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7) ABSTRACT

An ultrasonic observation system of the invention includes
a long ultrasonic probe having an ultrasonic sending and
receiving portion, which can send and receive ultrasonic,
and a holding portion, as a rotation operating portion, which
can rotate the ultrasonic probe around an axis, which rep-
resents an arbitrary direction of oscillation directions of
ultrasonic oscillated from the ultrasonic sending and receiv-
ing portion. A grasping portion is integrated with the holding
portion. A contact portion is provided at the distal end of the
grasping portion 613 and has an ultrasonic vibrator inside. A
fixing frame is mounted to a distal end 622 of a holding unit
621 through a bearing 625 freely rotatably around a center
axis Si of the ultrasonic probe.
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ULTRASONIC OBSERVATION SYSTEM

[0001] This application claims benefit of Japanese Appli-
cation Nos. 2002-084386, filed in Japan on Mar. 25, 2002,
2002-240933, filed in Japan on Aug. 21, 2002, 2003-68453,
filed in Japan on Mar. 13, 2003, the contents of which are
incorporated by this reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention-relates to an ultrasonic
observation system for ultrasonically observing an affected
part in front of a part to be operated and, in particular, to an
ultrasonic observation system used for extracting three-
dimensional ultrasonic images in neurosurgery, for example.

[0004] 2. Related Art Statement

[0005] Conventionally, in order to remove a tumor in a
less invasive manner in neurosurgery, an endoscope has
been often used.

[0006] Insuch a system, a treating apparatus is inserted to
a treated part in the cranium while an operator watching an
endoscope observation image in order to perform a treat-
ment such as tumor removal. In this case, the endoscope is
fixed and/or is supported by a medical equipment holding
apparatus including multiple arms and joints. In the cranium,
important tissue such as nerves and blood vessels are tangled
complexly and minutely. Therefore, the holding apparatus
needs to be able to move an endoscope minutely and
smoothly so as not to hurt tissue and needs to be able to fix
an endoscope at an accurate position.

[0007] A medical equipment holding apparatus disclosed
in U.S. Pat. No. 2001/0,027,313A1 has been proposed as a
system for holding and fixing an endoscope in order to
perform such an operation.

[0008] In the medical equipment holding apparatus dis-
closed in U.S. Pat. No. 2001/0,027,313A1, an installing part
is attached freely slidably at a side rail of an operating table.
The installing part includes a link mechanism, which is a
holding portion tilting mechanism, through a supporting
arm, an upper supporting member, and a first parallel link
mechanism. The holding portion in the link mechanism
holds a rigid endoscope. With this construction, the first
parallel link mechanism and the holding portion tilting
mechanism arm are deformed without changing the position
for installing the holding apparatus so as to change the
direction of the rigid endoscope.

[0009] In the method for guiding a rigid endoscope toward
a part to be operated, a part of the cranium is opened, and the
treatment is then performed thereon blindly. In order to
prevent this and to guide the rigid endoscope toward the part
to be operated more securely, an in-operation X-ray obser-
vation apparatus or an in-operation ultrasonic observation
apparatus is used as a measure for observing the distal end
of the rigid endoscope in real time.

[0010] In general, when an ultrasonic observation appa-
ratus is used, a part of the cranium is opened, and an
ultrasonic probe incorporating an ultrasonic vibrator is then
put on the surface of the brain so as to observe a part of the
brain.
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[0011] Such an ultrasonic observation apparatus is dis-
closed in U.S. Pat. No. 2003/0,045,768A1 and Unexamined
Patent Application Publication No. 11-206764.

[0012] U.S. Pat. No. 2003/0,045,768 Al discloses an ultra-
sonic probe, which can be inserted to a part of a small
opening. As shown in FIGS. 19 and 20, the sides and front
of the inserting axis of the ultrasonic probe can be observed.

[0013] Unexamined Patent Application Publication No.
11-206764 discloses a so-called electronic scan type ultra-
sonic probe, which can observe the front part. According to
the technology disclosed in the publication, the distal end of
the ultrasonic probe is put on the surface of a living body
such that an image several centimeters ahead from the
surface of the living body can be observed.

[0014] In the ultrasonic observation, an operator observes
a two-dimensional tomographic image (depth image) during
an operation. Therefore, an ultrasonic probe is moved freely
with respect to the head, and the rigid endoscope is guided
to a part to be operated by checking a desired observed part.

[0015] Here, a two-dimensional tomographic image is
observed in general ultrasonic observation. However, a
three-dimensional image is desirably used for the observa-
tion in order to realize the accurate position and size of a
tumor, for example. Therefore, the operator puts an ultra-
sonic probe on the brain surface, that is a part to be operated,
during an operation and then moves the direction and/or
position of the ultrasonic probe slightly. Thus, the operator
observes two-dimensional images of the various conditions
and then understands the various conditions as a three-
dimensional image in his/her brain.

[0016] Unlike the conventional example in which an
operator images a three-dimensional image from two-di-
mensional images in his/her brain as disclosed in Unexam-
ined Patent Application Publication No. 11-206764, a con-
ventional example in which a three-dimensional image can
be obtained more easily has been proposed as disclosed in
Unexamined Patent Application Publication No. 6-261900.

[0017] In an ultrasonic diagnosis apparatus disclosed in
Unexamined Patent Application Publication No. 6-261900,
at least one of a magnetic field generating means and a
detecting means is positioned at the distal end of the
ultrasonic probe, and a three-dimensional image forming
means recognizes the relative position coordinates of the
distal end or ultrasonic vibrator of the ultrasonic probe for
the magnetic field generated by the magnetic field generat-
ing means based on a value detected by the detecting means.
Then, the ultrasonic diagnosis apparatus forms a three-
dimensional image by using a tomographic image of the
ultrasonic probe and the recognized position coordinates
while the operator is inserting and is retracting the ultrasonic
probe by hand.

[0018] The three-dimensional-like state of the distal end of
the endoscope may be required to recognize by using an
ultrasonic probe for guiding the endoscope distal end as an
observing unit to a part to be operated. In this case, accord-
ing to the conventional technology, the distal end of an
endoscope can be guided to a part to be operated securely by
checking the movement continuously from the time imme-
diately after the distal end is inserted to the head of a patient
until the distal end reaches a part to be operated. In order to
do so, the direction of a two-dimensional image imaged
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ultrasonically must substantially coincide with the plane
including an inserting axis of the endoscope.

[0019] When an ultrasonic observation apparatus dis-
closed in U.S. Pat. No. 2003/0,045,768 A1 and Unexamined
Patent Application Publication No. 11-206764 is used in the
cranial nerve field, the cranium is opened, and the ultrasonic
probe must be put on the brain surface in order to obtain an
image. In this case, from the operator’s experience, the
position of the ultrasonic probe is determined and is fixed,
and then an endoscope is inserted thereto.

[0020] FIG. 30 is an explanatory diagram showing a
positional relationship between the conventional endoscope
and the ultrasonic probe.

[0021] As shown in FIG. 30, when a plane A0 including
an inserting axis 502 of an endoscope 501 and a center axis
512 of an ultrasonic probe 511 is displaced from a two-
dimensional plane (ultrasonic observation plane) B0 of an
ultrasonic image rendered by the ultrasonic probe 511 by an
angle a0, an endoscope distal end 503 does not appear on
the ultrasonic image until the endoscope distal end 503
approaches the part to be operated.

[0022] On the other hand, in some operations, an ultra-
sonic probe may be inserted from an endoscope inserting
hole, and the endoscope may be guided to a part to be
operated while an operator checking the image information
of the front of the endoscope. In this case, the operator
inserts the ultrasonic probe as shown in U.S. Pat. No.
2003/0,045,768A1 and the endoscope alternately from the
opening of the patient’s head so as to access the part to be
operated.

OBJECT AND SUMMARY OF THE INVENTION

[0023] Briefly, an ultrasonic observation system of the
invention has a long ultrasonic probe having an ultrasonic
sending and receiving portion, which can send and receive
ultrasonic, and a rotation operating portion, which can rotate
the ultrasonic probe around an axis, which is an arbitrary
direction of oscillation directions of ultrasonic oscillated
from the ultrasonic sending and receiving portion.

[0024] These object and advantages of the present inven-
tion will become further apparent from the following
detailed explanation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a configuration diagram showing an
essential part of an ultrasonic observation system according
to a first embodiment of the invention;

[0026] FIG. 2 is an explanatory diagram showing a scan-
ning state of an affected part by an ultrasonic probe accord-
ing to the first embodiment of the invention;

[0027] FIG. 3 is an explanatory diagram showing a first
display state of an ultrasonic image on a monitor according
to the first embodiment of the invention;

[0028] FIG. 4 is an explanatory diagram showing the
second display state of an ultrasonic image on a monitor
according to the first embodiment of the invention;

[0029] FIG. 5 is an explanatory diagram showing a third
display state of an ultrasonic image on the monitor accord-
ing to the first embodiment of the invention;
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[0030] FIG. 6 is a configuration diagram showing an
essential part of an ultrasonic observation system according
to a second embodiment of the invention;

[0031] FIG. 7 is an explanatory diagram showing a scan-
ning state of an affected part by an ultrasonic probe accord-
ing to the second embodiment of the invention;

[0032] FIG. 8 is an explanatory diagram showing a first
display state of an ultrasonic image on a monitor according
to the second embodiment of the invention;

[0033] FIG. 9 is an explanatory diagram showing a sec-
ond display state of an ultrasonic image on the monitor
according to the second embodiment of the invention;

[0034] FIG. 10 is an explanatory diagram showing a third
display state of an ultrasonic image on the monitor, which is
rendered by an ultrasonic probe according to the second
embodiment of the invention;

[0035] FIG. 11 is a configuration diagram showing an
entire construction of an ultrasonic observation system
according to a third embodiment of the invention;

[0036] FIG. 12 is an explanatory diagram showing a
display state of an ultrasonic image on a monitor according
to the third embodiment of the invention;

[0037] FIG. 13 is a configuration diagram showing an
essential part of an ultrasonic observation system according
to a fourth embodiment of the invention;

[0038] FIG. 14 is an explanatory diagram showing an
entire construction of an endoscope operation system
according to a fifth embodiment of the invention;

[0039] FIG. 15 is an explanatory diagram showing a state
where an ultrasonic probe is fixed to a holding unit accord-
ing to the fifth embodiment of the invention;

[0040] FIG. 16 is an explanatory diagram showing an
image rendering plane of the ultrasonic probe according to
the fifth embodiment of the invention;

[0041] FIG. 17 is a concept diagram showing a relation-
ship between an endoscope inserting axis and the image
rendering plane of the ultrasonic probe according to the fifth
embodiment of the invention;

[0042] FIG. 18 is a first explanatory diagram of an ultra-
sonic image rendered by the ultrasonic probe according to
the fifth embodiment of the invention;

[0043] FIG. 19 is a second explanatory diagram of an
ultrasonic image rendered by the ultrasonic probe according
to the fifth embodiment of the invention;

[0044] FIG. 20 is an explanatory diagram showing an
entire construction of an endoscopic operation system
according to a sixth embodiment of the invention;

[0045] FIG. 21 is a perspective view of an ultrasonic
probe according to the sixth embodiment of the invention;

[0046] FIG. 22 is a sectional view showing a state where
an ultrasonic probe is fixed to a holding unit according to the
sixth embodiment of the invention;

[0047] FIG. 23 is a perspective view of an ultrasonic
probe according to a seventh embodiment of the invention;
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[0048] FIG. 24 is a partial cut-out sectional view showing
the ultrasonic probe according to the seventh embodiment of
the invention;

[0049] FIG. 25 is an explanatory diagram of an ultrasonic
image rendered by the ultrasonic probe according to the
seventh embodiment of the invention;

[0050] FIG. 26 is a partial cut-out sectional view of an
endoscope and ultrasonic probe according to an eighth
embodiment of the invention;

[0051] FIG. 27 is a partial cut-out sectional view of an
endoscope and ultrasonic probe according to a ninth
embodiment of the invention;

[0052] FIG. 28 is an explanatory diagram showing a state
where an ultrasonic probe is guided to a part to be operated
according to a tenth embodiment of the invention;

[0053] FIG. 29 is an explanatory diagram showing a state
where an endoscope is guided to a part to be operated
according to the tenth embodiment of the invention;

[0054] FIG. 30 is an explanatory diagram showing a
problem due to positions of a conventional endoscope and
ultrasonic probe;

[0055] FIG. 31 is a block diagram showing a variation
example of the first embodiment of the invention and
showing additional circuits for creating a three-dimensional
image;

[0056] FIG. 32 is a block diagram showing a configura-
tion example of an image processor shown in FIG. 11
according to the third embodiment of the invention; and

[0057] FIG. 33 is an explanatory diagram showing a
variation example of the sixth embodiment of the invention
and showing an entire configuration of the endoscope opera-
tion system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0058] Embodiments of the invention will be explained
below with reference to drawings.

