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(57) ABSTRACT

There is provided an ultrasound system for constructing or
reconstructing an image with the use of pre-stored data and
additional signals. The ultrasound system includes: a probe
including a number of transducers for transmitting ultra-
sound transmission signals to a target object, receiving echo
signals reflected from the target object and transducing the
echo signals into electrical signals; an analog-to-digital
conversion unit for converting the electrical signals into
digital data; a transducer information collecting unit for
collecting information on spatial states of the transducers at
the time of receiving the echo signals; a beam-former for
forming reception beams based on the converted digital data
and the collected information; and an ultrasound image
processing unit for reconstructing an ultrasound image based
on the reception beams.
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ULTRASOUND SYSTEM FOR RECONSTRUCTING
AN IMAGE WITH THE USE OF ADDITIONAL
INFORMATION

FIELD OF THE INVENTION

[0001] The present invention generally relates to an ultra-
sound system, and more particularly to an ultrasound system
for reconstructing a 2-dimensional (2-D) or 3-dimensional
(3-D) image through the use of pre-stored image data and
additional information.

BACKGROUND OF THE INVENTION

[0002] A diagnostic ultrasound system is now widely used
to inspect an internal state of a human body. The ultrasound
system may obtain an image of a single layer or a blood flow
of a soft tissue without using an invasive needle. This is
typically done through the process of radiating an ultrasound
signal to a desired portion in the human body from a body
surface of a target object to be diagnosed, receiving the
reflected ultrasound signal, and processing the received
ultrasound signal (the ultrasound echo signal). Compared to
other medical imaging systems (e.g., X-ray diagnostic sys-
tem, X-ray Computerized Tomography scanner, Magnetic
Resonance Imaging system, nuclear medicine diagnostic
system, etc.), the ultrasound diagnostic system is relatively
small in size and inexpensive, capable of displaying images
in real-time, highly safe from exposure to X-ray radiation,
etc. Due to such advantages, the ultrasound diagnostic
system is extensively employed for diagnosing the heart,
abdomen and urinary organs, especially in the fields of
obstetrics and gynecology, etc.

[0003] FIG. 1 shows a functional block diagram of a
conventional ultrasound system. As shown in FIG. 1, a
conventional ultrasound system 115 generally includes a
main CPU 100, a transmitting unit 101, a reception unit 102,
a receive-focusing unit 103, an vltrasound echo processing
unit 104, a Color Flow (CF) processor 105, a scan converter
106, a Continuous Wave/ElectroCardioGram (CW/ECG)
unit 107, a Doppler processor 108, a video/audio signal
processing unit 109, a control panel 110, a video/audio
output unit 111, a recording unit 112 and a probe having a
plurality of transducers (not shown).

[0004] A user inputs commands through the control panel
110. The CPU 100 responds to the user’s commands to
control the entire ultrasound system 115. The transmitting
unit 101 delivers transmission pulses to the probe. The
transmission pulses are transduced into ultrasound signals at
a multiplicity of transducers arranged in an array form in the
probe, and are transmitted to a target object where the
transmission pulses are reflected. The reception unit 102
receives the signals reflected from the target object (a human
body) via the transducers. The reception unit 102 then
performs front-end amplification, TGC (Time Gain Com-
pensation), and filtering for anti-aliasing upon the reflected
signals. The receive-focusing unit 103 performs dynamic
focusing for each image point on signals outputted from the
reception unit 102 to thereby maximize the resolution of an
ultrasound image. The CW/ECG unit 107 analyzes the
received signals from the reception unit 102 to generate
electrocardiogram (ECG) waveform bio-information. The
ultrasound echo processing unit 104 processes high fre-
quency signals and base band signals in the signals focused
at the receive-focusing unit 103, and outputs the resulting
output signals.
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[0005] The CF processor 105 and the scan converter 106
receive the output signals from the ultrasound echo process-
ing unit 104, and create a 2-D CF image and a B-mode
image, respectively. The Doppler processor 108 forms a
spectral Doppler waveform based on the output signals of
the ultrasound echo processing unit 104 and the output
signals of the CW/ECG unit 107. The video/audio signal
processing unit 109 processes video/audio signals outputted
from the CF processor 105, the scan converter 106 and the
Doppler processor 108. The processed result is provided to
the video/audio output unit 111 and the recording unit 112
for the user’s observation and storage, respectively. In this
way, an ultrasound image for a desired target object can be
obtained through the use of the ultrasound system.

