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ULTRASONIC DIAGNOSTIC SYSTEM AND
ULTRASONIC DIAGNOSTIC METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2011-
245910, filed Nov. 9, 2011 and Japanese Patent Application
No. 2012-205376, filed Sep. 19, 2012; the entire contents of
Japanese Patent Application No. 2011-245910 and Japanese
Patent Application No. 2012-205376 are incorporated herein
by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic system and an ultrasonic diagnostic
method.

BACKGROUND

[0003] Inrecentyears,a mobile ultrasonic diagnostic appa-
ratus capable of using with holding in hands begins to become
common. However, a drive voltage of an ultrasonic transmis-
sion system included in an ultrasonic diagnostic apparatus is
relatively large. For example, drive voltages of a high pres-
sure SW, a transmission/reception separation circuit and a
transmission circuit included in the transmission system are
over 100V. Therefore, it is difficult to increase a density of an
IC (integrated circuit) on the transmission system in the ultra-
sonic diagnostic apparatus because of securing a sufficient
withstanding pressure.

[0004] Therefore, conventionally, downsizing and price
reduction for the mobile ultrasonic diagnostic apparatus are
attempted by reducing the number of transmission channels.
However, there is a problem that high image quality cannot be
obtained by the conventional mobile ultrasonic diagnostic
apparatus since the number of the transmission channels is
restricted. Specifically, as described above, it is difficult to
increase the number of the transmission channels because of
securing a sufficient withstanding pressure since a drive volt-
age of the transmission system in the ultrasonic diagnostic
apparatus is high. Therefore, for example, a linear electron
array probe which includes more than 100 ultrasonic trans-
ducers cannot be connected with the conventional mobile
ultrasonic diagnostic apparatus.

[0005] On the contrary, when the number of the transmis-
sion channels is tried to increase, a circuit size of the trans-
mission system becomes large and downsizing becomes dif-
ficult. Specifically, there is a problem that the circuit size of
the transmission system becomes large depending on the
number of transmission channels since a small and low-cost
IC for a low voltage cannot be used for the circuit of the
transmission system.

[0006] Itis an object of the present invention to provide a
smaller ultrasonic diagnostic system and an ultrasonic diag-
nostic method which can obtain an ultrasonic diagnostic
image with a higher image quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the accompanying drawings:

[0008] FIG.1isablock diagram of an ultrasonic diagnostic
system according to the first embodiment of the present
invention;
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[0009] FIG. 2 is a diagram to show switching states of the
reception signal output by the output selection SW shown in
FIG. 1,

[0010] FIG. 3 is a functional block diagram of the DSP
shown in FIG. 1;

[0011] FIG. 4 is a diagram describing a correction method
of the reception delay times in the delay time correction part
shown in FIG. 1; and

[0012] FIG. 5 is a block diagram showing an ultrasonic
diagnostic system according to the second embodiment of the
present invention.

DETAILED DESCRIPTION

[0013] In general, according to one embodiment, an ultra-
sonic diagnostic system includes a data acquiring unit, a beam
forming processing unit, a processor and an output unit. The
data acquiring unit is configured to acquire reception signals
corresponding to ultrasonic transducers by transmitting and
receiving ultrasonic waves to and from an object using the
ultrasonic transducers. The beam forming processing unit is
configured to apply beam forming to the reception signals.
The processor is configured to generate ultrasonic image data
based on reception signals subjected to the beam forming.
The output unit is configured to output the reception signals
before the beam forming to an outside terminal.

[0014] Further, according to another embodiment, an ultra-
sonic diagnostic system includes an ultrasonic diagnostic
apparatus and a computer. The computer is connected to the
ultrasonic diagnostic apparatus through a network. The ultra-
sonic diagnostic apparatus includes a data acquiring unit, a
beam forming processing unit, a processor and an output unit.
The data acquiring unit is configured to acquire reception
signals corresponding to ultrasonic transducers by transmit-
ting and receiving ultrasonic waves to and from an object
using the ultrasonic transducers. The beam forming process-
ing unit is configured to apply a first beam forming to the
reception signals. The processor is configured to generate first
ultrasonic image data based on reception signals subjected to
the first beam forming. The output unit is configured to output
the reception signals before the first beam forming to the
computer. The computer functions as a data generation unit.
The data generation unit is configured to apply a second beam
forming to the reception signals before the first beam forming
output from the output unit to generate second ultrasonic
image data having a data size larger than that of the first
ultrasonic image data based on the reception signals sub-
jected to the second beam forming.

[0015] Further, according to another embodiment, an ultra-
sonic diagnostic system includes an ultrasonic diagnostic
apparatus, a computer and an ultrasonic diagnostic image
server. The ultrasonic diagnostic apparatus is placed in a
medical institution. The computer is placed in the medical
institution and has a display unit. The ultrasonic diagnostic
image server is placed in a center side and connected with
each of the ultrasonic diagnostic apparatus and the computer
through a network. The ultrasonic diagnostic apparatus
includes a data acquiring unit, a beam forming processing
unit, a processor and an output unit. The data acquiring unit is
configured to acquire reception signals corresponding to
ultrasonic transducers by transmitting and receiving ultra-
sonic waves to and from an object using the ultrasonic trans-
ducers. The beam forming processing unit is configured to
apply a first beam forming to the reception signals. The pro-
cessor is configured to generate first ultrasonic image data
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based on reception signals subjected to the first beam form-
ing. The output unit is configured to transmit the reception
signals before the first beam forming to the ultrasonic diag-
nostic image server. The ultrasonic diagnostic image server
includes a data generation unit and a data transmission unit.
The data generation unit is configured to apply the second
beam forming to the reception signals before the first beam
forming output from the output unit to generate second ultra-
sonic image data having a data size larger than that of the first
ultrasonic image data based on the reception signals sub-
jected to the second beam forming. The data transmission unit
is configured to transmit the second ultrasonic image data to
the computer.

[0016] Further, according to another embodiment, an ultra-
sonic diagnostic system includes a data reception unit and a
data generation unit. The data reception unit is configured to
receive reception signals before a beam forming and corre-
sponding to ultrasonic transducers from an ultrasonic diag-
nostic apparatus through a network. The reception signals are
acquired by transmitting and receiving ultrasonic waves to
and from an object using the ultrasonic transducers. The data
generation unit is configured to apply a beam forming to the
reception signals to generate ultrasonic image data based on
reception signals subjected to the beam forming.

[0017] Further, according to another embodiment, an ultra-
sonic diagnostic system includes a data reception unit, a data
generation unit and a data transmission unit. The data recep-
tion unit is configured to receive reception signals before a
beam forming and corresponding to ultrasonic transducers
from an ultrasonic diagnostic apparatus through a network.
The reception signals are acquired by transmitting and receiv-
ing ultrasonic waves to and from an object using the ultra-
sonic transducers. The data generation unit is configured to
apply a beam forming to the reception signals to generate
ultrasonic image data based on reception signals subjected to
the beam forming. The data transmission unit is configured to
transmit the ultrasonic image data to a computer having a
display unit through a network.

