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(57) ABSTRACT

There is provided an ultrasound diagnostic device including
receiving data a transmission lines between scan line data
forming units and channels and a method of forming scan line
data. The ultrasound diagnostic device includes a plurality of
channels for providing receiving data and a scan line data
forming unit including a plurality of sub-scan line data form-
ing groups and a data summing unit, wherein the sub-scan
line data forming group forms partial data of scan lines, and
wherein the data summing unit forms scan line data of the
scan lines by summing the partial data. The sub-scan line data
forming group includes a plurality of sub-scan line data form-
ing units for forming the partial data of the scan lines by using
the receiving data and providing a transmission path of the
receiving data, first data lines for transmitting the receiving
data between at least one of the sub-scan data forming unit
and the channels and second data lines for transferring the
receiving data between the sub-scan line data forming units.
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ULTRASOUND DIAGNOSTIC DEVICE AND
METHOD FOR FORMING SCAN LINE DATA

[0001] The present application claims priority from Korean
Patent Application Nos. 10-2007-107966 (filed on Oct. 25,
2007)and 10-2008-101950 (filed on Oct. 17,2008), the entire
subject matters of which are incorporated herein by refer-
ences.

BACKGROUND OF THE INVENTION
[0002] 1. Technical Field

[0003] The present invention generally relates to an ultra-
sound diagnostic device, and more particularly to an ultra-
sound diagnostic device including receiving data a transmis-
sion lines between scan line data forming units and channels.
The present invention also relates to a method of forming the
scan line data.

[0004] 2. Background Art

[0005] Ultrasound signals transmitted from a transducer
(an element) of ultrasound diagnostic device are reflected on
a discontinuous surface of acoustic impedance, i.e., on a
surface of a reflector in a target object. The transducer con-
verts the reflected ultrasound signals into electric receiving
signals. An ultrasound image showing an internal state of the
target object is formed with the receiving signals.

[0006] Toimprove the resolution of the ultrasound image, a
plurality of transducers are adopted, which are aligned in an
array. In case of adopting a plurality of transducers, an out-
spread of the ultrasound signals can be effectively prevented
and receiving sensitivity can be increased compared to the
case of adopting a single transducer. Further, it is possible to
focus the ultrasound beam electrically.

[0007] Focusing of the ultrasound beam includes a trans-
mitting focusing and a receiving focusing. In the transmitting
focusing, a transmitting order of the transducers is deter-
mined in consideration of the distance differences between
the transducers and a focal point. The ultrasound signals
transmitted from all the transducers, which participate in
simultaneous transmitting, are simultaneously added at the
same focal point in a phase. Thus, amplitudes of the transmit-
ting ultrasound signals are at maximum at the focal point. In
the receiving focusing, time delays are applied to the ultra-
sound signals reflected from the focal point so that the ultra-
sound signals have the same phase, as if the reflected ultra-
sound signals respectively arrive at the transducers at the
same time.

[0008] With more focal points, a better resolution can be
guaranteed. However, in forming an ultrasound image, the
same signal processes should be performed repeatedly as
many as the number of the focal points. Thus, the frame rate
is decreased in proportion to the focal points. In order to solve
this problem, a dynamic receiving focusing is introduced for
a fine focusing. According to the dynamic focusing, the num-
ber of the receiving focal points increases, while the number
of transmitting focal points is fixed. However, the improve-
ment in the resolution is limited due to the fixed number of the
transmitting focal points. U.S. Pat. No. 6,231,511 discloses
anultrasound signal focusing method and apparatus for form-
ing data of a scan line by using all the transmitting beams of
neighboring scan lines.

[0009] For improving a lateral resolution of the ultrasound
image and a signal to noise ratio (SNR), it is preferable to
transmit the receiving signals (RF data obtained from the
receiving signals) provided by all of the transducers partici-
pating in one time of receiving (simultaneous receiving),
namely, the receiving signals form a full aperture, to a signal
focusing unit and a beam former, and to perform synthetic
aperture imaging (SAI) with a full frame rate. However, to
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perform the SAI with the receiving signals from the full
aperture, low resolution images (LRIs) of all the scan lines
should be formed at the same time, and the LRIs are used to
update high-resolution images (HRIs) previously formed.
Thus, the receiving signals forming the full aperture should
be used to form the respective scan lines, which requires more
complicated hardware (H/W).

