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(7) ABSTRACT

An ultrasound system includes an ultrasound data acquisition
unit, which is responsive to predetermined scan angle, scan
depth and scan speed, configured to repeatedly transmit an
ultrasound signal to a target object and receive an ultrasound
echo reflected from the target object to form a plurality of
ultrasound frame data sets. It also includes a processing unit
configured to form a plurality of volume data sets each having
a plurality of frames based on the plurality of ultrasound
frame data sets and form at least two 2-dimensional ultra-
sound images based on the volume data sets. The processing
unit is further configured to detect contours of the target
object from the 2-dimensional ultrasound images and adjust
the predetermined scan angle, scan depth and scan speed
based on the detected contours.
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AUTOMATIC ADJUSTMENT OF SCAN
ANGLE, SCAN DEPTH AND SCAN SPEED IN
AN ULTRASOUND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Korean
Patent Application No. 10-2010-0002708 filed on Jan. 12,
2010, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present invention generally relates to ultra-
sound systems, and more particularly to automatic adjust-
ment of a scan angle, a scan depth and a scan speed and the
like when forming an ultrasound image in an ultrasound
system.

BACKGROUND

[0003] Anultrasound system has become an important and
popular diagnostic tool due to its non-invasive and non-de-
structive nature. The ultrasound system can provide high
dimensional real-time ultrasound images of inner parts of
target objects without any surgical operation.

[0004] Generally, the ultrasound system may provide a
three-dimensional ultrasound image indicative of clinical
information such as spatial information and anatomical fig-
ures of the target object. However, such information may not
be provided by a two-dimensional ultrasound image.

[0005] Theultrasound system transmits and receives ultra-
sound signals to and from a target object, thereby forming
volume data. The ultrasound system renders the volume data
to form a 3-dimensional ultrasound image showing the target
object.

[0006] Furthermore, the ultrasound system may continu-
ously form the 3-dimensional ultrasound images in real time
to provide a 4-dimensional ultrasound image. A quality of the
4-dimensional ultrasound image may vary depending on scan
parameters such as scan angle, scan depth and scan speed.
The scan angle represents a swing range of an array trans-
ducer within a housing of an ultrasound probe. The scan depth
represents an image depth for imaging the target object in a
propagation direction of the ultrasound signal from the array
transducer. Further, the scan speed represents a speed for
acquiring one ultrasound frame, i.e., frame rate.

[0007] Conventionally, the scan angle, the scan depth and
the scan speed are manually adjusted by a user. In other
words, after checking a status of the four-dimensional ultra-
sound image, the scan angle, the scan depth and the scan
speed should be adjusted for optimizing the 4-dimensional
ultrasound image according to the checking result. This may
be time-consuming when acquiring an optimized 4-dimen-
sional ultrasound image.

SUMMARY

[0008] An embodiment for automated setting of scan
parameters is disclosed herein. In one embodiment, by way of
non-limiting example, an ultrasound system may include: an
ultrasound data acquisition unit responsive to predetermined
scan angle, scan depth and scan speed, the ultrasound data
acquisition unit being configured to repeatedly transmit an
ultrasound signal to a target object and receive an ultrasound
echo reflected from the target object in sequential manner and
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form a plurality of ultrasound frame data sets based on the
receive ultrasound echo; and an processing unit configured to
form a plurality of volume data sets each having a plurality of
frames based on the plurality of ultrasound frame data sets
and form at least two 2-dimensional ultrasound images based
on the volume data sets, the processing unit being further
configured to detect contours of the target object from the
2-dimensional ultrasound images and adjust the predeter-
mined scan angle, scan depth and scan speed based on the
detected contours.

