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ULTRASOUND DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims benefit of Japanese Appli-
cation No. 2008-069981 filed in Japan on Mar. 18, 2008, the
contents of which are incorporated by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound diag-
nostic apparatus having a common signal processing section
that can process both data of an electronic scan ultrasound
probe and a mechanical scan ultrasound probe connected
thereto.

[0004] 2. Description of the Related Art

[0005] Traditionally, an ultrasound diagnostic apparatus
repeatedly transmits an ultrasound pulse from an ultrasound
transducer of an ultrasound probe connected thereto to a
living tissue, receives an echo signal of the ultrasound pulse
reflected from the living tissue, creates information in the
living body as a visible image of an ultrasonotomographic
image and displays the image on a display section such as a
monitor and the like.

[0006] To such an ultrasound diagnostic apparatus, various
types of ultrasound probes are connected according to obser-
vation sites and diagnosis applications. For example, to the
above ultrasound diagnostic apparatus, both a detachable
electronic scan ultrasound probe and a mechanical scan ultra-
sound probe might be connected.

[0007] The electronic scan ultrasound probe is an elec-
tronic-scan type ultrasound probe that scans inside a body
cavity by electrically driving an ultrasound transducer
mounted inside. The mechanical scan ultrasound probe is a
mechanical-scan type ultrasound probe that scans inside the
body cavity by mechanically rotating the ultrasound trans-
ducer mounted inside.

[0008] Such an ultrasound diagnostic apparatus transmits a
pulse-state ultrasound wave from the ultrasound transducer of
the ultrasound probe connected thereto, receives the pulse-
state ultrasound wave reflected from a portion where an
acoustic impedance of the living tissue changes and converts
the ultrasound wave to an echo signal. Also, the ultrasound
diagnostic apparatus has a signal processing section that car-
ries out signal processing required for creating an ultrasono-
tomographic image to the received echo signal.

[0009] For example, Japanese Patent Application Laid-
Open Publication No. 10-290799 as a first prior art discloses
an art relating to an ultrasound diagnostic apparatus, which is
an ultrasound diagnostic apparatus that can handle both elec-
tronic scan and mechanical scan, having processing means
and the like in which an analog received signal obtained in an
electronic scan mode is converted by an A/D converter to
digital data and then, the digital data and a coefficient are
integrated.

[0010] Also, Japanese Patent Application Laid-Open Pub-
lication No. 2005-230378 as a second prior art discloses an art
relating to a connection adapter for ultrasound observing
device, which is an ultrasound observing device made
capable of electronic ultrasound scan by connecting an elec-
tronic scan ultrasound probe to an ultrasound observing
device to which a mechanical scan ultrasound probe is con-
nected and carries out digital signal processing by a scan
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converter through digital conversion of areceived signal from
the electronic scan ultrasound probe using an A/D converter.

SUMMARY OF THE INVENTION

[0011] An ultrasound diagnostic apparatus according to an
embodiment of the present invention includes a connection
section to which an ultrasound probe having an ultrasound
transducer mounted therein is detachably connected;

[0012] a transmission section that drives the ultrasound
transducer of the ultrasound probe connected to the connec-
tion section by a transmission signal of a transmission fre-
quency thereof;,

[0013] an echo signal creation section that creates a digital
echo signal from an echo signal received by the ultrasound
transducer and converted from the ultrasound wave;

[0014] a signal processing section that carries out signal
processing to the digital echo signal;

[0015] a processing-speed changing section that changes
an operation frequency of the signal processing in the signal
processing section; and

[0016] a change control section that controls change of the
operation frequency in the processing-speed changing sec-
tion.

[0017] An ultrasound diagnostic system according to an
embodiment of the present invention includes an electronic
scan ultrasound probe having an electronic scan ultrasound
transducer mounted therein;

[0018] a mechanical scan ultrasound probe having a
mechanical scan ultrasound transducer mounted therein;
[0019] a connection section to which the electronic scan
ultrasound probe and the mechanical scan ultrasound probe
are detachably connected, respectively;

[0020] a transmission section that drives the ultrasound
transducer of the ultrasound probe connected to the connec-
tion section by a transmission signal of a transmission fre-
quency thereof;

[0021] an echo signal creation section that creates a digital
echo signal from an echo signal received by the ultrasound
transducer and converted from the ultrasound wave;

[0022] a signal processing section that carries out signal
processing to the digital echo signal;

[0023] a processing-speed changing section that changes
an operation frequency of the signal processing in the signal
processing section; and

[0024] a change control section that controls change of the
operation frequency in the processing-speed changing sec-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a block diagram illustrating an entire con-
figuration of an ultrasound diagnostic system having an ultra-
sound diagnostic apparatus according to a first embodiment
of the present invention;

[0026] FIG. 2 is a block diagram illustrating a specific
configuration of a signal processing section of the ultrasound
diagnostic apparatus in FIG. 1,

[0027] FIG. 3 is a block diagram illustrating a specific
configuration of a signal processing circuit in the signal pro-
cessing section in F1G. 2;

[0028] FIG. 4is an explanatory diagram for explaining one
sound-ray data in an ultrasound image created by the ultra-
sound diagnostic apparatus;
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[0029] FIG. 5 is an explanatory diagram for explaining
timing when a filter is switched according to a signal for each
predetermined interval in the one sound-ray data;

[0030] FIG. 6 is a block diagram illustrating an entire con-
figuration of an ultrasound diagnostic system having an ultra-
sound diagnostic apparatus according to a second embodi-
ment of the present invention;

[0031] FIG. 7 is an explanatory diagram for explaining a
problem in a prior-art signal processing section;

[0032] FIG. 8 is a diagram illustrating ideal filter charac-
teristics; and
[0033] FIG.9isa filter characteristic diagram illustrating a

state in which a direct current component cannot be fully cut
off if the number of taps is limited to the predetermined
number.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] Embodiments of the present invention will be
described below referring to the attached drawings.

