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(57 ABSTRACT

The present invention relates to a method of acquiring an
ultrasound image in an ultrasound imaging system having an
array transducer, comprising: a) setting an image point at a
predetermined depth on an ultrasound image acquired based
on a reference speed of sound for a target object; b) setting a
range of speed of sound with reference to the reference speed;
¢) setting a plurality of speeds of sound in a predetermined
interval within the range of speed of sound; d) acquiring
ultrasound images at each speed of sound; e) calculating an
amplitude of an image point set at a predetermined depth of
eachultrasound image; f) determining a real speed of sound in
the target object based on the calculated amplitude; and g)
acquiring an ultrasound image based on the determined real
speed of sound in the target object.

8 Claims, 5 Drawing Sheets
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METHOD OF ACQUIRING AN ULTRASOUND
IMAGE

TECHNICAL FIELD

The present invention generally relates to image forming
methods, and more particularly to a method of forming an
ultrasound compound image while correcting a focusing
error.

BACKGROUND ART

An ultrasound imaging system transmits ultrasound sig-
nals into a target object and receives ultrasound echo signals.
The echo signals are converted into electrical signals in a
probe. The ultrasound imaging system performs signal pro-
cessing for the electrical signals, thereby forming an ultra-
sound image. The ultrasound imaging system has been exten-
sively used in the medical procession due to its non-invasive
and non-destructive nature. In order to acquire a high-resolu-
tion ultrasound image, various techniques have been studied
and researched in the ultrasound imaging system. Recently,
an array transducer comprising a plurality of transducer ele-
ments is used to acquire the high-resolution ultrasound
image. Also, the transmit focusing and receive focusing meth-
ods have been adopted for acquiring high-resolution ultra-
sound images.

FIG. 1 is a schematic diagram illustrating the delays of
ultrasound echo signals arriving at each transducer element in
an array transducer. A predetermined delay profile of transmit
pulse signals is established so that ultrasound signals pro-
duced at the array transducer 10 are focused on a focal point,
wherein each transducer element then produces ultrasound
signals according to such predetermined delay profile. Ultra-
sound echo signals reflected from the focal point arrive at
each transducer element in different times.

As shown in FIG. 1, an ultrasound echo signal reflected
from the focal point travels a distance of “d” to arrive at a
transducer element Tc, while an ultrasound echo signal
reflected from the focal point travels a distance of r (r=d+Ar
(x)) to reach a transducer element Tx. That is, the ultrasound
echo signal received at the transducer element Tx is delayed
by Ar(x) compared to the ultrasound echo signal received at
the transducer element Tc. The ultrasound echo signals
received at each transducer element are converted into elec-
trical signals (hereinafter referred to as receive signals). The
receive signals should be focused in order to obtain image
signals. In focusing the receive signals, the delays of the
ultrasound echo signals arriving at each transducer element
should be compensated. A receive focusing delay technique is
usually adopted to compensate for the delays of the ultra-
sound echo signals.

The delay of the ultrasound echo signal arriving at each
transducer element can be calculated using the following
equation:

Ar(x)  Vx24+dr -d

v

Ar(x)=

wherein, At(x) represents a time delay of an ultrasound
echo signal arriving at the transducer element Tx, v represents
a propagation speed of the ultrasound signal (speed of sound)
in a target object, X represents a distance between the ele-
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ments Tcand Tx and d represents a distance between the focal
point and the transducer element Tc. d may be calculated
using the following equation:

d=vt 2)

Wherein, t represents a time for the ultrasound signal to
arrive at the transducer element Tc from the focal point.

As shown in the above equations, the speed of sound in the
target object is important for determining the delays of ultra-
sound echo signals. When the target object is a human body,
the speed of sound is generally set to 1540 m/s, which is an
average speed in the soft tissues of the human body. However,
the speed of sound is 1460 m/s in fat, 1555 m/s in liver, 1560
m/s in blood and 1600 m/s in muscle. That is, the speed of
sound is changed according to the type of media. Therefore, if
the fixed speed of sound is used, then a calculation error in the
delays of ultrasound echo signals arriving at each transducer
element may occur.

Recently, acompound ultrasound image is used to enhance
the quality of an ultrasound image. In order to obtain the
compound ultrasound image, the scan lines are steered in
different angles and then ultrasound images are obtained at
each angle of the scan lines. Thereafter, the obtained ultra-
sound images are spatially compounded, thereby forming the
compound ultrasound image. In this case, if the speed of
sound is not accurately set, then the delays of ultrasound echo
signals arriving at each transducer element for each steered
scan line cannot be accurately calculated. Thus, the pixels
corresponding to an identical image of the target object may
not be exactly overlapped. Therefore, the overall compound
image becomes dark and a signal to noise ratio (SNR) and a
contrast may be decreased.

