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ULTRASOUND SYSTEM AND METHOD OF
PROVIDING COLOR M MODE IMAGE AND
BRIGHTNESS M MODE IMAGE

[0001] Thepresent application claims priority from Korean
Patent Application No. 10-2009-29678 filed on Apr. 7, 2009,
the entire subject matter of which is incorporated herein by
reference.

TECHNICAL FIELD

[0002] The present disclosure relates to ultrasound sys-
tems, and more particularly to an ultrasound system and a
method of providing a color M mode image and a brightness
M mode image corresponding to an M line set on a color
Doppler mode image and a B mode (brightness mode) image.

BACKGROUND

[0003] An ultrasound system has been extensively used for
acquiring internal information of a target object due to its
non-invasive and non-destructive nature. Since the ultrasound
system may provide a high resolution image in real-time
without any surgical treatment, it has proven to be very help-
ful in the medical profession.

[0004] Generally, the ultrasound system provides B mode
(brightness mode) that shows a reflection coefficient of a
ultrasound signal reflected from a target object in a 2-dimen-
sional image, doppler mode showing an image of a moving
target object using doppler effect, motion mode (M mode)
showing a change of biometric information (e.g., brightness
information) over time of a target object in a particular part of
a B mode image, and elastic mode showing a difference of
reaction between a target object with and without compres-
sion in an image.

[0005]  Also, the ultrasound system sets an M line on the B
mode image and the color doppler mode image, and provides
the color M mode image and the brightness M mode image
corresponding to the M line. The color M mode image may
show how the blood flow changes over time on the M line.
Typically, the M mode acquires ultrasound data within a
particular time interval (i.e., sweep period) and displays an M
mode image formed from the acquired ultrasound data. The
sweep speed of the color M mode is commonly used in a
range of 60 to 360 Hz, which is not sufficient from the point
of the time resolution. In the brightness M mode, assuming
that the velocity of sound is 1540 m/s and the depthis 15 cm,
the time required to acquire the ultrasound data correspond-
ing to one scan line is very short, i.e., approximately 200 us,
when the pulse repetition frequency (PRF) of the ultrasound
is 5 KHz. Thus, the problem of the time resolution does not
occur. In other words, the brightness M mode has no problem
in acquiring the ultrasound data corresponding to one scan
line. The color M mode acquires a plurality of ultrasound data
on one scan line by repeatedly transmitting and receiving an
ultrasound signal as many times as an average number of the
data acquisition (an ensemble number) in the same direction.
An ultrasound data acquisition period for acquiring ultra-
sound data of color M mode is inversely proportional to the
sweep speed. For example, if the ultrasound data acquisition
frequency (the PRF for radiating the ultrasound) is 2 kHz and
the average number of the data acquisition is 12, then the time
for forming the color M mode image according to one scan
line is 6000 ps=500 ps (the ultrasound data acquisition fre-
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quency (2 kHz))x12 (the average number). In such a case, the
sweep speed should be less than 160 Hz (Y6000 us). With this
low speed, it is difficult to provide continuous color M mode.
Also, as the average number is reduced to increase the sweep
speed, the ultrasound data for forming the color M mode
image should be reduced. This also degrades the quality of the
color M mode image.

SUMMARY

[0006] Embodiments of anultrasound system and a method
adapted to provide a color M mode image and a brightness M
mode image with high quality based on an average number
(an ensemble number) and a sweep period for acquiring the
color M mode image are disclosed herein. In one embodi-
ment, by way of non-limiting example, the ultrasound sys-
tem, comprises: an ultrasound data acquisition unit config-
ured to perform a first operation for providing a first piece of
ultrasound data for a color M mode image and a second
operation for providing a second piece of ultrasound data for
a brightness M mode image; a control unit configured to
control the ultrasound data acquisition unit to perform the
first operation by an average number of times and the second
operation one or more times in a selective pattern within a
predetermined sweep period to respectively accumulate the
first pieces of ultrasound data and the second pieces of ultra-
sound data provided from the ultrasound data acquisition
unit; and an image processor configured to form the color M
mode image based on the accumulated first pieces of ultra-
sound data and to form the brightness M mode image based
on the accumulated second pieces of ultrasound data.

