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(54) ROBOTIC OPERATING TABLE AND HYBRID OPERATING SYSTEM

(57) An operating table is disclosed comprising: a ta-
ble on which to place a patient; a base buried or fixed to
a floor; and an articulated robotic arm including first end
supported on the base and a second end supporting the

table, wherein the robotic arm includes at least one ver-
tical joint, and a rotation axis of the vertical joint is posi-
tioned along a direction that is horizontal and substan-
tially parallel to a longitudinal direction of the table.
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Description

BACKGROUND

[0001] This disclosure relates to a robotic operating
table and a hybrid operating system.
[0002] A patient positioning assembly has heretofore
been known which uses a robotic arm to move a table
with a patient placed thereon and position the patient
relative to a treatment radiation source (see Japanese
Patent Application Publication No. 2009-131718 (Patent
Literature 1), for example).
[0003] Meanwhile, there has heretofore been a de-
mand for an operating table that allows a table with a
patient placed thereon to be easily moved while prevent-
ing interference with surrounding equipment in an oper-
ating room. To this end, one may consider applying the
patient positioning assembly of Patent Literature 1 men-
tioned above to an operating table in an operating room
to move the table with a patient placed thereon by using
the robotic arm. In this way, the table with the patient
placed thereon can be easily moved while being prevent-
ed from interfering with surrounding equipment, unlike
cases where an operating table is moved using casters.

SUMMARY

[0004] Since patient positioning assemblies as de-
scribed in Patent Literature 1 mentioned above are in-
tended for irradiation of the patient with treatment radia-
tion, they do not need to consider situations where staff
work for a long time around the table with the patient
placed thereon, and typically use a large robotic arm. For
this reason, if applied to an operating table, the robotic
arm of Patent Literature 1 reduces the space around the
operating table and may interfere with medical personnel
during surgical operations. In a case where a robotic arm
including joints is downsized to prevent it from obstructing
surgical operations, the joints are reduced in size as well,
which leads to a disadvantage that the strength of the
joints to withstand loads thereon is lowered. Vertical
joints that vertically move a table may be subjected to a
large moment load especially when vertically moving the
table with a heavy patient placed thereon. This leads to
a problem that it is difficult to downsize a robotic arm to
prevent it from obstructing surgical operations.
[0005] The present invention provides a robotic oper-
ating table capable of downsizing an articulated robotic
arm that moves a table on which to place a patient on
whom a surgical operation is to be performed, while en-
suring that a vertical joint of the articulated robotic arm
has strength to withstand loads thereon.
[0006] A robotic operating table according to a first as-
pect of the present invention includes a table on which
to place a patient; a base buried or fixed to a floor; and
an articulated robotic arm including a first end supported
on the base and the opposite end supporting the table.
The articulated robotic arm includes at least one vertical

joint, and the rotation axis of the vertical joint is positioned
along a direction that is horizontal and substantially par-
allel to the longitudinal direction of the table.
[0007] In the robotic operating table according to the
first aspect of the present invention, as mentioned above,
the rotation axis of the vertical joint of the articulated ro-
botic arm is positioned along a direction that is horizontal
and substantially parallel to the longitudinal direction of
the table. Here, in a case where the articulated robotic
arm supports the table at a position near its first end in
the longitudinal direction in order to prevent interference
of the articulated robotic arm with medical personnel and
other equipment, the distance from the supported posi-
tion and the position of the center of gravity of the table
with a patient placed thereon is longer in the longitudinal
direction of the table than in the transverse direction of
the table. As a result, the moment at the position of the
table supported by the articulated robotic arm is greater
about a rotation axis along the transverse direction of the
table than about a rotation axis along the longitudinal
direction of the table. Thus, with the rotation axis of the
vertical joint of the articulated robotic arm positioned
along a direction that is horizontal and substantially par-
allel to the longitudinal direction of the table, the moment
load for supporting the table is not large in the direction
of rotation of the vertical joint. To put it differently, the
moment load in the longitudinal direction of the table can
be supported in the direction of the rotation axis of the
vertical joint, and the output of a drive mechanism for
driving the vertical joint does not therefore need to be
large. A large reducer does not need to be provided either
to make the output torque of the drive mechanism large.
Consequently, the vertical joint can be prevented from
becoming large in size. This makes it possible to down-
size the articulated robotic arm, which moves the table
with a patient placed thereon on whom a surgical oper-
ation is to be performed, while ensuring that the vertical
joint of the articulated robotic arm has strength to with-
stand loads thereon.
[0008] In the robotic operating table according to the
above first aspect, preferably, the articulated robotic arm
supports the table at a position near the first end in the
longitudinal direction of the table. With this configuration,
a space can be left under the opposite side of the table
from the first end side of the table, which is supported by
the articulated robotic arm, and a sufficient space can
therefore be left around the table, on which to place a
patient. As a result, interference of the articulated robotic
arm with medical personnel and other equipment can be
prevented.
[0009] In the robotic operating table according to the
above first aspect, preferably, the articulated robotic arm
includes a plurality of the vertical joints, and the rotation
axis of each of the vertical joints is positioned along a
direction that is horizontal and substantially parallel to
the longitudinal direction of the table. With this configu-
ration, it is possible to downsize the vertical joints while
ensuring that the vertical joints have strength to withstand
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loads thereon.
[0010] In the robotic operating table according to the
above first aspect, preferably, the articulated robotic arm
further includes a drive mechanism that drives the vertical
joint, the drive mechanism includes a motor and a reducer
that reduces speed of the rotation from the motor, and
the rotation axis of the vertical joint is positioned to coin-
cide with the axis of the output rotation shaft of the re-
ducer. With this configuration, the reducer can increase
the output torque of the motor, and the output of the motor
does not therefore need to be large. Moreover, since the
output rotation shaft of the reducer can be positioned
along a direction that is horizontal and substantially par-
allel to the longitudinal direction of the table, moment
loads on the reducer are not large.
[0011] In the robotic operating table according to the
above first aspect, preferably, the articulated robotic arm
further includes a drive mechanism that drives the vertical
joint, the drive mechanism includes a motor, a first re-
ducer that outputs the rotation of the motor while reducing
the speed of the rotation, and a second reducer that out-
puts the rotation of the first reducer while reducing the
speed of the rotation, and the rotation axis of the vertical
joint is positioned to coincide with the axis of the output
rotation shaft of the second reducer. With this configura-
tion, the speed of rotation can be reduced at two stages
by the first reducer and the second reducer. Thus, the
output torque of the motor of the vertical joint can be
effectively increased. As a result, the maximum output
of the motor can be small, thereby allowing downsizing
of the motor of the vertical joint.
[0012] In the robotic operating table according to the
above first aspect, preferably, the robotic arm includes a
horizontal articulated assembly including horizontal
joints and a vertical articulated assembly including a plu-
rality of the vertical joints, a first end of the horizontal
articulated assembly is supported on the base and the
opposite end of the horizontal articulated assembly sup-
ports a first end of the vertical articulated assembly, and
the opposite end of the vertical articulated assembly sup-
ports the table. With this configuration, horizontal rotation
of the table does not occur between the vertical articu-
lated assembly and the table. Hence, the robotic arm can
move the table vertically and horizontally while maintain-
ing the relation between the direction of extension of the
rotation axes of the vertical joints and the longitudinal
direction of the table. Moreover, the table can be easily
moved to a desired position in the horizontal direction by
the horizontal articulated assembly, including the hori-
zontal joints. Furthermore, the table can be easily moved
to a desired position in the vertical direction by the vertical
articulated assembly, including the vertical joints. Also,
the horizontal joints can be positioned together on the
base side, and the vertical joints can be positioned to-
gether on the table side. Then, the table can be moved
in the horizontal direction by driving the horizontal joints
on the base side, and the table can be moved in the
vertical direction by driving the vertical joints on the table

