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(57) ABSTRACT

Embodiments for automatically finding a standard view cor-
responding to an acquired ultrasound image of a target object
in an ultrasound system are disclosed. A mapping table asso-
ciating information on a plurality of standard views of a target
object with predetermined first feature vectors is stored in the
storage unit. The predetermined first feature vectors may have
been previously calculated from the typical plane images
corresponding to the standard views. A processing unit cal-
culates a second feature vector from an acquired ultrasound

(22) Filed: Nov. 18, 2009 image, and refers to the mapping table to select one of the first
feature vectors closest to the second feature vector. The pro-
(30) Foreign Application Priority Data cessing unit extracts information on the standard view corre-
sponding to the selected first feature vector from the mapping
Nov. 19,2008  (KR) oo 10-2008-0115316  table.
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FINDING A STANDARD VIEW
CORRESPONDING TO AN ACQUIRED
ULTRASOUND IMAGE

[0001] The present application claims priority from Korean
Patent Application No. 10-2008-0115316 filed on Nov. 19,
2008, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ultra-
sound systems, and more particularly to an ultrasound system
and method of automatically finding a standard view corre-
sponding to an acquired ultrasound image.

BACKGROUND

[0003] An ultrasound system has become an important and
popular diagnostic tool since it has a wide range of applica-
tions. Specifically, due to its non-invasive and non-destructive
nature, the ultrasound system has been extensively used in the
medical profession. Modern high-performance ultrasound
systems and techniques are commonly used to produce two or
three-dimensional diagnostic images of internal features of
an object (e.g., human organs).

[0004] The plane images provided by the ultrasound sys-
tem may be generally classified into various types of standard
views, such as a parasternal view, an apical view, a subcostal
view, a suprasternal view, etc. may be acquired in the ultra-
sound system. Conventionally, the view type of the heart is
manually selected by the user. Thus, the user may commit an
error in selecting a standard view for desirable observation, so
that the ultrasound image may not be adequately observed.

SUMMARY

[0005] Embodiments for testing an acoustic property of an
ultrasound probe including a plurality of transducer elements
are disclosed herein. In one embodiment, by way of non-
limiting example, an ultrasound system comprises: a storage
unit to store a mapping table associating information on a
plurality of standard views of a target object with predeter-
mined first feature vectors; an ultrasound data acquisition unit
operable to transmit ultrasound signals to the target object and
receive echo signals reflected from the target object, the ultra-
sound data acquisition unit being further operable to form
ultrasound data based on the receive echo signals; an ultra-
sound image forming unit operable to form an ultrasound
image based on the ultrasound data; and a processing unit
operable to calculate a second feature vector from the ultra-
soundimage and refer to the mapping table to select one of the
predetermined first feature vectors closest to the second fea-
ture vector, the processing unit being further operable to
extract information on the standard view corresponding to the
selected predetermined first feature vector from the mapping
table.

[0006] In another embodiment, a method of providing
information on one of a plurality of standard views of a target
object in an ultrasound system, comprises: a) storing a map-
ping table associating information on a plurality of standard
views of a target object with predetermined first feature vec-
tors; b) transmitting ultrasound signals to the target object and
receive echo signals reflected from the target object to form
ultrasound data based on the receive echo signals; ¢) forming
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an ultrasound image based on the ultrasound data; d) calcu-
lating a second feature vector from the ultrasound image; and
e) referring to the mapping table to select one of the first
feature vectors closest to the second feature vector to extract
information on the standard view corresponding to the
selected predetermined first feature vector from the mapping
table.

[0007] TheSummary is provided to introduce a selection of
concepts in a simplified form 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 itintended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0009] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit.

[0010] FIG. 3 is a flowchart showing a procedure of form-
ing a mapping table associating information on standard
views of a target object with predetermined feature vectors.
[0011] FIG. 4 is a schematic diagram showing examples of
typical plane images corresponding to standard views.
[0012] FIG. 5 is a block diagram showing an illustrative
embodiment of a processing unit.

[0013] FIG. 6is a schematic diagram showing an example
of an ultrasound image.

DETAILED DESCRIPTION

[0014] 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 of the
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

[0015] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system. As depicted therein, the
ultrasound system 100 may include a storage unit 110 that
may store a mapping table associating information upon a
plurality of standard views of a target object with first feature
vectors, which were previously calculated from typical plane
images corresponding to the respective standard views. The
detailed description of calculating the first feature vectors
from the plane images will be described later. In one embodi-
ment, the target object may include a heart, and the standard
views may include a parasternal view, an apical view, a sub-
costal view, a suprasternal view, etc.