[0007] In another embodiment, a method of providing a
color M mode image and a brightness M mode image com-
prises: a) calculating a time period that is expected to perform
first and second operations once respectively at an ultrasound
data acquisition unit, a first piece of ultrasound data relating
to the color M mode image being provided by the first opera-
tion and a second piece of ultrasound data relating to the
brightness M mode image being provided by the second
operation; b) determining an acquisition pattern defining an
order of performing the first and second operations based on
the calculated time period, a sweep period and an average
number; ¢) performing the first operation by the average
number of times and the second operation one or more times
according to the acquisition pattern within the sweep period
at the ultrasound data acquisition unit; d) forming the color M
mode image based on the first pieces of ultrasound data; and
e) forming the brightness M mode image based on the second
pieces of ultrasound data.

[0008] The 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 mat-
ter, noris it intended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0010] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit.

[0011] FIG. 3 is a block diagram showing an illustrative
embodiment of an image processor.
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[0012] FIG. 4 shows an example of an M line set on a B
mode image and color doppler mode image.

[0013] FIGS. 5 and FIG. 6 show an example of acquiring
first pieces of ultrasound data and second pieces of ultrasound
data.

[0014] FIGS.7 and 8 show an example of the first pieces of
ultrasound data and the second pieces of ultrasound data
stored in a storage unit.

[0015] FIG. 9 shows an example of third pieces of ultra-
sound data obtained through interpolation of the first pieces
of ultrasound data.

DETAILED DESCRIPTION

[0016] A detailed description may be provided with refer-
ence to the accompanying drawings.

[0017] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system 100. The ultrasound
system 100 comprises a user input unit 110, an M line setting
unit 120, a control unit 130, an ultrasound data acquisition
unit 140, a storage unit 150, an image processor 160 and a
display unit 170.

[0018] The user input unit 110 may be implemented as a
control panel, a mouse, a keyboard, etc., to allow a user to
input M line setting information. The M line setting informa-
tion may comprise location information of the M line 440 set
ona B mode (brightness mode) image 410 and a color doppler
mode image 420, as illustrated in FIG. 4. The reference num-
ber 430 represents an area of interest for acquiring the color
doppler mode image 420 in FIG. 4.

[0019] The M line setting unit 120 may be configured to set
the M line 440 on the B mode (brightness mode) image 410
and the color doppler mode image 420 according to the M line
setting information provided by the user input unit 110, as
illustrated in FIG. 4. Although in the aforementioned embodi-
ment, the M line setting unit 120 has been explained as setting
the M line on the B mode image and the color doppler mode
image according to the M line setting information provided
by the user input unit 110, the present invention is certainly
not limited thereto. [n another embodiment, the M line setting
unit 120 may be configured to set the M line on the B mode
image and the color doppler mode image according to a
predetermined M line setting information.

[0020] The control unit 130 may be operable to control
acquisition of an ultrasound data according to a sweep speed,
a sweep period, an average number, an ultrasound data acqui-
sition period and an ultrasound data acquisition time. The
sweep period is a time period of displaying an ultrasound
image and the sweep speed is the end point of every sweep
period. The ultrasound data acquisition period is a time period
of providing a first piece of ultrasound data. In one embodi-
ment, the ultrasound data acquisition period is equal to the
sweep period divided by the average number. In one embodi-
ment, the first piece of ultrasound data may include ultra-
sound data for acquiring a color motion mode (CM mode)
image corresponding to the M line. The ultrasound data
acquisition time includes a time period expected for provid-
ing the first piece of ultrasound data (hereinafter referred to as
first time) and a time period expected for providing a second
piece of ultrasound data (hereinafter referred to as second
time). In one embodiment, the second piece of ultrasound
datamay include ultrasound data for acquiring a brightness M
mode (BM mode) image corresponding to the M line. In one
embodiment, the control unit 130 may calculate an aggregate
time (T,+T,) by adding the first time (T,) to the second time
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(T,), as illustrated in FIG. 5 and FIG. 6. The control unit 130
may compare the aggregate time (T, +7T,) with the ultrasound
data acquisition period (T ;). If the aggregate time (T, +T5)
is less than the ultrasound data acquisition period (T -, ), then
the control unit 130 may control the first piece of ultrasound
data (CM) and the second piece of ultrasound data (BM) to be
provided alternately, as illustrated in FIG. 5. If the aggregate
time (T,+7T,) is equal to or greater than the ultrasound data
acquisition period (T ,,), then the control unit 130 may con-
trol the first pieces of ultrasound data (CM) to be provided by
the average number and then the second piece of ultrasound
data (BM) to be provided once at the sweep speed (SP), as
illustrated in FIG. 6.

