo signals. The ultrasound
system forms a 2-dimensional ultrasound image based
on the received ultrasound echo signals. In response to
a user instruction, the ultrasound system sets a region
of interest (ROI) on the 2-dimensional ultrasound image.
Thereafter, the ultrasound system transmits ultrasound
signals to the target object and then receives ultrasound
echo signals to thereby form a volume data set corre-
sponding to the ROI. The ultrasound system performs
rendering upon the volume data set to form a 3-dimen-
sional ultrasound image of the target object.

[0005] Conventionally, after setting the ROI on the 2-
dimensional ultrasound image, 3D mode switching
should be carried out to form the 3-dimensional ultra-
sound image corresponding to the ROI. In such a case,
when the operator desires to observe another portion in
the target object, the 3D mode should be switched to a
2D mode. Thereafter, ROl is set on a 2-dimensional ul-
trasound image in the 2D mode and the image mode
should be again switched to the 3D mode. This, of course,
can be very inconvenient and user-unfriendly to the op-
erator.

SUMMARY
[0006] Embodiments for providing a plurality of 3-di-

mensional ultrasound images in an ultrasound system
are disclosed herein. In one embodiment, by way of non-
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limiting example, an ultrasound system includes: an ul-
trasound data acquisition unit configured to acquire afirst
ultrasound frame data set from a target object; a process-
ing unit configured to form a 2-dimensional ultrasound
image based on the first ultrasound frame data set; and
a user input unit for allowing a user to input user input
information, wherein the processing unit is configured to
set a plurality of regions of interest (ROIS) in either a
multiple ROI setting way or a single ROI setting way
based on the user input information, wherein the ultra-
sound data acquisition unit is configured to acquire a plu-
rality of second ultrasound frame data sets according to
the setting of ROIS, and wherein the processing unit is
further configured to form multiple 3-dimensional ultra-
sound images corresponding to the respective ROIS.
[0007] In another embodiment, a method of providing
a plurality of 3-dimensional ultrasound images in an ul-
trasound system, comprises: a) acquiring a first ultra-
sound frame data set from a target object; b) forming a
2-dimensional ultrasound image based on the first ultra-
sound frame data set; c) setting a plurality of regions of
interest (ROIS) in either a multiple ROI setting way or a
single ROI setting way based on user input information
and forming a plurality of volume data sets corresponding
tothe respective ROIS; and d) performing rendering upon
the respective volume data sets to thereby form a plurality
of 3-dimensional ultrasound images.

[0008] In yet another embodiment, a computer-read-
able storage medium storing instructions that, when ex-
ecuted by a computer, cause the computer to provide a
method of providing a plurality of 3-dimensional ultra-
sound images, wherein the method comprises: a) form-
ing a 2-dimensional ultrasound image based on first ul-
trasound frame data set obtained from a target object; b)
setting a plurality of regions of interest (ROIS) in either
a multiple ROI setting way or a single ROI setting way
based on user input information and forming a plurality
of volume data sets corresponding to the respective
ROIS; and c) performing rendering upon the respective
volume data sets to thereby form a plurality of 3-dimen-
sional ultrasound images.

[0009] The Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key or essential features of the
claimed subject matter, nor is it intended to be used in
determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1is a block diagram showing an illustrative em-
bodiment of an ultrasound system.

FIG. 2 is a block diagram showing an illustrative em-
bodiment of an ultrasound data acquisition unit.
FIG. 3 is a schematic diagram showing a scanning
direction to acquire frame data sets.
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FIG. 4 is a schematic diagram showing an example
of a multiple ROI setting way.

FIG. 5 is a schematic diagram showing an example
of a single ROI setting way.

FIG. 6 is a block diagram showing an illustrative em-
bodiment of a processing unit.

FIG. 7 is a flowchart showing an illustrative embod-
iment of a procedure of providing a plurality of 3-
dimensional ultrasound images.

DETAILED DESCRIPTION

[0011] Adetailed description may be provided with ref-
erence to the accompanying drawings. One of ordinary
skill in the art may realize that the following description
is illustrative only and is not in any way limiting. Other
embodiments of the present invention may readily sug-
gest themselves to such skilled persons having the ben-
efit of this disclosure.

[0012] Referring to FIG. 1, an illustrative embodiment
of an ultrasound system 100 is shown. As depicted there-
in, the ultrasound system 100 includes an ultrasound da-
ta acquisition unit 110, a user input unit 120, a processing
unit 130, a storage unit 140 and a display unit 150. The
ultrasound data acquisition unit 110 is configured to
transmit ultrasound signals to a target object and receive
echo signals reflected from the target object to thereby
acquire ultrasound data.