[0010] In case of adopting “N” number of channels and
“M” number of scan line data former, MxN number of data
lines should be configured between the channels and the scan
line data formers. Further, M number of RF buffers and accu-
mulators for storing and updating scan line data are needed in
consideration of the focusing delay and the apodization. For
example, if N=M=128, then 16384 data lines are needed for
connecting channels CHO to CH7 and scan line data formers
SC0 to SC7 according to a connection scheme shown in FIG.
1. It is not easy to configure the complicated connecting
structure of FIG. 1 on a printed circuit board (PCB), although
the semiconductor fabrication technique is being developed
rapidly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic diagram showing a conven-
tional connecting structure between the channels and scan
line data formers.

[0012] FIG. 2 is a schematic diagram showing an example
of connecting structure between the channels and scan line
data formers.

[0013] FIG. 3is a block diagram of an ultrasound diagnos-
tic device in accordance with an embodiment of the present
invention.

[0014] FIG. 4 is a schematic diagram showing a scan line
data forming unit which includes a plurality of sub-scan line
data forming group corresponding to first channel groups in
accordance with an embodiment of the present invention.
[0015] FIG.5isaschematic diagram showing a connecting
structure between second channel groups and sub-scan line
data forming units in the sub-scan line data forming group.
[0016] FIG. 6 is a schematic diagram showing internal data
lines within the sub-scan line data forming unit.

[0017] FIG. 7 is a block diagram showing constitution of
the sub-scan line data forming unit.

[0018] FIG. 8 is a schematic diagram showing the relation
of data between partial data forming units and the scan line
data of the scan lines in accordance with the present inven-
tion.

[0019] FIG.9isaschematic diagram showing a connection
structure between sub-scan line data forming units and sec-
ond channel groups.

[0020] FIG.10is a schematic diagram showing the increase
of'the number of sub-scan line data forming unit in a sub-scan
line data forming group.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Referring to FIG. 2, channels CHO to CH7, which
participated in one time of receiving ultrasound signals
reflected from a target body, and scan line data formers SC0 to
SC7 are divided into two groups G1 and G2. The scan line
data formers SC0 to SC7 are independently configured in the
groups G1 and G2. The receiving signals provided by the
channels in the same group are transmitted to the scan line
data former in the same group. For example, as shown in FIG.
2, the receiving signals of channels CHO to CH3 in group G1
are transmitted to the scan line data formers SC0 to SC3 in the
group G1. Similarly, the receiving signals of channels CH4 to
CH?7 in group G2 are transmitted to the scan line data formers
SC4 to SC2 in the group G2. With the fixed number of the
channels, as the number of groups increases, the number of
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channels corresponding to one scan line data former
decreases. Thus, the number of data lines between the chan-
nels and the scan line data formers also decreases. However,
with the connection structure of FIG. 2, the receiving signals
cannot be shared between the groups G1 and G2. Further, the
receiving signals of all the channels CHO to CH7 (full aper-
ture) cannot be used to form each of the scan lines.

[0022] Hereinafter, an ultrasound diagnostic device and a
scan line data forming method capable of reducing the num-
ber of data lines between channels and scan line data forming
units will be described.

[0023] FIG. 3 is a schematic diagram showing an ultra-
sound diagnostic device 100 for forming an ultrasound image
with a plurality of scan lines in accordance with an embodi-
ment of the present invention. A channel 10 of the ultrasound
diagnostic device 100 includes a transducer 11 and an analog-
digital converter (ADC) 12. Receiving signals output from
the transducer 11 are converted into receiving data (RF data)
by the ADC 12. The ultrasound device may further include an
amplifier (not shown) for amplifying the receiving signals
output from the transducer 11 and for outputting the amplified
receiving signals to the ADC 12. The ultrasound diagnostic
device 100 further includes a transmitting beam forming unit
and a receiving beam forming unit. In FIG. 3, the beam
forming units are omitted for simplicity. A scan line data
forming unit 20 forms scan line data of scan lines with the
receiving data. An image processing unit 30 forms an ultra-
sound image based on the scan line data. The ultrasound
image is displayed on a displaying unit 40.