First Embodiment

[0059] FIGS. 1 to 5§ relate to a first embodiment. FIG. 1 is
a configuration diagram showing an essential part of an
ultrasonic observation system for ultrasonically observing
an affected part by using an ultrasonic probe. FIG. 2 is an
explanatory diagram showing a scanning state of an affected
part by an ultrasonic probe. FIG. 3 is an explanatory
diagram showing a first display state, on a monitor, of an
ultrasonic image rendered by an ultrasonic probe. FIG. 4 is
an explanatory diagram showing a second display state of an
ultrasonic image on the monitor. FIG. 5 is an explanatory
diagram showing a third display state of an ultrasonic image
on the monitor.

Construction

[0060] In FIG. 1, an ultrasonic observation system 601
includes a long ultrasonic probe 611 having an ultrasonic
sending and receiving portion, which can send and receive
ultrasonic, and a holding portion 612 as a rotation operating
portion, which can rotate the ultrasonic probe around an axis
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which is in an arbitrary direction of oscillation directions of
ultrasonic oscillated from the ultrasonic sending and receiv-
ing portion.

[0061] A grasping portion 613 is integrated with the
holding portion 612. A contact portion 614 is provided at the
distal end of the grasping portion 613.

[0062] The contact portion 614 is the ultrasonic sending
and receiving portion and has multiple ultrasonic vibrators
in accordance with the form of the distal end of the contact
portion 614 provided in consideration of the oscillated
direction and operated direction of ultrasonic therewithin. In
this case, the contact portion 614 can touch a surface 631 of
the part to be operated and the internal ultrasonic vibrators
send and receive ultrasonic to and from an affected part P.

[0063] A holding unit 621 holds the ultrasonic probe 611,
and a distal end 622 on one end side has a fixing frame 623
associated with the grasping portion 613 of the ultrasonic
probe 611.

[0064] The fixing frame 623 grasps and fixes the grasping
portion,613 integrally by using a fixing screw 624. A center
axis S1 of the ultrasonic probe 611 indicates an arbitrary
direction of directions for emitting ultrasonic from ultra-
sonic vibrators.

[0065] Furthermore, the fixing frame 623 is mounted
freely rotatably at the distal end 622 of the holding unit 621
through a bearing 625 around the center axis S1 of the
ultrasonic probe 611. In other words, the fixing frame 623,
the bearing 625 and the distal end 622 form rotating means
for allowing the ultrasonic probe 611 to rotate freely around
the center axis S1. The other end of the holding unit 621 is
mounted at a frame in an operation bed, not shown, through
a connecting portion. One end of the holding unit 621 is
mounted at the distal end 622.

[0066] In other words, the holding unit 621 positions at a
predetermined position the ultrasonic probe 611 rotatably
grasped by the distal end 622, which is the rotating means,
the fixing frame 623 and the bearing 625.

[0067] The holding unit 621 is moving means connected
to the rotating means so as to allow the ultrasonic probe 611
to move three-dimensionally, wherein the holding unit 621
has multiple arms and further has multiple joints for physi-
cally coupling the multiple arms so as to move the distal end
622 three-dimensionally.

[0068] One arm 626 of the multiple arms is coupled
(connected) with the distal end 622, through one joint 627 of
the multiple joints. These joints have brakes for properly
regulating the movement of the ultrasonic probe 611 and
form movement regulating means.

[0069] The brake is preferably an electromagnetic brake,
whose ON/OFF can be switched electrically. The ON/OFF
switching of the electromagnetic brake is preferably a hand
switch at a desired position of the multiple arms or a foot
switch at operator’s feet.

Operation

[0070] According to the first embodiment, an operator
operates the holding unit 621 first for recognizing the size
and/or form of an affected part P (such as a brain tumor)
shown in FIG. 1 to make contact the contact portion 614 of
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the ultrasonic probe 611 with the surface 631 of the part to
be operated when the direction of a length T.11 of the
affected part P coincides with a scanning direction 632,
which is the same as the direction of the two-dimensional
image plane obtained ultrasonically, as shown in FIG. 2. In
this case, as shown in FIG. 3, a tomographic image of a
two-dimensional plane in which the size of the affected part
P is equal to LL11 is displayed on an ultrasonic observation
image 642 on a monitor 641.

[0071] Next, the operator grasps the holding unit 612 of
the ultrasonic probe 611 by hand and rotates the ultrasonic
probe 611 by an angle 0 in a direction indicated by an arrow
633 around the center axis S1. In this case, the ultrasonic
probe 611 is grasped by the holding unit 621 through the
fixing frame 623 and the bearing 625. Therefore, the ultra-
sonic probe 611 is rotated without any displacement of the
contact portion 614, that is, the center axis S1 three-dimen-
sionally. For example, when 6=45°, a scanning direction 632
of the ultrasonic probe 611 shown in FIG. 2 coincides with
the length .12 of the affected part P. In this case, as shown
in FIG. 4, a tomographic image of the two-dimensional
plane in which the size of the affected part P is equal to .12
is displayed on an ultrasonic observation image 643 of the
monitor 641.

[0072] Furthermore, when 6=90°, the scanning direction
632 of the ultrasonic probe 611 shown in FIG. 2 coincides
with the length L13 of the affected part P. In this case, as
shown in FIG. §, a tomographic image of the two-dimen-
sional plane in which the size of the affected part P is equal
to L13 is displayed on an ultrasonic observation image 644
on the monitor 641. Similarly, by rotating the ultrasonic
probe 611 intermittently up to 6=360° around the center axis
S1, a tomographic image of a two-dimensional plane includ-
ing the scanning direction 632 at the angle 6 is displayed on
the monitor 641.

[0073] Thus, the operator observes and understands ultra-
sonic information (a tomographic image of a two-dimen-
sional plane) of an object from 6=0° to 6=360°, which is
obtained by the ultrasonic probe in accordance with the
rotation of the holding portion 612, as a three-dimensional
image of the object in his/her brain. In other words, the
operator can recognize the three-dimensional state of the
object.

Advantages

[0074] According to the first embodiment, a three-dimen-
sional state of an object to be observed in an operation space
can be recognized. In other words, the state of the affected
part can be recognized securely as the three-dimensional
form and size with the simple construction in which a
rotating means for allowing the rotation around the center
axis S1 is provided at the distal end 622 of the holding unit
621 without any displacement of the position of the contact
portion 614, which is the distal end of the ultrasonic probe
611.

[0075] Since the ultrasonic probe 611 can be always held
by the holding unit 621 without any displacement, an
ultrasonic observation image can be always observed even
while an operator is treating the part to be operated. There-
fore, more secure treatment becomes possible on an affected
part.
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[0076] Furthermore, according to the first embodiment, by
further having the block construction shown in FIG. 31, a
three-dimensional image of the object is formed with the
simple construction such that the three-dimensional state of
the object can be recognized.

[0077] More specifically, the ultrasonic probe 611 is elec-
trically connected to an ultrasonic observation apparatus 661
shown in FIG. 31.

[0078] The ultrasonic observation apparatus 661 is elec-
trically connected to an image processor 665. Thus, ultra-
sonic information on an object (such as two-dimensional
image information and position information of the ultrasonic
probe) obtained by the ultrasonic probe 611 in accordance
with the rotation operation of the holding portion 612 is
supplied to the image processor 665. The position informa-
tion of the ultrasonic probe 611 can be obtained with the
construction shown in FIG. 6, which will be described later
in detail. In other words, the position information of the
ultrasonic probe 611 can be obtained by the ultrasonic probe
651 shown in FIG. 6, multiple light-emitting diodes 656
provided in the ultrasonic probe 651, a three-dimensional
observation apparatus 662, which can measure the three-
dimensional positions of the multiple light-emitting diodes
656, and a workstation 664, which can calculate position
information of the ultrasonic probe 651 (611) based on
change (variation) information of the positions of the mul-
tiple light-emitting diodes 656 measured by the three-di-
mensional observation apparatus. The position information
of the ultrasonic probe 651 (611) is supplied from the
workstation 664 to the image processor 665.

[0079] The image processor 665 performs processing for
displaying an ultrasonic observation image of an object,
which is obtained by the ultrasonic probe 611, in accordance
with the rotation operation of the holding portion 612. The
image processor 665 includes a memory 6654 and a three-
dimensional image forming circuit 665b.

[0080] The memory 665a stores position information of
the ultrasonic probe 651 (611) from the workstation 664 and
a two-dimensional ultrasonic observation image of an
object, which is obtained by the ultrasonic probe 611 in
accordance with the rotation operation of the holding portion
612.

[0081] The three-dimensional image forming circuit 665b
performs processing on the position information and two-
dimensional ultrasonic observation image from the memory
665a to perform processing for forming a three-dimensional
image. Then, the three-dimensional image forming circuit
665b outputs the three-dimensional image to the monitor
641 (monitor shown in FIGS. 3 to 5).

[0082] In the ultrasonic observation system with the
above-described construction, like the ultrasonic observa-
tion system shown in FIG. 1, an operator observes and
understands ultrasonic information (a tomographic image of
a two-dimensional plane) of an object ranged from 6=0° to
6=360°, which is obtained by the ultrasonic probe 611 in
accordance with the rotation operation of the holding portion
612, as a three-dimensional image of the object in his/her
brain. By further providing the block construction shown in
FIG. 31 thereto, the three-dimensional image of the object
can be formed and be displayed on the monitor 641 based on
the ultrasonic information (a tomographic image of a two-
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dimensional plane and position information) of an object
ranged from 6=0° to 6=360°, which is obtained by the
ultrasonic probe 611 in accordance with the rotation opera-
tion of the holding portion 612.

[0083] In other words, in order to capture an object as a
three-dimensional image by using a conventional ultrasonic
probe, a two-dimensional image are shot in the direction for
inserting and retracting to/from an object, and the two-
dimensional images are aligned in order. Thus, a three-
dimensional image is formed. That is, an image is obtained
in which sliced images are stacked.

[0084] On the other hand, according to this embodiment,
an ultrasonic probe can be rotated around the center axis S1,
which is an arbitrary direction of directions for oscillating
ultrasonic oscillated from the ultrasonic probe 611. There-
fore, an object can be shot at various angles from one
direction without relatively moving the ultrasonic probe 611
with respect to the object. Based on the obtained multiple
two-dimensional images, a three-dimensional image can be
formed around the axis in the arbitrary one direction by
using the ultrasonic observation apparatus 661 and the
image processor 665.