[0018] Further, according to another embodiment, an ultra-
sonic diagnostic method includes: acquiring reception sig-
nals corresponding to ultrasonic transducers by transmitting
and receiving ultrasonic waves to and from an object using the
ultrasonic transducers; applying beam forming to the recep-
tion signals; generating ultrasonic image data with a proces-
sor based on reception signals subjected to the beam forming;
and outputting the reception signals before the beam forming
to an outside terminal.

[0019] An ultrasonic diagnostic system and an ultrasonic
diagnostic method according to an embodiment of the present
invention will be described with reference to the accompany-
ing drawings.

First Embodiment

[0020] FIG.1isablock diagram of an ultrasonic diagnostic
system according to the first embodiment of the present
invention.

[0021] An ultrasonic diagnostic system 1 is configured by
connecting a mobile ultrasonic diagnostic apparatus 2 with a
computer 3 with a transmission cable 4. The mobile ultra-
sonic diagnostic apparatus 2 includes a transmission circuit 5,
a transmission/reception separation circuit 6, a high pressure
SW 7, multiple ultrasonic transducers 8, an amplifier 9, an
A/D (analog to digital) converter 10, a buffer memory 11, an
output selection SW 12, a control panel 13, a digital signal
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processor (DSP) 14, a display 15, a data compression circuit
16 and an input/output interface (I/F) 17.

[0022] The ultrasonic transducers 8 are connected with
multiple transmission channels and reception channels via
the transmission/reception separation circuit 6 and the high
pressure SW 7. Each ultrasonic transducer 8 has a function to
convert a transmission signal applied as an electrical signal
from the transmission circuit 5 via the transmission/reception
separation circuit 6 and the high pressure SW 7 into an ultra-
sonic transmission signal to transmit to an object Each ultra-
sonic transducer 8 also has a function to receive an ultrasonic
reflected signal generated in the object by transmitting the
ultrasonic signal, convert the ultrasonic reflected signal to an
electrical reception signal and output the electrical reception
signal to a reception channel.

[0023] Further, the multiple ultrasonic transducers 8 forms
an ultrasonic probe. An arbitrary type of probe such as a
convex type, a linear type or a sector type can be used as the
ultrasonic probe.

[0024] The transmission circuit 5 is a circuit to generate a
transmission signal for each transmission channel to output
the transmission signal to the transmission/reception separa-
tion circuit 6. In the transmission circuit 5, a delay time is
given to each transmission signal for giving directionality to
respective ultrasonic signals transmitted from the multiple
ultrasonic transducers 8 to form an ultrasonic transmission
beam. Then, the multiple transmission signals generated in
the transmission circuit 5 are output to the corresponding
transmission channels respectively and applied to the respec-
tive ultrasonic transducers 8 via the transmission/reception
separation circuit 6 and the high pressure SW 7.

[0025] The transmission/reception separation circuit 6 is a
circuit to separate transmission signals, applied to the ultra-
sonic transducers 8 from the transmission circuit 5 via the
high pressure SW 7, from reception signals, output from the
ultrasonic transducers 8 via the high pressure SW 7. Specifi-
cally, the transmission/reception separation circuit 6 applies
transmission signals, received from the transmission circuit 5,
to the ultrasonic transducers 8 via the high pressure SW 7 and
outputs reception signals, acquired from the ultrasonic trans-
ducers 8 via the high pressure SW 7, to the amplifier 9.
[0026] Thehigh pressure SW 7 is a switch to convert signal
paths for applying transmission signals, output from the
transmission/reception separation circuit 6, to the ultrasonic
transducers 8 and signal paths for outputting reception sig-
nals, output from the ultrasonic transducers 8, to the trans-
mission/reception separation circuit 6.

[0027] Tt is preferable that a signal, to which pulse com-
pression can be performed, such as a chirp wave having a low
peak voltage is used as a transmission signal generated in the
transmission circuit 5 and applied to the ultrasonic transducer
8 from the perspective of decreasing a drive voltage of the
transmission circuit 5 and acquiring a sufficient sensitivity. A
pulse compression technique is one of techniques which
allow driving the transmission circuit 5 with a low voltage
about 20V to acquire a reception sensitivity equivalent to that
when the transmission circuit 5 is driven with a high voltage.
Further, the chirp wave is a wave derived by changing a
frequency of a sine wave with time.

[0028] Especially, using a chirp wave having a Gauss enve-
lope curve as a transmission signal makes it possible to reduce
a peak voltage of the transmission signal to use an IC with a
high integration for a low voltage. Additionally, a pulse com-
pression processing of a reception signal received corre-
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sponding to a transmission signal consisting of a chirp wave
allows acquiring a sensitivity equivalent to that when a recep-
tion signal having a pulse waveform including the Gauss
envelope curve having a similar amplitude characteristic is
received.

[0029] Therefore, it becomes possible to integrate circuits
used in the transmission system of the mobile ultrasonic
diagnostic apparatus 2. Specifically, it becomes possible to
configure the high pressure SW 7, the transmission/reception
separation circuit 6 and the transmission circuit 5 with highly
integrated IC. Further, more than 4 times as many channels as
conventional channels can be equipped on a single IC chip.
Consequently, the number of channels can be increased with
downsizing circuits used in the transmission system of the
mobile ultrasonic diagnostic apparatus 2.

[0030] As an example, the hand-held small mobile ultra-
sonic diagnostic apparatus 2 of approximately 80 mmx59
mmx25 mm can mount 64 transmission channels and recep-
tion channels respectively as shown in FIG. 1. Therefore, in
the example shown in FIG. 1, the ultrasonic transducers 8 for
128 channels corresponding to 64 transmission channels and
64 reception channels are mounted.

[0031] On the other hand, the amplifier 9 which configures
the reception system is a device to amplify the reception
signals acquired by the respective reception channels to out-
put the reception signals to the A/D converter 10.

[0032] The A/D converter 10 is a circuit to convert the
analog reception signals for the respective reception channels
output from the amplifier 9 to the digital reception signals.
The multiple radio frequency (RF) reception signals, after
A/D conversion, corresponding to the multiple ultrasonic
transducers 8 are stored in the buffer memory 11.

[0033] Therefore, in the example shown in FIG. 1, the
transmission circuit 5, the transmission/reception separation
circuit 6, the high pressure SW 7, the multiple ultrasonic
transducers 8, the amplifier 9, the A/D converter 10 and the
buffer memory 11 function as a data acquisition unit which
acquires multiple reception signals corresponding to the mul-
tiple ultrasonic transducers 8 by transmitting and receiving
ultrasonic waves to and from an object with the multiple
ultrasonic transducers 8. As long as the equivalent function
can be provided, the data acquisition unit of the mobile ultra-
sonic diagnostic apparatus 2 may be configured by other
elements.

