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ULTRASOUND IMAGE PROCESSING
APPARATUS AND ULTRASOUND
DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2006/319769 filed on Oct. 3, 2006, the entire contents
of which are incorporated herein by this reference.

BACKGROUND OF INVENTION
[0002] 1. Field of the Invention
[0003] The present invention relates to an ultrasound image

processing apparatus and an ultrasound diagnostic apparatus
that perform processing for generating ultrasound images in
accordance with different ultrasound scanning systems.
[0004] 2. Description of the Related Art

[0005] A conventional ultrasound diagnostic apparatus
applies ultrasound in the shape of pulses to a living body,
receives reflected waves of the ultrasound reflected from liv-
ing tissue to obtain ultrasound tomograms. This apparatus has
advantage of noninvasively obtaining diagnostic images of
the inside of the living body.

[0006] Japanese Patent Application Laid-Open Publication
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 ultra-
sound transducer placed in a distal end portion of an ultra-
sound probe around an axis of the elongated probe and radi-
ally scanning ultrasound.

[0007] Japanese Patent Application Laid-Open Publication
No.2004-135693 as a second conventional example discloses
an apparatus in which an ultrasound transducer array is
arranged in a distal end portion of an ultrasound probe sub-
stantially in the shape of a protruding 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.

SUMMARY OF THE INVENTION

[0008] An ultrasound image processing apparatus accord-
ing to the present invention includes: first and second con-
necting portions to which first and second ultrasound probes
are removably connected, the probes including first and sec-
ond ultrasound transducers driven by first and second differ-
ent ultrasound scanning systems, respectively; and an ultra-
sound image signal processing portion 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 sec-
ond connecting portions.

[0009] Anultrasound diagnostic apparatus according to the
present invention includes: first and 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 removably con-
nected; and an ultrasound image signal processing portion for
performing signal processings for generating first and second
ultrasound images corresponding to the first and second ultra-
sound scanning systems from ultrasound signals received by
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the first and second ultrasound transducers connected to the
first and second connecting portions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a general block diagram of an ultrasound
diagnostic system including Embodiment 1 of the present
invention;

[0011] 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;

[0012] FIG. 3 shows a display example when two ultra-
sound images are displayed on a monitor;

[0013] FIGS. 4A to 4F are timing charts of an operation
when two ultrasound transducers are alternately driven or an
instruction operation to display a still image is performed;
[0014] FIG. 5 is a general block diagram of an ultrasound
diagnostic system including Embodiment 2 of the present
invention;

[0015] 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;

[0016] FIG. 7 shows a display example when two ultra-
sound images are displayed on a monitor;

[0017] FIG. 8A shows a display example when two ultra-
sound images are displayed picture-in-picture;

[0018] FIG. 8B shows a display example when two ultra-
sound images are displayed picture-in-picture;

[0019] FIG. 9 shows a display example when an ultrasound
image read from an image recording apparatus and a live
ultrasound image are simultaneously displayed,

[0020] FIG. 10 illustrates an operation in measurement;
[0021] FIG. 11A shows a display example when two ultra-
sound images are simultaneously displayed in electronic
scanning in different directions; and

[0022] FIG. 11B shows a display example when two ultra-
sound images are simultaneously displayed in electronic
scanning in different directions.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0023] Now, embodiments of the present invention will be
described with reference to the drawings.

Embodiment 1

[0024] FIGS. 1 to 4 relate to Embodiment 1 of the present
invention, FIG. 1 shows a general configuration of an ultra-
sound 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,and FIG. 4 is a timing chart of an operation when two
ultrasound transducers are alternately driven. A configuration
and an operation of the present embodiment will be described
below.

[0025] As shown in FIG. 1, an ultrasound diagnostic sys-
tem 1 including Embodiment 1 of the present invention
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includes ultrasound endoscopes 2A and 2B of electronic and
mechanical scanning systems that are inserted into a body
cavity and transmit and receive ultrasound, an ultrasound
observation apparatus 3 as an ultrasound image processing
apparatus to which the ultrasound endoscopes 2A and 2B can
be simultaneously connected, and that drives ultrasound
transducers of different scanning systems and generate ultra-
sound images corresponding to the scanning systems, and a
monitor 4 that displays video signals outputted from the ultra-
sound observation apparatus 3.

[0026] The ultrasound diagnostic system 1 may use an
ultrasound probe 2C of a mechanical scanning system instead
of the ultrasound endoscope 2B of the mechanical scanning
system. The ultrasound observation apparatus 3 may include
the monitor 4 therein.