First Embodiment

[0035] Prior to specific explanation of the present embodi-
ment, a problem in a prior-art example will be explained.
[0036] In a prior-art ultrasound diagnostic apparatus, a
transmission frequency of a connected electronic scan ultra-
sound probe is in a range of 3 to 12 MHz, for example, and a
transmission frequency of a connected mechanical scan ultra-
sound probe is in a range of 5 to 30 MHz, for example, in
general.

[0037] Therefore, in an ultrasound diagnostic apparatus to
which both the electronic scan ultrasound probe and the
mechanical scan ultrasound probe can be connected, a signal
processing section for processing a received signal should
respond to a transmission frequency from a low frequency to
a high frequency (3 to 30 MHz, for example).

[0038] Here, if the signal processing section is configured
by an analog circuit, a circuit scale should become large,
which causes the ultrasound diagnostic apparatus to become
large.

[0039] On the other hand, if the signal processing section is
configured by a digital circuit, it is possible to make the circuit
scale small, but the analog signal should be converted to
digital data using an A/D converter and given signal process-
ing, and in this case, if a sampling clock (equal to an operation
frequency of the signal processing section) at the A/D con-
version processing by the A/D converter is low, waveform
reproducibility is lowered.

[0040] For example, in order to reproduce a received echo
signal of 30 MHz, four samples in one cycle is needed at the
minimum, and a frequency of the sampling clock of the A/D
conversion processing needs to be set at a high speed of 120
MHz. Naturally, the signal processing section in a rear stage
of the A/D conversion processing should also be designed to
be operated at 120 MHz. (See FIG. 7)

[0041] However, there are some filters limiting a receiving
band in the signal processing section, and in order to process
them at a high speed of 120 MHz, the number of taps consti-
tuting a digital filter is limited. For example, the number of
taps should be set at 40 or less.

[0042] However, in view of nature of the digital filter, it is
necessary to increase the number of taps as many as possible
in order to realize a steep cut-off characteristic. Thus, if the
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number of taps is set at 40 or less for high-speed processing at
120 MHz, it becomes difficult to realize a bandpass filter with
a steep cut-off of a low center frequency (approximately 3
MHz).

[0043] That is, fine filter adjustment of a low-frequency
component becomes difficult, and such a problem occurs that
though a characteristic shown by a dotted line portion as in
FIG. 9 is desirably realized for an ideal state (FIG. 8) at the
infinite tap number, an unnecessary frequency component
(direct current component) cannot be fully cut off.

[0044] Inorder to solve such a problem, the signal process-
ing section is preferably configured as a single common sig-
nal processing section that can process frequencies from a
low frequency to a high frequency, that is, both data of the
electronic scan ultrasound probe and the mechanical scan
ultrasound probe by constituting an operation frequency
(sampling clock of the A/D converter) of the signal process-
ing section changeable so that a circuit scale thereof is made
small.

[0045] However, though the first and second prior-art
examples disclose the signal processing section that can
handle both the electronic scan and the mechanical scan and
converts the received signal by the A/D converter to the digital
data for signal processing, no disclosure or suggestion is
made on means and a method for making the circuit scale
small by configuring the signal processing section as a single
common signal processing section that can process frequen-
cies from a low frequency to a high frequency, that is, both
data of the electronic scan ultrasound probe and the mechani-
cal scan ultrasound probe by constituting the operation fre-
quency (sampling clock of the A/D converter) of the signal
processing section changeable.

[0046] The present embodiment will be explained specifi-
cally below.
[0047] An ultrasound diagnostic system 1 includes an elec-

tronic scan ultrasound probe 2, a mechanical scan ultrasound
probe 3, an ultrasound diagnostic apparatus 4 of the present
embodiment, a monitor 5, and an operation section 6 as
shown in FIG. 1.

[0048] Inthe present embodiment, as shown in FIG. 1, two
ultrasound probes of the electronic scan ultrasound probe 2
and the mechanical scan ultrasound probe 3 are connected to
the ultrasound diagnostic apparatus 4, but configuration in
which either one of the electronic scan ultrasound probe 2 and
the mechanical scan ultrasound probe 3 is connected to the
ultrasound diagnostic apparatus 4 is also applied to the
present invention.

[0049] Also, the monitor 5 as the display device is con-
nected to the ultrasound diagnostic apparatus 4, but a display
section similar to the monitor § may be further provided in the
ultrasound diagnostic apparatus 4 in configuration.

[0050] The electronic scan ultrasound probe 2 is consti-
tuted as an electronic scan ultrasound endoscope, for
example, and has an insertion section 7 formed in an elon-
gated shape so as to be easily inserted into a subject and the
like and an operation section 8 provided at a rear end of the
insertion section 7, and an ultrasound transducer 9 is arranged
at a distal end portion of the insertion section 7. The ultra-
sound transducer 9 is formed by aligning a plurality of trans-
ducer elements 9a.

[0051] In the operation section 8, a connector 10 to be
detachably connected to the ultrasound diagnostic apparatus
4 is provided. In the connector 10, an electric contact section
to which a signal line 2a from the ultrasound transducer 9 is



US 2009/0240151 Al

connected is provided, though not shown. Also, in the con-
nector 10, an ID section 25 constituted by a memory and the
like in which identification information of a probe ID and the
like of the electronic scan ultrasound probe 2 is stored, for
example, is provided.