side. In this way, the horizontal joints and the vertical
joints do not need to be driven in conjunction with each
other to move the table in the horizontal direction or in
the vertical direction. Accordingly, the control of drive of
the articulated robotic arm is less complicated than when
the vertical joints and the horizontal joints are positioned
alternately.
[0013] In this case, preferably, the horizontal articulat-
ed assembly includes three horizontal joints, and the ver-
tical articulated assembly includes three vertical joints.
With this configuration, considering that the horizontal
articulated assembly has a certain length when fully ex-
tended, the horizontal articulated assembly can have
short joint-to-joint distances and therefore be compact
when folded and shortened as compared to a case where
it is provided with one or two horizontal joints. Moreover,
the horizontal articulated assembly can simplify the ap-
paratus configuration as compared to a case where it is
provided with four or more horizontal joints. Also, con-
sidering that the vertical articulated assembly has a cer-
tain length when fully extended, the vertical articulated
assembly can have short joint-to-joint distances and
therefore be compact when folded and shortened as
compared to a case where it is provided with one or two
vertical joints. Moreover, the vertical articulated assem-
bly can simplify the apparatus configuration as compared
to a case where it is provided with four or more vertical
joints.
[0014] In the configuration in which the articulated ro-
botic arm includes the horizontal articulated assembly
and the vertical articulated assembly, preferably, the ar-
ticulated robotic arm causes the table to yaw about an
axis along the vertical direction by using at least one of
the horizontal joints. With this configuration, the table can
be easily caused to yaw to a desired position by using
one or more horizontal joints of the articulated robotic
arm.
[0015] In the robotic operating table according to the
above first aspect, preferably, the robotic arm causes the
table to roll about an axis along the longitudinal direction
by using the at least one vertical joint. With this configu-
ration, the table can be easily moved to roll to a desired
rotation angle position by using one or more vertical joints
of the articulated robotic arm.
[0016] In the robotic operating table according to the
first aspect, preferably, the articulated robotic arm in-
cludes a pitch mechanism that supports the table and
causes the table to pitch. The pitch mechanism includes
a first ball screw positioned such that its shaft extends in
the vertical direction, a second ball screw positioned such
that its shaft extends in the vertical direction, a first sup-
port member that supports the table and is moved in the
vertical direction by the first ball screw, and a second
support member that supports the table and is moved in
the vertical direction by the second ball screw; and the
first support member and the second support member
are positioned away from each other by a predetermined
distance in the direction parallel to the longitudinal direc-
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tion of the table. With this configuration, the table can be
easily caused to pitch to a desired rotation angle position
by driving the first ball screw and the second ball screw
in conjunction with each other.
[0017] In this case, preferably, the pitch mechanism
further includes a first linear guide that is positioned to
extend in the direction parallel to the direction of exten-
sion of the first ball screw, and a second linear guide that
is positioned to extend in the direction parallel to the di-
rection of extension of the second ball screw; the first
support member is slidably mounted on the first linear
guide; and the second support member is slidably mount-
ed on the second linear guide. With this configuration,
the first linear guide allows accurate linear movement of
the first support member, and the second linear guide
allows accurate linear movement of the second support
member. Hence, the table can be caused to pitch accu-
rately.
[0018] In the robotic operating table according to the
above first aspect, preferably, the articulated robotic arm
includes a pitch mechanism that supports the table and
causes the table to pitch about a rotation axis along the
transverse direction of the table, and the pitch mecha-
nism includes a pitch-support member supporting the first
end of the table such that the first end of the table is
rotatable about the rotation axis along a transverse di-
rection of the table. With this configuration, the table can
be easily moved to pitch to a desired rotation angle po-
sition by using the pitch mechanism while the table is
supported by using the pitch-support member.
[0019] In the configuration in which the articulated ro-
botic arm includes the pitch mechanism, preferably, the
articulated robotic arm includes a horizontal articulated
assembly including horizontal joints and a vertical artic-
ulated assembly including vertical joints; a first end of the
horizontal articulated assembly is supported on the base
while the opposite end of the horizontal articulated as-
sembly supports a first end of the vertical articulated as-
sembly; and the pitch mechanism is supported on the
opposite end of the vertical articulated assembly. With
this configuration, the horizontal joints can be positioned
together on the base side, and the vertical joints can be
positioned together on the table side. Then, the table can
be moved in the horizontal direction by driving the hori-
zontal joints on the base side, and the table can be moved
in the vertical direction by driving the vertical joints on
the table side. In this way, the horizontal joints and the
vertical joints do not need to be driven in conjunction with
each other to move the table in the horizontal direction
or in the vertical direction. Accordingly, the control of drive
of the articulated robotic arm is less complicated than
when the vertical joints and the horizontal joints are po-
sitioned alternately. Moreover, since the pitch mecha-
nism can be provided on the table side of the vertical
articulated assembly, the table can be easily caused to
pitch by using the pitch mechanism independently of the
vertical articulated assembly.
[0020] In the robotic operating table according to the

first aspect, preferably, the table includes a radiolucent
part and a support part supporting the radiolucent part,
and the opposite end of the articulated robotic arm sup-
ports the support part which is situated on the first end
side of the table. With this configuration, by disposing the
articulated robotic arm on the support part side to leave
a sufficient space under the radiolucent part, an appara-
tus for radiography can be placed under the radiolucent
part and therefore capture a radiographic image of a pa-
tient placed on the table.
[0021] A hybrid operating room system according to a
second aspect of the present invention includes the ro-
botic operating table according to the first aspect, and at
least one of a radiographic imaging apparatus that cap-
tures a radiographic projection image of a patient and a
magnetic resonance imaging apparatus that captures a
magnetic resonance image of a patient.
[0022] In the hybrid operating room system according
to the second aspect of the present invention, a sufficient
space can be left around the table of the robotic operating
table, on which to place a patient, as mentioned above.
Hence, the radiographic imaging apparatus or the mag-
netic resonance imaging apparatus can be easily posi-
tioned in a space around the table.
[0023] According to the present invention, it is possible
to downsize a robotic arm that moves a table on which
to place a patient on whom a surgical operation is to be
performed, while ensuring that a vertical joint of the ro-
botic arm has strength to withstand loads thereon.

BRIEF DESCRIPTION OF DRAWINGS

[0024]

Fig. 1 is a view illustrating an overview of a hybrid
operating room system including a robotic operating
table according to a first embodiment;
Fig. 2 is a plan view of the robotic operating table
according to the first embodiment;
Fig. 3 is a schematic view illustrating a derive mech-
anism of an articulated robotic arm of the robotic op-
erating table according to the first embodiment;
Fig. 4 is a side view for explaining the maximum im-
ageable range of the robotic operating table accord-
ing to the first embodiment;
Fig. 5 is a side view for explaining the minimum im-
ageable range of the robotic operating table accord-
ing to the first embodiment;
Fig. 6 is a front view for explaining roll of the robotic
operating table according to the first embodiment;
Fig. 7 is a side view illustrating a pitch mechanism
of the robotic operating table according to the first
embodiment;
Fig. 8 is a perspective view for explaining pitch of
the robotic operating table according to the first em-
bodiment;
Fig. 9 is a side view for explaining the pitch of the
robotic operating table according to the first embod-
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iment;
Fig. 10 is a perspective view illustrating a robotic
operating table according to a second embodiment;
Fig. 11 is a view for explaining a pitch mechanism
of the robotic operating table according to the second
embodiment;
Fig. 12 is a plan view illustrating a robotic operating
table according to a third embodiment;
Fig. 13 is a side view illustrating the robotic operating
table according to the third embodiment;
Fig. 14 is a schematic view illustrating a derive mech-
anism of an articulated robotic arm of the robotic op-
erating table according to the third embodiment;
Fig. 15 is a first view for explaining a pitch mechanism
of the robotic operating table according to the third
embodiment; and
Fig. 16 is a second view for explaining the pitch
mechanism of the robotic operating table according
to the third embodiment.

DETAILED DESCRIPTION

[0025] Embodiments are described with reference to
drawings, in which the same constituents are designated
by the same reference numerals and duplicate explana-
tion concerning the same constituents may be omitted
for brevity and ease of explanation. The drawings are
illustrative and exemplary in nature and provided to fa-
cilitate understanding of the illustrated embodiments and
may not be exhaustive or limiting. Dimensions or propor-
tions in the drawings are not intended to impose restric-
tions on the disclosed embodiments. For this reason,
specific dimensions and the like should be interpreted
with the accompanying descriptions taken into consider-
ation. In addition, the drawings include parts whose di-
mensional relationship and ratios are different from one
drawing to another.
[0026] Prepositions, such as "on", "over" and "above"
may be defined with respect to a surface, for example a
layer surface, regardless of the orientation of the surface
in space.