[0027] The ultrasound endoscopes 2A and 2B have an
endoscope function of optical observation as well as an ultra-
sound probe function of transmitting and receiving ultra-
sound with ultrasound transducers. For example, as shown in
FIG. 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 6 A (the ultrasound endo-
scope 2B also includes an illumination window and an obser-
vation window, though not shown).

[0028] Forthe ultrasound endoscope 2A or 2B, an unshown
signal processing apparatus that performs a signal processing
of a solid-state image pickup device placed on an image-
forming position of an objective lens mounted to the obser-
vation 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.

[0029] 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 illumination win-
dow 43 with power supplied from the signal processing appa-
ratus. A light guide may be provided instead 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.
[0030] The ultrasound endoscope 21 (I=A, B) has a grasp-
ing portion (or an operation portion) 71 grasped by an operator
at arear end of an elongated insertion portion 6] inserted into
the body cavity, and an ultrasound cable 81 is extended from
the grasping portion 71. A connector 91 mounted to an end of
the ultrasound cable 81 can be removably connected to a
connector receptacle 111 as a connecting portion provided in
the ultrasound observation apparatus 3.

[0031] The ultrasound endoscope 2A is an ultrasound
endoscope of an electronic scanning system. More specifi-
cally, the ultrasound endoscope 2A includes an array ultra-
sound transducer 14A in which a plurality of ultrasound
transducer elements 13 are arranged along a protruding sur-
face formed along a longitudinal direction of an insertion
portion 6A ina housing 12A provided, for example, at a distal
end of the insertion portion 6A, so as to perform convex
scanning.

[0032] The ultrasound transducer elements 13 are con-
nected 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 trans-
mits and receives ultrasound via a signal wire 17.
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[0033] Rear ends of the selecting signal wire 16 used for
electronic scanning and the signal wire 17 used for transmit-
ting 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 11A in the ultrasound observation apparatus 3. By
this connection, the array ultrasound transducer 14A or the
like is connected to a system controller 31 and an electronic
scanning transmitting and receiving circuit 33A that consti-
tutes an electronic scanning signal processing portion 32A in
the ultrasound observation apparatus 3.

[0034] The system controller 31 controls each component
in the ultrasound observation apparatus 3, and controls to
perform transmitting and receiving corresponding to the
ultrasound transducer 14J (J=A to C) included in the ultra-
sound endoscope 21 or the ultrasound probe 2C connected to
the ultrasound observation apparatus 3.

[0035] 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 succes-
sively select the ultrasound transducer elements 13 arranged
along the protruding surface of the array ultrasound trans-
ducer 14A, and thus the array ultrasound transducer 14A
emits ultrasound for electronic convex scanning.

[0036] Theultrasound endoscope 2B is an ultrasound endo-
scope of a mechanical scanning system. More specifically,
the ultrasound endoscope 2B includes an ultrasound trans-
ducer 14B placed in a housing 12B provided, for example, at
a distal end of an insertion portion 6B. The ultrasound trans-
ducer 14B is mounted to a distal end of a flexible shaft 18B
rotatably inserted along a longitudinal direction of the inser-
tion portion 6B.

[0037] A rear end 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 por-
tion 19B is transmitted to the ultrasound transducer 14B via
the flexible shaft 18B, and the ultrasound transducer 14B
rotates with the rotation of the rotational driving portion 19B.
[0038] 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 connected to contacts of
a connector 9B.

[0039] The connector 9B is connected to a mechanical
scanning connector receptacle 11B in the ultrasound obser-
vation apparatus 3, and thus connected to the system control-
ler 31 and a mechanical scanning transmitting and receiving
circuit (abbreviated as mechanical scanning transmitting and
receiving in the drawing) 33B that constitutes a mechanical
scanning signal processing portion 32B in the ultrasound
observation apparatus 3.

[0040] 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 rota-
tionally driven. Then, the rotationally driven ultrasound trans-
ducer 14B emits ultrasound for (mechanical) radial scanning.
[0041] The ultrasound probe 2C includes an insertion por-
tion 6C like the insertion portion 68 of the ultrasound endo-
scope 2B of the mechanical scanning system with a smaller
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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 connector 9C mounted to an
end ofthe ultrasound cable 8C can be removably connected to
the mechanical scanning connector receptacle 11B provided
in the ultrasound observation apparatus 3.

[0042] 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 endo-
scope 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 225.

[0043] Inadistal 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 ultra-
sound transducer 14C.

[0044] 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.