[0021] Further, the control unit 130 may operate to control
the setting of the M line and storage of the ultrasound data.
Additionally, the control unit 130 may operate to control
formation and display of the CM mode image and the BM
mode image according to the ultrasound acquisition period
and the ultrasound acquisition time.

[0022] The ultrasound acquisition unit 140 may be oper-
able to transmit an ultrasound signal to a target object, receive
the ultrasound signal reflected from the target object (i.e.,
ultrasound echo signal), and provide the ultrasound data
according to the control unit 130.

[0023] FIG. 2 is a block diagram showing an illustrative
embodiment of the ultrasound data acquisition unit 140. The
ultrasound data acquisition unit 140 may include a transmit
signal forming unit 210, a ultrasound probe 220 including a
plurality of transducer elements, a beam former 230 and a
ultrasound data forming unit 240.

[0024] The transmit signal forming unit 210 may be oper-
able to form a transmit signal to be applied to each of the
transducer elements of the ultrasound probe 220. By way of a
non-limiting example, the positions and focusing points of
the transducer elements may be considered in forming the
transmit signal. In one embodiment, the transmit signal may
include a first transmit signal for acquiring the CM mode
image and a second transmit signal for acquiring the BM
mode image.

[0025] The ultrasound probe 220 may operate to convert
the transmit signal provided by the transmit signal forming
unit 210 into an ultrasound signal and transmit it to the target
object. The ultrasound probe 220 may further operate to
receive the ultrasound echo signal reflected from the target
object and form a receive signal. In one embodiment, when
the first transmit signal is provided by the transmit signal
forming unit 210, the ultrasound probe 220 may operate to
convert the first transmit signal into an ultrasound signal,
transmit it to the target object, receive the ultrasound echo
signal reflected from the target object and form a first receive
signal. In one embodiment, when the second transmit signal
is provided by the transmit signal forming unit 210, the ultra-
sound probe 220 may operate to convert the second transmit
signal into an ultrasound signal, transmit it to the target
object, receive the ultrasound echo signal reflected from the
target object and form a second receive signal.

[0026] In one embodiment, the beam former 230 may be
configured to form a first digital signal through analog-to-
digital conversion of the first receive signal when the first
receive signal is provided by the ultrasound probe 220. The
beam former 230 may perform receive-focusing upon the first
digital signal in consideration of the positions and focusing
points of the transducer elements of the ultrasound probe 220,
and form a first receive-focused signal thereby. In one
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embodiment, the beam former 230 may form a second digital
signal through analog-to-digital conversion of the second
receive signal when the second receive signal is provided by
the ultrasound probe 220. The beam former 230 may perform
receive-focusing upon the second digital signal in consider-
ation of the positions and focusing points of the transducer
elements of the ultrasound probe 220, and form a second
receive-focused signal thereby.

