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FIG. 1
(PRIOR ART)
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FIG. 2
(PRIOR ART)
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FIG. 4

30

e

’

A
M 110

2 NN -
///////”H\\\\\\\ e
s/ NN

US 2008/0045837 A1

AN
\ 7
\ y
R
AN N
AN
N
\\ NG
\ N N
N N
N\ N
N\ N
AN
\
\
\



Patent Application Publication

210 7

Feb. 21, 2008 Sheet 5 of 5

FIG. 5
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ULTRASOUND SYSTEM AND METHOD FOR
CONTROLLING STEERING ANGLES OF
SCAN LINES

[0001] The present application claims priority from
Korean Patent Application No. 10-2006-0078092 filed on
Aug. 18, 2006, the entire subject matter of which is incor-
porated herein by reference.

BACKGROUND

[0002] 1. Field

[0003] The present invention generally relates to an ultra-
sound system, and more particularly to an ultrasound system
and method for controlling steering angles of scan lines set
at each transducer element in a curved linear probe.
[0004] 2. Background

[0005] An ultrasound system has become an important and
popular diagnostic tool since it has a wide range of appli-
cations. Specifically, due to its non-invasive and non-de-
structive 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 images of internal fea-
tures of an object (e.g., human organs).

[0006] The ultrasound system generally uses a probe con-
taining a wide bandwidth transducer to transmit and receive
ultrasound signals. The ultrasound system forms images of
human internal tissues by electrically exciting an acoustic
transducer element or an array of acoustic transducer ele-
ments to generate ultrasound signals that travel into the
body. The ultrasound signals produce ultrasound echo sig-
nals since they are reflected from body tissues, which appear
as discontinuities to the propagating ultrasound signals.
Various ultrasound echo signals return to the transducer
element and are converted into electrical signals, which are
amplified and processed to produce ultrasound data for an
image of the tissues.

[0007] Recently, a curved linear probe containing a curved
linear transducer array has been used to obtain an ultrasound
image of a wide viewing angle. The curved linear probe
transmits the ultrasound signals along scan lines, which are
set in a normal direction of a probe face representing a
surface of the curved linear probe for transmitting and
receiving the ultrasound signals. The curved linear probe
transmits the ultrasound signals in a radial shape, thereby
obtaining a wider ultrasound image than a length of the
curved linear probe. FIG. 1 is a schematic diagram illus-
trating a geometrical structure of scan lines set at each
transducer element in the curved linear probe. As illustrated
in FIG. 1, if each scan line is extended backward from the
transducer elements 12, then all the scan lines pass through
a specific point 30 (hereinafter referred to as a “common
point”). If the common point is moved as shown in FIG. 2,
then a steering angle of the scan line is defined according to
a position of the moved common point. Then, the scan lines
22 are set according to the defined steering angle so that an
ultrasound image having a wider viewing angle can be
obtained.

[0008] However, when the common point 30 varies, the
conventional ultrasound system must calculate the steering
angle of each scan line set at each transducer element.
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Therefore, there is a problem in that an extensive amount of
time is consumed due to the need to perform complex
steering angle calculations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Arrangements and embodiments may be described
in detail with reference to the following drawings in which
like reference numerals refer to like elements and wherein:
[0010] FIG. 1 is a schematic diagram illustrating a geo-
metrical structure of scan lines set at each transducer ele-
ment in the curved linear probe;

[0011] FIG. 2 illustrates scan lines set by varying steering
angles in a curved linear probe;

[0012] FIG. 3 is a block diagram illustrating an ultrasound
system constructed in accordance with one embodiment of
the present invention;

[0013] FIG. 4 is an exemplary diagram showing an
example of setting steering angles in accordance with one
embodiment of the present invention; and

[0014] FIG. 5 is an exemplary diagram showing an
example of setting steering angles in accordance with
another embodiment of the present invention.

DETAILED DESCRIPTION

[0015] A detailed 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 suggest
themselves to such skilled persons having the benefit of this
disclosure.

[0016] The present invention provides an ultrasound sys-
tem and a method for controlling scan lines according to
variation of a steering angle. Hereinafter, one embodiment
of the present invention will be described with reference to
the accompanying drawings.

[0017] FIG. 3 is a block diagram schematically showing
an ultrasound system constructed in accordance with one
embodiment of the present invention. As shown in FIG. 3,
the ultrasound system 100 includes a curved linear probe
110, a scan line setting unit 120, a beamformer 130, a
processor 140 and a display unit 150.

[0018] The curved linear probe 110 includes a curved
linear transducer array containing a plurality of transducer
elements. The curved linear probe 110 transmits ultrasound
signals to the target object and then receives ultrasound echo
signals reflected from the target object.

