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There are provided embodiments for measuring an inclina-
tion angle of an ultrasound probe to correct a Doppler angle in
real time. In one embodiment, by way of non-limiting
example, an ultrasound system comprises: an inclination
measuring unit configured to measure an inclination angle of
an ultrasound probe at a predetermined cycle to form mea-
suring information including the inclination angle, wherein
the inclination measuring unit is mounted inside or outside of
the ultrasound probe; and a processing unit configured to
calculate a Doppler angle correction value corresponding to
the inclination angle based on the measuring information and

(51) Imt.ClL calculate a corrected Doppler angle based on the Doppler
A61B 8/00 (2006.01) angle correction value.
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ULTRASOUND SYSTEM AND METHOD FOR
CORRECTING DOPPLER ANGLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thepresent application claims priority from Korean
Patent Application No. 10-2011-0074257 filed on Jul. 26,
2011, 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 an ultrasound system
and a method for measuring an inclination angle of an ultra-
sound probe to correct a Doppler angle in real time.

BACKGROUND

[0003] An ultrasound system is widely used in the medical
applications for acquiring information of inner parts of living
bodies due to its non-invasive and non-destructive nature. The
ultrasound system can provide high dimensional real-time
ultrasound images of the inner parts of the living bodies
without any surgical operation. Thus, the ultrasound system is
very important in medical applications.

[0004] Theultrasound system may transmit ultrasound sig-
nals to the living bodies including target objects (e.g., blood
flows, hearts, etc.) via an ultrasound probe. It may then
receive ultrasound echo signals reflected from the living bod-
ies to thereby provide ultrasound images. Especially, the
ultrasound system may provide Doppler mode images by
using the Doppler effect. In the color Doppler mode images,
velocities of the target objects may be represented by Doppler
spectrums or colors. The Doppler mode images may include
Doppler spectrum images or color Doppler images.

[0005] The ultrasound probe may transmit the ultrasound
signals and receive the echo signals. A front end of the ultra-
sound system may convert the received echo signals into
digital signals. Receive-focused signals may be formed by
receive (Rx) focusing the digital signals. The receive-focused
signals may be bandwidth-converted by using a mixer and
converted into in-phase/quadrature (IQ) signals by using
appropriate decimation. The IQ signals are referred to as
baseband IQ signals.

[0006] The IQ signals are represented as equation 1 pro-
vided below.
Xy =C+F+N O]

wherein “X,,,” denotes the IQ signal, “C” denotes the clutter
signal produced by tissues of the target objects, “F” denotes
the flow signal produced by the blood flow, and “N” denotes
the noise produced by the ultrasound system and outside of
the ultrasound system.

[0007] A user may acquire velocities of the blood flow by
using the ultrasound system. The Doppler formula is used to
calculate the velocities of the blood flow. The Doppler for-
mula is represented as equation 2 provided below.

_ 2 foveosd 2)
- ¢
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wherein “f},” denotes the Doppler frequency, “f,,” denotes an
ultrasound frequency transmitted from the ultrasound probe,
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“v” denotes the velocity of the blood flow, “C” denotes the
velocities of sound, and “8” denotes an angle between a
moving path of the blood flow and a beam direction transmit-
ted from the ultrasound probe. The “6” may be referred to as
the Doppler angle.

[0008] Equation 2 may be reformulated in terms of “v”

(e.g., the velocity of the blood flow) as equation 3 provided
below.

V= p ()
~ 2fycost

[0009] Inequation 3, the Doppler angle “0” is an important
variable for determining the velocities of the blood flow.

[0010] Conventionally, the user sets the Doppler angle by
using a sample-volume angle setting function in the ultra-
sound system. That is, the user inputs the angle between the
moving path of the blood flow and the beam direction trans-
mitted from the ultrasound probe. As a result, there is a
disadvantage since it is required to frequently set the sample-
volume angle during observation to adjust a difference of the
angle between the moving path of the blood flow and the
beam direction transmitted from the ultrasound probe,
wherein the difference of the angle is caused by tilting of the
ultrasound probe.