[0052] The electronic scan ultrasound probe 2 has the ultra-
sound transducer 9 electrically connected to the ultrasound
diagnostic apparatus 4 through the signal line 2¢ when the
connector 10 is connected to the ultrasound diagnostic appa-
ratus 4.

[0053] The electronic scan ultrasound probe 2 is connected
to a light source device and a video processor, not shown, if it
is constituted as an electronic scan ultrasound endoscope, for
example. The electronic scan ultrasound probe 2 has an illu-
mination optical system, an objective optical system, and an
image pickup section, not shown, provided at the distal end
portion of the insertion section 7.

[0054] The electronic scan ultrasound probe illuminates
inside a body cavity from the illumination optical system by
illumination light supplied from the light source device,
forms reflected light from the illuminated body cavity inside
into a subject image by the objective optical system and picks
up a formed optical image by the image pickup section.
[0055] The electronic scan ultrasound probe 2 outputs an
image pickup signal to the video processor. The video pro-
cessor processes the image pickup signal and creates a stan-
dard video signal and outputs the video signal to a monitor for
endoscopic image so that the endoscopic image is displayed
on the monitor for endoscopic image.

[0056] The mechanical scan ultrasound probe 3 has an
insertion section 11 formed in an elongated shape so as to be
easily inserted into a subject and the like and an operation
section 12 provided at a rear end of the insertion section 11.
[0057] The mechanical scan ultrasound probe 3 has an
ultrasound transducer 14 mounted at a distal end side of a
flexible shaft 13 inserted through the insertion section 11. A
rear end of the flexible shaft 13 is connected to a rotation
driving section, not shown, disposed at the operation section
12,

[0058] The rotation driving section mechanically rotates
and drives the ultrasound transducer 14 by rotating the flex-
ible shaft 13 by a motor, not shown. Also, in the rotation
driving section, a rotation position detection section for
detecting a rotation position such as an encoder and the like,
not shown, is provided. A periphery of the ultrasound trans-
ducer 14 is filled with an ultrasound propagation medium, not
shown, for transmitting (propagating) an ultrasound wave.
[0059] In the operation section 12, a connector 15 detach-
ably connected to the ultrasound diagnostic apparatus 4 is
provided. In the connector 15, an electric contact section, not
shown, to which a signal line from the rotation driving section
is connected is provided. Also, in the connector 15, an ID
section 35 constituted by a memory and the like, for example,
in which identification information such as a probe ID and the
like of the mechanical scan ultrasound probe 3 is stored is
provided.

[0060] The mechanical scan ultrasound probe 3 has the
ultrasound transducer 14 electrically connected to the ultra-
sound diagnostic apparatus 4 through the signal line inserted
through the flexible shaft 13 when the connector 15 is con-
nected to the ultrasound diagnostic apparatus 4.

[0061] Subsequently, specific configuration of the ultra-
sound diagnostic apparatus 4 of the present embodiment will
be described referring to FIGS. 1 to 3.
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[0062] Theultrasound diagnostic apparatus 4 of the present
embodiment generates an ultrasound wave by the ultrasound
transducer 9 or 14 of the ultrasound probe 2 or 3 connected
thereto, processes a reflected echo signal and creates an ultra-
sound image and includes a signal processing section 20 that
processes digital data of an echo signal of the ultrasound wave
obtained from the ultrasound probe 2 or 3 (in other words,
digital echo signal) and a processing-speed change control
section 24 that controls so that the operation frequency of the
signal processing section 20 is changed.

[0063] And the processing-speed change control section 24
changes and controls the operation frequency of the signal
processing section 20 according to a transmission frequency
at which the ultrasound transducer mounted on the electronic
scan ultrasound probe 2 or mechanical scan ultrasound probe
3 generates ultrasonic vibrations.

[0064] In the electronic scan ultrasound probe 2 or
mechanical scan ultrasound probe 3, one of ultrasound trans-
ducers with different transmission frequencies (resonance
frequencies) generating ultrasound waves according to probe
types is mounted.

[0065] Theultrasound diagnostic apparatus 4 of the present
embodiment can handle either of the electronic scan ultra-
sound probe 2 and mechanical scan ultrasound probe 3 in
which the ultrasound transducers with the different transmis-
sion frequencies are mounted. For example, the ultrasound
diagnostic apparatus 4 of the present embodiment can genet-
ate an ultrasonotomographic image in any case of the trans-
mission frequency of the ultrasound transducer in a range
from several MHz to several tens MHz.

[0066] With the above configuration, the ultrasound diag-
nostic apparatus 4 of the present embodiment is constituted as
the single common signal processing section 20 that can
process both data of the electronic scan ultrasound probe 2
and mechanical scan ultrasound probe 3 and the signal pro-
cessing section 20 is able to be constituted with a small circuit
scale.

[0067] Specific configuration will be described. As shown
in FIG. 1, the ultrasound diagnostic apparatus 4 includes an
electronic-side connector receiving section 10a, a mechani-
cal-side connector receiving section 154, a transmission sec-
tion 16 for electronic scanning, a transmission section 17 for
mechanical scanning, a receiving section 18 for electronic
scanning, a receiving section 19 for mechanical scanning, the
signal processing section 20, an image processing section 22,
acontrol section 23 having the processing-speed change con-
trol section 24, and a flash ROM 29.