[First Embodiment]

(Configuration of Robotic Operating table)

[0027] An overview of a robotic operating table 100
according to a first embodiment is explained with refer-
ence to Fig. 1 to Fig. 9.
[0028] As illustrated in Fig. 1, the robotic operating ta-
ble 100 is provided in a hybrid operating room 200. The
hybrid operating room 200 is provided with a radiographic
imaging apparatus 300 that captures a radiographic pro-
jection images of a patient 10. A hybrid operating room
system provided in the hybrid operating system 200 in-
cludes a robotic operating table 100 and the radiographic
imaging apparatus 300. The robotic operating table 100
is used as a table for operations performed in a setting

such as a surgery or internal medicine setting. The robotic
operating table 100 is capable of moving a table 1 to a
placement position at which to place the patient 10 onto
the table 1, and moving the patient 10 to an anesthetiza-
tion position, a surgical operation position, an examina-
tion position, a treatment position, a radiographic imaging
position, and so on while the patient 10 is placed on the
table 1. Also, the robotic operating table 100 is capable
of tilting the patient 10 while the patient 10 is placed on
the table 1.
[0029] The robotic operating table 100 includes the ta-
ble 1, on which to place the patient, an articulated robotic
arm 2, and a control unit 3. The table 1 includes a radi-
olucent part 11 and a support part 12. The articulated
robotic arm 2 includes a base 21, a horizontal articulated
assembly 22, a vertical articulated assembly 23, and a
pitch mechanism 24. The horizontal articulated assembly
22 includes horizontal joints 221, 222, and 223. The ver-
tical articulated assembly 23 includes vertical joints 231,
232, and 233. The radiographic imaging apparatus 300
includes an X-ray irradiation part 301, an X-ray detection
part 302, and a C-arm 303.
[0030] As illustrated in Fig. 1, the table 1 is formed in
the shape of a substantially rectangular flat plate. Also,
the upper surface of the table 1 is formed to be substan-
tially flat. The table 1 has its longitudinal direction along
an X direction and its transverse direction along a Y di-
rection. Note that, while the table 1 is rotatable about an
axis along the vertical direction (Z direction), the horizon-
tal direction along the longitudinal direction of the table
1 is defined as the X direction and the horizontal direction
along the transverse direction of the table 1 is defined as
the Y direction here. In other words, the X direction and
the Y direction represent directions based on the table 1.
[0031] As illustrated in Fig. 1, the patient 10 is placed
on the radiolucent part 11 of the table 1. The radiolucent
part 11 is disposed on the X1 direction side. The radiolu-
cent part 11 is formed in a substantially rectangular
shape. The radiolucent part 11 is made of a radiolucent
material. The radiolucent part 11 is made of a carbon
material (graphite), for example. The radiolucent part 11
is made of a carbon fiber reinforced plastic (CFRP), for
example. In this way, a radiographic image of the patient
10 can be captured while the patient 10 is placed on the
radiolucent part 11.
[0032] The support part 12 of the table 1 is connected
to the articulated robotic arm 2. The support part 12 is
disposed on the X2 direction side. The support part 12
is formed in a substantially rectangular shape. The sup-
port part 12 supports the radiolucent part 11. The support
part 12 is made of a material smaller in radiolucency than
the radiolucent part 11. The support part 12 is made of
metal, for example. The support part 12 is made of a steel
material or an aluminum material, for example.
[0033] The table 1 is moved by the articulated robotic
arm 2. Specifically, the table 1 is movable in the X direc-
tion, which is a horizontal direction, in the Y direction,
which is the horizontal direction perpendicular to the X
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direction, and in the Z direction, which is perpendicular
to the X direction and the Y direction and is the vertical
direction. Moreover, the table 1 is rotatable (capable of
being caused to roll) about an axis along the X direction.
The table 1 is also rotatable (capable of being caused to
pitch) about an axis along the Y direction. The table 1 is
also rotatable (capable of being caused to yaw) about an
axis along the Z direction.
[0034] The articulated robotic arm 2 moves the table
1. As illustrated in Fig. 1, one end of the articulated robotic
arm 2 is supported on the base 21, which is fixed to the
floor, while the opposite end supports the table 1 such
that the articulated robotic arm 2 can move the table 1.
Specifically, the articulated robotic arm 2 is supported on
the base 21 such that the articulated robotic arm 2 is
rotatable about an axis along the vertical direction (Z di-
rection). Also, the articulated robotic arm 2 supports the
table 1 at a position near its one end on the X2 direction
side in the longitudinal direction (X direction). In other
words, the opposite end of the articulated robotic arm 2
supports the support part 12, which is situated on the one
end side of the table 1.
[0035] The articulated robotic arm 2 moves the table
1 with seven degrees of freedom. Specifically, with the
horizontal articulated assembly 22, the articulated robotic
arm 2 has three degrees of freedom to rotate about a
vertical rotation axis A1, rotate about a vertical rotation
axis A2, and rotate about a vertical rotation axis A3. Fur-
ther, with the vertical articulated assembly 23, the artic-
ulated robotic arm 2 has three degrees of freedom to
rotate about a horizontal rotation axis B1, rotate about a
horizontal rotation axis B2, and rotate about a horizontal
rotation axis B3. Furthermore, with the pitch mechanism
24, the articulated robotic arm 2 has one degree of free-
dom to allow the table 1 to pitch about a rotation axis
along its transverse direction (Y direction) (see Fig. 8 and
Fig. 9).
[0036] As illustrated in Fig. 1, the base 21 is buried in
and fixed to the floor. The base 21 is provided substan-
tially at the center of the range of movement of the table
1 in a plan view (as seen from the Z direction).
[0037] As illustrated in Fig. 1 and Fig. 2, one end of the
horizontal articulated assembly 22 is supported on the
base 21. Moreover, the opposite end of the horizontal
articulated assembly 22 supports one end of the vertical
articulated assembly 23. The horizontal joint 221 of the
horizontal articulated assembly 22 rotates about the ro-
tation axis A1 along the Z-direction. The horizontal joint
222 of the horizontal articulated assembly 22 rotates
about the rotation axis A2 along the Z-direction. The hor-
izontal joint 223 of the horizontal articulated assembly 22
rotates about the rotation axis A3 along the Z-direction.
[0038] As illustrated in Fig. 1 and Fig. 2, the one end
of the vertical articulated assembly 23 is supported on
the horizontal articulated assembly 22. Moreover, the op-
posite end of the vertical articulated assembly 23 sup-
ports the table 1. Specifically, the opposite end of the
vertical articulated assembly 23 supports the table 1

through the pitch mechanism 24. The vertical joint 231
of the vertical articulated assembly 23 rotates about the
rotation axis B1 along the X-direction. The vertical joint
232 of the vertical articulated assembly 23 rotates about
the rotation axis B2 along the X-direction. The vertical
joint 233 of the vertical articulated assembly 23 rotates
about the rotation axis B3 along the X-direction.
[0039] The distance between each pair of adjacent
joints has a length shorter than the length of the table 1
in the transverse direction (Y direction). Specifically, the
distance between the rotation axis A1 and the rotation
axis A2, the distance between the rotation axis A2 and
the rotation axis A3, the distance between the rotation
axis A3 and the rotation axis B1, the distance between
the rotation axis B1 and the rotation axis B2, and the
distance between the rotation axis B2 and the rotation
axis B3 each have a length shorter than the length L3 of
the table 1 in the transverse direction.
[0040] As illustrated in Fig. 3, the horizontal joints 221
to 223 and the vertical joints 231 to 233 are each driven
by a drive mechanism 25. The drive mechanism 25 in-
cludes a motor 251, a reducer 252 that reduces the speed
of the rotation of the motor 251 to output slower rotation,
and an electromagnetic brake 253. The horizontal joints
221 to 223 and the vertical joints 231 to 233 are each
rotated about the corresponding rotation axis by driving
the corresponding motor 251. Also, the rotation axis of
each of the horizontal joints 221 to 223 is disposed to
coincide with the axis of the output rotation shaft of the
corresponding reducer 252. The rotation axis of each of
the vertical joints 231 to 233 is disposed to coincide with
the axis of the output rotation shaft of the corresponding
reducer 252.
[0041] The motor 251 includes a servomotor. The mo-
tor 251 is driven through control by the control unit 3. The
reducer 252 includes a reducer such as a reducer with
strain wave gearing or a reducer with eccentric oscilla-
tion-type planetary gearing, for example. In this way, the
speed of rotation of the motor 251 can be effectively re-
duced by the small reducer 252. The electromagnetic
brake 253 stops the drive of the joint.
[0042] Here, in the first embodiment, the rotation axis
B1 of the vertical joint 231 is disposed along a direction
that is horizontal and substantially parallel to the longitu-
dinal direction of the table 1 (longitudinal direction: X di-
rection). The rotation axis B2 of the vertical joint 232 is
also disposed along a direction that is horizontal and sub-
stantially parallel to the longitudinal direction of the table
1 (X direction). The rotation axis B3 of the vertical joint
233 is also disposed along a direction that is horizontal
and substantially parallel to the longitudinal direction of
the table 1 (X direction). In other words, the rotation axes
B1 to B3 of the vertical joints 231 to 233 of the vertical
articulated assembly 23 are disposed along a direction
that is horizontal and substantially parallel to the longitu-
dinal direction of the table 1 (X direction).
[0043] The vertical articulated assembly 23 does not
rotate about a rotation axis along the vertical direction (Z
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direction) relative to the table 1. In other words, the rota-
tion axes of the vertical joints 231 to 233 of the vertical
articulated assembly 23 are always substantially parallel
to the horizontal direction running along the longitudinal
direction of the table 1.
[0044] As illustrated in Fig. 4, in the first embodiment,
the radiographic imaging apparatus 300 can capture an
image over a distance D1 in the X direction as its maxi-
mum imageable range with the articulated robotic arm 2
disposed folded on the X2 side of the table 1. In other
words, with the articulated robotic arm 2 disposed folded
on the X2 side of the table 1, a space covering the dis-
tance D1 in the X direction is left under the table 1. The
distance D1 is substantially equal to the length of the
radiolucent part 11 in the X direction, for example. In other
words, with the robotic operating table 100 in the first
embodiment, the radiographic imaging apparatus 300
can capture an image of substantially the whole body of
the patient 10.
[0045] As illustrated in Fig. 5, in the first embodiment,
the radiographic imaging apparatus 300 can capture an
image over a distance D2 in the X direction as its mini-
mum imageable range with the articulated robotic arm 2
fully extended in the horizontal X2 direction. In other
words, with the articulated robotic arm 2 fully extended
in the horizontal X2 direction, a space covering the dis-
tance D2 in the X direction is left under the table 1. The
distance D2 is longer than or equal to 1/2 of the length
of the radiolucent part 11 in the X direction, for example.
In other words, with the robotic operating table 100 in the
first embodiment, the radiographic imaging apparatus
300 can capture an image of at least half of the whole
body of the patient 10.
[0046] As illustrated in Fig. 2, the articulated robotic
arm 2 is disposed to be completely hidden under the table
1 in the plan view (as seen from the Z direction). For
example, the articulated robotic arm 2 is housed in a
housing space which is a space under the table 1 when
the table 1 is positioned at a surgical operation position.
Specifically, the articulated robotic arm 2 is folded and
completely hidden under the table 1 in the plan view (as
seen from the Z direction) in a state where the articulated
robotic arm 2 has moved the table 1 to a position at which
to perform a surgical operation or treatment on the patient
10 placed on the table 1. Meanwhile, the length of the
articulated robotic arm 2 in the folded posture in the di-
rection parallel to the longitudinal direction of the table 1
is shorter than or equal to 1/2 of the length of the table 1
in the longitudinal direction.
[0047] The articulated robotic arm 2 in this embodiment
can lower the table 1 down to a height of 500 mm, for
example. In this way, the robotic operating table 100 can
handle surgical operations which medical personnel per-
form while sitting on chairs. Moreover, the articulated ro-
botic arm 2 can raise the table 1 up to a height of 1100
mm.
[0048] Also, in the first embodiment, the articulated ro-
botic arm 2 causes the table 1 to yaw about an axis along