DISCLOSURE OF INVENTION

Technical Problem

As described above, if the speed of sound is incorrectly set
for the target object, then image pixels corresponding to an
identical position of the target object in the ultrasound images
obtained by steering a scan angle cannot be overlapped in
compounding the ultrasound images. Therefore, the com-
pound image becomes dark and SNR and contrast are
decreased.

Technical Solution

The present invention provides a method of acquiring a
compound ultrasound image having a high resolution by
determining the real speed of sound in a target object.

Inaccordance with an aspect of the present invention, there
1s provided a method of acquiring an ultrasound image in an
ultrasound imaging system having an array transducer, com-
prising: a) setting an image point at a predetermined depth on
an ultrasound image acquired based on a reference speed of
sound for a target object; b) setting a range of speed of sound
with reference to the reference speed; ¢) setting a plurality of
speeds of sound in a predetermined interval within the range
of speed of sound; d) acquiring ultrasound images at each
speed of sound; ) calculating an amplitude of an image point
set at a predetermined depth of each ultrasound image; f)
determining areal speed of sound in the target object based on
the calculated amplitude; and g) acquiring an ultrasound
image based on the determined real speed of sound in the
target object.

In accordance with another embodiment of the present
invention, there is provided a method of acquiring an ultra-
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sound image inan ultrasound imaging system having an array
transducer, comprising: a) setting an image point at a prede-
termined depth on an ultrasound image acquired based on a
reference speed of sound for a target object; b) setting a range
of speed of sound with reference to the reference speed; ¢)
setting a plurality of speeds of sound in a predetermined
interval within the range of speed of sound; d) acquiring
ultrasound images at each speed of sound; e) calculating an
amplitude of an image point set at a predetermined depth of
eachultrasound image; f) determining a real speed of sound in
the target object based on the calculated amplitude; g) acquir-
ing a plurality of ultrasound images by steering scan lines in
predetermined angles based on the determined real speed of
sound; and h) forming a compound ultrasound image by
compounding the acquired ultrasound images.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating delays of ultra-
sound echo signals arriving at each transducer element in an
array transducer.

FIG. 2 is a schematic diagram showing an example of
acquiring a compound image from a plurality of ultrasound
image obtained by steered scan lines.

FIG. 3 is a schematic diagram showing an example of
illustrating acquisition of ultrasound image data from a focal
point at which steered scan lines are overlapped.

FIG. 4 is a diagram showing an example of a delay of an
ultrasound echo signal according to a steered scan line.

FIG. 5 is a flowchart illustrating a method of determining a
real speed of sound in a target object in accordance with an
embodiment of the present invention.

FIG. 6 is a graph illustrating a change in amplitude of
image signals with respect to depth at differently set speeds of
sound.

FIG. 7 is a graph illustrating a change of amplitude of
image signals corresponding to the image point according to
a change of the speed of sound.

BEST MODE FOR CARRYING OUT THE
INVENTION

FIG. 2 is a schematic diagram illustrating an example of
acquiring a compound image from a plurality of ultrasound
images obtained by steered scan lines.

As shown in FIG. 2, a first ultrasound image 20, a second
ultrasound image 22, a third ultrasound image 24, which are
acquired by scan lines steered in first, second and third angles,
respectively, are overlapped, thereby forming a compound
ultrasound image 26. In FIG. 2, a dashed region 26 represents
the compound ultrasound image formed by combining the
first, second and third ultrasound images 20, 22 and 24.

FIG. 3 1s a schematic diagram showing an example of
illustrating the acquisition of ultrasound image data from a
focal point at which steered scan lines are overlapped. As
shown therein, the compound image is formed by using
image data obtained from a focal point, at which scan lines
steered in predetermined angles of 0 and -0 and a scan line
perpendicular to a scan head, are overlapped.

FIG. 4 is a diagram illustrating an example of a delay of an
ultrasound echo signal according to a steered scan line. Since
the scan line set from a transducer element Tc is steered in an
angle of 8 as shown in FIG. 4, the steering delay of an
ultrasound echo signal reflected from a focal point placed on
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the scan line may occur. The steering delay Atqy(X) at a trans-
ducer element Tx away from the transducer element Tc by x
may be approximately calculated by the following equation.