[0009] In another embodiment, a method of adjusting a
scan angle, a scan depth and a scan speed in forming an
ultrasound image in an ultrasound system, comprises: a)
responsive to predetermined scan angle, scan depth and scan
speed, repeatedly transmitting an ultrasound signal to a target
object and receiving an ultrasound echo reflected from the
target object in sequential manner to form a plurality of ultra-
sound frame data sets; b) forming a plurality of volume data
sets each having a plurality of frames based on the plurality of
ultrasound frame data sets; ¢) forming at least two 2-dimen-
sional ultrasound images based on the volume data sets; and
d) detecting contours of the target object from the 2-dimen-
sional ultrasound images to adjust the predetermined scan
angle, scan depth and scan speed based on the detected con-
tours.

[0010] In yet another embodiment, a computer-readable
storage medium storing instructions that, when executed by a
computer, cause the computer to provide a method of adjust-
ing a scan angle, a scan depth and a scan speed in forming an
ultrasound image in an ultrasound system, the method com-
prises: a) forming a plurality of volume data sets each having
a plurality of frames based on a plurality of ultrasound frame
data sets acquired from a target objet; b) forming at least two
2-dimensional ultrasound images based on the volume data
sets; and ¢) detecting contours of the target object from the
2-dimensional ultrasound images to adjust the predetermined
scan angle, scan depth and scan speed based on the detected
contours.

[0011] This Summary 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 matter, nor is it intended to be used in determining the
scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0013] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit.

[0014] FIG. 3 is a schematic diagram showing an example
of a scanning direction.

[0015] FIG. 4 is a block diagram showing an illustrative
embodiment of a processor.

[0016] FIG. 5is a schematic diagram showing an example
of a volume data set.

[0017] FIG. 6is a flowchart showing a process of adjusting
a scan angle and a scan depth.

[0018] FIG. 7is a flow chart showing a process of adjusting
a scan speed.

DETAILED DESCRIPTION

[0019] This detailed description is provided with reference
to the accompanying drawings. One of ordinary skill in the art
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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.

[0020] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system. As shown in FIG. 1, the
ultrasound system 100 may include a user input unit 110 to
receive user input information. The user input information
may include information for selecting one of applications
associated with diagnosis parts for diagnosis of a target
object. The user input unit 110 may include a control panel, a
mouse, a keyboard and the like.

[0021] The ultrasound system 100 may further include an
ultrasound data acquisition unit 120. The ultrasound data
acquisition unit 120 may be configured to transmit ultrasound
signals into the target object and receive ultrasound echoes
from the target object, thereby acquiring a plurality of ultra-
sound data sets.

[0022] FIG. 2 is a block diagram showing an illustrative
embodiment of the ultrasound data acquisition unit 120.
Referring to FIG. 2, the ultrasound data acquisition unit 120
may include a transmit (Tx) signal forming section 121. The
Tx signal forming section 121 may be configured to generate
a plurality of Tx signals and apply delays to the Tx signals.
The delays of the Tx signals may be controlled according to
the selected application. That is, the Tx signals may be
delayed by considering a scan angle, a scan depth, a scan
speed and a focal point, which may be predetermined accord-
ing to the selected application.

[0023] The ultrasound data acquisition unit 120 may fur-
ther include an ultrasound probe 122, which is coupled to the
Tx signal forming section 121. The ultrasound probe 122 may
include an array transducer containing a plurality of trans-
ducer elements for reciprocal conversion between electrical
signals and ultrasound signals. The ultrasound probe 122 may
be configured to transmit ultrasound signals in response to the
Tx signals. The ultrasound probe 122 may be further config-
ured to receive ultrasound echoes reflected from the target
object to thereby output a receive signal. The transmission
and reception of the ultrasound signals may be repeatedly
performed in a sequential manner so that a plurality of receive
signals may be outputted. In one embodiment, the ultrasound
probe may include a 3-dimensional mechanical probe, which
is configured to transmit and receive an ultrasound signal
while the array transducer is swung by a predetermined scan
anglerange (e.g., (max scan angle/2) to —(max scan angle/2))
in a housing of the ultrasound probe 122.