[0068] The operation section 6 connected to the ultrasound
diagnostic apparatus 4 is constituted by a track ball, a key-
board and the like capable of input of instructions of a display
range of the ultrasound image, instructions of the ultrasound
probe to be driven, range switching instructions, and medical
information such as patient information required for ultra-
sound examinations and the like, for example.

[0069] The connector 10 of the electronic scan ultrasound
probe 2 is detachably connected to the electronic-side con-
nector receiving section 10a constituting a first connection
section. Thereby, the electronic scan ultrasound probe 2 is
detachably connected to the ultrasound diagnostic apparatus
4.

[0070] The connector 15 of the mechanical scan ultrasound
probe 3 is detachably connected to the mechanical-side con-
nector receiving section 15a constituting a second connection
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section. Thereby, the mechanical scan ultrasound probe 3 is
detachably connected to the ultrasound diagnostic apparatus
4.

[0071] The electronic-side connector receiving section 10a
is provided with an electronic-side fitting section having a
receiving-side electric contact section contacted and con-
ducted to the electric contact section of the connector 10,
though not shown. On the other hand, the mechanical-side
connector receiving section 15a is provided with a mechani-
cal-side fitting section having areceiving-side electric contact
section contacted and conducted to the electric contact sec-
tion of the connector 15, though not shown.

[0072] Each electric contact section of the electronic-side
and mechanical-side fitting sections (not shown) is electri-
cally connected to a probe selection section 28 of the control
section 23 through the signal line.

[0073] And the probe selection section 28 of the control
section 23 is conducted to each electric contact section and
detects that the connector 10 or the connector 15 is connected
when the connector 10 or the connector 15 is fitted in and
connected to the electronic-side and mechanical-side fitting
sections and at the same time, reads out the identification
information such as the probe ID and the like from the ID
section 24 or the ID section 35 and discriminates (identifies)
whether the connected ultrasound probe is the electronic scan
ultrasound probe 2 or the mechanical scan ultrasound probe 3.
[0074] Therefore, the probe selection section 28 has a func-
tion as a discrimination section for discriminating whether
the connected ultrasound probe is the electronic scan ultra-
sound probe 2 or the mechanical scan ultrasound probe 3.
[0075] Though will be described later, a discrimination
result of the probe selection section 28 is outputted to the
mechanical/electronic switching control section 25 in the
control section 23.

[0076] The ultrasound diagnostic apparatus 4 obtains an
echo signal from the electronic scan ultrasound probe 2 or the
mechanical scan ultrasound probe 3 connected thereto, cre-
ates an ultrasonotomographic image on the basis of sound-ray
data obtained from the echo signal and displays the ultrasono-
tomographic image on the monitor 5.

[0077] Specifically, the transmission section 16 for elec-
tronic scanning applies a pulse-state transmission signal (ul-
trasound driving signal) with a transmission frequency of the
ultrasound transducer 9 to the ultrasound transducer 9 built in
the electronic scan ultrasound probe 2 connected to the elec-
tronic-side connector receiving section 10a for driving. The
ultrasound transducer 9 transmits a pulse-state ultrasound
wave to a living tissue. In this case, the transmission section
16 for electronic scanning electronically scans the ultrasound
wave by sequentially driving the plurality of transducer ele-
ments 9a.

[0078] The pulse-state ultrasound wave reflected from the
living tissue side is received by the ultrasound transducer 9
and converted to an echo signal of the ultrasound wave as an
electric signal.

[0079] The receiving section 18 for electronic scanning
constitutes an echo signal creation section for creating a digi-
tal echo signal from the echo signal of the ultrasound wave.
[0080] For example, the receiving section 18 for electronic
scanning is constituted by an A/D converter 18a for convert-
ing the echo signal to the digital signal and a beamformer for
creating sound-ray data in a predetermined direction and the
like and outputs electronic scan data as the created digital
echo signal to the signal processing section 20.

Sep. 24,2009

[0081] Also, the transmission section 17 for mechanical
scanning applies a pulse-state transmission signal with a
transmission frequency of the ultrasound transducer 14 to the
ultrasound transducer 14 built in the mechanical scan ultra-
sound probe 3 connected to the mechanical-side connector
receiving section 154 for driving. The ultrasound transducer
14 transmits a pulse-state ultrasound wave to a living tissue.
In this case, the ultrasound transducer 14 has rotation and the
like mechanically scanned, and the ultrasound is mechani-
cally scanned.

[0082] The pulse-state ultrasound wave reflected from the
living tissue side is received by the ultrasound transducer 14
and converted to an echo signal of the ultrasound wave as an
electric signal.

[0083] The receiving section 19 for mechanical scanning
constitutes an echo signal creation section for creating a digi-
tal echo signal from the echo signal of the ultrasound wave.
[0084] For example, the receiving section 19 for mechani-
cal scanning is constituted by an A/D converter 194 for con-
verting the echo signal to the digital signal and an amplifier
for amplifying a signal with a predetermined amplification
rate and the like and outputs mechanical scan data as the
created digital echo signal to the signal processing section 20.
[0085] The signal processing section 20 carries out signal
processing to digital data from the receiving section 18 for
electronic scanning and the receiving section 19 for mechani-
cal scanning.

[0086] For example, the signal processing section 20 cre-
ates sound-ray data of luminance information on the basis of
the digital data from the receiving section 18 for electronic
scanning and the receiving section 19 for mechanical scan-
ning and outputs the data to the image processing section 22.
[0087] The image processing section 22 creates a single
ultrasound image on a frame memory 27 by carrying out
coordinate conversion processing to the sound ray data sig-
nal-processed by the signal processing section 20 so as to
create pixel data of a pixel position for display on a screen of
the monitor 5 using the calculation section 26 and a coordi-
nate conversion table (not shown) under control of the control
section 23 constituted by a CPU and the like, for example.
[0088] And the image processing section 22 processes the
pixel data (also referred to as data for display) for display on
the basis of the ultrasound image created for each frame on
the frame memory 27 and displays the ultrasound image on
the display screen of the monitor 5.

