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(57) Abstract: The present invention relates to a medical manipulator equipped with a fail-safe mechanism capable of protecting a
manipulator in an emergency. A medical manipulator includes a supporting section; a driving section supported by the supporting
section and including a vibrating body in which vibration waves are excited by application of an alternating voltage, a movable body
that moves relative to the vibrating body by receiving the vibration waves, and a pressurization unit configured to exert pressure
between the vibrating body and the movable body; a manipulator section supported by the driving section; an emergency detecting
unit configured to detect an emergency; and an interruption unit configured to interrupt transmission of torque between the manipu-
lator section and the supporting section on the basis of an emergency detection signal transmitted from the emergency detecting unit.
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DESCRIPTION

MEDICAL MANIPULATOR, MEDICAL SYSTEM INCLUDING THE
SAME, MEDICAL PUNCTURING SYSTEM, AND BIOPSY SYSTEM

Technical Field

[0001] The present invention relates to a medical system
including a vibration-type actuator as a driving source, and
in particular, it relates to a fail-safe mechanism for
protecting a medical manipulator including a vibration-type
actuator as a driving source.

Background Art

[0002] Medical robotic systems, such as a manipulator,
have been studied actively iﬁ recent years. A biopsy system
using a magnetic resonance imaging (MRI) system is a good
example, in which the user controls the position of a
manipulator while viewing an MR image to perform a biopsy at
a high-accuracy collecting position. The MRI gives the
measurement site of a subject a static magnetic field and a
specific high-frequency magnetic field, thereby imaging it
by appiying a nuclear magnetic resonance phenomenon
generated in the body of the subject.

[0003] Since MRI uses a high magnetic field, a general
electromagnetic motor cannot be used as a power source for

the manipulator. Therefore, various systems that use a
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vibration-type actuator represented by an ultrasonic motor
as a power source have been proposed. For example, PTL 1
discloses a method for visually stimulating the subjéct
under a high magnetic field environment by using a method
referred to as functional MRI.

[0004] Furthermore, NPL 1 discloses paracentesis and a
puncturing device system using MRI.

Citation List

Patent Literature

[0005] PTL 1 Japanese Patent Laid-Open No. 2011-245202
Non Patent Literature

[0006] NPL 1 "Compact manipulator system for guiding
needle with real-time navigation based on MR images",
Journal of Japan Society of Computer Aided Surgery 9(2): 91-
101, 2007

Summary of Invention

Technical Problem

[0007] A vibration-type actuator can adopt direct drive,
in which no reduction gear is needed, for an electromagnetic
motor that uses Lorentz force as a driving force because of
its feature of low-speed high-torque operation. Accordingly,
the vibration—type actuator has an advantage in that‘high—
accuracy, high-response control with reduced backlash, so
that application to a medical manipulator is expected.

However, there is the following problem in applying the
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vibration-type actuator to a medical manipulator as a power
source.

[0008] An electromagnetic motor that uses Lorentz force as
a driving force has a structure in which the rotor and the
stator are not in contact with each other. Because of the
structure, such an electromagnetic motor generates no torQue,
except a cogging torque and a friction torque due to a
reduction gear, while not energized. In contrast, the
vibration-type actuator has the characteristic that it has
torque between a stator serving as a vibrating body and a
rotor serving as a movable body, even if not energized, from
the characteristic that a motive force is transmitted from
the vibrating body to the movable body due to the frictional
force therebetween. Accordingly, assuming an emergency, for
example, a case where external power supply to the medical
manipulator is shut off while the medical manipulator is in
operation, a medical manipulator including a vibration-type
actuator as a power source, which is in contact with the
subject, may remain in the contact state. This causes a
problem in that the manipulator is damaged due to the motion
of the subject.

[0009] An application of the medical manipulator is a
medical system in which the manipulator is combined with a
medical imaging apparatus, as disclosed in PTL 1. In the

original operation of such a medical system, the amount of
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manipulation of the manipulator can be controlled while the
positional relationship between a site of the subject and
the manipulator is quantitatively ascertained, which offers
an advantage in that a higher-accuracy remote manipulation
can be achieved. On the other hand, it can also be said
that such a medical system operates on the precondition that
it is under combined control of a manipulating system, an
image observation system, a monitoring system, and so on.
Accordingly, this indicates that, assuming an emergency,
such as shut-off of power supply to such a medical system, a
decrease in the control performance of the medical system
occurs in the manipulating system, the image observation
system, and the monitoring system at the same time. |
Accordingly, a medical manipulator that may be used in

- combination with a medical imaging apparatus requires a
fail-safe mechanism for protecting the manipulator more
reliably.

Solution to Problem

[0010] The present invention provides a medical
ménipulator including a supporting section; a driving
section supported by the supporting'section and including a
vibrating body in which vibration waves are excited by
application of an alternating voltage, a movable body that
moves relative to the vibrating body by receiving the

vibration waves, and a pressurization unit configured to
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exert pressure between the vibrating body and the movable
body; a manipulator section supported by the driving
section; an emergency detecting unit configured to detect an
emergency; and an interruption unit configured to interrupt
transmission of torgue between the manipulator section and
the supporting section on the basis of an emergency
detection signal transmitted from the emergency detecting
unit.

Advantageous Effects of Invention

[0011] As described above, according to some embodiments
of the present application, a medical manipulator equipped
with a vibration-type actuator can be provided with a fail-
safe mechanism that prevents a supporting section and a
manipulator section of the medical manipulator from being
locked in an emergency, such as a power failure.

[0012] ‘"Furthermore, according to some embodiments of the
present application, a medical manipulator equipped with a
vibration-type actuator can be provided with a fail-safe
mechanism that prevents an influence of a static torque
between a vibrating body (stator side) and a movable body
(rotor side) of the vibration-type actuator in an emergency,
such as a power failure.

[0013] Furthermore, according to some embodiments of the
present application, a vibration-type actuator applied to a

driving source of a medical system equipped with a fail-safe
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mechanism that interrupts the static torque itself of a
vibrating body (stator side) and a movable body (rotor side)
can be provided.

[0014] Further features of the present invention will
become apparent from the following description of exemplary
embodiments with reference to the attached drawings.

Brief Description of Drawings

[0015] Fig. 1A is a block diagram showing a connection
configuration of a medical manipulator according to a first
aspect of the present invention.

[0016] Fig. 1B is a block diagram showing a connection
configuration’of the medical manipulator according to the
first aspect of the present invention.

