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SYSTEM OF FORMING ULTRASOUND
IMAGE AND METHOD OF FORMING SCAN
LINE DATA

[0001] The present application claims priority from Korean
Patent Application Nos. 10-2007-0036226 filed on Apr. 13,
2007 and 10-2008-0033665 filed on Apr. 11, 2008, the entire
subject matters of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention generally relates to ultra-
sound imaging systems, and more particularly to an ultra-
sound imaging system and a method of forming a plurality of
scan lines and frames by using receiving signals provided by
transducers in a probe.

[0004] 2. Background Art

[0005] The ultrasound imaging system shows internal
structures of'a target object in a non-invasive and non-destruc-
tive manner. The ultrasound imaging system includes a probe
to transmit and receive ultrasound signals and a beam former.
In the probe, transducers are equipped to perform the mutual
conversion of ultrasound signals and electric signals. When
equipping a plurality of transducers, an outspread of the ultra-
sound can be prevented more effectively compared to a case
of equipping a single transducer. Further, with the plurality of
the transducers, the ultrasound signals can be focused and the
sensitivity may be improved. The transducers may generate
the ultrasound signals one by one. Alternatively, some trans-
ducers may generate the ultrasound signals at a time. The
ultrasound signals transmitted from the transducers are
reflected at a discontinuous surface of acoustic impedance,
i.e., at a surface of a reflector in a target. Each transducer
converts echo ultrasound signals into the electric signals.

[0006] Theultrasound signals must be focused when trans-
mitting and receiving. When transmitting, the transmission
order of the transducers may be determined by considering
the distance differences between the transducers and the focal
point. Thus, the ultrasound signals transmitted from all of the
transducers, which contribute to form one scan line, reach the
focal point at the same time with the same phase. Accord-
ingly, the focused ultrasound signals (i.e., the summation of
ultrasound signals at the focal point) may have the maximum
amplitude. The ultrasound echoes reflected from the focal
point reach each transducer at different times. Thus, when
receiving, time delays are applied to the ultrasound echoes so
that the echo ultrasound signals can be seen as those arriving
simultaneously at the transducers with the same phase.

[0007] A large number of focal points are required to
improve the image resolution. However, this causes the deg-
radation ofthe frame rate since the same procedures should be
repeatedly performed as much as the number of focal points
for forming an image. A receive dynamic focusing is intro-
duced to solve the problem described above. According to the
receive dynamic focusing, the number of focal points are
fixed in transmission focusing, whereas the number of focal
points are varied in receiving focusing in order to focus more
finely. However, the improvement in resolution is also limited
due to the fixed number of focal points when transmitting. In
U.S. Pat. No. 6,231,511, all the signals obtained by perform-
ing transmission focusing on a number of adjacent scan lines
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are used in the receiving focus. This is to obtain the same
effect as the case where focal points exist in all the points on
the scan line.

[0008] Referring to FIG. 1, a conventional ultrasound sys-
tem generally includes a probe 110, a transmitting unit 120, a
receiving unit 130, an intra-channel processing unit 140, a
receiving focusing unit 150, an image processing unit 160, a
displaying unit 170 and a controlling unit 180. The probe 110
includes a plurality of transducers. The receiving unit 130 and
the intra-channel processing unit 140 are equipped and pro-
vided as much as the number of transducers.

[0009] The transmitting unit 120 generates pulse voltages,
which have different time delays, in consideration of the
relative positions of the transducers. Each transducer 111 in
the probe 110 receives the pulse voltage from the transmitting
unit 120 and generates transmitting ultrasound signals. The
transmitting ultrasound signals from the transducers are
focused on focal points on the transmission scan lines. Refer-
ring to FIG. 2, the ultrasound signals generated from the
transducers -4 to 4 in section A are focused on a focal point f0
atascan line L0, while the ultrasound signals generated from
the transducers-2 to 6 in section B are focused on a focal point
2 at a scan line L.2.