[0085] Thus, a part to which is difficult to insert a probe,
such as the brain, can be ultrasonically observed by using
three-dimensional images.

[0086] In other words, according to this embodiment, the
three-dimensional state of an object to be observed in an
operation space can be recognized. That is, the three-
dimensional ultrasonic image can be rendered easily by
using the ultrasonic observation system 601 for ultrasoni-
cally observing an affected part in front of the object to be
operated in neurosurgery. Therefore, the affected part can be
treated securely with the reduction of the burden on the
operator.

Second Embodiment

[0087] FIGS. 6 to 10 relate to a second embodiment of the
invention. FIG. 6 is a configuration diagram showing an
essential part of an ultrasonic observation system for ultra-
sonically observing an affected part by using an ultrasonic
probe. FIG. 7 is an explanatory diagram showing a scanning
state of an affected part by an ultrasonic probe. FIG. 8 is an
explanatory diagram showing a first display state of an
ultrasonic image on a monitor, which is rendered by the
ultrasonic probe. FIG. 9 is an explanatory diagram showing
a second display state of an ultrasonic image. FIG. 10 is an
explanatory diagram showing a third display state of an
ultrasonic image.

[0088] In the description of the second embodiment with
reference to FIGS. 6 to 10, the same reference numerals are
given to the same components as those of the first embodi-
ment, and the description will be omitted here.

Construction

[0089] As shown in FIG. 6, an ultrasonic observation
system 602 includes an ultrasonic probe 651, a sensor arm
655, an ultrasonic observation apparatus 661, a three-dimen-
sional observation apparatus 662, a workstation 664, an
image processor 665 and a monitor 666.

[0090] The ultrasonic probe 651 has a holding portion 652
as a rotation operating portion, which can rotate the ultra-
sonic probe 651 around a center axis S1.
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[0091] A contact portion 614 is provided at the distal end
of the holding portion 652 and has an ultrasonic vibrator
inside.

[0092] The sensor arm 655 is mounted to the holding
portion 652 of the ultrasonic probe 651. Multiple light-
emitting diodes 656 are mounted on the periphery of the
sensor arm 655.

[0093] The multiple light-emitting diodes 656 are signal
generating portions at a predetermined positions (positions
apart from the distal end of the contact portion 614 by a
known distance) with respect to the contact portion 614,
which is the ultrasonic sending and receiving portion. In
other words, the multiple light-emitting diodes 656, which
are signal generating portions, are located accurately in
advance at positions apart from the center axis S1 and the
distal end of the contact portion 614 by a know distance.
Therefore, the direction of the center axis of the ultrasonic
probe 651 and the position information indicating the distal
end of the contact portion 614 can be detected by these
light-emitting diodes 656, the three-dimensional observation
apparatus 662, which will be described later, and the work-
station 664.

[0094] Photoreceptive cameras 663a and 663b for receiv-
ing infrared rays emitted by the light-emitting diodes 656 are
mounted to the three-dimensional apparatus 662. Thus, the
three-dimensional observation apparatus 662 can be a
receiving portion for receiving signals from the signal
generating portions.

[0095] The three-dimensional observation apparatus 662
is connected to the workstation 664. The workstation 664 is
a first three-dimensional-position calculating means, which
can calculate the three-dimensional position and posture of
the ultrasonic probe based on information on the signal
generating portions obtained from the receiving portion, that
is, change information (variation information) of positions
of the multiple light-emitting diodes 656.

[0096] Thus, the sensor arm 655, the three-dimensional
observation apparatus 662 and the work station 664 can be
included in three-dimensional-position determining means,
that is a so called navigation equipment, for determining the
position of the contact portion 614, which is the distal end
of the ultrasonic probe 651, with respect to an affected part
P. US. patent application (application No. U.S. Pat. No.
2003/0,045,768) discloses such a known navigation equip-
ment, and the contents of U.S. Pat. No. 2003/0,045,768 are
incorporated by this reference.

[0097] The ultrasonic observation apparatus 661 and the
workstation 664 are connected to the image processor 665.

[0098] Almost like the first embodiment (see FIG. 31), the
image processor 665 performs processing for displaying
ultrasonic observation images of an object to be operated,
which is obtained from the ultrasonic observation by rotat-
ing the ultrasonic probe 651. The image processor 665
includes a memory 665a and a three-dimensional image
forming circuit 665b.

[0099] The memory 665a stores ultrasonic information
(two-dimensional ultrasonic observation images) obtained
from the ultrasonic observation by rotating the ultrasonic
probe 651 and probe position information obtained by the
probe position detecting means (first three-dimensional
position calculating unit).
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[0100] The three-dimensional image forming circuit 6655
performs processing on the probe position information and
the two-dimensional ultrasonic observation images from the
memory 665a to form and output a three-dimensional image
to a monitor 666 (see FIG. 31).

[0101] The image processor.665 may be image display
control means for correcting the displacement of the position
displaying an ultrasonic observation image on the monitor
666 due to the displacement of the ultrasonic probe 651 with
respect to an affected part P.

Operation

[0102] In the second embodiment, an operator holds the
holding portion 652 of the ultrasonic probe 651 shown in
FIG. 6 by hand, puts the contact portion 614 at the distal end
on a surface 631 of the part to be operated and ultrasonically
observes the affected part P.

[0103] Here, a tomographic image of the affected part P is
displayed on an ultrasonic observation image 667 on the
monitor 666, as shown in FIG. 8.

[0104] Next, like the first embodiment, the operator rotates
the ultrasonic probe 651 in the direction indicated by the
arrow 633 around the center axis S1. Here, since the operator
holds the ultrasonic probe 651 by hand, the displacement of
the contact portion 614 at the distal end, such as the
displacement by a distance [.21 from a point X10 to a point
X1 as shown in FIG. 7, occurs with the rotation. The
three-dimensional observation apparatus 662 receives infra-
red rays emitted by the light-emitting diodes 656 mounted to
the sensor arm 655 through photoreceptive cameras 663a
and 663bH. Therefore, the three-dimensional observation
apparatus 662 continuously detects the change in positions
of the light-emitting diodes 656.

[0105] The displaced amount .21 can be calculated by the
workstation 664 based on the amount of change in positions
of the light-emitting diodes 656. In other words, since the
light-emitting diodes 656 are positioned apart from the
rotation axis S1 and the contact portion 614 by known
distances, the displaced amount .21 of the contact portion
614 at the distal end of the ultrasonic probe 651 can be
calculated. The displaced amount 1.21 is output to the image
processor 665. Additionally, an ultrasonic observation image
of the affected part P is output from the ultrasonic observa-
tion apparatus 661 to the image processor 665.

[0106] Conventionally, in this case, as shown in FIG. 9, a
displacement (from A10 to All, for example) of the dis-
placed amount [.21 of the displayed image occurs in the
ultrasonic observation image 668 on the monitor 666
according to the displacement of the contact portion 614 at
the distal end of the ultrasonic probe 651 on the surface 631
of the part to be operated.

[0107] However, in the second embodiment, the displaced
amount .21 is corrected by the image processor 665, and, as
shown in FIG. 10, a tomographic image of the affected part
P is displaced accurately at the point A10 on the ultrasonic
observation image 669 on the monitor 666. In other words,
like the first embodiment, a tomographic image of the
affected part P is displayed on the monitor 666 as the
tomographic image of a two-dimensional plane including
the scanning direction 632 in accordance with the rotation of
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the ultrasonic probe 651 without any displacement of the
reference position of the affected part P on the monitor 666.

Advantages

[0108] According to the second embodiment, a three-
dimensional state of an object to be observed in an operation
space can be recognized. In other words, since the positional
displacement due to the rotation of the ultrasonic probe 651
can be corrected in combination with the navigation equip-
ment, an operator can use the ultrasonic probe 651 in a
freehand manner without loss of the operability of the
conventional ultrasonic probe 651.

Third Embodiment

[0109] FIGS. 11 and 12 relate to a third embodiment of
the invention. FIG. 11 is a configuration diagram showing
an entire construction of an ultrasonic observation system
for ultrasonically observing an affected part by using an
ultrasonic probe. FIG. 12 is an explanatory diagram show-
ing a display state of an ultrasonic image.

[0110] In the description of the third embodiment with
reference to FIGS. 11 and 12, the same reference numerals
are given to the same components as those of the second
embodiment, and the description will be omitted here.

Construction

[0111] An ultrasonic observation system 603 includes an
ultrasonic probe 671, a pallium tube 675, an ultrasonic
observation apparatus 661, a three-dimensional observation
apparatus 662, a workstation 664, an image processor 685,
and a monitor 686.

[0112] The pallium tube 675 freely rotatably holds the
ultrasonic probe 671 inside around the center axis S1.

[0113] A sensor arm 676 is mounted at a part of the
periphery of the pallium tube 675. At least three light-
emitting diodes 677 are mounted in the sensor arm 676.

[0114] Like the second embodiment, these light-emitting
diodes 677 are located at predetermined positions (positions
apart from the distal end of the contact portion 614 by
known distances) with respect to the contact portion 614,
which is the ultrasonic sending and receiving portion and are
positioned around the center axis S1. Thus, the axial direc-
tion of the ultrasonic probe 671 can be detected by using at
least two of the light emitting diodes 677. By using three
light-emitting diodes 677, the amount of rotation around the
center axis S1 and three-dimensional position of the entire
ultrasonic probe 671 can be detected.

[0115] An input switch 678 is provided in a holding
portion 672 of the ultrasonic probe 671. The input switch
678 is used for inputting stored two-dimensional ultrasonic
observation image data including the scanning direction 632
of the contact portion 614 to the image processor 685
through the ultrasonic observation apparatus 661. Alterna-
tively, the input switch 678 may be provided at a position
where the input switch 678 can be operated easily on the
pallium tube 675 instead of on the holding portion 672.

[0116] Like the second embodiment, the workstation 664
is connected to the image processor 685. The workstation
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664 1s included in a navigation equipment for correcting
displacement of an image due to the displacement of the
ultrasonic probe 671.

[0117] Almost like the first embodiment, as shown in FIG.
32, the image processor 685 includes a memory 6654 and a
three-dimensional image forming circuit 685b. The memory
665a stores the two-dimensional ultrasonic observation
image and the position information of an object, which are
input from the ultrasonic observation apparatus 661. The
three-dimensional image forming circuit 685b performs
processing on the position information and two-dimensional
ultrasonic observation image from the memory 6654 to form
a three-dimensional image.

[0118] A 3D monitor 686 is connected to the image
processor 685 and displays images based on the output
signals of the image processor 685.

Operation

[0119] In the third embodiment, an operator holds the
pallium tube 675 of the ultrasonic probe 671 and makes the
contact portion 614 contact with an object to be operated,
like the second embodiment. Then, the operator rotates the
holding portion 672 with respect to the pallium tube 675 by
360° in a direction indicated by an arrow 633 around the
center axis S1.

[0120] In this case, like the second embodiment, the
ultrasonic observation is performed in which the displace-
ment of the contact portion 614 of the ultrasonic probe 671
is corrected by the navigation equipment including the
sensor arm 676, the three-dimensional observation apparatus
662, and the workstation 664.

