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(57)  An ultrasound image processing apparatus in-
cludes first and second connecting portions to which first
and second ultrasound probes are removably connected,
the probes including first and second ultrasound trans-
ducers driven by first and second different ultrasound
scanning systems respectively. The ultrasound image

ULTRASONIC IMAGE PROCESSING DEVICE, AND ULTRASONIC DIAGNOSING DEVICE

processing apparatus also includes an ultrasound image

signal processing circuit that performs signal process-
ings for generating first and second ultrasound images
corresponding to the first and second ultrasound scan-
ning systems from ultrasound signals received by the

first and second ultrasound transducers.
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Description
Technical Field

[0001] The present invention relates to an ultrasound
image processing apparatus and an ultrasound diagnos-
tic apparatus that perform processing for generating ul-
trasound images in accordance with different ultrasound
scanning systems.

Background Art

[0002] A conventional ultrasound diagnostic appara-
tus applies ultrasound in the shape of pulses to a living
body, receives reflected waves of the ultrasound reflect-
ed from living tissue to obtain ultrasound tomograms.
This apparatus has advantage of noninvasively obtaining
diagnostic images of the inside of the living body.
[0003] Japanese Patent Application Laid-Open Publi-
cation No. 2000-300565 as a first conventional example
of such an ultrasound diagnostic apparatus discloses an
apparatus that performs mechanical radial scanning for
rotating an ultrasound transducer placed in a distal end
portion of an ultrasound probe around an axis of the elon-
gated probe and radially scanning ultrasound.

[0004] Japanese Patent Application Laid-Open Publi-
cation No. 2004-135693 as a second conventional ex-
ample discloses an apparatus in which an ultrasound
transducer array is arranged in a distal end portion of an
ultrasound probe substantially in the shape of a protrud-
ing surface in an axial direction of the probe and in a
cylindrical portion parallel to an axis of the probe, and
the ultrasound transducer array is selected to perform
electronic convex scanning and radial scanning.

[0005] Both the first and second conventional exam-
ples disclose the apparatuses that can be used only with
the ultrasound probes corresponding to the scanning,
and do not accommodate different scanning systems of
ultrasound probes. More specifically, two ultrasound
probes of different scanning systems cannot be simulta-
neously connected.

[0006] In the conventional examples, when an ultra-
sound probe of a mechanical scanning system and an
ultrasound probe of an electronic scanning system are
used, ultrasound observation apparatuses for perform-
ing driving and signal processings corresponding to the
respective probes are required.

[0007] The presentinvention is achieved in view of the
above described points, and has an object to provide an
ultrasound image processing apparatus and an ultra-
sound diagnostic apparatus that can generate ultrasound
images correspondingly to ultrasound probes of different
scanning systems.

[0008] The presentinvention has anotherobjectto pro-
vide an ultrasound image processing apparatus and an
ultrasound diagnostic apparatus that can generate ultra-
sound images corresponding to an ultrasound probe of
a mechanical scanning system and an ultrasound probe
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of an electronic scanning system.
Disclosure of Invention
Means for Solving the Problem

[0009] An ultrasound image processing apparatus ac-
cording to the presentinventionincludes: firstand second
connecting portions to which first and second ultrasound
probes are removably connected, the probes including
first and second ultrasound transducers driven by first
and second different ultrasound scanning systems, re-
spectively; and ultrasound image signal processing
means for performing signal processings for generating
first and second ultrasound images corresponding to the
first and second ultrasound scanning systems from ul-
trasound signals received by the first and second ultra-
sound transducers connected to the first and second con-
necting portions.

[0010] With the above described configuration, the ul-
trasound probes of the different ultrasound scanning sys-
tems can be simultaneously connected to generate the
ultrasound images from the ultrasound signals received
by the respective ultrasound transducers.

[0011] An ultrasound diagnostic apparatus according
to the present invention includes: first and second ultra-
sound probes including first and second ultrasound
transducers driven by first and second different ultra-
sound scanning systems, respectively; first and second
connecting portions to which the first and second ultra-
sound probes are removably connected; and ultrasound
image signal processing means for performing signal
processings for generating first and second ultrasound
images corresponding to the first and second ultrasound
scanning systems from ultrasound signals received by
the first and second ultrasound transducers connected
to the first and second connecting portions.

[0012] Withthe above described configuration, the plu-
rality of ultrasound probes of the different ultrasound
scanning systems can be simultaneously connected to
generate the ultrasound images from the ultrasound sig-
nals received by the respective ultrasound transducers.

Brief Description of the Drawings
[0013]

Fig. 1 is a general block diagram of an ultrasound
diagnostic system including Embodiment 1 of the
present invention;

Fig. 2 shows an exemplary use when an ultrasound
probe of a mechanical scanning system is inserted
through a channel of an ultrasound endoscope of an
electronic scanning system, and the ultrasound
probe is protruded from a distal end opening of the
channel;

Fig. 3 shows a display example when two ultrasound
images are displayed on a monitor;
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Fig. 4 is a timing chart of an operation when two
ultrasound transducers are alternately driven or an
instruction operation to display a still image is per-
formed;

Fig. 5 is a general block diagram of an ultrasound
diagnostic system including Embodiment 2 of the
present invention;

Fig. 6 shows an exemplary use when an ultrasound
probe of a mechanical scanning system is inserted
through a channel of an ultrasound endoscope of an
electronic scanning system, and the ultrasound
probe is protruded from a distal end opening of the
channel;

Fig. 7 shows a display example when two ultrasound
images are displayed on a monitor;

Fig. 8A shows a display example when two ultra-
sound images are displayed picture-in-picture;

Fig. 8B shows a display example when two ultra-
sound images are displayed picture-in-picture;

Fig. 9 shows a display example when an ultrasound
image read from an image recording apparatus and
a live ultrasound image are simultaneously dis-
played,;

Fig. 10 illustrates an operation in measurement;
Fig. 11A shows a display example when two ultra-
sound images are simultaneously displayed in elec-
tronic scanning in different directions; and

Fig. 11B shows a display example when two ultra-
sound images are simultaneously displayed in elec-
tronic scanning in different directions.

Best Mode for Carrying Out the Invention

[0014] Now, embodiments of the presentinvention will
be described with reference to the drawings.

(Embodiment 1)

[0015] Figs. 1 to 4 relate to Embodiment 1 of the
present invention, Fig. 1 shows a general configuration
of an ultrasound diagnostic system including Embodi-
ment 1 of the present invention, Fig. 2 shows an exem-
plary use when an ultrasound probe of a mechanical
scanning system is inserted through a channel of an ul-
trasound endoscope of an electronic scanning system,
and the ultrasound probe is protruded from a distal end
opening of the channel, Fig. 3 shows a display example
when two ultrasound images are displayed on a monitor,
and Fig. 4 is a timing chart of an operation when two
ultrasound transducers are alternately driven. A config-
uration and an operation of the present embodiment will
be described below.