[0010] Each transducer receives the ultrasound echoes
originated from the ultrasound signals transmitted along the
scan lines. For instance, some ultrasound signals transmitted
from the transducer 0 along the scan line L0 arrive at a first
point P1 when a time corresponding to a path Z1 passes.
Then, the ultrasound signals are received at the transducer 0
as the ultrasound echoes when the time corresponding to the
path Z1 passes again. Some ultrasound signals transmitted
from the transducer 2 along the scan line .2 arrive at the first
object point P1 when a time corresponding to a path Z2
passes. Then, the ultrasound signals are received at the trans-
ducer 0 as the ultrasound echoes when the time corresponding
to the path Z1 passes. That is, the transducer 0 receives the
ultrasound echoes, which are originated from the ultrasound
signals transmitted along scan lines 1.0 and 1.2, respectively.
[0011] Referring back to FIG. 1, transducers 111 convert
the ultrasound echoes into the electric receiving analog sig-
nals. The receiving unit 130 amplifies the electric receiving
analog signals and converts the amplified electric receiving
analog signals into digital signals. The intra-channel process-
ing unit 140 stores the digital signals of the respective scan
lines, delays the digital signals and focuses the delayed digital
signals.

[0012] Referring to FIG. 3, the intra-channel processing
unit 140 includes buffer memories 141 equipped and pro-
vided as much as the number of scan lines, a delaying &
interpolating units 142 corresponding to the buffer memories
one by one and an apodizing unit 143. Each buffer memory
141 stores the digital signal inputted from the receiving unit
130. Forexample, the digital signals, which are obtained from
the ultrasound echoes received at transducer 0, are separated
according to the transmitting scan lines L0 and L.2. Thus, the
separated digital signals are stored in different buffer memo-
ries. The delaying & interpolating unit 142 delays the digital
signals by considering the arriving time of ultrasound echoes
at each transducer. An apodizing unit 143 includes an intra
channel apodization value calculating unit 143a to provide
appropriate weight values to the digital signals of each scan
line, multiplying units 1435 to apply the weight values to the
digital signals and an adding unit 143¢ to sum the outputs
from multiplying units 143c.
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[0013] As shown in FIG. 1, the receiving focusing unit 150
includes an intra-channel apodization value calculating unit
151 to provide appropriate weight values to outputs of the
intra channel processing unit 140, i.e., to the digital signals of
each transducers, multiplying units 152 to apply the weight
values to the digital signals and an adding unit 153 to sum the
outputs from multiplying units 152 and to output the focused
data of all the transducers 111.

[0014] The image processing unit 160 processes the
focused data outputted from the receiving focusing unit 150
in various manners. The displaying unit 170 displays ultra-
sound images with the processed data. The controlling unit
180 controls the operations of transmitting unit 120 and the
image processing unit 160.

[0015] Each buffer memory 141 of the intra channel pro-
cessing unit 140 in the conventional ultrasound system
described above should have the storage capacity suitable for
storing the digital signals per scan line. Generally, the storage
capacity should be at least 60 Kbit. Further, the buffer memo-
ries 141 are required as much as the scan lines, conventionally
over 128. Thus, each intra channel processing unit 140 should
have a memory, the storage capacity of which surpasses 7
Mbit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a schematic diagram showing a conven-
tional ultrasound imaging system.

[0017] FIG. 2 is a diagram illustrating a conventional
method of focusing ultrasound signals.

[0018] FIG. 3 is a schematic diagram showing components
of an intra-channel processing unit in the conventional ultra-
sound imaging system.

[0019] FIG. 4 is a block diagram showing an ultrasound
imaging system in accordance with an embodiment of the
present invention.

[0020] FIG. 5 is a diagram illustrating receiving signals of
each transducer of a probe in accordance with an embodiment
of the present invention.

[0021] FIG. 6is a block diagram showing components of a
focus delaying unit in accordance with an embodiment of the
present invention.