[0034] The output selection SW 12 is a switch to select the
output of reception signals, for respective reception channels,
stored in the buffer memory 11 by operation of the control
panel 13. It is possible to select either one or both of the DSP
14 and the computer 3 as the output or the outputs of the
reception signals. When the computer 3 is the output, multiple
RF signals corresponding to the multiple ultrasonic transduc-
ers 8 and the multiple reception channels are transmitted to
the computer 3 through the transmission cable 4 via the data
compression circuit 16 and the input/output I/F 17.

[0035] FIG. 2 is a diagram to show switching states of the
reception signal output by the output selection SW 12 shown
in FIG. 1.

[0036] In FIG. 2, (A) shows a state that the output of the
reception signals is the DSP 14 side, (B) shows a state that the
output of the reception signals is the computer 3 side and (C)
shows a state that the output of the reception signals is both
the DSP 14 side and the computer 3 side respectively.
[0037] To the DSP 14 side, the reception signals read from
the buffer memory 11 are output in real time. Note that, the
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reception signals may be able to be output to the DSP 14 side
posteriori by a batch data transmission. On the other hand, to
the computer 3 side, the reception signals read from the buffer
memory 11 can be output in real time and also output poste-
riori by a batch data transmission. Therefore, the beam form-
ing processing can be performed as real time processing or
batch processing in the beam forming processing part or the
beam forming processing parts in either one or both of the
DSP 14 and the computer 3.

[0038] As described above, one or both of the beam form-
ing processing part of the DSP 14 and the computer 3 as an
external terminal can be selected as the output or the outputs
of the multiple reception signals before beam forming by
switching the output selection SW 12. Additionally, multiple
reception signals can be output to the computer 3 as the
external terminal with switching between a real time data
transmission and a batch data transmission by switching
operation of the output selection SW 12.

[0039] The DSP 14 has a function to generate the first
ultrasonic image data in real time by signal processing includ-
ing pulse compression to multiple reception signals, before
beam forming, corresponding to multiple reception channels
beam forming to the multiple reception signals after the pulse
compression. The DSP 14 also has a function to display the
first ultrasonic image on the display 15 in real time by out-
putting the generated first ultrasonic image data to the display
15.

[0040] FIG. 3 is a functional block diagram of the DSP 14
shown in FIG. 1.

[0041] As shown in FIG. 3, the DSP 14 functions as a pulse
compression part 14A, a phasing/addition part 14B, a phase
detection part 14C, an envelope curve detection part 14D, a
logarithniic compression part 14E, a coordinate conversion
part 14F and a data reduction part 14G by reading and per-
forming a data processing program.

[0042] The pulse compression part 14A has a function to
perform a pulse compression processing required to multiple
reception signals before beam forming when a chirp wave-
form having a long wave length has been used as the trans-
mission signal.

[0043] The phasing/addition part 14B has a function to
perform beam forming of the reception signals by phasing
and adding multiple reception signals, after the pulse com-
pression, corresponding to the multiple reception channels.
Specifically, the phasing/addition part 14B has a function to
generate ultrasonic reception data at scanning positions in an
object by giving reception delay times, for the respective
reception channels, to the respective reception signals and
adding the reception channels.

[0044] The phase detection part 14C, the envelope curve
detection part 14D, the logarithniic compression part 14E and
the coordinate conversion part 14F have functions to perform
known phase detection processing, envelope curve detection
processing, logarithniic compression processing and coordi-
nate conversion processing required for generating the first
ultrasonic image data based on the ultrasonic reception data
alter the beam forming respectively. Then, the first ultrasonic
image data converted from a coordinate system of a scan
format to a coordinate system of a television format is output
to the display 15 from the coordinate conversion part 14F.
[0045] As described above, the phasing/addition part 14B
in the DSP 14 functions as the beam forming processing part
which performs the first beam forming to multiple reception
signals corresponding to the multiple ultrasonic transducers
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8. Thus, the phasing/addition part 14B which functions as the
beam forming processing part of the DSP 14 can be selected
as the output of multiple reception signals before the beam
forming by the output selection SW 12. Meanwhile, the phase
detection part 14C, the envelope curve detection part 14D, the
logarithmic compression part 14E and the coordinate conver-
sion part 14F in the DSP 14 have functions to generate ultra-
sonic image data based on the multiple reception signals
subjected to the first beam forming.

[0046] The datareduction part 14G has a function to reduce
the reception signals used for generating the first ultrasonic
image data. Methods of reducing the reception signals
include a method to decimate the reception channels to be a
target of phasing and addition and a method to lower the
frame rate of the first ultrasonic images displayed on the
display 15 of the mobile ultrasonic diagnostic apparatus 2.
[0047] Therefore, the data reduction part 14G can reduce
the reception signals used for generating the first ultrasonic
image data by providing at least one of the reception chan-
nels, to be the target of phasing and addition, and the frame
rate to the phasing/addition part 14B as the phasing/addition
condition information as shown in FIG. 3. Note that, the
frame rate may be reduced in a post-circuit of the phasing/
addition part 14B by control of the data reduction part 14G.
[0048] Specifically, the reception signals used for generat-
ing the first ultrasonic image data can be reduced by the data
reduction part 14G controlling the target circuit so that the
first ultrasonic image data is generated with decimating at
least one of the reception channels of the multiple reception
signals and the frame rate.

[0049] On the other hand, the data compression circuit 16 to
be the output from the output selection SW 12 has a function
to perform data compression processing of the multiple
reception signals, before the beam forming, output from the
buffer memory 11 through the output selection SW 12. The
data compression circuit 16 also has a function to output the
multiple reception signals after the data compression to the
computer 3 by the transmission cable 4 through the input/
output I/F 17. Further, when ultrasonic image data subjected
to the data compression has been received from the input/
output I/F 17, the data compression circuit 16 is configured to
perform data uncompressing processing of the received ultra-
sonic image data to output the uncompressed ultrasonic
image data to the display 15.

[0050] The input/output I/F 17 of the mobile ultrasonic
diagnostic apparatus 2 is an element for data exchange with
the computer 3 via the transmission cable 4. Especially, the
input/output I/F 17 functions as an output unit, of the mobile
ultrasonic diagnostic apparatus 2, which outputs the multiple
reception signals before the beam forming to the computer 3.
Further, the input/output I/F 17 functions as the output unit, of
the mobile ultrasonic diagnostic apparatus 2, which performs
data compression of multiple reception signals to output the
compressed reception signals by collaborating with the data
compression circuit 16.

[0051] As the transmission cable 4, a standardized commu-
nication protocol such as Universal Serial Bus (USB) can be
used. The USB3.0 which is one of USB versions can perform
a data transmission at 5 G [bps] ([bit/s]).