[0013] As shownin FIG. 2, the ultrasound data acqui-
sition unit 110 includes a transmit signal forming section
111. The transmit signal forming section 111 is config-
ured to form transmit signals according to image modes
such as a brightness mode (B-mode), a Doppler mode
(D-mode), a color Doppler mode (C-mode), an elasticity
mode, a 3-dimensional mode and the like. The transmit
signal forming section 111 repeatedly forms transmit sig-
nals in a sequential manner to thereby form a plurality of
transmit signals.

[0014] The ultrasound data acquisition unit 110 further
includes an ultrasound probe 112, which is coupled to
the transmit signal forming section 111. The ultrasound
probe 112 includes transducer elements configured to
output ultrasound signals, which is propagated into the
target object, in response to the transmit signals. The
ultrasound probe 112 receives echo signals reflected
from the target object to thereby output receive signals.
The ultrasound probe 112 includes a 3-dimensional me-
chanical probe, a 2-dimensional probe and the like.
[0015] The transmission of the ultrasound signals is
controlled by the transmit signal forming section 111. The
transmit signal forming section 111 is configured to apply
delays to the transmit signals by considering distances
between the transducer elements and the focal points.
[0016] The ultrasound data acquisition unit 110 in-
cludes a beam forming section 113, which is coupled to
the ultrasound probe 112. The beam forming section 113
is configured to digitize the receive signals to output dig-
ital signals. The beam forming section 113 is further con-
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figured to apply delays to the digital signals in consider-
ation of distances between the transducer elements and
focal points, thereby forming receive-focused signals. In
one embodiment, the receive-focused signals includes
first receive-focused signals to obtain a frame data set
for forming a 2-dimensional ultrasound image and sec-
ond receive-focused signals to obtain a plurality of frame
data sets for forming a 3-dimensional ultrasound image.
[0017] The ultrasound data acquisition unit 110 further
includes an ultrasound data forming section 114, which
is coupled to the beam forming section 113. The ultra-
sound data forming section 114 is configured to form a
plurality of ultrasound frame data sets based on the re-
ceive-focused signals. In one embodiment, the ultra-
sound frame data sets includes a first ultrasound frame
data set corresponding to a 2-dimensional ultrasound im-
age and second ultrasound frame data sets correspond-
ing to a plurality of 2-dimensional ultrasound images P,
(1<i<N) for forming a 3-dimensional ultrasound image,
as shown in FIG. 3.

[0018] The userinput unit 120 is configured to receive
user inputinformation. In one embodiment, the user input
information includes first input information for selecting
either a way of setting a multiple regions of interest (here-
inafter, referred to as "multiple ROI setting way") or away
of setting a single ROI (hereinafter, referred to as "single
ROl setting way"). The multiple ROI setting way is direct-
ed to setting multiple ROIS on a 2-dimensional ultra-
sound image at the same time. That is, at least one new
ROl is set on the 2-dimensional ultrasound image togeth-
er with a previously set ROI. The single ROI setting way
is directed to sequentially setting a single ROl on a 2-
dimensional ultrasound image in a way of replacing the
ROI on the 2-dimensional ultrasound image with a new
ROI. For example, first to third ROIS 221-223 are set on
a 2-dimensional ultrasound image 210 at the same time
in the multiple ROI setting way, as illustrated in FIG. 4.
Further, a first ROI 221, a second ROI 222 and a third
ROI 223 are sequentially set on the 2-dimensional ultra-
sound image in the single ROI setting way, as illustrated
in FIG. 5. The 2-dimensional ultrasound image 210 in
FIG. 5 is an identical or different ultrasound image.
[0019] In one embodiment, the user input information
further includes second input information for setting mul-
tiple ROIS on the 2-dimensional ultrasound image in the
multiple ROI setting way, third input information for re-
questing an end of the multiple ROI setting way, fourth
input information for setting a single ROI on the 2-dimen-
sional ultrasound image in the single ROI setting way,
and fifth input information for requesting an end of the
single ROI setting way.

[0020] The processing unit 130, which is coupled to
the ultrasound data acquisition unit 110 and the userinput
unit 120, is configured to form a 2-dimensional ultrasound
image based on the first ultrasound frame data set. The
processing unit 130 is further configured to form a 3-di-
mensional ultrasound image based on the plurality of
frame data sets provided from the ultrasound data ac-
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quisition unit 110 according to the user input information.
An operation of the processing unit 130 will be described
in detail by referring to FIG. 6.