[0045] The user connects the connector 9C to the mechani-
cal scanning connector receptacle 11B in the ultrasound
observation apparatus 3, and thus as in the ultrasound endo-
scope 2B, the ultrasound transducer 14C or the like is con-
nected to the system controller 31 and the mechanical scan-
ning transmitting and receiving circuit 33B in the mechanical
scanning signal processing portion 32B in the ultrasound
observation apparatus 3.

[0046] A transmission pulse from the mechanical scanning
transmitting and receiving circuit 33B is applied via the signal
wire 20C to the ultrasound transducer 14C mechanically rota-
tionally driven. Then, the ultrasound transducer 14C emits
ultrasound for radial scanning.

[0047] A connector 9] of the ultrasound endoscopes 2A and
2B and the ultrasound probe 2C includes a memory 237 that
stores specific identification information of each ultrasound
endoscope or ultrasound probe. When the connector 97 is
connected to the ultrasound observation apparatus 3, the iden-
tification information is read by the system controller 31.

[0048] Then, the system controller 31 uses the read identi-
fication information to read (identify) whether an ultrasound
transducer 14J included in the ultrasound endoscope 2A or
2B or the ultrasound probe 2C is of an electronic scanning
system or a mechanical scanning system.

[0049] 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 per-
form ultrasound driving and a signal processing correspond-
ing to the ultrasound transducer 14J included in the connected
ultrasound endoscope 2A or 2B or ultrasound probe 2C and
the scanning range.

[0050] For an ultrasound endoscope or an ultrasound probe
including no memory 23] that stores specific identification
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information in the connector 97, the ultrasound observation
apparatus 3 can accommodate as described below.

[0051] Thesystem controller 31 is connected to a keyboard
25 or an operation panel 26. When the above described ultra-
sound endoscope or ultrasound probe is connected to the
ultrasound observation apparatus 3, the user inputs informa-
tion such as model number or production number of the
connected ultrasound endoscope or ultrasound probe from
the keyboard 25 or the like.

[0052] Instead of the user inputting the information, the
information may be previously stored in storing means, for
example, an EEPROM provided in the ultrasound endoscope
or the ultrasound probe, and the information may be auto-
matically inputted to the system controller 31 when the ultra-
sound endoscope is connected. In an EEPROM 28, for
example, as an electrically rewritable memory as information
storing means connected to the system controller 31, infor-
mation (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
endoscope or a probe with the model number or the like.
[0053] The system controller 31 refers to the information
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 transducer included in the
ultrasound endoscope or the ultrasound probe.

[0054] There is a case, for example, where one connector
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 sys-
tem controller 31 may control transmitting and receiving with
default setting information corresponding to the case.

[0055] For the mechanical scanning system, the system
controller 31 controls a rotational driving operation of the
rotational driving portion 19B or 19C. For the electronic
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 ultrasound endo-
scope 2A, but the multiplexer 15 may be included in the
ultrasound observation apparatus 3.

[0056] The ultrasound observation apparatus 3 may be
adapted to both a type including a multiplexer in an ultra-
sound endoscope like the ultrasound endoscope 2A and a type
including a multiplexer in the ultrasound observation appa-
ratus 3 rather than in the ultrasound endoscope to accommo-
date both systems. The information in the EEPROM 28 may
be updated by a user such as an operator.

[0057] As such, in the present enibodiment, the ultrasound
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 endo-
scope 21 and the ultrasound probe 2C of the electronic scan-
ning system or the mechanical scanning system can be simul-
taneously connected to the ultrasound observation apparatus
3. When the plurality of ultrasound probes of different scan-
ning systems are simultaneously connected to the ultrasound
observation apparatus 3, the ultrasound observation appara-
tus 3 performs driving and a signal processing corresponding
to each scanning system of the plurality of ultrasound probes.
[0058] Thus, inthe present embodiment, ultrasound exami-
nation or ultrasound diagnosis can be performed with, for
example, the plurality of ultrasound endoscopes 2A and 2B of
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different ultrasound scanning systems being connected, with-
out trouble of changing ultrasound observation apparatuses in
accordance with an ultrasound endoscope or an ultrasound
probe used as in the conventional example.

[0059] To the system controller 31, for example, a trackball
27 as a pointing device used in selection instruction or mea-
surement is also connected.

[0060] Ultrasound echo signals (corresponding to ultra-
sound reflection) amplified by unshown receiving amplifiers
in the electronic scanning transmitting and receiving circuit
33A and the mechanical scanning transmitting and receiving
circuit 33B provided in the ultrasound observation apparatus
3, detected and outputted are converted into digital echo
signals by an A/D converter 341 and then stored in a frame
memory 351.