[0052] Onthe other hand, when the number of the reception
channels is 64 [CH], a data size of each reception signal
generated in the A/D converter 10 is 10 [bit] and a frequency
of each reception signal is 40 [MHz], it is required to perform
a data communication at 64 [CH]x10 [bit]x40 [MHz]x25
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[Gbps] for a real time communication. However, reversible
differential compression processing of the multiple reception
signals for the respective reception channels makes it possible
to compress their data size to less than one-third since the
reception signals are similar between adjacent reception
channels. Therefore, a data transmission rate required for a
real time communication is only 8.3 [Gbps] by the data com-
pression.

[0053] Hence, connecting the mobile ultrasonic diagnostic
apparatus 2 with the computer 3 by two USB 3.0 transmission
cables 4 each allowing a data transmission at 5 [Gbps]
achieves a data transmission rate of 10 [bps], and therefore, it
becomes possible to transmit the reception signals acquired
by the mobile ultrasonic diagnostic apparatus 2 to the com-
puter 3 in real time.

[0054] The computer 3 has an input/output I/F 18, a calcu-
lation unit 19, an input device 20, a display unit 21 and a
storage unit 22. The calculation unit 19 of the computer 3
functions as a pulse compression part 23, a phasing/addition
part 24, a phase detection part 25, an envelope curve detection
part 26, a logarithnmic compression part 27, a coordinate con-
version part 28, a data compression part 29 and a delay time
correction part 30 by installing and performing a data pro-
cessing program. Further, the computer 3 can store various
data, generated by the calculation unit 19, in the storage unit
22 and read data from the storage unit 22 as well as inputting
information to the calculation unit 19 by operation of the
input device 20.

[0055] As the computer 3A, a general purpose computer
such as a personal computer (PC) or a workstation can be
used. Alternatively, a system consisting of mutually con-
nected computers, so that distributed processing can be per-
formed, may be used as the computer 3. The data processing
program installed in the computer 3 can be recorded in an
information recording media and distributed as a program
product. Alternatively, the data processing program can be
downloaded to the computer 3 using a network such as the
internet.

[0056] A simple general purpose computer such as a PC
can be placed adjacent to the mobile ultrasonic diagnostic
apparatus 2 by connecting the computer with the mobile
ultrasonic diagnostic apparatus 2 using the transmission cable
4 such as the USB. Further, the computer 3 itself may be a
mobile terminal. On the contrary, a computer, such as a work-
station or a system consisting of computers for distributed
processing, which can perform advanced data processing can
be connected to the mobile ultrasonic diagnostic apparatus 2
with relaying another computer by a hospital network.
[0057] The input/output I/F 18 of the computer 3 has a
function as a data reception unit to receive multiple reception
signals, before beam forming, corresponding to the multiple
ultrasonic transducers 8, acquired by transmitting and receiv-
ing ultrasonic waves to and from an object with the ultrasonic
transducers 8, from the mobile ultrasonic diagnostic appara-
tus 2 via the transmission cable 4. Additionally, the input/
output I/F 18 also has a function as an image data output unit
to transmit ultrasonic image data generated in the computer 3
to the mobile ultrasonic diagnostic apparatus 2 via the trans-
mission cable 4.

[0058] The data compression part 29 of the computer 3 has
a function to uncompress compressed data acquired from the
input/output I/F 18 and provide the uncompressed data to the
pulse compression part 23. The data compression part 29 also
has a function to perform data compression of ultrasonic
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image data acquired from the coordinate conversion part 28
and transmit the compressed ultrasonic image data to the
mobile ultrasonic diagnostic apparatus 2 via the input/output
I/F 18 and the transmission cable 4.

[0059] Thepulsecompression part 23, the phasing/addition
part 24, the phase detection part 25, the envelope curve detec-
tion part 26, the logarithmic compression part 27 and the
coordinate conversion part 28 of the computer 3 have func-
tions similar to those of the pulse compression part 14A, the
phasing/addition part 14B, the phase detection part 14C, the
envelope curve detection part 14D, the logarithmic compres-
sion part 14E and the coordinate conversion part 14F of the
DSP 14 built in the mobile ultrasonic diagnostic apparatus 2
respectively. Specifically, the computer 3 has a function to
generate the second ultrasonic image data by signal process-
ing for generating ultrasonic image data including the pulse
compression and the beam forming, similar to the DSP 14.
[0060] However, the computer 3 does not reduce reception
signals for generating ultrasonic diagnostic image data.
Therefore, the computer 3 functions as a data generation unit
to perform pulse compression of reception signals, before the
first beam forming, output from the input/output I/F 17 of the
mobile ultrasonic diagnostic apparatus 2 and the second beam
forming of the reception signals after the pulse compression
to generate the second ultrasonic image data, having a data
size larger than that of the first ultrasonic image data gener-
ated in the mobile ultrasonic diagnostic apparatus 2, based on
the reception signals subjected to the second beam forming.
[0061] Then, the computer 3, in which a Central Processing
Unit (CPU) and a Graphical Processing Unit (GPU) capable
of data processing described above in real time are mounted,
is used for the ultrasonic diagnostic system 1.

[0062] The delay time correction part 30 can be provided as
required. The delay time correction part 30 has a function to
control the phasing/addition part 24 so that the optimum
ultrasonic reception beam can be generated by an adaptive
beam forming based on the reception signals corresponding
to the reception channels. More specifically, the delay time
correction part 30 is configured to correct reception delay
times provided to the reception signals in the phasing/addi-
tion part 24 so that the side lobe of the reception signals
becomes minimum while the main lobe becomes maximum.
[0063] FIG. 4 is a diagram describing a correction method
of the reception delay times in the delay time correction part
30 shown in FIG. 1.

[0064] In the graph in FIG. 4, the abscissa axis indicates a
reception direction of an ultrasonic reflected signal and the
ordinate axis indicates an intensity of a reception signal
received from each reception direction. Further, a bottom part
of FIG. 4 shows that an ultrasonic reception beam is formed
by receiving ultrasonic reflected signals generated from a
scanning position in an object with the ultrasonic transducers
8 at different timings.

[0065] Specifically, a wave front of the ultrasonic reception
beam can be formed by giving appropriate reception delays to
the respective reception signals in the phasing/addition part
24. Then, reception signals showing directionality can be
acquired from the respective directions.

[0066] However, the sonic velocity is not uniform practi-
cally due to tissues consisting of mutually different compo-
sitions in an object. Therefore, an accurate ultrasonic recep-
tion beam from a scanning position cannot be formed when
reception delays are given to the reception signals assuming a
transmitting velocity of ultrasonic reflected signals is con-
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stant in an object. For example, an error occurs in a scanning
position as shown by the dotted line of FIG. 4.