[0089] Subsequently. configuration of the signal process-
ing section 20 and the control section 23, which are essential
parts of the ultrasound diagnostic apparatus 4 of the present
embodiment, will be described.

[0090] First, configuration of the signal processing section
20 will be described. As shown in FIG. 2, the signal process-
ing section 20 is constituted by a FPGA (Field Programmable
Gate Array) capable of being programmed, for example, and
has a multiplexer (hereinafter referred to as MUX) 30 into
which digital data from the receiving section 18 for electronic
scanning and the receiving section 19 for mechanical scan-
ning is inputted and which outputs either one of the data, a
signal processing circuit 31 for signal processing of the out-
put data from the MUX 30 and having an internal RAM 31A
inside as an internal storage section capable of rewriting a
coefficient of a tracking filter 36, and a processing-speed
changing circuit 32 that supplies a clock signal (described as
CLK in FIG. 2) on the basis of a control signal A from the
processing-speed change control section 24 of the control
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section 23, which will be described later, so as to switch
operation frequencies of the MUX 30 and the signal process-
ing circuit 31 and to change the respective processing speeds.
Specific configuration of the signal processing circuit 31 will
be described later.

[0091] Subsequently, the control section 23 will be
described. As shown in FIG. 1, the control section 23 includes
the processing-speed change control section 24, the mechani-
cal/electronic switching control section 25, and the probe
selection section 28. The flash ROM 29 is connected to the
mechanical/electronic switching control section 25.

[0092] Theprocessing-speed change control section 24, the
mechanical/electronic switching control section 25, the flash
ROM 29; and the probe selection section 28 constitute the
change control section.

[0093] The flash ROM 29 stores filter coefficients of the
tracking filter 36 in the signal processing circuit 31, which
will be described later, corresponding to the electronic scan
ultrasound probe 2 and the mechanical scan ultrasound probe
3.

[0094] Also, each filter coefficient stored in the flash ROM
29 is read out by the mechanical/electronic switching control
section 25 on the basis of a detection result by the probe
selection section 28 and then, written in the internal RAM
31A in the signal processing circuit 31 of the signal process-
ing section 20. The plurality of filter coefficients read out of
the flash ROM 29 and written in the internal RAM 31A are
indicated by a symbol C.

[0095] Each filter coefficient stored in the flash ROM 29
can be freely rewritten by executing an application by control
of the control section 23.

[0096] Inthe present embodiment, the probe selection sec-
tion 28 of the control section 23 discriminates whether the
connected ultrasound probe is the electronic scan ultrasound
probe 2 or the mechanical scan ultrasound probe 3 on the
basis of the read-out information such as the probe ID and the
like from the ID section 26 or the ID section 35 and outputs a
discrimination result to the processing-speed change control
section 24 and the mechanical/electronic switching control
section 25.

[0097] For example, if both the electronic and mechanical
scan probes are connected, either ultrasound probe may be
selected by inputting information indicating the connected
ultrasound probe by the operation section 6 without using the
discrimination result from the probe selection section 28, and
the information may be outputted as the discrimination result
to the processing-speed change control section 24 and the
mechanical/electronic switching control section 25.

[0098] The mechanical/electronic switching control sec-
tion 25 outputs a control signal B for controlling switching of
the MUX 30 and the signal processing circuit 31 in the signal
processing section 20 shown in FIG. 2 on the basis of the
supplied discrimination result so that the processing is
executed to the electronic scan ultrasound probe 2 or the
mechanical scan ultrasound probe 3 on the basis of the dis-
crimination result.

[0099] That is, as shown in FIG. 2, if the probe ID is the
electronic scan ultrasound probe 2, the MUX 30 outputs
electronic scan data to the signal processing circuit 31. On the
other hand, if the probe ID is the mechanical scan ultrasound
probe 3, the MUX 30 outputs mechanical scan data to the
signal processing circuit 31.

[0100] At the same time, if the probe ID is the electronic
scan ultrasound probe 2, the signal processing circuit 31
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executes processing through a mechanical/electronic B-mode
processing circuit 33 (See FIG. 3) or an electronic Doppler
processing circuit 34 (See FIG. 3) in the signal processing
circuit 31, which has been converted to a processing speed
corresponding to the electronic scan ultrasound probe 2 and
outputs the electronic scan data to the image processing sec-
tion 22.

[0101] On the other hand, if the probe ID is the mechanical
scan ultrasound probe 3, the signal processing circuit 31
executes processing through a mechanical/electronic B-mode
processing circuit 33 (See FIG. 3) in the signal processing
circuit 31, which has been converted to a processing speed
corresponding to the mechanical scan ultrasound probe 3 and
outputs the mechanical scan data to the image processing
section 22.

[0102] Also, the mechanical/electronic switching control
section 25 executes control so that each filter coefficient
stored in the flash ROM 29 is read out on the basis of the probe
ID and written in the internal RAM 31A in the signal pro-
cessing circuit 31.

[0103] An operation on the basis of each filter coefficient
written in the internal RAM 31A in the signal processing
circuit 31 will be described later.

[0104] In the present embodiment, the processing-speed
change control section 24 changes and controls the operation
frequency of the signal processing section 20 according to the
transmission frequency of the ultrasound transducer mounted
in the ultrasound probe on the basis of the discrimination
result of the probe selection section 28.