[0061] Theecho signals stored in the frame memory 351 are
read and inputted to a digital scan converter (abbreviated as
DSC) 361, converted into video signals matching a display
mode of the monitor 4, and then inputted to a D/A converter
371. The D/A converter 371 converts the digital video signals
into analog video signals and outputs the signals to a mixer
38. The mixer 38 mixes (superimposes) the plurality of input-
ted video signals and then outputs the signals to the monitor 4.

[0062] 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.

[0063] Thus, the ultrasound observation apparatus 3 that
constitutes the ultrasound diagnostic system 1 includes the
connector receptacles 11A and 11B as the connecting por-
tions to which the ultrasound endoscopes 21 including the
ultrasound transducers 14A and 14B driven by different ultra-
sound scanning systems are simultaneously removably con-
nected.

[0064] The ultrasound observation apparatus 3 can drive
the ultrasound transducers 14A and 14B connected to the
connector receptacles 11A and 11B by the respective scan-
ning systems and cause the ultrasound transducers 14A and
14B to transmit ultrasound. The ultrasound observation appa-
ratus 3 also includes signal processing means for performing
signal processings of ultrasound echo signals obtained from
ultrasound reflected 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, received by the ultrasound transducers 14A and
14B, and converted into electrical signals.

[0065] Video signals generated by the signal processing 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 outputted to the monitor 4 via the
mixer 38 to allow ultrasound tomograms generated by differ-
ent scanning systems to be simultaneously displayed.

[0066] For a combination of the ultrasound endoscope 2A
and the ultrasound probe 2C with the ultrasound probe 2C
being inserted through the channel 22 of the ultrasound endo-
scope 24, instead of using the ultrasound endoscope 2B, the
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ultrasound observation apparatus 3 can perform driving and a
signal processing as in the case of the two ultrasound endo-
scopes 2A and 2B.

[0067] FIG. 2 shows an exemplary use when the ultrasound
probe 2C is inserted through the channel 22 of the ultrasound
endoscope 2A, and the distal end of the ultrasound probe 2C
is protruded from the distal end opening 225 of the channel
22.

[0068] As shown in FIG. 2, to a distal end portion 10A of
the insertion portion 6 A of the ultrasound endoscope 2A of
the convex electronic scanning system, a proximal end of the
housing 12A including the array ultrasound transducer 14A is
mounted, and an inclined surface 42 is provided adjacent to
the proximal end of the housing 12A.

[0069] The plurality of ultrasound transducer elements 13
are arranged along the protruding surface of the housing 12A
on a predetermined plane including a longitudinal axis of the
insertion portion 6A, and the ultrasound transducer elements
13 arranged on the protruding surface are successively driven
to allow convex electronic scanning of ultrasound as shown
by the arrow A.

[0070] Inthe inclined surface 42, the illumination window
43 and the observation window 44 for optical endoscope
observation are provided, and the distal end opening 225 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 225.

[0071] 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.

[0072] Thus, the ultrasound transducer 14C rotationally
driven as shown by the arrow B emits ultrasound for radial
scanning in a circumferential direction of the insertion por-
tion 6C.

[0073] Ultrasound for convex scanning and radial scanning
by the ultrasound transducers 14A and 14C, respectively
reflected at the section with changing acoustic impedance is
again received by the ultrasound transducers 14A and 14C.
The ultrasound is then converted into electrical signals by the
ultrasound transducers 14A and 14C, inputted to the trans-
mitting and receiving circuits 33A and 33B in FIG. 1, ampli-
fied, detected, A/D converted, and temporarily stored in the
frame memories 35A and 35B.

[0074] Then, the signals are converted into video signals
via the DSCs 36 A and 36B, and outputted to the monitor 4 as
display means for displaying ultrasound images via the mixer
38. Then, as shown in FIG. 3, an ultrasound image Ia by
convex scanning and an ultrasound image Ib by radial scan-
ning can be simultaneously displayed adjacent to each other
on a display surface of the monitor 4.

[0075] 1In FIG. 3, an image 48¢ of the distal end of the
ultrasound probe 2C is displayed in the ultrasound image Ia
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.

[0076] Inthis case, a position of the distal end opening 225
ofthe channel 22 of the ultrasound endoscope 2A is fixed, and
thus a position of the ultrasound probe 2C in the ultrasound
image [amay be, for example, indicated by a marker as shown
by thearrow C. The indication by the marker facilitates under-
standing correspondence between ultrasound images by dif-
ferent scanning systems. In the ultrasound image Ib, an obser-
vation direction of the distal end of the ultrasound endoscope
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2A varies depending on circumferential positions of the distal
end of the ultrasound probe 2C.