SUMMARY

[0011] There is provided an embodiment for measuring an
inclination angle of an ultrasound probe by using an inclina-
tion measuring unit mounted inside or outside of the ultra-
sound probe and correcting a Doppler angle based on the
inclination angle in real time.

[0012] In one embodiment, by way of non-limiting
example, an ultrasound system may include: an inclination
measuring unit configured to measure an inclination angle of
an ultrasound probe at a predetermined cycle to form mea-
suring information including the inclination angle, wherein
the inclination measuring unit is mounted inside or outside of
the ultrasound probe; and a processing unit configured to
calculate a Doppler angle correction value corresponding to
the inclination angle based on the measuring information and
calculate a corrected Doppler angle based on the Doppler
angle correction value.

[0013] In another embodiment, a method of correcting a
Doppler angle may comprise: measuring an inclination angle
of an ultrasound probe at a predetermined cycle to form
measuring information including the probe angle; calculating
a Doppler angle correction value corresponding to the incli-
nation angle based on the measuring information; and calcu-
lating a corrected Doppler angle based on the Doppler angle
correction value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0015] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit.

[0016] FIG. 3 is a flow chart showing a process of correct-
ing a Doppler angle to form a Doppler mode image.
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DETAILED DESCRIPTION

[0017] This detailed description is provided with reference
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.

[0018] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system 100. The ultrasound
system 100 may include a user interface 110, an ultrasound
data acquisition unit 120, a processor 130, a memory 140 and
a display unit 150.

[0019] The userinterface 110 may be configured to receive
input information from a user. In one embodiment, the input
information may include information for setting a region of
interest on the B-mode image. The region of interest may
include a sample volume for acquiring Doppler spectrum
images or a color box for acquiring color Doppler images.
However, it should be noted herein that the region of interest
may not be limited thereto.

[0020] The ultrasound data acquisition unit 120 may be
configured to transmit ultrasound signals to a living body. The
living body may include target objects (e.g., blood flows,
hearts, vascular, etc.). The ultrasound data acquisition unit
120 may be further configured to receive ultrasound signals
(i.e., ultrasound echo signals) reflected from the living body
to acquire ultrasound data.

[0021] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit 120.
Referring to FIG. 2, the ultrasound data acquisition unit 120
may include an ultrasound probe 121, a transmitting section
122, a receiving section 123, an ultrasound data forming
section 124 and an inclination measuring section 125.
[0022] Theultrasound probe 121 may include a plurality of
transducer elements (not shown) for reciprocally converting
between electrical signals and the ultrasound signals. The
ultrasound probe 121 may be configured to transmit the ultra-
sound signals to the living body and receive the ultrasound
echo signals reflected from the living body to output electrical
signals (hereinafter, referred to as “reception signals™). The
reception signals may be analog signals.

[0023] The transmitting section 122 may be configured to
control the transmission of the ultrasound signals. The trans-
mitting section 122 may be configured to generate electrical
signals (hereinafter, referred to as “transmission signals”) for
acquiring an ultrasound image in consideration of transducer
elements and focal points.

[0024] In one embodiment, the transmitting section 122
may be configured to generate first transmission signals for
acquiring a B-mode image in consideration of the transducer
elements and the focal points. Thus, the ultrasound probe 121
may be configured to convert the first transmission signals
provided from the transmitting section 122 into the ultra-
sound signals, transmit the ultrasound signals to the living
body, and receive the ultrasound echo signals reflected from
the living body to output first reception signals. The transmit-
ting section 122 may be further configured to generate second
transmission signals for acquiring a Doppler mode image
corresponding to the region of interest in consideration the
transducer elements and the focal points. Thus, the ultrasound
probe 121 may be configured to convert the second transmis-
sion signals provided from the transmitting section 122 into
the ultrasound signals, transmit the ultrasound signals to the
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living body, and receive the ultrasound echo signals reflected
from the living body to output second reception signals.
[0025] The receiving section 123 may be configured to
perform an analog-digital conversion upon the reception sig-
nals provided from the ultrasound probe 121 to form digital
signals. The receiving section 123 may be further configured
to perform a reception beam-forming upon the digital signals
in consideration of the transducer elements and the focal
points to form reception-focused signals.