[0105] Specifically, the processing-speed change control
section 24 outputs the control signal A for changing and
controlling the operation frequency of the signal processing
section 20 according to the transmission frequency of the
ultrasound transducer mounted in the ultrasound probe on the
basis of the discrimination result (probe ID) to the process-
ing-speed changing circuit 32 shown in FI1G. 2.

[0106] The processing-speed changing circuit 32 creates
CLK on the basis of the control signal A from the processing-
speed change control section 24, switches the operation fre-
quencies of the MUX 30 and the signal processing circuit 31
using the CLK and controls so that the respective processing
speeds are changed.

[0107] Forexample, the processing-speed changing circuit
32 changes the frequency of the CLK to be created on the
basis of the control signal A from the processing-speed
change control section 24. In this case, the processing-speed
changing circuit 32 creates the CLK of the frequency roughly
in proportion to the transmission frequency of the ultrasound
transducer, for example. And the operation frequency of the
signal processing section 20 for carrying out the signal pro-
cessing operation is changed in synchronization with the
CLK by changing the frequency of the CLK.

[0108] Here, considering the characteristics of the ultra-
sound wave generated by the ultrasound transducer, the ultra-
sound wave has such a characteristic that the wave reaches the
farther with the lower frequency, while the wave is reflected
and returned only from a certain point within a short-distance
range in the case of a high frequency.

[0109] Therefore, it is necessary to set an optimal filter
according to each distance in the signal processing section 20.
Thus, it is necessary to switch the filter characteristic per a
certain distance.

[0110] Then, in the present embodiment, for example, if
one sound-ray data 50 of the ultrasonotomographic image has
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a length (distance) between a to b as shown in FIG. 4, a
tracking filter 36 (See F1G. 3) in the signal processing circuit
31 divides a distance from a to b of the one sound-ray data to
each predetermined distance region interval (t1tot6 .. . ), and
by setting each filter coefficient written in the internal RAM
31A in advance for each predetermined distance region intet-
val (1 to t6), respectively, a plurality of filter 1 to filter 6 . . .
whose filter characteristics are switched for each predeter-
mined distance region interval (t1 to t6) are provided.
[0111] That is, the predetermined distance region interval
(t1 to 16) indicates timing to switch the filter characteristic of
the tracking filter 36.

[0112] In the present embodiment, the tracking filter 36 is
realized by switching a coefficient of a fixed filter. In this case,
switching of the filter characteristic of the tracking filter 36,
that is, switching of each filter coefficient is executed based
on a CLK supplied by the processing-speed changing circuit
32 so that all the filter coefficients are switched based on the
CLK. In addition, the switching of each filter coefficient is
executed in a cycle T of the CLK or within a time period
shorter than the cycle T. In this embodiment, when the fre-
quency of the CLK is assumed to be FCLK, the cycle T is
defined by the following expression.

I'=1/FCLK

[0113] In the present embodiment, a switching position of
the tracking filter 36 is fixed (fixed to the predetermined
region interval (t1 to t6 . . . )) not by the transmission fre-
quency of the ultrasound probe.

[0114] Moreover, the filter characteristics of the tracking
filter 36 can be easily changed by writing each filter coeffi-
cient read out of the flash ROM 29 in the internal RAM 31A
in the signal processing circuit 31 on the basis of the probe ID
for change.

[0115] Also, in the present embodiment, the signal process-
ing section 20 is devised for the optimal processing to both
data of the electronic scan ultrasound probe 2 and the
mechanical scan ultrasound probe 3. Specific configuration
of the signal processing section 20 will be described referring
to FIG. 3.

[0116] As shown in FIG. 3, the signal processing circuit 31
of the signal processing section 20 includes a MUX 31a for
switching input data, the mechanical/electronic B-mode pro-
cessing circuit 33 in which processing circuits are made com-
mon in order to handle both data of the electronic scan ultra-
sound probe 2 and the mechanical scan ultrasound probe 3,
the electronic Doppler processing circuit 34, and a MUX 315
for switching output data.

[0117] The MUX 31a switches and outputs the inputted
electronic scan data to the mechanical/electronic B-mode
processing circuit 33 or the electronic Doppler processing
circuit 34 under the switching control by the mechanical/
electronic switching control section 25 if the connected ultra-
sound probe is the electronic scan ultrasound probe 2.
[0118] Also, if the MUX 31a determines a B mode in
determination between the B mode or a Doppler mode on the
basis of head information of the data, the electronic scan data
is outputted to the mechanical/electronic B-mode processing
circuit 33, while if the MUX determines the Doppler mode,
the electronic scan data is outputted to the electronic Doppler
processing circuit 34.