[0077] Also in this case, circumferential positioning is per-
formed when the distal end of the ultrasound probe 2C is
protruded from the distal end opening 225, and thus the
observation direction of the distal end of the ultrasound endo-
scope 2A can be determined in the ultrasound image Ib. The
direction may be indicated by a marker.

[0078] FIG. 4 shows general timing of driving and a signal
processing when the ultrasound endoscope 2A and the ultra-
sound probe 2C are connected to the ultrasound observation
apparatus 3, and the user selects a mode for simultaneously
displaying the ultrasound images by the two ultrasound trans-
ducers 14A and 14C.

[0079] When the user selects the mode for simultaneously
displaying the ultrasound images by the two ultrasound trans-
ducers 14A and 14C, the system controller 31 successively
(alternately) drives the two ultrasound transducers 14A and
14C in synchronization with a predetermined signal, for
example, as shown in FIG. 4.

[0080] For example, as shown in FIG. 4A, the system con-
troller 31 generates, from a reference signal Sa in generating
an image for one frame, a switching signal Sb shown in FIG.
4B in synchronization with the reference signal Sa. Then, the
system controller 31 transmits the switching signal Sb to the
electronic scanning transmitting and receiving circuit 33A
and the mechanical scanning transmitting and receiving cit-
cuit 33B.

[0081] The electronic scanning transmitting and receiving
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. 4C,
and the ultrasound transducer 14A is ultrasonically excited by
application of the transmission pulse Sc and transmits ultra-
sound.

[0082] The mechanical scanning transmitting and receiv-
ing circuit 33B supplies a transmission pulse Sd to the
mechanical radial scanning ultrasound transducer 14BinanL
level period Tb of the switching signal Sb as shown in FIG.
4D, and the ultrasound transducer 14B is ultrasonically
excited by application of the transmission pulse Sd and trans-
mits ultrasound. The transmission pulses Sc and Sd are actu-
ally high frequency pulses with several wavelengths.

[0083] For electronic scanning in FIG. 4C, when the trans-
mission pulse Sc is successively supplied to the ultrasound
transducer elements 13 at predetermined intervals, a signal
for selecting (switching) elements is also outputted to the
multiplexer 15 in synchronization with timing of the trans-
mission pulse Sc being outputted.

[0084] When each transmission pulse Sc is 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 trans-
mission pulse Sc being outputted, and an ultrasound echo
signal received by the ultrasound transducer element 13 is
inputted to the receiving amplifier.

[0085] For mechanical scanning in FIG. 4D, when the
transmission pulse Sd is successively applied to the ultra-
sound 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 synchronization with timing
of the transmission pulse Sd, and the transmission pulse Sd is
successively outputted in synchronization with a rotation
angle.
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[0086] Alsointhiscase, when each transmission pulse Sd is
outputted, an unshown transmitting and receiving
changeover switch in the transmitting and receiving circuit
33B is switched so as to select a receiving amplifier side until
timing of a next transmission pulse Sd being outputted.
[0087] As shown in FIGS. 4C and 4D, the two ultrasound
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 ultra-
sound images can be generated with a high S/N ratio.
[0088] When the transmission pulse of one of the transduc-
ers can be prevented from being mixed as noise in the echo
signal of the other (for example, when ultrasound scanning
regions do not overlap), the ultrasound transducers 14A and
14C may be simultaneously driven rather than alternately
driven as shown in FIG. 4.

[0089] FIGS. 4A to 4D 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.

[0090] In this case, for example, after a period Tb immedi-
ate to timing of operating the freeze switch SW1 as shown in
FIG. 4E, ultrasound scanning only by the ultrasound trans-
ducer 14C is performed as shown in FIG. 4F, and the ultra-
sound image by the ultrasound transducer 14C is displayed as
a moving image.

[0091] After a period Ta immediate to the timing of oper-
ating the freeze switch SW1, an update of the ultrasound
image obtained by the ultrasound transducer 14A is prohib-
ited, and the ultrasound image is repeatedly displayed as a
still image. Specifically, in this state, one displays the still
image and the other displays the moving image.

[0092] In this case, the ultrasound transducer 14A is actu-
ally not used for transmitting and receiving, and thus the
ultrasound transducer 14C is used for transmitting and receiv-
ing in the entire period including the period Th and also the
period Ta. The system controller 31 performs a control opera-
tion in this manner.

[0093] 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 ultrasound
transducers 14A and 14C are again alternately driven to dis-
play ultrasound moving images as shown in FIGS. 4C and
4D.

