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(57) ABSTRACT

The present invention relates to an ultrasound system. The
ultrasound system comprises: a probe for transmitting an
ultrasound beam along a plurality of scan lines in a target
object and output receive signals based on ultrasound echoes
reflected from the target object; a beam forming unit for
applying delays to the receive signals and sum the delayed
receive signals to thereby form scan line signals correspond-
ing to the respective scan lines; a multiprocessing unit includ-
ing a plurality of processors, each being configured to indi-
vidually process a part of the scan line signals to output

(22) Filed: Dec. 24,2008 sub-image signals, the multiprocessing unit being configured
to synthesize the sub-image signals to output ultrasound
(30) Foreign Application Priority Data image signals corresponding to one image frame; and an
image processing unit for performing an image processing
Dec. 28,2007  (KR) .ooveveveeeeccees 10-2007-0140970  upon the ultrasound image signals for display.
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ULTRASOUND SYSTEM AND METHOD OF
FORMING ULTRASOUND IMAGE SIGNALS
WITH MULTIPROCESSING

[0001] The present application claims priority from Korean
Patent Application No. 10-2007-0140970 filed on Dec. 28,
2007, the entire subject matter of which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention generally relates to ultra-
sound systems, and more particularly to an ultrasound system
and a method of forming ultrasound image signals with mul-
tiprocessing.

[0004] 2. Background Art

[0005] Anultrasound system has become an important and
popular diagnostic tool due to its non-invasive and non-de-
structive nature. Modern high-performance ultrasound imag-
ing diagnostic devices and techniques are commonly used to
produce two- or three-dimensional images of internal fea-
tures of patients.

[0006] The ultrasound system may include a transducer for
generating ultrasound signals in response to electrical pulse
signals and converting ultrasound echoes reflected from a
target object into electrical receive signals. The ultrasound
system may further include separate image processing mod-
ules such as a beam forming application specific integrated
circuit (ASIC), a signal processing ASIC, a digital signal
processing chip and the like. The image processing modules
may sequentially process the receive signals outputted from
the transducer in a pipeline manner, thereby obtaining ultra-
sound image signals. However, the use of the separate hard-
ware-based image processing modules is not economical.
Also, it may be difficult to miniaturize the ultrasound system
as well as to maintain and manage the ultrasound system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0008] FIG. 2 is a schematic diagram showing an example
of dividing scan line signals by a signal allocating unit.

DETAILED DESCRIPTION OF THE INVENTION

[0009] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system. The ultrasound system
100 may include a probe for transmitting and receiving ultra-
sound signals. The probe may include an array transducer
comprising a plurality of elements. The elements may be
formed with a piezoelectric material adapted to reciprocally
convert electrical signals and ultrasound signals. The ele-
ments may generate ultrasound signals in response to electri-
cal pulse signals provided from pulsers (not shown). The
ultrasound signals may be transmitted along a plurality of
scan lines. Also, the transducer elements may convert ultra-
sound echoes reflected from a target object into electrical
receive signals. The transducer elements may output the
receive signals through channels.

[0010] The ultrasound system 100 may further include a
beam forming unit 120, which may be configured to delay the
receive signals inputted through the channels in consideration
of distances between the elements and focal points. The beam
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forming unit 120 may be further configured to sum the
delayed receive signals, thereby forming raw signals corre-
sponding to the respective scan lines (hereinafter referred to
as “scan line signals”).

[0011] The ultrasound system 100 may further include a
multiprocessing unit 130 configured to process the scan line
signals in order to form ultrasound image signals. The mul-
tiprocessing unit 130 may include a signal allocating unit 132,
a plurality of processors 134_1-134_» and a signal synthe-
sizing unit 136. The signal allocating unit 132 may divide the
scan line signals into a plurality of groups to allocate the scan
line signals to the processors 134_1-134_ », as illustrated in
FIG. 2. The number of groups may be determined depending
on the number of processors 134_1-134_». Assuming that
the total number of scan lines is “S,” the number of scan lines
“k” associated with the scan line signals included in each of
the groups may be computed by using the following equation

1.
Sm=k )]

[Pt}

wherein “n” represents the number of processors 134_1-
134 _n.