[0006] FIG. 2 is a diagram showing a configuration of the
receive-focusing unit 103. The receive-focusing unit 103
may include an A/D conversion unit 11 and a focusing unit
12. The A/D conversion unit 11 includes a number of A/D
converters, each being coupled to the respective transducer
in the probe. The focusing unit 12 includes a number of
time/phase delay units, a number of associated buffer memo-
ries, and an adder 16. Each of the time/phase delay units is
respectively coupled to one of the A/D converters.

[0007] The A/D conversion unit 11 converts the signals
received from the N number of transducers into digital
signals. The focusing unit 12 focuses the digital output
signals from the A/D conversion unit 11 to provide the
focused signals. For example, the n-th A/D converter 13(n)
in the A/D conversion unit 11 samples the signals received
from the n-th transducer. The n-th time/phase delay umt
14(n) in the focusing unit 12 provides a time delay or a phase
delay on the sampled signals to output the delayed signals.
The n-th time/phase delay unit 14(») may utilize n-th buffer
memory 15(r) of a short length in order to temporarily store
the output signals of the n-th A/D converter 13(r). For the
buffer memory, a FIFO (first-in first-out) type memory or
2-port memory may preferably be used.

[0008] For example, n-th A/D converter 13(r) in the A/D
conversion unit 11 samples the signals received from n-th
transducer out of the N number of transducers. Further, n-th
time/phase delay unit 14(z) in the focusing unit 12 performs
a time delay or a phase delay on output signals of the A/D
converter 13(r), and provides the result signals to the adder
16. The n-th time/phase delay unit 14(#) utilizes n-th buffer
memory 15(r) of a short length in order to temporarily store
the output signals of the n-th A/D converter 13(x). As the
buffer memory, the FIFO (first-in first-out) type memory or
2-port memory is mainly used.

[0009] Since the delayed signals corresponding to differ-
ent ultrasound image points are mostly different from each
other, output signals of the A/D converters stored in the
aforementioned buffer memories are changed continually.
Accordingly, the output signals of the A/D converters stored
in the buffer memories are all removed after a focusing
process. Therefore, they cannot be reused, which poses to be
a problem.

[0010] Further, the signals received by the transducers
cannot be precisely focused due to several types of wave-
form distortion phenomena that occur when the ultrasounds
move through a human body. Therefore, it is impossible to
actually obtain an ultrasound image having a theoretically
obtainable resolution.
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SUMMARY OF THE INVENTION

[0011] TItis, therefore, an object of the present invention to
provide an ultrasound system that can improve the resolu-
tion of an image by storing image data, which are received
from transducers within a probe, in a memory in order to
reconstruct a 2-D or 3-D image based on the stored image
data and additional information.

[0012] In accordance with a preferred embodiment of the
present invention, in order to achieve the above-mentioned
object, there is provided an ultrasound system including: a
probe including a number of transducers for transmitting
ultrasound transmission signals to a target object, receiving
echo signals reflected from the target object and transducing
the echo signals into electrical signals; an analog-to-digital
conversion unit for converting the electrical signals into
digital data; a transducer information collecting unit for
collecting information on spatial states of the transducers at
the time of receiving the echo signals; a beam-former for
forming reception beams based on the converted digital data
and the collected information; and an ultrasound image
processing unit for reconstructing an ultrasound image based
on the reception beams.

[0013] In accordance with another preferred embodiment
of the present invention, there is provided an ultrasound
system including: a probe including a number of transducers
for transmitting ultrasound transmission signals to a target
object, receiving echo signals reflected from the target object
and transducing the echo signals into electrical signals; an
analog-to-digital conversion unit for converting the electri-
cal signals into digital data; a spatial information generating
unit for generating spatial information on the transducers
according to a movement tendency of the probe, said gen-
erated spatial information being changed in time; a beam-
former for forming reception beams based on the converted
digital data and the change in the generated spatial infor-
mation; and an ultrasound image processing unit for recon-
structing an ultrasound image based on the reception beams.

