US 20110066031A1

12y Patent Application Publication (o) Pub. No.: US 2011/0066031 A1

a9 United States

LEE et al.

(43) Pub. Date: Mar. 17, 2011

(54) ULTRASOUND SYSTEM AND METHOD OF
PERFORMING MEASUREMENT ON
THREE-DIMENSIONAL ULTRASOUND
IMAGE

(76) Inventors: Kwang Hee LEE, Seoul (KR); Ki
Jong LEE, Seoul (KR); Sung Yoon

KIM, Seoul (KR)

(21) Appl. No.: 12/879,980

(22) Filed: Sep. 10,2010
(30) Foreign Application Priority Data
Sep. 16,2009  (KR) ccovevrvvrcenen 10-2009-0087394

Publication Classification

(51) Int.ClL

AGIB 8/14 (2006.01)
(G2 N LT ¢! K 600/443
(57) ABSTRACT

Embodiments for providing an ultrasound system of perform-
ing a 3D measurement, comprise: an ultrasound data acqui-
sition unit configured to transmit ultrasound signals to a target
object and receive ultrasound echo signals reflected from the
target object to acquire ultrasound data; a user interface con-
figured to receive input data from a user; and a processor
configured to form a 3D-ultrasound image based on volume
data derived from the ultrasound data, establish two or more
points on the 3D-ultrasound image based on the input data,
generate connection data among the established two or more
points on the 3D-ultrasound image, and measure distances
among the established two or more points based on the input
data and the connection data.
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ULTRASOUND SYSTEM AND METHOD OF
PERFORMING MEASUREMENT ON
THREE-DIMENSIONAL ULTRASOUND
IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Korean
Patent Application No. 10-2009-0087394 filed on Sep. 16,
2009, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to an ultra-
sound system, and more particularly to an ultrasound system
and method of performing a measurement for points estab-
lished on a three-dimensional (3D)-ultrasound image.

BACKGROUND

[0003] An ultrasound diagnostic system has been exten-
sively used in the medical field due to its non-invasive and
non-destructive nature. The ultrasound diagnostic system can
provide a high-resolution ultrasound image of the inside of a
target object in real-time without resorting to any incisions.
[0004] A three-dimensional (3D) ultrasound image from
the ultrasound diagnostic system may include clinical data
such as spatial coordinates data, anatomical geometry and the
like, which may not be sufficiently provided from a two-
dimensional (2D) ultrasound image. Thus, the 3D-ultrasound
image may be used in the medical field during diagnosis and
surgical operations. Conventionally, at least two points may
be established on a same 2D slice image of a 3D-ultrasound
image and a distance between the two points may then be
measured. However, if two or more points are established on
different 2D slice images of the 3D-ultrasound image, then
distances among the established points on the different 2D
slice images may not be measured.

SUMMARY

[0005] Embodiments for providing an ultrasound system
and a method of performing a three-dimensional (3D) mea-
surement for points established on a 3D-ultrasound image are
provided. In accordance with one embodiment of the present
disclosure, there is provided an ultrasound system of per-
forming a 3D measurement, which comprises: an ultrasound
data acquisition unit configured to transmit ultrasound signals
to a target object and receive ultrasound echo signals reflected
from the target object to acquire ultrasound data; a user inter-
face configured to receive input data from a user; and a pro-
cessor configured to form a 3D-ultrasound image based on
volume data derived from the ultrasound data, establish two
or more points on the 3D-ultrasound image based on the input
data, generate connection data among the established two or
more points on the 3D-ultrasound image, and measure dis-
tances among the established two or more points based on the
input data and the connection data.