[0094] In this example, the freeze switch SW1 is provided
on the ultrasound endoscope 2A, but a freeze switch may be
also provided on the ultrasound endoscope 2B and the ultra-
sound probe 2¢. An unshown changeover switch may be
provided, and the system controller 31 may control to switch
between a still image and a moving image when the
changeover switch is operated.

[0095] An operation by the ultrasound diagnostic apparatus
1 thus configured will be described. The operation by the
embodiment will be described for the case where the ultra-
sound probe 2C is inserted through the channel 22 of the
ultrasound endoscope 2A to perform endoscopy or the like as
shown in FIG. 2.

[0096] The ultrasound endoscope 2A performs convex
scanning, and is widely used for inserting a puncture needle
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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 cavity from an ultra-
sound image by radial scanning.

[0097] Thus, as shown in FIG. 2, the user inserts the ultra-
sound probe 2C through the channel 22 of the ultrasound
endoscope 2A so that ultrasound images by the ultrasound
transducers 14A and 14C are displayed. Then, the monitor 4
displays the images Ia and Ib by ultrasound scanning by the
ultrasound transducers 14A and 14C as shown in FIG. 3.
[0098] As shown in FIG. 3, the ultrasound probe 2C is
inserted, and the ultrasound transducer 14C thereof causes the
circumferential radical image Ib to be displayed adjacent to
and simultaneously with the ultrasound image Ia by convex
scanning. Thus, the operator can easily understand the obser-
vation orientation by the convex scanning ultrasound trans-
ducer 14A in the body cavity by comparing the images la and
Ib.

[0099] When the operator desires to perform, for example,
abiopsy 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 observation of the ultrasound image
la by convex scanning, and collect tissue for the biopsy.
[0100] When two channels are provided, tissue can be col-
lected by the puncture needle without drawing the ultrasound
probe 2C from the channel 22.

[0101] When the biopsy is not performed, ultrasound
images that facilitate diagnosis of a site to be examined and
therearound can be obtained by the ultrasound transducers
14 A 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 under-
stand the state of the site to be examined and therearound and
thus can easily make a diagnosis.

[0102] 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 included, perform signal
processings of received signals, and generate ultrasound
images.

[0103] Thus, as compared with an ultrasound probe or an
ultrasound endoscope of one ultrasound scanning system, the
user can easily understand a site of ultrasound scanning and
can easily make a diagnosis.

[0104] According to the present embodiment, the trouble
and operation for changing corresponding ultrasound obser-
vation apparatuses for each use of ultrasound endoscopes or
ultrasound probes of different scanning systems in the con-
ventional example is saved to significantly increase operabil-
ity and significantly reduce examination time.

[0105] It may be also allowed that general positioning of a
site to be examined such as a diseased part is performed by
one of two different ultrasound scanning systems, ultrasound
scanning is performed in detail by the other system, and
detailed ultrasound images are obtained to obtain an ultra-
sound image that facilitates diagnosis.

Embodiment 2

[0106] Next, Embodiment 2 of the present invention will be
described with reference to FIGS. 5 to 7. FIG. 5 shows an
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ultrasound diagnostic system 1B including Embodiment 2 of
the present invention. The ultrasound diagnostic system 1B
includes an ultrasound endoscope 2D, an ultrasound probe
2C, an ultrasound observation apparatus 3B as an ultrasound
image processing apparatus, and a monitor 4.

[0107] The ultrasound endoscope 2D includes an array
ultrasound transducer 14D in which ultrasound transducer
elements 13 are arranged in a circumferential direction of a
housing 12D, instead of the convex array ultrasound trans-
ducer 14A formed in the housing 12A, in the ultrasound
endoscope 2A in FIG. 1. Other configurations of the ultra-
sound endoscope 2D are the same as those of the ultrasound
endoscope 2A, and thus descriptions thereof will be omitted
with reference character D being used instead of reference
character A in the insertion portion 6A or the like.

[0108] Theultrasound endoscope 2D includes a channel 22
through which the ultrasound probe 2C can be inserted.

[0109] Theultrasound observation apparatus 3B according
to the present embodiment includes a shared signal process-
ing portion 32 in which parts of the electronic scanning signal
processing portion 32A and the mechanical scanning signal
processing portion 32B in the ultrasound observation appa-
ratus 3 in FIG. 1 are shared. Specifically, an A/D converter 34
to aD/A converter 37 are used that are the A/D converters 34 A
and 34B to the D/A converters 37A and 37B in FIG. 1 shared.
Such sharing realizes an ultrasound image processing appa-
ratus that can accommodate different scanning systems at low
cost.