[0017] Fig. 1C is a block diagram showing a connection
configuration of the medical manipulator according to the
first aspect of the present invention.

foo18] Fig. 1D is a block diagram showing a connection
configuration of the medical manipulator according to the
first aspect of the present invention.

[0019] .Fig. 1E is a block diagram showing a connection
configuration of the medical manipulator according to the
first aspect of the present invention.

[0020] Fig. 1F is a block diagram showing a connection
configuration of a driving section in the medical

manipulator according to the first aspect of the present
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invention.

[0021] Fig. 1G is a block diagram showing a connection
configuration of the driving section in the medical
manipulator according to the first aspect of the present
invention.

[0022] Fig. 2A is a block diagram showing a connection
configuration of a medical manipulator according to a second
aspect of the present invention.

[0023] Fig. 2B is a block diagram showing a connection
configuration of the medical manipulator according to the
second aspect of the present invention.

[0024] Fig. 2C is a block diagram showing a connection
configuration of the medical manipulator according to the
second aspect of the present invention.

[0025] Fig. 2D is a block diagram showing a connection
configuration of the medical manipulator according to the
second aspect of the present invention.

[0026] Fig. 3A is a diagram showing a configuration in
which a medical manipulator according to an embodiment of
the present invention is applied to a medical puncturing
system.

[0027] Fig. 3B is a diagram showing a configuration in
which a medical manipulator according to an embodiment of
the present invention is applied to a medical biopsy system.

[0028] Fig. 4 is a block diagram showing the connection
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relationship between a medical manipulator and a driving
unit according to an embodiment of the present invention.
[0029] Fig. 5 is a block diagram showing the connection
relationship between a medical manipulator of an embodiment
of the present invention and an external unit.

[0030] Fig. 6A is a schematic cross-sectional view of an
embodiment according to a second aspect of the present
invention.

[0031] Fig. 6B is a schematic cross-sectional view of an
embodiment according to the second aspect of the present
invention.

[0032] Fig. 7A is a diagram illustrating the positional
relationship between a medical manipulator according to an
embodiment of the present invention and a subject.

[0033] Fig. 7B is a diagram illustrating the positional
relationship between the medical manipulator and the subject.
[0034] Fig. 7C is a diagram illustrating a connection
configuration of the medical manipulator éccording to the
embodiment of the present invention and a medical imaging
apparatus.

[0035] Fig. 7D is a diagram illustrating the connection
configuration of the medical manipulator and the medical
imaging apparatus.

[0036] Fig. 8A is a block diagram showing the connection

configuration of a conventional medical manipulator.
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[0037] Fig. 8B is a block diagram showing a connection
configuration of a driving section of the conventional
medical manipulator.

[0038] Fig. 8C is a block diagram showing a connection
configuration of the driving section of the conventional
medical manipulator.

[0039] Fig. 9 is a schematic cross-sectional view showing
a configuration example of a vibration-type actuator
applicable to the present invention.

[0040] Fig. 10A is a schematic diagram of a mechanical
clutch applicable to the first aspect of the present
invention.

[0041] Fig. 10B is a schematic diagram of an example of
the mechanical clutch applied to a biopsy system.

[0042] Fig. 10C is a schematic diagram of an example of
the mechanical clutch applied to a biopsy system.
Description of Embodiments

[0043] Referring first to Fig. 9, a vibration-type
actuator applicable to a medical manipulator according to an
empodiment of the present invention will be described. Fig.
9 is a schematic cross-sectional view showing, in outline,
the configuration of a ring-shaped ultrasonic motor 10. 1In
Fig. 9, an interruption unit 5, which is one of the
characteristics of a first aspect and a second aspect of the

present invention, and a pressure control unit 7, which is
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one of the characteristics of the second aspect of the
present invention, are omitted for simplicity.

[0044] A piezoelectric device 31 is bonded in a ring shape
to a ring-shaped vibrator 32. The piezoelectric device 31
excites vibration in response to an electrical signal
applied. The electrical signal applied to the piezoelectric
device 31 includes at least AC voltage. The vibrator 32
amplifies the vibration excited by the piezoelectric device
31 as flexural vibration. A pressure applied by a
pressurization unit 3 is exerted between a movable body 2
and the vibrator 32. The vibration of the vibrator 32 is
transmitted to the movable body 2 due to a frictional force,
so that the movable body 2 rotates. The movable body 2 and
a torque transmission member 35 are connected by the |
pressurization unit 3, so that the rotation of the movable
body 2 rotates an output shaft 36. The output shaft 36 is
configﬁred to rotate relative to a housing 38 by using a
bearing 37. On the other hand, the vibrator 32 is fixed to
the housing 38 by using a joining unit 39. 1In the present
invention, a structure formed of the vibrator 32 and the
piezoelectric device 31 is referred to as a vibrating body 1.
[0045] Although a ring-shaped type in which the vibrating
body 1 and the movable body 2 are disposed in a ring shape,
with the rotation shaft 36 as the center, is shown in Fig. 9

as the vibration-type actuator applicable to the medical
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manipulator according to an embodiment of the present
invention, the present invention is not limited to the ring-
shaped type. For example, the present invention includes a
linear type in which the vibrating body 1 and the movable
body 2 are disposed in a line and a tubular type in which
one of the vibrating body 1 and the movable body 2 and the
other are disposed in an inner tube and an outer tube that
constitute a double tube, respectively.

[0046] The pressurization unit 3 is configured to exert
pressure in the axial direction of the rotation shaft 36 but
not to be deformed in the rotating direction and may be a
disc spring or the like. The vibration-type actuator has a
static torque due to the axial pressure of the
pressurization unit 3, which is a considerably different
characteristic from that of an electromagnetic motor that
uses Lorentz force as a driving force. The vibration-type
actuator has the advantage of being capable of a low-speed,
high-torque operation as compared with electromagnetic
motors, and thus has the characteristic that a direct drive
mechanism without a reduction gear can easily be adopted.
Also in the present invention, the vibration-type actuator
may adopt the direct drive mechanism.

[0047] Referring next to Figs. 8A to 8C, an example of the
configuration of a conventional manipulator and problems

thereof will be described. Fig. 8A shows the connection
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relationship of a manipulator including a driving section 4
shown in Fig. 8B or 8C.

