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(57) ABSTRACT

A robotized bed according to one or more embodiments may
include a table for placing a patient, and a robot arm
configured to support the table by a distal end, and including
a base, a first movable element supported by the base and a
second movable element coupled to the first movable ele-
ment by a horizontally-rotating joint, wherein the robot arm
is configured to move the table to a plurality of predeter-
mined positions including a treatment position for a doctor
to treat a patient, wherein the robotized bed is configured so
that the robotic arm do not come in contact with the table,
when the robot arm rotates the table while maintaining the
table parallel to the horizontal plane.

‘ja?a

131,14
181, 161

135. 14
185, 16

o,

&

JEERA
; Egg %gg 132, 142,
9 162 169



Patent Application Publication  Oct. 11,2018 Sheet 1 of 33 US 2018/0289574 A1

172 108 171 |

SORITANE ’k
% ?5@ 164 183, 143,

; 132,142,
135, 145, 15 162 152, 162

155, 165

136, ”I
156, 166

o 3
KN ey
[
L)
V%
Sy
: 3
g g
f
&



Patent Application Publication  Oct. 11,2018 Sheet 2 of 33 US 2018/0289574 A1

FIG. 2

+-— ENCODER

¢

w Pl e M QTO R

~m = MOTOR SHAFT

AL ST ] 33841,




Patent Application Publication

Oct. 11,2018 Sheet 3 of 33 US 2018/0289574 A1

41

Y

3 153143,
e 153, 163

/ot
N 152, 162

22 141,

101 181, 161

125,136, 146,
156, 166




Patent Application Publication  Oct. 11,2018 Sheet 4 of 33 US 2018/0289574 A1

54164 )

w 3
Pr
,
P
-
R Bt D o
RS o
r i
wj G
™ .
L} s vifn . PR
o - he
A o
N
% > %

1221 431041
{01 181,161 |




Patent Application Publication

Fig. ©

Oct. 11,2018 Sheet 5 of 33

411

US 2018/0289574 A1

i

-FV,,.}"'

. 12 441
S 125,136, 146,

132,142,
152,162

A3 14T,
N 151161 |

156, 166




Patent Application Publication  Oct. 11,2018 Sheet 6 of 33 US 2018/0289574 A1

734, 744,
754, 764

4
{

732,742
752, 762
N

721 ! F;_ ‘ ¥ _




Patent Application Publication  Oct. 11,2018 Sheet 7 of 33 US 2018/0289574 A1




Patent Application Publication

FIG.10

1072

1075 | 1008

Oct. 11,2018 Sheet 8 of 33

1071

US 2018/0289574 A1

1074
&

1031, 1041,

11051, 1061

1007

1082, 4
1042, 1001
1052,

\
1073



Patent Application Publication

(

1132, 1142,

o o

Oct. 11,2018 Sheet 9 of 33

1124 1172 4

!

US 2018/0289574 A1

121

152, 1162 [

T

L G

1131, 1141,

st et

,,,,,

FIG.12

1208

& 3

1233, 1243,

12

7
v

12N

| 1275 1274

e 2 |
1223 T
JT3

4
1

1201

1221

)

1231, 1241,

|2 1261

i
1

23é, 1242,
252 1262

) |
1222

\

\*12?3



Patent Application Publication  Oct. 11,2018 Sheet 10 of 33

FIG.13

US 2018/0289574 A1

1312 { |

"\‘%“M.‘ o : 3

0241038, e 1033,
1064, 1035, ., =’

10451055,

1065 .

{043, 1022

)

L

DN

11032, 1042, 4

1001

1. - 1021

1031, 1041, |
1061, 1061




Patent Application Publication

FIG.14

Oct. 11,2018 Sheet 11 of 33

US 2018/0289574 A1

1033, 1043,
1024, 1034,
1044, 1054,

1045, 1055,
1065

1083, 1063~ °

1064, 1035, ~~-._

" 1032, 1042, -
0521062 1

\}
1001

{F"”’ 1021

1031, 1041,
1051, 1061




Patent Application Publication

FIG.15

Oct. 11,2018 Sheet 12 of 33

US 2018/0289574 A1

1312
N

g

1033, 1043,
1024, 1034,
1044, 1054,

1045, 1055,
1065

(LN

S >

1064, 1035, ..

Y 1032, 1042,
lIIIIIII 1052, 1062

1021

1051, 1061




Patent Application Publication  Oct. 11,2018 Sheet 13 of 33  US 2018/0289574 Al

FIG.16

1734, 1744, 1736, 1746,
17541764 1756, 1766

%
s Y

i
o8 L um | Jus e iz
\ 3 : 1

L

i

T

17311741,
1751 1761
i 1 e 1707

1733,1743,
1753, 1163




Patent Application Publication Oct. 11,2018 Sheet 14 of 33  US 2018/0289574 Al

| 1833, 1843,
1875 1853, 1863

1808 | 1871t ../ 1872

1874 \—”T S - | pp NS .o . __W;;,.“i”B{Z‘?

1823 1 _ Cogrl 1831, 1841,
7 §$‘m 1851, 1861

11 ek -
1832, 1842, .~ L i
3 ) ey ]«i 1807

1853, 1863~ 573




Patent Application Publication

Oct. 11,2018 Sheet 15 of 33 US 2018/0289574 A1

1733,1743, _.
1753, 1763

1708~

s

1734, 1744,
1754, 1764

ey s
e g E
X

T s e o 2 Sl

1732, 1742,
1752, 1762

: -
/
] @ 1

’ f, 1707

Dl

Sz,

1735, 1745, 1755, 1765 4
1736, 1746, 1756, 1766

¥

1700




Patent Application Publication  Oct. 11,2018 Sheet 16 of 33

FIG.20

US 2018/0289574 A1

1754 1764 | Q.

795 0N
YV NP

1733, 1743,
1753, 1763~ -

g TR




Patent Application Publication

FIG.21

Oct. 11,2018 Sheet 17 of 33

1736, 1748,
1756, 1766

1755, 1765 .-

u
o

L T 1734, 1744,

v
R

1912

o
> ) 17311741,
[ #1151, 1761

f» 1752, 1762

i3
i

1754, 1764

US 2018/0289574 A1



Patent Application Publication  Oct. 11,2018 Sheet 18 of 33  US 2018/0289574 A1l

FIG.22A




Patent Application Publication  Oct. 11,2018 Sheet 19 of 33  US 2018/0289574 Al

FIG.23A

2309 2308

P [
A, ,f\;f// T T T 7

e
§:
/
i
2383

FIG.23B

2309

=




Patent Application Publication  Oct. 11,2018 Sheet 20 of 33  US 2018/0289574 Al

FIG.24

ﬁv‘“’w

1 133,143,
A 153, 163

D) 154,164

N

LA ) Y
8185 |\
L ..;,-‘»**"7"““”‘”\'%‘“»«,N_N \“ 131, 141,
NN g
101
125, 136, 146,
{56, 166




Patent Application Publication  Oct. 11,2018 Sheet 21 of 33  US 2018/0289574 Al

FIG.25

- '«,l ) 5

123 132, 142,
152,162

N ERT RN S
Y- 158,165 1 Y 931 144
* g I /1 151,161

101




Patent Application Publication  Oct. 11,2018 Sheet 22 of 33  US 2018/0289574 Al

FIG.26

411

e ¥
Ed !
« ; :
N * & ¥ \
o 2 | S ! ¥
¥ : A i
4 ol Be 5
v i B i
i

413 133, 143,
L g 183,163

1B
S AN/ 152,182

o N betar]
QTR & |
|\ 156, 154 ‘»
. 135, 145, \?’
B S A 141

129

\
J
101

y
b
i
|
;

414



Patent Application Publication  Oct. 11,2018 Sheet 23 of 33  US 2018/0289574 A1l

FIG.27

2709, -
2739, 2749, 2121

280,276 g5 yig 2720 |
‘ g mm
}

ol 2731 2741,
T 2751, 2761

e R AT AT

]
2735, 2145,
2755, 2765 3]
R Y 2707
2732,2142, 470
152,976 419

2733, 2743,
2753, 7763

Pl
]
oy S
Cad
el
sl
%]
Sosaef
ey SR
Tk



Patent Application Publication  Oct. 11,2018 Sheet 24 of 33  US 2018/0289574 A1l

FIG.28

i

014, 7738, e 27332743, 2122
au o5, (OO 2rs32res |

7764 9735, . o )
i > o] i\ 2721

e’ <L Lo om0
2187 /7 g1pn 2752, 2162 \ 9731 9741
709 e | 2060 206

f;/r_—ﬂ




Patent Application Publication

FIG.29

Oct. 11,2018 Sheet 25 of 33

US 2018/0289574 A1

2124, 7734,

2744,2754,
2164, 2133, »,
2145, 2755, -
2165

L

2708—" v“;*\%{ &
2007 e

.\ﬂ2732'z742 Es

2752, 2762 4,

12723 §
2001

2731, 2741, |
2751, 2761 |




Patent Application Publication Oct. 11,2018 Sheet 26 of 33  US 2018/0289574 Al

FIG.30

— 722702
%12 | 2752, 2162

2724,2734,
2744, 2754,
L LR

et | 2751, 9761

is

S

%




Patent Application Publication  Oct. 11,2018 Sheet 27 of 33  US 2018/0289574 Al

FIG.31A




Patent Application Publication  Oct. 11,2018 Sheet 28 of 33  US 2018/0289574 Al

FIG.32A

3290~




Patent Application Publication  Oct. 11,2018 Sheet 29 of 33  US 2018/0289574 Al

FIG.33




Patent Application Publication  Oct. 11,2018 Sheet 30 of 33  US 2018/0289574 Al

FIG.35

331‘; 'w‘k‘,\.\& ‘

h




Patent Application Publication  Oct. 11,2018 Sheet 31 of 33  US 2018/0289574 Al

FIG.37

FIG.38




Patent Application Publication  Oct. 11,2018 Sheet 32 of 33  US 2018/0289574 Al

e 1708

- 1724

e,
1725

FIG.39



AY1d SO

US 2018/0289574 A1

HOLINCA | | -
| nouwzdgoww I ,
| 1 WOSN3S LO3rE0
ERIENSRECRECE —— ‘
B N OVEEVETS RYISYEERER

i HOSNIS
JUNLYNISNIL INTIGNY

ADIAZA DONISYIRONI | ‘ — ,
 FHfivH3dnNGE | - LING OLLFWHLRY

HOSNEg
SHNLVNEIdNG L 318V

20103130 NOIWLISOA | e SOV

Oct. 11,2018 Sheet 33 of 33

 LINN ONDIOVEL ] HOSNES tHOlEM

{
)

B

DUANOVNONIOETH | — e
“ © UNNONiLLEs | 1 HOSNIS LHOIEH

[
f
[
!
: , N
4
t
i
I
¢
t
I
[

HOIVNLOY

. | | uoSNES FONVLSIA
WY LO80 HATIONINOD | | Ml _ ,

Oy Old

Patent Application Publication



US 2018/0289574 A1l

ROBOTIZED BED

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/JP2015/006208, filed on
Dec. 11, 20153, entitled “ROBOTIZED BED”, the entire
contents of which are incorporated herein by reference.

BACKGROUND
[0002] The disclosures relate to a robotized bed for medi-
cal purposes.
[0003] Inrecent years, arobotized bed supporting a bed or

a table by a robot arm is being introduced for medical use,
and it is used for efficiency in a medical field.

[0004] Such robotized beds are used, for example, for
radiation therapy (see, e.g., Japanese Unexamined Patent
Publication No. 2009-131718 (document 1)) and for angiog-
raphy (see, e.g., U.S. Pat. No. 8,548,629 (document 2)). In
many cases, the robotized beds used for such purposes are
intended to achieve accurate positioning of a patient during
treatment and imaging.

[0005] Many of such robotized beds used for medical
purposes utilize vertically-articulated robotic arms, and are
large in size. It is advantageous, however, that the robotized
beds for use in medial spaces, where only a limited space is
available, be small in size and have a space-saving structure.
[0006] In view of the foregoing, it is therefore an object of
one or more disclosure to provide a compact robotized bed
with a space-saving structure capable of being introduced
even in a limited medical space.

SUMMARY

[0007] To solve the above problems, a robotized bed
according to one or more embodiments may include a table
for placing a patient, and a robot arm configured to support
the table by a distal end, and including a base, a first movable
element supported by the base and a second movable
element coupled to the first movable element by a horizon-
tally-rotating joint, wherein the robot arm is configured to
move the table to a plurality of predetermined positions
including a treatment position for a doctor to treat a patient,
wherein the robotized bed is configured so that the robotic
arm do not come in contact with the table, when the robot
arm rotates the table while maintaining the table parallel to
the horizontal plane.