[0024] Referring to FIG. 4, channels CHO to CH127, which
simultaneously participate in one time of receiving reflected
ultrasound signals, are divided into a plurality of first channel
groups CGA, CGB, CGG and CGD. The scan line data form-
ing unit 20 includes a plurality of sub-scan line data forming
groups GA, GB, GC, GD. The sub-scan line data forming
groups GA to GD correspond to the first channel groups CGA
to CGD one to one. Each of the sub-scan line data forming
group forms partial data P, P5 . P, and P,,, of the scan
lines by using the receiving data provided from the corre-
sponding one of the first channel groups. If the scan line data
forming unit 20 is designed to form scan line data of 128 scan
lines with the receiving data from the channels CHO to
CH127, which participate in one time of receiving, then the
four sub-scan line data forming group GA to GD form partial
data of the 128 scan lines with the receiving data from corre-
sponding first channel groups CGA to CGD. Thus, the partial
data of the same scan lines are outputted from the sub-scan
line data forming groups GA to GD. As shown in FIG. 4,
when four sub-scan line data forming groups GA to GD are
configured in the scan line data forming unit 20, four partial
data are formed pre scan line. Data summing units AC1, AC2
and AC3 sum the partial data of the respective scan lines and
form scan line data of the respective scan lines.

[0025] The channels in each of the first channel groups are
divided into a plurality of second channel groups. Each of the
sub-scan line data forming groups includes a plurality of
sub-scan line data forming units. For example, as shown in
FIG. 5, the channels CHO~CH31 of the first channel group
CGA are divided into the second channel groups CG0, CG1,
CG2 and CG3. Further, the sub-scan line data forming group
GA includes sub-scan line data forming units 21, 22, 23 and
24. At least one of the first data lines CA0, CA1, CA2 and
CA3 are disposed between the first channel group CGA and
the sub-scan line data forming group GA, i.e., between the
second channel groups CG0 to CG3 and the sub-scan line data
forming units, to transmitting the receiving data. The first data
lines CAO to CA3 may be configured with a low-voltage
difference signaling (LVDS) diver block. Thus, the first data
lines may play a role of an ADC interface between the second
channel groups CG0 to CG3 and the sub-scan line data form-
ing unit 21 to 24.
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[0026] The channels in each of the second channel groups
CGO to CG3 share the same first data lines CA0 to CA3. For
instance, channels CHO to CH7 in the channel group CG0
share the data line CA0, channels CH8 to CH15 in the channel
group CG1 share the data line CA1, channels CH16 to CH23
1n the channel group CG2 share the data line CA2, and chan-
nels CH24 to CH32 in the channel group CG3 share the data
line CA3.

[0027] Referring to FIG. 5, only two sub-scan line data
forming units 21, 24 among all the sub-scan line data forming
units 21 to 24 in the sub-scan line data forming group GA,
received the receiving data passing through the first data lines
CAO0 to CA3. For instance, the receiving data from the chan-
nel groups CG0 and CG1 pass through the two data lines CA0Q
and CA1 among the four first data lines CA0 to CA3, and the
receiving data from the channel groups CG2 and CG3 pass
through the two data lines CA2 and CA3. The receiving data
are inputted to the sub-scan line data forming units 22 and 23
not directly through the first data lines CAO to CA3 but
indirectly through second data lines CB0 to CB3 and an
adjacent sub-scan line data forming unit 21 or 24. Thus, the
sub-scan line data forming units 21 to 24 in the sub-scan line
data forming group GA are divided into first sub-scan line
data forming units 21 and 24, which are directly connected to
the first data lines CA0 to CA3, and second sub-scan line data
forming units 22 and 23 that are not directly connected to the
first data lines CAO to CA3.