the vertical direction (Z direction) by using at least one
of the horizontal joints (at least one of 221, 222, and 223).
For example, the articulated robotic arm 2 causes the
table 1 to yaw by using the bottom horizontal joint 221 or
the top horizontal joint 223. Alternatively, the articulated
robotic arm 2 may cause the table 1 to yaw by driving
two or all of the horizontal joints in conjunction with each
other.
[0049] Also, as illustrated in Fig. 6, the articulated ro-
botic arm 2 causes the table 1 to roll about an axis along
the longitudinal direction (X direction) by using at least
one of the vertical joints (at least one of 231, 232, and
233). For example, the articulated robotic arm 2 causes
the table 1 to roll by using the bottom vertical joint 231
or the top vertical joint 233. Alternatively, the articulated
robotic arm 2 may cause the table 1 to roll by driving two
or all of the vertical joints in conjunction with each other.
In a view of the table 1 from the X direction, the articulated
robotic arm 2 is capable of causing the table 1 to roll up
to an angle θ1 clockwise with respect the horizontal di-
rection and causing the table 1 to roll up to the angle θ1
counterclockwise with respect the horizontal direction.
θ1 is 30 degrees, for example.
[0050] Also, as illustrated in Fig. 8 and Fig. 9, the ar-
ticulated robotic arm 2 causes the table 1 to pitch about
an axis along the transverse direction (Y direction) by
using the pitch mechanism 24. As illustrated in Fig. 7,
the pitch mechanism 24 includes a first support member
241, a second support member 242, a first ball screw
243, a second ball screw 244, a first linear guide 245,
and a second linear guide 246. The first support member
241 includes a coupling part 241a, a pivot shaft 241b,
and a slider 241c. The second support member 242 in-
cludes coupling parts 242a and 242b, pivot shafts 242c
and 242d, and a slider 242e. The first ball screw 243 is
connected to a motor 243a through a reducer 243b. The
second ball screw 244 is connected to a motor 244a
through a reducer 244b.
[0051] The pitch mechanism 24 is supported on the
opposite end of the vertical articulated assembly 23. The
pitch mechanism 24 is connected to the table 1 and sup-
ports the table 1 such that the table 1 can pitch. Specif-
ically, the pitch mechanism 24 supports the table 1 such
that the table 1 can pitch by using the first support mem-
ber 241 and the second support member 242. The first
support member 241 and the second support member
242 are disposed away from each other by a predeter-
mined distance along the direction parallel to the longi-
tudinal direction of the table 1 (X direction). The first sup-
port member 241 is disposed on the X1 direction side.
The second support member 242 is disposed on the X2
direction side. Moreover, the pitch mechanism 24 is dis-
posed near one side of the table 1 in the transverse di-
rection (Y direction). Specifically, the pitch mechanism
24 is disposed near the end of the table 1 in the Y1 di-
rection.
[0052] The coupling part 241a of the first support mem-
ber 241 is fixed to the table 1 and pivotally supported on
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the pivot shaft 241b. The first support member 241 is
moved in the vertical direction (Z direction) by driving the
first ball screw 243. Moreover, the first support member
241 is slidably mounted on the first linear guide 245. Spe-
cifically, the slider 241c, which is fixed to the first support
member 241, is engaged with the first linear guide 245
to guide vertical movement of the first support member
241.
[0053] The coupling part 242a of the second support
member 242 is fixed to the table 1 and pivotally supported
on the pivot shaft 242c. The coupling part 242b is pivotally
mounted on the pivot shafts 242c and 242d. The second
support member 242 is moved in the vertical direction (Z
direction) by driving the second ball screw 244. Moreo-
ver, the second support member 242 is slidably mounted
on the second linear guide 246. Specifically, the slider
242e, which is fixed to the second support member 242,
is engaged with the second linear guide 246 to guide
vertical movement of the second support member 242.
[0054] The first ball screw 243 is disposed such that
its shaft extends in the vertical direction (Z direction). The
first ball screw 243 is engaged with the first support mem-
ber 241. By driving the motor 243a, the first ball screw
243 is rotated and moves the first support member 241
in the vertical direction.
[0055] The second ball screw 244 is disposed such
that its shaft extends in the vertical direction (Z direction).
The second ball screw 244 is engaged with the second
support member 242. By driving the motor 244a, the sec-
ond ball screw 244 is rotated and moves the second sup-
port member 242 in the vertical direction.
[0056] The first linear guide 245 is disposed to extend
in a direction substantially parallel to the direction of ex-
tension of the first ball screw 243. In other words, the first
linear guide 245 is disposed to extend in the vertical di-
rection (Z direction). The first linear guide 245 guides
vertical movement of the first support member 241
through the slider 241c.
[0057] The second linear guide 246 is disposed to ex-
tend in a direction substantially parallel to the direction
of extension of the second ball screw 244. In other words,
the second linear guide 246 is disposed to extend in the
vertical direction (Z direction). The second linear guide
246 guides vertical movement of the second support
member 242 through the slider 242e.
[0058] As the first support member 241 is moved to a
position lower than the second support member 242, the
table 1 is caused to pitch such that its X1 side becomes
lower. In contrast, as the first support member 241 is
moved to a position higher than the second support mem-
ber 242, the table 1 is caused to pitch such that its X1
side becomes higher. Also, as the first support member
241 and the second support member 242 are moved to
the same height position, the table 1 is caused to pitch
into a horizontal posture.
[0059] As illustrated in Fig. 9, in a view of the table 1
from the Y direction, the articulated robotic arm 2 is ca-
pable of causing the table 1 to pitch up to an angle θ2