[0022] FIG. 71sa block diagram showing components of a
supplement data forming unit in accordance with an embodi-
ment of the present invention.

[0023] FIG. 8 is a diagram illustrating forming the supple-
ment data in accordance with an embodiment of the present
invention.

BRIEF DESCRIPTION OF THE INVENTION

[0024] An ultrasound imaging system in accordance with
the present invention forms scan lines and a frame with
receiving signals obtained at each transducer in a probe.
Referring to FIG. 4, a probe 210 of an ultrasound imaging
system 200 constructed in accordance with the present inven-
tion includes a plurality of transducers 211. The receiving
signals of each transducer are electric analog signals, which
are obtained with echoes of the ultrasound signals transmitted
from at least one transducer to different focal points or the
same focal point. For example, as shown in FIG. 5, some
ultrasound signals transmitted from a transducer 0 to a focal
point f on a transmitting scan line 2 are reflected from a point
1 and arrive at the transducer 0 as first receiving ultrasound
signals. Another ultrasound signals transmitted from a trans-
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ducer 2 to the focal point f are reflected from the same point
P1 and arrive at the transducer 0 as second receiving ultra-
sound signals. The receiving signals of the transducer 0 are
electric analog signals obtained with the first and second
ultrasound signals.

[0025] A transmitting unit 220 applies a pulse voltage to
each transducer 211. The pulse voltages of the respective
transducers have different delay times to which the relative
positions of the transducers are reflected.

[0026] A receiving unit 230 includes an amplifier 231 to
amplify the electric receive signal outputted from the trans-
ducers 211 and an analog-digital converter (ADC) 232 to
convert the amplified electrical receiving signals into digital
signals. Hereinafter, the digital signals outputted from the
receiving unit 230 are referred to as receiving data. The ampli-
fier 231 and the ADC 232 are equipped and provided as much
as the number of transducers 211.

[0027] Scan line data forming units 240 form the data of a
plurality of scan lines by using the receiving data. Each scan
line data forming unit 240 may be configured with an appli-
cation-specific integrated circuit (ASIC). At least one main
scan lines are assigned to the respective scan line data form-
ing units 240. Each scan line data forming unit has different
main scan lines, which are selected among all of the scan
lines. The rest of the scan lines are the supplement scan lines
of each scan line data forming unit 240. For example, the scan
lines 0 to 3, among scan lines 0 to 255, are the main scan lines
of the ASIC 0 (i.e., the ASIC 0 is in charge of the scan lines 0
to 3). The rest ofthe scan lines, i.e., scan lines 4 to 255, are the
supplement scan lines of the ASIC 0. The number of main
line(s) of each scan line data forming unit 240 may be equal
or different. For instance, the same number of scan lines (i.e.,
four scan lines) may be assigned to the ASICs 0 to 63, or
different numbers of main scan lines (e.g., two, three, four
main scan lines, etc.) may be assigned to ASICs 0 to 63. The
supplement scan lines of one scan line data forming unit may
be the main scan lines of other scan line data forming units
240. For example, among the supplement scan lines 4 to 255
of the ASIC 0, the scan lines 4 to 7 are the main scan lines of
the ASIC 1, the scan lines 8 to 11 are the main scan line of the
ASIC 2, etc. Thus, the scan lines 252 to 255 are the main scan
lines of the ASIC 63.