[0016] The ultrasound system 100 may further include an
ultrasound data acquisition unit 120. The ultrasound data
acquisition unit 120 may be operable to transmit/receive
ultrasound signals to/from the target object to thereby form
ultrasound data.

[0017] Referring to FIG. 2, the ultrasound data acquisition
unit 120 may include a transmit (Tx) signal generator 121 that
may be operable to generate a plurality of Tx signals. The
ultrasound data acquisition unit 120 may further include an
ultrasound probe 122 coupled to the Tx signal generator 121.
The ultrasound probe 122 may be operable to transmit the
ultrasound signals to the target object in response to the Tx
signals. The ultrasound probe 122 may be further operable to
receive echo signals reflected from the target object to thereby
form electrical receive signals. The ultrasound probe 122 may
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contain an array transducer consisting of a plurality of trans-
ducer elements. The array transducer may include a 1D or 2D
array transducer, but is not limited thereto. The array trans-
ducer may be operable to generate ultrasound signals and
convert the echo signals into the electrical receive signals.

[0018] The ultrasound data acquisition unit 120 may fur-
ther include a beam former 123. The beam former 123 may be
operable to apply delays to the electrical receive signals in
consideration of positions of the transducer elements and
focal points. The beam former 123 may further be operable to
sum the delayed receive signals to thereby output a plurality
of receive-focused beams. The ultrasound data acquisition
unit 120 may further include an ultrasound data forming
section 124 that may be operable to form the ultrasound data
based on the receive-focused beams. In one embodiment, the
ultrasound data may be radio frequency data or in-phase/
quadrature data.

[0019] Referring back to FIG. 1, the ultrasound system 100
may further include an ultrasound image forming unit 130.
The ultrasound image forming unit 130 may be operable to
form an ultrasound image based on the ultrasound data
formed in the ultrasound data acquisition unit 110. In one
embodiment, by way of non-limiting example, the ultrasound
image may be a brightness mode image. The ultrasound
image may be also stored in the storage unit 110.

[0020] The ultrasound system 100 may further include a
processing unit 140. The processing unit 140 may be operable
to calculate a second feature vector from the ultrasound image
formed in the ultrasound image forming unit 130. The pro-
cessing unit 140 may be further operable to compute an
Fuclidean distance between the second feature vector and
each of the first feature vectors of the mapping table stored in
the storage unit 110. The processing unit 140 may be further
operable to select one of the first feature vectors, which has
the closest Euclidean distance, and access the storage unit 110
to find one of the standard views corresponding to the selected
first feature vector from the mapping table. The information
found may be displayed on a screen of a display unit 150.

[0021] Hereinafter, the detailed description of calculating
the first feature vectors from the typical plane images corre-
sponding to the respective standard views will follow with
reference to FIG. 3. In one embodiment, by way of non-
limiting example, the feature vectors may be calculated by
using statistical algorithm, such as principle component
analysis, etc.

[0022] FIG. 3 is a flowchart showing a procedure of form-
ing a mapping table associating information on the standard
views of a target object with the first feature vectors calcu-
lated from the typical plane images corresponding to the
standard views. As illustrated in FIG. 3, initial vectors may be
established from the plurality of plane images corresponding
to the respective standard views of the target objectat S310. In
one embodiment, the initial vectors may be established by
transforming pixel values of each plane image into a 1-di-
mensional matrix (i.e., 1xN), wherein N is the number of the
pixels. For example, assuming that four plane images 211-
214 corresponding to the parasternal view, apical view, sub-
costal view and suprasternal view are provided, as shown in
FIG. 4, four initial vectors X, -x,, corresponding to the respec-
tive plane images 211-214 may be established by sequentially
taking the pixel values in each of the plane images 211-214 in
a horizontal direction to form a column vector, as follows:
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225 10 196 225 68}
229 219 35 223
48 24 234 224
251 255 232 255
x1=| 33 |xo=| 18 |x3=| 59 |xy=| O
238 247 244 255
0 17 243 249
255 255 57 255
217 2 226 235

[0023] Thereafter, a mean vector of the initial vectors x-x,,
may be calculated at S320, and then the mean vector may be
stored in the storage unit 110. The mean vector may be cal-
culated through the following equation.