[0008] A robotized bed according to one or more embodi-
ments may include a table for placing a patient, and a robot
arm configured to support the table by a distal end, and
including a base, a first movable element supported by the
base, a second movable element coupled to the first movable
element by a first horizontally-rotating joint and a third
movable element coupled to the second movable element by
a second horizontally-rotating joint, wherein the robot arm
is configured to move the table to a plurality of predeter-
mined positions including a treatment position for a doctor
to treat a patient, wherein the robotic arm is configured, at
one of the predetermined positions, to take a posture in
which the robotic arm is entirety hidden under the table in
a view from vertically above.

[0009] A robotized bed according to one or more embodi-
ments may include a table for placing a patient, and a robot
arm having a first end supported on a base and a second end
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supporting the table, wherein the robot arm including a
plurality of movable element and a plurality of joints each of
which couples two adjacent movable elements among the
plurality of movable elements, and the plurality of joints
include a horizontally-rotating joint, wherein the robot arm
is configured to move the table to a plurality of predeter-
mined positions including a treatment position for a doctor
to treat a patient, wherein the robotic arm is configured, at
one of the predetermined positions, to take a posture in
which the robotic arm is entirety hidden under the table in
a view from vertically above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a side view illustrating a first configura-
tion example of a robotic arm of one or more embodiments;
[0011] FIG. 2 is a schematic diagram illustrating an actua-
tor, a positioning device and a brake are configured as a
single unit of the robotic arm of one or more embodiments;
[0012] FIG. 3 is a side view illustrating the first configu-
ration example of the robotic arm of one or more embodi-
ment having a minimum number of degrees of freedom;
[0013] FIG. 4 is a plan view illustrating a medical room
where the first configuration example of the robotic arm of
one or more embodiments in which the table is located at a
placement position;

[0014] FIG. Sis a plan view illustrating the medical room
where the first configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which the table is located at an inspection preparation
position;

[0015] FIG. 6 is a plan view illustrating the medical room
where the first configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which the table is located at an inspection position;

[0016] FIG. 7 is a side view illustrating a second configu-
ration example of the robotic arm of one or more embodi-
ments;

[0017] FIG. 8 is a perspective view illustrating the second
configuration example of the robotic arm of one or more
embodiments when the table is located at an MRI scanning
position;

[0018] FIG. 9 is a perspective view illustrating a third
configuration example of the robotic arm of one or more
embodiments

[0019] FIG. 10 is a side view illustrating the third con-
figuration example of the robotic arm of one or more
embodiments;

[0020] FIG. 11 is a side view illustrating a variation of the
third configuration example of the robotic arm of one or
more embodiments;

[0021] FIG. 12 is a side view illustrating an example
configuration having a minimum number of degrees of
freedom according to the third configuration example of the
robotic arm of one or more embodiments;

[0022] FIG. 13 is a plan view illustrating a medical room
where the third configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which the table is located at the placement position;
[0023] FIG. 14 is a plan view illustrating the medical room
where the third configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which the table is in the process of moving to the inspection
position;
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[0024] FIG. 15 is a plan view illustrating the medical room
where the third configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which the table is located at the inspection position;
[0025] FIG. 16 is a perspective view illustrating a fourth
configuration example of the robotic arm of one or more
embodiments;

[0026] FIG. 17 is a side view illustrating the fourth con-
figuration example of the robotic arm of one or more
embodiments;

[0027] FIG. 18 is a side view illustrating an example
configuration having a minimum number of degrees of
freedom according to the fourth configuration example of
the robotic arm of one or more embodiments;

[0028] FIG. 19 is a plan view illustrating a medical room
where the fourth configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which the table is located at the placement position;
[0029] FIG. 20 is a plan view illustrating the medical room
where the fourth configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which the table is in the process of moving to the inspection
position;

[0030] FIG. 21 is a plan view illustrating the medical room
where the fourth configuration example of the robotic arm of
one or more embodiment is arranged, and shows a state in
which the table is located at the inspection position;
[0031] FIGS. 22A and 22B are plan and perspective views
illustrating an example slide mechanism used in a fifth
configuration example of the robotic arm of one or more
embodiments;

[0032] FIGS.23A and 23B are plan and perspective views
illustrating an example slide mechanism used in the fifth
configuration example of the robotic arm of one or more
embodiments and is capable of being controlled to slide by
the actuation of an actuator;

[0033] FIG. 24 is a plan view illustrating a medical room
where the fifth configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which the table is located at the placement position;
[0034] FIG. 25 is a plan view illustrating the medical room
where the fifth configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which the table is located at inspection preparation position;
[0035] FIG. 26 is a plan view illustrating the medical room
where the fifth configuration example of the robotic arm of
one or more embodiments is arranged, and shows a state in
which a slide plate is located at the inspection position;
[0036] FIG. 27 is a side view illustrating another example
according to the fifth configuration example of the robotic
arm of one or more embodiments;

[0037] FIG. 28 is a plan view illustrating a medical room
where another example according to the fifth configuration
example of the robotic arm of one or more embodiments is
arranged, and shows a state in which the table is located at
the placement position;

[0038] FIG. 29 is a plan view illustrating the medical room
where another example according to the fifth configuration
example of the robotic arm of one or more embodiments is
arranged, and shows a state in which the table is in the
process of moving to the inspection preparation position;
[0039] FIG. 30 is a plan view illustrating the medical room
where another example according to the fifth configuration
example of the robotic arm of one or more embodiments is
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arranged, and shows a state in which the table that has
reached the inspection preparation position is slid by the
slide mechanism and then reaches the inspection position;
[0040] FIGS. 31A-31C are side views illustrating
examples in which the robotic arm of one or more embodi-
ments is controlled by a warpage correction function;
[0041] FIGS. 32A-32C are side views illustrating other
examples in which the robotic arm of one or more embodi-
ments is controlled by the warpage correction function;

[0042] FIG. 33 is a perspective view illustrating an MRI
apparatus;
[0043] FIG. 34 is a perspective view illustrating a case

where another example according to the fifth configuration
example of the robotic arm of one or more embodiment is
applied to an intraoperative MRI, and shows a state in which
the table is located at the treatment position;

[0044] FIG. 35 is a perspective view illustrating a case
where another example according to the fifth configuration
example of the robotic arm of one or more embodiments is
applied to the intraoperative MRI, and shows a state in
which the table is located at the MRI scanning preparation
position;

[0045] FIG. 36 is a perspective view illustrating a case
where another example according to the fifth configuration
example of the robotic arm of one or more embodiments is
applied to the intraoperative MRI, and shows a state in
which the table is located at the MRI scanning position;
[0046] FIG. 37 is a perspective view illustrating a case
where the fourth configuration example of the robotic arm of
one or more embodiments is combined with an angiographic
apparatus, and shows a state before the table is inserted in
the C-shaped arm of the angiographic apparatus;

[0047] FIG. 38 is a perspective view illustrating a case
where the fourth configuration example of the robotic arm of
one or more embodiments is combined with the angio-
graphic apparatus, and shows a state after the table is
inserted in the C-shaped arm of the angiographic apparatus;
[0048] FIG. 39 is a perspective view illustrating a case
where the fourth configuration example of the robotic arm of
one or more embodiments is combined with a surgical robot;
and

[0049] FIG. 40 is a block diagram illustrating a configu-
ration of a controller.

DETAILED DESCRIPTION

[0050] Embodiments are explained with refereeing to
drawings. In the respective drawings referenced herein, the
same constituents are designated by the same reference
numerals and duplicate explanation concerning the same
constituents is basically omitted. All of the drawings are
provided to illustrate the respective examples only. No
dimensional proportions in the drawings shall impose a
restriction on the embodiments. For this reason, specific
dimensions and the like should be interpreted with the
following descriptions taken into consideration. In addition,
the drawings include parts whose dimensional relationship
and ratio are different from one drawing to another.

[0051] In medical scenes, efforts have been made to
improve the medical settings for more efficient and accurate
treatment, inspection, measurement, etc., while maintaining
safety in various scenes. Embodiments suggest introducing,
into the medical settings, a robotized bed whose table, on
which a target is to be placed, is supported by a robotic arm
having multiple degrees of freedom (i.e., three or more
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degrees of freedom), thereby enhancing the efficiency and
accuracy in the treatment, inspection, measurement, etc.

[0052] [Configuration of Robotized Bed]
First Configuration Example
[0053] FIG. 1 shows a side view of a robotized bed

according to a first configuration example. A robotic arm 101
for use in this robotized bed has multiple degrees of freedom
(i.e., three or more degrees of freedom), and has a distal end
supporting a table 108 on which a target is placed. The table
108 and the robotic arm 101 form the robotized bed.
[0054] As shown in FIG. 1, the robotic arm 101 includes
a base 121, a plurality of movable elements (first to fourth
movable elements 122-125 in the present configuration
example) and a plurality of joints (first to sixth joints
131-136 in the present configuration example).

[0055] The base 121 and one end portion of the first
movable element 122 are coupled together by the first joint
131 which is a linearly movable joint in a vertical direction.
The first joint 131 enables the movable element 122 to move
in a first axial direction (i.e., in a vertical direction). The
other end portion of the first movable element 122 and one
end portion of the second movable element 123 are coupled
together by a horizontally-rotating joint, which enables the
movable element 123 to rotate about a second axis (the
vertical direction). The other end portion of the second
movable element 123 and one end portion of the third
movable element 124 are coupled together by a horizontally-
rotating joint, which enables the third movable element 124
to rotate about a third axis (the vertical direction). The fourth
to sixth joints 134-136 between the third movable element
124 and the fourth movable element 125 are rotating joints
which rotate about fourth to sixth axes, respectively. The
direction of the fourth axis corresponds to a longitudinal
direction of the third movable element 124. The fifth axis
corresponds to a direction orthogonal to the fourth axis and
is rotated by the fourth joint 134. The sixth axis corresponds
to a direction orthogonal to the fifth axis and is rotated by the
fifth joint 135. Note that in FIG. 1 the movement directions
of the first to sixth joints 131-136 are indicated by arrows
JT1-JT6, respectively.

[0056] Each of the second movable element 123 and the
third movable element 124 is a rod-like member extending
in a particular direction, with its length appropriately
designed according to a required range of movement of the
robotic arm 101. The “one end portion” of a movable
element extending in a particular direction refers to either
one of the two end regions when the movable element is
equally divided into three regions in the particular direction
(i.e., the longitudinal direction). The “other end portion” of
the movable element extending in the particular direction
refers to the end portion opposite to the one end portion of
the two end regions of the three equally-divided regions of
the movable element in the particular direction (i.e., the
longitudinal direction). If it is simply called the “end por-
tion,” it refers to either the one end portion or the other end
portion. The portion between both of the two end portions is
called a “middle portion.”

[0057] The fourth movable element 125 is provided at the
distal end of the robotic arm 101. In the present configura-
tion example, the distal end of the robotic arm 101 is fixed
on a lower surface of one end portion of the table 108
extending in a particular direction.
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[0058] The robotic arm 101 includes a plurality of actua-
tors (first to sixth actuators 141-146 in the present configu-
ration example) associated with the first to sixth joints
131-136 to move or rotate the first to fourth movable
elements 122-125, a plurality of position detectors (first to
sixth position detectors 151-156 in the present configuration
example) built in the respective joints to detect the positions
of the respective movable elements, and a controller 107
(see FIG. 1) which controls the actuation of the respective
actuators. The controller 107 is provided in the base 121, but
may also be an independent external device, for example.
[0059] The first to sixth actuators 141-146 may be servo
motors, for example. Encoders which detect a rotation angle
or a direction of a motor are generally used as the position
detectors, but resolvers or potentiometers may also be used
as the position detectors.

[0060] It is recommended that the robotic arm 101 further
include first to sixth electromagnetic brakes 161-166 asso-
ciated with the first to sixth joints 131-136, respectively. If
the robotic arm 101 does not include any electromagnetic
brakes, the posture of the robotic arm 101 is maintained by
actuating the plurality of actuators 141-146. If the robotic
arm 101 includes the electromagnetic brakes, the posture of
the robotic arm 101 may be maintained by turning the
electromagnetic brakes on even if some of the actuators are
turned off.