[0028] Each scan line data forming unit 240 forms a first
supplement data and partial data of each main scan line with
the receiving data formed with the receiving signals of the
transducer corresponding thereto. As shown in FIG. 4, when
forming scan line data of 256 scan lines with 128 transducers
and 64 scan line data forming units 240, 4 main scan lines and
252 supplement scan lines are assigned to each scan line data
forming unit 240. The scan line data forming unit 240
receives the receiving data provided from the two different
ADCs 232 and forms supplement data of the 252 supplement
scan lines and the partial data of four main scan lines. Further,
each scan line data forming unit forms scan line data of the
four main scan lines with the partial data and second supple-
ment data provided from other scan line data forming units.
For example, ASIC 0 forms the partial data of main scan lines
0 to 3 with the receiving data obtained from receiving signals
from the two transducers corresponding thereto and the
supplement data of the supplement scan lines 4 to 255 to be
inputted to other scan line data forming units, i.e., ASICs 1 to
63. Also, ASIC 0 forms scan line data of the main scan lines
04 to 3 with the partial data of the main scan lines 0 to 3 and
second supplement data inputted from ASICs 1 to 63. Simi-
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larly, ASIC 1 forms scan line data of main scan lines 4 to 7
with receiving data obtained from receiving signals from the
two transducers corresponding thereto and the supplement
data of the main scan lines 4 to 7 inputted from other scan line
data forming units, i.e., ASICs 0 and ASIC 2 to 63. Also, ASIC
2 forms supplement data of the supplement scan lines 1 to 3
and scan lines 8 to 255 to be provided to ASICs 0 and 2 to 63.

[0029] Referring back to FIG. 4, each scan line data form-
ing unit 240 includes a focus delaying unit 241, a register 242
and an adder 243. The focus delaying unit 241 delays and
interpolates the receiving data of the respective scan lines to
form the first supplement data and the partial data of the main
scan lines. The focus delaying unit 241 applies the second
supplement data provided by the other scan line data forming
units to the partial data of the main scan lines. The register 242
and the adder 243 play a role of accumulator to accumulate
the second supplement data and the partial data of the main
scan lines. The output of the register is the scan line data of the
main scan lines.

[0030] Referring to FIG. 6, the focus delaying unit 241
includes a focus delay amount providing unit 241a, a delay-
ing & interpolating unit 2415 and a supplement data forming
unit 241. The focus delaying unit 241 also includes a first
apodization value providing unit 2414, a first multiplying unit
241e, a second apodization value providing unit 241f; a sec-
ond multiplying unit 241g and a transducer identifying unit
241h. The transducer identifying unit 241/ identifies a trans-
ducer among the transducers corresponding to each scan line
data forming unit 241 and forms transducer information. For
example, if the ASIC 0 receives the receiving data obtained
with the receiving signals provided from the transducer 0 or 1,
then the ASIC 0 identifies which transducer provides the
receiving signals between the two transducers 0 and 1 and
forms transducer information R1 denoting the identified
transducer. The focus delay amount providing unit 241a pro-
vides the focus delay amount of each scan line in consider-
ation of the transducer information R1. For purposes of sim-
plicity, FIG. 6 schematically shows a single focus delay
amount providing unit 241a. However, a plurality of focus
delay amount providing units is equipped in each scan line
data forming as many as the main scan lines. The delaying &
interpolating unit 2415 reflects the focus delay amount to the
receiving data in order to delay and interpolate the receive
data of the respective scan lines. In the focus delaying unit
241, the delaying & interpolating units 241 are may be
equipped and provided as much as the scan lines. For
example, when forming the data of 256 scan lines, one focus
delay unit 241 includes 256 delay & interpolating units D10
to D1255, as shown in FIG. 6. The supplement data forming
units 241¢ correspond to other scan line data forming units
240. Thus, the number of supplement data forming units is
equal to that of the other scan line data forming units. Refer-
ring to FIG. 7, a supplement data forming unit PS1 in the
ASIC 0 forms supplement data of supplement scan lines SC4
to SC7 to be transmitted to the ASIC 1. A third apodization
value providing unit AD47, a plurality of multipliers M4 to
M7 and an adder S1 are equipped in the supplement data
forming unit PS1. The multipliers M4 to M7 apply the third
apodization value to the delayed and interpolated receiving
data of the supplement scan lines, wherein the adder S1 sums
the outputs from all of the multipliers M4 to M7 to output the
supplement data. Referring to FIG. 8, the supplement data
forming unit PS1 combines supplement data of the supple-
ment scan lines SC4 to SC 7 to form combined-supplement
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data P0100. In the “P0100,” the former two digits “01” denote
the ASIC 01 (ASIC 1) corresponding to the supplement data
forming unit PS1, while the latter two digits “00” denote the
ASIC 00(ASIC 0) to which the scan line data forming unit
PS1 belongs.