[0024] The ultrasound data acquisition unit 120 may fur-
ther include a beam forming section 123, which is coupled to
the ultrasound probe 122. If the receive signals are provided
from the ultrasound probe 122, then the beam forming section
123 may be configured to digitize the receive signals to form
digital receive signals. The beam forming section 123 may be
further configured to perform receive-focusing upon the digi-
tal receive signals, i.e., apply delays to the digital receive
signals in consideration of distances between the respective
transducer elements and a focal point and sum the delayed
digital receive signals, thereby forming a receive-focused
signal. The digitization and the receive-focusing may be
repeatedly performed upon the receive signals to form a plu-
rality of receive-focused signals.

[0025] The ultrasound data acquisition unit 120 may fur-
ther include an ultrasound data forming section 124, which is
coupled to the beam forming section 123. The ultrasound data
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forming section 124 is configured to form ultrasound frame
data sets corresponding to frames P, P, . . . P, by using the
receive-focused signal, as shown in FIG. 3. Each of the ultra-
sound frame data sets may be formed in a fan shape. However,
they are not limited to this shape only and may extend to other
shapes. The ultrasound frame data sets may be repeatedly
formed by using the plurality of receive-focused signals in a
sequential manner to thereby form a plurality of ultrasound
frame data sets. The ultrasound data forming section 124 may
be further configured to perform signal processing, such as
gain adjustment, filtering and the like.

[0026] Referring back to F1G. 1, the ultrasound system 100
may further include a processing unit 130, which is coupled to
the user input unit 110 and the ultrasound data acquisition unit
120. The processing unit 130 may be further configured to
form a volume data set by using the plurality of ultrasound
frame data sets. The processing unit 130 may be configured to
determine a scan angle, a scan depth and a scan speed based
on the volume data set. Further, the processing unit 130 may
be configured to form a 4-dimensional ultrasound image by
using the volume data set. The operation of the processing
unit 130 will be described in detail by referring to FIG. 4.
[0027] FIG. 4 is a block diagram showing an illustrative
embodiment of the processing unit 130. The processing unit
130 may include a volume data forming section 131. The
volume data forming section 131 may be configured to form
avolume data set having a plurality of frames P, P, ... Py by
using the plurality of ultrasound frame data sets, which are
provided from the ultrasound data acquisition unit 120, as
shown in FIG. 5. The volume data set may include voxels each
having a brightness value. In FIG. 5, numeral references 221
to 223 may represent an A plane, a B plane and a C plane,
which are perpendicular to each other. Also, an axial direction
may represent a propagation direction of the ultrasound sig-
nals from the ultrasound probe 122 into the target object, an
lateral direction may represent a direction of setting scan
lines, i.e., a longitudinal direction of the array transducer, and
an elevation direction, which may be a depth direction of a
3-dimensional ultrasound image, may represent a scan direc-
tion of frames (scan planes), i.e., a swing direction of the array
transducer. The formation of the volume data set may be
repeatedly carried out in a sequential manner in the volume
data forming section 131, so that a plurality of volume data
sets may be formed.

[0028] The processing unit 130 may further include a first
image forming section 132, which is coupled to the volume
data forming section 131. The first image forming section 132
may be configured to form 2-dimensional ultrasound images
based on the volume data set. In one embodiment, the 2-di-
mensional ultrasound images may include 2-dimensional
ultrasound images corresponding to a first frame and a last
frame among the plurality of frames included in the volume
data set and a 2-dimensional ultrasound image corresponding
to a frame perpendicular to the first frame and the last frame.
For example, the perpendicular frame may be a frame corre-
sponding to the B plane. Also, the 2-dimensional ultrasound
image may include 2-dimensional ultrasound images corre-
sponding to the A plane or a 2-dimensional ultrasound image
corresponding to the C plane.

[0029] The processing unit 130 may further include a con-
tour detecting section 133, which is coupled to the first image
forming section 132. The contour detecting section 133 may
be configured to perform contour detection upon the 2-di-
mensional ultrasound images, which have been formed in the
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first image forming section 132, to detect contours of the
target object. In one embodiment, the contour detection may
be carried out by using a contour detection mask, such as the
Sobel mask, the Prewitt mask, the Robert mask, the Canny
mask and the like. Also, the contour detection may be
achieved by using a difference of eigenvalues using a struc-
ture tensor.