[0061] In the case where the electromagnetic brakes are
provided, each of the first to sixth electromagnetic brakes
161-166 is configured to turn its brake function on when no
drive current is supplied to the associated one of the actua-
tors, and to turn its brake function off when a drive current
is supplied to the actuator.

[0062] In many cases, a motor functioning as the actuator,
an encoder functioning as the position detector, and the
brake are integrated together as a unit as shown in FIG. 2.
Further, each of the first to sixth actuators 141-146 is
provided with a deceleration mechanism for power trans-
mission, a coupling, etc.

[0063] 1In the above example, the robotic arm 101 shown
in FIG. 1 has 6 degrees of freedom. However, the degrees of
freedom of the robotic arm of embodiments do not have to
be 6, but may be 5 or less or 7 or more. It is nevertheless
recommended that the degrees of freedom of the robotic arm
be 3 or more so that the table 108 can move at least in a
straight manner in the room. FIG. 3 shows an example
robotized bed having 3 degrees of freedom. In FIG. 3, the
robotic arm 301 includes a base 321 and two movable
elements 322 and 323. The base 321 and one end portion of
the first movable element 322 are coupled together by a first
joint 331 traveling vertically straight, which enables the first
movable element 322 to move in a first axial direction (in a
vertical direction). The other end portion of the first movable
element 322 and one end portion of the second movable
element 323 are coupled together by a horizontally-rotating
joint, which enables the second movable element 323 to
rotate about a second axis (the vertical direction). The other
end portion of the second movable element 323 serves as the
distal end of the robotic arm 301, and is coupled to one end
portion of the table 308 by a horizontally-rotating joint.
[0064] The robotized bed having the above configurations
makes it possible to move the table, on which the target has
been placed, to a target position, such as an inspection
position and a treatment position, accurately and quickly,
thus achieving significant improvement in the efficiency of
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the inspection and treatment in medical settings. For
example, compared to the configuration in which a table
with a caster is used to move the patient, the table may be
moved more smoothly without shaking the patient too much,
and may be prevented from being tangled with a lot of cords
of medical equipment and the tubes of medical instruments
which run on the floor of the medical room, and can be
prevented from being wobbled by stepping over the cords
and tubes. This thus improves safety and transfer efficiency.
[0065] Examples of the target positions of the robotized
bed include: a placement position where a target, such as a
human being and an animal, is placed on the robotized bed;
an inspection position where an inspection is conducted
using specific inspection equipment or measurement equip-
ment; an imaging position where an image of a specific site
of the placed target is taken by CT, MRI, angiography, etc.;
a treatment preparation position where a nurse or other staff
give medical attention to the patient before treatment; and a
treatment position (including the surgical position) where a
doctor and an assistant give treatment (including surgery).
The robotized bed may be moved to different positions even
for the same purpose, if, for example, different treatments
need to be given at a plurality of sites. Specifically, the
robotized bed may be used, for example, as follows: the
table may be moved to the inspection position to inspect the
placed target for any objects like an implant which affect
MR, before being moved to the MRI scanning position; the
table may be moved to the inspection position to detect an
amount of radioactive substances deposited using a detector,
before the patient, who is a placed target, is moved to the
surgical position; the patient, who is a placed target, may be
moved to the inspection position to check his/her skin
condition, before the patient is moved to the surgical posi-
tion for skin surgery; and the table may be moved to the
imaging position for brain tomography by an MRI appara-
tus, before being moved to the surgical position for surgery
removing a brain tumor.

[0066] The movements of the table 108 supported by the
robotic arm 101 of the present example between the plurality
of positions will be described with reference to FIGS. 4-6.
[0067] FIG. 4 shows a state in which the table 108 is
located at the placement position in the process of moving
asubject, who is a placed target, from the placement position
to the inspection position where an inspection will be
conducted by an inspection device. FIG. 5 shows a state in
which the second movable element 123 and the third mov-
able element 124 are moved by the controller 107 as the
arrows indicate, and the table 108 is rotated about the sixth
axis as the arrow indicates (in some cases, the first movable
element 122, too, is moved in the vertical direction to have
its height adjusted, and the table is rotated about the fourth
axis and/or the fifth axis to have its tilt finely adjusted),
causing the head of the subject to be directed toward the
inspection device 414. FIG. 6 shows a state in which the
table 108 is inserted in the inspection device 414, and the
subject has arrived at the inspection position. Note that the
position of the table 108 shown in FIG. 4 may also be the
treatment position. From the inspection position shown in
FIG. 6, the respective movable elements move in reverse
direction until the table 108 returns to the position shown in
FIG. 4, where a doctor 412 can give a treatment based on the
result of the inspection that has just been conducted.
[0068] The movement of the table 108 by the robotic arm
101 between the respective positions may be achieved by,
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for example, giving an instruction to move the movable
elements of the robotic arm 101 to the controller 107 through
a teaching pendant. Alternatively, the respective positions,
such as the treatment position and the inspection position,
may be stored in the controller 107 in advance. In this
configuration, giving, for example, only a forward-move-
ment instruction to the controller makes the movable ele-
ments work in such a manner that moves the table 108 to the
target position in the shortest time. The table 108 can thus be
moved to the target position more quickly and smoothly.
Further, the target position and some points on the intended
path to the target position may be designated. In this
configuration, the table 108 may automatically travel along
the intended path and arrive at the target position simply by
giving, for example, a movement start instruction to the
controller 107. To record the respective positions, the
respective positions may be directly stored by actually
guiding the robotic arm 101 to the target position through the
teaching pendant. Alternatively, the respective positions
may also be designated by inputting their x, v and z
coordinates.

[0069] The robotized bed having this compact configura-
tion may be introduced even in a limited space, and does not
constitute an obstacle during surgery, for example.

[0070] According to one or more embodiments, efficien-
cies in the medical settings may be improved through the
introduction of a robotized bed used for medical purposes
which is downsized to have a structure that does not con-
stitute an obstacle during medical practice, such as surgery.

Second Configuration Example

[0071] FIG. 7 shows a side view of a robotized bed
according to a second configuration example of one or more
embodiments. A robotic arm 701 for use in this robotized
bed is a so-called vertically articulated robotic arm having
multiple degrees of freedom (i.e., three or more degrees of
freedom), and has a distal end supporting a table 708 on
which a target is placed. The table 708 and the robotic arm
701 form the robotized bed.

[0072] As shown in FIG. 7, the robotic arm 701 includes
a plurality of movable elements (first to third movable
elements 722-724 in one or more embodiments) and a
plurality of joints (first to sixth joints 731-736 in one or more
embodiments).

[0073] A base 721 has a horizontally-rotating joint which
rotates about a first axis (a vertical direction). The base 721
and one end portion of the first movable element 722 are
coupled together by a vertically-rotating joint 732 which
rotates about a second axis orthogonal to the first axis. The
other end portion of the first movable element 722 and one
end portion of the second movable element 723 are coupled
together by a vertically-rotating joint which rotates about a
third axis that is parallel to the second axis. The second
movable element 723 is a rod-like member extending in a
particular direction, is rotated by the third axis, and has a
rotating joint 734 that is rotatable about a fourth axis which
coincides with the particular direction. The other end portion
of the second movable element 723 is coupled to one end
portion of the third movable element 724 by a vertically-
rotating joint 735 which rotates about a fifth axis that is
orthogonal to the fourth axis. The third movable element 724
also has a rotating joint 736 that is rotatable about a sixth
axis which is orthogonal to the fifth axis.
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[0074] Similarly to the second movable element 723, the
first movable element 722 is also a rod-like member extend-
ing in a particular direction, with its length appropriately
designed according to a required range of movement of the
robotic arm 701.

[0075] The third movable element 724 is provided at the
distal end of the robotic arm 701. In the present configura-
tion example, the distal end of the robotic arm 701 is fixed
on a lower surface of one end portion of the table 708
extending in a particular direction. The area where the distal
end of the robotic arm supports the table 708 may be located
at an end portion or a middle portion of the table 708. The
definitions of the “one end portion,” “other end portion,”
“end portion” and “middle portion” are the same as, or
similar to, those in the first configuration example.

[0076] The robotic arm 701 includes a plurality of actua-
tors (first to sixth actuators 741-746 in the present configu-
ration example) associated with the first to sixth joints
731-736 to move or rotate the first to third movable elements
722-724, a plurality of position detectors (first to sixth
position detectors 751-756 in the present configuration
example) built in the respective joints to detect the positions
of the respective movable elements, and a controller 707
(see FIG. 7) which controls the actuation of the respective
actuators. The controller 707 is provided in the base 721, but
may also be an independent external device, for example.
[0077] The first to sixth actuators 741-746 may be servo
motors, for example. Similarly to the first configuration
example, encoders, resolvers or potentiometers may be used
as the position detectors.

[0078] It is recommended that the robotic arm 701 further
include first to sixth electromagnetic brakes 761-766 asso-
ciated with the first to sixth joints 731-736, respectively. If
the robotic arm 701 does not include any electromagnetic
brakes, the posture of the robotic arm 701 is maintained by
actuating the plurality of actuators 741-746. If the robotic
arm 701 includes the electromagnetic brakes, the posture of
the robotic arm 701 may be maintained by turning the
electromagnetic brakes on even if some of the actuators are
turned off.

[0079] In the case where the electromagnetic brakes are
provided, each of the first to sixth electromagnetic brakes
761-766 is configured to turn its brake function on when no
drive current is supplied to the associated one of the actua-
tors, and to turn its brake function off when a drive current
is supplied to the actuator.

[0080] Similarly to the first configuration example, in
many cases, a motor functioning as the actuator, an encoder
functioning as the position detector, and the brake are
integrated together as a unit as shown in FIG. 2. Further,
each of the first to sixth actuators 741-746 is provided with
a deceleration mechanism for power transmission, a cou-
pling, etc.

[0081] The robotic arm 701 shown in FIG. 7 has 6 degrees
of freedom. However, the degrees of freedom of the robotic
arm of one or more embodiments do not have to be 6, but
may be 5 or less or 7 or more. It is nevertheless recom-
mended that the degrees of freedom of the robotic arm be 3
or more so that the table 708 can move at least in a straight
manner in the room.

[0082] The robotized bed having the above configurations
makes it possible to move the table, on which the target has
been placed, to a target position, such as an inspection
position and a treatment position, accurately and quickly,
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thus achieving significant improvement in the efficiency of
the inspection and treatment in medical settings. For
example, compared to the configuration in which a table
with a caster is used to move the patient, who is a placed
target, the table 708 may be moved more smoothly without
shaking the patient too much, and may be prevented from
being tangled with a lot of cords of medical equipment and
the tubes of medical instruments which run on the floor of
the medical room, and may be prevented from being
wobbled by stepping over the cords and tubes. This thus
improves safety and transfer efficiency.

[0083] Examples of the target positions of the robotized
bed are the same as, or similar to, those described in the first
configuration example, and description thereof will be omit-
ted here.

[0084] The robotic arm 701 according to the present
configuration example, too, is capable of moving the table
between the plurality of positions along arbitrary paths as
long as the paths are within a range of movement of the
robotic arm 701. Thus, the table may be moved to the
inspection device or any other positions by following the
same paths described in the first configuration example
shown in FIGS. 4-6. Shown in FIG. 8 for reference is a
perspective view of a state in which the placed target is a
human being to be imaged and the target position is the MRI
scanning position, and in which the table has moved from
the placement position and arrived at the MRI scanning
position.

Third Configuration Example

[0085] An appearance and a side view of a robotized bed
according to a third configuration example of one or more
embodiments are shown in FIG. 9 and FIG. 10, respectively.
A robotic arm 1001 for use in this robotized bed has multiple
degrees of freedom (three or more degrees of freedom), and
has a distal end supporting a table 1008 on which a target is
placed. The table 1008 and the robotic arm 1001 form the
robotized bed.

[0086] As shown in FIG. 10, the robotic arm 1001
includes a base 1021, a plurality of movable elements (first
to third movable elements 1022-1024 in the present con-
figuration example), and a plurality of joints (first to fifth
joints 1031-1035 in the present configuration example).
[0087] The base 1021 and one end portion of the first
movable element 1022 are coupled together by the first joint
1031 traveling vertically straight, which enables the first
movable element 1022 to move in a first axial direction (in
a vertical direction). The other end portion of the first
movable element 1022 and one end portion of the second
movable element 1023 are coupled together by a horizon-
tally-rotating joint, which enables the second movable ele-
ment 1023 to rotate about a second axis (the vertical
direction). The third to fifth joints 1033-1035 between the
second movable element 1023 and the third movable ele-
ment 1024 are joints rotating about third to fifth axes,
respectively. The third axis corresponds to a direction in
which the second movable element 1023 extends. The fourth
axis corresponds to a direction orthogonal to the third axis
about which the third joint 1033 rotates. The fifth axis
corresponds to a direction orthogonal to the fourth axis
about which the fourth joint 1034 rotates.