[0014] In accordance with yet another preferred embodi-
ment of the present invention, there is provided an ultra-
sound system for reconstructing an ultrasound image corre-
sponding to a portion selected by a user out of a preformed
ultrasound image, the system including: a probe including a
number of transducers for transmitting ultrasound transmis-
sion signals to a target object, receiving echo signals
reflected from the target object and transducing the echo
signals into electrical signals; a transducer information col-
lecting unit for collecting information on spatial states of the
transducers at the time of receiving the echo signals; a
receive-focusing unit including an analog-to-digital conver-
sion unit for converting the electrical signals into digital data
and a memory for storing the converted digital data to
accumulate at least one frame of data for at least a part of the
target object therein, said receive-focusing unit being con-
figured to focus the converted digital data in consideration of
the collected information, said receive-focusing unit being
operable to retrieve and focus the stored digital data corre-
sponding to the selected portion in consideration of the
collected information; and an ultrasound image processing
unit for forming an ultrasound image based on the focused
digital data.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other objects and features in accor-
dance with the present invention will become apparent from
the following descriptions of preferred embodiments given
in conjunction with the accompanying drawings, in which:

[0016] FIG. 1 shows a functional block diagram of a
conventional ultrasound system;

[0017] FIG. 2 is a diagram showing a configuration of a
receive-focusing unit shown in FIG. 1;

[0018] FIG. 3 shows a block diagram of an ultrasound
system constructed in accordance with a first preferred
embodiment of the present invention;

[0019] FIGS. 4A to 4C, 5A and 5B are drawings for
explaining a need to reflect spatial information relating to a
movement of a probe;

[0020] FIGS. 6A to 6C show a variation in location of
overlap between beams according to a movement of a probe;

[0021] FIG. 7 shows a block diagram of an ultrasound
system constructed in accordance with a second preferred
embodiment of the present invention;

[0022] FIG. 8 shows a detailed block diagram of a receive-
focusing unit;

[0023] FIG. 9 shows a detailed block diagram of a
memory controller in a receive-focusing unit;

[0024] FIG. 10 is a diagram showing a memory in a
receive-focusing unit;

[0025] FIG. 11 shows a block diagram of a receive-
focusing unit in an ultrasound system constructed in accor-
dance with another embodiment of the present invention;

[0026] FIG. 12 shows a block diagram of a receive-
focusing unit in an vltrasound system constructed in accor-
dance with yet another embodiment of the present invention;
and

[0027] FIG. 13 shows a block diagram of an ultrasound
system constructed in accordance with a third preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0028] Hereinafter, preferred embodiments of the present
invention will be described with reference to the accompa-
nying drawings.

[0029] FIG. 3 shows a block diagram of an ultrasound
system 315 constructed in accordance with a first preferred
embodiment of the present invention. The ultrasound system
315 constructed in accordance with the present invention
generally includes a main CPU 100, a transmitting unit 101,
a reception unit 102, a beam-former 130, a ultrasound echo
processing unit 104, a Color Flow (CF) processor 105, a
scan converter 106, a Continuous Wave/ElectroCardioGram
(CW/ECG) unit 107, a Doppler processor 108, a video/audio
signal processing unit 109, a control panel 110, a video/
audio output unit 111, a recording unit 112, an elasticity
image signal processing unit 113, an additional information
storage 114 and a probe 120.
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[0030] Inthe probe 120, transducers 121 and a transducer
information collecting unit (transducer sensor) 122 are gen-
erally provided. Further, a pressure sensor (not shown) may
preferably be provided in the probe 120. Although FIG. 3
shows that the transducer information collecting unit 122 is
embodied in the probe 120, it should be recognized herein
that such unit 122 may be excluded from the probe 120.

[0031] The transducer information collecting unit 122
collects spatial information for the transducers (information
on spatial changes of the transducers) as first additional
information, as well as time information. Spatial information
for a transducer generally includes information regarding
location and direction of the transducer at the time of
obtaining an echo signal. The location and direction of the
transducer may preferably be positional information relative
to a target object or other transducers. The time information
for the transducer is the time of obtaining the echo signal.
The transducer information collecting unit 122 may be
embodied in various types of position sensors, such as an
optical position sensor, a position sensor utilizing an ultra-
sound in the air, a position sensor utilizing a magnetic field,
and the like. By coupling at least one type of position sensor
with the probe, that is, by coupling the position sensor with
the probe in a built-in way or a removable way, the location
and direction of the entire probe can be obtained. The
location of each transducer in the probe can be obtained with
the use of three position sensors.

[0032] The CW/ECG unit 107 analyzes RF reception
signals inputted through the reception unit 102 to generate
electrocardiogram (ECG) waveform bio-information, which
is the second additional information.