[0067] When intensities of reception signals, having such
an error, corresponding to respective directions are plotted,
the side lobe does not become small sufficiently as shown by
the dotted line of the graph. Accordingly, an optimization
processing for changing respective delay times of reception
signals can be performed with setting the respective reception
delay times given to the reception signals as parameters so
that the side lobe becomes minimum while the main lobe
becomes maximum. This makes it possible to obtain an ideal
wave front, main lobe and side lobe of the ultrasonic reception
beam as shown by the solid line of FIG. 4.

[0068] Note that, the adaptive beam forming performed by
the delay time correction part 30 requires a very large data
processing amount. Accordingly, the delay time correction
part 30 is provided when the computer 3 is a workstation
having a large data processing capacity on the like. Therefore,
a medical image processing apparatus may be used as the
computer 3 for the ultrasonic diagnostic system 1. Further, the
adaptive beam forming is generally performed when the sec-
ond ultrasonic image is not displayed in real time, i.e., the
second ultrasonic image is displayed on the display unit 21
after an ultrasonic scan.

[0069] Next, the operation and the action of the ultrasonic
diagnostic system 1 will be described.

[0070] First, the output selection SW 12 is operated by
handling of the control panel 13 to select an output of recep-
tion signals. Here, a description will be given for an example
case of selecting the DSP 14 and the computer 3 as the
outputs. After determining the output, the ultrasonic probe
formed at the end of the mobile ultrasonic diagnostic appa-
ratus 2 is put to a diagnostic part of an object.

[0071] Next, transmission signals, such as chirp waves, to
which a pulse compression can be performed, are applied to
the respective ultrasonic transducers 8 with delay times for
the transmission beam forming from the transmission circuit
5 via the transmission/reception separation circuit 6 and the
high pressure SW 7. Therefore, the ultrasonic signals are
transmitted to a scanning position of the object from the
respective ultrasonic transducers 8. Consequently, the ultra-
sonic reflected signals generated at the scanning position are
received by the respective ultrasonic transducers 8. The
received ultrasonic reflected signals are converted to electric
reception signals in the corresponding ultrasonic transducers
8 to be output.

[0072] Themultiple reception signals output from the ultra-
sonic transducers 8 are output to the amplifier 9 through
corresponding reception channels via the high pressure SW 7
and the transmission/reception separation circuit 6. The
reception signals for the reception channels amplified in the
amplifier 9 are converted to digital signals in the A/D con-
verter 10 and stored in the buffer memory 11.

[0073] The reception signals corresponding to the ultra-
sonic transducers 8 and the reception channels are output to
the DSP 14 and the data compression circuit 16 from the
buffer memory 11 through the output selection SW 12 in real
time.

[0074] Inthe DSP 14, asignal processing for generating the
first ultrasonic image data is performed. Specifically, a pulse
compression for the reception signals is performed in the
pulse compression part 14A. Next, an ultrasonic reception
beam is formed by phasing and addition of the reception
signals in the phasing/addition part 14B.
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[0075] However, it might become difficult to generate the
first ultrasonic image data in real time with the data process-
ing capacity of the DSP 14. In that case, decimation process-
ing of the reception signals corresponding to specific recep-
tion channels and/or specific time phases is performed by the
data reduction part 14G.

[0076] Specifically, the reception channels can be deci-
mated by sub array processing which performs phase correc-
tion and addition of the reception signals every multiple chan-
nels. That is, the data processing amount in the DSP 14 can be
reduced by reducing the pixel number of the first ultrasonic
image data to be a target of real time display in the mobile
ultrasonic diagnostic apparatus 2.

[0077] Additionally, a frame rate of the first ultrasonic
image data to be a target of real time display in the mobile
ultrasonic diagnostic apparatus 2 can be lower than a frame
rate in an actual ultrasonic scan by adding the reception
signals every multiple time phases. Specifically, the data pro-
cessing amount in the DSP 14 can be also reduced by lower-
ing the frame rate of the first ultrasonic image data.

[0078] For example, the phasing/addition processing can
be performed at a rate of one time per 8 times of acquisition of
reception signals for 1 frame. In this case, when a frame rate
of an ultrasonic scan is 32 [fps] ([frame/s]), the frame rate of
the first ultrasonic image data becomes 4 [fps]. Additionally,
if the reception signals are subjected to the phasing and addi-
tion every 2 channels, a load of the phasing/addition process-
ing in the DSP 14 can be reduced to Y2x's="1s.

[0079] The degree in decimation of the reception channels
and the frames like this can be set variably depending on the
data processing amount in the DSP 14 and the data processing
rate of the DSP 14. Further, the pulse compression may not be
performed for reducing the data processing amount in the
DSP 14.

[0080] The first ultrasonic image displayed on the display
15 of the mobile ultrasonic diagnostic apparatus 2 is referred
as an image for confirming a scan part and is not used for
diagnosis. Therefore, the number of the addition of the recep-
tion channels and the frame rate can be adjusted so that the
first ultrasonic image can be displayed on the mobile ultra-
sonic diagnostic apparatus 2 in real time with at least an image
quality required for performing an ultrasonic scan. For
example, the pixel number and the frame rate of the first
ultrasonic image can be set to approximately 256x256 and 2
[Hz] respectively. Next, a phase detection processing, an
envelope curve detection processing, a logarithmic compres-
sion processing and a coordinate conversion processing are
performed for the reception data after the phasing and addi-
tion by the phase detection part 14C, the envelope curve
detection part 14D, the logarithmic compression part 14E and
the coordinate conversion part 14F respectively. Conse-
quently, the first ultrasonic image data is generated. The gen-
erated first ultrasonic image data is output to the display 15.
Therefore, a user can adjust a position and a direction of the
ultrasonic probe formed in the mobile ultrasonic diagnostic
apparatus 2 with confirming a scanning part of the ultrasonic
scan.

[0081] On the other hand, the second ultrasonic image used
for actual diagnosis is generated and displayed in real time by
signal processing in the computer 3. For that purpose, the
reception signals, before the beam forming, output from the
input/output I/F 17 through the output selection SW 12 and
the data compression circuit 16 from the buffer memory 11 of
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the mobile ultrasonic diagnostic apparatus 2 is transmitted to
the computer 3 as compressed data via the transmission cable
4

[0082] Consequently, the compressed data of the reception
signals corresponding to the ultrasonic transducers 8 and the
reception channels is given to the data compression part 29
via the input/output I/F 18 in the computer 3. Then, the data
compression part 29 performs uncompressing processing of
the compressed data to acquire uncompressed data of the
reception signals corresponding to the ultrasonic transducers
8 and the reception channels.