[0028] The receiving data transmitted to the sub-scan line
data forming unit 21 through the first data lines CA0 and CA1
are transferred to other sub-scan line data forming units 22 to
24 in the sub-scan line data forming group GA one after the
other. In the same manner, the receiving data transmitted to
the sub-scan line data forming unit 24 through the first data
lines CA2 and CA3 are transferred to other sub-scan line data
forming units 23 to 21 one after the other. For transferring the
receiving data between the sub-scan line data forming units,
internal data lines 10, 11,12 and I3 are configured in each of the
sub-scan line data forming units 21 to 24, as shown in FIG. 6.
The internal data lines 10, I1, 12 and I3 correspond to the first
data lines CA0 to CA4 one to one. Second data lines CBO,
CB1, CB2, CB3 are configured between two adjacent sub-
scan line data forming units 21-22, 22-23 and 23-24. The
sub-scan line data forming units 21 to 24 having the internal
data lines 10, I1, 12 and I3 provide transmission path of the
receiving data between the first datalines CA0 to CA3 and the
second data lines CB0 to CB3. The receiving data passing
through the second data lines CB0, CB1, CB2 or CB3 are
transferred again to the adjacent sub-scan line data forming
unit 21, 22, 23 or 24. The second data lines CB0 to CB3 are
configured with the LVDS driver blocks and play role of a bus
interface. The second channel groups CG0 to CG3, the first
data lines CA0 to CA3 and the internal data lines 10 to 13 and
the second data lines CB0 to CB3 mutually correspond one to
one. Input/output and the transmission order of the data
among the first data lines CA0 to CA3, the internal data lines
10 to I3 and the second data lines CB0 to CB3 are determined
so that all the receiving data inputted to the sub-scan line data
forming group GA should be transferred to all the sub-scan
line data forming units 21 to 24. The size and power consump-
tion of the sub-scan line data forming units 21 to 24 should be
as small as possible.

[0029] The sub-scan line data forming units 21 to 24 not
only provide the transmission path of the receiving data but
also form partial data P, of the respective scan lines by using
the receiving data from the second channel group CG0, CG1,
CG2 or CG3. In “Py,,”, “X” denotes an identifier of the
sub-scan line data forming groups GA to GD and “n” denotes
the scan lines. For instance, “P,”” means the partial data of
the scan line 0 formed by the sub-scan line data forming group
GA of which identifier is denoted with “A” as shown in
FIG. 4.
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[0030] Referring to FIG. 7, the configuration of the sub-
scan line data forming units are explained in detail with the
sub-scan line data forming unit 22 as an example. In the
sub-scan line data forming unit 22, a plurality of partial data
forming units A32 to A63 are disposed. The number of the
partial data forming units is identical to that of the scan lines
SC32 to SC63 which the sub-scan line data forming unit is in
charge of forming the partial data thereof. Referring to FIGS.
6 and 7, the partial data forming units A32 to A63, form partial
data PA32 to PA63 by using the receiving data input through
the second data lines CB0 and CB1 between the sub-scan line
data forming units 21 and 22 and the second data lines CB2
and CB3 between the sub-scan line data forming units 23 and
23.

[0031] The partial data forming unit X, receives receiving
data R, through the first data line or the second data line,
multiplies weights w , pre-determined in consideration of the
relations between the scan line n and channel k, and sums all
of the receiving data multiplied with the weights to form the
partial data P, as shown in Equation 1.