[0027] In one embodiment, the ultrasound data forming
unit 240 may be configured to form the first piece of ultra-
sound data using the first receive-focused signal when the first
receive-focused signal is provided by the beam former 230. In
one embodiment, the ultrasound data forming unit 240 may
be configured to form the second piece of ultrasound data
using the second receive-focused signal when the second
receive-focused signal is provided by the beam former 230.
Further, the ultrasound data forming unit 240 may perform
various signal processing (e.g., gain adjustment, filtering) to
the first and second receive-focused signal for forming the
ultrasound data.

[0028] Referring back to FIG. 1, the storage unit 150 may
be configured to store the first and second pieces of ultrasound
data provided by the ultrasound data acquisition unit 140
according to the control unit 130. In one embodiment, the
storage unit 150 may be configured to store the first pieces of
ultrasound data (CM) and the second pieces of ultrasound
data (BM) in the order of being provided from the ultrasound
data acquisition unit 140 according to the control unit 130, as
illustrated in FIG. 7. In another embodiment, the storage unit
150 may be configured to store the first pieces of ultrasound
data (CM) and the second pieces of ultrasound data (BM) in
the order of being provided from the ultrasound data acqui-
sition unit 140 according to the control unit 130, as illustrated
in FIG. 8.

[0029] Although in the aforementioned embodiment, the
storage unit 150 has been explained as storing the first pieces
of ultrasound data and the second pieces of ultrasound data,
the present invention is certainly not limited thereto. In
another embodiment, the storage unit 150 may include a first
storage unit (not shown) for storing the first pieces of ultra-
sound data and a second storage unit (not shown) for storing
the second pieces of ultrasound data.

[0030] Theimage processor 160 may be operable to extract
the first pieces of ultrasound data and the second pieces of
ultrasound data in consideration of the sweep speed, the aver-
age number, the ultrasound data acquisition period and the
ultrasound data acquisition time according to the control unit
130. Theimage processor 160 may further operate to form the
CM mode image and the BM mode image based on the
extracted first and second pieces of ultrasound data.

[0031] FIG. 3 is a block diagram showing an illustrative
embodiment of the image processor 160. The image proces-
sor 160 may include a determination unit 310, an extraction
unit 320, a CM mode image forming unit 330 and a BM mode
image forming unit 340.

[0032] The determination unit 310 may be configured to
form a determination result using the sweep speed, the aver-
age number, the ultrasound data acquisition period and the
ultrasound data acquisition time. In one embodiment, the
determination unit 310 may be configured to form first deter-
mination information if the ultrasound data acquisition time,
which is the aggregate time (T, +T,) calculated by adding the
first time to the second time, is less than the ultrasound data
acquisition period (T,,), as illustrated in FIG. 5. In one
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embodiment, the determination unit 310 may be configured to
form second determination information if the aggregate time
(T,+T,) calculated by adding the first time to the second time
is equal to or more than the ultrasound data acquisition period
(T4, as illustrated in FIG. 6.

[0033] Theextraction unit 320 may be configured to extract
the first pieces of ultrasound data and the second pieces of
ultrasound data based on the sweep speed when the first
determination information is provided by the determination
unit 310. In one embodiment, the extraction unit 320 may be
configured to extract a predetermined number (e.g., 12) of the
first pieces of ultrasound data (CM, ;-CM,,) starting at the first
piece of ultrasound data (CM ), which is lastly stored during
the sweep period, from the storage unit 150, as illustrated in
FIG. 7. The extraction unit 320 may further operate to extract
the second piece of ultrasound data (BM, ), which is lastly
stored during the sweep period, from the storage unit 150. In
another embodiment, the extraction unit 320 may be config-
ured to extract a predetermined number (e.g., 12) of the first
pieces of ultrasound data (CM,4-CM,) starting at the first
piece of ultrasound data (CM ), which is lastly stored during
the sweep period, from the storage unit 150, as illustrated in
FIG. 7. The extraction unit 320 may further operate to extract
a predetermined number (e.g., 12) of the second pieces of
ultrasound data (BM, .-BM.,) starting at the second piece of
ultrasound data (BM, ), which is lastly stored during the
sweep period, from the storage unit 150, as illustrated in FIG.
7.