[0083] Next, the pulse compression of the reception sig-
nals, the beam forming by the phasing and addition, the phase
detection processing of the reception data after the beam
forming, the envelope curve detection processing, the loga-
rithmic compression processing and the coordinate conver-
sion processing are performed in the pulse compression part
23, the phasing/addition part 24, the phase detection part 25,
the envelope curve detection part 26, the logarithmic com-
pression part 27 and the coordinate conversion part 28 of the
computer 3 respectively. Consequently, the second ultrasonic
image data, of which pixel number is approximately 512x512
and frame rate is approximately 60 [Hz], having an image
quality equivalent to that of a high specification apparatus can
be generated in the computer 3 for example.

[0084] Then, the generated second ultrasonic image is dis-
played on the display unit 21 in real time. Therefore, a user
can diagnose the scan part of the object by observing the
second ultrasonic image.

[0085] Further, the second ultrasonic image data can be
also transmitted and displayed to and on the mobile ultrasonic
diagnostic apparatus 2. In that case, the second ultrasonic
image data is provided to the data compression part 29 from
the coordinate conversion part 28. Then, the second ultra-
sonic image data compressed in the data compression part 29
is transferred to the mobile ultrasonic diagnostic apparatus 2
via the input/output I/F 18 of the computer 3 and the trans-
mission cable 4.

[0086] Subsequently, the compressed data of the second
ultrasonic image data is input to the data compression circuit
16 via the input/output I/F 17 in the mobile ultrasonic diag-
nostic apparatus 2. Then, the uncompressed second ultrasonic
image data after uncompressing processing in the data com-
pression circuit 16 is output to the display 15. Therefore, a
user can diagnose the object by observing the second ultra-
sonic image displayed on the display 15 of the mobile ultra-
sonic diagnostic apparatus 2.

[0087] Additionally, the adaptive beam forming with the
optimization of the delay times for the reception signals can
be performed after the scan by controlling the phasing/addi-
tion part 24 by the delay time correction part 30 in the com-
puter 3. Inthat case, the compressed data or the uncompressed
data of the reception signals is stored in the storage unit 22 of
the computer 3. Then, the uncompressed data of the reception
signals is provided to the pulse compression part 23.

[0088] Next, the second ultrasonic image data with an
improved image quality, which is difficult to be acquired even
by a conventional high specification apparatus, can be gener-
ated by signal processing including the adaptive beam form-
ing based on the reception signals after the pulse compres-
sion. The generated second ultrasonic image data can be
displayed on the display unit 21 of the computer 3 or the
display 15 of the mobile ultrasonic diagnostic apparatus 2.
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[0089] Note that, the transmission of the reception signals
before the beam forming to the computer 3 side can be also
performed not in real time but later. In that case, the computer
3 side is selected as the output of the output selection SW 12
after the scan. Then, the reception signals, before the beam
forming, read from the buffer memory 11 are output to the
computer 3 side by batch data transmission. In this case, the
adaptive beam forming can be also performed as an option.
[0090] That is, the ultrasonic diagnostic system 1 as
described above is a system configured to be able to apply
transmission signals such as chirp waves, to which pulse
compression can be performed, to the ultrasonic transducer 8
included in the mobile ultrasonic diagnostic apparatus 2.
Additionally, the ultrasonic diagnostic system 1 can perform
signal processing for generating an ultrasonic image for diag-
nosis after the pulse compression in real time and in parallel
in the computer 3 other than the mobile ultrasonic diagnostic
apparatus 2 in order to solve a problem that pulse compres-
sion circuits for the number of reception channels are
required for pulse compression of the reception signals.
[0091] Therefore, the ultrasonic diagnostic system 1 can
make the size of the mobile ultrasonic diagnostic apparatus 2
smaller without reducing the numbers of the ultrasonic trans-
ducers 8 and the channels by integration of circuits in the
transmission system. Further, the production cost and the
price of the mobile ultrasonic diagnostic apparatus 2 can be
reduced. On the other hand, the second ultrasonic image
having an image quality equivalent to or more than that of a
high specification apparatus can be displayed on the com-
puter 3 or the mobile ultrasonic diagnostic apparatus 2.

Second Embodiment

[0092] FIG. 5 is a block diagram showing an ultrasonic
diagnostic system according to the second embodiment of the
present invention.

[0093] Anultrasonic diagnostic system 1A shown in FIG. 5
is different from the ultrasonic diagnostic system 1 in the first
embodiment shown in FIG. 1 in the point that the mobile
ultrasonic diagnostic apparatus 2 is connected with an ultra-
sonic diagnostic image server 40 placed in a remote location
via a network. Other structures and operations are substan-
tially same as those of the ultrasonic diagnostic system 1
shown in FIG. 1. Therefore, the same reference numbers are
used for same elements as those in FIG. 1, and the description
thereof is omitted.

[0094] The ultrasonic diagnostic system 1A has the mobile
ultrasonic diagnostic apparatus 2, the computer 3 and the
ultrasonic diagnostic image server 40. The mobile ultrasonic
diagnostic apparatus 2 and the computer 3 are placed in a
medical institution 41 such as a medical clinic. In the medical
institution 41, a local area network (LAN) 42 is laid. To the
LAN 42, each of the computer 3 and a wireless communica-
tion terminal 43 is connected.

[0095] Further, the mobile ultrasonic diagnostic apparatus
2 includes a wireless input/output I/F 44. Then, the mobile
ultrasonic diagnostic apparatus 2 is connected with the LAN
42 in the medical institution 41 by wireless communication
between the wireless input/output I/F 44 and the wireless
communication terminal 43. Specifically, the mobile ultra-
sonic diagnostic apparatus 2 can perform data communica-
tion with the computer 3.

[0096] On the other hand, the ultrasonic diagnostic image
server 40 is placed in the center 45 side such as a large medical
institution which generates and provides ultrasonic image
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data. The ultrasonic diagnostic image server 40 is connected
with the LAN 42 in the medical institution 41, in which the
mobile ultrasonic diagnostic apparatus 2 is equipped, via a
wide area network 46 such as internet or a dedicated line.
Further, the wireless communication terminal 47 is connected
with the wide area network 46.

[0097] Therefore, the mobile ultrasonic diagnostic appara-
tus 2 is connected with the ultrasonic diagnostic image server
40 via the wireless communication terminal 43 connected
with the LAN 42 or the wireless communication terminal 47
connected with the wide area network 46. Further, the com-
puter 3 is connected with the ultrasonic diagnostic image
server 40 via the LAN 42 and the wide area network 46.
Specifically, the ultrasonic diagnostic image server 40 is con-
nected with each of the mobile ultrasonic diagnostic appara-
tus 2 and the computer 3 via the network.

[0098] Then, the reception signals, corresponding to the
ultrasonic transducers 8 and the reception channels, before
the beam forming can be transferred to the ultrasonic diag-
nostic image server 40 from the wireless input/output I/F 44
in the mobile ultrasonic diagnostic apparatus 2 by wireless
communication. Specifically, the wireless input/output I/F 44
in the mobile ultrasonic diagnostic apparatus 2 functions as
an output unit which transmits the reception signals before
the beam forming to the ultrasonic diagnostic image server
40.