clockwise with respect to the horizontal direction and
causing the table 1 to pitch up to the angle θ2 counter-
clockwise with respect to the horizontal direction. θ2 is
15 degrees, for example.
[0060] The control unit 3 is installed inside the base 21
and controls the movement of the table1 by the articulat-
ed robotic arm 2. Specifically, the control unit 3 moves
the table 1 by controlling the drive of the articulated ro-
botic arm 2 based on an operation by a medical person
(operator).
[0061] The radiographic imaging apparatus 300 is ca-
pable of capturing a radiographic projection image of the
patient 10 placed on the table 1. The X-ray irradiation
part 301 and the X-ray detection part 302 are supported
on the C-arm 303. The X-ray irradiation part 301 and the
X-ray detection part 302 are moved with movement of
the C-arm 303, and are positioned to face each other
during radiography from opposite sides of an imaging
site in the patient 10. For example, one of the X-ray irra-
diation part 301 and the X-ray detection part 302 is po-
sitioned in a space above the table 1 while the other is
positioned in a space under the table 1. Also, during ra-
diography, the C-arm 303, supporting the X-ray irradia-
tion part 301 and the X-ray detection part 302, is posi-
tioned in the spaces above and under the table 1 as well.
[0062] As illustrated in Fig. 1, the X-ray irradiation part
301 is disposed to face the X-ray detection part 302. Also,
the X-ray irradiation part 301 is capable of emitting X rays
toward the X-ray detection part 302. The X-ray detection
part 302 detects the X rays emitted by the X-ray irradia-
tion part 301. The X-ray detection part 302 includes a flat
panel detector (FPD). The X-ray detection part 302 cap-
tures a radiographic image based on the detected X rays.
Specifically, the X-ray detection part 302 converts the
detected X rays into electric signals and transmits them
to an image processing unit (not illustrated).
[0063] The X-ray irradiation part 301 is connected to
one end of the C-arm 303, and the X-ray detection part
302 is connected to the opposite end of the C-arm 303.
The C-arm 303 has a substantially C-shape. In this way,
the C-arm 303 can support the X-ray irradiation part 301
and the X-ray detection part 302 while extending around
the table 1 and the patient 10 to avoid interfering with
them during radiography. The C-arm 303 is capable of
moving relative to the table 1. Specifically, the C-arm 303
is capable of moving horizontally and vertically and also
rotating about a horizontal rotation axis and a vertical
rotation axis to position the X-ray irradiation part 301 and
the X-ray detection part 302 to desired positions relative
to the patient 10 placed on the table 1. The C-arm 303
is moved by a drive part (not illustrated) based on an
operation by a medical person (operator). The C-arm 303
is also manually movable by a medical person (operator).

(Advantageous Effects of First Embodiment)

[0064] The first embodiment can offer the following ad-
vantageous effects.
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[0065] In the first embodiment, as explained above,
the rotation axes of the vertical joints 231, 232, and 233
of the articulated robotic arm 2 are disposed along a di-
rection that is horizontal and substantially parallel to the
longitudinal direction of the table 1 (X direction). Here,
the articulated robotic arm 2 supports the table 1 at a
position near its one end in the longitudinal direction in
order to prevent interference of the articulated robotic
arm 2 with medical personnel and other equipment. For
this reason, the distance from the supported position and
the position of the center of gravity of the table 1 with the
patient 10 placed thereon is longer in the longitudinal
direction of the table 1 (X direction) than in the transverse
direction of the table 1 (Y direction). As a result, the mo-
ment at the position of the table 1 supported by the ar-
ticulated robotic arm 2 is greater about a rotation axis
along the transverse direction of the table 1 than about
a rotation axis along the longitudinal direction of the table
1. Thus, with the rotation axes of the vertical joints 231,
232, and 233 of the articulated robotic arm 2 disposed
along a direction that is horizontal and substantially par-
allel to the longitudinal direction of the table 1, the mo-
ment load for supporting the table 1 is not large in the
direction of rotation of the vertical joints 231, 232, and
233. To put it differently, the moment load in the longitu-
dinal direction of the table 1 can be supported in the di-
rection of the rotation axes of the vertical joints 231, 232,
and 233, and the output of the drive mechanisms 25 for
driving the vertical joints 231, 232, and 233 do not there-
fore need to be large. Large reducers do not need to be
provided either to make the output torques of the drive
mechanisms 25 large. Consequently, the vertical joints
231, 232, and 233 can be prevented from becoming large
in size. This makes it possible to downsize the articulated
robotic arm 2, which moves the table 1 with the patient
10 placed thereon, on whom a surgical operation is to be
performed, while ensuring that the vertical joints 231,
232, and 233 of the articulated robotic arm 2 have
strength to withstand loads thereon.
[0066] Also, in the first embodiment, as explained
above, the articulated robotic arm 2 supports the table 1
at a position near its one end in the longitudinal direction
(X direction). In this way, a space can be left under the
opposite side of the table 1 from the one end side of the
table 1, which is supported by the articulated robotic arm
2, and a sufficient space can therefore be left around the
table 1, on which to place a patient. As a result, interfer-
ence of the articulated robotic arm 2 with medical per-
sonnel and other equipment can be prevented.
[0067] Also, in the first embodiment, as explained
above, the rotation axis of each of the vertical joints 231,
232, and 233 is disposed along a direction that is hori-
zontal and substantially parallel to the longitudinal direc-
tion of the table 1 (X direction). In this way, it is possible
to downsize the vertical joints 231, 232, and 233 while
ensuring that the vertical joints 231, 232, and 233 have
strength to withstand loads thereon.
[0068] Also, in the first embodiment, as explained

above, the drive mechanisms 25 which drive the vertical
joints 231, 232, and 233 are each provided with the motor
251 and the reducer 252, which outputs the rotation of
the motor 251 while reducing the speed of the rotation,
and the rotation axis of each of the vertical joints 231,
232, and 233 is disposed to coincide with the axis of the
output rotation shaft of the corresponding reducer 252.
In this way, the reducer 252 can increase the output
torque of the motor 251, and the output of the motor 251
does not therefore need to be large. Moreover, since the
output rotation shaft of the reducer 252 can be disposed
along a direction that is horizontal and substantially par-
allel to the longitudinal direction of the table 1, moment
loads on the reducer 252 are not large.
[0069] Also, in the first embodiment, as explained
above, the articulated robotic arm 2 is provided with the
horizontal articulated assembly 22, including the horizon-
tal joints 221, 222, and 223, and the vertical articulated
assembly 23, including the vertical joints 231, 232, and
233. Moreover, the one end of the horizontal articulated
assembly 22 is supported on the base 21 while the op-
posite end of the horizontal articulated assembly 22 sup-
ports the one end of the vertical articulated assembly 23,
and the opposite end of the vertical articulated assembly
23 supports the table 1. In this way, horizontal rotation
of the table 1 does not occur between the vertical artic-
ulated assembly 23 and the table 1. Hence, the articu-
lated robotic arm 2 can move the table 1 vertically and
horizontally while maintaining the relation between the
direction of extension of the rotation axes of the vertical
joints 231, 232, and 233 and the longitudinal direction of
the table 1. Moreover, the table 1 can be easily moved
to a desired position in the horizontal direction by the
horizontal articulated assembly 22, including the horizon-
tal joints 221, 222, and 223. Furthermore, the table 1 can
be easily moved to a desired position in the vertical di-
rection by the vertical articulated assembly 23, including
the vertical joints 231, 232, and 233. Also, the horizontal
joints 221, 222, and 223 can be disposed together on the
base 21 side, and the vertical joints 231, 232, and 233
can be disposed together on the table 1 side. Then, the
table 1 can be moved in the horizontal direction by driving
the horizontal joints 221, 222, and 223 on the base 21
side, and the table 1 can be moved in the vertical direction
by driving the vertical joints 231, 232, and 233 on the
table 1 side. In this way, the horizontal joints 221, 222,
and 223 and the vertical joints 231, 232, and 233 do not
need to be driven in conjunction with each other to move
the table 1 in the horizontal direction or in the vertical
direction. Accordingly, the control of drive of the articu-
lated robotic arm 2 is less complicated than when the
vertical joints 231, 232, and 233 and the horizontal joints
221, 222, and 223 are disposed alternately.
[0070] Also, in the first embodiment, as explained
above, the horizontal articulated assembly 22 is provided
with the three horizontal joints 221, 222, and 223, and
the vertical articulated assembly 23 is provided with the
three vertical joints 231, 232, and 233. Thus, considering
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that the horizontal articulated assembly 22 has a certain
length when fully extended, the horizontal articulated as-
sembly 22 can have short joint-to-joint distances and
therefore be compact when folded and shortened as
compared to a case where it is provided with one or two
horizontal joints. Moreover, the horizontal articulated as-
sembly 22 can simplify the apparatus configuration as
compared to a case where it is provided with four or more
horizontal joints. Considering that the vertical articulated
assembly 23 has a certain length when fully extended,
the vertical articulated assembly 23 can have short joint-
to-joint distances and therefore be compact when folded
and shortened as compared to a case where it is provided
with one or two vertical joints. Moreover, the vertical ar-
ticulated assembly 23 can simplify the apparatus config-
uration as compared to a case where it is provided with
four or more vertical joints.
[0071] Also, in the first embodiment, as explained
above, the articulated robotic arm 2 causes the table 1
to yaw about an axis along the vertical direction (Z direc-
tion) by using at least one of the horizontal joints (at least
one of 221, 222, and 223). Thus, the table 1 can be easily
caused to yaw to a desired position by using one or more
horizontal joints (at least one of 221, 222, and 223) of
the articulated robotic arm 2.
[0072] Also, in the first embodiment, as explained
above, the articulated robotic arm 2 causes the table 1
to roll about an axis along the longitudinal direction (X
direction) by using at least one of the vertical joints (at
least one of 231, 232, and 233). Thus, the table 1 can be
easily caused to roll to a desired rotation angle position
by using one or more vertical joints (at least one of 221,
222, and 223) of the articulated robotic arm 2.
[0073] Also, in the first embodiment, as explained
above, the articulated robotic arm 2 is provided with the
pitch mechanism 24, which supports the table 1 and
causes the table 1 to pitch about an axis along the trans-
verse direction (Y direction). Moreover, the pitch mech-
anism 24 is provided with the first ball screw 243, which
is disposed such that its shaft extends in the vertical di-
rection, the second ball screw 244, which is disposed
such that its shaft extends in the vertical direction, the
first support member 241, which supports the table 1 and
is moved in the vertical direction (Z direction) by the first
ball screw 243 and, and the second support member 242,
which supports the table 1 and is moved in the vertical
direction (Z direction) by the second ball screw 244. Fur-
thermore, the first support member 241 and the second
support member 242 are disposed away from each other
by a predetermined distance in the direction parallel to
the longitudinal direction of the table 1 (X direction). In
this way, the table 1 can be easily caused to pitch to a
desired rotation angle position by driving the first ball
screw 243 and the second ball screw 244 in conjunction
with each other.
[0074] Also, in the first embodiment, as explained
above, the pitch mechanism 24 is provided with the first
linear guide 245, which is disposed to extend in the di-