[0088] Each of the first movable element 1022 and the
second movable element 1023 is a rod-like member extend-
ing in a particular direction, with its length appropriately
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designed according to a required range of movement of the
robotic arm 1001. The first movable element 1022 moves up
and down, while staying parallel to the horizontal plane, and
the second movable element 1023 rotates about the second
axis, while staying parallel to the first movable element
1022. This configuration does not require the second actua-
tor 1042 to compensate for the gravity in the vertical
direction, and the motor may thus be reduced in size. This
is advantageous in downsizing the robotic arm 1001, and is
advantageous in introducing the robotic arm 1001 in the
medical settings where only a limited space is available, or
in giving a larger space for treatments and surgery.

[0089] Further, the robotized bed of the present configu-
ration example is configured such that the table 1008 does
not contact with the robotic arm 1001, no matter how much
(e.g., by 360 degrees) the table 1008 is rotated while keeping
table 1008 parallel to the horizontal plane, in a state in which
particular directions (i.e., the longitudinal directions) of the
first movable element 1022 and the second movable element
1023, which are coupled together at their end portions by a
horizontally-rotating joint, are parallel to each other when
viewed from vertically above. Specifically, the robotized bed
of the present configuration example is configured such that,
in a state in which the first movable element 1022 and the
second movable element 1023, which are coupled together
at their end portions by a horizontally-rotating joint, and the
table 1008 are arranged parallel to the horizontal plane, the
table 1008 is not level with the other movable elements and
1s located at the top. In other words, in a state in which the
distal end of the robotic arm 1001 is located at the lowermost
position of its motion range and the table 1008 takes a
position parallel to the horizontal plane, the first and second
movable elements of the robotic arm 1001 are lower than the
lower surface of the table 1008. Further, in the present
configuration example, the base 1021 is higher in height than
the lower surface of the table 1008 in order to provide a
greater range of adjustment for the vertical movement of the
table 1008, even in a state in which the distal end of the
robotic arm 1001 is located at the lowermost position of its
motion range and the table 1008 takes a position parallel to
the horizontal plane. These configurations allow the mov-
able elements of the robotic arm 1001 to be located and
housed under the table 1008, and hence allow effective use
of a limited space in the medical settings while ensuring a
sufficiently broad range for the vertical movement of the
table 1008.

[0090] This advantage can be seen clearly from FIGS.
13-15 illustrating the movement of the robotized bed accord-
ing to the third configuration example. As shown in FIG. 13,
the robotized bed of the present configuration example may
take a position in which the respective movable elements
and the table 1008 overlap one another when viewed from
vertically above. On the other hand, the robotized beds of the
first and second configuration examples have difficulty in
taking the same or similar position as the position shown in
FIG. 13 where the table is brought as close to the base as
possible to ensure a treatment space. Specifically, in the first
configuration example, the second movable element 123 and
the third movable element 124 cannot be positioned under
the table 108 and become an obstacle as shown in FIG. 4. In
the second configuration example, the table 708 may be
positioned higher, in theory, than the respective movable
elements if the table 708 is raised to a very high level.
Actually, however, positioning the table 708 at such a high

Oct. 11,2018

level causes inconvenience in giving treatment and inspec-
tion and placing a target on the table, and is therefore
impractical. As mentioned earlier, vertically articulated
robotic arms require compensation for gravity, and hence
require an actuator large in size. It is therefore difficult to
position the respective movable elements under the table
708 while supporting the table 708 from under the table 708,
as can be seen from the conceptual diagram shown in FIG.
8.

[0091] Further, it is recommended that the width of the
table 1008 is greater than the width of each of the movable
elements of the robotic arm 1001. For example, it is ben-
eficial that in a state in which particular directions (i.e., the
longitudinal directions) of the first movable element 1022
and the second movable element 1023, which are coupled
together at their end portions by a horizontally-rotating joint,
and a particular direction (i.e., the longitudinal direction) of
the table 1008 are parallel to one another when viewed from
vertically above, the first movable element 1022 and the
second movable element 1023 be hidden under the table
1008 in the direction orthogonal to the particular direction at
portions where the table 1008 overlaps with the first mov-
able element 1022 and the second movable element 1023 in
the particular direction (i.e., the longitudinal direction) when
viewed from vertically above. This configuration allows
parts of the robotic arm 1001 (that 1s, in the example of FIG.
10, all of the first movable element 1022 except the one end
portion thereof, and all of the second movable element 1023
and third movable element 1024) which overlap with the
table 1008 in the longitudinal direction of the table 1008, to
be housed under the table 1008 at least in the width direction
of the table 1008 (i.e., the direction orthogonal to the
particular direction in which the table 1008 extends) (see,
e.g., FIG. 13).

[0092] In the examples shown in FIGS. 9 and 10, one (i.e.,
the first movable element 1022) of the two movable ele-
ments (namely, the first movable element 1022 and the
second movable element 1023) which are coupled together
at their end portions by a horizontally-rotating joint is
directly coupled to the base 1021. However, the movable
element may also be indirectly coupled to the base via
another horizontally-rotating joint or a vertically-rotating
joint. In this case, as well, the advantages of ensuring a
larger space and downsizing the robotic arm are achieved, as
long as the above-described positional relationship is main-
tained and the plurality of the movable elements are housed
under the table 1008.

[0093] The third movable element 1024 is provided at the
distal end of the robotic arm 1001. In the present configu-
ration example, the distal end of the robotic arm 1001 is
fixed on a lower surface of one end portion of the table 1008
extending in the particular direction. This configuration
allows the robotic arm 1001 to move such that the other end
portion of the table 1008 is positioned as far away from the
base 1021 as possible. Supporting the table 1008 at its one
end portion increases the movable range of the table 1008,
but the table 1008 may be supported at its middle portion if
a priority is placed on the supporting strength.

[0094] The definitions of the “one end portion,” “other end
portion,” “end portion” and “middle portion” as adopted in
the above description are the same as, or similar to, those
adopted in the first and second configuration examples.
[0095] The robotic arm 1001 includes a plurality of actua-
tors (first to fifth actuators 1041-1045 in the present con-
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figuration example) associated with the first to fifth joints
1031-1035 to move or rotate the first to third movable
element 1022-1024, a plurality of position detectors (first to
fifth position detectors 1051-1055 in the present configura-
tion example) built in the respective joints to detect the
positions of the respective movable elements, and a control-
ler 1007 (see FIG. 10) which controls the actuation of the
respective actuators. The controller 1007 is provided in the
base 1021, but may also be an independent external device,
for example.

[0096] The first to fifth actuators 1041-1045 are servo
motors, for example. Similarly to the first and second
configuration examples, encoders, resolvers and potentiom-
eters may be used as the position detectors.

[0097] It is recommended that the robotic arm 1001 fur-
ther includes first to fifth electromagnetic brakes 1061-1065
associated with the first to fifth joints 1031-1035, respec-
tively. If the robatic arm 1001 does not include any elec-
tromagnetic brakes, the posture of the robotic arm 1001 is
maintained by actuating the plurality of actuators 1041-
1045. If the robotic arm 1001 includes the electromagnetic
brakes, the posture of the robotic arm 1001 may be main-
tained by turning the electromagnetic brakes on even if some
of the actuators are turned off.

[0098] In the case where the electromagnetic brakes are
provided, each of the first to fifth electromagnetic brakes
1061-1065 is configured to turn its brake function on when
no drive current is supplied to the associated one of the
actuators, and to turn its brake function off when a drive
current is supplied to the actuator.

[0099] Similarly to the first and second configuration
examples, in many cases, a motor functioning as the actua-
tor, an encoder functioning as the position detector, and the
brake are integrated together as a unit as shown in FIG. 2.
Further, each of the first to fifth actuators 1041-1045 is
provided with a deceleration mechanism for power trans-
mission, a coupling, etc.

[0100] In the example shown in FIG. 10, the first movable
element 1022 is coupled by the horizontally-rotating joint
1032 50 as to be located above the second movable element
1023. Shown in FIG. 11 as a variation of the present
configuration example is a robotic arm 1101, of which the
first movable element 1122 is coupled by a horizontally-
rotating joint 1132 so as to be located below the second
movable element 1123.

[0101] In the present variation, the base 1121 and one end
portion of the first movable element 1122 are coupled
together by a first joint 1131 traveling vertically straight,
which enables the first movable element 1122 to move in a
first axial direction (in a vertical direction). The other end
portion of the first movable element 1122 and one end
portion of the second movable element 1123 are coupled
together by a horizontally-rotating joint, which enables the
second movable element 1123 to rotate about a second axis
(the vertical direction) above the first movable element
1122. Third to fifth joints 1133-1135 between the second
movable element 1123 and the third movable element 1124
are rotating joints which rotate about third to fifth axes,
respectively. The third axis corresponds to a direction in
which the second movable element 1123 extends. The fourth
axis corresponds to a direction orthogonal to the third axis
about which the third joint 1133 rotates. The fifth axis
corresponds to a direction orthogonal to the fourth axis
about which fourth joint 1134 rotates.
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[0102] The third movable element 1124 is provided at the
distal end of the robotic arm 1101. In the present configu-
ration example, the distal end of the robotic arm 1101 is
fixed on a lower surface of a middle portion of the table 1108
extending in the particular direction. This configuration
allows supporting the table 1108 while placing a priority on
the supporting strength. Naturally, the table 1108 may be
supported at its one end portion to place a priority on the
movable range of the table 1108. In that case, however, it is
necessary to determine the lengths of the respective movable
elements 1122-1124 and the table 1108 appropriately in
order to avoid contact with the robotic arm 1101 even when
the table 1108 is freely rotated while staying parallel to the
horizontal plane.

[0103] The robotic arms 10011101 shown in FIGS. 10
and 11 have 5 degrees of freedom. However, the degrees of
freedom of the robotic arm of one or more embodiments do
not have to be 5, but may be 4 or less or 6 or more. It is
nevertheless recommended that the degrees of freedom of
the robotic arm be 3 or more so that the table 10081108 can
move at least in a straight manner in the room. FIG. 12
shows an example robotized bed having 3 degrees of free-
dom. In FIG. 12, the robotic arm 1201 includes a base 1221
and two movable elements 1222 and 1223. The base 1221
and one end portion of the first movable element 1222 are
coupled together by a first joint 1231 traveling vertically
straight, which enables the movable element 1222 to move
in a first axial direction (in a vertical direction). The other
end portion of the first movable element 1222 and one end
portion of the second movable element 1223 are coupled
together by a second joint 1232, which is a horizontally-
rotating joint enabling the movable element 1223 to rotate
about a second axis (the vertical direction). The other end
portion of the second movable element 1223 serves as the
distal end of the robotic arm 1201, and is coupled to one end
portion of the table 1208 by a third joint 1233, which is a
horizontally-rotating joint.

[0104] The robotized bed having the above configurations
makes it possible to move the table 1008110821208, on
which a target has been placed, to a target position, such as
an inspection position and a treatment position, accurately
and quickly, thus achieving significant improvement in the
efficiency of the inspection and treatment in medical set-
tings. For example, compared to the configuration in which
a table with a caster is used to move the patient, the table
1008+11081208 may be moved more smoothly without
shaking the patient too much, and may be prevented from
being tangled with a lot of cords of medical equipment and
the tubes of medical instruments which run on the floor of
the medical room, and may be prevented from being
wobbled by stepping over the cords and tubes. This thus
improves safety and transfer efficiency.