[0021] The processing unit 130 includes a first image
forming section 131, a determining section 132, a ROI
setting section 133, a volume data forming section 134
and a second image forming section 135. The firstimage
forming section 131 is configured to form the 2-dimen-
sional ultrasound image by using the first ultrasound
frame data set provided from the ultrasound data acqui-
sition unit 110. In one embodiment, the 2-dimensional
ultrasound image is a brightness mode (B-mode) image.
[0022] The determining section 132 is configured to
analyze the first input information provided from the user
input unit 120 to determine a way for setting a plurality
of ROIS on the 2-dimensional ultrasound image. In one
embodiment, the determining section 132 is configured
to output first analysis information for performing the mul-
tiple ROI setting way or second analysis information for
performing the single ROI setting way.

[0023] Ifthe first analysis information is outputted from
the determining section 132, then the ROI setting section
133, which is coupled to the determining section 132,
sets multiple ROIS on the 2-dimensional ultrasound im-
age based on the second input information in the multiple
ROl settingway. Onthe other hand, if the second analysis
information is outputted from the determining section
132, then the ROI setting section 133 sequentially sets
a plurality of ROIS on the 2-dimensional ultrasound im-
age based on the fourth input information in the single
ROI setting way.

[0024] The volume data forming section 134 is config-
ured to form multiple volume data sets corresponding to
the respective ROIS by using the plurality of second
frame data sets, which are provided from the ultrasound
data acquisition unit 110.

[0025] The second image forming section 135 is con-
figured to perform rendering upon the respective volume
data sets to thereby form multiple 3-dimensional ultra-
sound images. The rendering includes ray-casting ren-
dering, surface rendering and the like.

[0026] Referring back to FIG. 1, the storage unit 140
stores the plurality of volume data sets. Also, the storage
unit 140 stores the 3-dimensional ultrasound images.
The display unit 150 displays the 2-dimensional ultra-
sound image formed in the processing unit 130. The dis-
play unit 150 further displays the multiple 3-dimensional
ultrasound images formed in the processing unit 130.
The display unit 150 includes at least one of a cathode
ray tube (CRT) display, a liquid crystal display (LCD), an
organic light emitting diode (OLED) display and the like.
[0027] Hereinafter, a process of providing multiple 3-
dimensional ultrasound images will be described in de-
tail. FIG. 7 is a flowchart showing an illustrative embod-
iment of providing multiple 3-dimensional ultrasound im-
ages. Referring to FIG. 7, the ultrasound data acquisition
unit 110 transmits ultrasound signals to the target object
and receives ultrasound echo signals to thereby form a
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first ultrasound frame data set at step S102. The first
ultrasound image forming section 131 forms a 2-dimen-
sional ultrasound image by using the first ultrasound
frame data set at step S104.

[0028] If the first input information is inputted from the
user input unit 120, then the determining section 132 an-
alyzes the first input information to determine which way
to set the ROIS is inputted. If it is determined that the
multiple ROI setting way is selected at step S106, then
the determining section 132 outputs first analysis infor-
mation to set the ROIS in the multiple ROI setting way
at step S108.

[0029] If the first analysis information is provided, the
ROI setting section 133 receives the second input infor-
mation from the user input unit 120 at step S110 and then
sets multiple ROIS on the 2-dimensional ultrasound im-
age according to the second input information in the mul-
tiple ROI setting way at step S112. The ROI setting sec-
tion 133 checks whether the third input information is
inputted through the user input unit 120 at step S114. If
it is determined that the third input information is not in-
putted, then the steps S110 to S112 are repeatedly car-
ried out until the third input information is inputted.
[0030] The ultrasound data acquisition unit 110 trans-
mits ultrasound signals to the target object according to
the first analysis information and the third input informa-
tion, and receives ultrasound echo signals reflected from
the target object, thereby acquiring multiple frame data
sets at step S116. The volume data forming section 134
forms a plurality of volume data sets corresponding to
the respective ROIS by using the multiple frame data
sets at step S118. The second image forming section
135 performs rendering upon the plurality of volume data
sets to form 3-dimensional ultrasound images corre-
sponding to the respective ROIS.

[0031] On the other hand, if the second analysis infor-
mation is outputted from the determining section 132,
then the ROl setting section 133 receives the fourth input
information from the user input unit 120 at step S124 and
set ROIS sequentially on the 2-dimensional ultrasound
image based on the fourth input information in the single
ROI setting way at step S126.

[0032] The ultrasound data acquisition unit 110 trans-
mits ultrasound signals to the target object according to
the second analysis information and the fourth input in-
formation and receives ultrasound echo signals reflected
from the target object, thereby acquiring multiple frame
data sets at step S128. The volume data forming section
134 forms a volume data set corresponding to the ROI
by using the multiple frame data sets at step S130. The
volume data set is stored in the storage unit 140 at step
S132.