[0030] The processing unit 130 may further include a deter-
mining section 134, which is coupled to the contour detecting
section 133. The determining section 134 may be configured
to determine new scan angle, scan depth and scan speed based
on the detected contours in the contour detecting section 133.
An operation of the determining section 134 will be described
later in detail by referring to FIG. 6.

[0031] The processing unit 130 may further include a sec-
ond image forming section 135, which is coupled to the
volume data forming section 131. The second image forming
section 135 may be configured to perform rendering upon the
plurality of volume data sets to form a 4-dimensional ultra-
sound image. The rendering may include ray-casting render-
ing, surface rendering and the like.

[0032] Referring back to FIG. 1, the ultrasound system 100
may further include a storage unit 140, which is coupled to the
processing unit 130. The storage unit 140 may store the vol-
ume data sets and the 4-dimensional ultrasound images.
[0033] The ultrasound system 100 may further include a
display unit 150, which is coupled to the processing unit 150.
The display unit 150 may display the 4-dimensional ultra-
sound images and the 2-dimensional ultrasound images,
which have been formed in the processing unit 130. The
display unit 150 may include at least one ofa cathode ray tube
(CRT)display, aliquid crystal display (LCD), an organic light
emitting diode (OLED) display and the like.

[0034] Hereinafter, a procedure of automatically adjusting
the scan angle, the scan depth and the scan speed will be
described in detail by referring to accompanying drawings.
FIG. 6 is a flowchart showing a procedure of adjusting a scan
angle and a scan depth. Referring to FIG. 6, the ultrasound
data acquisition unit 120 may be configured to transmit ultra-
sound signals into the target object and receive ultrasound
echoes from the target object, thereby acquiring a plurality of
ultrasound data sets corresponding to the respective frames at
step S102. Initially, the ultrasound data acquisition unit 120
may acquires the ultrasound data sets based on a predeter-
mined scan angle and a predetermined scan depth, which may
be determined according to the selected application.

[0035] If the plurality of ultrasound data sets are provided
from the ultrasound data acquisition unit 120, then the vol-
ume data forming section 131 may be configured to form a
volume data set having a plurality of frames based thereon at
step S104. The first image forming section 132 may be con-
figured to determine first and last frames from the volume
data set at step S106, and then form 2-dimensional ultrasound
images corresponding to the first and last frames at step S108.
[0036] The contour detecting section 133 may be config-
ured to perform contour detection upon the 2-dimensional
ultrasound images to detect a contour of a target object at step
S110. The determining section 134 may be configured to
check whether the contour of the target object is detected in
the contour detecting section 133 at step S112. If it is deter-
mined that the contour is not detected, then the determining
section 134 may be configured to decrease the scan angle by
a predetermined angle (e.g., 5 degree) for reset of the scan
angle at step S114. Until the contour of the target object is
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detected in the contour detecting section 133, the above pro-
cess from the step S102 to the step S114 is repeatedly carried
out.

[0037] Ontheotherhand, ifitis determined that the contour
is detected at the step S112, then the first image forming
section 132 may be configured to determine a frame perpen-
dicular to the first and the last frame from the volume data set
at step S116. The first image forming section 132 may be
further configured to form a 2-dimensional ultrasound image
corresponding to the perpendicular frame at step S118. The
contour detecting section 133 may be configured to perform
contour detection upon the 2-dimensional ultrasound image
corresponding to the perpendicular frame to detect a contour
of the target object therefrom at step S120.

[0038] The determining section 134 may be configured to
check connectivity between the contours of the target object
on the 2-dimensional ultrasound images corresponding to the
first and last frames and the 2-dimensional ultrasound image
corresponding to the frame perpendicular to the first and last
frames at step S122. The contour connectivity may be
checked by using well-known methods, such as similarity
calculation and the like, so that detailed explanation thereof
will be omitted herein.