[0006] In another embodiment, a method of measuring in
an ultrasound system includes: transmitting ultrasound sig-
nals to a target object and receiving ultrasound echo signals
reflected from the target object to form ultrasound data; form-
ing volume data based on the ultrasound data; receiving input
data from a user; forming a 3D-ultrasound image based on the
volume data; establishing two or more points on the 3D-ul-
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trasound image based on the input data; generating connec-
tion data among the established two or more points on the
3D-ultrasound image; and measuring distances among the
established two or more points based on the input data and the
connection data to thereby generate distance measurement
data, wherein the established two or more points exist on
different cross-sections of the 3D-ultrasound image, and the
different cross-sections of the 3D-ultrasound image corre-
spond to 2D slice images formed based on the volume data.

[0007] In yet another embodiment, a computer-readable
recording medium is provided for storing a computer pro-
gram thereon, said computer program including instructions,
which when run on a computer, perform the following: trans-
mitting ultrasound signals to a target object and receiving
ultrasound echo signals reflected from the target object to
form ultrasound data; forming volume data based on the
ultrasound data; receiving input data from a user; forming a
3D-ultrasound image based on the volume data; establishing
two or more points on the 3D-ultrasound image based on the
input data; generating connection data among the established
two or more points on the 3D-ultrasound image; and measur-
ing distances among the established two or more points based
on the input data and the connection data to thereby generate
distance measurement data, wherein the established two or
more points exist on different cross-sections of the 3D-ultra-
sound image, and the different cross-sections of the 3D-ul-
trasound image correspond to 2D slice images formed based
on the volume data. The computer readable recording
medium may include a floppy disk, a hard drive, a memory, a
compact disk, a digital video disk, and the like.

[0008] The Summary is provided to introduce a selection of
concepts in a simplified foam that are further described below
in the Detailed Description. This Summary is not intended to
identify key or essential features of the claimed subject mat-
ter, nor is it intended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram showing an ultrasound
system in accordance with one embodiment of the present
disclosure.

[0010] FIG. 2 is a block diagram showing an ultrasound
data acquisition unit in the ultrasound system in accordance
with one embodiment of the present disclosure.

[0011] FIG. 3 isablock diagram showing a processor in the
ultrasound system in accordance with one embodiment of the
present disclosure.

[0012] FIG. 4 is a flow chart showing a process in the
ultrasound system in accordance with one embodiment of the
present disclosure.

[0013] FIG. 5is a schematic diagram showing a scan direc-
tion of 2D slice images of a 3D-ultrasound image in accor-
dance with the present disclosure.

[0014] FIG. 6 is an illustrative embodiment showing vol-
ume data in accordance with one embodiment of the present
disclosure.

[0015] FIG. 7 is an illustrative embodiment showing 2D
slice images corresponding to cross-section planes A to C
crossed at right angles in accordance with one embodiment of
the present disclosure.

[0016] FIG. 8is an illustrative embodiment showing points
established on the 2D slice images according to input data in
accordance with one embodiment of the present disclosure.
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[0017] FIG.9is an illustrative embodiment showing points
established on a 3D-ultrasound image according to the input
data in accordance with one embodiment of the present dis-
closure.

[0018] FIG. 10 is an illustrative embodiment showing con-
nection data among the points established on the 3D-ultra-
sound image in accordance with one embodiment of the
present disclosure.

[0019] FIG. 11 is an illustrative embodiment showing dis-
tance measurement data among the points established on the
3D-ultrasound image in accordance with one embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0020] A detailed description may be provided with refer-
ence 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 ofthe
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

[0021] Referring to FIG. 1, there is shown a block diagram
illustrating an ultrasound system 100 in accordance with one
embodiment of the present disclosure which embodies the
methods of the present invention. The ultrasound system 100
may comprise an ultrasound data acquisition unit 110, a user
interface 120, a processor 130 and a display unit 140.
[0022] The ultrasound data acquisition unit 110 may be
configured to transmit ultrasound signals to a target object
and receive reflected ultrasound signals, i.e., ultrasound echo
signals, from the target object to acquire ultrasound data
thereof. The ultrasound data acquisition unit 110 will be
described in more detail below with reference to FIG. 2.
[0023] The user interface 120 may be configured to receive
input data from a user. The user interface 120 may include a
control panel, a mouse, a keyboard and a touch screen on
which ultrasound images are displayed. However, it is not
limited thereto. The input data from the user may include data
for points to be established on regions of interest (ROIs) of a
3D-ultrasound image of the target object and/or of different
2D slice images thereof. In one embodiment, the input data
may include 3D and/or 2D coordinate values of the points to
be established, the number of points to be established, and/or
data related to 2D slice images designated by the user for
establishing the points.