[0031] Referring once again to FIG. 6, the first apodization
value providing unit 214d receives the transducer information
R from the transducer identifying unit 241/ and provides the
first apodivation values corresponding to the transducer, i.e.,
identified with the transducer information R, which provides
the receiving signals. The first multipliers 242e, which are
equipped and provided as much as the number of main scan
lines, reflect the first apodization value to the partial data of
each main scan line. For example, the first apodization value
providing unit 241 of ASIC 0 provides the first apodization
values of the respective main scan lines 0 to 3, while the first
multiplying units 241e (i.e., MP0 to MP3) apply the first
apodization value to the partial data of the main scan lines 0 to
3 respectively corresponding thereto.

[0032] The second apodization value providing unit 241f
receives the transducer information R2 from the other scan
line data forming units to provide the second apodization
value. The second multipliers 241g, which are equipped and
provided as much as the main scan lines, apply the second
apodization value to the second supplement scan line data
provided from the other scan line data forming units. For
example, the second apodization value providing unit 241/in
ASIC 0 provides the second apodization values, while the
second multipliers 241¢g (i.e., M1 to M2), which are equipped
and provided as much as the main scan lines of ASIC 0, apply
the second apodization value to the second supplement data
provided from ASICs 1 to 63.

[0033] The outputs of the focus delaying unit, i.e., the par-
tial data and the supplement data of the main scan lines, are
accumulated with the register 242 and the adder 243. The final
stored valued in the register 242 are outputted as the scan line
data of the main scan lines.

[0034] The supplement data provided from the other scan
line data forming units are obtained from the receiving signals
of different transducers. In order to compensate the difference
of the transducers, the focus delay unit 241 may further
include a fine delay amount providing unit 241 and fine
delaying units FDO to FD3. The fine delay amount providing
unit 241; receives the transducer information R2 and provides
a fine delay amount corresponding to the transducers. The
fine delaying units FDO to FD3 finely delays the supplement
data, to which the second apodization values are applied.
[0035] Referring back to FIG. 4, the frame data forming
unit 250 forms frame data with the scan line data provided
from all the scan line data forming units 240. A controlling
unit 260 controls the input and output of signals of the trans-
mitting unit 220 and the frame data forming unit 250. A
digital scan converter 270 of the ultrasound imaging system
220 converts the frame data outputted from the frame data
forming unit 250. The displaying unit 280 displays the ultra-
sound image with the scan converted frame data.

[0036] In accordance with a method of forming scan line
data with a plurality of scan line data forming units in an
ultrasound imaging system, a partial data of the main scan
line and a first supplement data of the supplement scan line
are formed with receive data obtained from receive signals
from at least one transducer. The receiving signals of the
transducer include first ultrasound echoes obtained with
ultrasound signals transmitted from the transducer and sec-
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ondultrasound echoes obtained with ultrasound signals trans-
mitted from the other transducers. A second supplement data
provided from other scan line data forming units is applied to
the partial data of the main scan line to form a scan line data
of the main scan line. The second supplement data and the
partial data are accumulated to form the scan line data of the
main scan line.

[0037] Inaccordance with the present invention, each scan
line data forming unit forms the scan line data of the main
scan lines and the supplement scan line data. Thus, the
required storage capacity may be reduced. Further, the
supplement data from another scan line data forming unit are
provided in a combined form. As such, the data transmission
amount between the scan line data forming units may be
decreased.