[0016] As shown in Fig. 1, an ultrasound diagnostic
system 1 including Embodiment 1 of the present inven-
tion includes ultrasound endoscopes 2A and 2B of elec-
tronic and mechanical scanning systems that are insert-
edinto a body cavity and transmitand receive ultrasound,
an ultrasound observation apparatus 3 as an ultrasound
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image processing apparatus to which the ultrasound en-
doscopes 2A and 2B can be simultaneously connected,
and that drives ultrasound transducers of different scan-
ning systems and generate ultrasound images corre-
sponding to the scanning systems, and a monitor 4 that
displays video signals outputted from the ultrasound ob-
servation apparatus 3.

[0017] The ultrasound diagnostic system 1 may use
an ultrasound probe 2C of a mechanical scanning system
instead of the ultrasound endoscope 2B of the mechan-
ical scanning system. The ultrasound observation appa-
ratus 3 may include the monitor 4 therein.

[0018] The ultrasound endoscopes 2A and 2B have
an endoscope function of optical observation as well as
an ultrasound probe function of transmitting and receiv-
ing ultrasound with ultrasound transducers. For example,
as showninFig. 2, the ultrasound endoscope 2A includes
an illumination window 43 and an observation window
44 in a distal end portion 10A of an insertion portion 6A
(the ultrasound endoscope 2B also includes an illumina-
tion window and an observation window, though not
shown).

[0019] Forthe ultrasound endoscope 2A or 2B, an un-
shown signal processing apparatus that performs a sig-
nal processing of a solid-state image pickup device
placed on an image-forming position of an objective lens
mounted to the observation window 44, and an unshown
monitor to which a video signal outputted from the signal
processing apparatus is inputted and that thus displays
an endoscope image picked up by the solid-state image
pickup device are used.

[0020] Inside the illumination window 43, for example,
an LED that emits illumination light is placed, and the
LED lights and emits illumination light from the illumina-
tion window 43 with power supplied from the signal
processing apparatus. A light guide may be provided in-
stead of the LED, and transmit illumination light from an
external light source device and emit the illumination light
from the illumination window 43 to which a distal end of
the light guide is mounted.

[0021] The ultrasound endoscope 21 (I = A, B) has a
grasping portion (or an operation portion) 71 grasped by
anoperator atarear end of an elongated insertion portion
6l inserted into the body cavity, and an ultrasound cable
8l is extended from the grasping portion 71. A connector
91 mounted to an end of the ultrasound cable 8| can be
removably connected to a connector receptacle 111 as
a connecting portion provided in the ultrasound obser-
vation apparatus 3.

[0022] The ultrasound endoscope 2A is an ultrasound
endoscope of an electronic scanning system. More spe-
cifically, the ultrasound endoscope 2A includes an array
ultrasound transducer 14A in which a plurality of ultra-
sound transducer elements 13 are arranged along a pro-
truding surface formed along a longitudinal direction of
an insertion portion 6A in a housing 12A provided, for
example, at a distal end of the insertion portion 6A, so
as to perform convex scanning.
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[0023] The ultrasound transducer elements 13 are
connected to a multiplexer 15 as ultrasound transducer
element selecting means provided, for example, in the
housing 12A. The ultrasound observation apparatus 3
can apply a selection control signal to the multiplexer 15
via a selecting signal wire 16 to select an ultrasound
transducer element 13 that transmits and receives ultra-
sound via a signal wire 17.

[0024] Rear ends of the selecting signal wire 16 used
for electronic scanning and the signal wire 17 used for
transmitting and receiving ultrasound are connected to
contacts of a connector 9A. A user such as an operator
can removably connect the connector 9A to an electronic
scanning connector receptacle 11Ain the ultrasound ob-
servation apparatus 3. By this connection, the array ul-
trasound transducer 14A or the like is connected to a
system controller 31 and an electronic scanning trans-
mitting and receiving circuit 33A that constitutes an elec-
tronic scanning signal processing portion 32A in the ul-
trasound observation apparatus 3.

[0025] The system controller 31 controls each compo-
nentin the ultrasound observation apparatus 3, and con-
trols to perform transmitting and receiving corresponding
to the ultrasound transducer 14J (J = A to C) included in
the ultrasound endoscope 2l or the ultrasound probe 2C
connected to the ultrasound observation apparatus 3.
[0026] A transmission pulse (driving pulse) outputted
from the electronic scanning transmitting and receiving
circuit 33A is inputted to the multiplexer 15 as selecting
means via the signal wire 17. The multiplexer 15 is driven
to successively select the ultrasound transducer ele-
ments 13 arranged along the protruding surface of the
array ultrasound transducer 14A, and thus the array ul-
trasound transducer 14A emits ultrasound for electronic
convex scanning.

[0027] The ultrasound endoscope 2B is an ultrasound
endoscope of a mechanical scanning system. More spe-
cifically, the ultrasound endoscope 2B includes an ultra-
sound transducer 14B placed in a housing 12B provided,
for example, at a distal end of an insertion portion 6B.
The ultrasound transducer 14B is mounted to a distal
end of a flexible shaft 18B rotatably inserted along a lon-
gitudinal direction of the insertion portion 6B.

[0028] Arearend of the flexible shaft 18B is connected
to a rotational driving portion 19B provided, for example,
in a grasping portion 7B. Rotation of the rotational driving
portion 19B is transmitted to the ultrasound transducer
14B via the flexible shaft 18B, and the ultrasound trans-
ducer 14B rotates with the rotation of the rotational driving
portion 19B.

[0029] The ultrasound transducer 14B is inserted, for
example, through the flexible shaft 18B, and connected
to a distal end of a signal wire 20B used for transmitting
and receiving ultrasound. A rear end of the signal wire
20B is connected to a signal wire in an ultrasound cable
8B via an unshown slip ring or the like in the grasping
portion 7B, and the signal wire together with a signal wire
21B connected to the rotational driving portion 19B are
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connected to contacts of a connector 9B.

[0030] The connector 9B is connected to a mechanical
scanning connector receptacle 11B in the ultrasound ob-
servation apparatus 3, and thus connected to the system
controller 31 and a mechanical scanning transmitting and
receiving circuit (abbreviated as mechanical scanning
transmitting and receiving in the drawing) 33B that con-
stitutes a mechanical scanning signal processing portion
32B in the ultrasound observation apparatus 3.