[0012] Each of the processors 134_1-134 r may receive
the scan line signals associated with the k scan lines allocated
by the signal allocating unit 132. Each of the processors
134_1-134_» may be configured to process the scan line
signals to form sub-image signals. The processors 134_1-
134__» may amplify the scan line signals so as to have ampli-
tudes suitable for image processing in the ultrasound system
100. The processors 134_1-134__» may be further configured
to perform compensation for the attenuation losses in the
amplified signals. Also, the processors 134_1-134 » may
compress the amplified signals so as to have a dynamic range
of a display unit and demodulate compressed signals into
single pulse signals or spike signals. Further, the processors
134_1-134_» may be configured to perform a reject control
for removing noise signals from the demodulated signals to
thereby form the sub-image signals.

[0013] In one embodiment, although multiprocessing is
achieved by the separate processors 134_1-134_ », the mul-
tiprocessing may be achieved by a multi core processor in
another embodiment of the present invention.

[0014] The signal synthesizing unit 136 may be configured
to synthesize the sub-image signals outputted from the pro-
cessors 134_1-134 5, thereby outputting the ultrasound
image signals corresponding to an image frame. The multi-
processing unit 130 may further include a memory (not
shown). The memory may store software algorithms neces-
sary for processing the scan line signals.

[0015] The ultrasound system 100 may further include an
image processing unit 140. The image processing unit 140
may be configured to perform image processing upon the
ultrasound image signals for display. For example, the image
processing unit 140 may scan-convert the ultrasound image
signals into an image format suitable for display. The image
processing unit 140 may be further configured to render the
scan-converted ultrasound image signals to form pixel data.
The ultrasound system 100 may also include a display unit
150 for displaying an ultrasound image on a screen based on
the pixel data.

[0016] Inoneembodiment, althoughitis described thatthe
scan conversion of the ultrasound image signals is carried out
by the image processing unit 140 after synthesizing the sub-
image signals, the scan conversion may be carried out in the
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multiprocessing unit 130 in another embodiment. That is,
each of the processors 134_1-134__» may scan convert the
sub-image signals and the signal synthesizing unit 136 may
synthesize the sub-image signals, which are scan converted.
In such a case, the image processing unit 140 may be further
configured to render the ultrasound image signals to form
pixel data without performing the scan conversion.

[0017] Theultrasound system 100 may operate in a duplex
mode for providing two or more different mode images, e.g.,
a B-mode image and a power Doppler mode image at the
same time. Amounts and operations for processing the image
data for the respective diagnostic modes may be different
from each other. Thus, the processors 134_1-134_ » may be
divided into a plurality of processor groups depending on the
number of diagnostic modes. Assuming that a B mode image
and a power Doppler mode image are formed in the duplex
mode, for example, the processors 134_1-134_» may be
divided into a first processor group including the processors
134_1-134_m and a second processor group including the
processors 134 m+1-134_ n. The first processor group may
operate to form the B mode image and the second processor
group may operate to form the power Doppler mode image.
That is, the signal allocating unit 132 may be configured to
allocate scan line signals corresponding to the B mode to the
first processor group and scan line signals corresponding to
the power Doppler mode to the second processor group. The
image synthesizing unit 140 may be configured to synthesize
sub-image signals outputted from the first processor group to
thereby form a set of ultrasound image signal corresponding
to a B mode image frame. Also, the image synthesizing unit
140 may synthesize sub-image signals outputted from the
second processor group to thereby form a set of ultrasound
image signal corresponding to the power Doppler mode
image frame.

[0018] Although it is described that the duplex mode
includes a B-mode and a PD mode in one embodiment, the
diagnostic modes included in the duplex mode are not limited
thereto. The duplex mode may include two modes selected
from a B mode, a C mode, an M mode, a PW mode, a CW
mode, a 3-dimensional mode and the like.

[0019] As described above, since the scan line signals are
processed by the multi processors or the multi core processor,
the performance for processing the scan line signals may be
improved. Also, since the hardware-based image processing
modules such as the beam forming ASIC, signal processing
ASIC, DSP chip, etc. are not required, the costs may be saved
and the ultrasound system may be miniaturized. Further,
since the image processing is carried out by the software, an
enhance image may be obtained.