[0105] Further, in the robotized bed according to the
present configuration example, the movable elements indi-
cated by the reference characters 1023, 1123, 1223 are
coupled to the table indicated by the reference character
1208 by the joints indicated by the reference characters
1032+1132-1232+1233, cach of which is a horizontally-
rotating joint that enables the movable elements and the
table to rotate while always staying parallel to the horizontal
plane. This configuration thus provides greater stiffness,
compared to the case where each of the movable elements
and the table are coupled by a vertically-rotating joint.
Specifically, if the movable element and the table are



US 2018/0289574 A1l

coupled together by a vertically-rotating joint, the posture
may not be completely maintained by only the control by the
actuator, and warpage may occur, due to, for example, the
weight of the placed target, while the table is being moved
or staying in some posture. The horizontally-rotating joint,
on the other hand, does not rotate in the vertical direction,
and therefore such warpage hardly occurs. Moreover, it is
not necessary to take into account the rotation in the vertical
direction at a point where the horizontally-rotating joint is
provided which always enables rotation parallel to the
horizontal plane. Thus, the electromagnetic brake may be
omitted even if the situation in which the power is turned off
is taken into consideration. Note that the same holds true for
the horizontally-rotating joints indicated by the reference
characters 132, 133, 332, 333 in the robotized bed according
to the first configuration example. However, the robotized
bed described in the present configuration example has
greater stiffness and also contributes to providing a larger
treatment space, and is designed to be more suitable as a
robotized bed used in a medical room.

[0106] Examples of the target positions of the robotized
bed are the same as, or similar to, those described in the first
and second configuration examples, and description thereof
will be omitted here.

[0107] The movements of the table 1008 supported by the
robotic arm 1001 of the present configuration example
between the plurality of positions will be described with
reference to FIGS. 13-15.

[0108] FIG. 13 shows a state in which the table 1008 is
located at the placement position in the process of moving
asubject, who is a placed target, from the placement position
to the inspection position. FIG. 14 shows a state in which the
second movable element 1023 and the table 1008 are moved
by the control of the controller 1007 as the arrows indicate
(in some cases, the first movable element, too, is moved in
the vertical direction to have its height adjusted, and the
table 1008 is rotated about the third axis and/or the fourth
axis to have its tilt finely adjusted), causing the head of the
subject to move toward the inspection device 1314 from an
oblique angle. FIG. 15 shows a state in which the table 1008
is inserted in the inspection device 1314, and the subject has
arrived at the inspection position. Note that the position of
the table 1008 shown in FIG. 13 can also be the treatment
position. From the inspection position shown in FIG. 15, the
respective movable elements move in reverse direction until
the table 1008 returns to the position shown in FIG. 13,
where a doctor 1312 can give a treatment based on the result
of the inspection that has just been conducted.

[0109] The robotic arm 1201 shown in FIG. 12, as well,
enables the table 1208 to follow a similar path. Turning to
the robotic arm 1101 shown in FIG. 11, the table 1108 can
arrive at the inspection position by rotating the second
movable element 1123 and the table 1108 in the direction
opposite to the direction indicated by the arrows shown in
FIG. 14 (in some cases, the first movable element 1122, too,
moves in the vertical direction to adjust the height thereof).
[0110] How to give instructions to move the robotic arm,
and how to set the target position to which the table is going
to move are the same as, or similar to, what has been
described in the first and second configuration examples.

Fourth Configuration Example

[0111] A perspective view and a side view of a robotized
bed according to a fourth configuration example of one or
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more embodiments are shown in FIG. 16 and FIG. 17,
respectively. A robotic arm 1701 for use in this robotized bed
has multiple degrees of freedom (i.e., three or more degrees
of freedom), and has a distal end supporting a table 1708 on
which a target is placed. The table 1708 and the robotic arm
1701 form the robotized bed.

[0112] As shown in FIG. 17, the robotic arm 1701 includes
a base 1721, a plurality of movable elements (first to fourth
movable elements 1722-1725 in the present configuration
example), and a plurality of joints (first to sixth joints
1731-1736 in the present configuration example).

[0113] The base 1721 and one end portion of the first
movable element 1722 are coupled together by the first joint
1731 traveling vertically straight, which enables the first
movable element 1722 to move in a first axial direction (in
a vertical direction). The other end portion of the first
movable element 1722 and one end portion of the second
movable element 1723 are coupled together by a horizon-
tally-rotating joint, which enables the second movable ele-
ment 1723 to rotate about a second axis (the vertical
direction). The other end portion of the second movable
element 1723 and one end portion of the third movable
element 1724 are coupled together by a horizontally-rotating
joint, which enables the third movable element 1724 to
rotate about a third axis (the vertical direction) which is
rotated by, and parallel to, the second axis. The fourth to
sixth joints 1734-1736 between the third movable element
and the fourth movable element are joints rotating about
fourth to sixth axes, respectively. The fourth axis corre-
sponds to a direction in which the third movable element
1724 extends. The fifth axis corresponds to a direction
orthogonal to the fourth axis about which the fourth joint
1734 rotates. The sixth axis corresponds to a direction
orthogonal to the fifth axis about which the fifth joint 1735
rotates.

[0114] Each of the second movable element 1723 and the
third movable element 1724 is a rod-like member extending
in a particular direction, with its length appropriately
designed according to a required range of movement of the
robotic arm 1701. The first movable element 1722 is con-
figured to move up and down, while staying parallel to the
horizontal plane. The second movable element 1723 and the
third movable element 1724 are configured to rotate while
staying parallel to the first movable element 1722. This
configuration does not require the second and third actuators
1742 and 1743 to compensate for the gravity in the vertical
direction, and the motor may thus be reduced in size. This
is advantageous in downsizing the robotic arm 1701, and is
advantageous in introducing the robotic arm 1701 in the
medical settings where only a limited space is available, or
in giving a larger space for treatments and surgery.

[0115] Further, in the robotized bed of the present con-
figuration example, the height of the base 1721 is reduced
instead of limiting the range of movement of the first
movable element 1722 by the first joint in the vertical
direction. The reduction in height of the base 1721 prevents
the table 1708 from contacting with the robotic arm 1701,
even when the first movable element 1722 is moved up and
down (in the vertical direction) with the table 1708 main-
tained parallel to the horizontal plane, or no matter how
much (e.g., 360 degrees) the table 1708 is moved. Thus, in
the present configuration example, the table and the robotic
arm do not contact with each other, no matter what posture
the robotic arm has, or how much the table 1708 is rotated,
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as long as the table 1708 is maintained parallel to the
horizontal plane. Specifically, the robotized bed of this
example is configured such that, even when the first movable
element 1722 is moved to the lowermost position in a state
in which the second movable element 1723 and the third
movable element 1724, which are coupled together at their
end portions by a horizontally-rotating joint, and the table
1708 are parallel to the horizontal plane, and even when the
distal end of the robotic arm is located at the lowermost
position, the table 1708 is not level with the other movable
elements, nor with the base 1721, and is located at the top.
These configurations allow the movable elements of the
robotic arm 1701 and the base 1721 to be located and housed
under the table 1708, and hence allow effective use of a
limited space in the medical settings.

[0116] Further, it is recommended that the width of the
table 1708 be greater than the width of each of the movable
elements of the robotic arm 1701. For example, it is rec-
ommended that all the movable elements may be hidden
under the table 1708 when viewed from vertically above, in
a state in which particular directions of the second movable
element 1723 and the third movable element 1724, which
are coupled together at their end portions by a horizontally-
rotating joint, are parallel to each other when viewed from
vertically above. Further, in the present configuration
example, it is also recommended that the length of the table
1708, as well, be greater than the length of each of the
movable elements of the robotic arm 1701. For example, it
is recommended that the base 1721 be hidden under the table
1708 when viewed from vertically above, in a state in which
particular directions of the second movable element 1723
and the third movable element 1724, which are coupled
together at their end portions by a horizontally-rotating joint,
are parallel to each other, and in which the middle portions
of the second movable element 1723 and the third movable
element 1724 overlap with each other, when viewed from
vertically above.

[0117] In the examples shown in FIGS. 16 and 17, one
(i.e., the second movable element 1723) of the two movable
elements (namely, the second movable element 1723 and the
third movable element 1724) which are coupled together at
their end portions by a horizontally-rotating joint is indi-
rectly coupled to the base 1721 (via the first movable
element 1731). However, the second movable element 1723
may be directly connected, for example, to the first joint
1731 traveling vertically straight, or may be more indirectly
connected to the base via another horizontally-rotating joint
or a vertically-rotating joint. In this case, as well, the
advantages of ensuring a larger space and downsizing the
robotic arm are achieved, as long as the above-described
positional relationship is maintained.

[0118] The fourth movable element 1725 is provided at the
distal end of the robotic arm 1701. In the present configu-
ration example, the distal end of the robotic arm 1701 is
fixed at a lower surface of a middle portion of the table 1708
extending in a particular direction. This configuration allows
the robotic arm 1701 to support the table 1708 with great
supporting strength, and makes it easier to house the mov-
able elements of the robotic arm 1701, and the base, under
the table 1708. Note that the length of the third movable
element 1724 may be shortened so that the table 1708 is
supported at its one end portion. In this case, as well, the
advantages of ensuring a larger space and downsizing the
robotic arm are achieved.
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[0119] The definitions of the “one end portion,” “other end
portion,” “end portion” and “middle portion” as adopted in
the above description are the same as, or similar to, those
adopted in the first and second configuration examples.
[0120] The robotic arm 1701 includes a plurality of actua-
tors (first to sixth actuators 1741-1746 in the present con-
figuration example) associated with the first to sixth joints
1731-1736 to move or rotate the first to fourth movable
elements 1722-1725, a plurality of position detectors (first to
sixth position detectors 1751-1756 in the present configu-
ration example) built in the respective joints to detect the
positions of the respective movable elements, and a control-
ler 1707 (see FIG. 17) which controls the actuation of the
respective actuators. The controller 1707 is provided in the
base 1721, but may also be an independent external device,
for example.

[0121] The first to sixth actuators 1741-1746 are servo
motors, for example. Similarly to the first and second
configuration examples, encoders, resolvers or potentiom-
eters may be used as the position detectors.

[0122] Tt is recommended that the robotic arm 1701 fur-
ther include first to sixth electromagnetic brakes 1761-1766
associated with the first to sixth joints 1731-1736, respec-
tively. If the robotic arm 1701 does not include any elec-
tromagnetic brakes, the posture of the robotic arm 1701 is
maintained by actuating the plurality of actuators 1741-
1746. If the robotic arm 1701 includes the electromagnetic
brakes, the posture of the robotic arm 1701 may be main-
tained by turning the electromagnetic brakes on even if some
of the actuators are turned off.

[0123] In the case where the electromagnetic brakes are
provided, each of the first to sixth electromagnetic brakes
1761-1766 is configured to turn its brake function on when
no drive current is supplied to the associated one of the
actuators, and to turn its brake function off when a drive
current is supplied to the actuator.

[0124] Similarly to the first to third configuration
examples, in many cases, a motor functioning as the actua-
tor, an encoder functioning as the position detector, and the
brake are integrated together as a unit as shown in FIG. 2.
Further, each of the first to sixth actuators 1741-1746 is
provided with a deceleration mechanism for power trans-
mission, a coupling, etc.

[0125] Inthe example shown in FIG. 17, the first movable
element 1722 is coupled by the horizontally-rotating joint
1732 50 as to be located above the second movable element
1723. However, the first movable element 1722 may be
coupled by the horizontally-rotating joint 1732 so as to be
located under the second movable element 1723. This con-
figuration may compensate for reduction in the height of the
base 1721.

[0126] The robotic arm 1701 shown in FIGS. 16 and 17
has 6 degrees of freedom. However, the degrees of freedom
of the robotic arm of one or more embodiments do not have
to be 6, but may be 5 or less or 7 or more. It is nevertheless
recommended that the degrees of freedom of the robotic arm
be 3 or more so that the table 1708 can move at least in a
straight manner in the room. FIG. 18 shows an example
robotized bed having 3 degrees of freedom. In FIG. 18, the
robotic arm 1801 includes a base 1821 and two movable
elements 1822 and 1823. The base 1821 and one end portion
of the first movable element 1822 are coupled together by a
first joint 1831 traveling vertically straight, which enables
the first movable element 1822 to move in a first axial
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direction (in a vertical direction). The other end portion of
the first movable element 1822 and one end portion of the
second movable element 1823 are coupled together by a
second joint 1832, which is a horizontally-rotating joint
enabling the second movable element 1823 to rotate about a
second axis (the vertical direction). The other end portion of
the second movable element 1823 serves as the distal end of
the robotic arm 1801, and is coupled to a lower surface of
a middle portion of the table 1808 by a third joint 1833
which is a horizontally-rotating joint.