L& 2

[0024] where m represent the mean vector, and P represents
the number of the initial vectors X, -X,. For example, when
the equation (2) is applied to the initial vectors x,-x,, the
following mean vector may be obtained.

171.50 3)
176.50
135.5
248.25
m=| 2750
246.00
127.25
205.50
170.00

[0025] Subsequently, the mean vector m may be subtracted
from each of the initial vectors x,-x, to thereby obtain inter-
mediate vectors X, -X,. The intermediate vectors x,-x,, may be
represented as follows:

53.50 ~161.50 24,50 83507 @
5250 42.50 ~141.50 46.50
~84.50 ~108.50 10150 91.50
2.75 6.75 -16.25 675
=] 550 |m=| =950 |m=| 3150 |xm=|-2750
~8.00 1.00 ~2.00 9.00
~127.25 ~110.25 115.75 12175
49.50 49.50 ~148.50 49.50
47.00 ~168.00 56.00 65.00

[0026] An intermediate matrix X may be obtained by using
the intermediate vectors X,-x, at S340. The intermediate
matrix X may be expressed as follows:
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5350 -161.50 2450 8350 (5)
5250 4250 -141.50 4650
-84.50 -108.50 101.50 9150
2.75 6.75 -16.25 6.75
X=| 550 -9.50 3150 -2750
-8.00 1.00 -2.00  9.00
-127.25 -11025 11575 121.75
49.50 49.50  -148.50 49.50
47.00 -168.00 56.00  65.00
[0027] A covariance matrix 2 may be calculated from the

intermediate matrix X at $350. The covariance matrix Q may
be calculated as follows:

0=XxT
36517 -3630 23129 -778 304 113 24000 -4851
-3639 26747 -19155 3045 -5851 324 -22083 28017
23129 —19155 37587 -1997 1247 1188 45603 —20097
-778 3045 -1996 363 -7465 78 2153 3217

=| 304 -5851 1247 -747 1869 -364 645  —6237
13 324 1188 78 -364 150 1772 396
24000 22083 45603 -2153 6455 1772 56569 -22919
—4851 28017 -20097 3218 -6237 396 -22919 29403
36446 -9574 25888 -1476 1831 -71 26937 -11088

[0028] wherein X7 represents a transpose of the intermedi-
ate matrix X.

[0029] Subsequently, eigenvalues may be calculated from
the covariance matrix €2, and then eigenvectors correspond-
ing to the respective eigenvalues may be calculated. In one
embodiment, by way of non-limiting example, the eigenval-
ues and the eigenvectors may be calculated by using Jacobi
algorithm. The eigenvectors may be structured to a matrix,
which may represent an eigenspace, at S360. For example,
the eigenvalues A1-A3 and the eigenvectors v,-v; of the cova-
riance matrix Q may be calculated as follows:

Al = 153520
A2 = 50696

A3 =22781

0.356
-0.279
0.480
-0.031
0.035
0.009
0.560
-0.296
0.402

V=
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3
-continued
-0.552
-0.486
0.044
-0.048
v, =| 0.105
-0.004
0.112
0.492
-0432
©)
36446
-9574
25888
-1476
1831
-7
26937
—110838
377%
-continued
-0.264
0.347
0.309
0.064
vy = | —0.222
0.078
0.585
0.401
-0.391

[0030] The eigenspace V may be formed by using the
eigenvectors v,-v;, as follows:

0.356 -0.552 -0.264 8)
-0.279 -0.489 0.347
0480 0.044 0.309
-0.031 -0.048 0.064
y=| 0035 0.105 -0222
0.009 -0.004 0.078
0.560  0.112  0.585
-0.296 0.492 0401
0402 -0.432 -0.391

[0031] Thereafter, at S370, the first feature vectors of the
respective plane images corresponding to the respective stan-
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dard views may be calculated by using the intermediate vec-
tors calculated at S330 and the eigenspace formed at S360. In
one embodiment, by way of non-limiting example, the intet-
mediate vectors X, -x, may be projected into the eigenspace V
to thereby obtain the feature vectors X,-X,, as follows:

=|-117.31
-96.57

_103.09] ©

98.29
4745

—265.92]

125.90
-46.14

[y
X3—VX3 =

229.76 ]

-106.88
95.26

o T
x4:VX4 =

139.24 ]

[0032] wherein V7 represents a transpose of the eigenspace
V. The processing unit 140 may be operable to form a
mapping table by using the feature vectors X, -x, at $380.