[0024] The processor 130 may be configured to form the
3D-ultrasound image and 2D slice images thereof based on
the ultrasound data from the ultrasound data acquisition unit
110. In response to the input data, the processor 130 may be
configured to establish two or more points on the 3D-ultra-
sound image and the 2D slice images thereof, and further
provide connection data and distance measurement data for
the established points. The processor 130 will be described
further below with reference to FIG. 3.

[0025] The display unit 140 may be configured to display
the 3D-ultrasound image and/or the 2D slice images thereof
The display unit 140 may be further configured to display the
connection data and/or the distance measurement data over
the 3D-ultrasound image and/or the 2D slice images thereof
[0026] Referring now to FIG. 2, there is shown a block
diagram showing the ultrasound data acquisition unit 110 in
the ultrasound system 100 in accordance with one embodi-
ment of the present disclosure. The ultrasound data acquisi-
tion unit 110 may include a transmit signal formation unit
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111, an ultrasound probe 112 having a plurality of transducer
elements (not shown), a beam former 113 and an ultrasound
data formation unit 114.

[0027] The transmit signal formation unit 111 may be con-
figured to form the transmit signals for obtaining a series of
2D slice images F, (1=i=N, N being an integer) shown in
FIG. 5 in consideration of positions and focusing points of the
transducer elements in the ultrasound probe 112. The series of
2D slice images F, are represented in the form of a fan-shaped
image as shown in FIG. 5, although they are not limited
thereto.

[0028] Inresponse to the transmit signals from the transmit
signal formation unit 111, the ultrasound probe 112 may be
configured to convert the transmit signals into corresponding
ultrasound signals and transmit them to the target object. The
ultrasound probe 112 may be further configured to receive
ultrasound echo signals reflected from the target object to
form receive signals. In an exemplary embodiment, the ultra-
sound probe 112 may include at least one of a 3D probe and
2D-arrayed probe.

[0029] In response to the receive signals from the ultra-
sound probe 112, the beam former 113 may be configured to
convert the receive signals from analog into digital to form
digital signals corresponding thereto. The beam former 113
may be further configured to receive-focus the digital signals
in consideration of the positions and focusing points of the
transducer elements in the ultrasound probe 112 to foam a
receive-focus beam.

[0030] The ultrasound data formation unit 114 may be con-
figured to form ultrasound data based on the receive-focus
beam. In one embodiment, the ultrasound data formation unit
114 may be configured to perform various signal processes
(e.g., gain adjustment, filtering, etc.) upon the receive-focus
beam in order to form the ultrasound data.

[0031] Referring to FIG. 3, there is provided a block dia-
gram showing the processor 130 in the ultrasound system 100
in accordance with one embodiment of the present disclosure.
The processor 130 may include a volume data formation unit
131, a slice image formation unit 132, a slice image point
establishment unit 133, a 3D-ultrasound image formation
unit 134, a point establishment unit 135, a connection data
generation unit 136 and a distance measurement unit 137. The
foregoing functional units may be implemented in hardware,
software or a combination thereof. Illustrative processor 130
may include a suitably programmed general purpose com-
puter and associated computer-readable media.

[0032] The volume data formation unit 131 may be config-
ured to form volume data based on the ultrasound data from
the ultrasound data acquisition unit 110, as shown in FIG. 1.
The volume data may include a plurality of voxels having
brightness values. The slice image formation unit 132 may be
configured to form the 2D slice images of the target object
based on the volume data from the volume data formation unit
131. The slice image point establishment unit 133 may be
configured to establish two or more points on corresponding
2D slice images based on the input data from the user inter-
face 120, as shown in FIG. 1. The corresponding 2D slice
images may be different from each other.