rection parallel to the direction of extension of the first
ball screw 243, and the second linear guide 246, which
is disposed to extend in the direction parallel to the di-
rection of extension of the second ball screw 244. More-
over, the first support member 241 is slidably mounted
on the first linear guide 245, and the second support
member 242 is slidably mounted on the second linear
guide 246. In this way, the first linear guide 245 allows
accurate linear movement of the first support member
241, and the second linear guide 246 allows accurate
linear movement of the second support member 242.
Hence, the table 1 can be caused to pitch accurately.
[0075] Also, in the first embodiment, as explained
above, the one end of the horizontal articulated assembly
22 is supported on the base 21 while the opposite end
of the horizontal articulated assembly 22 supports the
one end of the vertical articulated assembly 23, and the
pitch mechanism 24 is supported on the opposite end of
the vertical articulated assembly 23. Thus, the horizontal
joints 221, 222, and 223 can be disposed together on the
base 21 side, and the vertical joints 231, 232, and 233
can be disposed together on the table 1 side. Then, the
table 1 can be moved in the horizontal direction by driving
the horizontal joints 221, 222, and 223 on the base 21
side, and the table 1 can be moved in the vertical direction
by driving the vertical joints on the table 1 side. In this
way, the horizontal joints 221, 222, and 223 and the ver-
tical joints 231, 232, and 233 do not need to be driven in
conjunction with each other to move the table 1 in the
horizontal direction or in the vertical direction. Accord-
ingly, the control of drive of the articulated robotic arm 2
is less complicated than when the vertical joints and the
horizontal joints are disposed alternately. Moreover,
since the pitch mechanism 24 can be provided on the
table 1 side of the vertical articulated assembly 23, the
table 1 can be easily caused to pitch by using the pitch
mechanism 24 independently of the vertical articulated
assembly 23.
[0076] Also, in the first embodiment, as explained
above, the table 1 is provided with the radiolucent part
11 and the support part 12, which supports the radiolu-
cent part 11, and the opposite end of the articulated ro-
botic arm 2 supports the support part 12 on the one end
side of the table 1. Thus, by disposing the articulated
robotic arm 2 on the support part 12 side to leave a suf-
ficient space under the radiolucent part 11, the radio-
graphic imaging apparatus 300 can be placed under the
radiolucent part 11 and therefore capture a radiographic
image of the patient 10 placed on the table 1.

[Second Embodiment]

[0077] Next, a second embodiment of the present in-
vention is explained with reference to Fig. 10 and Fig.
11. In this second embodiment is explained an example
with a configuration in which an articulated robotic arm
includes a pitch mechanism including a pitch-support
member unlike the above first embodiment, in which an
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articulated robotic arm includes a pitch mechanism in-
cluding a first support member and a second support
member. Note that parts similar to the first embodiment
are denoted by similar reference signs.

(Configuration of Robotic Operating table)

[0078] As illustrated in Fig. 10, a robotic operating table
400 includes a table 1 on which to place a patient, an
articulated robotic arm 2a, and a control unit 3. The ar-
ticulated robotic arm 2a includes a base 21, a horizontal
articulated assembly 22, a vertical articulated assembly
23, and a pitch mechanism 26. The horizontal articulated
assembly 22 includes horizontal joints 221, 222, and 223.
The vertical articulated assembly 23 includes vertical
joints 231, 232, and 233. The pitch mechanism 26 in-
cludes a pitch-support member 261.
[0079] Here, in the second embodiment, a rotation axis
B1 of the vertical joint 231 is disposed along a direction
that is horizontal and substantially parallel to the longitu-
dinal direction of the table 1 (X direction). A rotation axis
B2 of the vertical joint 232 is also disposed along a di-
rection that is horizontal and substantially parallel to the
longitudinal direction of the table 1 (X direction). A rotation
axis B3 of the vertical joint 233 is also disposed along a
direction that is horizontal and substantially parallel to
the longitudinal direction of the table 1 (X direction). In
other words, the rotation axes B1 to B3 of the vertical
joints 231 to 233 of the vertical articulated assembly 23
are disposed along a direction that is horizontal and sub-
stantially parallel to the longitudinal direction of the table
1 (X direction).
[0080] Also, in the second embodiment, the articulated
robotic arm 2 causes the table 1 to pitch about an axis
along the transverse direction (Y direction) by using the
pitch mechanism 26. The pitch mechanism 26 is support-
ed on the vertical articulated assembly 23. Moreover, the
pitch mechanism 26 supports the table 1. Specifically,
the pitch mechanism 26 supports the table 1 at a position
near its end on the X2 direction side.
[0081] The pitch-support member 261 of the pitch
mechanism 26 supports one end of the table 1 such that
the one end of the table 1 is rotatable about a rotation
axis for pitching. Moreover, the pitch mechanism 26 in-
cludes a first pitch-support member 261 a and a second
pitch-support member 261b.
[0082] The first pitch-support member 261a supports
the one end of the table 1 such that the one end of the
table 1 is rotatable about a rotation axis C1 parallel to
the transverse direction of the table 1. The first pitch-
support member 261a is provided with a motor, a reducer
that transmits the rotation of the motor while reducing the
speed of the rotation, and an electromagnetic brake in
order to cause the table 1 to pitch. The second pitch-
support member 261b supports the first pitch-support
member 261a such that the first pitch-support member
261a is rotatable about a rotation axis C2 parallel to the
transverse direction of the table 1. The second pitch-sup-

port member 261b is provided with a motor, a reducer
that transmits the rotation of the motor while reducing the
speed of the rotation, and an electromagnetic brake in
order to cause the first pitch-support member 261a to
pitch.
[0083] As illustrated in Fig. 11, the pitch mechanism
26 moves the table 1 downward in the vertical direction
(Z2 direction) by moving the first pitch-support member
261a and the second pitch-support member 261b in con-
junction with each other.
[0084] Note that the other features of the configuration
in the second embodiment are similar to the above first
embodiment.