[0127] The robotized bed having the above configurations
makes it possible to move the table 17081808, on which the
target has been placed, to a target position, such as an
inspection position and a treatment position, accurately and
quickly, thus achieving significant improvement in the effi-
ciency of the inspection and treatment in medical settings.
For example, compared to the configuration in which a table
with a caster is used to move the patient, who is a placed
target, the table 17081808 may be moved more smoothly
without shaking the patient too much, and may be prevented
from being tangled with a lot of cords of medical equipment
and the tubes of medical instruments which run on the floor
of the medical room, and may be prevented from being
wobbled by stepping over the cords and tubes. This thus
improves safety and transfer efficiency.

[0128] Examples of the target positions of the robotized
bed are the same as, or similar to, those described in the first
to third configuration examples, and therefore description
thereof will be omitted here.

[0129] The movements of the table supported by the
robotic arm of the present configuration example between
the plurality of positions will be described with reference to
FIGS. 19-21 by taking, as an example, the robotic arm 1701
having 6 degrees of freedom as shown in FIG. 17.

[0130] FIG. 19 shows a state in which the table 1708 is
located at the placement position in the process of moving
a subject, who is a placed target, from the placement position
to the inspection position. FIG. 20 shows a state in which the
second movable element 1723 and the third movable ele-
ment 1724 are moved by the control of the controller 1707
as the arrows indicate, and the table 1708 is rotated about the
sixth axis as the arrow indicates (in some cases, the first
movable element 1722, too, is moved in the vertical direc-
tion to have its height adjusted, and the table 1708 is rotated
about the fourth axis and/or fifth axis to have its tilt finely
adjusted), causing the head of the subject to move toward the
inspection device 1914 from an oblique angle. FIG. 21
shows a state in which the table 1708 is inserted in the
inspection device 1914, and the subject has arrived at the
inspection position. Note that the position of the table 1708
shown in FIG. 19 may also be the treatment position. From
the inspection position shown in FIG. 21, the respective
movable elements move in reverse direction until the table
1708 returns to the position shown in FIG. 19, where a
doctor 1912 can give a treatment based on the result of the
inspection which has just been conducted.

[0131] The robotic arm 1801 shown in FIG. 18, as well,
enables the table 1808 to follow a similar path.

[0132] Note that the head of the subject may be placed
opposite in the longitudinal direction of the table 1708+1808.
In that case, the table 1708+1808 moves to the inspection
device 1914, while rotating in the opposite direction to the
direction in which the table shown in FIG. 20 rotates. Once
the base 1721+1821 is housed in this manner under the table
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1708+1808, the target may be placed in either direction. If
the position of the table 17081808 shown in FIG. 19 is the
treatment position, the surgeon 1912 may perform surgery
from either side of the table 1708+1808. and the surgeon
1912, and assistants, as well, may surround the table during
the surgery, which is advantageous. Since the base
1721+1821 does not constitute an obstacle, the doctor 1912
is able to give treatment while seated.

Fifth Configuration Example

[0133] A robotized bed according to the present configu-
ration example is characterized by including a slide mecha-
nism, which is provided as an additional member for the
table of the robotized bed of each of the first to fourth
configuration examples.

[0134] FIGS. 22A and 22B show that the table 2208
includes a body 2281 having rails and a slide plate 2282
fitted in the grooves of the rails. If the table of the robotized
bed has this configuration, the slide plate 2282 may be slid
by human power to move the placed target farther to an
inspection position after the table has been moved to an
inspection preparation position by the robotic arm, for
example.

[0135] FIGS. 23A and 23B show that the table 2308 has,
in its lower surface, a groove 2383 in which a slide mecha-
nism 2309 is fitted. Both sides of the groove 2383 are
provided with racks 2384 each having a plurality of teeth.
The slide mechanism 2309 includes a body 2391 which is
coupled to the distal end of the robotic arm, a pair of pinions
2392 movably supported by the body 2391 and engaged
with the respective racks 2384, and an actuator (not shown)
which rotates the pinions 2392. If the table 2308 of the
robotized bed has this configuration, the table 2308 may be
slid by actuating the actuator to move the placed target
farther to an inspection position after the table has been
moved to an inspection preparation position by the robotic
arm, for example. The actuator may be a servo motor, for
example.

[0136] Note that by providing the slide mechanism, the
degree of freedom in each of configuration examples incre-
ments by one. In addition, if the slide mechanism is con-
figured to be driven by the actuator, the actuator of the slide
mechanism and the plurality of actuators of the robotic arm
in the respective configuration examples may be actuated
simultaneously so that the movable elements of the robotic
arm and the slide mechanism operate simultaneously to
transfer the table to the target position efficiently.

[0137] FIGS. 24-26 show example movement of a placed
target in a case where a man-powered slide mechanism is
adopted as a slide mechanism for the robotized bed of the
first configuration example.

[0138] The placement position shown in FIG. 24 where a
target is to be placed is the same as the position shown in
FIG. 4. The position (i.e., the inspection preparation posi-
tion) shown in FIG. 25 where the head of the placed target
1s directed toward the inspection device is the same as the
position shown in FIG. 5. In the first configuration example,
the table 108 is transferred into the inspection device 414 by
simply operating the movable elements of the robotic arm
101, whereas in the present configuration example, the table
is transferred into the inspection device 414 by sliding a
slide plate by human power.

[0139] This configuration does not require the robotic arm
to go farther than the inspection preparation position, and
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hence needs only a small range of movement of the robotic
arm. Thus, each of the movable elements may be downsized,
which is beneficial. Consequently, such a configuration
allows effective use of a limited space in medical settings.
For example, the second movable element 123 and the third
movable element 124 are moved toward the inspection
device 414 to make a transition from the state of FIG. 5 to
the state of FIG. 6. However, the robotic arm is not moved
in making a transition from the state of FIG. 25 to the state
of FIG. 26. This reduced movement allows each of the first
movable element 123 and the third movable element 124 to
have a shorter length.

[0140] Now, example movement of a placed target in the
case where an actuator-driven slide mechanism is adopted as
a slide mechanism for the robotized bed of the third con-
figuration example will be described.

[0141] FIG. 27 is a side view of the robotized bed in which
the third configuration example is provided with a slide
mechanism. The robotic arm 2701 for use in this robotized
bed has multiple degrees of freedom (i.e., three or more
degrees of freedom), and has a distal end supporting the
table 2708 on which a target is placed. The table 2708 and
the robotic arm 2701 form the robotized bed.

[0142] The robotic arm 2701 includes a base 2721, a
plurality of movable elements (first to third movable ele-
ments 2722-2724 in the present configuration example), and
a plurality of joints (first to fifth joints 2731-2735 in the
present configuration example).

[0143] The base 2721 and one end portion of the first
movable element 2722 are coupled together by the first joint
2731 traveling vertically straight, which enables the first
movable element 2722 to move in a first axial direction (in
a vertical direction). The other end portion of the first
movable element 2722 and one end portion of the second
movable element 2723 are coupled together by a horizon-
tally-rotating joint, which enables the second movable ele-
ment 2723 to rotate about a second axis (the vertical
direction). The third to fifth joints 2733-2735 between the
second movable element 2723 and the third movable ele-
ment 2724 are rotating joints which rotate about third to fifth
axes, respectively. The third axis corresponds to a direction
in which the second movable element 2723 extends. The
fourth axis corresponds to a direction orthogonal to the third
axis about which the third joint 2733 rotates. The fifth axis
corresponds to a direction orthogonal to the fourth axis
about which the fourth joint 2734 rotates.

[0144] Each of the first movable element 2722 and the
second movable element 2723 is a rod-like member extend-
ing in a particular direction, with its length appropriately
designed according to a required range of movement of the
robotic arm 2701. The first movable element 2722 is con-
figured to move up and down, while staying parallel to the
horizontal plane, and the second movable element 2723 is
configured to rotate about the second axis, while staying
parallel to the first movable element 2722. This configura-
tion does not require the second actuator 2742 to compen-
sate for the gravity in the vertical direction, and the motor
may thus be reduced in size. This is advantageous in
downsizing the robotic arm 2701, and is advantageous in
introducing the robotic arm 2701 in the medical settings
where only a limited space is available, or in giving a larger
space for treatments and surgery.

[0145] The third movable element 2724 is provided at the
distal end of the robotic arm 2701. In the present configu-
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ration example, the distal end of the robotic arm 2701 is
coupled to a slide mechanism 2709 of the table 2708.
[0146] The robotic arm 2701 includes a plurality of actua-
tors (first to fifth actuators 2741-2745 and an actuator 2749
for slide mechanism in the present configuration example)
associated with the first to fifth joints 2731-2735 and the
slide mechanism 2709 to move or rotate the first to third
movable elements 2722-2724 and the slide mechanism
2709, a plurality of position detectors (first to fifth position
detectors 2751-2755 and a position detector 2759 for slide
mechanism in the present configuration example) built in the
respective joints to detect the positions of the respective
movable elements, and a controller 2707 which controls the
actuation of the respective actuators. The controller 2707 is
provided in the base 2721, but may also be an independent
external device, for example.

[0147] The first to fifth actuators 2741-2745 and the
actuator 2749 for slide mechanism may be servo motors, for
example. Similarly to the first and second configuration
examples, encoders, resolvers or potentiometers may be
used as the position detectors.

[0148] It is recommended that the robotic arm 2701 fur-
ther include first to fifth electromagnetic brakes 2761-2765
and an electromagnetic brake 2769 for slide mechanism
which are associated with the first to fifth joints 2731-2735
and the slide mechanism 2709, respectively. If the robotic
arm 2701 does not include any electromagnetic brakes, the
posture of the robotic arm 2701 is maintained by actuating
the plurality of actuators 2741-2745 and the actuator 2749
for slide mechanism. If the robotic arm 2701 includes the
electromagnetic brakes, the posture of the robotic arm 2701
may be maintained by turning the electromagnetic brakes on
even if some of the actuators are turned off.

[0149] In the case where the electromagnetic brakes are
provided, each of the first to fifth electromagnetic brakes
2761-2765 is configured to turn its brake function on when
no drive current is supplied to the associated one of the
actuators, and to turn its brake function off when a drive
current is supplied to the actuator.

[0150] The placement position shown in FIG. 28 where a
target is to be placed is the same as the position shown in
FIG. 13. However, the robotized bed having a slide mecha-
nism inserts the table 2708 into the inspection device 2814
in the opposite direction. In other words, if the table 1008
shown in FIGS. 13-15 is described as being inserted into the
inspection device 1314 from one end of the table 1008, the
table 2708 shown in FIG. 28-30 is inserted into the inspec-
tion device 2814 from the other end of the table 2708.
[0151] Theposition (i.e., the inspection position) shown in
FIG. 15 where the target is inserted into the inspection
device 1314 from his/her head is the same as the position
shown in FIG. 30. In the first configuration example, the
table 1008 is transferred into the inspection device 1314 by
simply operating the movable elements of the robotic arm
1001, whereas in the present configuration example, the
table 2708 is once positioned so as to be directed toward the
inspection device 2814, and then made to slide into the
inspection device 2814 by the actuation of the actuator.
[0152] Provision of such a slide mechanism has an advan-
tage of downsizing the robotic arm, and another advantage
of changing the orientation of the placed target at the
placement position in the third configuration example shown
in FIG. 10 (in which the robotic arm 1001 supports the one
end portion of the table 1008). As for the latter advantage,
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in a case, for example, where the placement position is a
surgical position where brain or teeth surgery is performed,
the surgeon 1312 may have difficulty in performing the
surgery if the patient comes back from the inspection device
1314 with his/her head directed toward the base 1021 as
shown in FIG. 10, since the base 1021 constitutes an
obstacle. On the other hand, if the patient comes back from
the inspection device 2814 with his/her head directed away
from the base 2721 as shown in FIG. 27, it is easy to perform
head surgery. In this case, the base 2721 does not constitute
an obstacle, and the doctor 2812 is able to give treatment
while seated.

[0153] Inthe two examples described above, the distal end
of the robotic arm supports the end portion of the table, but
the man-powered slide mechanism may be adopted in the
configuration in which the distal end of the robotic arm
supports the middle portion of the table. Further, the length
of the groove 2783 formed in the table into which the
actuator-driven slide mechanism 2709 is fitted may be
limited to the length of the middle portion. In that case, the
sliding width decreases, but warpage of the table is less
likely to occur compared to the case in which the sliding
width is great.

[0154] Further, in the above examples, the man-powered
slide mechanism and the actuator-driven slide mechanism
are applied to the first configuration example and the third
configuration example, respectively. However, either slide
mechanism may be applied to any of the configuration
examples.