[0020] In accordance with one aspect of the present inven-
tion, there is provided an ultrasound system, comprising: a
probe configured to transmit an ultrasound beam along a
plurality of scan lines in a target object and output receive
signals based on ultrasound echoes reflected from the target
object; a beam forming unit configured to apply delays to the
receive signals and sum the delayed receive signals to thereby
form scan line signals corresponding to the respective scan
lines; a multiprocessing unit including a plurality of proces-
sors each being configured to individually process a part of
the scan line signals to output sub-image signals, the multi-
processing unit being configured to synthesize the sub-image
signals to output ultrasound image signals corresponding to
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one image frame; and an image processing unit configured to
perform image processing upon the ultrasound image signals
for display.

[0021] In accordance with another aspect of the present
invention, there is provided a method of forming ultrasound
image signals in an ultrasound system including a plurality of
processors, comprising: transmitting an ultrasound beam
along a plurality of scan lines in a target object; forming
receive signals based on ultrasound echoes reflected from the
target object; applying delays to the receive signals and sum-
ming the delayed receive signals to thereby form scan line
signals corresponding to the respective scan lines; dividing
the scan line signals depending on a number of the processors;
allocating the divided scan line signals to the processors;
individually processing the scan line signals to output sub-
image signals; synthesizing the sub-image signals to output
an ultrasound image signal corresponding to one image
frame; and performing image processing upon the ultrasound
image signal for display.

[0022] 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.

[0023] 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:

a probe for transmitting an ultrasound beam along a plu-
rality of scan lines in a target object and output receive
signals based on ultrasound echoes reflected from the
target object;

a beam forming unit for applying delays to the receive
signals and sum the delayed receive signals to thereby
form scan line signals corresponding to the respective
scan lines;

a multiprocessing unit including a plurality of processors
each being configured to individually process a part of
the scan line signals to output sub-image signals, the
multiprocessing unit being configured to synthesize the
sub-image signals to output ultrasound image signals
corresponding to one image frame; and

an image processing unit for performing an image process-
ing upon the ultrasound image signals for display.

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

cessing unit further includes:
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a signal allocating unit for dividing the scan line signals
depending on a number of the processors and allocate
the divided scan line signals to the processors; and

a signal synthesizing unit for synthesizing sub-image sig-
nals outputted from the processors.

3. The ultrasound system of claim 2, wherein the multipro-
cessing unit further includes a memory for storing software
algorithm necessary for processing the scan line signals.

4. The ultrasound system of claim 3, wherein each of the
processor is configured to perform amplification, compensa-
tion, compression, demodulation and reject upon the scan line
signals.

5. The ultrasound system of claim 4, wherein the signal
allocating unit is further configured to divide the processors
into a plurality of groups in a duplex mode in which at least
two diagnostic modes operate at the same time, and wherein
each of the groups processes scan line signals obtained by
different diagnostic modes.

6. The ultrasound system of claim 5, wherein the duplex
mode includes at least two diagnostic modes selected from a
brightness mode, a color mode, a motion mode, a power
Doppler mode and a 3-dimensional mode.

7. The ultrasound system of claim 4, wherein each of the
processors is configured to perform a scan conversion upon
the scan line signals.
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8. A method of forming ultrasound image signals in an
ultrasound system including a plurality of processors, com-
prising:

transmitting an ultrasound beam along a plurality of scan

lines in a target object;

forming receive signals based on ultrasound echoes

reflected from the target object;

applying delays to the receive signals and summing the

delayed receive signals to thereby form scan line signals
corresponding to the respective scan lines;

dividing the scan line signals depending on a number of the

processors;

allocating the divided scan line signals to the processors;

individually processing the scan line signals to output sub-

image signals;

synthesizing the sub-image signals to output an ultrasound

image signal corresponding to one image frame; and
performing an image processing upon the ultrasound
image signal for display.

9. The method of claim 8, wherein each of the processors is
configured to perform amplification, compensation, com-
pression, demodulation and reject upon the scan line signals.
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