[0026] In one embodiment, the receiving section 123 may
be configured to perform the analog-digital conversion upon
the first reception signals provided from the ultrasound probe
121 to form first digital signals. The receiving section 123
may be further configured to perform the reception beam-
forming upon the first digital signals in consideration of the
transducer elements and the focal points to form first recep-
tion-focused signals. The receiving section 123 may be also
configured to perform the analog-digital conversion upon the
second reception signals provided from the ultrasound probe
121 to form second digital signals. The receiving section 123
may be additionally configured to perform the reception
beam-forming upon the second digital signals in consider-
ation of the transducer elements and the focal points to form
second reception-focused signals.

[0027] The ultrasound data forming section 124 may be
configured to form ultrasound data based on the reception-
focused signals provided from the receiving section 123. The
ultrasound data forming section 124 may be further config-
ured to perform a signal process (e.g., gain control, etc) upon
the reception-focused signals.

[0028] In one embodiment, the ultrasound data forming
section 124 may be configured to form first ultrasound data
corresponding to the B-mode image based on the first recep-
tion-focused signals provided from the receiving section 123.
The first ultrasound data may include radio frequency data.
However, it should be noted herein that the first ultrasound
data may not be limited thereto. The ultrasound data forming
section 124 may be further configured to form second ultra-
sound data corresponding to the region of interest (i.e., Dop-
pler mode image) based on the second reception-focused
signals provided from the receiving section 123.

[0029] The inclination measuring section 125 may be con-
figured to measure an inclination angle of the ultrasound
probe 121 (hereafter, referred to as a “probe angle”) at a
predetermined cycle to thereby form measuring information
including the probe angle. The predetermined cycle may rep-
resent a cycle for performing Doppler calculation, i.e., calcu-
lation of the blood flow velocities. However, it should be
noted herein that the predetermined cycle may not be limited
thereto. The inclination measuring section 125 may be
mounted inside or outside of the ultrasound probe 121. How-
ever, it should be noted herein that the inclination measuring
section 125 may not be limited thereto. The inclination mea-
suring section 125 may be connected to the processor 130 in
a wired or wireless manner. Any apparatus, which can mea-
sure the inclination angle of the ultrasound probe 121, may be
adopted as the inclination measuring section 125. For
example, the inclination measuring section 125 may include
a gyroscope, an accelerometer and the like.

[0030] In one embodiment, the inclination measuring sec-
tion 125 may be configured to start the measurement of the
inclination angle of the ultrasound probe 121 according to the
Doppler angle correction start under the control of the pro-
cessor 130 to form first measuring information. Then, the
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inclination measuring section 125 may be configured to mea-
sure the inclination angle of the ultrasound probe 121 at the
predetermined cycle to form second measuring information,
third measuring information, . . . n measuring information.
Furthermore, the inclination measuring section 125 may be
configured to end the measurement of the inclination angle of
the ultrasound probe 121 according to the Doppler angle
correction end under the control of the processor 130.
[0031] In another embodiment, the inclination measuring
section 125 may be configured to measure the inclination
angle of the ultrasound probe 121 when the ultrasound probe
121 is operated (i.e., ultrasound probe 121 is activated) to
form the measuring information. Furthermore, the inclination
measuring section 125 may be configured to end the measure-
ment of the inclination angle of the ultrasound probe 121
when the ultrasound probe 121 is not operated (i.e., ultra-
sound probe 121 is deactivated).