[0048] The conventional manipulator shown in Fig. 8A does
not include the interruption unit 5, an emergency detecting
unit 6, and the pressure control unit 7, which are features
of the present invention. Accordingly, the interval between
the vibrating body 1 and the movable body 2 is constantly
pressurized by the pressurization unit 3, so that a
frictional force is generated irrespective of the driving
state of the driving section 4, that is, the vibration-type
actuator. Furthermore, there is no disconnection mechanism
that mechanically disconnects the connection among a
supporting section 8, the driving section 4, and a
manipulator éection 9 on the path from the supporting
section 8 through the driving section 4 to the manipulator
section 9. Accordingly, a static torque is generated
between the supporting section 8 and the manipulator section
9 irrespective of the driving state of the driving section 4.
This may cause the end of the manipulator section 9 to be
fixed to the subject in an emergency due to power failure or
the like.

[0049] Referring next to Figs. 1A to 1G and Fig. 9, a
first aspect of the present invention will be described.
Figs. 1A to 1D show, in areas enclosed by the dotted lines,

the connection relationship among the components of a
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medical manipulator 30 including a vibration-type actuator
according to the first aspect of the present invention.
Figs. 1F and 1G show the connection relationship among the
components of the driving section 4 shown in Figs. 1A to 1D.
Fig. 9 is a schematic cross-sectional view showing, in
outline, the configuration of a ring-shaped ultrasonic motor
including a piezoelectric device, applicable to the first
aspect of the pfesent invention.

[0050] As shown in Figs. 1A to 1D, the medical manipulator
30 according to the first aspect of the present invention
includes the supporting section 8, the driving section 4,
the manipulator section 9, the emergency detecting unit 6,
and the interruption unit 5. As shown in figs. 1F and 1G,
the driving section 4 includes the vibrating body 1, the
movable body 2; and the pressurization unit 3.

[0051] As shown in Figs. 1A to 1D, the supporting section
8, the driving section 4, and the manipulator section 9 are
disposed in this order.

[0052] As shown in Figs. 1F and 1G, the supporting section
8 includes a portion fixed to one of the vibrating body 1
and the movable body 2 of the driving section 4, and the
manipulator section 9 includes a portion fixed to the other
of the vibrating body 1 and the movable body 2 of the
driving section 4. The vibrating body 1 and the movable

body 2 are brought into contact with each other by the
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pressurization unit 3 to generate a frictional force. With
the above connection configuration, the medical manipulator
30 according to an embodiment of the present invention
converts the relative movement of the vibrating body 1 and
the movable body 2 to the relative movement of the
supporting section 8 and the manipulator section 9 as the
driving section 4 operates to achieve a manipulation
operation. Such a connection configuration allows the
relative distance between the manipulator section 9 and the
subject to be controlled.

[0053] Next, the features and advantages of the medical
manipulator 30 according to the first aspect of the present
invention will be described using Figs. 1A to 1G. As shown
in Figs. 1A to 1D, the first aspect of the present invention
includes the interruption unit 5 at a portion of the path
from the supporting section 8 via the driving section 4 to
the manipulator section 9. The interruption unit 5 is
capable of switching the connection from a connected state
to a disconnected state on the basis of an emergency-
detection signal 20 transmitted from the emergency detecting
unit 6. In the first aspect, providing the emergency
detecting unit 6 and the interruption unit 5 causes a
frictional force between the emergency detecting unit 6 and
the interruption unit 5. In other words, this allows the

interruption unit 5 to instantly release the connection
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between the supporting section 8 and the manipulator section
9 on the basis of the emergency detection signal 20
transmitted from the emergency detecting unit 6 also when a
frictional force is generated between the vibrating body 1
and the movable body 2, that is, in a pressurized state.
[0054] "Connection" described above includes wvarious
mechanical connections and includes a connection via another
structural member. Examples of another structural member
include the interruption unit 5, which is one of the
features of the first aspect of the present invention.
Examples of the interruption unit 5 include various devices,
such as a gas pressure cylinder including a pneumatic
cylinder, a liquid-pressure cylinder including a hydraulic
cylinder, an electromagnetic clutch, a mechanical clutch,
and an air clutch provided that an interruption operation is
executed in response to the emergency detection signal 20
from the emergency detecting unit 6.

[0055] The emergency detection signal 20 may be selected
as appropriate from compressed air, compressed nitrogen,
incompressible fluid, such as o0il, water, and ethylene
glycol, an electrical signal, and a mechanical transmission
depending on the device of the interruption unit 5. If the
interruption unit 5 includes an electromagnetic clutch as a
component, an electrical signal or a pneumatic signal that

uses the flow rate or pressure of compressed air as a
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parameter can be used as the emergency detection signal 20.
[0056] If the interruption unit 5 is constituted by a
mechanical clutch, a one-way clutch 56 shown in Fig. 10A can
be applied. The one-way clutch 56 includes an outer race 50,
an inner race 51, inner race arms 54, sprags 55, pockets 52,
counter weights 61, movable weights 62, fulcrums 64, and
springs (not shown). One end of each spring is connected to
an inner wall close to the fulcrum 64 in an- accommodation
space provided in the counter weight 61, and the other end
is connected to the movable weight 62. The length of the
interior of the pocket 52, the length of the opening of the
pocket 52, and the length of the sprag 55 decrease in this
order in the rotating direction. In other words, the
pockets 52 each retain the sprag 55 therein under
predetermined conditions to define cam surfaces that connect
the inner race 51 and the outer race 50 together.

[0057] In the thus-connected one-way clutch 56, the
connection between the inner race 51 and the outer race 50
is released by the following mechanism when the rotational
acceleration of the inner race 51 in a counterclockwise
direction 70 has exceeded a predetermined acceleration:

- The rotation of the inner race 51 in the counterclockwise
direction 70 increases.

- An inertia force exerted on the movable weights 62

overcomes the elastic force of the springs to move the
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movable weights 62 in a direction away from the fulcrums 64.
- The rotation moment M1 of the total weights of the counter
weights 61 and the movable weights 62 applied to the
fulcrums 64 increase.

- The rotation moment M1 of the total weights of the counter
welights 61 and the movable weights 62 applied to the
fulcrums 64 becomes larger than the rotation moment M2 of
the sprags 55 to the fulcrums 64.

- The counter weights 61 move toward the outer race 50 due
to a centrifugal force.

- The sprags 55 come out of the pockets 52 disposed in the
inner circumferential surface of the outer race 50 toward
thé inner race 51.

- The connection between the inner race 51 and the outer
race 50 is released.

[0058] The above descriptions indicated by "-" are made
merely for ease of explanation of the operation mechanism of
the one-way clutch 56 and dp not necessarily show processes
on the time axis; actually, the operations in the individual
"-" occur substantially at the same time.