[0119] Moreover, the mechanical/electronic B-mode pro-
cessing circuit 33 includes a highpass filter 35 for cutting a
direct current component and a low frequency, the tracking
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filter 36 arranged in a rear stage of the highpass filter 35, a
LOG compression circuit 37 for carrying out LOG compres-
sion processing of output data of the tracking filter 36, a gain
circuit 38 for adjusting a gain of the output data of the LOG
compression circuit 37, a contrast circuit 39 for contrast
adjustment of the output data of the gain circuit 38 and the
like, for example. The mechanical/electronic B-mode pro-
cessing circuit 33 1s not limited to the configuration shown in
FIG. 3.
[0120] Since the highpass filter 35 for cutting the direct
current component and the low frequency is provided in a
front stage of the tracking filter 36, it is possible to attenuate
the direct current component by approximately 40 dB with
respect to a passband signal, for example.
[0121] As mentioned above, even though the tracking filter
36 can singularly switch to an optimal filter characteristic
from a low frequency to a high frequency, the characteristic
permits an unnecessary low frequency component to pass
through and cannot fully remove the direct current compo-
nent due to the limitation on the number of taps.
[0122] Then, since the filter is different for each predeter-
mined distance interval of the filter 1, the filter 2, the filter 3,
.. shown in FIG. 5, an attenuation amount of the direct
current component would be different.
[0123] Thus, brightness of a background on the ultrasound
image becomes different such that a predetermined distance
region of the filter 1 is dark but the predetermined distance
region of the filter 2 is bright and the like, for example.
[0124] Then, in the present embodiment, the highpass filter
35 having a characteristic to fully attenuate the direct current
component and the unnecessary low frequency component in
the front stage of the tracking filter 36 is provided as above so
that the direct current component does not exert an influence.
[0125] Also, the LOG compression circuit 37 as a compres-
sion processing section of a logarithmic characteristic is con-
stituted by a look-up table (LUT) and has a characteristic to
have a relation of an input bit width>an output bit width.
[0126] In the present embodiment, the mechanical/elec-
tronic B-mode processing circuit 33 constituting a circuit
common to the electronic scan and the mechanical scan has
the same bit numbers of input/output of a module even if the
electronic scan ultrasound probe 2 and the mechanical scan
ultrasound probe 3 are connected so that both data of
mechanical scan and electronic scan can be processed.
[0127] Also, the electronic Doppler processing circuit 34
has an interpolation circuit 40 for creating interpolation
sound-ray data from Doppler data of an obtained actual sound
ray. The interpolation circuit 40 can create weighted interpo-
lation sound-ray data by executing non-linear interpolation
processing and the like in interpolation calculation. As a
result, resolution of a Doppler image reflecting information of
ablood flow can be improved while frame rate is improved or
maintained.
[0128] Therefore, according to a first embodiment, by con-
stituting the operation frequency of the signal processing
section 20 changeable, the ultrasound diagnostic apparatus 4
in which the signal processing section 20 can be configured as
a single common signal processing section that can process
both data of the electronic scan ultrasound probe 2 and the
mechanical scan ultrasound probe 3 and the signal processing
section 20 can be realized in a small circuit scale can be
provided.

Second Embodiment

[0129] FIG. 6 is a block diagram illustrating an entire con-
figuration of an ultrasound diagnostic apparatus having an
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ultrasound observing device according to a second embodi-
ment of the present invention. The same reference numerals
are given to constituent elements similar to those in the first
embodiment and only different portions will be described in
FIG. 6.

[0130] As showninFIG. 6, the ultrasound diagnostic appa-
ratus 4 of the second embodiment is configured substantially
similar to the configuration of the first embodiment but is
configured having a program ROM 29 instead of the flash
ROM 29.

[0131] The program ROM 29a stores programs for execut-
ing optimal signal processing to the electronic scan ultra-
sound probe 2 and the mechanical scan ultrasound probe 3,
respectively.

[0132] The signal processing section 20 is configured by a
programmable FPGA. And the mechanical/electronic switch-
ing control section 25 reads out a corresponding program
stored in the program ROM 294 on the basis of a discrimina-
tion result from the probe selection section 28 or input infor-
mation from the operation section 6 and re-programs the
FPGA constituting the signal processing section 20.

[0133] In this case, since re-programming is started on the
basis of the discrimination result from the probe selection
section 28 or the input information from the operation section
6, the re-programming is executed at connection change of
the electronic scan or the mechanical scan ultrasound probe.
[0134] In the second embodiment, configuration provided
with the program ROM 29a instead of the flash ROM 29 in the
first embodiment has been explained, but it may be so con-
figured that the flash ROM 29 is not deleted as in the first
embodiment but used along with the program ROM 29a.
[0135] Theother configurations and actions are the same as
those in the first embodiment.

[0136] Therefore, according to the second embodiment, the
same effect as that of the first embodiment can be obtained.
[0137] The present invention is not limited only to the
above-mentioned embodiments and variations but can be
deformed in various ways and can be put into practice in a
range not departing from the gist of the invention.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a connection section to which an ultrasound probe having
an ultrasound transducer mounted therein is detachably
connected;

atransmission section that drives the ultrasound transducer
of the ultrasound probe connected to the connection
section by a transmission signal of a transmission fre-
quency thereof;,

an echo signal creation section that creates a digital echo
signal from an echo signal received by the ultrasound
transducer and converted from the ultrasound wave;

a signal processing section that carries out signal process-
ing to the digital echo signal;

a processing-speed changing section that changes an
operation frequency of the signal processing in the sig-
nal processing section; and

a change control section that controls change of the opera-
tion frequency in the processing-speed changing sec-
tion.

2. The ultrasound diagnostic apparatus according to claim

1, wherein

the change control section changes an operation frequency
of the signal processing section through the processing-
speed change section according to a transmission fre-
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quency of the ultrasound transducer mounted in the
ultrasound probe connected to the connection section.

3. The ultrasound diagnostic apparatus according to claim
1, wherein

two connection sections are provided as the connection

section so that an electronic scan ultrasound probe and a
mechanical scan ultrasound probe are detachably con-
nected, respectively.

4. The ultrasound diagnostic apparatus according to claim
2, wherein

two connection sections are provided as the connection

section so that an electronic scan ultrasound probe and a
mechanical scan ultrasound probe are detachably con-
nected, respectively.