[0031] A transmission pulse from the mechanical
scanning transmitting and receiving circuit 33B is applied
via the signal wire 20B to the ultrasound transducer 14B
mechanically rotationally driven. Then, the rotationally
driven ultrasound transducer 14B emits ultrasound for
(mechanical) radial scanning.

[0032] The ultrasound probe 2C includes an insertion
portion 6C like the insertion portion 6B of the ultrasound
endoscope 2B of the mechanical scanning system with
a smaller diameter, a grasping portion 7C provided at a
rear end of the insertion portion 6C, and an ultrasound
cable 8C extended from the grasping portion 7C. A con-
nector 9C mounted to an end of the ultrasound cable 8C
can be removably connected to the mechanical scanning
connector receptacle 11B provided in the ultrasound ob-
servation apparatus 3.

[0033] The ultrasound probe 2C is a miniature probe
including the insertion portion 6C that can be inserted
through a channel 22 for inserting a treatment instrument
provided in the insertion portion 6A of the ultrasound en-
doscope 2A. The user can insert the insertion portion 6C
of the ultrasound probe 2C through an insertion opening
22a of the channel 22 on a side of the grasping portion
7A, and protrude a distal end of the insertion portion 6C
forward from a distal end opening 22b.

[0034] In a distal end portion of the insertion portion
6¢, an ultrasound transducer 14C is placed, which is
mounted to a distal end portion of a flexible shaft 18C
inserted through the insertion portion 6C. A rear end of
the flexible shaft 18C is connected to a rotational driving
portion 19C in the grasping portion 7C, and rotation of
the rotational driving portion 19C causes rotation of the
flexible shaft 18C as well as the ultrasound transducer
14C.

[0035] The ultrasound transducer 14C is connected to
a signal wire 20C inserted through the flexible shaft 18C
and through the ultrasound cable 8C from the grasping
portion 7C. A rear end of a signal wire 21C connected to
the signal wire 20C and the rotational driving portion 19C
is connected to contacts of the connector 9C.

[0036] The user connects the connector 9C to the me-
chanical scanning connector receptacle 11B in the ultra-
sound observation apparatus 3, and thus as in the ultra-
sound endoscope 2B, the ultrasound transducer 14C or
the like is connected to the system controller 31 and the
mechanical scanning transmitting and receiving circuit
33B in the mechanical scanning signal processing por-
tion 32B in the ultrasound observation apparatus 3.
[0037] A transmission pulse from the mechanical
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scanning transmitting and receiving circuit 33B is applied
via the signal wire 20C to the ultrasound transducer 14C
mechanically rotationally driven. Then, the ultrasound
transducer 14C emits ultrasound for radial scanning.
[0038] A connector 9J of the ultrasound endoscopes
2A and 2B and the ultrasound probe 2C includes a mem-
ory 23J that stores specific identification information of
each ultrasound endoscope or ultrasound probe. When
the connector 9J is connected to the ultrasound obser-
vation apparatus 3, the identification information is read
by the system controller 31.

[0039] Then, the system controller 31 uses the read
identification information to read (identify) whether an ul-
trasound transducer 14J included in the ultrasound en-
doscope 2A or 2B or the ultrasound probe 2C is of an
electronic scanning system or a mechanical scanning
system.

[0040] The system controller 31 also reads a type of
a scanning system such as convex scanning or radial
scanning (or sector scanning) in electronic scanning or
mechanical scanning, a scanning range, or the like, and
controls to perform ultrasound driving and a signal
processing corresponding to the ultrasound transducer
14J included in the connected ultrasound endoscope 2A
or 2B or ultrasound probe 2C and the scanning range.
[0041] For an ultrasound endoscope or an ultrasound
probe including no memory 23J that stores specific iden-
tification information in the connector 9J, the ultrasound
observation apparatus 3 can accommodate as described
below.

[0042] The system controller 31 is connected to a key-
board 25 or an operation panel 26. When the above de-
scribed ultrasound endoscope or ultrasound probe is
connected to the ultrasound observation apparatus 3,
the user inputs information such as model number or
production number of the connected ultrasound endo-
scope or ultrasound probe from the keyboard 25 or the
like.

[0043] Instead of the userinputting the information, the
information may be previously stored in storing means,
for example, an EEPROM provided in the ultrasound en-
doscope or the ultrasound probe, and the information
may be automatically inputted to the system controller
31 when the ultrasound endoscope is connected. In an
EEPROM 28, for example, as an electrically rewritable
memory as information storing means connected to the
system controller 31, information (information on a type
of an ultrasound transducer or a scanning system) is
stored, from information such as model number or the
like, on an ultrasound transducer included in an endo-
scope or a probe with the model number or the like.
[0044] The system controller 31 refers to the informa-
tion stored in the EEPROM 28, and thus controls the
electronic scanning transmitting and receiving circuit
33A, the mechanical scanning transmitting and receiving
circuit 33B, or the like so as to perform driving and a
signal processing corresponding to the ultrasound trans-
ducer included in the ultrasound endoscope or the ultra-
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sound probe.

[0045] There is a case, for example, where one con-
nector receptacle 11A has a shape that limits a type of
an ultrasound endoscope connectable thereto. In such
a case, a type of an ultrasound transducer used is also
limited, and thus the system controller 31 may control
transmitting and receiving with default setting information
corresponding to the case.

[0046] For the mechanical scanning system, the sys-
tem controller 31 controls a rotational driving operation
of the rotational driving portion 19B or 19C. For the elec-
tronic scanning system, the system controller 31 also
controls switching of the multiplexer 15. In the ultrasound
endoscope 2A, the multiplexer 15 is included in the ul-
trasound endoscope 2A, but the multiplexer 15 may be
included in the ultrasound observation apparatus 3.
[0047] The ultrasound observation apparatus 3 may
be adapted to both a type including a multiplexer in an
ultrasound endoscope like the ultrasound endoscope 2A
and a type including a multiplexer in the ultrasound ob-
servation apparatus 3 rather than in the ultrasound en-
doscope to accommodate both systems. The information
in the EEPROM 28 may be updated by a user such as
an operator.

[0048] As such, in the present embodiment, the ultra-
sound observation apparatus 3 includes a plurality of
connecting portions so that a plurality of ultrasound
probes of different ultrasound scanning systems such as
the ultrasound endoscope 2I and the ultrasound probe
2C of the electronic scanning system or the mechanical
scanning system can be simultaneously connected to
the ultrasound observation apparatus 3. When the plu-
rality of ultrasound probes of different scanning systems
are simultaneously connected to the ultrasound obser-
vation apparatus 3, the ultrasound observation appara-
tus 3 performs driving and a signal processing corre-
sponding to each scanning system of the plurality of ul-
trasound probes.