[0121] Furthermore, the operator presses the input switch
678 on the holding portion 672 of the ultrasonic probe 671.
Thus, the two-dimensional ultrasonic observation image
including the scanning direction 632 of the ultrasonic probe
671 is output from the ultrasonic observation apparatus 661
to the image processor 685. At the same time, the image
processor 685 corrects the displaced amount of the image
based on the correction information from the workstation
664 for the displacement of the probe distal end position and
then stores the corrected image in the-memory 685a (sce
FIG. 32). In the same manner, the operator presses the input
switch 678 while the operator is rotating the ultrasonic probe
671 in the direction indicated by the arrow 633 around the
center axis S1.

[0122] Thus, the two-dimensional ultrasonic observation
image in accordance with the intermittent rotation about the
center axis S1 of the ultrasonic probe 671 is stored in the
memory 685a of the image processor 685.

[0123] Then, the operator rotates the ultrasonic probe 671
by 360°, and the two-dimensional ultrasonic observation
images of the perimeter are stored in the memory 685a.
Then, the operator presses a three-dimensional image form-
ing switch (not shown) of the image processor 685. Then,
the image processor 685 forms a three-dimensional ultra-
sonic observation image from the two-dimensional ultra-
sonic observation images stored in the memory 685a by
using the three-dimensional image forming circuit 685a.
Then, the image processor 685 outputs image signals to the
3D monitor 686.
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[0124] Thus, the 3D monitor 686 displays the three-
dimensional ultrasonic observation image of the affected
part P as shown in FIG. 12.

Advantages

[0125] According to the third embodiment, a three-dimen-
sional state of a part to be observed in an operation space can
be recognized. In other words, since an affected part P is
displayed as a three-dimensional image, the state of the
affected part, such as the shape and size, can be recognized
easily and securely.

[0126] The ultrasonic probe 671 includes the pallium tube
675 and the body, and the sensor arm 676 is mounted to the
pallium tube 675 and the body of the ultrasonic probe 671
is made to be able to rotate with respect to the pallium tube
675. Thus, the ultrasonic probe 671 can be rotated more
easily in the direction indicated by the arrow 633 around the
center axis S1. As a result, the displaced amount of the
contact portion 614 due to the rotation can be reduced.
Furthermore, the precision of detection of the ultrasonic
probe 671 by the navigation equipment can be improved,
and more precise three-dimensional images can be formed.

Fourth Embodiment

[0127] FIG. 13 is a configuration diagram showing an
essential part of an ultrasonic observation system for ultra-
sonically observing an affected part by using an ultrasonic
probe according to a fourth embodiment of the invention.

[0128] In the description for the fourth embodiment with
respect to FIG. 13, the same reference numerals are given to
the same components as those of the first embodiment, and
the description will be omitted here.

Construction

[0129] In FIG. 13, an ultrasonic observation system 604
includes an ultrasonic probe 611 and a holding portion 612.

[0130] A holding unit 721 holds the ultrasonic probe 611.

[0131] Like the first embodiment, a distal end 722 of the
holding unit 721 includes a fixing portion 723, a motor 726,
a gear 728 and an encoder 729 inside. The fixing portion 723
holds and fixes a grasping portion 613 of the ultrasonic
probe 611.

[0132] Inthis case, a fixing frame 723 grasps and fixes the
grasping portion 613 integrally by using a fixing screw 724.

[0133] A gear 725 is provided on the periphery of the
fixing portion 723. The motor 726 is provided and is fixed
within the distal end 722. The gear 728 is mounted to an
output axis 727 of the motor 726. The gear 728 is screwed
to the gear 725 on the periphery of the fixing portion 723.

[0134] Furthermore, the encoder 729 is mounted to the
output axis 727. The encoder 729 detects the rotational angle
of the gear 728. For example, when the gear ratio of the gear
728 to the gear 725 is 1:1, the rotational angle of the gear
728 is the rotational angle in the direction indicated by the
arrow 633 of the ultrasonic probe 611 around the center axis
S1. An input switch 730 is provided at the distal end 722.
The input switch 730 is used to drive the motor 726.

[0135] Thus, the input switch 730 is a rotation operating
portion, which can rotate the ultrasonic probe 611 around the
center axis S1.
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Operation

[0136] In the fourth embodiment, like the first embodi-
ment, an operator operates the holding unit 721 and puts the
contact portion 614 of the ultrasonic probe 611 on a surface
631 of the part to be operated to perform ultrasonic obser-
vation on an affected part P. Then, the input switch 730 at the
distal end 722 of the holding unit 721 is turned on. Thus, the
motor 726 is driven, and the fixing portion 723 and the
ultrasonic probe 611 are rotated through the gear 728 in the
direction indicated by the arrow 633 around the center axis
S1. Additionally, the rotational angle of the ultrasonic probe
611 is detected by the encoder 729. When the rotational
angle of the ultrasonic probe 611, which is detected by the
encoder 729, is in the range of 0° to 360°, two-dimensional
ultrasonic observation images from the ultrasonic probe 611
are output to the image processor 685 through the ultrasonic
observation apparatus 661 and are stored in the memory, like
the third embodiment shown in FIG. 11.

[0137] Thus, like the third embodiment, a three-dimen-
sional ultrasonic observation image is displayed on the 3-D
monitor 686 shown in FIG. 12.

Advantages

[0138] According to the fourth embodiment, a three-di-
mensional state of an object to be observed in an operation
spade can be recognized. In other words, a rotating mecha-
nism is provided at the distal end of the holding unit 721 and
can rotate by 360° without displacement with respect to the
contact portion 614 at the distal end of the ultrasonic probe
611. Therefore, a three-dimensional image can be rendered
more precisely.

Fifth Embodiment

[0139] FIGS. 14 to 19 relate to a fifth embodiment. FIG.
14 is an explanatory diagram showing an entire construction
of an endoscope operation system. FIG. 15 is an explanatory
diagram showing a state where an ultrasonic probe is fixed
to a holding unit. FIG. 16 is an explanatory diagram
showing an image-rendering plane of the ultrasonic probe.
FIG. 17 is a concept diagram showing a relationship
between an endoscope inserting axis and the image-render-
ing plane of the ultrasonic probe. FIG. 18 is a first explana-
tory diagram of an ultrasonic image rendered by the ultra-
sonic probe. FIG. 19 is a second explanatory diagram of an
ultrasonic image rendered by the ultrasonic probe.

Construction

[0140] First of all, the entire construction of an endoscope
operation system applying an ultrasonic observation system
of the invention will be described with reference to FIG. 14.

[0141] As shown in. FIG. 14, an endoscope operation
system 1 includes an endoscope 11, an ultrasonic probe 21,
holding units 16 and 26, a three-dimensional position obser-
vation apparatus 31 and a position correcting unit 41.

[0142] The endoscope 11 is used to optically observe an
object to be operated 3 of a patient 2.

[0143] The ultrasonic probe 21 is used to ultrasonically
observe the object to be operated 3.

[0144] A navigation equipment includes the three-dimen-
sional position observation apparatus 31, a sensor arm 32,
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which will be described below, and a workstation, not
shown. The navigation equipment is included in a three-
dimensional position determining means for determining a
three-dimensional position of the endoscope 11 and the
ultrasonic probe 21 with respect to the object to be operated
3.

[0145] The three-dimensional position observation appa-
ratus 31, the sensor arm 32 and the workstation, not shown,
can have the same constructions, which have been described
in detail in the second and third embodiments. Therefore, the
detail description will be omitted here.

[0146] The position correcting unit 41 holds the ultrasonic
probe 21 rotatably around a center axis 22 of the ultrasonic
probe 21. The position correcting unit 41 rotates a two-
dimensional plane of an ultrasonic image (ultrasonic obser-
vation plane) rendered by the ultrasonic probe 21 around the
center axis 22 of the ultrasonic probe 21 so that the plane
including the center axis 12 of the endoscope 11 and the
object to be operated 3 can substantially coincide with the
ultrasonic observation plane by the ultrasonic probe 21.

[0147] The endoscope operation system 1 will be further
described in detail below.

[0148] The endoscope 11 includes an inserting portion 13
having a small diameter, an eyepiece 14, and a TV camera
15.

[0149] An endoscopically observed image is guided to the
eyepiece 14 by an objective lens at the distal end 19 of the
inserting portion 13 and by an internal relay optical system,
not shown, and is enlarged by the eyepiece 14.

[0150] The TV camera 15 is optically connected to the
eyepiece 14 of the endoscope 11.

[0151] The TV camera 15 captures an endoscopically-
observed image enlarged by the eyepiece 14, and the image
is displayed by a TV camera driving unit and monitor, not
shown, on the screen of the monitor as the endoscopically-
observed image.

[0152] The holding unit 16 grasps and fixes the endoscope
11 three-dimensionally and freely. The holding unit 16 is
mounted to a frame 17 on an operation bed, not shown, by
using a connecting portion 18.

[0153] The ultrasonic probe 21 is of the front scanning
type, which is the same as the type of the ultrasonic probe,
which has been described in detail in the first to fourth
embodiments. The ultrasonic probe 21 scans the front of a
distal end 25 of an ultrasonically-observing portion 24,
which is an inserting portion, and renders an ultrasonic
image.

[0154] The ultrasonic probe 21 is grasped and is fixed by
the position correcting unit 41 at one end of the holding unit
26. The other end of the holding unit 26 is mounted to a
frame 27 on the operation bed, not shown, by using a
connecting portion 28.

[0155] On the other hand, a sensor arm 32 included in the
navigation equipment is mounted to the endoscope 11. The
sensor arm 32 has three light-emitting diodes (called LED,
hereinafter) 33 for emitting infrared light.

[0156] These LED’s 33 are provided at predetermined
positions with respect to the distal end 19 of the endoscope
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11 (at positions apart from the distal end of the endoscope 11
by known distances) and with respect to a center axis 12.
Thus, the axial direction of the endoscope 11 and the
position of the distal end 19 can be detected by these three
LED’s 33.

[0157] The three-dimensional position observation appa-
ratus 31 in the navigation equipment detects infrared rays
from the three LED’s 33 of the sensor arm 32 by using
infrared ray receiving portions 34 and 35.

[0158] The three-dimensional observation apparatus 31, in
combination with a workstation, not shown, measures the
position and/or direction of the receiving sensor arm 32, that
is, the distal end position and the center axis 12 of the
endoscope 11, based on the infrared ray detection result.
Then, the three-dimensional position observation apparatus
31 displays on the monitor the distal end position of the
endoscope 11 with respect to the head of the patient. The
detail technical matters relating to the navigation equipment
has been described in the second and third embodiments,
and the description will be therefore omitted here.

[0159] A sensor arm 36 is mounted to the ultrasonic probe
21. The sensor arm 36 has three LED’s 37 for emitting
infrared light.

[0160] These LED’s 37 are provided at predetermined
positions with respect to the distal end 25 of the ultrasonic
probe 21 (at positions apart from the distal end of the
ultrasonic probe 21 by known distances) and with respect to
the center axis 22. Thus, the axial direction of the ultrasonic
probe 21 and the position of the distal end 25 of the probe
21 can be detected by these three LED’s 37.

[0161] Like the case of the endoscope 11, the three-
dimensional position observation apparatus 31 detects infra-
red rays from the three LED’s 37 of the sensor arm 36 by
using the infrared ray receiving portions 34 and 35. Then,
the three-dimensional position observation apparatus 31
measures the position and/or direction of the sensor arm 36,
that is, the distal end position and center axis 22 of the
ultrasonic probe 21 based on the infrared ray detection
result.

[0162] In this embodiment, the connecting portions 18 and
28 are positioned and are fixed at the reference positions.
Therefore, by using infrared rays from the respectively
positioned LED’s 33 and 37, the axial directions of the
endoscope 11 and ultrasonic probe 21, the position of the
distal end 19 of the endoscope 11 and the position of the
distal end 25 of the ultrasonic probe 21 can be detected.