Pxn = Z Wi Ri (Eq. 1)
B

[0032] For an example, if the sub-scan line data forming
unit 22 receives receiving data R, to R;, provided from 32
channels CHO to CH31, the partial data forming unit A32
multiplies the receiving data by the w,;, which is pre-deter-
mined with relations between the scan line 32 and the chan-
nels CHO to CH31 (w3,0Rq, W3, R ... W3,3,R5;), and sums
the receiving data multiplied with the weights to form the
partial data P 5, of the scan line;, (P 43,=W3,0Ro+W5,5 R+ ..
CHWaoRey). . .
[0033] The partial data P, of the respective scan lines
formed by the partial data forming unit An in the sub-scan line
data forming unit 22 are output to the summing unit AC1
shown in FIG. 4. The other sub-scan line data forming units
21, 23 to 24 are identical to the sub-scan line data forming
units 22, except the assigned scan lines and data input path,
i.e., the first or the second data lines. The sub-scan line data
forming units 21 to 24 may be configured with application-
specific integrated circuits (ASICs). In FIG. 7, reference
number “22a” and “225” denote a data receiving unit Rx and
data transmitting unit Tx, respectively.

[0034] FIG. 8 is a conceptual diagram showing that scan
line data of the scan lines 0 to 127 are formed with the sum of
the partial data formed by the sub-scan line data forming
groups GA to GD.

[0035] In the embodiment illustrated with FIGS. 5 and 6,
some sub-scan line data forming units 21 and 24 receive the
receiving data directly from the first data lines CA0 to CA4.
However, all the sub-scan line data forming units 21 to 24,
which are configured in a sub-scan line data forming group
GA-1 as shown in FIG. 9, may correspond to the first data
lines CA0 to CA3 one to one and receive the receiving data
directly from the first data lines CA0 to CA4. The receiving
data provided from the corresponding one of the second chan-
nel groups CGO to CG3 are transmitted to each of the sub-
scan line data forming units 21 to 24 through the first data
lines CA0, CA1, CA2 and CA3, and the receiving data pro-
vided from the non-corresponding the corresponding channel
groups CGO to CG3 are transferred to each of the sub-scan
line data forming units 21 to 24 through the second data lines
CBO0 to CB3 configured between the two sub-scan line data
forming units.

[0036] FIG. 10 shows a scan line data forming group GA-2
for forming scan line data of 256 scan lines by using the
receiving data from 32 channels. In the scan line data forming
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group GA-2, the sub-scan line data forming units, each of
which forms the partial data of the 32 scan lines, are config-
ured as many an 256/32, i.e., 8, while scan line data forming
groups GA and GA-1, which form scan line data of 256 scan
lines, the four sub-scan line data forming units 21 to 24 are
configured therein. Similarly, the number of sub-scan line
data forming units, which are configured with ASICs, can be
variable in proportion to the number of scan lines. Thus, it is
easy to design or modifies the ultrasound diagnostic device.

[0037] According to the present invention, in the ultra-
sound diagnostic device for performing the synthetic aperture
imaging (SAI) with the maximum frame rate by using the
receiving data from all of the channels (full aperture), partici-
pating in simultaneous receiving, it is possible to simplify the
hardware, especially the number and connection structure of
the data lines between the channels and scan line data forming
units. Further, it is possible to reduce the size and power
consumption of a chip owe to the capability of transmission
between the sub-scan line data forming units within the scan
line data forming group.

[0038] In accordance with one embodiment of the present
invention, there is provided a ultrasound diagnostic device,
comprising: a plurality of channels for providing receiving
data; a scan line data forming unit including a plurality of
sub-scan line data forming groups and a data summing unit,
wherein the sub-scan line data forming group forms partial
data of scan lines, and the data summing unit forms scan line
data of the scan lines by summing the partial data; and an
image processing unit for forming an ultrasound image using
the scan line data, wherein the sub-scan line data forming
group includes: a plurality of sub-scan line data forming units
for forming the partial data of the scan lines by using the
receiving data and providing transmission path of the receiv-
ing data; first data lines for transmitting the receiving data
between at least one of the sub-scan data forming unit and the
channels; and second data lines for transferring the receiving
data between the sub-scan line data forming units.

[0039] In accordance with another embodiment of the
present invention, there is provided a method of forming scan
line data of scan lines by using receiving data provided from
a plurality of channel groups, comprising: forming partial
data of the scan lines by using the receiving data provided
from the channel groups; and summing the partial data of the
scan lines to form scan line data of the scan lines.