[0049] Thus, in the present embodiment, ultrasound
examination or ultrasound diagnosis can be performed
with, for example, the plurality of ultrasound endoscopes
2A and 2B of different ultrasound scanning systems be-
ing connected, without trouble of changing ultrasound
observation apparatuses in accordance with an ultra-
sound endoscope or an ultrasound probe used as in the
conventional example.

[0050] To the system controller 31, for example, a
trackball 27 as a pointing device used in selection in-
struction or measurement is also connected.

[0051] Ultrasound echo signals (corresponding to ul-
trasound reflection) amplified by unshown receiving am-
plifiers in the electronic scanning transmitting and receiv-
ing circuit 33A and the mechanical scanning transmitting
and receiving circuit 33B provided in the ultrasound ob-
servation apparatus 3, detected and outputted are con-
verted into digital echo signals by an A/D converter 34l
and then stored in a frame memory 351.

[0052] The echo signals stored in the frame memory
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35l are read and inputted to a digital scan converter (ab-
breviated as DSC) 36l, converted into video signals
matching a display mode of the monitor 4, and then in-
putted to a D/A converter 371. The D/A converter 371 con-
verts the digital video signals into analog video signals
and outputs the signals to a mixer 38. The mixer 38 mixes
(superimposes) the plurality of inputted video signals and
then outputs the signals to the monitor 4.

[0053] The echo signals stored in the frame memories
35A and 35B are also inputted to an image processing
circuit 39 that performs an image processing. The image
processing circuit 39 performs a rotation processing or
a scale-down processing of the echo signals stored in
the frame memories 35A and 35B to generate a plurality
of images, outputs the signals subjected to the image
processing to a DSC 36A or 36B, and D/A converts and
outputs the signals to the mixer 38.

[0054] Thus, the ultrasound observation apparatus 3
that constitutes the ultrasound diagnostic system 1 in-
cludes the connector receptacles 11A and 11B as the
connecting portions to which the ultrasound endoscopes
21 including the ultrasound transducers 14A and 14B
driven by different ultrasound scanning systems are si-
multaneously removably connected.

[0055] The ultrasound observation apparatus 3 can
drive the ultrasound transducers 14A and 14B connected
to the connector receptacles 11A and 11B by the respec-
tive scanning systems and cause the ultrasound trans-
ducers 14A and 14B to transmit ultrasound. The ultra-
sound observation apparatus 3 also includes signal
processing means for performing signal processings of
ultrasound echo signals obtained from ultrasound reflect-
ed from a section with changing acoustic impedance in
a site to be examined (diagnosed) in a body cavity into
which the insertion portions 6A and 6B are inserted, re-
ceived by the ultrasound transducers 14A and 14B, and
converted into electrical signals.

[0056] Video signals generated by the signal process-
ing of the ultrasound echo signals are outputted to the
monitor 4 so that ultrasound tomograms by scanning by
different scanning systems can be displayed on a display
surface of the monitor 4. The video signals can be out-
putted to the monitor 4 via the mixer 38 to allow ultra-
sound tomograms generated by different scanning sys-
tems to be simultaneously displayed.

[0057] Foracombination of the ultrasound endoscope
2A and the ultrasound probe 2C with the ultrasound
probe 2C being inserted through the channel 22 of the
ultrasound endoscope 2A, instead of using the ultra-
sound endoscope 2B, the ultrasound observation appa-
ratus 3 can perform driving and a signal processing as
in the case of the two ultrasound endoscopes 2A and 2B.
[0058] Fig. 2 shows an exemplary use when the ultra-
sound probe 2C is inserted through the channel 22 of the
ultrasound endoscope 2A, and the distal end of the ul-
trasound probe 2C is protruded from the distal end open-
ing 22b of the channel 22.

[0059] As shownin Fig. 2, to a distal end portion 41 of
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the insertion portion 6A of the ultrasound endoscope 2A
of the convex electronic scanning system, a proximal end
of the housing 12A including the array ultrasound trans-
ducer 14A is mounted, and an inclined surface 42 is pro-
vided adjacent to the proximal end of the housing 12A.
[0060] The plurality of ultrasound transducer elements
13 are arranged along the protruding surface of the hous-
ing 12A on a predetermined plane including a longitudinal
axis of the insertion portion 6A, and the ultrasound trans-
ducer elements 13 arranged on the protruding surface
are successively driven to allow convex electronic scan-
ning of ultrasound as shown by the arrow A.

[0061] In the inclined surface 42, the illumination win-
dow 43 and the observation window 44 for optical endo-
scope observation are provided, and the distal end open-
ing 22b of the channel 22 is also provided. The user can
protrude the distal end of the insertion portion 6C of the
ultrasound probe 2C from the distal end opening 22b.
[0062] Inthe distal end portion of the ultrasound probe
2C, an ultrasound transducer 14C is included as shown
in Fig. 2, and rotationally driven with a flexible shaft 18C.
[0063] Thus, the ultrasound transducer 14C rotation-
ally driven as shown by the arrow B emits ultrasound for
radial scanning in a circumferential direction of the inser-
tion portion 6C.

[0064] Ultrasound for convex scanning and radial
scanning by the ultrasound transducers 14A and 14C,
respectively reflected at the section with changing acous-
tic impedance is again received by the ultrasound trans-
ducers 14A and 14C. The ultrasound is then converted
into electrical signals by the ultrasound transducers 14A
and 14C, inputted to the transmitting and receiving cir-
cuits 33A and 33B in Fig. 1, amplified, detected, A/D con-
verted, and temporarily stored in the frame memories
35A and 35B.

[0065] Then, the signals are converted into video sig-
nals via the DSCs 36A and 36B, and outputted to the
monitor 4 as display means for displaying ultrasound im-
ages via the mixer 38. Then, as shown in Fig. 3, an ul-
trasound image la by convex scanning and an ultrasound
image Ib by radial scanning can be simultaneously dis-
played adjacent to each other on a display surface of the
monitor 4.

[0066] In Fig. 3, an image 48c of the distal end of the
ultrasound probe 2C is displayed in the ultrasound image
la by convex scanning, and an image 48a of the distal
end of the ultrasound endoscope 2A is displayed in the
ultrasound image Ib by radial scanning, corresponding
to ultrasound scanning in the state in Fig. 2.