[0059] An acceleration conditiocn mz(rad/sz) under which
the connection between the inner race 51 and the outer race
50 is released can be changed as appropriate depending on
the elastic constant and the length of the springs, the mass

of the counter weights 61, the movable weights 62, and the
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sprags 55, the proportion of the lengths of the inner race
arm 54, the sprag 55, the fulcrum 64, the counter weight 61,
and the accommodating space in the rotating direction. 1In
other words, .in the case where the interruption unit 5 is
the one-way clutch 56 shown in Fig. 10A, the unit
constituted by <the inner race arm 54, the sprag 55, the
pocket 52, the counter weight 61, the movable weight 62, the
fulcrum 64, the spring (not shown), and the accommodating
space> serves as the emergency detecting unit 6, and the
emergency detection signal 20.is regarded as a difference AM
between the rotation moments (= M2 - M1).

[0060] Accordingly, the one-way clutch 56 shown in Fig.
10A can be regarded as serving as both the interruption unit
5 in Fig. 1B and the emergency detecting unit 6 that outputs
the emergency detection signal 20 to the interruption unit 5.
[0061] When the inner race 51 rotates in a clockwise
direction 59, the movable weights 62 stay at the fulcrum 64
side, and thus, an increase in the rotation moment of the
counter weight 61 to the fulcfum 64 1s suppressed, so that
the rotation moment does not exceed the rotation moment M2
of the sprags 55 to the fulcrums 64, and thus, the sprags 55
are pushed against the outer race 50, staying in the pockets
52. As a result, the inner race 51 and the outer race 50
maintain the connected state.

[0062] Also in the feature of the vibration-type actuator,
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a normal manipulating acceleration wo(rad/sz) of the driving
section 4 can be in a sufficiently lower acceleration range
than the acceleration ml(rad/sz) of the manipulator section 9
by a manual operation in an emergency. By setting an
acceleratién condition mz(rad/sz) for releasing the
connection between the manipulator section 9 and the driving
section 4 by a manual operation in an emergency to satisfy
0y £ Opmax << ®2 £ 1, where the upper limit acceleration of
the normal manipulating acceleration g is mmBﬂrad/sz), both
a manipulating operation in forward and reversal directions
as a medical manibulator and an operation for releasing the
connection of the interruption unit 5 in an emergency in a
direction away from the subject can be achieved.

[0063] Accordingly, in the case where the one-way clutch
56 shown in Fig. 10A is used, the first aspect shown in Fig.
1B can be achieved by fixing the inner circumference of the
inner race 51 to the outer circumference of the manipulator
section 9 and fixing the outer circumference of the outer
race 50 to the inner circumference of the driving section 4,
as shown in Fig. 10B. With this configuration, when a
predetermined external force 71 having a strength component
directed in a direction away from the subject is exerted on
the manipulator séction 9, as shown in Fig. 1B, the
manipulator section 9 in Fig. 10B rotates in the

counterclockwise direction 70 under the condition that the
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acceleration is larger than the acceleration condition
mz(rad/sz) for releasing the connection, so that the
connection between the inner race 51 and the outer race 50
is released, and thus, the connection between the
manipulator section 9 and the driving section 4 is released.
[0064] The interruption unit 5 according to the first
aspect of the present invention shown in Figs. 1A to 1G
further includes a modification in which the one-way clutch
56 shown in Fig. 10A further includes an electromagnet (not
shown) to constitute an electromagnetic clutch mechanism.
[0065] Referring next to Figs. 3A and 3B and Figs. 7A and
7B, the supporting section 8 will be described. Figs. 7A
and 7B show the positional relationship between the medical
manipulator 30 according to an embodiment of the present
invention and a subject 40 and the connection relationship
between the medical manipulator 30 and a bed 41.

[0066] Positioning of the supporting section 8 to the
subject 40 is defined relative to the surface of the subject
40, an outfit fixed to the subject 40, a jig placed on the
clothes, part of an external unit, such as the bed 41, or
the like. In Figs. 7A and 7B, the supporting section 8 is
fixed to the bed 41.

[0067] The supporting section 8 may have a light-weight,
rigid structure so as to be capable of supporting the

driving section 4 and the manipulator section 9 stably for
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the masses and operations thereof. Furthermore, the
supporting section 8 may include an adjusting mechanism
having flexibility in adjusting the rotation, the positions
of straight lines, curves, etc., and the direction in view
of flexibility in positioning the driving section 4 to the
supporting section 8. In Figs. 7A and 7B, the supporting
section 8 has an adjusting mechanism that enables heightwise
position adjustment, horizontal position adjustment, azimuth
angle adjustment, and elevation angle adjustment.
Furthermore, the above-described adjusting mechanism can be
an adjusting méchanism capable of remote positioning with a
predetermined driving source.

[0068] Referring next to Fig. 4, an example of the
connection between a driving unit 12 that controls the
medical manipulator 30 according to an embodiment of the
present invention and the medical manipulator 30 will be
described. Fig. 4 shows a medical-manipulator control
system in which the driving unit 12 is connected to the
driving section 4 of the medigal manipulator 30 shown in the
areas enclosed by the dotted lines in Figs. 1A to 1E and
Figs. 2A to 2D. The manipulator section 9 is fixed to one .
end of the driving section 4, and the other end df the
driving section 4 is fixed to the supporting section 8.

This connection relationship allows the position of the

manipulator section 9 relative to the supporting section 8
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can be controlled. Furthermore, the medical manipulator 30
includes a positional-information detecting unit 13 and a
receiver 23, as a configuration allowing more accurate
position control, so that a positional-information signal 14
about the manipulator section 9 relative to the driving
section 4 can be transmitted to the driving unit 12. Fig. 4
shows a configuration in which the receiver 23 that receives
the positional-information signal 14 transmitted from the
positional-information detecting unit 13 is provided at the
driving unit 12. Furthermore, Fig. 4 shows that the driving
unit 12 transmits a manipulator-unit driving signal 22 to
the driving section 4 on the basis of the positional-
information signal 14 received by the receiver 23.