[0099] For example, when the IEEE 802.11 n which is a
standard of the wireless LAN specified by IEEE (The Insti-
tute of Electrical and Electronics Engineers, Inc.) is used for
the wireless communication, reception signals can be trans-
ferred from the mobile ultrasonic diagnostic apparatus 2
wirelessly by a data transfer rate of 600 [Mbps]. In this case,
all the reception signals cannot be transferred to the ultrasonic
diagnostic image server 40 from the mobile ultrasonic diag-
nostic apparatus 2 in real time. Accordingly, the reception
signals are transferred to the ultrasonic diagnostic image
server 40 sequentially during an ultrasonic scan. Alterna-
tively, all the reception signals are stored in the buffer
memory 11 of the mobile ultrasonic diagnostic apparatus 2
once and the reception signals are transferred to the ultrasonic
diagnostic image server 40 sequentially after the ultrasonic
scan with the batch data transmission form by switching the
output selection SW 12.

[0100] The ultrasonic diagnostic image server 40 includes
an input/output I/F 48. The input/output I/F 48 is connected
with the wide area network 46. Therefore, the input/output I/F
48 functions as a data reception unit of the ultrasonic diag-
nostic image server 40 which receives reception signals,
before the beam forming, corresponding to the ultrasonic
transducers 8, acquired by transmitting and receiving ultra-
sonic waves to and from an object with the ultrasonic trans-
ducers 8, from the mobile ultrasonic diagnostic apparatus 2
via a network.

[0101] The ultrasonic diagnostic image server 40 is config-
ured by a computer, capable of a large scale data processing,
which functions as the pulse compression part 40 A, the phas-
ing/addition part 40B, the phase detection part 40C, the enve-
lope curve detection part 40D, the logarithmic compression
part 40E, the coordinate conversion part 40F, the data com-
pression part 40G, the delay time correction part 40H, the
analysis information generation part 401 and the diagnostic
information addition part 40J by installing a data processing
program on the computer to be executed. Note that, a com-
puter to configure the ultrasonic image server 40 may be also
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a system consisting of mutually connected computers which
can perform distributed processing.

[0102] Further, each of aninput device 49 and a display unit
50 are connected with the ultrasonic diagnostic image server
40. Each of the input device 49 and the display unit 50 may be
connected with the ultrasonic diagnostic image server 40
indirectly via other computers.

[0103] The pulse compression part 40 A, the phasing/addi-
tion part 40B, the phase detection part 40C, the envelope
curve detection part 40D, the logarithmic compression part
40FE, the coordinate conversion part 40F, the data compres-
sion part 40G and the delay time correction part 40H of the
ultrasonic diagnostic image server 40 have functions similar
to those of the pulse compression part 23, the phasing/addi-
tion part 24, the phase detection part 25, the envelope curve
detection part 26, the logarithmic compression part 27, the
coordinate conversion part 28, the data compression part 29
and the delay time correction part 30 of the computer 3 shown
in FIG. 1 respectively. Therefore, when it is difficult to pro-
vide the delay time correction part 30 to the computer 3
shown in FIG. 5 from the perspective of a data processing
capacity, the delay time correction part 40H may be provided
only to the ultrasonic diagnostic image server 40.

[0104] The ultrasonic diagnostic image server 40, having
such a function as described above, functions as a data gen-
eration unit to perform the second beam forming of reception
signals, before the first beam forming, output from the wire-
less input/output I/F 44 of the mobile ultrasonic diagnostic
apparatus 2 to generate the second ultrasonic image data of
which data size is larger than that of the first ultrasonic image
data generated in the mobile ultrasonic diagnostic apparatus 2
based on the reception signals subjected to the second beam
forming, similarly to the computer 3 shown in FIG. 1.

[0105] Specifically, signal processing, including the beam
forming such as the pulse compression, the phasing/addition
processing, the phase detection processing, the envelope
curve detection processing, the logarithmic compression pro-
cessing and the coordinate conversion processing, is per-
formed to the reception signals in the ultrasonic diagnostic
image server 40 off line. In this case, the reception signals are
not reduced for generating the second ultrasonic image data
in the ultrasonic diagnostic image server 40 differently from
the signal processing in the mobile ultrasonic diagnostic
apparatus 2. Further, itis also possible to perform the adaptive
beam forming by operation of the delay time correction part
40H.

[0106] Therefore, the second ultrasonic image data having
an improved image quality equivalent to or more than that of
a conventional high specification apparatus can be generated.
The second ultrasonic image data can be output to the display
unit 50 connected with the ultrasonic diagnostic image server
40. Therefore, when the center 45 side is a large scale medical
institution, diagnosis based on the second ultrasonic image
can be performed by a user such as a doctor.

[0107] Further, the analysis information generation part 401
in the ultrasonic diagnostic image server 40 has a function to
extract a lesion part automatically by image analysis process-
ing such as threshold processing of the second ultrasonic
image data. The analysis information generation part 401 also
has a function to add area information of the extracted lesion
part to the second ultrasonic image data as incidental infor-
mation. Additionally, the diagnostic information addition part
40J has a function to add diagnostic information by a doctor
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to the second ultrasonic image data as incidental information
with operating the input device 49.

[0108] Therefore, in the center 45 side, the second ultra-
sonic image data to which position information of a lesion
part and diagnostic information are added can be generated,
as required. Then, the generated second ultrasonic image data
can be transmitted to an arbitrary device such as the mobile
ultrasonic diagnostic apparatus 2 or the computer 3 in the
medical institution 41 via the network. Specifically, the input/
output I/F 48 of the ultrasonic diagnostic image server 40
functions as a data transmission unit which transmits the
second ultrasonic image data to a device such as the computer
3 having the display unit 21 via the network.

[0109] Then, the second ultrasonic image can be displayed
using an arbitrary monitor for observation such as the display
unit 21 included in the computer 3 in the medical institution
41. Consequently, at the medical institution 41 side, diagnosis
of'an object can be performed by observing the second ultra-
sonic image. Further, position information ofa lesion part and
diagnostic information obtained in the center 45 side can be
displayed on a monitor in the medical institution 41 side with
the second ultrasonic image. Therefore, the second ultrasonic
image can be displayed on a monitor in the small medical
institution 41 such as a clinic with a diagnostic result obtained
by observing the second ultrasonic image by a specialized
doctor in the center 45 side for example.

[0110] The ultrasonic diagnostic system 1A in the second
embodiment as mentioned above is a system configured to be
able to perform signal processing, after pulse compression,
for generating the second ultrasonic image for diagnosis, in
the ultrasonic diagnostic image server 40 by connecting the
mobile ultrasonic diagnostic apparatus 2 with the ultrasonic
diagnostic image server 40 placed in a remote location via a
network.