[0067] Inthis case, a position of the distal end opening
22b of the channel 22 of the ultrasound endoscope 2A
is fixed, and thus a position of the ultrasound probe 2C
in the ultrasound image la may be, for example, indicated
by a marker as shown by the arrow C. The indication by
the marker facilitates understanding correspondence be-
tween ultrasound images by different scanning systems.
In the ultrasound image Ib, an observation direction of
the distal end of the ultrasound endoscope 2A varies de-
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pending on circumferential positions of the distal end of
the ultrasound probe 2C.

[0068] Also in this case, circumferential positioning is
performed when the distal end of the ultrasound probe
2C is protruded from the distal end opening 22b, and
thus the observation direction of the distal end of the
ultrasound endoscope 2A can be determined in the ul-
trasound image Ib. The direction may be indicated by a
marker.

[0069] Fig. 4 shows general timing of driving and a
signal processing when the ultrasound endoscope 2A
and the ultrasound probe 2C are connected to the ultra-
sound observation apparatus 3, and the user selects a
mode for simultaneously displaying the ultrasound imag-
es by the two ultrasound transducers 14A and 14C.
[0070] When the user selects the mode for simultane-
ously displaying the ultrasound images by the two ultra-
sound transducers 14A and 14C, the system controller
31 successively (alternately) drives the two ultrasound
transducers 14A and 14C in synchronization with a pre-
determined signal, for example, as shown in Fig. 4.
[0071] Forexample, as shown in Fig. 4(A), the system
controller 31 generates, from a reference signal Sa in
generating an image for one frame, a switching signal
Sb shown in Fig. 4(B) in synchronization with the refer-
ence signal Sa. Then, the system controller 31 transmits
the switching signal Sb to the electronic scanning trans-
mitting and receiving circuit 33A and the mechanical
scanning transmitting and receiving circuit 33B.

[0072] The electronic scanning transmitting and re-
ceiving circuit 33A supplies a transmission pulse Sc to
the electronic scanning ultrasound transducer 14A in a
H level period Ta of the switching signal Sb, as shown
in, for example, Fig. 4(C), and the ultrasound transducer
14A is ultrasonically excited by application of the trans-
mission pulse Sc and transmits ultrasound.

[0073] The mechanical scanning transmitting and re-
ceiving circuit 33B supplies a transmission pulse Sd to
the mechanical radial scanning ultrasound transducer
14B in an L level period Tb of the switching signal Sb as
shown in Fig. 4(D), and the ultrasound transducer 14B
is ultrasonically excited by application of the transmission
pulse Sd and transmits ultrasound. The transmission
pulses Sc and Sd are actually high frequency pulses with
several wavelengths.

[0074] For electronic scanning in Fig. 4(C), when the
transmission pulse Sc is successively supplied to the ul-
trasound transducer elements 13 at predetermined in-
tervals, a signal for selecting (switching) elements is also
outputted to the multiplexer 15 in synchronization with
timing of the transmission pulse Sc being outputted.
[0075] When each transmission pulse Scis outputted,
an unshown transmitting and receiving changeover
switch in the transmitting and receiving circuit 33A is
switched so as to select a receiving amplifier side until
timing of a next transmission pulse Sc being outputted,
and an ultrasound echo signal received by the ultrasound
transducer element 13 is inputted to the receiving ampli-
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fier.

[0076] For mechanical scanningin Fig. 4(D), when the
transmission pulse Sd is successively applied to the ul-
trasound transducer 14C at predetermined intervals, a
rotational drive signal is supplied to a stepping motor or
the like of the rotational driving portion 19C in synchro-
nization with timing of the transmission pulse Sd, and the
transmission pulse Sd is successively outputted in syn-
chronization with a rotation angle.

[0077] Alsointhis case, when each transmission pulse
Sd is outputted, an unshown transmitting and receiving
changeover switch in the transmitting and receiving cir-
cuit 33B is switched so as to select a receiving amplifier
side until timing of a next transmission pulse Sd being
outputted.

[0078] As shown in Figs. 4(C) and 4(D), the two ultra-
sound transducers 14A and 14C are alternately driven,
and thus the transmission pulse of one of the transducers
can be prevented from being mixed as noise when the
other receives an echo signal in simultaneous driving of
the transducers, and ultrasound images can be gener-
ated with a high S/N ratio.

[0079] When the transmission pulse of one of the
transducers can be prevented from being mixed as noise
in the echo signal of the other (for example, when ultra-
sound scanning regions do not overlap), the ultrasound
transducers 14A and 14C may be simultaneously driven
rather than alternately driven as shown in Fig. 4.
[0080] Figs. 4(A) to 4(D) show an example in which
the ultrasound transducers 14A and 14C are alternately
driven to display ultrasound moving images, but the user
may operate a freeze switch SW1 (see Fig. 1) provided,
for example, on the grasping portion 7A of the ultrasound
endoscope 2A to display the ultrasound image by the
ultrasound transducer 14A of the ultrasound endoscope
2A as a still image and the other as a moving image.
[0081] In this case, for example, after a period Tb im-
mediate to timing of operating the freeze switch SW1 as
shown in Fig. 4(E), ultrasound scanning only by the ul-
trasound transducer 14C is performed as shown in Fig.
4(F), and the ultrasound image by the ultrasound trans-
ducer 14C is displayed as a moving image.

[0082] After a period Ta immediate to the timing of op-
erating the freeze switch SW1, an update of the ultra-
sound image obtained by the ultrasound transducer 14A
is prohibited, and the ultrasound image is repeatedly dis-
played as a still image. Specifically, in this state, one
displays the stillimage and the other displays the moving
image.

[0083] In this case, the ultrasound transducer 14A is
actually not used for transmitting and receiving, and thus
the ultrasound transducer 14C is used for transmitting
and receiving in the entire period including the period Tb
and also the period Ta. The system controller 31 per-
forms a control operation in this manner.

[0084] When, for example, the user again operates the
freeze switch SW1 to cancel a freeze instruction, from
the period Ta immediate to timing of the operation, the
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ultrasound transducers 14A and 14C are again alternate-
ly driven to display ultrasound moving images as shown
in Figs. 4(C) and 4(D).

[0085] In this example, the freeze switch SW1 is pro-
vided on the ultrasound endoscope 2A, but a freeze
switch may be also provided on the ultrasound endo-
scope 2B and the ultrasound probe 2c. An unshown
changeover switch may be provided, and the system con-
troller 31 may control to switch between a stillimage and
amovingimage when the changeover switch is operated.
[0086] An operation by the ultrasound diagnostic ap-
paratus 1 thus configured will be described. The opera-
tion by the embodiment will be described for the case
where the ultrasound probe 2C is inserted through the
channel 22 of the ultrasound endoscope 2A to perform
endoscopy or the like as shown in Fig. 2.