[0069] Referring next to Figs. 3A and 3B, an example in
which an additional function is added to the medical
manipulator 30. Figs. 3A and 3B show configurations in
which the medical manipulator 30 shown in Fig. 4 is applied
to a medical puncturing system A and a medical biopsy system
B, respectively. Fig. 3A shows a medical system in which a
puncturing device 15 that punctures the body of the subject
is connected relatively movably to the manipulator section 9.
One end of the puncturing device 15 is fixed to a
puncturing-device driving section 16, and the puncturing-
device driving section 16.is fixed to the manipulator

section 9. Such connection relationship allows position
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control of the puncturing device 15 relative to the
manipulator section 9 and position control of the puncturing
device 15 relative to the supporting section 8. Fig. 3B
shows a biopsy system in which a collecting device 17
capable of collecting biological tissue of the subject and a
collecting-device driving section 18 are disposed instead of
the puncturing device 15 and the puncturing-device driving
section 16 in Fig.{3A, respectively. As described above,
any desired devices, such as a treatment support jig, an
examination jig, and a sensor, may be connected to the
manipulator section 9 of the medical manipulator 30 to
provide higher performance and improve the fail-safe
mechanism.

[0070] Although not shown in Figs. 3A and 3B, the
puncturing-device driving section 16 and the collecting-
device driving section 18 are each connected to a driving
circuit. The driving circuits for the additional functions
may be integrated with the driving unit 12 shown in Fig. 4.
The above integration allows the position control of the
manipulator section 9 and the operations of the additional
functions to be performed in a unified way. Fig. 4 shows
that a collecting-device driving signal 19 is transmitted
from the driving unit 12 to the collecting-device driving
section 18.

[0071] Referring next to Fig. 5, an example of connection
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between the emergency detecting unit 6 of the medical
manipulator 30 according to an embodiment of the present
invention and an external unit 27 will be described. Fig. 5
shows the connection relationship between the driving unit
12 of the present invention and the external unit 27 in the
case where an MRI apparatus 1s applied as the external unit
. 27. The driving unit 12 includes the emergency detecting
unit 6. The emergency detecting unit 6 is connected to an
emergency-signal transmitting section 29 of the external
unit 27. The emergency-signal transmitting section 29
transmits an emergency signal 28 to the emergency detecting
unit 6 when the external unit 27 detects an emergency, such
as vibration or a leak of electricity, or a manual
instruction of the operator or the subject. Furthermore,
the external unit 27 may include a transmitter 24 so as to
transmit a target-position signal 26 to a target-position
receiver 25 of the driving unit 12 on the basis of target-
position information stored in the external unit 27. This
configuration allows the driving unit 12 to have functions
for comparing the positional information on the manipulator
section 9 with the target position of the manipulator
section 9, transmitting the normal manipulator-unit driving
signal 22, and transmitting the emergency detection signal
20 as necessary. Emergencies included in the above

emergency signal 28 transmitted from the external unit 27
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include incorrect positions of the components of the medical
manipulator 30 (the driving section 4, the supporting
section 8, and the manipulator section 9), the bed 41, and a
bed foundation 42 and emergencies, such as vibration.

[0072] The connection between the medical manipulator 30
according to an embodiment of the present invention and the
subject 40 and the connection between the medical
manipulator 30 and a medical imaging apparatus will be
described using Figs. 7A and 7B and Figs. 7C and 7D,
respectively. Figs. 7A and 7B are schematic layout drawings
of a medical system in which the medical manipulator 30 of
the present invention is connected to a movable bed composed
of the bed foundation 42 and the bed 41 as viewed from the
lateral direction and the longitudinal direction of the bed
41 in a horizontal plane. In Figs. 7A to 7D, the subject 40
can be restrained on the bed 41 with a positioning member,
such as é belt and a cushion (not shown). Accordingly, the
supporting section 8 can be substantially positioned to the
subject 40 by fixing the supporting section 8 to the bed 41.
Figs. 7C and 7D are schematic layout drawings of a medical
imaging apparatus (MRI apparatus 43) equipped with the
movable bed shown in Figs. 7A and 7B to which the medical
manipulator 30 is applied.

[0073] The work distance, the size, and so on of the

medical manipulator 30 according to an embodiment of the
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present invention are set so that image acquisition by the
medical imaging apparatus is not hindered. 1In Figs. 7C and
1D, the medical manipulator 30 is connected to the bed 41 so
as to be accommodated in a bore 44 of the MRI apparatus 43.
[0074] Referring next to Figs. 1A to 1G, Figs. 2A to 2D,
and Figs. 6A and 6B, a second aspect of the present
invention will be described. Figs. 2A to 2D show a
plurality of configurations corresponding to Fig. 1E. These
configurations are referred to as the second aspect of the
present invention. In the second aspect, the interruption
unit 5 is disposed so as to directly interrupt the
pressuring force exerted between the vibrating body 1 and
the movable body 2, as shown in Eig. 1E and Figs. 2A to 2C.
[0075] Fig. 2A shows a configuration in which the
pressurization unit 3 and the interruption unit 5 are
disposed in series. Figs. 2B and 2C show cases where the
pressurization unit 3 and the interruption unit 5 are
integrated to one device having both the individual
functions. A specific example thereof is shown as the
schematic cross-sectional view in Fig. 6B. Fig. 2D shows a
configuration in which the pressurization unit 3 and the
pressure control unit 7 are disposed in series. The
configuration in Fig. 2D allows the pressure control unit 7
connected in series to the pressurization unit 3 to control

the pressurizing force. A specific example of the
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configuration shown in Fig. 2D is shown in the échematic
cross-sectional view of Fig. 6A. The operations in Figs. 6A
and 6B will be described using examples.

[0076] A feature of the second aspect is a structure for
interrupting the static torque itself of the vibration-=type
actuator in an emergency because of the configurations shown
in Figs. 2A to 2D. In the second aspect, the interruption
unit 5 can be accommodated in the device structure of the
vibration-type actuator, which is advantageous particularly
in reducing fhe number of parts, size, and weight. With the
configuration in which the interruption unit 5 is provided
outside the driving section 4, the mechanical accuracy of
the interruption unit 5 influences the position control
accuracy of the medical manipulator. However, in the second
aspect, the medical manipulator 30 is not substantially
influenced by backlash, thus allowing the manipulator
protection performance to be enhanced without reducing the
position control accuracy of the medical manipulator 30 in
normal operation.

[0077] In both the first and second aspects of the present
invention, at least one of the pressurization unit 3 and the
interruption unit 5 is selected for a predetermined period
to perform the pressurizing operation or the interrupting
operation. In the first and second aspects, the

interruption unit 5 is always operated, and the
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pressurization unit 3 is selected for operation for a
predetermined period to constitute a normally-off
pressurizing mechanism.

[0078] Examples of the pressurization unit 3 include
various devices, such as a reversible deformable member,
such as an elastic member, a gas pressure cylinder including
a pneumatic cylinder, a liquid pressure cylinder including a
hydraulic cylinder, an electromagnetic clutch, and a
mechanical clutch. In constituting the above-described
normally-off pressurizing mechanism, a device having an
affinity for a remote controller for the gas pressure
cylinder, the liquid pressure cylinder, or the
electromagnetic clutch may be applied.