[0111] Therefore, an effect similar to that by the ultrasonic
diagnostic system 1 in the first embodiment can be obtained
by the ultrasonic diagnostic system 1A in the second embodi-
ment. Additionally, advanced signal processing, such as the
adaptive beam forming, for acquiring a higher image quality
can be performed easily with a common computer. Moreover,
aremote medical care can be also performed with generating
the second ultrasonic image for diagnosis.

Other Embodiments

[0112] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

[0113] For example, though an example of connecting the
mobile ultrasonic diagnostic apparatus 2 with the computer 3
by the transmission cable 4 is described in the first embodi-
ment, the mobile ultrasonic diagnostic apparatus 2 may be
able to communicate with the computer 3 by wireless com-
munication. On the contrary, in the second embodiment, the
mobile ultrasonic diagnostic apparatus 2 may be also con-
nected with each of the computer 3 and the ultrasonic diag-
nostic image server 40 by the transmission cable 4. Specifi-
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cally, the mobile ultrasonic diagnostic apparatus 2, the
computer 3 and the ultrasonic diagnostic image server 40 can
be connected mutually via a wired or wireless network.
[0114] Further, the mobile ultrasonic diagnostic apparatus
2 may be various types of ultrasonic diagnostic apparatuses
such as a portable standing ultrasonic diagnostic apparatus.
Additionally, not only the DSP 14 but a processor and/or a
circuit having an equivalent data processing function can be
used for generating the first ultrasonic image data in the
ultrasonic diagnostic apparatus.

What is claimed is:

1. An ultrasonic diagnostic system comprising:

a data acquiring unit configured to acquire reception sig-
nals corresponding to ultrasonic transducers by trans-
mitting and receiving ultrasonic waves to and from an
object using the ultrasonic transducers;

a beam forming processing unit configured to apply beam
forming to the reception signals;

a processor configured to generate ultrasonic image data
based on reception signals subjected to the beam form-
ing; and

an output unit configured to output the reception signals
before the beam forming to an outside terminal.

2. An ultrasonic diagnostic system comprising:

an ultrasonic diagnostic apparatus; and

a computer connected to said ultrasonic diagnostic appa-
ratus through a network, wherein said ultrasonic diag-
nostic apparatus includes:

a data acquiring unit configured to acquire reception sig-
nals corresponding to ultrasonic transducers by trans-
mitting and receiving ultrasonic waves to and from an
object using the ultrasonic transducers;

a beam forming processing unit configured to apply a first
beam forming to the reception signals;

a processor configured to generate first ultrasonic image
data based on reception signals subjected to the first
beam forming; and

an output unit configured to output the reception signals
before the first beam forming to said computer, and

said computer functions as a data generation unit config-
ured to apply a second beam forming to the reception
signals before the first beam forming output from said
output unit to generate second ultrasonic image data
having a data size larger than that of the first ultrasonic
image data based on the reception signals subjected to
the second beam forming.

3. An ultrasonic diagnostic system comprising:

an ultrasonic diagnostic apparatus placed in a medical
institution;

a computer placed in the medical institution and having a
display unit; and

an ultrasonic diagnostic image server placed in a center
side and connected with each of said ultrasonic diagnos-
tic apparatus and said computer through a network,

wherein said ultrasonic diagnostic apparatus includes:

a data acquiring unit configured to acquire reception sig-
nals corresponding to ultrasonic transducers by trans-
mitting and receiving ultrasonic waves to and from an
object using the ultrasonic transducers;

a beam forming processing unit configured to apply a first
beam forming to the reception signals;

a processor configured to generate first ultrasonic image
data based on reception signals subjected to the first
beam forming; and
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an output unit configured to transmit the reception signals
before the first beam forming to said ultrasonic diagnos-
tic image server, and

said ultrasonic diagnostic image server includes:

a data generation unit configured to apply the second beam
forming to the reception signals before the first beam
forming output from said output unit to generate second
ultrasonic image data having a data size larger than that
of the first ultrasonic image data based on the reception
signals subjected to the second beam forming; and

a data transmission unit configured to transmit the second
ultrasonic image data to said computer.

4. An ultrasonic diagnostic system comprising:

a data reception unit configured to receive reception signals
before a beam forming and corresponding to ultrasonic
transducers from an ultrasonic diagnostic apparatus
through a network, the reception signals being acquired
by transmitting and receiving ultrasonic waves to and
from an object using the ultrasonic transducers; and

a data generation unit configured to apply a beam forming
to the reception signals to generate ultrasonic image data
based on reception signals subjected to the beam form-
ing.

5. An ultrasonic diagnostic system comprising:

a data reception unit configured to receive reception signals
before a beam forming and corresponding to ultrasonic
transducers from an ultrasonic diagnostic apparatus
through a network, the reception signals being acquired
by transmitting and receiving ultrasonic waves to and
from an object using the ultrasonic transducers;

a data generation unit configured to apply a beam forming
to the reception signals to generate ultrasonic image data
based on reception signals subjected to the beam form-
ing; and

a data transmission unit configured to transmit the ultra-
sonic image data to a computer having a display unit
through a network.

6. An ultrasonic diagnostic system of claim 1, further com-

prising:

a switch configured to select one or both of said beam
forming processing unit and the outside terminal as an
output destination of the reception signals before the
beam forming.

7. An ultrasonic diagnostic system of claim 6,

wherein said switch is configured to be able to switch a real
time data transmission and a batch data transmission to
output the reception signals before the beam forming.

8. An ultrasonic diagnostic system of claim 1,

wherein the ultrasonic image data is generated by signal
processing including pulse compression of the reception
signals before the beam forming.

9. An ultrasonic diagnostic system of claim 2,

wherein said data generation unit is configured to perform
processing for changing respective delay times of the
reception signals before the beam forming so as to maxi-
mize a main lobe and minimize a side lobe.

10. An ultrasonic diagnostic system of claim 1,

wherein said processor is configured to generate the ultra-
sonic image data with decimating at least one of recep-
tion channels of the reception signals subjected to the
beam forming and a frame rate.
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11. An ultrasonic diagnostic system of claim 1,

wherein said output unit is configured to perform a data
compression of the reception signals before the beam
forming to output the reception signals before the beam
forming.

12. An ultrasonic diagnostic system of claim 4,

wherein said data generation unit consists of a computer
system performing distributed processing with mutually
connected computers.

13. An ultrasonic diagnostic method comprising:

acquiring reception signals corresponding to ultrasonic
transducers by transmitting and receiving ultrasonic
waves to and from an object using the ultrasonic trans-
ducers;

applying beam forming to the reception signals;

generating ultrasonic image data with a processor based on
reception signals subjected to the beam forming; and

outputting the reception signals before the beam forming to
an outside terminal.

#* * * #* %
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