[0033] The first additional information and the second
additional information are stored in the additional informa-
tion storage 114. Further, the additional information storage
114 receives the third additional information from the trans-
mitting unit 101 and stores it. The third additional informa-
tion may include information regarding the type of trans-
mission signals (e.g., coded Tx, pulse or the like) transmitted
to obtain the echo signals, as well as information regarding
the beam-forming conditions such as a focal point location,
an aperture size, an intensity and the like, and information
regarding whether or not to use a sound field.

[0034] The beam-former 130 generates more than one
transmission pulses having different delay values and deliv-
ers them toward the transmitting unit 101. The transmitting
unit 101 amplifies the transmission pulses and transmits
them to the probe. Then, the transmission pulse signals are
transduced into ultrasound signals by transducers generally
included in the probe and the ultrasound signals are trans-
mitted to a target object. Echo signals reflected from the
target object are transduced into electrical signals (RF recep-
tion signals) by the transducers in the probe so as to be
transmitted to the reception unit 102. The beam-former 130
receives the RF signals and forms reception beams. Herein,
the beam-former 130 forms the reception beams with ref-
erence to additional information stored in the additional
information storage 114.

[0035] The ultrasound echo processing unit 104 processes
high frequency signals and base band signals in the recep-
tion beams formed by the beam-former 130. The CF pro-
cessor 105 creates a 2-D CF image based on the output
signals of the ultrasound echo processing unit 104. The scan
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converter 106 creates a B-mode image based on the output
signals of the ultrasound echo processing unit 104. The
elasticity image signal processing unit 113 outputs an elas-
ticity image signal, which represents change of pressure
given to the probe, based on signals inputted from the
ultrasound echo signal processing unit 104. Meanwhile, the
probe may preferably further include a pressure sensor. In
case of utilizing information obtained from the pressure
sensor mounted on the probe, an improved elasticity image
signal can be obtained. The Doppler processor 108 forms a
spectral Doppler waveform based on the signals and infor-
mation inputted from the ultrasound echo processing unit
104 and the CW/ECG unit 107. The video/audio signal
processing unit 109 processes, under the control of the main
CPU 100, video/audio signals and the like inputted from the
CF processor 105, the scan converter 106, the Doppler
processor 108 and the elasticity image signal processing unit
113. The video/audio signal processing unit 109 then pro-
vides them toward the video/audio output unit 111 and the
recording unit 112. With the use of such a digital ultrasound
system, an ultrasound image for a desired target object is
obtained.

[0036] The ultrasound system constructed in accordance
with the present invention can improve the quality of an
ultrasound image by forming reception beams based on
additional information. For example, it can reduce motion
blur by calculating focusing delays, wherein a probe move-
ment in a plane is reflected based on spatial information of
transducers, and forming the image in consideration of the
calculated result. Further, by forming the reception beams in
consideration of position information of each transducer
such as an angle between it and a focusing point or the like,
it can diminish a speckle pattern as well as providing a better
view of a portion behind an obstacle that forms a shadow.

[0037] Moreover, even while the probe is moving along an
elevation direction, it can catch the movement of the probe
accurately. A synthetic focusing can be done along the
elevation direction. Accordingly, an elevation focusing,
which was practicable only with the use of 2-D array,
becomes practicable even when using 1-D array probes.

[0038] Further, when the additional information obtained
from the ECG waveform is reflected, the image can be
formed in consideration of a tissue motion along a heartbeat
period, which makes it possible to reduce an image blur and
to predict a tissue motion.

[0039] Meanwhile, it may be necessary to move a probe
along a predetermined path with a regular speed on a surface
of a target object so as to obtain more accurate additional
information, and more particularly to obtain spatial infor-
mation of transducers. For this purpose, the ultrasound
system constructed in accordance with the present invention
may preferably further include a probe movement device.
The probe movement device may preferably be embodied to
make a movement or a stop with the use of robot arms or the
like. Alternatively, an automatic movement device may be
built in the probe, or a removable movement device may be
coupled to a surface of the probe. Moreover, the aforemen-
tioned position sensors and the probe movement device can
be embodied compositively.

[0040] In case a probe having transducers in a linear array
or a probe having transducers in a convex array moves
linearly in a lateral direction as shown in FIG. 4A or FIG.
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5A, the positions of the transducers change with time due to
the movement. The present invention catches the change
through using the spatial information and forms receptions
beams in consideration of the spatial information. In such a
case, the reception beams are formed through adjusting and
changing focusing delays, which were used when the probe
movement was not considered.