[0038] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc. means
that a particular feature, structure or characteristic described
in connection with the embodiment is included in at least one
embodiment of the present invention. The appearances of
such phrases in various places in the 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 effect
such feature, structure or characteristic in connection with
other ones of the embodiments.

[0039] 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. [n 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 imaging system for forming a plurality of

scan lines and frames, comprising:

a probe including transducers for providing analog receiv-
ing signals;

a receiving unit for converting the receiving signals into
digital signals and providing receiving data;

a plurality of scan line data forming units for forming scan
line data of main scan lines and supplement data of
supplement scan lines, wherein the main scan lines of
each scan line data forming unit are ones ofthe scan lines
and the supplement scan lines are determined with the
others; and

ascan line data forming unit for receiving the scan line data
from all of the scan line data forming units and for
forming frame data,

wherein the scan line data forming unit forms first supple-
ment data of each supplement scan line and a partial data
of said each main scan line and applies second supple-
ment data provided from other scan line data forming
units to form the scan line data of the main scan lines.

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

scan line data forming units have different main scan lines.
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3. The ultrasound imaging system of claim 1, wherein each
scan line data forming unit includes:

a focus delaying unit to focus and delay the receive data of
the respective scan lines and to form the first supplement
scan line; and

an accumulator to accumulate the second supplement data
and the partial data of the main scan line to form the scan
line data of the main scan line.

4. The ultrasound imaging system of claim 3, wherein the

focus delaying unit includes:

a transducer identifying unit to identify a transducer pro-
viding the receiving signals and to form a first transducer
information;

a focus delay amount providing unit to receive the first
transducer information and to provide focus delay
amount corresponding to the transducer providing the
receiving signals;

a delaying and interpolating unit to receive the focus delay
amount and to delay and interpolate the receive data of
the respective scan lines;

a first apodization value providing unit to receive the first
transducer information and to provide the first apodiza-
tion value corresponding to the transducer providing the
receiving signals;

a first multiplying unit to apply the first apodization value
to the receive data of the main scan lines;

a plurality supplement data forming unit corresponding to
other scan line data forming unit;

a second apodization value providing unit to receive sec-
ond transducer information from said scan line data
formingunits and to provide second apodization value in
consideration of the second transducer information; and

a second multiplying unit to apply the second apodization
value to the second supplement data of the main scan
lines.

5. The ultrasound imaging system of claim 3, wherein the

focus delaying unit further includes:

a fine delay amount providing unit to receive the second
transducer information and to provide a fine delay
amount of the second supplement data in consideration
of the second transducer information.

6. The ultrasound imaging system of claim 3, wherein each

supplement data forming unit includes:

a third apodization value providing unit;

athird multiplying unit to apply the third apodization value
to the receive data of the supplement scan lines; and

an adder to sum outputs from the third multiplying unit and
to form the supplement data.

7. The ultrasound imaging system of claim 1, wherein the
receiving signals of the transducer includes a first ultrasound
echoes obtained with ultrasound signals transmitted from the
transducer and a second ultrasound echoes obtained with
ultrasound signals transmitted from other transducers.

8. A method of forming scan line data with a plurality of
scan line data forming units in an ultrasound imaging system,
wherein said each scan line data forming unit has main scan
line selected one among the scan lines and supplement scan
lines determined with the others, the method comprising:

forming a partial data of the main scan line and a first
supplement data of the supplement scan line with
receive data obtained from receive signals from at least
one transducer;
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applying a second supplement data provided from other
scan line data forming units to the partial data of the
main scan line to form a scan line data of the main scan
line.
9. The method of claim 8, wherein the second supplement
data and the partial data are accumulated to form the scan line
data of the main scan line.
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10. The method of claim 8, wherein the receiving signals of
the transducer includes a first ultrasound echoes obtained
with ultrasound signals transmitted from the transducer and a
second ultrasound echoes obtained with ultrasound signals
transmitted from other transducers.
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