[0039] Ifitis determined that the connectivity exists at step
S122, that is, it is determined that the detected contours cor-
respond to the same object (e.g., fetus), then the determining
section 134 may be configured to check whether the scan
angle can be increased based on a max scan angle range at
step S124. If it is determined that the increase of the scan
angle is allowable, then the determining section 134 may be
configured to increase the scan angle by the predetermined
angle (e.g., 5 degrees) at step S126. On the other hand, if it is
determined that the increase of the scan angle is not allow-
able, the determining section 134 may be further configured
to check whether the scan depth can be increased based on a
depth limit, which may be determined according to the
selected application, at step S128. If it is determined that the
increase of the scan depth is allowable at step S128, then the
determining section 134 may be configured to increase the
scan depth by a predetermined length (e.g., 1 cm) for resetting
the scan depth at step S130.

[0040] On the other hand, if it is determined that there is no
connectivity at step S122, that 1s, it is determined that the
detected contours correspond to different objects (e.g., fetus
and uterine wall), or it is determined that the increase of the
scan depth is not allowable at step S128, then the determining
section 134 may be configured to check whether the contours,
which have been detected from the 2-dimensional ultrasound
image corresponding to the perpendicular frame, exist on the
2-dimensional ultrasound images corresponding to the
respective first and last frames at step S132. Ifit is determined
that the contour exists at step S132, the determining section
134 may be configured to end setting the scan angle and the
scan depth. On the other hand, if it is determined that the
contour does not exists at step S132, the determining section
134 may be configured to decrease the scan angle by the
predetermined angle at step S114.

[0041] FIG. 7isa flow chart showing a procedure of adjust-
ing a scan speed. Referring to FIG. 7, the ultrasound data
acquisition unit 120 may be configured to transmit ultrasound
signals into the target object and receive ultrasound echoes
from the target object, thereby acquiring a plurality of ultra-
sound data sets corresponding to the respective frames at step
S202. In this case, the ultrasound data acquisition unit 120
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acquires the ultrasound data sets based on a predetermined
scan speed, which may be determined according to the
selected application.

[0042] The volume data forming section 131 may be con-
figured to form a volume data set having a plurality of frames
based onthe plurality of ultrasound data sets at step S204. The
first image forming section 132 may be configured to deter-
mine an A plane, a B plane and a C plane from the volume data
set at step S206, and then form 2-dimensional ultrasound
images corresponding to the A, B and C planes at step S208.
[0043] The contour detecting section 133 may be config-
ured to perform contour detection upon the 2-dimensional
ultrasound images to detect contours of a target object at step
S210. The determining section 134 may be configured to
compute variation between a 2-dimensional ultrasound
image included in an N” volume data set and a 2-dimensional
ultrasound image included in an (N+1)” volume data set at
step S210, wherein N is a positive integer equal to or greater
than 1. In one embodiment, the variation may be a difference
of contour areas on the 2-dimensional ultrasound images
corresponding to a plane at an identical location when calcu-
lation of the contour areas is possible or a difference of
contour gradients on the 2-dimensional ultrasound images
corresponding to a plane at an identical location when calcu-
lation of the contour areas is not possible.

[0044] The determining section 134 may be configured to
compare the calculated variation with a predetermined
threshold at step S214. If it is determined that the variation is
equal to or greater than the predetermined threshold, which
means that a motion of the object is relatively fast, at step
S214, then the determining section 134 may be configured to
increase the scan speed at step S216. On the other hand, If it
is determined that the variation is less than the predetermined
threshold, which means that a motion of the object is rela-
tively slow, at step S214, then the determining section 134
may be configured to decrease the scan speed at step S218.
[0045] Although the above embodiment has been described
that the scan speed is adjusted by using the 2-dimensional
ultrasound images corresponding to the respective A, Band C
plane, only one 2-dimensional ultrasound corresponding to
one of the A, B and C planes may be used to adjust the scan
speed in accordance with another embodiment.