X -sind

Atg(x) ~ ®

wherein, 0 represents the steering angle and v represent the
speed of sound. As can be seen through the equation (3), in
order to calculate the steering delay at each transducer. the
speed of sound should be accurately setin the target object. If
the steering delay At (x) is not accurately calculated, then the
image signals acquired from identical focal points on the
steered scan lines may not be overlapped.

FIG. 5 is a flowchart illustrating a method of determining a
real speed of sound in a target object in accordance with an
embodiment of the present invention. For the sake of conve-
nience, the method of calculating the real speed of sound in
the target object will be described by using an ultrasound
image acquired through scan lines 31 perpendicular to the
scan head of the array transducer 10. Also, an array transducer
of a linear structure is used and the ultrasound signals are
transmitted by using a plurality of channels.

As shown in FIG. 5, a predetermined speed of sound (here-
inafter referred to as a reference speed) is setat step S510. The
reference speed may be arbitrarily set according to the type of
target objects. It is preferable to set a mean speed at media
constructing the target object as a reference speed. Also,
various reference speeds may be previously set to the target
objects, which are frequently examined by using the ultra-
sound imaging system, such as a human body. The previously
set reference speeds may be stored and then an appropriate
reference speed may be used according to the type of the
target object. For example, if the target object is a human
body, then the reference speed may be a mean speed in fat,
blood, muscle and the like. Typically, the mean speed of the
human body may be set to a speed in a soft tissue of 1540 m/s.

Subsequently, it is checked whether a new speed of sound
is set at step S520. If it is determined not to set the new speed
of sound, then an ultrasound image is acquired by using the
reference speed of sound set at step S510. On the other hand,
ifitis determined to set the new speed of sound, then an image
point is selected in a predetermined depth on an ultrasound
image acquired by using the reference speed of sound at step
S530. The image point may be arbitrarily selected on the
ultrasound image by using one of various markers provided in
the ultrasound imaging system. The setup of the new speed of
sound may be carried out by using a setup button mounted on
a predetermined position of the ultrasound imaging system.
Also, a detecting sensor may be mounted on the probe of the
ultrasound imaging system such that the new speed of sound
is set when the probe is contacted to a surface of the target
object.

In order to set the new speed of sound, a predetermined
range of speed of sound is set with reference to the reference
speed of sound at step S540. The range of speed of sound may
be set to include the overall speeds of sound in media con-
structing the target object. Also, various ranges of speed of
sound may be previously set to the target objects, which are
frequently examined by using the ultrasound imaging system,
such as a human body. The previously set ranges of the speed
of sound may be stored. Then, an appropriate range of the
speed of sound may be used according to the type of the target
object such as the reference speed of sound.
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After setting the range of the speed of sound, a plurality of
speeds of sound are set in a predetermined interval from a
slowest speed of sound within the range of variable speeds of
sound at step S550. A plurality of ultrasound images are
acquired at each of the set speeds of sound at step S560. Then,
the brightness of the image point set in the predetermined
depth of the target object is calculated at each acquired ultra-
sound image at step S570. The speed of sound applied to an
ultrasound image having a maximum brightness is set as a
real speed of sound of the target object at step S580.

FIG. 6 is a graph illustrating a change in amplitude of
image signals with respect to depth at differently set speeds of
sound. When a real speed of the sound in the target object is
of 1550 m/s, curves 61, 62 and 63 are obtained by simulating
that speeds of sound are set at 1500 m/s, 1550 m/s and 1600
m/s, respectively. The simulation is carried out by assuming
that 92 transducers 0f 40 mm and a frequency of 7.5 MHz are
used and the ultrasound signals are focused on the image
point positioned at a depth of 20 mm.

As shown in FI1G. 6, if the speed of sound is set faster than
the real speed of sound, then maximum amplitude appears at
a depth deeper than the depth of 20 mm by 0.8 mm. On the
other hand, if the speed of sound is set slower than the real
speed of sound, then maximum amplitude appears at a depth
shallower than the depth of 20 mm by 0.7 mm. That is, in case
of setting the image point at a depth of 20 mm, the amplitudes
are about 0.6, 1 and 0.6 at the image point when the speed of
sound is setto 1500 my/s, 1550 m/s and 1600 m/s, respectively.
Therefore, the speed of sound of 1550 m/s is selected as a real
speed of sound in the target object.