[0034] Theextraction unit 320 may be configured to extract
a predetermined number of the first pieces of ultrasound data
and the second pieces of ultrasound data accumulated during
the sweep period from the storage unit 150 when the second
determination information is provided by the determination
unit 310. In one embodiment, the extraction unit 320 may be
configured to extract a predetermined number (e.g., 12) of the
ultrasound data (i.e., ten of the first pieces of ultrasound data
(CM,¢-CM,) and two of the second pieces of ultrasound data
(BM,, BM,) starting at the second piece of ultrasound data
(BM,), which is lastly stored during the sweep period, from
the storage unit 150, as illustrated in FIG. 8.

[0035] The CM mode image forming unit 330 may operate
to form the CM mode image based on the first pieces of
ultrasound data extracted by the extraction unit 320. In one
embodiment, when the first pieces of ultrasound data (CM ;-
CM,) extracted by the extraction unit 320 are provided, the
CM mode image forming unit 330 may operate to calculate
mean power, mean velocity and variance corresponding to the
CM mode image based on the first pieces of ultrasound data
(CM,4-CM,) and form the CM mode image using the calcu-
lated mean power (P), mean velocity (v) and variance (c%). By
way of a non-limiting example, mean power, mean velocity
and variance may be calculated according to the following
equation (1).

1[Nt 8]
P=R[0]= N[ 2, x[n)x[n] ]
=
R[l]= N—‘n:() x[n]"x[n+1]
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-continued
[RIL]

—1-==

R[0]

[0036] In equation 1, R[0] denotes 0” order autocorrela-
tion, R[1] denotes 17 order autocorrelation, “N” denotes the
average number, x[n] denotes the input signal (e.g., CM 5-
CM,), x[n]* denotes the complex conjugate number of the
input signal, Im( ) denotes an imaginary part of a complex
number, and Re( )denotes a real part of the complex number.
[0037] In another embodiment, when the first pieces of
ultrasound data (CM, ,-CM,) extracted by the extraction unit
320 are provided, the CM mode image forming unit 330 may
operate to calculate mean power, mean velocity and variance
corresponding to the CM mode image using the first pieces of
ultrasound data (CM, ;--CM.,), and form the CM mode image
using the calculated mean power, mean velocity and variance.
By way of a non-limiting example, mean power (P), mean
velocity (v) and variance (0%) may be calculated according to
the following equation (2).

1 (v N-1 2)
P=R[0] = ﬂ[z x[nlx[n]" + x[n]x[n}*]
= n=M+K

v = tan” (Im(R[1])/Re(R1]))/

1 M-2 N-2
R[l] = v _K_l[n:0 x[n]"xn+1] +n:M+K x[n]"x[n + 1]
R0
R[0]

[0038] In equation 2, “M” denotes the order in which the
ultrasound data were not provided at the sweep speed, “K”
denotes the number of the ultrasound data which were not
provided at the sweep speed.

[0039] Inyet another embodiment, when the first pieces of
ultrasound data (CM, ,-CM,,) extracted by the extraction unit
320 are provided, the CM mode image forming unit 330 may
operate to obtain third pieces of ultrasound data (CMy' and
CM, "), which were not provided at the sweep speed, with the
use of interpolation of the first pieces of ultrasound data
(CM, -CM,) as illustrated in FIG. 9. The CM mode image
forming unit 330 may further operate to calculate an error
comparing the first pieces of ultrasound data (CM, ;-CM,,)
extracted by the extraction unit 320 with the third pieces of
ultrasound data (CMg' and CM, ") obtained by using the
interpolation. If the calculated error is less than a predeter-
mined threshold, then the CM mode image forming unit 330
may operate to calculate mean power, mean velocity and
variance using the first pieces of ultrasound data (CM, .-CM.,)
extracted by the extraction unit 320 and the third pieces of
ultrasound data (CMg' and CM, ") obtained by using the
interpolation, and form the CM mode image using the calcu-
lated mean power, mean velocity and variance. Assuming that
the number of third pieces of ultrasound data obtained by
using theinterpolationis K, the third pieces ofultrasound data
obtained by using the interpolation are located at M, M+1,
and the total number of the first and third pieces of ultrasound
data is N. Under the above conditions, mean power (P,,,.,),
mean velocity (v,,,,,) and variance (0°,,,,;) may be calculated
according to the following equation (3).
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1 (Ml N-1 3)
m[z x[r]x[n]" + Z x[n]x[n]*]+