[0110] 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 outputted to the
monitor 4.

[0111] Theultrasound observation apparatus 3B according
to the present embodiment includes, for example, a hard disk
51 as ultrasound image recording means for recording ultra-
sound 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.

[0112] The user can operate, for example, an operation
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 observation.

[0113] An electronic scanning transmitting and receiving
circuit 33A includes a transmission pulse generating circuit
52, a driving amplifier 53 that amplifies a transmission pulse
generated by the transmission pulse generating 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 inputted 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.

[0114] The mechanical scanning transmitting and receiv-
ing circuit 33B has basically the same block configuration as
the electronic scanning transmitting and receiving circuit
33A. In the mechanical scanning transmitting and receiving
circuit 33B, a single ultrasound transducer 14C is used for
driving and receiving. On the other hand, in the electronic
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scanning transmitting and receiving circuit 33A, ultrasound
transducer elements 13 used for driving and receiving are
successively switched.

[0115] The electronic scanning transmitting and receiving
circuit 33A and other configurations are the same as in
Embodiment 1.

[0116] A state where the ultrasound probe 2C is inserted
through the channel 22 of the ultrasound endoscope 2D in the
ultrasound diagnostic system 1B is shown in FIG. 6.

[0117] As shown in FIG. 6, a distal end opening 225 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 225.

[0118] The array ultrasound transducer 14D is provided in
which ultrasound transducer elements 13 are arranged along
acylindrical outer circumferential surface of the housing 12D
on a front side of the distal end portion 10D. The ultrasound
transducer elements 13 are successively driven to emit ultra-
sound for radial scanning in the direction of the arrow D.
[0119] Inthepresentembodiment, the ultrasound transduc-
ers 14D and 14C are both for radial scanning, but have dif-
ferent axial directions for radial scanning, and thus informa-
tion on the different directions can be obtained 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.

[0120] As shown in FIG. 7, an ultrasound image Ic by
electronic radial scanning and an ultrasound image Ib by
mechanical radial scanning are simultaneously displayed
adjacent to each other. In the ultrasound image Ib, an orien-
tation (circumferential position) of the ultrasound 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 positioned, 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 refer-
ence character F in the ultrasound image Ic obtained by the
ultrasound transducer 14C of the ultrasound probe 2C.
[0121] According to the present embodiment, as in
Embodiment 1, the ultrasound images in different directions
can be simultaneously obtained, and thus the operator can
easily make a diagnosis. Thus, the present embodiment can
significantly increase operability for the operator.

[0122] Instead of displaying the ultrasound image Ic by
electronic radial scanning and the ultrasound image Ib by
mechanical radial scanning in the same size adjacent to each
other as shown in FIG. 7, the images may be displayed as
master and slave images, that is, picture-in-picture as shown
in FIG. 8A.

[0123] 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. 8§B.

[0124] 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. Spe-
cifically, 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.
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[0125] 1Inthe present embodiment, four-system measuring
means is provided. FIG. 10 shows a display example in this
case. As shown in FIG. 10, for example, the ultrasound image
Ic by electronic radial scanning is displayed as a still image to
display a state where distances between two points are mea-
sured by four-system marks of, for example, +, ], 0, A, and a
cursor K used for the measurement can be operated by rotat-
ing a trackball 27.

[0126] FIG. 10 shows the state of measurement of the dis-
tances, but an area or a volume can be measured. The four-
system measurement means having a larger number of sys-
tems than in a conventional example is used to allow more
detail measurement in a short time.

[0127] Thepresent embodiment also can accommodate dif-
ferent scanning systems as in Embodiment 1, thereby signifi-
cantly increasing operability and workability in ultrasound
examination or diagnosis, and allowing completion of ultra-
sound examination in a short time.

[0128] 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 allowed.
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 endo-
scopes in a wider range.

[0129] 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 accom-
modate ultrasound probes or ultrasound endoscopes having a
connector with a different shape.

[0130] Embodiments 1 and 2 have the configuration of the
combination of mechanical scanning and electronic scan-
ning, but mechanical scanning may be replaced by electronic
scanning.

[0131] Also, for example, as shown in FIG. 11A, an elec-
tronic scanning convex image Ia by the electronic scanning
system and an electronic scanning radial image Ic by the
electronic scanning system may be simultaneously displayed.
[0132] Theelectronic 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.

[0133] FIG. 11B shows a state where the electronic scan-
ning convex image Ia by the electronic scanning system and
the electronic scanning sector image Id by the electronic
scanning system are simultaneously displayed.