[0033] The 3D-ultrasound image formation unit 134 may
be configured to render the volume data from the volume data
formation unit 131 to form the 3D-ultrasound image of the
target object. The point establishment unit 135 may be con-
figured to establish two or more points on the 3D-ultrasound
image based on the input data from the user interface 120. The
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connection data generation unit 136 may be configured to
generate connection data among the two or more points estab-
lished on the 3D-ultrasound image. The connection data may
indicate relative coordinate values among the established
points. The connection data may be provided to the display
unit 140, as shown in FIG. 1. The distance measurement unit
137 may be configured to measure distances among the estab-
lished points based on the connection data from the connec-
tion data generation unit 136 to form distance measurement
data. The distance measurement data may be provided to the
display unit 140, as well as the connection data. The processor
130 may further include a movement estimation unit (not
shown) for estimating movements of the established points on
the 3D-ultrasound image and variations of the connection
data by using, for example, cross correlation. In one exem-
plary embodiment, the movement estimation unit may calcu-
late cross correlation at plural points on a subsequent 3D-ul-
trasound image centering on each of the established points on
the current 3D-ultrasound image and select one out of the
plural points having a maximum cross correlation with
respect to the respective established points. Thereafter, the
movement estimation unit may estimate movement of the
established points and variations of the connection data based
on the cross correlation result between the current and sub-
sequent 3D-ultrasound images.

[0034] Hereinafter, operations of the processor 130 will be
described in detail with reference to the accompanying draw-
ings. Referring to FIG. 4, there is provided a flow chart
showing a series of processes performed in the processor 130
in the ultrasound system 100 in accordance with one embodi-
ment of the present disclosure.

[0035] The volume data formation unit 131 may form vol-
ume data 210 shown in FIG. 6 based on the ultrasound data
from the ultrasound data acquisition unit 110 (S102). In an
exemplary embodiment, as shown in FIG. 6, reference
numerals 221 to 223 indicate cross-sections A, B and C,
which are crossed at right angles, respectively. Also, as shown
in FIG. 6, an axial direction indicates a propagation direction
of the ultrasound signals starting from the transducer ele-
ments of the ultrasound probe 112, a lateral direction repre-
sents a scan line direction of the ultrasound signals, and an
elevation direction depicts a depth direction of the 3D-ultra-
sound image.

[0036] The slice image formation unit 132 may form a
plurality of 2D slice images corresponding to cross-sections
based on the volume data from the volume data formation unit
131 (S104). In one embodiment, the 2D slice images may
include first to third 2D slice images Al, BI and CI shown in
FIG. 7 corresponding to the cross-sections A, B and C 221 to
223, respectively. The first to third 2D slice images Al, Bl and
CI may be displayed through the display unit 140 in a prede-
termined arrangement form (S106).

[0037] Based on the input data from the user interface 120,
the slice image point establishment unit 133 may establish
two or more points on the 2D slice images designated by the
input data from the user interface 120 (S108). In an exemplary
embodiment, the input data may include data related to first
and second points P, and P, to be established on the first 2D
slice image Al corresponding to the cross-section A 221, and
a third point P3 to be established on the second 2D slice image
BI corresponding to the cross-section B 222. Then, based on
the input data, the slice image point establishment unit 133
may establish the first and second point P, and P, on the first
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2D slice image Al, and the third point P, on the second 2D
slice image BI, as shown in FIG. 8.

[0038] The 3D-ultrasound image formation unit 134 may
render the volume data from the volume data formation unit
131 to form a 3D-ultrasound image 310 of the target object, as
shown in FIG. 9 (S110). In an exemplary embodiment, ren-
dering of the volume data in the 3D-ultrasound image forma-
tion unit 134 may include ray-casting rendering, surface ren-
dering and the like.