[0046] Further, although the above embodiment has been
describe that the scan angle and the scan depth are adjusted
independent on the determination of the scan speed, the scan
angle, the scan depth and the scan speed may be adjusted at
the same time.

[0047] In another embodiment, there is provided a com-
puter-readable storage medium storing instructions that,
when executed by a computer, cause the computer to provide
a method of adjusting a scan angle, a scan depth and a scan
speed in forming an ultrasound image in an ultrasound sys-
tem. The method comprises a) forming a plurality of volume
data sets each having a plurality of frames based on a plurality
of ultrasound frame data sets acquired from a target objet, b)
forming at least two 2-dimensional ultrasound images based
onthe volume data sets, and ¢) detecting contours of the target
object from the 2-dimensional ultrasound images to adjust the
predetermined scan angle, scan depth and scan speed based
on the detected contours.

[0048] 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
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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:

an ultrasound data acquisition unit responsive to predeter-
mined scan angle, scan depth and scan speed, the ultra-
sound data acquisition unit being configured to repeat-
edly transmit an ultrasound signal to a target object and
receive an ultrasound echo reflected from the target
object in sequential manner and form a plurality of ultra-
sound frame data sets based on the receive ultrasound
echo; and

an processing unit configured to form a plurality of volume
data sets each having a plurality of frames based on the
plurality of ultrasound frame data sets and form at least
two 2-dimensional ultrasound images based on the vol-
ume data sets, the processing unit being further config-
ured to detect contours of the target object from the
2-dimensional ultrasound images and adjust the prede-
termined scan angle, scan depth and scan speed based on
the detected contours.

2. The ultrasound system of claim 1, wherein the process-

ing unit includes:

a volume data forming section configured to form the plu-
rality of volume data sets based on the plurality of ultra-
sound frame data sets;

a ultrasound image forming section configured to deter-
mine at least two specific frames from each of the vol-
ume data sets and form the at least two 2-dimensional
ultrasound images corresponding to the at least two spe-
cific frames;

a contour detecting section configured to perform contour
detection upon the 2-dimensional ultrasound images to
detect the contours of the target object; and

a determining section configured to adjust the predeter-
mined scan angle, scan depth and scan speed based on
the detected contours.

3. The ultrasound system of claim 2, wherein the ultra-
sound image forming section is configured to determine first
and last frames from each of the volume data sets and form
2-dimensional ultrasound images corresponding to the first
and last frames.

4. The ultrasound system of claim 3, wherein the determin-
ing section is configured to check whether the contours of the
target object are detected in the contour detecting section and
decrease, when the contours are not detected, the scan angle
by a predetermined angle.

5. The ultrasound system of claim 4, wherein the image
forming section is configured to, when the contours of the
target object are detected in the contour detecting section,
determine a frame perpendicular to the first and last frames
and form a 2-dimensional ultrasound image corresponding to
the perpendicular frame,

wherein the contour detecting section is configured to
detect a contour of the target object from the 2-dimen-
sional ultrasound image corresponding to the perpen-
dicular frame, and
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wherein the determining section is configured to check
connectivity between the contours of the target object on
the 2-dimensional ultrasound images corresponding to
the first and last frames and the 2-dimensional ultra-
sound image corresponding to the perpendicular frame,
and increase, when the connectivity exists, the scan
angle or the scan depth.

6. The ultrasound system of claim 5, wherein the determin-
ing section is configured to check whether the scan angle can
be increased based on a max scan angle range, increase, when
increase of the scan angle is allowable, the scan angle by a
predetermined angle, and increase, when increase of the scan
angle is not allowable, the scan depth by a predetermined
length.

7. The ultrasound system of claim 2, wherein the image
forming section is configured to determine a specific plane
positioned at an identical location in each of the volume data
sets and form a 2-dimensional ultrasound image correspond-
ing to the specific plane.