[0155] Adding the slide mechanism to the third configu-
ration example and the fourth configuration example gen-
erates a need to change the design of the compact size
robotized beds of the third and fourth configuration
examples. The fourth configuration example only needs to
be configured such that no matter how much the position of
the table has been changed by the slide mechanism, the table
will not come in contact with the robotic arm irrespective of
the angle of rotation of the table, as long as the table is
maintained parallel to the horizontal plane. The third con-
figuration example is designed such that in a state in which
particular directions of two movable elements, which are
coupled together at their end portions by a horizontally-
rotating joint, are parallel to each other when viewed from
vertically above, the table with the slide mechanism will not
contact with the robotic arm, no matter how much (e.g., 360
degrees) the table is moved parallel to the horizontal plane,
from a position closest to the base without moving in the
sliding direction. Such design may achieve the advantages
obtained by adding the slide mechanism, while maintaining
the advantages achieved by the robotized beds in the third
and fourth configuration examples.

[0156] [Common Features of Robotic Arms of Respective
Configuration Examples]

[0157] Additional features applicable to all of the first to
fifth configuration examples will be described below.
[0158] (Fixing Member for Tubes/Cords)

[0159] If the placed target on the table in each of the
configuration examples is a patient, the patient may some-
times be put on a life support system, a drip, or any other
equipment necessary for the treatment.

[0160] As described above, compared to the configuration
in which a table with a caster is moved, the robotized tables
of the first to fifth configuration examples may be prevented
from being tangled with such tubes (tubes and/or cables) and
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from being wobbled by stepping over the tubes during the
movement of the placed target. To ensure further safety, it is
recommended that the robotized bed of one or more embodi-
ments include a fixing member
171-371+771+1071+1171+1271-1771+18712771 attached to
at least one of the table, the base of the robotic arm, or the
movable element so as to bundle the tubes extending from
the equipment mentioned above. This may prevent a situa-
tion in which tubes are tangled during the operation of the
robotic arm more reliably. Moreover, doctors or assistants
are prevented from tripping over the tubes, which further
increases the safety. Tubes for which measures to prevent
tangles are necessary are not limited to those connected to
the equipment such as a life support system. It is recom-
mended that cords, such as electrical cords for medical
equipment and displays, as well, be fixed with the same or
similar fixing member. Further, if it is known to which
position the table is to be moved, it is recommended that the
movement of the robotic arm be roughly predicted to
determine how much of the lengths of the tubes/cords should
be left unfixed, and where on the tubes/cords the fixing
member is to be fitted.

[0161] (Manual Off-Brake Function)

[0162] Ifan electromagnetic brake associated with a hori-
zontally-rotating joint is provided, a switch or a lever for
manually turning the brake function off when no drive
current is supplied to the actuator may be provided. In the
case of the robotic arm 101 shown in FIG. 1, of the first to
sixth electromagnetic brakes 161-166, the second, third and
sixth electromagnetic brakes 162, 163 and 166 respectively
associated with the second, third and sixth joints 132, 133
and 136, which are horizontally-rotating joints, may be
configured such that their brake functions are capable of
being turned off manually. In the case of the robotic arm 301
shown in FIG. 3, of the first to third electromagnetic brakes
361-363, the second and third electromagnetic brakes 362
and 363 respectively associated with the second and third
joints 332 and 333, which are horizontally-rotating joints,
may be configured such that their brake functions are
capable of being turned off manually. In the case of the
robotic arm 701 shown in FIG. 7, of the first to sixth
electromagnetic brakes 761-766, the first electromagnetic
brake 761 associated with the first joint 731, which is a
horizontally-rotating joint, may be configured such that its
brake function is capable of being turned off manually. In the
case of the robotic arm 1001 shown in FIG. 10, of the first
to fifth electromagnetic brakes 1061-1065, the second and
fifth electromagnetic brakes 1062 and 1065 respectively
associated with the second and fifth joints 1032 and 1035,
which are horizontally-rotating joints, may be configured
such that their brake functions are capable of being turned
off manually. In the case of the robotic arm 1101 shown in
FIG. 11, of the first to fifth electromagnetic brakes 1161-
1165, the second and fifth electromagnetic brakes 1162 and
1165 respectively associated with the second and fifth joints
1132 and 1135, which are horizontally-rotating joints, may
be configured such that their brake functions are capable of
being turned off manually. In the robotic arm 1201 shown in
FIG. 12, of the first to third electromagnetic brakes 1261-
1263, the second and third electromagnetic brakes 1262 and
1263 respectively associated with the second and third joints
1232 and 1233, which are horizontally-rotating joints, may
be configured such that their brake functions are capable of
being turned off manually. In the case of the robotic arm
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1701 shown in FIG. 17, of the first to sixth electromagnetic
brakes 1761-1766, the second, third and sixth electromag-
netic brakes 1762, 1763 and 1766 respectively associated
with the second, third and sixth joints 1732, 1733 and 1736,
which are horizontally-rotating joints, may be configured
such that their brake functions are capable of being turned
off manually. In the case of the robotic arm 1801 shown in
FIG. 18, of the first to third electromagnetic brakes 1861-
1863, the second and third electromagnetic brakes 1862 and
1863 respectively associated with the second and third joints
1832 and 1833, which are horizontally-rotating joints, may
be configured such that their brake functions are capable of
being turned off manually. Further, in the case of the
robotized bed shown in FIG. 27 which has a motor-driven
slide mechanism, the motor which drives the slide mecha-
nism, too, may be provided with an electromagnetic brake,
and may be configured such that its brake function is turned
off manually.

[0163] This configuration allows medical staff to transfer
a patient, for example, who is a placed target, to a safe place
in the event of a power failure by moving the movable
elements of the robotic arm with the brake functions of the
movable elements turned off.

[0164] Note that the manual off-brake function does not
have to be applied to all of the above-listed electromagnetic
brakes. Naturally, it may be applied to at least some of the
electromagnetic brakes or may be selectively applied to an
electromagnetic brake provided at a joint that is movable
only parallel to the horizontal plane.

[0165] (Distance Sensor)

[0166] It is recommended that the robotic arm of each of
the configuration examples be equipped with a distance
sensor 173373773+1073+1173+12731773+18732773
which scans the range of movement of the robotized bed. In
FIG. 1, the range of movement of the robotic arm 101 forms
a sector, of which the radius corresponds to the length from
the second axis, about which the second joint 132 rotates, to
the distal end of the table 108 when the robotic arm 101 and
the table 108 are extended to the maximum. In FIG. 3, the
range of movement of the robotic arm 301 forms a sector, of
which the radius corresponds to the length from the second
axis, about which the second joint 332 rotates, to the distal
end of the table 308 when the robotic arm 301 and the table
308 are extended to the maximum. In FIG. 7, the range of
movement of the robotic arm 701 forms a sector, of which
the radius corresponds to the length from the first axis, about
which the first joint 731 rotates, to the distal end of the table
708 when the robotic arm 701 and the table 708 are extended
to the maximum. In FIG. 10, the range of movement of the
robotic arm 1001 forms a sector, of which the radius
corresponds to the length from the second axis, about which
the second joint 1032 rotates, to the distal end of the table
1008 when the robotic arm 1001 and the table 1008 are
extended to the maximum. In FIG. 11, the range of move-
ment of the robotic arm 1101 forms a sector, of which the
radius corresponds to the length from the second axis, about
which the second joint 1132 rotates, to the distal end of the
table 1108 when the robotic arm 1101 and the table 1108 are
extended to the maximum. In FIG. 12, the range of move-
ment of the robotic arm 1201 forms a sector, of which the
radius corresponds to the second axis, about which the
second joint 1232 rotates, to the distal end of the table 1208
when the robotic arm 1201 and the table 1208 are extended
to the maximum. In FIG. 17, the range of movement of the
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robotic arm 1701 forms a sector, of which the radius
corresponds to the length from the second axis. about which
the second joint 1732 rotates, to the distal end of the table
1708 when the robotic arm 1701 and the table 1708 are
extended to the maximum. In FIG. 18, the range of move-
ment of the robotic arm 1801 forms a sector, of which the
radius corresponds to the length from the second axis, about
which the second joint 1832 rotates, to the distal end of the
table 1808 when the robotic arm 1801 and the table 1808 are
extended to the maximum. In FIG. 27, the range of move-
ment of the robotic arm 2701 forms a sector, of which the
radius corresponds to the length from the second axis, about
which the second joint 2732 rotates, to the distal end of the
table 1808 when the table 2708 is extended to the maximum
to one side by the robotic arm 2701 and the slide mechanism.
[0167] When such a distance sensor
173373773+10731173+12731773+1873¢2773 detects a
foreign object (a human being or an object) within the range
of movement of the robotic arm, the controller
107307707+1007+1107+1207-1707+1807-2707 stops or
prohibits the actuation of all the actuators. This configura-
tion reduces risks, such as contact and collision of a human
being with the robotic arm or the table, even when the
human being, such as medical staff, who is not well
acquainted with the robot operation and thus has difficulty in
predicting the movement of the robotic arm, is staying close
to the robotized bed. Further, other risks, such as contact and
collision of the robotic arm with medical equipment, are also
avoidable.

[0168] It is recommended that the state of the distance
sensor be controlled to be active or inactive according to the
location of the table in order to prevent the distance sensor
from reacting to the doctor or assistant who surrounds the
table when, for example, the table arrives at the treatment
position. However, it is recommended that a switch that is
manually operated to switch the distance sensor between
active and inactive states be provided. Alternatively, the
state of the distance sensor may also be switched between
the active and inactive states by the controller.

[0169] (Height Sensor)

[0170] It is recommended that the table or the robotic arm
be equipped with a height sensor
174374774+1074+1174+12741774+1874+2774 configured
to detect the height of the table
108308708+1008+1108+12081708+18082708. In this
case, the controller
107307707+1007+1107+12071707+18072707 determines
whether or not the height of the table
108308+708+1008+1108+1208+1708+1808+2708 detected by

the height sensor
1742374+774+1074+1174+1274+1774+1874+2774 is in a pre-
determined range, before the table

108+308+708+1008+11081208+1708+1808+2708 is moved
into the inspection device. If the detected height is not in the

predetermined range, the controller
107-307+707+1007+1107+1207+1707+1807°2707 does not
allow the table

108308708+1008+1108+12081708+1808:2708 to move
into the inspection device. This configuration reduces risks,
such as contact and collision of the table or the subject with
the inspection device. Although in the above description the
inspection position is adopted as an example target position
to which the table is transferred, the target position may also
be, for example, the measurement position and the imaging
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position, where the table is inserted in a device related to
medical care, i.e., a measurement device and an imaging
device, respectively.

[0171] (Warpage Compensation)

[0172] Further, the robotic arm of each of the configura-
tion examples has the function of compensating for warpage
of the table or the robotic arm by controlling the robotic arm
with the controller according to the degree of warpage of the
table or the robotic. FIGS. 31A-31C show how to make
correction to the warpage of the table 3108 due to the weight
of the placed target, for instance. For example, if one point
of the head of the patient, who is a placed target, is
determined as a target point to be tracked, the target point
3190 may be stored by, for example, specifying its x, y and
7 coordinates with respect to the distal end (where the table
3108 is fixed) of the robotic arm 3101 (see FIG. 31A). If the
table warps as shown in FIG. 31B, the target point 3190
moves to lower right, for example. The controller of the
robotic arm detects this shift of the coordinate values, and
controls at least one of the actuators to restore the coordi-
nates of the target point 3190 stored in advance and correct
this shift. In the example shown in FIG. 31C, the shift is
corrected by moving some movable element of the robotic
arm to the left, and rotating the vertically-rotating joint
clockwise.

[0173] FIGS. 32A-32C show other examples of warpage
compensation. For example, similarly to the case shown in
FIGS. 31A-31C, if one point of the head of the patient, who
is a placed target, is determined as a target point to be
tracked, the target point 3290 may be stored by, for example,
specifying its X, y, z coordinates with respect to the distal
end (where the table 3208 is fixed) of the robotic arm 3201
(see FIG. 32A). If the table warps and the target point 3190
moves down, for example, as shown in FIG. 32B, the
controller of the robotic arm detects this shift of the coor-
dinate values, and controls at least one of the actuators to
restore the coordinates of the target point 3290 stored in
advance and correct this shift. In the example shown in FIG.
32C, the shift is corrected by rotating some vertically-
rotating joint of the robotic arm clockwise.

[0174] These configurations allow the target point to be
always positioned at an accurate point. Thus, a placed target,
for example, is transferred to an accurate position. In addi-
tion, these configurations reduced risks, such as contact and
collision of the table or the placed target with an inspection
device, a measurement device, an imaging device, etc.