[0039] The point establishment unit 135 may establish two
or more points on the 3D-ultrasound image 310 from the
3D-ultrasound image formation unit 134 based on the input
data (S112). In an exemplary embodiment, as shown in FIG.
9, the point establishment unit 135 may establish the points P,
and P, at corresponding positions of the cross-section A 221
of the 3D-ultrasound image 310, and the point P; at a corre-
sponding position of the cross-section B 222 of the 3D-ultra-
sound image 310.

[0040] The connection data generation unit 136 may gen-
erate the connection data among the first to third points P, to
P, established on the 3D-ultrasound image 310 and provide
them to the display unit 140 (S114). In an exemplary embodi-
ment, as shown in FIG. 10, the connection data generation
unit 136 may generate first connection data C, between the
first and second points P, and P,, second connection data C,
between the second and third points P, and P;, and third
connection data C, between the first and third points P, and
P;. The display unit 140 may display the first to third connec-
tion data C, to C; in a predetermined arrangement form as
shown in FIG. 10, although the displayed arrangement form is
not limited thereto.

[0041] The distance measurement unit 137 may measure
distances among the established points on the 3D-ultrasound
image based on the input data and the connection data to
thereby form distance measurement data (S116). In an exem-
plary embodiment, as shown in FIG. 11, the distance mea-
surement unit 137 may measure a distance between the first
and second points P | and P, to form first distance measure-
ment data (e.g., 26 mm), a distance between the second and
third points P, and P; to form second distance measurement
data (e.g., 19 mm), and a distance between the first and third
points P; and P; to form third distance measurement data
(e.g., 32 mm). The distance measurement data are described
herein as numerical data, but they are not limited thereto. The
distance measurement unit 137 may provide the distance
measurement data to the display unit 140 (S118). Then, the
display unit 140 may display the first to third distance mea-
surement data thereon at predetermined positions and in pre-
determined forms.

[0042] Although exemplary embodiments have been
described with reference to a number of illustrative embodi-
ments 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, numerous
variations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the drawings
and the appended claims. In addition to variations and modi-
fications in the component parts and/or arrangements, alter-
native uses will also be apparent to those skilled in the art.
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What is claimed is:

1. An ultrasound system, comprising:

an ultrasound data acquisition unit configured to transmit
ultrasound signals to a target object and receive ultra-
sound echo signals reflected from the target object to
acquire ultrasound data;

a user interface configured to receive input data from a
user; and

a processor configured to form a three-dimensional (3D)
ultrasound image based on volume data derived from the
ultrasound data, establish two or more points on the
3D-ultrasound image based on the input data, generate
connection data among the established two or more
points on the 3D-ultrasound image, and measure dis-
tances among the established two or more points based
on the input data and the connection data,

wherein the established two or more points exist on differ-
ent cross-sections of the 3D-ultrasound image, and the
cross-sections of the 3D-ultrasound image correspond
to 2D slice images formed based on the volume data.

2. The ultrasound system of claim 1, wherein the input data
includes data related to coordinates values of the established
two or more points, a number of the points and 2D slice
images to be designated by the user.

3. The ultrasound system of claim 2, wherein the processor
includes:

a volume data formation unit configured to form the vol-

ume data based on the ultrasound data;

a 3D-ultrasound image formation unit configured to form
the 3D-ultrasound image based on the volume data;

apoint establishment unit configured to establish the two or
more points on corresponding positions of the 3D-ultra-
sound image based on the input data;

a connection data generation unit configured to generate
the connection data in consideration with a relationship
among the established two or more points; and

a distance measurement unit configured to measure the
distances among the established two or more points
based on the input data and the connection data to gen-
erate distance measurement data.

4. The ultrasound system of claim 2, wherein the processor

further includes:

aslice image formation unit configured to form the 2D slice
images corresponding to the cross-sections of the 3D-ul-
trasound image based on the volume data; and

a slice image point establishment unit configured to estab-
lish the two or more points on corresponding ones
among the 2D slice images based on the input data.