5. The ultrasound diagnostic apparatus according to claim
2, wherein

the signal processing section carries out signal processing

common to the electronic scan ultrasound probe con-
nected to the connection section and the mechanical
scan ultrasound probe connected to the connection sec-
tion.

6. The ultrasound diagnostic apparatus according to claim
5, wherein

the signal processing section has a tracking filter for filter

processing for each predetermined distance of ultra-
sound wave propagation in the digital echo signal
according to a transmission frequency of the ultrasound
transducer of the ultrasound probe connected to the con-
nection section.

7. The ultrasound diagnostic apparatus according to claim
6, wherein

the signal processing section further has a highpass filter

for cutting off a frequency component on a low region
side including a direct current.

8. The ultrasound diagnostic apparatus according to claim
6, wherein

the signal processing section further has a logarithmic

compression section for logarithmic compression of a
digital input signal.

9. The ultrasound diagnostic apparatus according to claim
2, wherein

the signal processing section has a tracking filter for filter

processing for each predetermined distance of ultra-
sound wave propagation in the digital echo signal
according to the transmission frequency.

10. The ultrasound diagnostic apparatus according to claim
4, wherein

the signal processing section has a tracking filter for filter

processing for each predetermined distance of ultra-
sound wave propagation in the digital echo signal
according to the transmission frequency.

11. The ultrasound diagnostic apparatus according to claim
9, further comprising a filter coefficient storage section that
stores a plurality of filter coefficients for constituting a track-
ing filter for filter processing for each predetermined distance
of ultrasound wave propagation in the digital echo signal
according to the transmission frequency of the ultrasound
transducer of the ultrasound probe connected to the connec-
tion section.

12. The ultrasound diagnostic apparatus according to claim
10, further comprising a filter coefficient storage section that
stores a plurality of filter coefficients for constituting a track-
ing filter for filter processing for each predetermined distance
of ultrasound wave propagation in the digital echo signal
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according to the transmission frequency of the ultrasound
transducer of the ultrasound probe connected to the connec-
tion section.
13. The ultrasound diagnostic apparatus according to claim
11, wherein the signal processing section has an internal
storage section in which the filter coefficient for each prede-
termined distance of the tracking filter is written; and
the change control section reads out the filter coefficient
from the filter coefficient storage section according to
the ultrasound transducer of the ultrasound probe con-
nected to the connection section and writes the filter
coefficient in the internal storage section of the signal
processing section and sets a filter coefficient for each
predetermined region of the tracking filter.
14. The ultrasound diagnostic apparatus according to claim
12, wherein the signal processing section has an internal
storage section in which the filter coefficient for each prede-
termined distance of the tracking filter is written; and
the change control section reads out the filter coefficient
from the filter coefficient storage section according to
the ultrasound transducer of the ultrasound probe con-
nected to the connection section and writes the filter
coefficient in the internal storage section of the signal
processing section and sets a filter coefficient for each
predetermined region of the tracking filter.
15. The ultrasound diagnostic apparatus according to claim
1, wherein
the signal processing section is configured by a program-
mable FPGA (Field Programmable Gate Array); and

the FPGA constructs the signal processing section by pro-
gramming through reading-out of corresponding pro-
gram data from a storage section in which the program
data is stored in advance according to the ultrasound
probe connected to the connection section.

16. The ultrasound diagnostic apparatus according to claim
2, wherein

the signal processing section is configured by a program-

mable FPGA; and

the FPGA constructs the signal processing section by pro-

gramming through reading-out of corresponding pro-
gram data from a storage section in which the program
data is stored in advance according to the ultrasound
probe connected to the connection section.

17. The ultrasound diagnostic apparatus according to claim
2, further comprising a discrimination section for discrimi-
nating if the ultrasound probe connected to the connection
section is an electronic scan ultrasound probe or a mechanical
scan ultrasound probe.

Sep. 24,2009

18. The ultrasound diagnostic apparatus according to claim
2, further comprising a discrimination section for discrimi-
nating if the ultrasound probe connected to the connection
section is an electronic scan ultrasound probe or a mechanical
scan ultrasound probe, wherein

the change control section executes control for changing
the operation frequency of the signal processing section
according to a discrimination result by the discrimina-
tion section.

19. The ultrasound diagnostic apparatus according to claim

2, wherein

the change control section changes the operation frequency
of the signal processing section for carrying out the
signal processing in synchronization with a clock signal
by changing a frequency of the clock signal according to
the transmission frequency.

20. An ultrasound diagnostic system comprising:

an electronic scan ultrasound probe having an electronic
scan ultrasound transducer mounted therein;

a mechanical scan ultrasound probe having a mechanical
scan ultrasound transducer mounted therein;

a connection section to which the electronic scan ultra-
sound probe and the mechanical scan ultrasound probe
are detachably connected, respectively;

atransmission section that drives the ultrasound transducer
of the ultrasound probe connected to the connection
section by a transmission signal of a transmission fre-
quency thereof;

an echo signal creation section that creates a digital echo
signal from an echo signal received by the ultrasound
transducer and converted from the ultrasound wave;

a signal processing section that carries out signal process-
ing to the digital echo signal;

a processing-speed changing section that changes an
operation frequency of the signal processing in the sig-
nal processing section; and

a change control section that controls change of the opera-
tion frequency in the processing-speed changing sec-
tion.

21. The ultrasound diagnostic system according to claim

20, wherein

the change control section changes an operation frequency
of the signal processing section through the processing-
speed change section according to the transmission fre-
quency of the ultrasound transducer mounted in the
ultrasound probe connected to the connection section.
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