[0163] Next, the state of the connection between the
ultrasonic probe 21 and the holding unit 26 will be described
with reference to FIGS. 15 and 16.

[0164] As shown in FIG. 15, the ultrasonic probe 21
includes a holding portion 23 and an ultrasonic observing
portion 24. The ultrasonic observing portion 24 incorporates
an ultrasonic vibrator and an audio lens at the distal end 25
and can be inserted into a body cavity.

[0165] Asshown in FIG. 16, an image rendering plane B1
ultrasonically observed by the ultrasonic observing portion
24 is two dimensional having an angle 01. The direction is
substantially the same as the longitudinal direction of the
distal end 25.
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[0166] As shown in FIG. 15, the holding portion 23 of the
ultrasonic probe 21 is grasped and is fixed at one end of the
holding unit 26 by the position correcting unit 41. In FIG.
15, the sensor arm 36 and the LED’s 37 in the ultrasonic
probe 21 are omitted.

[0167] The position correcting unit 41 includes a grasping
portion 42, bearings 43 and 44 and an end 45 of the holding
unit 26.

[0168] The grasping portion 42 can be integrally mounted
to the holding portion 23.

[0169] The end 45 has a ring-shape, and the grasping
portion 42 is mounted freely rotatably around the center axis
22 within the ring-shape through the bearings 43 and 44.

Operation

[0170] In the fifth embodiment, an operator operates the
holding unit 16 by checking the position of the distal end 19
of the endoscope 11 by using the three-dimensional position
observation apparatus 31 shown in FIG. 14 and moves the
center axis 12 of the endoscope 11 toward the part to be
operated 3. Similarly, the center axis 22 of the ultrasonic
probe 21 is moved toward the part to be operated 3 by using
the three-dimensional position observation apparatus 31.
Then, the operator inserts the ultrasonically observing por-
tion 24 of the ultrasonic probe 21 into the body cavity of the
patient 2 along the center axis 22 until the image of the part
to be operated 3 can be rendered. Thus, the image of the part
to be operated 3 is rendered on the ultrasonic image on the
monitor, for example.

[0171] Next, the operator inserts the endoscope 11 toward
the part to be operated 3 along the center axis 12. Here, as
shown in FIGS. 16 and 17, when the image rendering plane
B1 of the ultrasonic probe 21 is displaced by an angle al
from a plane Al including the center axis 12 of the endo-
scope 11 and the center axis 22 of the ultrasonic probe 21,
an image 47 of the part to be operated 3 is displayed but the
distal end 19 of the endoscope 11 is not displayed on the
ultrasonic image 46 on the screen of the monitor as shown
in FIG. 18 unless the distal end 19 of the endoscope 11
intersects the image rendering plane Bl of the ultrasonic
probe 21.

[0172] Therefore, the operator rotates the ultrasonic probe
21 together with the grasping portion 42 by the angle a1l in
a direction indicated by an arrow 30 around the center axis
22 shown in FIG. 17 with respect to the holding unit 26 by
using the bearings 43 and 44. Thus, when the distal end 19
of the endoscope 11 is positioned on the image rendering
plane B1 of the ultrasonic probe 21 in the range (angle 01)
where ultrasonic transmitted from the ultrasonic probe 21 is
scanned, the distal end 19 of the endoscope 11 is rendered
as a bright point 48 on the ultrasonic image 46 as shown in
FIG. 19. Therefore, the operator inserts the endoscope 11 to
the part to be operated 3 by checking the ultrasonic image
46.

[0173] When the distal end 19 of the endoscope 11 is at the
twisted position with respect to the two-dimensional image
plane of the ultrasonic probe 21, the ultrasonic probe 21 is
rotated gradually around the center axis 22 for matching.

Advantages

[0174] According to the fifth embodiment, the endoscope
11 and the ultrasonic probe 21 are held by the holding units
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16 and 26, respectively, so that the degree of freedom can be
obtained. Thus, the center axis 12 of the endoscope 11 and
the center axis 22 of the ultrasonic probe 21 can be easily
adjusted toward the part to be operated 3.

[0175] The three-dimensional state of an object to be
observed in an operation space can be recognized. In other
words, the ultrasonic probe 21 is mounted to the holding unit
26 through bearings 43 and 44. Thus, the displacement
toward the center axis 22 of the ultrasonic probe 21 can be
eliminated. Therefore, the ultrasonic probe 21 can be rotated
easily around the center axis 22.

[0176] In this way, the distal end 19 can be displayed
accurately on the ultrasonic image 46 by the ultrasonic probe
21. Thus, the movement of the distal end 19 of the endo-
scope 11 can be observed accurately, and the distal end 19
of the endoscope 11 can be guided accurately to the part to
be operated. As a result, the work efficiency of operations
can be improved.

[0177] In this embodiment, the construction has been
described where the navigation of the ultrasonic probe 21
and the endoscope 11 is performed by using the three-
dimensional position observation apparatus 31. However,
the ultrasonic observation system may not have to include
the three-dimensional position observation apparatus 31. In
this case, by gradually rotating the ultrasonic probe 21
around the center axis 22 for the agreement, the distal end
19 of the endoscope 11 can be rendered on the ultrasonic
image 46 as the bright point 48, as shown in FIG. 19.

Sixth Embodiment

[0178] FIGS. 20 to 22 relate to a sixth embodiment of the
invention. FIG. 20 is an explanatory diagram showing an
entire construction of an endoscope operation system
according to this embodiment. FIG. 21 is a perspective view
of an ultrasonic probe. FIG. 22 is a sectional view showing
a state where an ultrasonic probe is fixed to a holding unit.

[0179] InFIGS. 20to 22, the same reference numerals are
given to the same component as those of the fifth embodi-
ment, and the description will be omitted herein.

Construction

[0180] The entire construction of an endoscope operation
system will be described first with reference to FIG. 20.

[0181] As shown in FIG. 20, an endoscope operation
system § includes an endoscope 11, an ultrasonic probe 81,
a holding unit 51 and a control portion 52.

[0182] The holding unit 51 is mounted to, for example, an
operation bed, not shown, like the fifth embodiment and
holds the endoscope 11 and the ultrasonic probe 81.

[0183] More specifically, the holding unit 51 includes an
endoscope arm portion 53, an ultrasonic probe arm portion
54, and a supporting arm portion 55. The endoscope arm
portion 53 is used to mount the endoscope 11. The ultrasonic
probe arm portion 54 is used to mount the ultrasonic probe
81. The supporting arm portion 55 supports the endoscope
arm portion 53 and the ultrasonic probe arm portion 54.

[0184] The supporting arm portion 55 is mounted to, for
example, an operation bed at one end and has a mounting
portion 56 for mounting the endoscope arm portion 53 and
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the ultrasonic probe arm portion 54 at the other end. The
supporting arm portion 55 can adjust the position of the
mounting portion 56 three-dimensionally.

[0185] The endoscope arm portion 53 includes arms 61,
62 and 63. The arms 61, 62 and 63 can rotate around
rotational axes 71, 72 and 73, respectively. Encoders for
detecting the rotational angles of the arms are mounted on
the rotational axes 71, 72 and 73 of the arms 61, 62 and 63.

[0186] One end of an endoscope holding portion 64 is
mounted to the arm 63 rotatably around an axis 74. The
endoscope 11 is mounted integrally to the other end of the
endoscope holding portion 64. An encoder for detecting the
rotational angle of the endoscope holding portion 64 with
respect to the arm 63 is mounted on the rotational axis 74.

[0187] The ultrasonic probe arm portion 54 includes arms
65, 66 and 67. The arms 65, 66 and 67 can rotate around
rotational axes 71, 75 and 76. Encoders for detecting the
rotational angles of the arms are mounted to the rotational
axes.

[0188] One end of an ultrasonic probe holding portion 68
is mounted rotatably to the arm 67 around an axis 77. The
ultrasonic probe 81 is mounted integrally to the other end of
the ultrasonic probe holding portion 68. An encoder for
detecting the rotational angle of the ultrasonic probe 81 with
respect to the arm 67 is mounted on the rotational axis 77 of
the ultrasonic probe holding portion 68.

[0189] The control portion 52 is electrically connected to
the encoders mounted to the rotational axes 71, 72, 73, 74,
75, 76 and 77 of the holding unit 51.

[0190] The control portion 52 includes a computing circuit
for calculating the three-dimensional positions and direc-
tions of the endoscope holding portion 64 and the ultrasonic
probe holding portion 68 based on the output values of the
encoders. With this construction, in this embodiment, a
three-dimensional position determining means is provided
in the holding unit 51. The three-dimensional position
determining means determines the three-dimensional posi-
tions (the encoders) of the endoscope 11 and the ultrasonic
probe 81 with respect to the part to be operated 3.

[0191] As shown in FIG. 21, a positioning portion 87 (a
projection and/or a depression) is provided in the grasping
portion 83 of the ultrasonic probe 81. The positioning
portion 87 is used to position the center axis 86 within the
image rendering plane B1 of the ultrasonic probe 81. In this
case, the plane formed by connecting the center line of the
positioning portion 87 and the center axis 86 is preferably
the same as the image rendering plane B1.

[0192] The construction for mounting the ultrasonic probe
81 to the ultrasonic probe holding portion 68 will be
described with reference to FIG. 22.

[0193] As shown in FIG. 22, an engaging portion (fitting
portion) 100 for engaging with or fitting to the positioning
portion 87 is provided on a fixing portion 92.

[0194] The engaging portion (fitting portion) 100 engages
with or fits to the positioning portion 87 and integrally fixes
the ultrasonic probe 81. The positioning portion 87 is
provided apart from the distal end 25 of the ultrasonic probe
81 by a known distance. Therefore, the positioning portion
87 engages with or fits to the fixing portion 92 and is fixed
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rotatably to the ultrasonic probe holding portion 68. That is,
the distal end 25 of the ultrasonic probe 81 is fixed apart
from the ultrasonic probe holding portion 68 by a predeter-
mined distance.

[0195] The ultrasonic probe holding portion 68 has an
opening 95, and the fixing portion 92 is freely rotatably
mounted around the center axis 22 through bearings 93 and
94 within the opening 95.

[0196] A gear 96 is integrally mounted to the periphery of
the fixing portion 92. A motor 97 is fixed within the
ultrasonic probe holding portion 68. A gear 98 is mounted to
an output axis of the motor 97 so as to engage with the gear
96. An encoder 99 is mounted on an output axis of the motor
97.

[0197] Calibration is set between the encoder 99 and the
rotating position of the engaging portion (fitting portion) 100
at the initial setting during the assembly. Therefore, when
the positioning portion 87 engages with or fits to the
engaging portion (fitting portion) 100, the scanning direction
of the ultrasonic transmitted from the distal end 25 of the
ultrasonic probe 81 can be always recognized based on the
output of the encoder 99.

[0198] A position correcting unit 91 according to the sixth
embodiment includes the positioning portion 87, the fixing
portion 92, the bearings 93 and 94, the gear 96, the motor 97,
the gear 98 and the encoder 99.

[0199] With this construction, the position correcting unit
91 includes a rotating mechanism for rotating the ultrasonic
probe 81 around the axis in accordance with the detection
result from the detecting unit including the encoder. The
rotating mechanism automatically operates into the set posi-
tion determined in accordance with detection result from the
detecting unit using the encoder.