[0033] FIG. 5 is a block diagram showing an illustrative
embodiment of the processing unit 140. The processing unit
140 may include an initial vector establishing section 141.
The initial vector establishing section 141 may be operable to
establish an initial vector based on the pixel values of the
ultrasound image provided from the ultrasound image form-
ing unit 130. In one embodiment, the initial vector establish-
ing section 141 may be operable to establish the initial vector
by transforming pixel values of the ultrasound image into a
1-dimensional matrix (i.e., 1xN), wherein N is the number of
the pixels. For example, assuming that an ultrasound image
600 is provided, as shown in FIG. 6, the initial vector y may
be established by taking the pixel values in the ultrasound
image 600 in a horizontal direction, as follows:

20 (10)
244

246
244

255

[0034] The processing unit 140 may further include an
intermediate vector forming section 142. The intermediate
vector forming section 142 may be operable to subtract a
mean vector from the initial vector to thereby obtain an inter-
mediate vector. In one embodiment, the stored mean vector in
the storage unit 110 may be used as the mean vector. For
example, the intermediate vector forming section 142 may be
operable to obtain the intermediate vector y, as follows:
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-151.50 an
67.50
-88.5
-2.25
-6.50
-2.00

—-123.25
49.50

-168.00

|
1

[0035] The processing unit 140 may further include a cova-
riance matrix calculating section 143. The covariance matrix
calculating section 143 may be operable to calculate a cova-
riance matrix from the intermediate matrix. The calculation
of the covariance matrix may be performed in the same man-
ner with the operation of S350 in FIG. 3. Thus, the detailed
description of calculating the covariance matrix may be omit-
ted herein.

[0036] The processing unit 140 may further include an
eigenspace forming section 144. The eigenspace forming
section 144 may be operable to calculate eigenvalues and
eigenvectors from the covariance matrix calculated in the
covariance matrix calculating section 143. In one embodi-
ment, by way of non-limiting example, the eigenvalues and
the eigenvectors may be calculated by using Jacobi algorithm.
The eigenspace forming section 144 may be further operable
to form an eigenspace by using the eigenvalues and eigenvec-
tors. The eigenspace forming section 144 may be operable to
form the eigenspace similar to the operation of S360 in FIG.
3.

[0037] The processing unit 140 may further include a fea-
ture vector calculating section 145. The feature vector calcu-
lating section 145 may be operable to calculate a second
feature vector by using the intermediate vector calculated in
the intermediate vector forming section 142 and the eigens-
pace formed in the eigenspace forming section 144. In one
embodiment, by way of non-limiting example, the feature
vector calculating section 145 may be operable to project the
intermediate vector y into the eigenspace V to thereby obtain
the second feature vector 3, as follows:

80.75
50.60

~&_ T _
y=v, =

—“66.65] 12)

[0038] The processing unit 140 may further include a stan-
dard view detecting section 146. The standard view detecting
section 146 may be operable to retrieve the mapping table to
detect a standard view corresponding to the second feature
vector calculated in the feature vector calculating section 145.
In one embodiment, the standard view detecting section 146
may be operable to compute an Euclidean distance between
the second feature vector and each of the first feature vectors
of the mapping table stored in the storage unit 110 to detect
the corresponding standard view. That is, the standard view
detecting section 146 may be operableto select one of the first
feature vectors, which has the closest Euclidean distance, and
access the storage unit 100 to find one of the standard views
corresponding to the selected first feature vector from the
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mapping table. The extracted information may be displayed
on a screen of the display unit 150.

[0039] Although the ultrasound image forming unit 130
and the processing unit 140 are described in different ele-
ments in one embodiment, the ultrasound image forming unit
130 and the processing unit 140 may be embodied in a single
processor. Also, although it is described above that the feature
vectors are calculated by using principle component analysis
in one embodiment, the feature vectors may be calculated by
other statistical algorithm, such as Hidden Markov model,
support vector machine algorithm, etc.

[0040] 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, numerous variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. An ultrasound system, comprising:

a storage unit to store a mapping table associating infor-
mation on a plurality of standard views of a target object
with predetermined first feature vectors;

an ultrasound data acquisition unit operable to transmit
ultrasound signals to the target object and receive echo
signals reflected from the target object, the ultrasound
data acquisition unit being further operable to form
ultrasound data based on the receive echo signals;

an ultrasound image forming unit operable to form an
ultrasound image based on the ultrasound data; and

a processing unit operable to calculate a second feature
vector from the ultrasound image and refer to the map-
ping table to select one of the predetermined first feature
vectors closest to the second feature vector, the process-
ing unit being further operable to extract information on
the standard view corresponding to the selected prede-
termined first feature vector from the mapping table.