8. The ultrasound system of claim 7, wherein the determin-
ing section is configured to compute variation between the
2-dimensional ultrasound image included in an N* volume
data set and the 2-dimensional ultrasound image included in
an (N+1)” volume data, wherein N is a positive integer equal
to or greater than 1, the determining section being further
configured to increase, when the variation is equal to or
greater than a threshold, the scan speed and decrease, when
the variation is less than threshold, the scan speed.

9. The ultrasound system of claim 8, wherein the variation
include an area difference or a gradient difference of the
contours.

10. A method of adjusting a scan angle, a scan depth and a
scan speed in forming an ultrasound image in an ultrasound
system, comprising;

a) responsive to predetermined scan angle, scan depth and
scan speed, repeatedly transmitting an ultrasound signal
to a target object and receiving an ultrasound echo
reflected from the target object in sequential manner to
form a plurality of ultrasound frame data sets;

b) forming a plurality of volume data sets each having a
plurality of frames based on the plurality of ultrasound
frame data sets;

¢) forming at least two 2-dimensional ultrasound images
based on the volume data sets; and

d) detecting contours of the target object from the 2-dimen-
sional ultrasound images to adjust the predetermined
scan angle, scan depth and scan speed based on the
detected contours.

11. The method of claim 10, wherein the step c) includes:

determining first and last frames from each of the volume
data sets; and

forming 2-dimensional ultrasound images corresponding
to the first and last frames.

12. The method of claim 11, wherein the step d) includes:

dl) detecting the contours of the target object from the
2-dimensional ultrasound images corresponding to the
first and last frames;
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d2) checking whether the contours are detected at the d1);
and

d3) decreasing, when the contours are not detected, the
scan angle by a predetermined angle.

13. The method of claim 12, when the contours are detected

at d2, further comprising:

e) determining a frame perpendicular to the first and last
frames in the volume data sets;

f) forming a 2-dimensional ultrasound image correspond-
ing to the perpendicular frame;

g) detecting a contour of the target object from the 2-di-
mensional ultrasound image corresponding to the per-
pendicular frame;

h) checking connectivity between the contours of the target
object on the 2-dimensional ultrasound images corre-
sponding to the first and last frames and the 2-dimen-
sional ultrasound image corresponding to the perpen-
dicular frame; and

1) increasing, when the connectivity exists, the scan angle
or the scan depth.

14. The method of claim 13, wherein the step 1) includes:

checking whether the scan angle can be increased based on
amax scan angle range;

increasing, when the increase of the scan angle is allow-
able, the scan angle by a predetermined angle; and

increasing, when the increase of the scan angle is not
allowable, the scan depth by a predetermined length.

15. The method of claim 11, wherein the step c) includes:

determining a specific plane positioned at an identical loca-
tion in each of the volume data sets; and

forming a 2-dimensional ultrasound image corresponding
to the specific plane.

16. The method of claim 15, wherein the step d) includes:

detecting a contour of the target object from the 2-dimen-
sional ultrasound image for each of the volume data sets;

computing variation between the 2-dimensional ultra-
sound image included in an N volume data set and the
2-dimensional ultrasound image included in an (N+1)"
volume data, wherein N is a positive integer equal to or
greater than 1;

comparing the variation with a threshold;

increasing, when the variation is equal to or greater than the
threshold, the scan speed and decreasing, when the
variation is less than threshold, the scan speed.

17. The method of claim 16, where the variation include an

area difference or a gradient difference of the contours.

18. A computer-readable storage medium storing instruc-
tions that, when executed by a computer, cause the computer
to provide a method of adjusting a scan angle, a scan depth
and a scan speed in forming an ultrasound image in an ultra-
sound system, the method comprising:

a) forming a plurality of volume data sets each having a
plurality of frames based on a plurality of ultrasound
frame data sets acquired from a target objet;

b) forming at least two 2-dimensional ultrasound images
based on the volume data sets; and

¢) detecting contours of the target object from the 2-dimen-
sional ultrasound images to adjust the predetermined
scan angle, scan depth and scan speed based on the
detected contours.
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