Operation

[0200] According to the sixth embodiment, an operator
rotates the arms 65, 66 and 67 of the holding unit 51 and the
ultrasonic probe holding portion 68 around the rotational
axes 71, 75, 76 and 77,1 respectively, and moves the direc-
tion of the center axis 22 of the ultrasonic probe 81 toward
a part to be operated 3.

[0201] Here, like the fifth embodiment, an image of the
part to be operated 3 is rendered on the ultrasonic image.

[0202] Next,the arms 61, 62 and 63 of the holding unit 51
and the endoscope holding portion 64 are rotated around the
rotational axes 71,72, 73 and 74, respectively, and the center
axis 12 of the endoscope 11 is moved to the position of the
center axis 22 of the ultrasonic probe 81, which forms an
image rendering plane B1 near the part to be operated 3.

[0203] Here, the operator turns on an input switch, not
shown, so that the control portion 52 of the holding unit 51
can calculate the three-dimensional position of the center
axis 12 of the endoscope 11 based on the output values
(rotational angles) from the encoders incorporated in the
rotational axes 71, 72, 73 and 74. Then, the three-dimen-
sional position of the center axis 22 of the ultrasonic probe
81 is calculated based on the output values (rotational
angles) from the encoders incorporated in the rotational axes
71,75, 76 and 77.
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[0204] Furthermore, the rotational angle with respect to
the center axis 86 of the positioning portion 87 of the
ultrasonic probe 81, that is, the rotational angle of the image
rendering plane B1 with respect to the center axis 22 of the
ultrasonic probe 81 is calculated from the output value from
the encoder 99.

[0205] Here, as shown in FIG. 17 according to the fifth
embodiment, when the image rendering plane B1 is dis-
placed from the plane Al including the center axis 12 of the
endoscope 11 and the center axis 22 of the ultrasonic probe
81 (ultrasonic probe 21 in FIG. 17) by a displaced angle a1,
the motor 97 is driven by a motor driving power supply and
driving circuit, not shown.

[0206] The gear 98 is rotated by the driving of the motor
97. Thus, the gear 96 is rotated. That is, the ultrasonic probe
81 is rotated around the center axis 22. Here, the control
portion 52 of the holding unit 51 terminates the driving of
the motor 97 when the displaced angle al is zero (0) in
accordance with the detection result from the encoder 99 for
the rotational angle of the gear 98.

[0207] Here, when the distal end 19 of the endoscope 11
is positioned on the image rendering plane Bl of the
ultrasonic probe 81 in the range (angle 01) for scanning
ultrasonic transmitted from the ultrasonic probe 81, the
distal end of the endoscope 11 is displayed on the ultrasonic
image as a bright point. On the other hand, when the center
of the part to be operated 3 does not exist on the plane
including the center axis 12 of the endoscope 11 and the
center axis 22 of the ultrasonic probe 81, the image of the
part to be operated 3 is rendered in a smaller range than that
of the ultrasonic image before the motor 97 is driven.

[0208] Therefore, the operator manipulates the holding
unit 51 again to slightly adjust the positions of the ultrasonic
probe 81 and the endoscope 11, and the above-described
operation is repeated again. Thus, the image rendering plane
B1 by the ultrasonic probe 81, the center axis 12 of the
endoscope 11 and the center of the part to be operated 3 are
positioned on the same plane. Under this condition, the
operator inserts the endoscope 11 to the part to be operated
3 by checking the ultrasonic image.

Advantages

[0209] According to the sixth embodiment, a three-dimen-
sional state of the part to be observed in an operation space
can be recognized. In other words, the direction of the image
rendering plane B1 by the ultrasonic probe 81 is automati-
cally adjusted in accordance with the three-dimensional
position information of the ultrasonic probe 81 and the
endoscope 11. Therefore, the center axis 12 of the endoscope
11 can be included on the image rendering plane B1 by the
ultrasonic probe 81 easily.

[0210] Furthermore, since a large three-dimensional posi-
tion observation apparatus is not required like the fifth
embodiment, the complication of an operating room can be
prevented.

[0211] 1In this embodiment, the endoscope 11 and the
ultrasonic probe 81 are held by the single holding unit 51.
However, as shown in FIG. 14, the endoscope 11 and the
ultrasonic probe 81 may be held by separate holding units,
respectively, and the reference of the holding units may be
set (calibrated) initially.
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[0212] In other words, each holding unit is positioned to
the reference position, and the initial setting can be per-
formed by detecting three-dimensionally and identifying the
positions of the distal ends of the endoscope 11 and the
ultrasonic probe 81 at the reference position and by record-
ing the detection results in a recording medium such as a
memory, not shown. Therefore, the same effects can be
obtained as those of the sixth embodiment.

[0213] Furthermore, in this embodiment, the center axes
of the endoscope 11 and ultrasonic probe 81 can be matched
automatically. The construction example is shown in FIG.
33.

[0214] As shown in FIG. 33, in the ultrasonic observation
system of the example, motors 71a, 72a, 73a and 74a, which
are driving units, are assembled respectively to the joints
(more specifically near the rotational axes 71, 72 and 73 of
the arms 61, 62 and 63 and near the axis 74 of the endoscope
holding portion 64), of the endoscope arm portion 53 of the
endoscope 11.

[0215] The motor 71a is provided near the rotational axis
71 of the arm 61 and drives to rotate the arm 61 around the
rotational axis 71. The motor 72a is provided near the
rotational axis 72 of the arm 62 and drives to rotate the arm
62 around the rotational axis 72. The motor 73a is provided
near the rotational axis 73 of the arm 63 and drives to rotate
the arm 63 around the rotational axis 73. The motor 74a is
provided on the axis 74 of the endoscope holding portion 64
and drives to rotate the endoscope holding portion 64 around
the axis 74.

[0216] The motors 71a, 72a, 73a and 74a are electrically
connected to the control portion 52 and the driving of the
motors is controlled by the control portion 52.

[0217] In the ultrasonic observation system having the
construction, when the center axis of the endoscope 11 is at
the twisted position with respect to the image rendering
plane B1 of the ultrasonic probe 81, for example, the control
portion 52 controls the driving of the motors 71a, 72a, 73a
and 74a such that the center axis 22 of the ultrasonic probe
81 intersects the center axis of the endoscope 11. Thus, the
arms 61, 62 and 63 and the endoscope holding portion 64 are
rotated.

[0218] In this way, the drive control by the control portion
52 matches the center axis of the endoscope 11 and the
center axis 22 of the ultrasonic probe 81. In this case, the
endoscope 11 is moved to the outside of the head in advance
and then is inserted to the part to be operated 3 toward the
center axis.

[0219] Thus, the matching operation of the center axis 22
of the ultrasonic probe 81 and the center axis of the
endoscope 11 according to the sixth embodiment can be
performed automatically with the simple construction at low
costs, which greatly contributes to the improvement of the
work efficiency in operations.

[0220] In this example, the control portion 52 further
includes a display portion 52a having an LED, a buzzer,
and/or the like. When the center axis of the endoscope 11
and the center axis 22 of the ultrasonic probe 81 coincide
each other as described above, the control portion 52 can
light up the LED of the display portion 52a or can control
the buzzer to sound concurrently with the LED lighting-up.
Thus, the state where the center axis of the endoscope 11 and
the center axis 22 of the ultrasonic probe 81 coincide can be
informed to the operator instantly with the simple construc-
tion.
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[0221] The display portion 524 may display text informa-
tion in addition to the LED display and the buzzer sounding
to inform the state to the operator.

Seventh Embodiment

[0222] FIGS. 23 to 25 relate to a seventh embodiment.
FIG. 23 is a perspective view of an ultrasonic probe. FIG.
24 is a partial cut-out sectional view showing the ultrasonic
probe. FIG. 25 is an explanatory diagram of an ultrasonic
image rendered by the ultrasonic probe.

[0223] In the description with reference FIGS. 23 to 25,
the same reference numerals are given to the same compo-
nents as those of the fifth and sixth embodiments, and the
description will be omitted herein.

Construction

[0224] As shown in FIGS. 23 and 24, an endoscope
operation system 101 includes an endoscope 111 and an
ultrasonic probe 121.

[0225] The ultrasonic probe 121 includes a holding por-
tion 123 and an ultrasonically observing portion 24.

[0226] A grasping portion 123 of the ultrasonic probe 121
has an endoscope inserting hole 131. A center axis 132 of the
endoscope inserting hole 131 is substantially parallel with
the center axis 22 of the ultrasonic probe 121 and on the
same plane as an ultrasonically observed image rendering
plane B1. An internal diameter 133 of the endoscope insert-
ing hole 131 and an external diameter 120 of the inserting
portion 113 of the endoscope 111 fit into each other such that
the center axes 112 and 132 can substantially match.

[0227] With this construction, the endoscope inserting
hole 131 can be a guiding means for guiding the distal end
position of the endoscope 111 into the ultrasonically observ-
able range observed by the ultrasonic probe 121.

[0228] In FIGS. 23 and 24, the endoscope inserting hole
131 is a so-called partial cut-out open to the grasping portion
123 but may be a complete hole. The ultrasonic probe 121
may be held by hand or may be held by the holding unit 26
according to the fifth embodiment.

Operation

[0229] As shown in FIG. 24, an operator inserts the
ultrasonic probe 121 to a part to be operated 3 in order to
check the position of the part to be operated 3. Here, like the
fifth and sixth embodiments, an image 47 of the part to be
operated 3 is rendered on an ultrasonic image 46 shown in
FIG. 25.

[0230] Next, by checking the position of the part to be
operated 3 on the ultrasonic image 46, the operator inserts
the inserting portion 113 of the endoscope 111 to the
endoscope inserting hole 131 of the ultrasonic probe 121.
The inserting portion 113 is inserted toward the part to be
operated 3 along the center axis 132. When the distal end
119 reaches the image rendering plane Bl to be ultrasoni-
cally observed, the distal end 119 is rendered on the ultra-
sonic image 46 as a bright point 148 as shown in FIG. 25.

[0231] After that, the operator leads the endoscope 11 to
the part to be operated 3 by checking the part to be operated
3 and the distal end 19 of the endoscope 11 on the ultrasonic
image 46.
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Advantages

[0232] According to the seventh embodiment, with the
simple construction where the grasping portion 123 of the
ultrasonic probe 121 has the endoscope inserting hole 131 in
which the center axis is positioned on the same plane as the
image rendering plane B1, the endoscope 111 can be guided
to the part to be operated 3 accurately. Furthermore, since
the endoscope 111 is inserted from the ultrasonically
observed direction, the orientation with respect to the part to
be operated 3 can be easily adjusted.

Eighth Embodiment

[0233] FIG. 26 is a partial cut-out sectional view of an
endoscope and ultrasonic probe according to an eighth
embodiment of the invention.

[0234] In the description with reference to FIG. 26, the
same reference numerals are given to the same components
as those of the fifth to seventh embodiments, and the
description will be omitted here.

Construction

[0235] As shown in FIG. 26, an endoscope operation
system 201 includes an endoscope 111 and an ultrasonic
probe 221.

[0236] The ultrasonic probe 221 includes a holding por-
tion 223 and an ultrasonically-observing portion 24.

[0237] A projection 230 projecting toward the external
diameter is provided on the proximal end of the grasping
portion 223 of the ultrasonic probe 221. The projection 230
has an endoscope inserting hole 231 to which an inserting
portion 113 of the endoscope 111 fits.