[0079] Since the medical manipulator 30 according to an
embodiment of the present invention includes a vibration-
type actuator, it is possible to provide a medical system
equipped with a fail-safe mechanism that can protect the
medical manipulator 30 in the event of an-emergency while
maintaining the feature of high-accuracy direct drive as an
advantage of eliminating the need for a reduction gear.
[0080] Furthermore, since the medical manipulator 30 has a
fail-safe mechanism that operates in response to an
emergency detection signal output from an external unit, a
lock system using the positional information of the external

unit can be achieved, thus further ensuring protection of
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the medical manipulator 30.

[0081] Examples of the external unit inqlude medical
imaging apparatuses, such as an MRI apparatus, a radiation
imaging apparatus, and an ultrasonic imaging apparatus.
[0082] Applications of the medical manipulator 30
according to an embodiment of the present invention include
biopsy, a surgery assistant, a higher cerebral function test
using functional MRI analysis, and rehabilitation.

First Embodiment

[0083] In this embodiment, the medical manipulator 30
according to the second aspect of the present invention,
shown in Fig. 2D, is configured using the vibration-type
actuator including the pressure control unit 7 as an
interruption unit, shown in Fig. 6A, and the biopsy system
shown in Fig. 4 is configured.

[0084] First, the biopsy system of the first embodiment
will be described.

[0085] Fig. 4 is a diagram that schematically shows a
configuration in which a medical manipulator of the first
embodiment is applied to a biopsy system. The driving unit
12 includes a control circuit (not shown) for controlling
the driving section 4. The biopsy system of the first
embodiment further includes the positional-information
detecting unit 13 connected to the manipulator section 9.

The positional-information detecting unit 13 is electrically
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connected to the driving unit 12 to be capable of feedback
control of the driving section 4 on the basis of the
positional information on the ménipulator section 9. The
manipulator section 9 is connected to the collecting device
17 via the collecting-device driving section 18 to
constitute a biopsy system.

[0086] Fig. 6A schematically shows the connection
relationship among the vibration-type actuator applied to
the first embodiment, the pressure control unit 7, and the
emergency detecting unit 6. The relationship among the
components and the operations thereof will be described
using Fig. 6A. The vibration-type actuator of the first
embodiment is configured such that the movable body 2
connected to fhe rotation shaft136 is rotatably connected to
the housing 38 via the bearing 37. Furthermore, the
vibrating body 1 is connected to the housing 38 via a
pneumatic cylinder 140 and is movable in the axial direction
of the rotation shaft 36.

[0087] The pneumatic cylinder 140 is connected to a
solenoid valve 141 through a plastic pipe so that the
pressurizing force between the movable body 2 and the
vibrating body 1 is remotely controlled depending on the
supply level of compressed air from the solenoid valve 141
(hereinafter referred to as "pneumatic level"). The

solenoid valve 141 is a solenoid valve 141 for pneumatic
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control. The connection relationship in Fig. 6A will be
paraphrased using Fig. 2D; the pressure control unit 7
equipped with the solenoid valve 141 is connected to the
pressurization unit 3 equipped with the pneumatic cylinder
140 so as to be capable of controlling the pressurization
unit 3 in accordance with the pressure control signal 21
using the pneumatic level as a parameter.

[0088] Since compressed air is released into the
atmosphere while the control solenoid of the solenoid valve
141 is OFF (not energized), no pressurizing force is exerted
on the vibration-type actuator by the pneumatic cylinder 140,
thus releasing the pressure. In the first embodiment, this
is defined as that the solenoid wvalve 141 outputs the
pressure control signal 21 at low level.

[0089] Next, the solenoid valve 141 of the first
embodiment will be described using Fig. 6A. The solenoid
valve 141 receives the emergency detection signal 20 from
the emergency defecting unit 6.

[0090] The emergency detecting unit 6 connects to a unit
with which a manual instruction from an external unit (not
shown), the operator, or the subject 40 can be input. The
solenoid valve 141 also connects to a power supply source
and has an input device for compressed air supplied from a
compressed-air supply source, such as a medical air supply

system. The operating state of the solenoid valve 141
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changes also depending on the pressure level of the
compressed air. Specifically, if it is determined using a
predetermined threshold value that compressed air sufficient
for the pneumatic cylinder 140 to generate a pressurizing
force is not obtained, the solenoid valve 141 comes in the
same state as that when the solenoid is OFF.

[0091] When the emergency detecting unit 6 detects an
emergency, the emergency detecting unit 6 outputs the
negative logic emergency detection signal 20 to the pressure
control unit 7. The negative logic allows the emergency
detection signal 20 to serve as an interlock signal for the
solenoid of the solenoid valve 141, thus allowing a fail-
save mechanism that interrupts the power to the solenoid
valve 141 in an emergency to be constructed.

[0092] The solenoid valve 141 of the first embodiment is
regarded as receiving input of three different signals, that
is, the emergency detection signal 20 output from the
emergency detecting unit 6, a pneumatic signal output from
the compressed-air supply source, and a supply power voltage
signal output from the power supply source. In addition, an
output valve to the cylinder and a release valve to the
atmosphere described abbve are provided. Thus, the solenoid
valve 141 of the first embodiment is regarded as outputting
the pressure control signal 21 at low level provided that at

least one of the three inputs described above is at low
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level. Thus, the pressurizing mechanism of the first
embodiment constituted by the pressurization unit 3 and the
pressure control unit 7 is considered to be a normally-off
type (normally depressurized type).

[0093] As describe above, both when one of power supply
and compressed air supply to the medical manipulator 30 of
the first embodiment is interrupted and when the emergency
detection signal 20 is detected, the solenoid valve 141
serving as the pressure control unit 7 outputs the pressure
control signal 21 at low levei.

[0094] As a result, the interval between the vibrating
body 1 and the movable body 2 is depressurized to bring the
vibrating body 1 and the movable body 2 into a rotatable
state.