[0032] Referring back to FIG. 1, the processor 130 may be
configured to form the ultrasound image based on the ultra-
sound data provided from the ultrasound data acquisition unit
120. The processor 130 may include a central processing unit,
a microprocessor, a graphic processing unit and the like.
[0033] FIG. 3 is a flow chart showing a process of correct-
ing a Doppler angle to form a Doppler mode image. The
processor 130 may be configured to form the B-mode image
based on the first ultrasound data provided from the ultra-
sound data acquisition unit 120 at step S302 in FIG. 3. The
B-mode image may be displayed on the display unit 150.
Thus, the user may set the region of interest on the B-mode
image by using the user interface 110.

[0034] The processor may be configured to set the region of
interest on the B-mode image based on the input information
provided from the user interface 110 at step S304. Thus, the
ultrasound data acquisition unit 120 may be configured to
transmit the ultrasound signals to the living body and receive
the ultrasound echo signals reflected from the living body to
acquire the second ultrasound data corresponding to the
region of interest.

[0035] The processor 130 may be configured to calculate a
Doppler angle correction value based on the measurement
information provided form the inclination measuring section
125 at step 8306 in FIG. 3.

[0036] In one embodiment, the processor 130 may calcu-
latethe Doppler angle correction value by using the following
equation:

A=, ~0o 4
[0037] wherein ¢, represents the probe angle (hereinafter,
referred to as “n” probe angle”) of the ultrasound probe 121
atapresent cycle (i.e.,n” cycle), ¢, represents an initial probe
angle of the ultrasound probe 121, and A¢, represents the
Doppler angle correction value at the present cycle (i.e., angle
variation between initial probe angle ¢, and n” probe angle
¢,). The initial probe angle may represent the inclination
angle, which is initially measured by the inclination measur-
ing section 125, when the second ultrasound data are
acquired. However, it should be noted herein that the initial
probe angle may not be limited thereto.

[0038] In another embodiment, the processor 130 may be
configured to calculate the Doppler angle correction value as
equation 5 provided below.

AQy -0y ®

[0039] Inequation5, ¢, represents the n™ probe angle of the
ultrasound probe 121, A¢, ; represents the Doppler angle
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correction value (hereinafter, referred to as “(n-1)" Doppler
angle correction value”) at a previous cycle (ie., (n-1)"
cycle), and A¢, represents the Doppler angle correction value
at the present cycle (i.e., angle variation between n” probe
angle ¢, and (n-1)" Doppler angle correction value A9,,_,).
[0040] The processor 130 may be configured to calculate a
corrected Doppler angle based on the Doppler angle correc-
tion value at step S308 in FIG. 3.

[0041] In one embodiment, the processor 130 may be con-
figured to calculate the corrected Doppler angle as equation 6
provided below.

0 =0 +AP, (6

[0042] In equation 6, 8", represents the corrected Doppler
angle at the present cycle, and 0, represents an initial Doppler
angle. The initial Doppler angle 6, may represent a Doppler
angle that is initially set by the user or the ultrasound system.
[0043] 1In another embodiment, the processor 130 may be
configured to calculate the corrected Doppler angle as equa-
tion 7 provided below.

0',=0', | +Ad, ™

[0044] Inequation7,0',_, represents the corrected Doppler
angle at the previous cycle.

[0045] The processor 130 may be configured to calculate
blood flow information (e.g., velocity of blood flow) at step
S310 in FIG. 3. That is, the processor 130 may be configured
to calculate the velocity of the blood flow v by applying the
corrected Doppler angle 0', to equation 3.

V= CfD ®)
" 2fycost,

[0046] The processor 130 may be configured to form the
Doppler mode image based on the blood flow information
(e.g., velocity of blood flow) at step S312 in FIG. 4. The
methods of forming the Doppler mode image are well known
in the art. Thus, they have not been described in detail so as
not to unnecessarily obscure the present disclosure.