[0033] The ROI setting section 133 checks whether
the fifth input information is provided from the user input
unit 120 at step S134. The steps S124 to S134 are re-
peatedly carried out until the fifth input information is in-
putted through the user input unit 120. If the fifth input
information is provided at step S 134, then the second
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image forming section 135 reads out a plurality of volume
data sets from the storage unit 140 at step S136, and
performs rendering upon the respective read-out volume
data sets, thereby forming a plurality of 3-dimensional
ultrasound images at step S138.

[0034] Although the above embodiment has been de-
scribed that the ROl is set by the user input information,
the setting of the ROI may not be limited thereto. In an-
other embodiment, the ROl is set on the 2-dimensional
ultrasound image according to a present value. In such
acase, the present value is stored in the storage unit 140.
[0035] In another embodiment, there is a provided a
computer-readable storage medium storing instructions
that, when executed by a computer, cause the computer
to provide a method of providing a plurality of 3-dimen-
sional ultrasound images. The method may comprises
a) forming a 2-dimensional ultrasound image based on
a first ultrasound frame data set obtained from a target
object, b) setting a plurality of regions of interest (ROIS)
in either a multiple ROI setting way or a single ROl setting
way based on user input information and forming a plu-
rality of volume data sets corresponding to the respective
ROIS, and c) performing rendering upon the respective
volume data sets to thereby form a plurality of 3-dimen-
sional ultrasound images.

[0036] 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 scope of the prin-
ciples of this disclosure. More particularly, numerous var-
iations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the draw-
ings and the appended claims. In addition to variations
and modifications inthe component parts and/or arrange-
ments, alternative uses will also be apparent to those
skilled in the art.

Claims
1. An ultrasound system, comprising:

an ultrasound data acquisition unit configured
to acquire a first ultrasound frame data set from
a target object;

a processing unit configured to form a 2-dimen-
sional ultrasound image based on the first ultra-
sound frame data set; and

a user input unit for allowing a user to input user
input information,

wherein the processing unit is further configured
to set a plurality of regions of interest (ROIS) in
either a multiple ROI setting way or a single ROI
setting way based on the user input information,
wherein the ultrasound data acquisition unit is
further configured to acquire a plurality of sec-
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ond ultrasound frame data sets according to the
setting of ROIS,

and

wherein the processing unit is further configured
to form multiple 3-dimensional ultrasound imag-
es corresponding to the respective ROIS.

2. The ultrasound system of Claim 1, wherein the input
information includes:

first input information for selecting one of the
multiple ROI setting way and

the single ROI setting way;

second input information for setting the ROIS on
the 2-dimensional ultrasound image in the mul-
tiple ROI setting way;

third input information for requesting an end of
the ROI setting of the multiple ROI setting way;
fourth input information for setting the ROIS on
the 2-dimensional ultrasound image in the single
ROI setting way; and

fifth input information for requesting an end of
the ROI setting of the single ROI setting way.

3. The ultrasound system of Claim 2, wherein the
processing unit includes:

a first image forming section configured to form
the 2-dimensional ultrasound image based on
the first ultrasound frame data set;

a determining section configured to analyze the
firstinput information to output analysis informa-
tion;

a ROl setting section configured to receive the
analysis information to set the plurality of ROIS
based on the second input information or the
fourth input information;

a volume data forming section configured to
form volume data sets corresponding to the
ROIS by using the plurality of the second ultra-
sound frame data sets; and

a second image forming section configured to
perform rendering upon the respective volume
data sets to thereby form the plurality of 3-di-
mensional ultrasound images.

4. The ultrasound system of Claim 3, wherein the de-
termining sectionis configured to, when the firstinput
information is input information for selecting the mul-
tiple ROl setting way, outputfirst analysis information
for performing the multiple ROI setting, and, when
the first input information is input information for se-
lecting the single ROI setting way, output second
analysis information for performing the single ROI
setting.

5. The ultrasound system of Claim 4, wherein the ROI
setting section is configured to set the ROl on the 2-
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dimensional ultrasound image based on the second
input information in response to the first analysis in-
formation until the third input information is inputted,
the ultrasound acquisition unit is configured to trans-
mit ultrasound signals to the target object according
to the ROIS set by the second input information to
thereby acquire the plurality of second ultrasound
frame data sets, and wherein the volume data form-
ing section is configured to form volume data sets
corresponding to the respective ROIS by using the
plurality of second ultrasound frame data sets.