[0087] The ultrasound endoscope 2A performs convex
scanning, and is widely used for inserting a puncture nee-
dle through the channel 22 to collect tissue from a site
to be diagnosed. In this case, the user can more easily
understand a circumferential orientation in the body cav-
ity from an ultrasound image by radial scanning.

[0088] Thus, as shown in Fig. 2, the user inserts the
ultrasound probe 2C through the channel 22 of the ultra-
sound endoscope 2A so that ultrasound images by the
ultrasound transducers 14A and 14C are displayed.
Then, the monitor 4 displays the images la and Ib by
ultrasound scanning by the ultrasound transducers 14A
and 14C as shown in Fig. 3.

[0089] As shown in Fig. 3, the ultrasound probe 2C is
inserted, and the ultrasound transducer 14C thereof
causes the circumferential radical image |b to be dis-
played adjacent to and simultaneously with the ultra-
sound image la by convex scanning. Thus, the operator
can easily understand the observation orientation by the
convex scanning ultrasound transducer 14A in the body
cavity by comparing the images la and Ib.

[0090] When the operator desires to perform, for ex-
ample, a biopsy after understanding the orientation, the
operator can draw the ultrasound probe 2C from the
channel 22, insert the puncture needle, puncture a site
for the biopsy with a distal end of the needle under ob-
servation of the ultrasound image la by convex scanning,
and collect tissue for the biopsy.

[0091] When two channels are provided, tissue can be
collected by the puncture needle without drawing the ul-
trasound probe 2C from the channel 22.

[0092] When the biopsy is not performed, ultrasound
images that facilitate diagnosis of a site to be examined
andtherearound can be obtained by the ultrasound trans-
ducers 14A and 14C with different scanning directions.
Specifically, with one ultrasound image only, information
on a direction perpendicular to the scanning direction
cannot be obtained, but using the ultrasound transducers
14A and 14C allows an ultrasound image in the direction
substantially perpendicular to one scanning direction,
and thus the user can easily understand the state of the
site to be examined and therearound and thus can easily
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make a diagnosis.

[0093] As such, the ultrasound observation apparatus
3 of the present embodiment can connect the ultrasound
probes or ultrasound endoscopes of different scanning
systems, drive the different ultrasound transducers in-
cluded, perform signal processings of received signals,
and generate ultrasound images.

[0094] Thus, as compared with an ultrasound probe
or an ultrasound endoscope of one ultrasound scanning
system, the user can easily understand a site of ultra-
sound scanning and can easily make a diagnosis.
[0095] According to the present embodiment, the trou-
ble and operation for changing corresponding ultrasound
observation apparatuses for each use of ultrasound en-
doscopes or ultrasound probes of different scanning sys-
tems in the conventional example is saved to significantly
increase operability and significantly reduce examination
time.

[0096] It may be also allowed that general positioning
of a site to be examined such as a diseased part is per-
formed by one of two different ultrasound scanning sys-
tems, ultrasound scanning is performed in detail by the
other system, and detailed ultrasound images are ob-
tained to obtain an ultrasound image that facilitates di-
agnosis.

(Embodiment 2)

[0097] Next, Embodiment 2 of the present invention
will be described with reference to Figs. 5 to 7. Fig. 5
shows an ultrasound diagnostic system 1B including Em-
bodiment 2 of the present invention. The ultrasound di-
agnostic system 1B includes an ultrasound endoscope
2D, an ultrasound probe 2C, an ultrasound observation
apparatus 3B as an ultrasound image processing appa-
ratus, and a monitor 4.

[0098] The ultrasound endoscope 2D includes an ar-
ray ultrasound transducer 14D in which ultrasound trans-
ducer elements 13 are arranged in a circumferential di-
rection of a housing 12D, instead of the convex array
ultrasound transducer 14A formed in the housing 12A,
in the ultrasound endoscope 2A in Fig. 1. Other config-
urations of the ultrasound endoscope 2D are the same
as those of the ultrasound endoscope 2A, and thus de-
scriptions thereof will be omitted with reference character
D being used instead of reference character A in the in-
sertion portion 6A or the like.

[0099] The ultrasound endoscope 2D includes a chan-
nel 22 through which the ultrasound probe 2C can be
inserted.

[0100] The ultrasound observation apparatus 3B ac-
cording to the present embodiment includes a shared
signal processing portion 32 in which parts of the elec-
tronic scanning signal processing portion 32A and the
mechanical scanning signal processing portion 32B in
the ultrasound observation apparatus 3 in Fig. 1 are
shared. Specifically, an A/D converter 34 to a D/A con-
verter 37 are used that are the A/D converters 34A and
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34B to the D/A converters 37A and 37B in Fig. 1 shared.
Such sharing realizes an ultrasound image processing
apparatus that can accommodate different scanning sys-
tems at low cost.

[0101] A mixer 38’ is herein a digital signal mixer, in
which an output signal from a DSC 36 and a digital output
signal from an image processing circuit 39’ are inputted.
Then, the output signal of the mixer 38’ is converted into
an analog video signal by the D/A converter 37 and out-
putted to the monitor 4.

[0102] The ultrasound observation apparatus 3B ac-
cording to the present embodiment includes, for exam-
ple, a hard disk 51 as ultrasound image recording means
for recording ultrasound image data outputted from the
DSC 36, and can record and read ultrasound image data
in and from the hard disk 51 via a system controller 31.
[0103] The user can operate, for example, an opera-
tion panel 26 to read the ultrasound image data recorded
in the hard disk 51, and outputs the data to the monitor
4 via the mixer 38'. For example, when the same site is
previously observed and recorded, the ultrasound image
data thereof can be read and displayed on the monitor
4 simultaneously with the ultrasound image under obser-
vation.

[0104] An electronic scanning transmitting and receiv-
ing circuit 33A includes a transmission pulse generating
circuit 52, a driving amplifier 53 that amplifies a transmis-
sion pulse generated by the transmission pulse gener-
ating circuit 52 and outputs the transmission pulse to the
ultrasound transducer 14D via a changeover switch 54,
a receiving amplifier 55 that amplifies an echo signal in-
putted via the changeover switch 54, and a detection
circuit 56 that detects the echo signal amplified by the
receiving amplifier 55. A signal detected by the detection
circuit 56 is outputted to the A/D converter 34.

[0105] The mechanical scanning transmitting and re-
ceiving circuit 33B has basically the same block config-
uration as the electronic scanning transmitting and re-
ceiving circuit 33A. In the mechanical scanning transmit-
ting and receiving circuit 33B, a single ultrasound trans-
ducer 14C is used for driving and receiving. On the other
hand, in the electronic scanning transmitting and receiv-
ing circuit 33A, ultrasound transducer elements 13 used
for driving and receiving are successively switched.
[0106] The electronic scanning transmitting and re-
ceiving circuit 33A and other configurations are the same
as in Embodiment 1.