[0041] In case a probe having transducers in a linear array
moves on a curved surface as shown in FIGS. 4B and 4C, or
in case a probe having transducers in a convex array moves
on a curved surface as shown in FIG. 5B, the angles between
the respective transducers and a focusing point are different
from each other. For example, in case of a probe having a
beam profile as shown in FIG. 6A in an elevation-axial
plane, a curve (rotation) movement and a linear movement
along the elevation direction result in different locations of
overlap between the beams (shown in FIGS. 6B and 6C).
The present invention can reflect such a difference also as
additional information when forming reception beams,
thereby improving the quality of an ultrasound image.

[0042] The ultrasound system constructed in accordance
with the aforementioned embodiment of the present inven-
tion is characterized by forming reception beams through
using additional information collected by the transducer
information collecting unit and the like. The additional
information can be also utilized for reconstructing a 2-D or
3-D image.

[0043] FIG. 7 shows a block diagram of an ultrasound
system 715, which is constructed in accordance with a
second preferred embodiment of the present invention. The
ultrasound system 715 constructed in accordance with the
present invention generally includes a main CPU (control
processing unit) 100, a transmitting unit 101, a reception
unit 102, a receive-focusing unit 200, an ultrasound echo
processing unit 104, a Color Flow (CF) processor 105, a
scan converter 106, a Continuous Wave/ElectroCardioGram
(CW/ECG) unit 107, a Doppler processor 108, a video/audio
signal processing unit 109, a control panel 110, a video/
audio output unit 111, a recording unit 112, an elasticity
image signal processing unit 113, an additional information
storage 114 and a probe 120. Configurations and functions
in the organization, which differ from those in FIG. 3, will
be described hereinafter.

[0044] The receive-focusing unit 200 receives additional
information, which is stored in the additional information
storage 114, and RF reception signals from the reception unit
102. The receive-focusing unit 200 then performs a synthetic
focusing with the inputted reception signals and additional
information. That is, it reflects at least the first additional
information in focusing the reception signals. A more
detailed organization and functions of the receive-focusing
unit 200 will be described later.

[0045] The ultrasound echo processing unit 104 processes
high frequency signals and base band signals in the recep-
tion signals focused by the receive-focusing unit 200. The
main CPU 100 controls a host processor 300 and the
video/audio signal processing unit 109. The host processor
300 controls the receive-focusing unit 200, the reception
unit 102, the ultrasound echo processing unit 104, the CF
processor 105, the scan converter 106, the Doppler proces-
sor 108, and the video/audio output unit 111. The functions
of the host processor 300 can also be implemented in the
main CPU 100.
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[0046] Hereinafter, the organization and operations of the
receive-focusing unit will be discussed in more detail with
reference to FIGS. 8§ to 12.

[0047] FIG. 8 shows a detailed block diagram of the
receive-focusing unit 200 in accordance with an embodi-
ment of the present invention. The receive-focusing unit 200
generally includes: A/D converters 21~21(N) for converting
signals received from the respective transducers; memory
controllers 22~22(N) for receiving the transduced reception
signals and additional information from the respective A/D
converters 21~21(N) and the host processor 300; memories
23~23(N) for storing at least one frame of the reception
signals, corresponding to a portion or whole of a target
object, and additional information, which were inputted via
the respective memory controllers 22~22(N); a focusing unit
24 for, when there is a request for reconstruction of a portion
of a preformed ultrasound image, receiving the reception
signals and additional information stored in the memory
23~23(N) via the memory controller 22~22(N), and per-
forms the focusing; and a local processor 25 for analyzing
the reception signals and additional information inputted
through the memory controller 22~22(N), and controlling
the focusing unit 24 based on the analysis result to obtain an
optimal ultrasound image.

[0048] The local processor 25 is controlled by the host
processor 300. The memory controllers 22~22(N) and the
focusing unit 24 may be directly controlled by the host
processor 300. In such a case, the local processor 25 can be
omitted. Further, the local processor 25 can be prepared
plurally, each local processor being coupled to each memory
controller 22~22(N). If a portion of an image is selected by
a user through the control panel 110 during a real-time
ultrasound image output of the ultrasound system or after
pausing the ultrasound image output, the memory control-
lers 22~22(N) read, under the control of the local processor
25, the reception signals corresponding to the selected image
and the additional information from the memory 23~23(N),
and transmits them to the focusing unit 24.