n=| n=M+K
Proral = R[O]xoral = ! Ml
— x[rlx[n]”
A2 ]
1 M-2 -2
m[z X[l + 1]+ Z X[l x[n + 1]] +
n=0 n=M+K
R[l]rolal = i MK
— Z *[al xn + 1]
Kn:M—l

tan ! (IR sret) / RE(R[Lsonet))

Viotal = -
Rl
Tt =1 = RI0] o
1 M+1
Pip = R[0),p = E[Z x[n]x[n]*]
n=M
1 N+K
Rlllp= D, sllsln+1]
n=M-1
tan™ (Im(R[1];5) /Re(R[1];)
vip = -
IR
op=1- i

[0040] In equation (3), P, v, and 0, respectively rep-
resent mean power, mean velocity and variance, which are
calculated from the third pieces of ultrasound data (CM' and
CM, ;) obtained by using the interpolation, R[0],» denotes 0%
order autocorrelation, which is calculated from the third
pieces of ultrasound data (CMy' and CM, (), RP[ 1], denotes
1% order autocorrelation, which is calculated from the third
pieces of ultrasound data (CM' and CM, 4").

[0041] If the calculated error is more than the predeter-
mined threshold, then the CM mode image forming unit 330
may operate to calculate mean power, mean velocity and
variance only using the first pieces of ultrasound data (CM, ¢~
CM,) extracted by the extraction unit 320, and form the CM
mode image using the calculated mean power, mean velocity
and variance.

[0042] The BM mode image forming unit 340 may operate
to form a BM mode image based on the second pieces of
ultrasound data extracted by the extraction unit 320. In one
embodiment, when the second piece of ultrasound data
(BM,,) extracted by the extraction unit 320 is provided, the
BM mode image forming unit 340 may operate to form the
BM mode image based on the second piece of ultrasound data
(BM ;). In another embodiment, when the second pieces of
ultrasound data (BM, ;-BM,,) extracted by the extraction unit
320 are provided, the BM mode image forming unit 340 may
operate to form the BM mode image through performing, for
example, line average to the second pieces of ultrasound data
(BM 4-BM,). In vet another embodiment, when the second
pieces of ultrasound data (BM, and BM,) extracted by the
extraction unit 320 are provided, the BM mode image form-
ing unit 340 may operate to form the BM mode image through
performing, for example, line average to the second pieces of
ultrasound data (BM, and BM,).
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[0043] Referring back to FIG. 1, the display unit 170 may
operate to display the CM mode image and the BM mode
image formed at the image processor 160 according to the
control unit 130. The display unit may further operate to
display the B mode image 410, the color doppler mode image
420 and the M line 440, as illustrated in FIG. 4. In one
embodiment, the display unit 170 may include a liquid crystal
display (LCD), a cathode ray tube (CRT) or any other device
capable of displaying an image.

[0044] 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 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 configured to perform a
first operation for providing a first piece of ultrasound
data for forming a color M mode image and a second
operation for providing a second piece of ultrasound
data for forming a brightness M mode image;

a control unit configured to control the ultrasound data
acquisition unit to perform the first operation by an
average number of times and the second operation one or
more times in a selective pattern within a predetermined
sweep period to respectively accumulate the first pieces
of ultrasound data and the second pieces of ultrasound
data provided from the ultrasound data acquisition unit;
and

an image processor configured to form the color M mode
image based on the accumulated first pieces of ultra-
sound data and to form the brightness M mode image
based on the accumulated second pieces of ultrasound
data.