[0040] In accordance with another embodiment of the
present invention, there is provided a method of forming scan
line data of scan lines by using receiving data provided from
aplurality of channel groups in a ultrasound diagnostic device
including a plurality of channel groups, scan line data form-
ing units for forming the scan line data and sub-scan line data
forming units configured in the scan line data forming unit for
forming partial data of assigned scan lines among the scan
lines, comprising: inputting the receiving data from at least
one of the channel groups to a part of the sub-scan line data
forming units; transferring the receiving data to all of the
sub-scan line data forming units; at each of the sub-scan line
data forming units, forming partial data of the assigned scan
lines by using the receiving data; and summing the partial
data of the scan lines and forming scan line data of the scan
lines.

[0041] 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.
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[0042] 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 diagnostic device, comprising:

a plurality of channels for providing receiving data;

a scan line data forming unit including a plurality of sub-
scan line data forming groups and a data summing unit,
wherein the sub-scan line data forming group forms
partial data of scan lines, and wherein the data summing
unit forms scan line data of the scan lines by summing
the partial data; and

an image processing unit for forming an ultrasound image
using the scan line data,

wherein the sub-scan line data forming group includes:

a plurality of sub-scan line data forming units for forming
the partial data of the scan lines by using the receiving
data and providing a transmission path of the receiving
data;

first data lines for transmitting the receiving data between
at least one of the sub-scan data forming unit and the
channels; and

second data lines for transferring the receiving data
between the sub-scan line data forming units.

2. The ultrasound diagnostic device of claim 1, wherein the
channels are divided into a plurality of first channel groups
corresponding to the sub-scan line data forming group one to
one,

channels in the first channel group are divided into plurality
of second channel groups, and

the sub-scan line data forming unit has assigned scan lines
among all of the scan lines and forms the partial data of
the assigned scan lines by using receiving data provided
from the channels of all the second groups.

3. The ultrasound diagnostic device of claim 2, wherein the
sub-scan line data forming unit forms the partial data using
relations between the channels of all the second channel
groups and each of the scan lines.
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4. The ultrasound diagnostic device of claim 2, wherein the
sub-scan line data forming unit further includes internal data
lines having one to one correspondence to the first data lines
and/or the second data lines.

5. The ultrasound diagnostic device of claim 2, wherein the
sub-scan line data forming unit includes:

at least one first sub-scan line data forming unit to be

directly connected to the first data line; and

atleast one second sub-scan line data forming unit not to be

directly connected to the first data line.

6. The ultrasound diagnostic device of claim 2, wherein the
sub-scan line data forming units are configured with applica-
tion-specific integrated circuits (ASICs).

7. The ultrasound diagnostic device of claim 2, wherein
each of the channel include a transducer and an analog-digital
converter.

8. The ultrasound diagnostic device of claim 7, wherein the
first data line and/or the second data line are configured with
a low-voltage difference signaling (LVDS).

9. A method of forming scan line data of scan lines by using
receiving data provided from a plurality of channel groups,
comprising;

forming partial data of the scan lines by using the receiving

data provided from the channel groups; and

summing the partial data of the scan lines to form scan line

data of the scan lines.

10. A method of forming scan line data of scan lines by
using receiving data provided from a plurality of channel
groups in an ultrasound diagnostic device including a plural-
ity of channel groups, scan line data forming units for forming
the scan line data and sub-scan line data forming units con-
figured in the scan line data forming unit for forming partial
data of assigned scan lines among the scan lines, comprising:

inputting the receiving data from at least one of the channel

groups to a part of the sub-scan line data forming units;
transferring the receiving data to all of the sub-scan line
data forming units;

at each of the sub-scan line data forming units, forming

partial data of the assigned scan lines by using the
receiving data; and

summing the partial data of the scan lines and forming scan

line data of the scan lines.

11. The method of claim 10, wherein the partial data are
formed by using weights predetermined in consideration of
relations between the channels and the assigned scan lines.
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