(Advantageous Effects of Second Embodiment)

[0085] The second embodiment can offer the following
advantageous effects.
[0086] As explained above, in the second embodi-
ment, the rotation axes of the vertical joints 231, 232, and
233 of the articulated robotic arm 2a are disposed along
a direction that is horizontal and substantially parallel to
the longitudinal direction of the table 1 (X direction), as
in the first embodiment. In this way, it is possible to down-
size the articulated robotic arm 2a, which moves the table
1 with a patient 10 placed thereon on whom a surgical
operation is to be performed, while ensuring that the ver-
tical joints 231, 232, and 233 of the articulated robotic
arm 2a have strength to withstand loads thereon.
[0087] Also, in the second embodiment, as explained
above, the articulated robotic arm 2a is provided with the
pitch mechanism 26, which supports the table 1 and
causes the table 1 to pitch about an axis along the trans-
verse direction (Y direction). Moreover, the pitch mech-
anism 26 is provided with the pitch-support member 261,
which supports the one end of the table 1 such that the
one end of the table 1 is rotatable about a rotation axis
for pitching. In this way, the table 1 can be easily moved
to pitch to a desired rotation angle position by using the
pitch mechanism 26 while the table 1 is supported by
using the pitch-support member 261.
[0088] Also, in the second embodiment, as explained
above, the pitch-support member 261 of the pitch mech-
anism 26 includes the first pitch-support member 261a,
supporting the one end of the table 1 such that the one
end of the table 1 is rotatable about a rotation axis parallel
to the transverse direction of the table 1, and the second
pitch-support member 261b, supporting the first pitch-
support member 261a such that the first pitch-support
member 261a is rotatable about a rotation axis parallel
to the transverse direction of the table 1. In this way, the
table 1 is capable of pitching at two stages using the
pitching by the first pitch-support member 261a and the
pitching by the second pitch-support member 261b.
Hence, the range of angles within which the table 1 can
pitch can be easily made wide.
[0089] Note that the other advantageous effects of the
second embodiment are similar to the above first embod-
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iment.

[Third Embodiment]

[0090] Next, a third embodiment of the present inven-
tion is explained with reference to Fig. 12 to Fig. 16. In
this third embodiment is explained an example with a
configuration in which an articulated robotic arm includes
a pitch mechanism including a link mechanism, unlike
the above first embodiment, in which an articulated ro-
botic arm includes a pitch mechanism including a first
support member and a second support member. Note
that parts similar to the first embodiment are denoted by
similar reference signs.

(Configuration of Robotic Operating table)

[0091] As illustrated in Fig. 12, a robotic operating table
500 includes a table 1 on which to place a patient, an
articulated robotic arm 510, and a control unit 3 (see Fig.
13). The articulated robotic arm 510 includes a base 511,
a horizontal articulated assembly including horizontal
joints 512, 513, and 514, a vertical articulated assembly
including vertical joints 515, 516, and 517, and a pitch
mechanism 518.
[0092] The articulated robotic arm 510 moves the table
1 with seven degrees of freedom. Specifically, with the
horizontal articulated assembly, the articulated robotic
arm 510 has three degrees of freedom to rotate about a
vertical rotation axis E1, rotate about a vertical rotation
axis E2, and rotate about a vertical rotation axis E3. Fur-
ther, with the vertical articulated assembly, the articulated
robotic arm 510 has three degrees of freedom to rotate
about a horizontal rotation axis F1, rotate about a hori-
zontal rotation axis F2, and rotate about a horizontal ro-
tation axis F3. Furthermore, with the pitch mechanism
518, the articulated robotic arm 510 has one degree of
freedom to allow the table 1 to pitch about a rotation axis
along its transverse direction (Y direction) (see Fig. 13).
[0093] Here, in the third embodiment, the rotation axis
F1 of the vertical joint 515 is disposed along a direction
that is horizontal and substantially parallel to the longitu-
dinal direction of the table 1 (X direction). The rotation
axis F2 of the vertical joint 516 is also disposed along a
direction that is horizontal and substantially parallel to
the longitudinal direction of the table 1 (X direction). The
rotation axis F3 of the vertical joint 517 is also disposed
along a direction that is horizontal and substantially par-
allel to the longitudinal direction of the table 1 (X direc-
tion). In other words, the rotation axes F1 to F3 of the
vertical joints 515 to 517 of the vertical articulated as-
sembly are disposed along a direction that is horizontal
and substantially parallel to the longitudinal direction of
the table 1 (X direction).
[0094] Also, in the third embodiment, the articulated
robotic arm 510 causes the table 1 to pitch about an axis
along the transverse direction (Y direction) by using the
pitch mechanism 518. The pitch mechanism 518 is sup-

ported on the vertical articulated assembly. Moreover,
the pitch mechanism 518 supports the table 1. Specifi-
cally, the pitch mechanism 518 supports the table 1 at a
position near its end on the X2 direction side.
[0095] As illustrated in Fig. 14, the horizontal joints 512
to 514, the vertical joints 515 to 517, and the pitch mech-
anism 518 are each driven by a drive mechanism 27.
The drive mechanism 27 includes a motor 271, a first
reducer 272 that outputs the rotation of the motor 271
while reducing the speed of the rotation, and a second
reducer 275 that outputs the rotation of the first reducer
272 while reducing the speed of the rotation. The drive
mechanism 27 further includes gearing 273 and an elec-
tromagnetic brake 274.
[0096] Also, the motor 271 includes an encoder 271a
and an incorporated electromagnetic brake 271b. Fur-
ther, the electromagnetic brake 274 is mounted on a ro-
tation shaft of the second reducer 275. The electromag-
netic brakes 271b and 274 brake the joint. The encoder
271a detects the amount of drive of the motor 271 and
transmits the result of the detection to the control unit 3.
The rotation axis of each of the horizontal joints 512 to
514 is disposed to coincide with the axis of the output
rotation shaft of the corresponding second reducer 275.
The rotation axis of each of the vertical joints 515 to 517
is disposed to coincide with the axis of the output rotation
shaft of the corresponding second reducer 275.
[0097] The motor 271 includes a servomotor. The mo-
tor 271 is driven through control by the control unit 3. The
first reducer 272 and the second reducer 275 each in-
clude a reducer such as a reducer with strain wave gear-
ing or a reducer with eccentric oscillation-type planetary
gearing, for example. Note that the horizontal joints 512
to 514 may each include a single reducer as illustrated
in Fig. 3.
[0098] As illustrated in Fig. 15, the pitch mechanism
518 supports one end of the table 1 such that the one
end of the table 1 is rotatable about a rotation axis for
pitching. Moreover, the pitch mechanism 518 includes a
link mechanism including a rotary part 521, a pivot 522,
a link 523, a pivot 524, a slider 525, and a rail 526. As
illustrated in Fig. 15 and Fig. 16, the pitch mechanism
518 is capable of causing the table 1 to pitch up to an
angle of θ3 with respect to the horizontal direction as
seen from the Y direction.
[0099] The rotary part 521 is connected to the output
rotation shaft of the second reducer 275 of one of the
drive mechanisms 27 and rotates about the rotation axis.
The link 523 is connected to the rotary part 521 through
the pivot 522. The pivot 522 is connected to the rotary
part 521 with a predetermined distance left between the
pivot 522 and the center line of rotation of the rotary part
521. Thus, the pivot 522 moves in the circumferential
direction of the rotary part 521 as the rotary part 521
rotates.
[0100] Also, the slider 525 is connected to the table 1
side of the link 523 through the pivot 524. The slider 525
is capable of moving horizontally along the rail 526. More-
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over, the link 523 is connected to the table 1 to support
the one end of the table 1. Thus, the table 1 is caused to
pitch as the link 523 tilts with respect to the horizontal
direction.
[0101] As illustrated in Fig. 16, as the rotary part 521
rotates clockwise, the pivot 522 is caused to revolve such
that the end of the link 523 on the pivot 522 side is moved
downward. Hence, the slider 525, connected to the pivot
524, is moved toward the table 1 side and the end of the
link 523 on the table 1 side is moved upward. As a result,
the table 1, connected to the link 523, is caused to pitch
clockwise, as illustrated in Fig. 16. Similarly, the table 1
is caused to pitch counterclockwise by rotating the rotary
part 521 counterclockwise.
[0102] Note that the other features of the configuration
in the third embodiment are similar to the above first em-
bodiment.