5. The ultrasound system of claim 2, further comprises a
movement estimation unit configured to estimate movements
of'the established two or more points and variations of relative
coordinates values among the established two or more points.

6. The ultrasound system of claim 3, further comprises a
display unit configured to display the established two or more
points, the connection data, the distance measurement data
and the 3D-ultrasound image,

wherein the established two or more points are displayed
on the 3D-ultrasound image and at least one of the con-
nection data, and wherein the distance measurement
data and combination thereof are displayed on the
3D-ultrasound image together with the established two
or more points.

7. The ultrasound system of claim 4, further comprises a

display unit configured to display the established two or more
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points and the 2D slice images designated by the user,
wherein the established two or more points are displayed on
the designated 2D slice images.

8. A method of measuring in an ultrasound system, com-
prising:

transmitting ultrasound signals to a target object and

receiving ultrasound echo signals reflected from the tar-
get object to form ultrasound data;

forming volume data based on the ultrasound data;

receiving input data from a user;

forming a 3D-ultrasound image based on the volume data;

establishing two or more points on the 3D-ultrasound

image based on the input data;
generating connection data among the established two or
more points on the 3D-ultrasound image; and

measuring distances among the established two or more
points based on the input data and the connection data to
thereby generate distance measurement data,

wherein the established two or more points exist on differ-

ent cross-sections of the 3D-ultrasound image, and the
different cross-sections of the 3D-ultrasound image cor-
respond to 2D slice images formed based on the volume
data.

9. The method of claim 8, wherein the input data includes
data related to coordinates values of the established two or
more points and a number of the points.

10. The method of claim 9, wherein the input data further
includes data related to 2D slice images to be designated by
the user.

11. The method of claim 9, further comprising, before
receiving input data from a user, forming the 2D slice images
corresponding to cross-sections of the 3D-ultrasound image
based on the volume data.

12. The method of claim 9, further comprising, before
forming a 3D-ultrasound image based on the volume data,
establishing the two or more points on corresponding 2D slice
images based on the input data.

13. The method of claim 8, further comprising estimating
movements of the established two or more points on the
3D-ultrasound image.

14. The method of claim 8, further comprising displaying
the 3D-ultrasound image together with the connection data
and distance measurement data related to the established two
or more points.

15. The method of claim 9, further comprising displaying
the 2D slice images together with the established two or more
points displayed on the 2D slice images.

16. A computer-readable recording medium storing a com-
puter program thereon, said computer program including
instructions, which when run on a computer, perform the
following:

transmitting ultrasound signals to a target object and

receiving ultrasound echo signals reflected from the tar-
get object to form ultrasound data;

forming volume data based on the ultrasound data;

receiving input data from a user;

forming a 3D-ultrasound image based on the volume data;

establishing two or more points on the 3D-ultrasound

image based on the input data;
generating connection data among the established two or
more points on the 3D-ultrasound image; and

measuring distances among the established two or more
points based on the input data and the connection data to
thereby generate distance measurement data,
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wherein the established two or more points exist on differ-
ent cross-sections of the 3D-ultrasound image, and the
different cross-sections of the 3D-ultrasound image cor-
respond to 2D slice images formed based on the volume
data.

17. The recording medium of claim 16, wherein the input
data includes data related to coordinates values of the estab-
lished two or more points, a number of the points and 2D slice
images to be designated by the user.

18. The recording medium of claim 16, further comprising,
before receiving input data from a user, forming the 2D slice
images corresponding to cross-sections of the 3D-ultrasound
image based on the volume data.
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19. The recording medium of claim 16, further comprising,
before forming a 3D-ultrasound image based on the vol-
ume data, establishing the two or more points on corre-
sponding 2D slice images based on the input data; and

estimating movements of the established two or more
points on the 3D-ultrasound image.

20. The recording medium of claim 16, further comprising
displaying the 3D-ultrasound image together with the con-
nection data and the distance measurement data related to the
established two or more points.
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FIG. 4
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FIG. 10
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