[0238] The center axis 232 of the endoscope inserting hole
231 and the center axis 112 of the endoscope 111 have a
predetermined angle Pl from the center axis 22 of the
ultrasonically-observing portion 24 in the same plane as the
image rendering plane Bl (sece FIG. 24) of the ultrasonic
image. The intersecting point X1 of the center axis 112 and
the center axis 22 is positioned at the location apart from the
distal end 25 by a distance L1, which is a distance (that is,
the reachable range) that the ultrasonic probe 221 can render
an image surely.

[0239] With this construction, the endoscope inserting
hole 231 can be a guiding unit for guiding the distal end
position of the endoscope 111 to the point X1 on the
substantially center axis 22 of the ultrasonic probe 221 in the
ultrasonically observable range observed by the ultrasonic
probe 221.

Operation

[0240] According to the eighth embodiment, like the sev-
enth embodiment, an operator inserts the ultrasonic probe
221 toward a part to be operated 3 (see FIG. 24) and checks
the position of the part to be operated 3 on the ultrasonic
image.

[0241] Next, by checking the position of the part to be
operated 3 on the ultrasonic image, the inserting portion 113
of the endoscope 11 is inserted to the endoscope inserting
hole 231 of the ultrasonic probe 221. Thus, the inserting
portion 113 is inserted toward the part to be operated 3 along
the center axis 112. When the distal end 119 reaches the
image rendering plane Bl (see FIG. 24) to be ultrasonically
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observed, the distal end 119 is rendered as a bright point on
the ultrasonic image like the seventh embodiment.

[0242] Next, the operator further inserts the endoscope
111. slowly by slightly adjusting the position of the ultra-
sonic probe 221 such that the center of the part to be
operated 3 can substantially match with the intersecting
point X1 of the center axes 22 and 112 of the ultrasonic
probe 221 and endoscope 11. Thus, the distal end of the
endoscope 111 is guided to the center of the part to be
operated 3 securely.

Advantages

[0243] According to the eighth embodiment, the center
axis 22 of the ultrasonic probe 221 and the center axis 112
of the endoscope 111 intersect at the penetrating range L1.
Therefore, the distal end 119 of the endoscope 111 can be
guided to the center of the ultrasonically observed range of
the part to be operated 3 easily and securely.

Ninth Embodiment

[0244] FIG. 27 is a partial cut-out sectional view of an
endoscope and ultrasonic probe according to a ninth
embodiment of the invention.

[0245] 1In the description with reference to FIG. 27, the
same reference numerals are given to the same components
as those of the fifth to eighth embodiments, and the descrip-
tion will be omitted here.

Construction

[0246] As shown in FIG. 27, an ultrasonic probe 321 of an
endoscope operation system 301 includes a holding portion
323 and an ultrasonically-observing portion 24.

[0247] A mounting base 330 projecting toward the exter-
nal diameter is provided on the proximal end of the grasping
portion 323 of the ultrasonic probe 321. An endoscope
holding portion 331 is mounted to the mounting base 330
rotatably in a direction indicated by an arrow 333 around an
axis 332.

[0248] The endoscope holding portion 331 includes an
endoscope inserting hole 231 to which the inserting portion
113 of the endoscope 111 shown in FIG. 26 fits.

[0249] The intersecting portion X1 of the center axis 112
of the endoscope 111 and the center axis 22 of the ultrasonic
probe 321 is moved to a destination point X2 by the rotation
of the endoscope holding portion 331 in the direction
indicated by the arrow 333. The distance L2 from the distal
end 25 of the ultrasonic probe 321 to the destination point
X2 is in the reachable range of the ultrasonic probe 321.

[0250] With this construction, the mounting base 330, the
endoscope holding portion 331 and the axis 332 can be
included in a changing mechanism for changing the position
of the intersecting point on the center axis 22.

Operation

[0251] According to the ninth embodiment, like the eighth
embodiment, an operator inserts the ultrasonic probe 321
toward the part to be operated 3 shown in FIG. 24 and
checks the position of the part to be operated 3 on the
ultrasonic image.

[0252] Next, by checking the position of the part to be
operated 3 on the ultrasonic image, the operator inserts the
inserting portion 113 of the endoscope 11 into the endoscope
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inserting hole 231 of the ultrasonic probe 321. The inserting
portion 113 is inserted toward the part to be operated 3 along
the center axis 132 shown in FIG. 24. When the distal end
reaches the image rendering plane B1 to be ultrasonically
observed, the distal end is rendered as a bright point on the
ultrasonic image shown in FIG. 25 like the eighth embodi-
ment.

[0253] Next, the operator further inserts the endoscope 111
slowly by rotating the endoscope holding portion 331 in the
direction indicated by the arrow 333 in the range from the
intersecting point X1 to the intersecting point X2. Thus, the
distal end of the endoscope 111 is guided to the center of the
part to be operated 3 securely.

Advantages

[0254] According to the ninth embodiment, the position of
the intersecting point of the center axis 22 of the ultrasonic
probe 321 and the center axis 112 of the endoscope 111 can
be adjusted. Therefore, an operator can move the distal end
of the endoscope 111 to the center of the ultrasonically
observed range of the part to be operated 3 without moving
the position of the ultrasonic probe 321. Therefore, the
endoscope 111 can be guided to the part to be operated 3
more casily.

Tenth Embodiment

[0255] FIGS. 28 and 29 relate to a tenth embodiment of
the invention. FIGS. 28 and 29 are explanatory diagrams
where an ultrasonic probe and an endoscope, respectively,
are guided to the part to be operated 3.

[0256] In the description with reference to FIGS. 28 and
29, the same reference numerals are given to the same
components as those of the fifth to ninth embodiments, and
the description will be omitted here.

Construction

[0257] As shown in FIG. 28, an ultrasonic probe holding
portion 412 is mounted at the distal end of a holding unit
411, and the ultrasonic probe 21 is held and is fixed at a
three-dimensionally free position. A holding portion 23 can
be inserted to the ultrasonic probe holding portion 412 such
that the ultrasonic probe 21 can be retractably inserted in the
direction of the center axis 22.

[0258] As shown in FIG. 29, an endoscope adapter 421 is
a guiding unit according to this embodiment. The inserting
portion 13 of the endoscope 11 can be inserted into the
internal diameter coaxially.

[0259] The external diameter of the endoscope adapter
421 can be inserted to the ultrasonic probe holding portion
412 coaxially. A flange 422 is provided at the proximal end
of the endoscope adapter 421. By adjusting the amount of
projection of the distal end 19 of the endoscope 11 with
respect to the flange 422, desired endoscope observation can
be implemented.

[0260] With this construction, the endoscope adapter 421
can be a guiding unit for guiding the distal end position of
the endoscope 11 to the point on the substantially center axis
of the ultrasonic probe 21 in the ultrasonically observed
range observed by the ultrasonic probe 21. The guiding unit
is provided in the ultrasonic probe holding portion 412 of the
holding unit. The guiding unit can be attached to the holding
unit freely removably.
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Operation

[0261] According to the tenth embodiment, an operator
inserts the ultrasonic probe 21 to the ultrasonic probe
holding portion 412 of the holding unit 411 first as shown in
FIG. 28. Furthermore, the operator moves the holding unit
411 three-dimensionally and,causes the distal end 25 of the
ultrasonic probe 21 to approach the part to be operated 3.
Then, the distal end 25 of the ultrasonic probe 21 is rotated
around the center axis 12 of the endoscope 11 with respect
to the ultrasonic probe holding portion 412, and a desired
ultrasonic image can be obtained. Thus, the position and/or
depth of the part to be operated 3 can be checked.

[0262] Next, the ultrasonic probe 21 is removed from the
ultrasonic probe holding portion 412 and the endoscope
adapter 421 is inserted instead. Here, the center axis of the
internal diameter of the endoscope adapter 421 is kept
coaxial to the center axis 22 of the ultrasonic probe 21. Then,
the inserting portion 13 of the endoscope 11 is inserted to the
endoscope adapter 421. In other words, the center axis 12 of
the endoscope 11 and the center axis 22 of the ultrasonic
probe 21 are completely coaxial. Then, the operator moves
the endoscope 11 straight along the center, axis 12. Thus, the
distal end 19 of the endoscope 11 can be guided to the part
to be operated 3.

Advantages

[0263] According to the tenth embodiment, the center axis
22 of the ultrasonic probe 21 and the center axis 12 of the
endoscope 11 can be completely coaxial. Therefore, the
distal end 19 of the endoscope 11 can be guided to the part
to be operated 3 safely and securely. Furthermore, this
embodiment can be implemented only by adding a simple
construction, that is, an endoscope adapter, to the conven-
tional holding unit. Therefore, this general-purpose embodi-
ment costs significantly low and is used for the conventional
holding units too.

[0264] The invention is not limited to the first to tenth
embodiments and the change examples, and the combina-
tions and applications of these embodiments and change
examples can be applied to the invention.

[0265] In this invention, it is apparent that various modi-
fications different in a wide range can be made on this basis
of this invention without departing from the spirit and scope
of the invention. This invention is not restricted by any
specific embodiment except being limited by the appended
claims.

What is claimed is:
1. An ultrasonic observation system, comprising:

a long ultrasonic probe having an ultrasonic sending and
receiving portion, which can send and receive ultra-
sonic; and

a rotation operating portion, which can rotate the ultra-
sonic probe around an axis, which is arbitrary one
direction of oscillating directions of ultrasonic oscil-
lated from the ultrasonic sending and receiving portion.

2. The ultrasonic observation system according to claim 1,

further comprising:

a monitor; and an image processor for processing for
displaying on the monitor an ultrasonically observed
image of an object, which is obtained by the ultrasonic
probe in accordance with the rotation operation by the
rotation operation portion.
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3. The ultrasonic observation system according to claim 2,
wherein the image processor has a memory for storing
position information and two-dimensional ultrasonically-
observed image of an object, which is obtained by the
ultrasonic probe in accordance with the rotation operation by
the rotation operating portion; and a three-dimensional
image forming circuit for processing on the position infor-
mation and two-dimensional ultrasonically-observed image
from the memory to form a three-dimensional image.

4. The ultrasonic observation system according to claim 3,
further comprising: a signal generating member provided at
a predetermined position of the ultrasonic probe; and a
detector for detecting a signal generated by the signal
generating member, wherein the detector detects position
information indicating the direction of the three-dimension-
ally center axis of the ultrasonic probe based on the gener-
ated signal from the signal generating member and storing
the position information in the memory together with the
two-dimensional ultrasonically-observed image.

5. The ultrasonic observation system according to claim 2,
further comprising: a signal generating member provided at
a predetermined position of the ultrasonic probe; and a
detector provided at a predetermined position for detecting
signals generated from the signal generating member,
wherein the detector detects position information indicating
the direction of three-dimensionally center axis of the ultra-
sonic probe based on the generated signal from the signal
generating member and stores the position information in
the memory together with the tow-dimensional ultrasoni-
cally observed image.

6. The ultrasonic observation system according to claim 2,
further comprising:

a holder for holding the ultrasonic probe;

a moving member connected to the holder such that the
ultrasonic probe can move three-dimensionally; and

a regulator for regulating the movement of the moving

member.

7. wherein the regulator is a brake for regulating the
movement of the moving member.

8. The ultrasonic observation system according to claim 2,
further comprising a probe position detector for detecting a
three-dimensional position and posture of the ultrasonic
probe.

9. The ultrasonic observation system according to claim 1,
comprising an endoscope located at a predetermined posi-
tion for optically observing a part to be operated; and a
moving member connected to the rotation operating portion
for moving the direction of the center axis of the ultrasonic
probe.