[0047] Optionally, the processor 130 may be configured to
control the start and end of measuring the probe angle accord-
ing to the Doppler angle correction start and the Doppler
angle correction end by the user. Furthermore, the processor
130 may be configured to control the start and end of mea-
suring the probe angle according to the start and end of
acquiring of the second ultrasound data.

[0048] Referringback to FIG. 1, the memory 140 may store
the ultrasound data acquired by the ultrasound data acquisi-
tion unit 120. The memory 140 may further store the Doppler
angle calculated by the processor 130. The memory 140 may
also store the Doppler angle correction value calculated by
the processor 130.

[0049] The display unit 150 may be configured to display
the B-mode image formed by the processor 130. The display
unit 150 may be further configured to display the Doppler
mode image formed by the processor 130. The display unit
150 may include a cathode ray tube (CRT) display, a liquid
crystal display (LCD), an organic light emit diode (OLED)
display and the like.

[0050] Any reference in this specification to “one embodi-
ment,” > “example embodiment.” “illustra-

EENT]

an embodiment,
tive embodiment,” etc. means that a particular feature, struc-
ture or characteristic described in connection with the
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embodiment is included in at least one embodiment of the
present invention. The appearances of such phrases in various
places in the specification are not necessarily all referring to
the same embodiment. Further, when a particular feature,
structure or characteristic is described in connection with any
embodiment, it is submitted that it is within the purview of
one skilled in the art to affect such feature, structure or char-
acteristic in connection with other embodiments.

[0051] 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:

an inclination measuring unit configured to measure an

inclination angle of an ultrasound probe at a predeter-
mined cycle to form measuring information including
the inclination angle, wherein the inclination measuring
unit is mounted inside or outside of the ultrasound
probe; and

a processing unit configured to calculate a Doppler angle

correction value corresponding to the inclination angle
based on the measuring information and calculate a cor-
rected Doppler angle based on the Doppler angle cor-
rection value.

2. The ultrasound system of claim 1, wherein the processor
is configured to calculate an angle variation between an initial
inclination angle of the ultrasound probe and an inclination
angle of the ultrasound probe at a preset cycle as the Doppler
angle correction value based on the measuring information.

3. The ultrasound system of claim 2, wherein the processor
is configured to calculate the corrected Doppler angle based
on the Doppler angle correction value at the present cycle and
an initial Doppler angle.
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4. The ultrasound system of claim 1, wherein the processor
is configured to calculate an angle variation between an incli-
nation angle of the ultrasound probe at a present cycle and the
an inclination angle of the ultrasound probe at a previous
cycle as the Doppler angle correction value based on the
measuring information.

5. The ultrasound system of claim 4, wherein the processor
1s configured to calculate the corrected Doppler angle based
on the Doppler angle correction value at the present cycle and
the corrected Doppler angle at the previous cycle.

6. A method of correcting a Doppler angle, comprising:

a) measuring an inclination angle of an ultrasound probe at
a predetermined cycle to form measuring information
including the inclination angle;

b) calculating a Doppler angle correction value corre-
sponding to the inclination angle based on the measuring
information; and

¢) calculating a corrected Doppler angle based on the Dop-
pler angle correction value.

7. The method of claim 6, wherein step b) comprises:

calculating an angle variation between an inclination angle
of the ultrasound probe at a present cycle and an incli-
nation angle of the ultrasound probe at a previous cycle
as the Doppler angle correction value based on the mea-
suring information.

8. The method of claim 7, wherein step ¢) comprises:

calculating the corrected Doppler angle based on the Dop-
pler angle correction value at the present cycle and an
initial Doppler angle.

9. The method of claim 6, wherein step b) comprises:

calculating an angle variation between an inclination angle
of the ultrasound probe at a present cycle and an incli-
nation angle of the ultrasound probe at a previous cycle
as the Doppler angle correction value based on the mea-
suring information.

10. The method of claim 9, wherein step ¢) comprises:

calculating the corrected Doppler angle based on the Dop-
pler angle correction value at the present cycle and the
corrected Doppler angle at the previous cycle.
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