[0095] The solenoid valve 141 and the pneumatic cylinder
140 used in the first embodiment can be replaced with
another pressure control unit 7 and another pressurization
unit 3. For example, the pneumatic cylinder 140 can be
replaced with another gas pressure control type that uses
dry nitrogen gas or the like as a medium. The configuration
of the first embodiment uses "the pressure or flow rate of
compressed air" as a medium of the pressure control signal
21. In the present invention, the pressure control signal
21 may be "an electrical signal" or "the pressure or flow

rate of liquid" by using incompressible liquid. However,
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the use of compressed air as a medium of the pressure
control signal 21 has the advantage of higher compatibility
with an external unit than liquid pressure control using a
hydraulic cylinder in terms of the fact that it is easy to
use a nonmagnetic material for a member disposed in the
vicinity of the pressurization unit 3. Furthermore, this
has an advantage in that the medium (air) after the control
can be released into the atmosphere without reflux, so that
the system can be made compact, and there is no need to
concern degradation of the medium.

[0096] - Here, conditions for the emergency detection signal
20 to become active (low level) will be described using
specific examples. The first example is a case where an
emergency signal is received from an external unit. For
example, in an MR-guided surgery system in which the medical
manipulator 30 cooperates with an MRI, if the MRI determines
that an emergency has occurred, a message noticing the
emergency 1is given to the medical manipulator 30 by
communication with each other. Then, the medical
manipulator 30 can shift the vibration-type actuator to a
depressurized state. The second example is a case where an
acceleration sensor is provided as the emergency detecting
unit 6, with which a predetermined magnitude of vibration or
more is detected. If it is determined using an appropriate

threshold value that an earthquake has occurred, the
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vibration—-type actuator is shifted to a depressurized state,
so that the subject 40 can be given an appropriate treatment,
and the medical manipulator 30 can be protected. The third
example is a case where power supplied to the system is
interrupted due to a power failure or an accident. In this
case, the emergency detection signal 20 that serves also as
a control signal for the solenoid valve 141 is a negative
logic signal, so that the medical manipulator 30
automatically shifts to a depressurized state, and thus the
‘medical manipulator 30 can be protected. The fourth example
is a case where a manual instruction from the doctor, the
operator, or the subject 40 is given. Providing an
emergency switch serving as the emergency detecting unit 16
allows the medical system to be manually shifted to a
depressurized state when a human detects an emergency due to
a system failure or the like. Although the four cases have
been described above, the present invention is not limited
thereto. It is possible that the present.invention has a
configuration in which when an abnormality in the pressure
of the setup location due to, for example, submergence, 1is
detected by a pressure sensor, the pressure is released; a
configuration in which an emergency can be reasonably
detected; or a configuration in which a plurality of
emergencies can be coped with by the logical OR thereof.

[0097] Although the solenoid valve 141 according to an
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embodiment of the present invention is a solenoid valve that
controls an output pneumatic level relative to an input
pneumatic level, an interruption unit applicable to the
present invention is not limited thereto. For example, the
present invention also includes a connection configuration
in which a pressure sensor (not shown) is provided at the
input side of the solenoid valve 141, and the output of the
above pressure sensor is input to the emergency detecting
unit 6.

Second Embodiment

[0098] In this embodiment, the medical manipulator 30
according to the second aspect of the present invention,
shown in Fig. 2B, is configured using the vibration-type
actuator equipped with the interruption unit, shown in Fig.
6B, and the biopsy system shown in Fig. 4 is configured.
[0099] Fig. 6B is a schematic diagram showing, in outline,
the configuration of the vibration-type actuator and the
pressurizing mechanism applied to the second embodiment.
[0100] In the second embodiment, the pressurizing
mechanism for the vibrating body 1 and the movable body 2
described in the first embodiment is changed.

[0101] In the second embodiment, the configurations of the
vibration~type actuator and the emergency detecting unit 6
are the same as those in the first embodiment and are

examples of the second aspect of the present invention as in
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the first embodiment.

[0102] The correspondence relationship between the
reference signs of the vibration-type actuator applied to
the second embodiment shown in Fig. 6B and the reference
signs of the medical manipulator 30 shown in Fig. 2B will be
shown below.

[0103] In the second embodiment, the pressurization unit 3
shown in Fig. 2B includes a pressure plate 33, an
electromagnet 142, a movable-body-side elastic body 63, the
rotation shaft 36, and a fixed bearing 47. The interruption
unit 4 shown in Fig. 2B includes a switch 143, a housing-
side elastic body 53, the pressure plate 33, and the
rotation shaft 36. The emergency detecting unit 6 shown in
Fig. 2B corresponds to the switch 143. A depressurization
signal 34 shown in Fig. 2B 1is a direct current
(depressurization signal) 34 flowing in the electromagnet
142 as the switch 143 closes.

[0104] Next, the operation of the pressurizing mechanism
that controls the vibration-type actuator of the second
embodiment will be described.

[0105] The vibrating body 1 is fixed to one end of the
housing 38. The movable body 2 is fixed to the other end of
the housing 38 via the movable-body-side elastic body 63,
the rotation shaft 36, a movable bearing 46, the fixed

bearing 47, the pressure plate 33, and the housing-side
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elastic body 53. The length and the elastic constant of the
housing-side elastic body 53 are set so that, when the
electromagnet 142 is OFF (not energized), the housing-side
elastic body 53 is not elastically deformed, and the
metallic pressure plate 33 is separated from the
electromagnet 142, and when the electromagnet 142 is turned
ON (energized), the metallic pressure plate 33 comes into
contact with the electromagnet 142. The length and the
elastic constant of the movable-body-side elastic body 63
are set so that, when the electromagnet 142 is OFF, the
movable-body-side elastic body 63 is not elastically
deformed, and the movable body 2 is separated from the
vibrating body 1, and when the electromagnet 142 is turned
ON, the movable body 2 and the vibrating body 1 come into
contact with each other and come into a specific pressurized
state. Hence, the éecond embodiment having the movable
bearing 46 is configured to allow the vibrating body 1 and
the movable body 2 to be separated from each other and to
come into contact with each other; however, the present
invention is not limited thereto provided that the same
function can be achieved.

[0106] Providing the pressurization unit 3 and the
interruption unit 5 that satisfy such connection
relationship allows the vibration-type actuator of the

second embodiment to achieve the normally-off type (normally
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depressurized) pressurizing mechanism, as in the first
embodiment.

[0107] The second embodiment achieves a medical
manipulator as an example of the second aspect of the
present invention and includes a fail-safe mechanism having
the same function as that of the first embodiment.

[0108] Although the second embodiment is configured such
that the housing-side elastic body 53 is disposed as a
reverse spring, the present invention is not limited thereto.
For example, a configuration in which the housing-side
elastic body 53 is omitted from the vibration-type actuator
shown in Fig. 6B is also the second aspéct of the present
‘invention. Also in this case, the pressurizing force
between the vibrating body 1 and the movable body 2 when the
electromagnet 142 is OFF is completely released,.although
the distance therebetween is not specified, so that the
movable body 2 can rotate relative to the vibrating body 1.
Third Embodiment

[0109] This embodiment is an example in which the medical
manipulator 30 shown in Fig. iB according to the first
aspect of the present invention is configured using the one-
way clutch 56 shown Fig. 10A, and the biopsy system shown in
Figs. 10B and 10C is configured.