[0107] A state where the ultrasound probe 2C is insert-
ed through the channel 22 of the ultrasound endoscope
2D in the ultrasound diagnostic system 1B is shown in
Fig. 6.

[0108] As shown in Fig. 6, a distal end opening 22b of
the channel 22 as well as an illumination window 43 and
an observation window 44 are provided in an inclined
surface 42 formed in a distal end portion 10D, and a distal
end of the ultrasound probe 2C is protruded obliquely
forward from the distal end opening 22b.

[0109] The array ultrasound transducer 14D is provid-
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ed in which ultrasound transducer elements 13 are ar-
ranged along a cylindrical outer circumferential surface
of the housing 12D on a front side of the distal end portion
10D. The ultrasound transducer elements 13 are suc-
cessively driven to emit ultrasound for radial scanning in
the direction of the arrow D.

[0110] In the present embodiment, the ultrasound
transducers 14D and 14C are both for radial scanning,
but have different axial directions for radial scanning, and
thus information on the different directions can be ob-
tained as compared with an ultrasound image by one of
the transducers only. In this case, the ultrasound images
displayed on the monitor 4 are as shown in Fig. 7.
[0111] As shown in Fig. 7, an ultrasound image Ic by
electronic radial scanning and an ultrasound image Ib by
mechanical radial scanning are simultaneously dis-
played adjacent to each other. In the ultrasound image
Ib, an orientation (circumferential position) of the ultra-
sound probe 2C is indicated by a marker as denoted by
reference character E. When the ultrasound probe 2C
inserted through the channel 22 is circumferentially po-
sitioned, an observation orientation of the distal end of
the insertion portion 6D of the ultrasound endoscope 2D
is indicated by a marker as denoted by reference char-
acter F in the ultrasound image Ic obtained by the ultra-
sound transducer 14C of the ultrasound probe 2C.
[0112] According to the present embodiment, as in
Embodiment 1, the ultrasound images in different direc-
tions can be simultaneously obtained, and thus the op-
erator can easily make a diagnosis. Thus, the present
embodiment can significantly increase operability for the
operator.

[0113] Instead of displaying the ultrasound image Ic
by electronic radial scanning and the ultrasound image
Ib by mechanical radial scanning in the same size adja-
cent to each other as shown in Fig. 7, the images may
be displayed as master and slave images, thatis, picture-
in-picture as shown in Fig. 8A.

[0114] When the images are displayed as master and
slave images, the slave image may be displayed to be
superimposed on part of the master image as shown in
Fig. 8A, or the master image and the slave image may
be displayed adjacent to each other as shown in Fig. 8B.
[0115] Also, as shown in Fig. 9, the radial image Ic by
electronic scanning and, for example, a radial image Ic’
by electronic scanning recorded in the hard disk 51 in
previous ultrasound diagnosis may be simultaneously
displayed. Specifically, as shown in Fig. 9, one of the two
radial images Ic and Ic’ by electronic scanning may be
displayed as a live image, and the other as a reproduced
image.

[0116] Inthe present embodiment, four-system meas-
uring meansis provided. Fig. 10 shows adisplay example
in this case. As shown in Fig. 10, for example, the ultra-
sound image Ic by electronic radial scanning is displayed
as a still image to display a state where distances be-
tween two points are measured by four-system marks
of, for example, +, O, O, A, and a cursor K used for the
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measurement can be operated by rotating a trackball 27.
[0117] Fig. 10 shows the state of measurement of the
distances, but an area or a volume can be measured.
The four-system measurement means having a larger
number of systems than in a conventional example is
used to allow more detail measurement in a short time.
[0118] The present embodiment also can accommo-
date different scanning systems as in Embodiment 1,
thereby significantly increasing operability and workabil-
ity in ultrasound examination or diagnosis, and allowing
completion of ultrasound examination in a short time.
[0119] Further, a configuration that accommodates
mechanical convex scanning or spiral scanning may be
allowed. A combination of parts of the above described
embodiments or a modified configuration may be al-
lowed. For example, a connector receptacle having a
different shape may be provided besides the connector
receptacles 11A and 11B to accommodate ultrasound
probes and ultrasound endoscopes in a wider range.
[0120] Also, for example, a conversion adapter may
be connected to the connector receptacle 11A or 11B so
as to connect a connector having a shape that cannot
be directly connected to the connector receptacle 11A
or 11B to accommodate ultrasound probes or ultrasound
endoscopes having a connector with a different shape.
[0121] Embodiments 1 and 2 have the configuration
of the combination of mechanical scanning and electron-
ic scanning, but mechanical scanning may be replaced
by electronic scanning.

[0122] Also, for example, as shown in Fig. 11A, an
electronic scanning convex image la by the electronic
scanning systemand an electronic scanning radialimage
Ic by the electronic scanning system may be simultane-
ously displayed.

[0123] The electronic scanning radial image Ic in Fig.
11A may be replaced by an electronic scanning sector
image Id as in Fig. 11B that is a part of the whole circle
of the electronic scanning radial image Ic.

[0124] Fig. 11B shows a state where the electronic
scanning conveximage la by the electronic scanning sys-
tem and the electronic scanning sector image Id by the
electronic scanning system are simultaneously dis-
played.

[0125] Thus, the plurality of ultrasound images by
scanning in the different scanning directions are simul-
taneously displayed to facilitate understanding and ap-
proaching the site to be diagnosed, and facilitate diag-
nosis and treatment with a treatment instrument. Me-
chanical sector scanning can be also accommodated for
partly scanning in a circumferential direction in mechan-
ical radial scanning.

[0126] Embodiments configured by partially combin-
ing the above described embodiments also belong to the
present invention. Modifications of the above described
embodiments also belong the present invention.
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Industrial Applicability

[0127] The plurality of ultrasound probes of different
scanning systems can be simultaneously connected, and
the ultrasound transducer included in each ultrasound
probe can be used to transmit and receive ultrasound,
thereby increasing operability for the user such as the
operator and providing ultrasound images that allow easy
diagnosis.

Claims

1. Anultrasound image processing apparatus compris-
ing:

first and second connecting portions to which
first and second ultrasound probes are remov-
ably connected, the probes including first and
second ultrasound transducers driven by first
and second different ultrasound scanning sys-
tems, respectively; and

ultrasound image signal processing means for
performing signal processings for generating
first and second ultrasound images correspond-
ing to the first and second ultrasound scanning
systems from ultrasound signals received by the
first and second ultrasound transducers con-
nected to the first and second connecting por-
tions.