[0049] Hereinafter, the operations of the receive-focusing
unit 200 having the aforementioned configuration will be
described.

[0050] The A/D converters 21~21(N) in the receive-fo-
cusing unit 200 transduce reception signals inputted from
the N number of transducers and provide them to the
memory controller 22~22(N). The memory controllers
22~22(N) transmit the reception signals, inputted from the
A/D converters 21~21(N), toward the memories 23~23(N)
along paths specified by the control of the local processor
25. The memory controllers 22~22(N) then receive addi-
tional information through the local processor 25 coupled to
the host processor 300 and transmit it toward the focusing
unit 24.

[0051] As mentioned above, the reception signals are at
once stored in the memories 23~23(N) and focused in the
focusing unit 24. Further, the memory controllers 22~22(N)
read the data stored in the memories 23~23(N) and transmit
it to the focusing unit 24 and the local processor 25 under the
control of the local processor 25.

[0052] Hereinafter, the configurations and operations of
the memory controller 22 (among a plurality of memory
controllers 22~22(N)) will be described with reference to
FIG. 9.



US 2007/0016066 A1l

[0053] The memory controller 22 generally includes: an
external connection/control circuit 31 connected to the local
processor 25; a memory control circuit 32 for generating a
memory control signal and a memory address to read/write
data from/in the memory 23 according to a request from the
local processor 25 under the control of the external connec-
tion/control circuit 31; a multiplexer 33 for receiving the
memory address from the memory control circuit 32 and
outputting it; multiplexers 34 and 35 for receiving and
transmitting  signals from the A/D converter 21 to the
focusing unit 24 and the memory 23; and a buffer 36 for
temporarily storing the data stored in the memory 23 (recep-
tion signals) and data inputted from the local processor 25.
The signal data stored in the buffer 36 is transmitted to the
local processor 25, or to the focusing unit 24 via the
multiplexer 34.

[0054] A configuration of the memories 23~23(N) will be
described in more detail with reference to FIG. 10. The
memories 23~23(N) can be embodied in semiconductor
memories, hard disk drives or the like. The memories
23~23(N) store output signals of the respective A/D con-
verters 21~21(N) and additional information transmitted
from the local processor 25 via the memory controller
22~22(N).

[0055] The size of each memory 23~23(N) can be repre-
sented as follows:

Memory size=NpxN, x(Fx2xz, . /c)

[0056] wherein Ny, is the number of frames to be stored in
the memory, N, is the number of scan lines to be stored for
each frame, F_ is an A/D conversion rate or a sampling
frequency, z, .. is a maximum image depth, and ¢ is a speed
of the ultrasound in a human body.

[0057] Among the various memories 23~23(N), the
memory 23, for example, is divided into frame regions
(frame 1 . . . frame M) to store data of respective frames,
wherein each frame region is divided into a number of scan
line regions (S1 . . . SN) according to the number of scan
lines. The reception signals, converted in the A/D converter
21, are inputted to the memory 23 through the memory
controller 22 and the reception signals constructing one
frame are stored in the respective memory regions by scan
lines. The reception data stored in the memory 23 as above
is utilized later when reconstructing an image. More spe-
cifically, the memories 23~23(N) store, out of the output
signals of the A/D converters 21~21(N), image signals
corresponding to at least one frame of the image. The
memories 23~23(N) then provide data, the image signals,
related to a selected portion of the image to the memory
controllers 22~22(N) repeatedly for a specified number of
frames.

[0058] The local processor 25 receives transfers of recep-
tion signals and additional information stored in the memo-
ries 23~23(N) by controlling the memory controllers
22~22(N). The local processor 25 generates a control signal
based on the transferred reception signals and additional
information to control the focusing unit 24. The control
signal is generated with inferring optimum values for vari-
ous parameters, with which an optimum ultrasound image
can be obtained by analyzing a sound wave speed, an
attenuation, a spectrum analysis of the reception signals, a
phase aberration error, and the like. Further, the local

Equation 1,
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processor 25 transmits the reception signals and additional
information stored in the memories 23~23(N) to the host
processor 300. The local processor 25 receives additional
information from the host processor 300 and transmits it to
the memories 23~23(N) via the memory controllers
22~22(N). In addition, based on a control signal inputted
from the host processor 300, the local processor 25 controls
the memory controllers 22~22(N) and the focusing unit 24.