[0019] The scan line setting unit 120 includes a steering
angle calculating unit 121 and a control unit 122, as shown
in FIG. 3. The steering angle calculating unit 121 sets the
steering angles of the scan lines to be positioned at both ends
of a transducer array 112 of the curved linear probe 110.
After calculating the steering angles of the scan lines to be
positioned at both ends, the steering angle calculating unit
121 calculates the steering angles of the scan lines posi-
tioned between the two scan lines disposed at both ends by
using series. The series may preferably be determined based
on the calculated steering angles of the scan lines positioned
at both ends. The steering angles of the scan lines at both
ends may be set by a user or the ultrasound system.
[0020] Hereinafter, a process for calculating the steering
angels of the scan lines for each transducer element will be
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described in view of FIG. 4. In FIGS. 1 and 4, the same
reference numerals are used to denote identical elements.
[0021] The steering angle calculating unit 121 first sets the
steering angle of the scan line at the transducer element
positioned at one end among the plurality of transducer
elements (e.g., n transducer elements). Then, the steering
angle of the scan line at the transducer element, which is
positioned at the other end, is determined. For example, if a
first steering angle 6, of a scan line set at a first transducer
element positioned at one end of the transducer array is
determined by the user or the ultrasound system 100, then
the steering angle calculating unit 121 calculates a n”
steering angle 8, of a scan line set at a n” transducer element
based on the steering angle 0,. That is, the steering angle
calculating unit 121 may determine the steering angle 6, of
the scan line as -0,, i.e.,, 6,=-0,.

[0022] The steering angle calculating unit 121 calculates
the i steering angle 0, of a scan line set at the i”” transducer
element by using arithmetic series. For example, the i”
steering angle 0, may be calculated using the following
equation (1)

0,20, +(i-1)x6, (1)

[0023] wherein O, represents a common difference. The
steering angle calculating unit 121 calculates the common
difference 6, based on the calculated steering angles 6, and
0,. That is, the common difference 0, can be calculated
using the following equation (2) by applying 0,=-0, to
0,=0,+(n-1)x0 .

0,26, )/(n-1) (2)

[0024] The steering angle calculating unit 121 calculates
the steering angles of the scan lines set at respective trans-
ducer elements by using equations (1) and (2).

[0025] Hereinafter, a process for calculating the steering
angles of the scan lines set at each transducer element in
accordance with another embodiment of the present inven-
tion will be described in view of FIG. 5. In FIGS. 1 and 5,
the same reference numerals denote identical elements.
[0026] The steering angle calculating unit 121 first sets the
steering angle of the scan line at the transducer element
positioned at one end among the plurality of transducer
elements (e.g., n transducer elements). Then, the steering
angle of the scan line at the transducer element, which is
positioned at the other end, is determined. For example, if
the first steering angle 6, of a scan line set at a first
transducer element positioned at one end of the transducer
array is determined by the user or the ultrasound system 100,
then the steering angle calculating unit 121 calculates the n™
steering angle 6, of a scan line set at the n” transducer
element based on the steering angle 0,. The steering angle
calculating unit 121 may determine the steering angle 0, of
the scan line as -0,, i.e., 6,=-0,.

[0027] The steering angle calculating unit 121 calculates
the i”” steering angle 0, of a scan line set at the i”” transducer
element by using geometric series. For example, the i”
steering angle 0, may be calculated using the following
equation (3).

0,-0,x0,4-1 (3)

[0028] wherein O, represents a geometric ratio. The steer-
ing angle calculating unit 121 calculates the geometric ratio
0, based on the calculated steering angles 6, and 6,,. The
steering angle calculating unit 121 calculates the steering
angle 6, through equation (3), ie., 6,=6,x6,"~". When
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0,=-0,, 0,.1s equal to —1. The steering angle calculating unit
121 calculates the steering angles of the scan lines set at
respective transducer elements by using the calculated geo-
metric ratio 0, and equation (3).

[0029] The control unit 122 controls the operations of the
beamformer 130 and the processor 140 based on the steering
angles calculated by the steering angle calculating unit 121.
The control unit 122 controls the beamformer 130 such that
the ultrasound signals are focused along the scan lines 220,
which are steered in the steering angles as shown in FIGS.
4 and 5. Also, the control unit 122 is responsive to signals
outputted from the beamformer 130 to control the processor
140 to form ultrasound image signals based on scan line
information.