2. The ultrasound system of claim 1, wherein the average

number is programmable.

3. The ultrasound system of claim 1, wherein the selective
pattern is a pattern in which the first operation and the second
operation are alternate, if a time period expected for the
ultrasound data acquisition unit to perform the first and sec-
ond operations once respectively is less than the sweep period
divided by the average number.

4. The ultrasound system of claim 3, wherein the image
processor is configured to form the brightness M mode image
based on the second piece of ultrasound data lastly provided
by the ultrasound data acquisition unit during the sweep
period.

5. The ultrasound system of claim 3, wherein the image
processor is configured to form the brightness M mode image
based on the second pieces of ultrasound data provided by the
ultrasound data acquisition unit during the sweep period.

6. The ultrasound system of claim 1, wherein the selective
pattern is a pattern in which the first operation is performed by
the average number of times and then the second operation is
performed once, if a time period expected for the ultrasound
data acquisition unit to perform the first and second opera-
tions once respectively is equal to or more than the sweep
period divided by the average number.
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7. The ultrasound system of claim 6, wherein the image
processor is configured to form the color M mode image
based on the first pieces of ultrasound data provided by the
ultrasound data acquisition unit during the sweep period and
to form the brightness M mode image based on the second
piece of ultrasound data provided by the ultrasound data
acquisition unit during the sweep period.

8. The ultrasound system of claim 6, wherein the image
processor is configured to obtain a third piece of ultrasound
data by using interpolation of the first pieces of ultrasound
data provided by the ultrasound data acquisition unit during
the sweep period and form the color M mode image based on
the first pieces of ultrasound data and the third piece of ultra-
sound data.

9. A method of providing a color M mode image and a

brightness M mode image, comprising:

a) calculating a time period expected to perform first and
second operations once respectively at an ultrasound
data acquisition unit, a first piece of ultrasound data
relating to the color M mode image being provided by
the first operation and a second piece of ultrasound data
relating to the brightness M mode image being provided
by the second operation;

b) determining an acquisition pattern defining an order of
performing the first and second operations based on the
calculated time period, a sweep period and an average
number;

¢) performing the first operation by the average number of
times and the second operation one or more times
according to the acquisition pattern within the sweep
period at the ultrasound data acquisition unit;

d) forming the color M mode image based on the first
pieces of ultrasound data; and

e) forming the brightness M mode image based on the
second pieces of ultrasound data.

10. The method of claim 9, wherein the average number is

programmable.

11. The method of claim 9, wherein the acquisition pattern
is a pattern in which the first operation and the second opera-
tion alternate, if the calculated time period is less than the
sweep period divided by the average number.

12. The method of claim 11, wherein forming the bright-
ness M mode image further comprises:

forming the brightness M mode image based on the second

piece of ultrasound data lastly provided by the ultra-
sound data acquisition unit during the sweep period.

13. The method of claim 11, wherein forming the bright-
ness M mode image further comprises:

forming the brightness M mode image based on the second

pieces of ultrasound data provided by the ultrasound
data acquisition unit during the sweep period.

14. The method of claim 9, wherein the acquisition pattern
is a pattern in which the first operation is performed by the
average number of times and then the second operation is
performed once, if the calculated time period is equal to or
more than the sweep period divided by the average number.

15. The method of claim 14, wherein forming the color M
mode image further comprises:

forming the color M mode image based on the first pieces

of ultrasound data provided by the ultrasound data
acquisition unit during the sweep period; and
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wherein forming the brightness M mode image further
comprises:

forming the brightness M mode image based on the second
piece of ultrasound data provided by the ultrasound data
acquisition unit during the sweep period.

16. The method of claim 14, wherein forming the color M
mode image further comprises:
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obtaining a third piece of ultrasound data by using inter-
polation ofthe first pieces ofultrasound data provided by
the ultrasound data acquisition unit during the sweep
period; and

forming the color M mode image based on the first pieces
of ultrasound data and the third piece of ultrasound data.
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