(Advantageous Effects of Third Embodiment)

[0103] The third embodiment can offer the following
advantageous effects.
[0104] As explained above, in the third embodiment,
the rotation axes of the vertical joints 515, 516, and 517
of the articulated robotic arm 510 are disposed along a
direction that is horizontal and substantially parallel to
the longitudinal direction of the table 1 (X direction), as
in the first embodiment. In this way, it is possible to down-
size the articulated robotic arm 510, which moves the
table 1 with a patient 10 placed thereon on whom a sur-
gical operation is to be performed, while ensuring that
the vertical joints 515, 516, and 517 of the articulated
robotic arm 510 have strength to withstand loads thereon.
[0105] Also, in the third embodiment, as explained
above, each drive mechanism 27 is provided with the
motor 271, the first reducer 272, which outputs the rota-
tion of the motor 271 while reducing the speed of the
rotation, and the second reducer 275, which outputs the
rotation of the first reducer 272 while reducing the speed
of the rotation. Moreover, the rotation axis of each of the
vertical joints 515, 516, and 517 is disposed to coincide
with the axis of the output rotation shaft of the correspond-
ing second reducer 275. In this way, the speed of rotation
can be reduced at two stages by the first reducer 272
and the second reducer 275. Thus, the output torque of
the motor 271 of each of the vertical joints 515, 516, and
517 can be effectively increased. As a result, the maxi-
mum output of the motor 271 can be small, thereby al-
lowing downsizing of the motor 271 of each of the vertical
joints 515, 516, and 517.
[0106] Note that the other advantageous effects of the
third embodiment are similar to the above first embodi-
ment.

(Modifications)

[0107] Note that the embodiment disclosed this time
should be considered exemplary in all aspects and not

limiting. The scope of the present invention is indicated
by the claims rather than the explanation of the above
embodiment and also embraces all changes that come
within the meaning and range of equivalents of the
claims.
[0108] For example, although the example with a hy-
brid operating room system including a radiographic im-
aging apparatus provided in the hybrid operating room
together with a robotic operating table has been present-
ed in the above first to third embodiments, the present
invention is not limited to this example. In the present
invention, a magnetic resonance imaging apparatus that
captures a magnetic resonance image of a patient may
be provided in the hybrid operating room together with a
robotic operating table. Note that both a radiographic im-
aging apparatus and a magnetic resonance imaging ap-
paratus may be provided in the hybrid operating room
together with a robotic operating table.
[0109] Also, although the example with the configura-
tion in which a single radiographic imaging apparatus is
provided in the hybrid operating room has been present-
ed in the above first to third embodiments, the present
invention is not limited to this example. In the present
invention, multiple radiographic imaging apparatuses
may be provided in the hybrid operating room.
[0110] Also, although the example with the configura-
tion in which the horizontal articulated assembly includes
three horizontal joints has been presented in the above
first to third embodiments, the present invention is not
limited to this example. In the present invention, the hor-
izontal articulated assembly may include one or two hor-
izontal joints or include four or more horizontal joints.
[0111] Also, although the example with the configura-
tion in which the vertical articulated assembly includes
three vertical joints has been presented in the above first
to third embodiments, the present invention is not limited
to this example. In the present invention, the vertical ar-
ticulated assembly may include one or two vertical joints
or include four or more vertical joints.
[0112] Also, although the example with the configura-
tion in which the horizontal joints and the vertical joints
each include a servomotor, a reducer, and an electro-
magnetic brake has been presented in the above first
and second embodiments, the present invention is not
limited to this example. In the present invention, each
joint may include a servomotor incorporating a first elec-
tromagnetic brake, a first reducer, a second reducer, and
a second electromagnetic brake mounted on a rotation
shaft of the second reducer. Then, the horizontal joints
and the vertical joints may each be rotated about the
corresponding rotation axis by driving the corresponding
servomotor. With this configuration, the drive torque of
each joint can be large, and also the safety of each joint
can be improved.
[0113] Also, each horizontal joint may be driven
through a single reducer, and each vertical joint may be
driven through multiple reducers.
[0114] Also, although the example with the configura-
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tion in which the articulated robotic arm has seven de-
grees of freedom has been presented in the above first
to third embodiments, the present invention is not limited
to this example. In the present invention, the robotic arm
may have six or fewer degrees of freedom or have eight
or more degrees of freedom.
[0115] Also, although the example with a C-arm radi-
ographic imaging apparatus including an X-ray irradia-
tion part and an X-ray detection part supported on a C-
arm has been presented in the above first to third em-
bodiments, the present invention is not limited to this ex-
ample. In the present invention, for example, the radio-
graphic imaging apparatus may include an X-ray irradi-
ation part and an X-ray detection part disposed and sup-
ported to face each other in the vertical direction.
[0116] The above-described aspects may be com-
bined with each other as practicable within the contem-
plated scope of embodiments. The above described em-
bodiments are to be considered in all respects as illus-
trative, and not restrictive. The illustrated and described
embodiments may be extended to encompass other em-
bodiments in addition to those specifically described
above without departing from the intended scope of the
invention. The scope of the invention is to be determined
by the appended claims when read in light of the speci-
fication including equivalents, rather than solely by the
foregoing description. Thus, all configurations including
configurations that fall within equivalent arrangements of
the claims are intended to be embraced in the invention.

Claims

1. An operating table comprising:

a table on which to place a patient;
a base buried or fixed to a floor; and
an articulated robotic arm including first end sup-
ported on the base and a second end supporting
the table,
wherein
the robotic arm includes at least one vertical
joint, and
a rotation axis of the vertical joint is positioned
along a direction that is horizontal and substan-
tially parallel to a longitudinal direction of the ta-
ble.

2. The operating table according to claim 1, wherein
the articulated robotic arm supports the table at a
position near the first end in the longitudinal direction
of the table.

3. The operating table according to claim 1 or 2, where-
in
the robotic arm includes a plurality of the vertical
joints, and
the rotation axis of each of the vertical joints is posi-

tioned along a direction that is horizontal and sub-
stantially parallel to the longitudinal direction of the
table.

4. The operating table according to one of claims 1 to
3, wherein
the robotic arm further includes a drive mechanism
that drives the vertical joint,
the drive mechanism includes a motor and a reducer
that reduces speed of rotation transmitted from the
motor, and
the rotation axis of the vertical joint is positioned to
coincide with an axis of an output rotation shaft of
the reducer.

5. The operating table according to one of claims 1 to
3, wherein
the robotic arm further includes a drive mechanism
that drives the vertical joint,
the drive mechanism includes a motor, a first reducer
that reduces speed of rotation transmitted from the
motor, and a second reducer that reduces speed of
rotation transmitted from the first reducer, and
the rotation axis of the vertical joint is positioned to
coincide with an axis of an output rotation shaft of
the second reducer.

6. The operating table according to one of claims 1 to
5, wherein
the robotic arm includes a horizontal articulated as-
sembly including horizontal joints and a vertical ar-
ticulated assembly including a plurality of the vertical
joints,
a first end of the horizontal articulated assembly is
supported on the base and a second end of the hor-
izontal articulated assembly supports a first end of
the vertical articulated assembly, and
a second end of the vertical articulated assembly
supports the table.

7. The operating table according to claim 6, wherein
the horizontal articulated assembly includes three
horizontal joints, and the vertical articulated assem-
bly includes three vertical joints.

8. The operating table according to claim 6, wherein
the robotic arm causes the table to yaw about an
axis along a vertical direction by using at least one
of the horizontal joints.

9. The operating table according to one of claims 1 to
8, wherein the robotic arm causes the table to roll
about an axis along the longitudinal direction by us-
ing the at least one vertical joint.

10. The operating table according to one of claims 1 to
9, wherein the robotic arm includes a pitch mecha-
nism that supports the table and causes the table to
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pitch.

11. The operating table according to claim 10, wherein
the pitch mechanism includes a first ball screw ar-
ranged such that a shaft thereof extends in a vertical
direction, a second ball screw that is positioned such
that a shaft thereof extends in the vertical direction,
a first support member that supports the table and
is moved in the vertical direction by the first ball
screw, and a second support member that supports
the table and is moved in the vertical direction by the
second ball screw, and
the first support member and the second support
member are positioned away from each other by a
predetermined distance in a direction parallel to the
longitudinal direction of the table.

12. The operating table according to claim 10, wherein
the pitch mechanism includes a pitch-support mem-
ber supporting the first end of the table such that the
first end of the table is rotatable about a rotation axis
along a transverse direction of the table.

13. The operating table according to claim 10, wherein
the robotic arm includes a horizontal articulated as-
sembly including horizontal joints and a vertical ar-
ticulated assembly including a plurality of the vertical
joints,
a first end of the horizontal articulated assembly is
supported on the base and a second end of the hor-
izontal articulated assembly supports a first end of
the vertical articulated assembly, and
the pitch mechanism is supported on a second end
of the vertical articulated assembly.

14. The operating table according to one of claims 1 to
13, wherein
the table includes a radiolucent part and a support
part supporting the radiolucent part, and
the second end of the robotic arm supports the sup-
port part, which is situated on the first end side of
the table.

15. A hybrid operating system comprising:

the operating table according to one of claims 1
to 14; and
at least one imaging apparatus selected from a
radiographic imaging apparatus that captures a
radiographic projection image of a patient and
a magnetic resonance imaging apparatus that
captures a magnetic resonance image of a pa-
tient.
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