10. The ultrasonic observation system according to claim
1, comprising a fixing member connected to the rotation
operating portion for fixing the center axis direction of the
ultrasonic probe; image processor having: a memory for
storing two-dimensional ultrasonically observed images of
an object in a plurality of directions, which are obtained by
the ultrasonic probe in accordance with the rotation opera-
tion by the rotation operating portion; and a three-dimen-
sional image forming circuit for processing on the two-
dimensional ultrasonically-observed images from the
memory so as to form a three-dimensional image.

11. The ultrasonic observation system according to claim
1, further comprising: a holder for holding the ultrasonic
probe;
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a moving member connected to the holder such that the
ultrasonic probe can move three-dimensionally; and

a regulator for regulating the movement of the moving

means.

12. The ultrasonic observation system according to claim
11, further comprising a probe position detector for detect-
ing the three-dimensional position and posture of the ultra-
sonic probe.

13. The ultrasonic observation system according to claim
11, further comprising an optical observation device, which
can optically observe the object.

14. The ultrasonic observation system according to claim
13, wherein the optical observation device is an endoscope.

15. The ultrasonic observation system according to claim
13, further comprising: an optical observation device holder
for holding the optical observation device;

an optical observation device moving member connected
to the optical observation device holder such that the
ultrasonic probe can move three-dimensionally; and

an optical observation device regulator for regulating the
movement of the optical observation device moving
member.

16. The ultrasonic-observation system according to claim
15, wherein the optical observation device regulator is a
brake for regulating the movement of the moving member.

17. The ultrasonic observation system according to claim
13, further comprising an optical observation device posi-
tion detector for detecting the three-dimensional position
and posture of the optical observation device.

18. The ultrasonic observation system according to claim
17, further comprising position correcting means for causing
a plane including the center axis of the optical observation
system and the object to substantially coincide with a plane
observed by the ultrasonic probe based on three-dimensional
position information obtained by the probe position detector
or the optical observation device position detector.

19. The ultrasonic observation system according to claim
1, further comprising probe position detecting means for
detecting the three-dimensional position and posture of the
ultrasonic probe.

20. The ultrasonic observation system according to claim
19, wherein the probe position detecting means has:

a signal generating portion provided at a predetermined
position with respect to the ultrasonic sending and
receiving portion;

a receiving portion for receiving signals from the signal
generating portion; and

a first calculator, which can calculate the three-dimen-
sional position and posture of the ultrasonic probe
based on the signal generating portion information
obtained from the receiving portion.

21. The ultrasonic observation system according to claim
19, further comprising a second calculator, which can cal-
culate the three-dimensional position and posture of the
ultrasonic probe held at a predetermined position based on
the relative angles, positional relationships and link lengths
of links of the probe position determining means.

22. The ultrasonic observation system according to claim
19, further comprising a second three-dimensional image
forming circuit, which can form a three-dimensional image
of a part to be operated by using an arbitrary basic point in
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a three-dimensional space as a reference based on the part to
be operated ultrasonic information obtained when the ultra-
sonic probe is rotated and performs ultrasonic observation
and based on probe position information obtained by the
probe position detecting means.

23. The ultrasonic observation system according to claim
19, further comprising an optical observation device, which
can optically observe the object.

24. The ultrasonic observation system according to claim
23, wherein the optical observation device is an endoscope.

25. The ultrasonic observation system according to claim
19, further comprising an optical observation device posi-
tion detector for detecting the three-dimensional position
and posture of the optical observation device.

26. An ultrasonic observation system, comprising:

an ultrasonic probe for ultrasonically observing a part to
be operated;

three-dimensional position determining means for deter-
mining the three-dimensional position of the ultrasonic
probe with respect to the part to be operated; and

rotating means for allowing the ultrasonic probe to rotate
around the axis by using the three-dimensional position
determined by the three-dimensional position deter-
mining means as a reference.

27. The ultrasonic observation system according to claim
26, comprising three-dimensional image forming means for
forming a three-dimensional ultrasonic image from a plu-
rality of two-dimensional ultrasonic images obtained by the
ultrasonic probe.

28. The ultrasonic observation system according to claim
27, wherein the three-dimensional image forming means
forms a three-dimensional ultrasonically-observed image
from the plurality of two-dimensional ultrasonic images
obtained by the ultrasonic probe with the rotation of the
ultrasonic probe around the center axis.

29. The ultrasonic observation system according to claim
26, wherein the three-dimensional position determining
means has holding means for holding and fixing the ultra-
sonic probe.

30. The ultrasonic observation system, comprising an
ultrasonic probe for ultrasonically observing a part to be
operated; and three-dimensional position determining means
for determining the three-dimensional position of the ultra-
sonic probe,

wherein the three-dimensional position determining
means has rotating means for rotating the ultrasonic
probe around the center axis.

31. The ultrasonic observation system according to claim
30, comprising a three-dimensional image forming circuit
for forming a three-dimensional ultrasonic image from a
plurality of two-dimensional ultrasonic images obtained by
the ultrasonic probe.

32. The ultrasonic observation system according to claim
30, wherein the three-dimensional-position determining
means has holding means for holding and fixing the ultra-
sonic probe.

33. The ultrasonic observation system according to claim
30, wherein the ultrasonic probe is rotated automatically by
the rotating means.

34. The ultrasonic observation system according to claim
30, comprising a three-dimensional image forming circuit
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for forming a three-dimensional ultrasonically-observed
image with the rotation of the ultrasonic probe.

35. An ultrasonic observation system, including: an ultra-
sonic probe for ultrasonically observing a part to be oper-
ated; three-dimensional position determining means for
determining the three-dimensional position of the ultrasonic
probe; comprises image display control means for display-
ing an ultrasonically observed image obtained by the ultra-
sonic probe by using a reference position obtained by the
three-dimensional position determining means as a refer-
ence.

36. The ultrasonic observation system according to claim
35, comprising a three-dimensional image forming circuit
for forming a three-dimensional ultrasonic image from a
plurality of two-dimensional ultrasonic images obtained by
the ultrasonic probe.

37. The ultrasonic observation system according to claim
35, wherein the three-dimensional position determining
means includes a navigation apparatus.

38. The ultrasonic observation system according to claim
35, comprising a three-dimensional image forming circuit
for forming a three-dimensional ultrasonically observed
image with the rotation of the ultrasonic probe.

39. An ultrasonic observation system, comprising:

an ultrasonic probe for ultrasonically observing a part to
be operated; and

three-dimensional position determining means for deter-
mining a three-dimensional position of the ultrasonic
probe with respect to the part to be operated,

wherein the ultrasonic probe can be rotated around the
axis by using as a reference the three-dimensional
position determined by the three-dimensional position
determining means.

40. The ultrasonic observation system according to claim
39, wherein the three-dimensional position determining
means has a navigation apparatus.

41. An ultrasonic observation system, including an endo-
scope for optically observing a part to be operated; an
ultrasonic probe for ultrasonically observing the part to be
operated; three-dimensional position determining means for
determining the three-dimensional position of the endoscope
and the ultrasonic probe with respect to the part to be
operated; comprises position correcting means for causing a
plane including the center axis of the endoscope and the part
to be operated substantially to coincide with a plane ultra-
sonically observed by the ultrasonic probe.

42. The ultrasonic observation system according to claim
41, wherein the position correcting means includes a rotat-
ing mechanism for rotating the ultrasonic probe around the
axis in accordance with the determination by the three-
dimensional position determining means.

43. The ultrasonic observation system according to claim
42, wherein the rotating mechanism has operating means for
automatically operating to a position determined by the
three-dimensional position determining means.

44. An ultrasonic observation system, comprising:

an endoscope for optically observing a part to be oper-
ated;

an ultrasonic probe for ultrasonically observing the part to
be operated;
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three-dimensional position determining means for deter-
mining the three-dimensional positions of the endo-
scope and the ultrasonic probe with respect to the part
to be operated; and

position correcting means for causing a plane including
the center axis of the endoscope and the part to be
operated substantially to coincide with a plane ultra-
sonically observed by the ultrasonic probe by holding
the ultrasonic probe rotatably around the center axis of
the ultrasonic probe and by rotating an ultrasonically-
observed plane rendered by the ultrasonic probe around
the center axis of the ultrasonic probe.

45. The ultrasonic observation system according to claim
44, wherein the three-dimensional position determining
means is provided in the holding means.

46. An ultrasonic observation system, comprising:

an endoscope for optically observing a part to be oper-
ated;

an ultrasonic probe for ultrasonically observing the part to
be operated;

three-dimensional position determining means for deter-
mining the three-dimensional positions of the endo-
scope and the ultrasonic probe with respect to the part
to be operated; and

position correcting means for causing a plane including
the center axis of the endoscope and the part to be
operated substantially to coincide with a plane ultra-
sonically observed by the ultrasonic probe by holding
the ultrasonic probe rotatably around the center axis of
the ultrasonic probe and by rotating an ultrasonically-
observed plane rendered by the ultrasonic probe around
the center axis of the ultrasonic probe.

47. An ultrasonic observation system comprising: an
endoscope for optically observing a part to be operated; an
ultrasonic probe for ultrasonically observing the part to be
operated,

wherein guiding means for guiding the distal end position
of the endoscope into an ultrasonically-observed range
observed by the ultrasonic probe.

48. The ultrasonic observation system according to claim
47, wherein the guiding means is provided in an ultrasonic
probe body.

49. An ultrasonic observation system, comprising: an
endoscope for optically observing a part to be operated; an
ultrasonic probe for ultrasonically observing the part to be
operated; and

guiding means for guiding the distal end position of the
endoscope to a point on the substantially center axis of
the ultrasonic probe in an ultrasonically observed range
observed by the ultrasonic probe.

50. The ultrasonic observation system according to claim
47, comprising a changing mechanism for changing the
position of the point on the center axis.

51. The ultrasonic observation system, comprising: an
endoscope for optically observing a part to be operated; an
ultrasonic probe for ultrasonically observing the part to be
operated; and
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guiding means for guiding the distal end position of the
endoscope to a point on the substantially center axis of
the ultrasonic probe in an ultrasonically observed range
observed by the ultrasonic probe,

wherein the guiding means is provided in the holding
means.

52. The ultrasonic observation system according to claim
51, wherein the guiding means is attached to the holding
means freely removably.

53. An ultrasonic observation system, comprising:

a long ultrasonic probe having an ultrasonic sending and
receiving portion, which can send and receive ultra-
sonic, and extending by using, as a center axis, an
arbitrary direction of oscillation directions of ultrasonic
oscillated from the ultrasonic sending and receiving
portion;

a holder for holding the ultrasonic probe rotatably around
the center axis;

an image processor for processing to form an ultrasonic
image based on a first signal obtained by the ultrasonic
sending and receiving portion; and

a monitor for displaying the ultrasonic image based on a
second signal from the image processor.

54. The ultrasonic observation system according to claim
53, further comprising a direction detector for detecting the
direction of the ultrasonic probe with respect to the center
axis,

wherein the image processor includes a memory for
storing the direction of the ultrasonic probe with
respect to the center axis, which is detected by the
detector, and the first signal in the direction as “paired
information” and a three-dimensional image forming
circuit for forming a three-dimensional ultrasonic
image based on a plurality of “paired information”
stored in the memory.

55. The ultrasonic observation system according to claim
54, wherein the direction detector is provided in the holder.

56. The ultrasonic observation system according to claim
53, further comprising a transmitting member provided at a
predetermined position of the ultrasonic probe for transmit-
ting three-dimensional position information of the ultrasonic
probe; and

a position information detector for detecting three-dimen-
sional position information from the transmitting mem-
ber,

wherein the image processor adjusts the position of the
ultrasonic image to be displayed on the monitor based
on the first signal and the three-dimensional position
information.
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