[0059] The host processor 300 generates the control signal
based on the reception signals and additional information
inputted from the local processor 25. The control signal is
generated with inferring optimum values for various param-
eters, with which an optimum ultrasound image can be
obtained by analyzing a sound wave speed, an attenuation,
a spectrum analysis of the reception signals, a phase aber-
ration error and the like. The ultrasound system is controlled
by the control signal generated by the host processor 300 or
the local processor 25. Alternatively, it may be possible that
only one of the host processor 300 and the local processor
25 generates the control signal.

[0060] FIG. 11 shows a block diagram of a receive-
focusing unit 500 constructed in accordance with another
embodiment of the present invention. The receive-focusing
unit 500 generally includes a beam-forming processor 51,
instead of the focusing unit 24 and the local processor 25 of
the receive-focusing unit 200 shown in FIG. 8. The beam-
forming processor 51 undertakes all the functions of the
focusing unit 24 and the local processor 25 in FIG. 8. That
is, the beam-forming processor 51 receives the reception
signals and additional information stored in the memories
23~23(N) through the memory controllers 22~22(N) and
performs the focusing. It then analyzes the signals inputted
through the memory controllers 22~22(N) and generates a
control signal to obtain an optimal ultrasound image based
on the analysis result. The host processor 300 is coupled
with the beam-forming processor 51. Other functional units
in the receive-focusing unit 500 have same functions and
same connection configuration with those in the receive-
focusing unit 200 in FIG. 8. Therefore, they will not be
discussed in detail.

[0061] FIG. 12 shows a block diagram of a receive-
focusing unit 600 constructed in accordance with still yet
another embodiment of the present invention. In addition to
the configuration of the receive-focusing unit 500 shown in
FIG. 9, the receive-focusing unit 600 further includes
quadrature detectors 61~61(N) for dividing the reception
signals inputted from the N number of transducers into
inphase components and quadrature components. In contrast
to the A/D converters 21~21(N) of the receive-focusing unit
500, respective A/D converters 62~62(N) and 63~63(N) of
the receive-focusing unit 600 transduce the inphase compo-
nent reception signals and the quadrature component recep-
tion signals, and provide them to memory controllers
65~65(N). Other functions of the memory controllers
65~65(N), the beam-forming processor 66, and the like are
identical to those in the aforementioned receive-focusing
unit 500. Therefore, they will not be described in detail.

[0062] The ultrasound systems shown in FIGS. 7 to 12 can
reconstruct an image based on additional information,
thereby improving the quality of the image. In particular,
they can utilize all of the RF reception signals over several
frames. In addition, with respect to an image for an organ
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portion being overlapped between frames, they can improve
SNR (signal to noise ratio) by forming the image by over-
lapping the RF data over several frames. Further, in case a
probe moves to repeatedly scan a same region, the RF
reception signals can be overlapped even though there is a
considerable time gap.

[0063] In contrast to the aforementioned first and second
preferred embodiments of the present invention, the probe of
an ultrasound system 1315 of the present invention may not
include a transducer information collecting unit, as shown in
FIG. 13. Hereinafter, configurations and functions, which
are different from those of the ultrasound system 315 in FIG.
3, will be described. The main CPU 100 of the ultrasound
system 1315 generates, in anticipation, spatial information
of transducers in accordance with the movement tendency of
the probe. Here, the spatial information of the transducers
can be generated based on the information set or inputted by
a system designer. The spatial information generated by the
main CPU 100 is stored in the additional information
recording unit 114 and is utilized for constructing or recon-
structing a 2-D or 3-D image.

[0064] The digital ultrasound system constructed in accor-
dance with the present invention can obtain an ultrasound
image having remarkably improved resolution and SNR by
constructing or reconstructing a 2-D or 3-D ultrasound
image through the use of additional information.

[0065] While the present invention has been shown and
described with respect to a preferred embodiment, those
skilled in the art will recognize that various changes and
modifications may be made without departing from the spirit
and scope of the invention as defined in the appended
claims.