2. The ultrasound system of claim 1, wherein the standard
views include a parasternal view, an apical view, a subcostal
view and a suprasternal view.

3. The ultrasound system of claim 1, wherein the process-
ing unit is operable to calculate the predetermined first feature
vectors by:

establishing first initial vectors from a plurality of typical
plane images corresponding to the standard views;

calculating a mean vector based on the initial vectors;

obtaining first intermediate vectors by subtracting the
mean vector from the first initial vectors to thereby form
a firstintermediate matrix based on the first intermediate
vectors;

calculating a first covariance matrix from the first interme-
diate matrix;

calculating first eigenvalues and eigenvectors by using the
first covariance matrix to thereby form a first eigens-
pace; and

projecting the first intermediate vectors into the first
eigenspace to thereby calculate the predetermined first
feature vectors.
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4. The ultrasound system of claim 3, wherein the process-
ing unit includes:

an initial vector establishing section operable to establish
second initial vectors from the ultrasound image pro-
vided from the ultrasound image forming unit;

an intermediate vector forming section operable to subtract
the mean vector from the second initial vector to thereby
form a second intermediate vector;

a covariance matrix calculating section operable to calcu-
late a second covariance matrix from the second inter-
mediate matrix;

an eigenspace forming sectionoperable to calculate second
eigenvalues and eigenvectors from the second covari-
ance matrix and form a second eigenspace based on the
second eigenvectors;

a feature vector calculating section operable to calculate a
second feature vector by using the second intermediate
vector and the second eigenspace; and

a standard view detecting section operable to refer to the
mapping table to select one of the predetermined first
feature vectors closest to the second feature vector and
extract information on the standard view corresponding
to the selected first feature vector from the mapping
table.

5. The ultrasound system of claim 4, wherein the standard
view detecting section is operable to compute an Fuclidean
distance between each of the predetermined first feature vec-
tors and the second feature vector, and select one of the
predetermined first feature vectors having the smallest
Euclidean distance and extract the information on the stan-
dard view corresponding to the selected predetermined first
feature vector from the mapping table.

6. A method of providing information on one of a plurality
of standard views of a target object in an ultrasound system,
comprising:

a) storing a mapping table associating information on a
plurality of standard views of a target object with pre-
determined first feature vectors;

b) transmitting ultrasound signals to the target object and
receive echo signals reflected from the target object to
form ultrasound data based on the receive echo signals;

¢) forming an ultrasound image based on the ultrasound
data;

d) calculating a second feature vector from the ultrasound
image; and

e) referring to the mapping table to select one of the first
feature vectors closest to the second feature vector to
extract information on the standard view corresponding
to the selected predetermined first feature vector from
the mapping table.

7. The method of claim 6, wherein the standard views
include a parasternal view, an apical view, a subcostal view
and a suprasternal view.

8. The method of claim 6, wherein the a) includes:

establishing first initial vectors from a plurality of typical
plane images corresponding to the standard views;

calculating a mean vector based on the initial vectors;

obtaining first intermediate vectors by subtracting the
mean vector from the first initial vectors to thereby form
afirst intermediate matrix based on the first intermediate
vectors;

calculating a first covariance matrix from the first interme-
diate matrix;
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calculating first eigenvalues and eigenvectors by using the
first covariance matrix to thereby form a first eigens-
pace;

calculating the predetermined first feature vectors by pro-
jecting the first intermediate vectors into the first eigens-
pace; and

forming the mapping table associating information on the
standard views with the predetermined first feature vec-
tors.

9. The method of claim 8, wherein the d) includes:

establishing second initial vectors from the ultrasound
image;

subtracting the mean vector from the second initial vector
to thereby form a second intermediate vector;

calculating a second covariance matrix from the second
intermediate matrix;
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calculating second eigenvalues and eigenvectors from the
second covariance matrix and form a second eigenspace
based on the second eigenvectors; and

calculating the second feature vector by using the second
intermediate vector and the second eigenspace.

10. The method of claim 9, wherein the e) includes:

computing an Euclidean distance between each of the first
feature vectors and the second feature vector;

selecting one of the predetermined first feature vector hav-
ing the smallest Euclidean distance; and

extracting the information on the standard view corre-
sponding to the selected first feature vector from the
mapping table.
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