[0134] Thus, the plurality of ultrasound images by scan-
ning in the different scanning directions are simultaneously
displayed to facilitate understanding and approaching the site
to be diagnosed, and facilitate diagnosis and treatment with a
treatment instrument. Mechanical sector scanning can be also
accommodated for partly scanning in a circumferential direc-
tion in mechanical radial scanning.

[0135] Embodiments configured by partially combining
the above described embodiments also belong to the present
invention. Modifications of the above described embodi-
ments also belong the present invention.

What is claimed is:

1 An ultrasound image processing apparatus comprising:

first and second connecting portions to which first and
second ultrasound probes are removably connected, the
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probes including first and second ultrasound transducers
driven by first and second different ultrasound scanning
systems, respectively; and

an ultrasound image signal processing portion for perform-

ing 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.

2. The ultrasound image processing apparatus according to
claim 1, wherein the ultrasound image signal processing por-
tion performs signal processings corresponding to an elec-
tronic scanning system and a mechanical scanning system as
the first and second ultrasound scanning systems.

3. The ultrasound image processing apparatus according to
claim 1, wherein the ultrasound image signal processing por-
tion includes a transmission portion for driving the first and
second ultrasound transducers to transmit ultrasound.

4. The ultrasound image processing apparatus according to
claim 3, wherein the transmission portion includes an elec-
tronic scanning transmission portion and a mechanical scan-
ning transmission portion corresponding to the electronic
scanning system and the mechanical scanning system,
respectively.

5. The ultrasound image processing apparatus according to
claim 1, wherein the ultrasound image signal processing por-
tion generates simultaneous display video signals for simul-
taneously displaying the first and second ultrasound images
on a display portion.

6. The ultrasound image processing apparatus according to
claim 1, wherein the ultrasound image signal processing por-
tionincludes a transmission portion for alternately driving the
first and second ultrasound transducers at predetermined
intervals to alternately transmit ultrasound.

7. The ultrasound image processing apparatus according to
claim 6, wherein the ultrasound image signal processing por-
tion generates the first and second ultrasound images as mov-
ing images from ultrasound signals outputted by the first and
second ultrasound transducers receiving reflected ultrasound
in alternately driving the first and second ultrasound trans-
ducers.

8. The ultrasound image processing apparatus according to
claim 1, further comprising a display portion for displaying
the first and second ultrasound images, wherein the display
portion can simultaneously display the first and second ultra-
sound images as moving images.

9. The ultrasound image processing apparatus according to
claim 1, further comprising a display portion for displaying
the first and second ultrasound images, wherein the display
portion can simultaneously display one of the first and second
ultrasound images as a moving image and the other as a still
image.

10. The ultrasound image processing apparatus according
to claim 9, further comprising a switching instruction portion
for switching display of the moving image and the still image.

11. The ultrasound image processing apparatus according
to claim 9, further comprising an ultrasound image recording
portion for recording the first or second ultrasound image.

12. The ultrasound image processing apparatus according
to claim 11, wherein the display portion can display the first
or second ultrasound image recorded in the ultrasound image
recording portion.

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

14. The ultrasound image processing apparatus according
to claim 13, further comprising a control portion for referring
to the information and controlling driving and a signal pro-
cessing corresponding to the scanning system of the ultra-
sound transducer included in the ultrasound probe.

15. An ultrasound diagnostic apparatus comprising:

first and second ultrasound probes including first and sec-

ond 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 removably connected; and
an ultrasound image signal processing portion for perform-
ing 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.

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

17. 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 ultrasound in a circumferential direc-
tion of the first or second ultrasound probe, or convex scan-
ning for scanning in the shape of a protruding surface on a
plane including a longitudinal direction of the first or second
ultrasound probe.

18. 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 ultrasound in a circumferential direc-
tion of the first or second ultrasound probe, or convex scan-
ning for scanning in the shape of a protruding surface on a
plane including a longitudinal direction of the first or second
ultrasound probe.

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

20. The ultrasound diagnostic apparatus according to claim
19, further comprising a control portion for referring to the
information and controlling driving and a signal processing
corresponding to the scanning system of the ultrasound trans-
ducer included in the ultrasound probe connected.

21. The ultrasound diagnostic apparatus according to claim
15, further comprising a control portion for causing 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.

22. The ultrasound diagnostic apparatus according to claim
15, further comprising a marker display portion for indicating
correspondence between the first and second ultrasound
images displayed by different ultrasound scanning systems.

* sk * sk *
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