[0110] The biopsy system of the third embodiment shown in

Fig. 10C is a modification of the biopsy system shown in Fig.
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3B. Fig. 10C shows a coﬁfiguration in which the one-way
clutch 56 shown in Fig. 10A is connected, as the
interruption unit 5 in Fig. 1B, between the manipulator
section 9 and the driving section 4 of the biopsy system
shown in Fig. 3B. Fig. 10B is a schematic cross-sectional
view of the connected portion of the driving section 4 - the
interruption unit 5 - the manipulator section 9 of the
biopsy system shown in Fig. 10C, taken along line XB - XB.
{0111] In the third embodiment, when an external force is
exerted on the manipulator section 9 in a direction 71 in
which the manipulator section 9 is moved away from the
subject 40 in Fig. 10C, the manipulator section 9 shown in
Fig. 10B rotates in the counterclockwise direction 70
together with the collecting device 17. When the rotation
in the counterclockwise direction 70 exceeds a predetermined
acceleration, the connection between the inner race 51 and
the outer race 50 of the one-way clutch 56 shown in Fig. 10A
is released by the cam mechanism constituted by the inner
race arm 54, the sprag 55, the pocket 52, the counter weight
61, the movable weight 62, the fulcrum 64, the space
accommodating the movable weight 62, and the spring (not
shown) that connects the movable weight 62 and the inner
race arm 54. As a result, the connection between the
manipulator section 9 fixed to the inner race 51 and the

driving section 4 fixed to the outer race 50 is released.
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[0112] As described above, in any medical manipulators
described in the first to third embodiments, the connection
between the supporting section 8 and the manipulator section
9 is released in an emergency, thereby reducing the
possibility of damaging the medical manipulator 30.

[0113] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
- embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0114] This application claims the benefit of Japanese
Patent Application No. 2012-135452, filed June 15, 2012,

which is hereby incorporated by reference herein in its

entirety.
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CLAIMS
[1] A medical manipulator comprising:

a supporting section;

a driving section supported by the supporting section
and including a vibrating body in which vibration waves are
excited by application of an alternating voltage, a movable
body that moves relative to the vibrating body by receiving
the vibration waves, and a pressurization unit configured to
exert pressure between the vibrating body and the movable
body;

a manipulator section supported by the driving section;

at least one emergency detecting unit configured to
detect an emergency} and

an interruption unit configured to interrupt
transmission of torque between the manipulator section and
the supporting section on the basis of an emergency
detection signal transmitted from the emergency detecting
unit.

[2] The medical manipulator according to Claim 1, wherein
the interruption unit is one of an electromagnetic clutch
and a mechanical clutch connected somewhere between the
supporting section, the driving section, and the manipulator
section.

[3] The medical manipulator according to Claim 2, wherein

the mechanical clutch is a one-way clutch that comes into an
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interrupted state when a predetermined external force having
a strength component in a direction away from a subject is
exerted on the manipulator section or the driving section.
[4] Thé medical manipulator according to Claim 2, wherein
the mechanical clutch is one of an air clutch, a hydraulic
clutch, and a brake system having an external input section
and coming into an interrupted state when input to the
external input section exceeds a predétermined level.

[5] The medical manipulator according to any one of Claims
1 to 4, wherein the interruption unit is connected to the
pressurization unit.

[6] The medical manipulator according to Claim 5, wherein
the interruption unit is a pressure control unit configured
to control the pressure.

[7] The medical manipulator according to Claim 5, wherein
the pressurization unit includes one of a gas pressure
cylinder and a liquid pressure cylinder.

[8] The medical manipulator according to Claim 5, wherein
the pressurization unit is an electromagnetic clutch
including an electromagnet and an elastic body.

[9] The medical manipulator according to Claim 6, wherein
the pressure control unit includes one of a gas-pressure
control unit and a ligquid-pressure control unit.

[10] The medical manipulator according to Claim 7, wherein

the emergency detecting unit makes the emergency detection
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signal active when receiving an emergency signal transmitted
from an external unit.

[11] The medical manipulator according to any one of Claims
1 to 10, wherein the interruption unit is connected to the
plurality of emergency detecting units and operates using
logical OR in response to a plurality of emergency detection
signals transmitted from the plurality of emergency
detecting units.

[12] The medical manipulator according to any one of Claims
1 to 11, wherein the emergency detecting unit is configured
to transmit an emergency detection signal that goes to low
level in an emergency to the interruption unit.

[13] The medical manipulator according to Claim 12, wherein
when detecting a vibration of a predetermined magnitude or
greater, the emergené& detecting unit transmits the
emergency detection signai.

[14] The medical manipulator according to Claim 12, wherein
when a manual instruction is given by a human, the emergency
detecting unit transmits the emergency detection signal.

[15] The medical manipulator according to Claim 6, wherein
when the pressure control unit receives the emergency
detection signal, a pressure control signal that the
pressure control unit outputs goes to low level.

[16] The medical manipulator according to Claim 15, wherein

the pressure control unit is connected to the plurality
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of emergency detecting units; and

when the pressure control unit receives the emergency
detection signal from at least one of the plurality of
emergency detecting units, the pressure control unit outputs
the pressure control signal to the pressurization unit at
low level.
[17] A medical puncturing system comprising:

the medical manipulator according to any one of Claims
1 to 16; and

a puncturing device that 1s connected to the
manipulator section and that is configured to puncture the
body of a subject.
[18] A biopsy system comprising:

the medical manipulator according to any one of Claims
1 to 16; and

a collecting device that is connected to the
manipulator section and that is configured to collect
biological tissue of a subject.
[19] A medical system comprising:

the medical manipulator according to any one of Claims
1 to lo6;

a driving unit that drives the medical manipulator; and

a medical imaging apparatus including a transmitter |
that transmits positional information of a predetermined

target site,



WO 2013/187342 PCT/JP2013/065907
46

wherein the driving unit includes a target-position
receiver that receives positional information of the
predetermined target site.
[20] The medical system according to Claim 19, wherein the
medical imaging apparatus is one of an MRI apparatus, a
radiation imaging apparatus, and an ultrasonic imaging

apparatus.
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