FI1G. 7 is a graph showing a change in amplitude of image
signals corresponding to the image point according to a
change in the speed of sound. As shown in F1G. 7, the ampli-
tude is calculated by changing the speed of sound from 1500
m/s to 1600 m/s in a predetermined interval, thereby obtain-
ing a curve of the speed of sound to amplitude. The curve
shown in F1G. 7 may be formed by curve-fitting the maximum
points of each 2-order function obtained at each speed of
sound. As shown therein, when the speed of sound is 1550
m/s, the amplitude becomes maximum. Therefore, the speed
of sound of 1550 m/s may be adopted as a real speed of sound
of the target object.

1f the real speed of sound is set according to the above
method, then the real speed of sound is applied to the equa-
tions (1) and (2), thereby accurately calculating the receive
focusing delay and the steering delay. Since the delays are
accurately calculated in accordance with one embodiment of
the present invention, the steered scan lines can be accurately
overlapped at the desirable image points. Therefore, a com-
pound image having a high resolution can be acquired.

When the speed of sound is determined by using the ampli-
tude of brightness at an image point, it may be difficult to
determine the speed of sound due to noises. Therefore, a
window ofa predetermined size may be set on an image of the
target object. Further, the sum of amplitudes of pixels
included in the window may be used to determine the speed of
sound of the target object in accordance with another embodi-
ment of the present invention. This is so that a calculation
error owing to the noises may be reduced.

While the present invention has been described and illus-
trated with respect to a preferred embodiment of the inven-
tion, it will be apparent to those skilled in the art that varia-
tions and modifications are possible without deviating from
the broad principles and teachings of the present invention,
which should be limited solely by the scope of the claims
appended hereto.
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6
INDUSTRIAL APPLICABILITY

As mentioned above, since the speed of sound in the target
object is accurately determined, an enhanced compound
image can be acquired.

The invention claimed is:

1. A method of acquiring an ultrasound image in an ultra-
sound imaging system having an array transducer, compris-
ing:

a) setting an image point at a predetermined depth on an
ultrasound image acquired based on a reference speed of
sound for a target object;

b) setting a range of speed of sound with reference to the
reference speed,

¢) setting a plurality of speeds of sound in a predetermined
interval within the range of speed of sound;

d) acquiring ultrasound images at each speed of sound,

e) calculating an amplitude of an image point set at a
predetermined depth of each ultrasound image;

f) determining a real speed of sound in the target object
based on the calculated amplitude; and

¢) acquiring an ultrasound image based on the determined
real speed of sound in the target object.

2. The method of claim 1, wherein the step a) includes:

al) selecting the reference speed of sound previously set
according to a type of the target object;

a2) checking whether to set a new speed of sound for the
target object;

a3)ifitis determined to set the new speed of sound at step
a2), acquiring the ultrasound image based on the refer-
ence speed of sound; and

a4) setting the image point on the acquired ultrasound
image at the predetermined depth.

3. The method of claim 2, wherein the speed of sound
applied to the ultrasound image having highest amplitude at
the image point among the calculated amplitudes is deter-
mined as a real speed of sound of the target object.

4. The method of claim 3, wherein the reference speed of
sound image is a mean speed of sound of media consisting of
the target object.

5. A method of acquiring an ultrasound image in an ultra-
sound imaging system having an array transducer, compris-
ing:

a) setting an image point at a predetermined depth on an
ultrasound image acquired based on a reference speed of
sound for a target object;

b) setting a range of speed of sound with reference to the
reference speed,

¢) setting a plurality of speeds of sound in a predetermined
interval within the range of speed of sound;

d) acquiring ultrasound images at each speed of sound;

e) calculating an amplitude of an image point set at a
predetermined depth of each ultrasound image;

1) determining a real speed of sound in the target object
based on the calculated amplitude;

¢) acquiring a plurality of ultrasound images by steering
scan lines in predetermined angles based on the deter-
mined real speed of sound; and

h) forming a compound ultrasound image by compounding
the acquired ultrasound images.

6. The method of claim 5, wherein the step a) includes:

al) selecting the reference speed of sound previously set
according to a type of the target object;

a2) checking whether to set a new speed of sound for the
target object;
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a3)ifit is determined to set the new speed of sound at step the image point among the calculated amplitudes is deter-
a2), acquiring the ultrasound image based on the refer- mined as a real speed of sound of the target object.
ence speed of sound; and 8. The method of claim 7, wherein the reference speed of
a4) setting the image point on the acquired ultrasound sound image is a mean speed of sound of media consisting of
image at the predetermined depth. 5 the target object.

7. The method of claim 6, wherein the speed of sound
applied to the ultrasound image having highest amplitude at ook ok # %
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