2. Theultrasound image processing apparatus accord-
ing to claim 1, wherein the ultrasound image signal
processing means performs signal processings cor-
responding to an electronic scanning system and a
mechanical scanning system as the first and second
ultrasound scanning systems.

3. Theultrasound image processing apparatus accord-
ing to claim 1, wherein the ultrasound image signal
processing means includes transmission means for
driving the first and second ultrasound transducers
to transmit ultrasound.

4. The ultrasound image processing apparatus accord-
ing to claim 3, wherein the transmission means in-
cludes electronic scanning transmission means and
mechanical scanning transmission means corre-
sponding to the electronic scanning system and the
mechanical scanning system, respectively.

5. Theultrasound image processing apparatus accord-
ing to claim 1, wherein the ultrasound image signal
processing means generates simultaneous display
video signals for simultaneously displaying the first
and second ultrasound images on display means.

6. Theultrasound image processing apparatus accord-
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ing to claim 1, wherein the ultrasound image signal
processing means includes transmission means for
alternately driving the first and second ultrasound
transducers at predetermined intervals to alternately
transmit ultrasound.

The ultrasound image processing apparatus accord-
ing to claim 6, wherein the ultrasound image signal
processing means generates the first and second
ultrasound images as moving images from ultra-
sound signals outputted by the first and second ul-
trasound transducers receiving reflected ultrasound
in alternately driving the first and second ultrasound
transducers.

The ultrasound image processing apparatus accord-
ing to claim 1, further comprising display means for
displaying the first and second ultrasound images,
wherein the display means can simultaneously dis-
play the first and second ultrasound images as mov-
ing images.

The ultrasound image processing apparatus accord-
ing to claim 1, further comprising display means for
displaying the first and second ultrasound images,
wherein the display means can simultaneously dis-
play one of the first and second ultrasound images
as a moving image and the other as a still image.

The ultrasound image processing apparatus accord-
ing to claim 9, further comprising switching instruc-
tion means for switching display of the moving image
and the still image.

The ultrasound image processing apparatus accord-
ing to claim 9, further comprising ultrasound image
recording means for recording the first or second
ultrasound image.

The ultrasound image processing apparatus accord-
ing to claim 11, wherein the display means can dis-
play the first or second ultrasound image recorded
in the ultrasound image recording means.

The ultrasound image processing apparatus accord-
ing to claim 1, further comprising information reading
means for reading, from an ultrasound probe actually
connected to at least one of the first and second
connecting portions, information on the scanning
system of the ultrasound transducer included in the
ultrasound probe.

The ultrasound image processing apparatus accord-
ing to claim 13, further comprising control means for
referring to the information and controlling driving
and a signal processing corresponding to the scan-
ning system of the ultrasound transducer included
in the ultrasound probe.
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15. An ultrasound diagnostic apparatus comprising:

16.

17.

18.

19.

20.

firstand second ultrasound probes including first
and second ultrasound transducers driven by
first and second different ultrasound scanning
systems, respectively;

first and second connecting portions to which
the first and second ultrasound probes are re-
movably connected; and

ultrasound image signal processing means for
performing signal processings for generating
firstand second ultrasound images correspond-
ing to the first and second ultrasound scanning
systems from ultrasound signals received by the
first and second ultrasound transducers con-
nected to the first and second connecting por-
tions.

The ultrasound diagnostic apparatus according to
claim 15, wherein the first or second ultrasound
probes includes a first or second ultrasound trans-
ducer of at least one of an electronic scanning sys-
tem and a mechanical scanning system.

The ultrasound diagnostic apparatus according to
claim 16, wherein the first or second ultrasound
transducer of the electronic scanning system is for
sector scanning or radial scanning for scanning ul-
trasound in a circumferential direction of the first or
second ultrasound probe, or convex scanning for
scanning in the shape of a protruding surface on a
plane including a longitudinal direction of the first or
second ultrasound probe.

The ultrasound diagnostic apparatus according to
claim 16, wherein the first or second ultrasound
transducer of the mechanical scanning system is for
sector scanning or radial scanning for scanning ul-
trasound in a circumferential direction of the first or
second ultrasound probe, or convex scanning for
scanning in the shape of a protruding surface on a
plane including a longitudinal direction of the first or
second ultrasound probe.

The ultrasound diagnostic apparatus according to
claim 15, further comprising information reading
means for reading, from an ultrasound probe actually
connected to at least one of the first and second
connecting portions, information on the scanning
system of the ultrasound transducer included in the
ultrasound probe.

The ultrasound diagnostic apparatus according to
claim 19, further comprising control means for refer-
ring to the information and controlling driving and a
signal processing corresponding to the scanning
system of the ultrasound transducer included in the
ultrasound probe connected.
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The ultrasound diagnostic apparatus according to
claim 15, further comprising control means for caus-
ing the first and second ultrasound transducers to
perform transmitting and receiving so that periods of
transmitting and receiving by the first and second
ultrasound transducers do not overlap.

The ultrasound diagnostic apparatus according to
claim 15, further comprising marker display means
for indicating correspondence between the first and
second ultrasound images displayed by different ul-
trasound scanning systems.
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Authorized officer

Telephone No.
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INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2006/319769
Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. El Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. \:l Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. El Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet.

L. l:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of
any additional fee.

3. \:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Claims 1 - 8 and 13 - 21.

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee..

‘:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

\:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2006/319769

Continuation of Box No.III of continuation of first sheet (2)

Investigations are made on claims 1 - 22.

The matter common to the inventions as described in claims 1 - 22
are those ag described in claim 1 or c¢laim 15. However, it is clarified
that the aforementioned matter is not novel, because it igs well known
in the art (e.g., documents: JP 2006-204560 A (Aloka Co., Ltd.); JP
2005-279129 A (Fujinon Corp.); and JP 2005-261595 A (Aloka Co., Ltd.))
when it was applied for patent.

Thus, the aforementioned constitution cannot be congidered as a
special technical feature within the meaning of PCT Rule 13.2, second
gentence.

Hence, it is apparent that the inventions of claims 1 - 4 and 15
- 18, the inventions of c¢laims 5 - 8 and 21, the inventions of claims
9 - 12, the inventions of claims 13, 14, 19 and 20 and the invention
of claim 22 do not comply with the requirement of unity of invention.

However, this Authority has decided not to request for payment of
fee for the inventions of claims 3 - 8 and 13 - 21 in addition to the
inventions of claim 1 - 2.

Form PCT/ISA/210 (extra sheet) (April 2005)
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REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2000300565 A [0003] « JP 2004135693 A [0004]
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