What is claimed is:
1. An ultrasound system, comprising:

aprobe including a number of transducers for transmitting
ultrasound transmission signals to a target object,
receiving echo signals reflected from the target object
and converting the echo signals into electrical signals;

an analog-to-digital conversion unit for converting the
electrical signals into digital data;

a transducer information collecting unit for collecting
information on spatial states of the transducers when
receiving the echo signals;

a beam-former for forming reception beams based on the
converted digital data and the collected information;
and

an ultrasound image processing unit for reconstructing an
ultrasound image based on the reception beams.
2. An ultrasound system, comprising:

a probe including a number of transducers for transmitting
ultrasound transmission signals to a target object,
receiving echo signals reflected from the target object
and converting the echo signals into electrical signals;

an analog-to-digital conversion unit for converting the
electrical signals into digital data;

a spatial information generating unit for generating spatial
information on the transducers according to a move-
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ment tendency of the probe, said generated spatial
information being changed in time;

a beam-former for forming reception beams based on the
converted digital data and the change in the generated
spatial information; and

an ultrasound image processing unit for reconstructing an
ultrasound image based on the reception beams.
3. The system of claim 1, further comprising:

an ultrasound transmission beam-forming unit for form-
ing the ultrasound transmission signals based on pre-
determined transmission information, wherein the
beam-former includes means for forming the reception
beams based on the converted digital data, the collected
information and the transmission information.

4. The system of claim 2, further comprising:

an ultrasound transmission beam-forming unit for form-
ing the ultrasound transmission signals based on pre-
determined transmission information, wherein the
beam-former includes means for forming the reception
beams based on the converted digital data, the change
in the generated spatial information and the transmis-
sion information.

5. The system of claim 3, further comprising:

a bio-information generating unit for generating bio-
information by analyzing the electrical signals, wherein
the beam-former includes means for forming the recep-
tion beams either based on the converted digital data,
the collected information and the bio-information or
based on the converted digital data, the collected infor-
mation, the transmission information and the bio-infor-
mation.

6. The system of claim 4, further comprising:

a bio-information generating unit for generating bio-
information by analyzing the electrical signals, wherein
the beam-former includes means for forming the recep-
tion beams either based on the converted digital data,
the change in the generated information and the bio-
information or based on the converted digital data, the
change in the generated information, the transmission
information and the bio-information.

7. The system of claim 3, wherein the ultrasound image
processing unit includes means for reconstructing a 2-D or
3-D image.

8. The system of claim 4, wherein the ultrasound image
processing unit includes means for reconstructing a 2-D or
3-D image.

9. An ultrasound system for reconstructing an ultrasound
image corresponding to a portion selected by a user out of
a preformed ultrasound image, the system comprising:

a probe including a number of transducers for transmitting
ultrasound transmission signals to a target object,
receiving echo signals reflected from the target object
and converting the echo signals into electrical signals;

a transducer information collecting unit for collecting
information on spatial states of the transducers when
receiving the echo signals;

a receive-focusing unit including an analog-to-digital
conversion unit for converting the electrical signals into
digital data and a memory for storing the converted
digital data to accumulate at least one frame of data for
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at least a part of the target object therein, the receive-
focusing unit being configured to focus the converted
digital data in consideration of the collected informa-
tion, said receive-focusing unit being operable to
retrieve and focus the stored digital data corresponding
to the selected portion in consideration of the collected
information; and

an ultrasound image processing unit for forming an ultra-
sound image based on the focused digital data.
10. The ultrasound system of claim 9, further comprising:

an ultrasound transmission beam-forming unit for form-
ing the ultrasound transmission signals based on pre-
determined transmission information, wherein the
receive-focusing unit includes means for focusing the
converted digital data corresponding to the selected
portion in consideration of the collected information
and the transmission information.

11. The ultrasound system of claim 9, further comprising:

a bio-information generating unit for generating bio-
information by analyzing the electrical signals, wherein
the receive-focusing unit includes means for focusing
the converted digital data corresponding to the selected
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portion in consideration of the collected information
and the bio-information or in consideration of the
collected information, the transmission information
and the bio-information.

12. The ultrasound system of claim 10, further compris-
ing:

a bio-information generating unit for generating bio-
information by analyzing the electrical signals, wherein
the receive-focusing unit includes means for focusing
the converted digital data corresponding to the selected
portion in consideration of the collected information
and the bio-information or in consideration of the
collected information, the transmission information
and the bio-information.

13. The ultrasound system of claim 11, wherein the
ultrasound image processing unit includes means for recon-
structing a 2-D or 3-D image.

14. The ultrasound system of claim 12, wherein the
ultrasound image processing unit includes means for recon-
structing a 2-D or 3-D image.
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