The ultrasound system of Claim 4, wherein the ROI
setting section is configured to set the ROI on the 2-
dimensional ultrasound image based on the fourth
input information in response to the second analysis
information, the ultrasound acquisition unit is config-
ured to transmit ultrasound signals to the target ob-
ject according to the ROIS set by the fourth input
information to thereby acquire the plurality of second
ultrasound frame data sets, and the volume data
forming section is configured to form volume data
sets corresponding to the respective ROIS by using
the plurality of second ultrasound frame data sets,
and wherein the ROI setting section, the ultrasound
data acquisition unit and the volume data forming
section are configured to repeatedly perform the ROI
setting, the second ultrasound data acquisition and
the volume data formation until the fifth input infor-
mation is inputted.

The ultrasound system of Claim 6, wherein the sec-
ond image forming section is configured to read out
the plurality of volume data sets from a storage unit
and perform rendering upon the read-out volume da-
ta sets to thereby form the plurality of 3-dimensional
ultrasound images.

A method of providing a plurality of 3-dimensional
ultrasound images in an ultrasound system, com-
prising:

a) acquiring a first ultrasound frame data set
from a target object;

b) forming a 2-dimensional ultrasound image
based on the first ultrasound frame data set;

c) setting a plurality of regions of interest (ROIS)
in either a multiple ROI setting way or a single
ROl setting way based on user input information
and forming a plurality of volume data sets cor-
responding to the respective ROIS; and

d) performing rendering upon the respective vol-
ume data sets to thereby form a plurality of 3-
dimensional ultrasound images.

9. Themethod of Claim 8, wherein the input information

includes:
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first input information for selecting one of the
multiple ROI setting way and

the single ROI setting way;

second input information for setting the ROIS on
the 2-dimensional ultrasound image in the mul-
tiple ROI setting way;

third input information for requesting an end of
the ROI setting of the multiple ROI setting way;
fourth input information for setting the ROIS on
the 2-dimensional ultrasound image in the single
ROI setting way; and

fifth input information for requesting an end of
the ROI setting of the single ROI setting way.

10. The method of Claim 9, wherein the step c) includes:

c1) receiving the first input information from a
user;

c2) analyzing the first input information to output
analysis information; and

c3) forming the volume data sets corresponding
to the respective ROIS based on the second in-
put information or the fourth input information in
response to the analysis information.

11. The method of Claim 10, wherein the step c2) in-

cludes:

outputting, when the first input information is in-
put information for selecting the multiple ROI
setting way, first analysis information for per-
forming the multiple ROI setting; and
outputting, when the first input information is in-
put information for selecting the single ROI set-
ting way, second analysis information for per-
forming the single ROI setting.

12. The method of Claim 11, wherein the step c3) in-

cludes:

c31) receiving the second input information in
response to the first analysis information;

¢32) setting a plurality of ROIS on the 2-dimen-
sional ultrasound image based on the second
input information;

c33) repeatedly performing the steps ¢31) and
¢32) until the third input information is inputted;
c34) acquiring, when the third input information
is inputted, the plurality of second ultrasound
frame data sets from the target object; and
¢35) forming the volume data sets correspond-
ing to the respective ROIS by using the plurality
of second ultrasound frame data sets.

13. The method of Claim 11, wherein the step c3) in-

cludes:

c31) receiving the fourth input information in re-
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sponse to the second analysis information;

¢32) setting the ROI on the 2-dimensional ultra-
sound image based on the fourth input informa-
tion;

¢33) acquiring the plurality of second ultrasound 5
frame data sets;

c34) forming volume data sets corresponding to

the respective ROIS by using the plurality of sec-

ond ultrasound frame data sets; and

c35) repeatedly perform the steps ¢31) to c34) 10
until the fifth input information is inputted.

14. The method of Claim 13, wherein the step d) in-
cludes:
15
reading out the plurality of volume data sets from
a storage unit; and
performing rendering upon the read-out volume
data sets to thereby form the plurality of 3-di-
mensional ultrasound images. 20

15. A computer-readable storage medium storing in-
structions that, when executed by a computer, cause
the computer to provide a method of providing a plu-
rality of 3-dimensional ultrasound images, the meth- 25
od comprising:

a) forming a 2-dimensional ultrasound image
based on a first ultrasound frame data set ob-
tained from a target object; 30
b) setting a plurality of regions of interest (ROIS)

in either a multiple ROI setting way or a single

ROl setting way based on user input information

and forming a plurality of volume data sets cor-
responding to the respective ROIS; and 35
c) performing rendering upon the respective vol-
ume data sets to thereby form a plurality of 3-
dimensional ultrasound images.
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50
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