[0030] The beamformer 130 controls transmit pulse sig-
nals such that the ultrasound signals generated in the trans-
ducer elements of the probe 110 in response to the transmit
pulse signals are focused on the scan lines, which are steered
in the calculated steering angles. Also, the beamformer 130
applies delays to receive signals, which are electrical signals
converted from ultrasound echo signals in the transducer
elements of the probe 110, to form receive-focused signals.
[0031] The processor 140 is responsive to the receive-
focused signals outputted from the beamformer 130 to form
ultrasound image signals based on the scan line information.
The display unit 150 receives the ultrasound image signals
and then displays an ultrasound image based on the ultra-
sound image signals.

[0032] As mentioned above, the steering angles of the
scan lines set at respective transducer elements in the curved
linear probe are calculated by using the series in accordance
with the present invention. Therefore, the steering angles
can be easily and rapidly calculated without using high-
performance hardware or software.

[0033] An ultrasound system comprises: a probe having a
transducer array of n transducer elements for transmitting
ultrasound signals, said n transducer elements being asso-
ciated with respective scan lines; a steering angle calculating
unit for calculating steering angles of the scan lines by using
series determined by a relation between the steering angles
of at least two scan lines; and a control unit for controlling
transmission of the ultrasound signals such that the ultra-
sound signals can be focused along the scan lines based on
the calculated steering angles of the scan lines.

[0034] A method for controlling scan lines in an ultra-
sound system having a probe containing a transducer array
of n transducer elements for transmitting ultrasound signals,
said n transducer elements being associated with respective
scan lines, comprising: a) calculating steering angles of the
scan lines by using series determined by a relation between
the steering angles of at least two scan lines; and b)
controlling transmission of the ultrasound signals such that
the ultrasound signal can be focused along the scan lines
based on the calculated steering angles of the scan lines.
[0035] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc.,
means that a particular feature, structure or characteristic
described in connection with the embodiment is included in
at least one embodiment of the present invention. The
appearances of such phrases in various places in the speci-
fication are not necessarily all referring to the same embodi-
ment. Further, when a particular feature, structure or char-
acteristic is described in connection with any embodiment,
it is submitted that it is within the purview of one skilled in
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the art to effect such feature, structure or characteristic in
connection with other ones of the embodiments.

[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 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 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 probe having a transducer array of n transducer elements
for transmitting ultrasound signals, said n transducer
elements being associated with respective scan lines;

a steering angle calculating unit for calculating steering
angles of the scan lines by using series determined by
a relation between the steering angles of at least two
scan lines; and

a control unit for controlling transmission of the ultra-
sound signals such that the ultrasound signals can be
focused along the scan lines based on the calculated
steering angles of the scan lines.

2. The ultrasound system of claim 1, wherein the series is

arithmetic series.

3. The ultrasound system of claim 2, wherein the steering
angle calculating unit sets steering angles of scan lines at 1%
and n” transducer elements positioned at both ends of the
transducer array and calculates a common difference of the
steering angles based on the set steering angles, the steering
angle calculating unit further being configured to calculate
the steering angles of the scan lines at respective transducer
elements by using the common difference.

4. The ultrasound system of claim 1, wherein the series is
geometric series.

5. The ultrasound system of claim 4, wherein the steering
angle calculating unit sets steering angles of scan lines at 1%
and n” transducer elements positioned at both ends of the
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transducer array and calculates a common ratio of the
steering angles based on the set steering angles, the steering
angle calculating unit further being configured to calculate
the steering angles of the scan lines at respective transducer
elements by using the common ratio.

6. A method for controlling scan lines in an ultrasound
system having a probe containing a transducer array of n
transducer elements for transmitting ultrasound signals, said
n transducer elements being associated with respective scan
lines, comprising:

a) calculating steering angles of the scan lines by using
series determined by a relation between the steering
angles of at least two scan lines; and

b) controlling transmission of the ultrasound signals such
that the ultrasound signal can be focused along the scan
lines based on the calculated steering angles of the scan
lines.

7. The method of claim 6, wherein the series is arithmetic

series.

8. The method of claim 7, wherein the step a) includes:

al) setting steering angles of scan lines at 1°* and n”
transducer elements positioned at both ends of the
transducer array;

a2) calculating a common difference of the steering angles
based on the set steering angles; and

a3) calculating the steering angles of the scan lines at
respective transducer elements by using the common
difference.

9. The method of claim 6, wherein the series is geometric

series.

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

al) setting steering angles of scan lines at 1°* and n”
transducer elements positioned at both ends of the
transducer array;

a2) calculating a common ratio of the steering angles
based on the set steering angles; and

a3) calculating the steering angles of the scan lines at
respective transducer elements by using the common
ratio.
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