[0175] (Weight Sensor)
[0176] Further, it is recommended that the table or the
robotic arm be equipped with a weight sensor

175375°775+1075°1175+12751775+18752775 which mea-
sures the weight of the placed target. This configuration
allows monitoring of the weight of the patient, who is a
placed target, all the time. According to this configuration,
the patient, who is a placed target, may be monitored in
terms of his/her weight. For example, the weight before the
start of the surgery may be stored, and the weight reduced by
bleeding may be monitored as a reference in determining
surgery procedure and changing the surgery strategy. Thus,
it is recommended that the table or the robotic arm have a
display unit (e.g., a display window or a display) on which
numerical values detected by the weight sensor are dis-
played. Further, it is recommended that this display unit be
configured to display a plurality of values recorded (e.g.,
values recorded before surgery and immediately after the
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surgery with bleeding) and/or a difference between a stored
value and a current value (e.g., a difference between a
pre-surgery value and a current value). To achieve this, it is
recommended that a storage device, such as a memory, be
provided to store the weight of a placed target in the storage
device at some point of time, and that an arithmetic unit,
such as a CPU, which calculates a difference between the
current weight of the placed target detected by the weight
sensor and the weight that has been stored, be provided as
well. Further, in order to provide such management for an
individual patient, who is a placed target, it is recommended
that the storage device be configured to select the patient in
association with his/her patient ID, store the weight of the
patient at some point of time, calculate the difference
between the stored weight and the current weight, and
display the difference on the display unit.

[0177]

[0178] Further, it is recommended that the table be
equipped with a temperature sensor
172372+772+10721172+1272+1772+1882+2772 which mea-
sures the temperature of the placed target. This configuration
allows monitoring the temperature of the patient, who is a
placed target, all the time. According to this configuration,
the patient, who is a placed target, may be monitored in
terms of his/her body temperature. For example, the body
temperatures before the start of surgery, while waiting for
the start of the surgery, during the surgery, and after the
surgery may be monitored. It is therefore recommended that
the table or the robotic arm have a display unit for displaying
thereon the values detected by the temperature sensor.

[0179] It is recommended that a temperature increasing
device (e.g., a heater) for increasing a surface temperature of
the table 108+308+708+1008+1108+12081708+18082708 or
a temperature decreasing device (e.g., a cooling device) for
decreasing the surface temperature of the table
108+308708+1008+1108+12081708+18082708 be provided
in the event that the body temperature of the patient is too
low or too high. This configuration can maintain the patient
at a desired body temperature.

[0180] Ineachof FIG. 1, FIG. 3, FIG. 7, FIG. 10, FIG. 11,
FIG. 12, FIG. 17, FIG. 18 and FIG. 27, the temperature
sensor is arranged on a side surface of the table
108+308+708+1008°1108+1208+1708°1808°2708. However,
the temperature sensor may also be embedded in the table.

[0181] Further, another temperature sensor which detects
an ambient temperature around the table may be provided to
keep the patient at a desired body temperature while he or
she is waiting for the start of the surgery and resting after the
surgery. The robotic arm may be controlled to move the table
to an area where the temperature is low (e.g., to a lower
position or close to a cooler) if the ambient temperature is
high, or to an area where the temperature is high (e.g., to a
higher position or close to a heater) if the ambient tempera-
ture is low. Since these automatic movements may be made
while the patient is at rest after the surgery or while the
patient is waiting for treatment, it is recommended that the
table be moved so slowly that the person placed on the table
does not sense the movement. However, since the robotic
arm should not move automatically during surgery, the
temperature sensor may be switched bet active and inactive
states according to the area where the table is located. For
example, the temperature sensor may be set to be inactive
when the table is located at the treatment position.

(Temperature Sensor)



US 2018/0289574 A1l

[0182] Ttis also recommended that each of the temperature
sensor and the ambient temperature sensor may be switched
manually between the active and inactive states.

[0183] (Object Sensor)

[0184] Further, it is recommended that the table be
equipped with at least one object sensor for detecting an
object around the table, and that the actuation of the actuator
driving the robotic arm be stopped or prohibited if the object
sensor detects an object while the robotic arm is in motion.
Since ensuring safety is very important in utilizing such a
robotized bed as described in each of the first to fifth
configuration examples in a medical room, it is recom-
mended that the safety of the patient and medical staff be
ensured by devices such as this object sensor.

[0185] Note that the object sensor may be switched
between active and inactive states according to the area
where the table is located. For example, the object sensor
may be set to be inactive when the table is at the treatment
position, or may be set to be active only while the table
moves between the placement position where the target is
placed and the inspection position. The object sensor may be
switched between the active and inactive states by the
controller, or may be switched between the active and
inactive states with a manual switching member provided at
the object sensor.

[0186] Itis also recommended that each of the temperature
sensor and the ambient temperature sensor be manually
switched between the active and inactive states.

[0187] (Configuration of Controller)

[0188] As shown in FIG. 40, the controller
107-307*707-1007-1107+1207+1707-1807-2707 is con-
nected to the actuators, the electromagnetic brakes and the
position detectors of the robotic arm 101, 301, 701, 1001,
1101, 1201, 1701, 1801, 2701. Further, the controller
107-307*707-1007-1107+1207+1707-1807-2707 may be
connected to the above described distance sensor
1732373+77310731173+1273+1773+18732773, the height
sensor 174¢3742774°1074+1174¢1274°1774+1874+2774, the

weight sensor
175375*775+1075°1175+12751775+1875¢+2775, and the
temperature sensor
172372772+1072+1172+12721772+18822772. Moreover,
the controller
107307°707+1007+1107+12071707+1807+2707 may

include a storage device, and may also include, as a con-
figuration that achieves the above-described warpage com-
pensation, a setting means configured to specify the position
of a target point, and a tracking means configured to track
the target point.

[0189] Further, the controller
107307°707+1007+1107+12071707+1807+2707 may
include the above-described storage device and arithmetic
unit, or may be connected to the above-described display
unit. The display unit may be built in the base of the robotic
arm, or may be independent of the robotic arm. Further, if
the weights of a plurality of different targets are stored in the
storage device of the controller, the controller may include
a selector configured to select a particular target to be placed
as shown in FIG. 40.

[0190] Further, the controller
107-307°707+1007+1107+1207-1707+1807-2707 may be
connected to the above-described temperature increasing
device and temperature decreasing device. Moreover, the
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controller 107+307707+1007+110712071707+1807+2707
may be connected to the above-described object sensor.

[0191]

[0192] The robotized beds described above are expected to
achieve significant effects when used in the intraoperative
MRI. In the intraoperative MRI for removing brain tumors,
the number of times of moving the patient and imaging
his/her brain with the MRI apparatus is defined to be 2 to 4,
and 3 on average (see “Front-line system for total removal
of brain tumor which allows increasing survival rate and
ensuring postoperative QOL,” Hitachi Medical Corporation,
INNERVISION, September (2012) (document 3)). Thus,
there is a high need for moving the patient back and forth
between the imaging position, where images are taken by the
MRI apparatus, and the treatment position accurately and
quickly during surgery.

[0193] Described below is a technique for applying the
robotized beds (in some cases, the robotized beds with the
above-described common additional features) described in
the first to fifth configuration examples, to the intraoperative
MRI in which images of a specific site of a patient as a
placed target are taken by an MRI apparatus, and thereafter
the patient is moved to a treatment position (including a
surgical position) where surgery is performed immediately.

[0194] In the following description, it will be described,
with reference to the drawings, how the table 108, 308, 708,
1008, 1108, 1208, 1708, 1808, 2708 is moved between the
treatment position and the MRI scanning position by actu-
ating the robotic arm 101, 301, 701, 1001, 1101, 1201, 1701,
1801, 2701.

[0195] Ifthe robotized beds of the respective configuration
examples are applied to the intraoperative MRI, the appa-
ratuses 414, 1314, 1914 and 2814 placed in the medical
room in the description of the movement of the table in the
respective configuration examples are MRI apparatuses.

[0196] FIG. 33 shows an open MRI apparatus 3314. The
open MRI apparatus 3314 is open at the front and lateral
sides. Specifically, the open MRI apparatus 3314 includes an
upper inspection section (an upper magnet) 3315 and a
lower inspection section (a lower magnet) 3316, each of
which is in an approximately T-shape with its middle portion
protruding forward. Formed between these inspection sec-
tions 3315 and 3316 is a space in which the table, where the
patient is placed, is to be inserted. The upper inspection
section 3315 and the lower inspection section 3316 are
coupled together by a pair of support columns 3317 at their
respective end portions. The MRI apparatus 3314 may also
be a donut-shaped MRI apparatus. However, if the donut-
shaped MRI apparatus 3314 is applied to a case (e.g., the
case shown in FIG. 14) in which the patient is easily inserted
in the MRI apparatus from an oblique angle, the table needs
to be positioned in front of the hollow of the donut before
being inserted into the hollow, which may make the move-
ment of the robotic arm a little less flexible.

[0197] The space defined between the upper inspection
section (the upper magnet) 3315 and the lower inspection
section (the lower magnet) 3316 is an imaging space. It can
be said that the table 108, 308, 708, 1008, 1108, 1208, 1708,
1808, 2708 is in the MRI scanning position when at least
part of the table 108, 308, 708, 1008, 1108, 1208, 1708,
1808, 2708 overlaps with this imaging space. The position
of the table 108, 308, 708, 1008, 1108, 1208, 1708, 1808,
2708 in the imaging space is not always the same, since it

[Application to Intraoperative MRI]
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differs depending on a site to be imaged of the patient and
the height and size of the patient.

[0198] FIG. 4 shows a state in which the table 108 is
located at the placement position in the process of moving
a patient, who is a placed target, from the placement position
to the MRI scanning position, using the robotized bed of the
first configuration example. FIG. 5 shows a state in which
the second movable element 123 and the third movable
element 124 are moved by the control of the controller 107
as the arrows indicate, and the table 108 is rotated about the
sixth axis as the arrow indicates (and in some cases, the first
movable element 122, too, is moved in the vertical direction
to have its height adjusted, and the table is rotated about the
fourth axis and/or the fifth axis to have its tilt finely
adjusted), causing the head of the patient to be directed
toward the MRI apparatus 414 (i.e., the state in which the
patient is located at an MRI scanning preparation position).
FIG. 6 shows a state in which the table 108 is inserted in the
MRI apparatus 414, and the table 108 has arrived at the MRI
scanning position. If the table 108 needs to be moved to the
treatment position after the MRI apparatus 414 takes images
so that the surgeon 412 can perform surgery on the patient,
the respective movable elements and the table 108 are
moved in reverse direction until the table 108 returns from
the MRI scanning position shown in FIG. 6 to the position
shown in FIG. 4, where the surgeon 412 can immediately
start the surgery while looking at the MRI images.

[0199] FIG. 13 shows a state in which the table 1008 is
located at the placement position in the process of moving
a patient, who is a placed target, from the placement position
to the MRI scanning position, using the robotized bed of the
third configuration example. FIG. 14 shows a state in which
the second movable element 1023 and the table 1008 are
moved by the control of the controller 1007 as the arrows
indicate (in some cases, the first movable element, too, is
moved in the vertical direction to have its height adjusted,
and the table 1008 is rotated about the third axis and/or the
fourth axis to have its tile finely adjusted), causing the head
of the patient to move toward the MRI apparatus 1314 from
an oblique angle. FIG. 15 shows a state in which the table
1008 is inserted in the MRI apparatus 1314, and the patient
has arrived at the inspection position. If the table 1008 needs
to be moved to the treatment position after the MRI appa-
ratus 1314 takes images so that the surgeon 1312 can
perform surgery on the patient, the respective movable
elements and the table 1008 are moved in reverse direction
until the table 1008 returns from the MRI scanning position
shown in FIG. 15 to the position shown in FIG. 13, where
the surgeon 1312 can immediately start the surgery while
looking at the MRI images.

[0200] FIG. 19 shows a state in which the table 1708 is
located at the placement position in the process of moving
a patient, who is a placed target, from the placement position
to the MRI scanning position, using the robotized bed of the
fourth configuration example. FIG. 20 shows a state in
which the second movable element 1723 and the third
movable element 1724 are moved by the control of the
controller 1707 as the arrows indicate, and the table 1708 is
rotated about the sixth axis as the arrow indicates (in some
cases, the first movable element 1722, too, is moved in the
vertical direction to have its height adjusted, and the table
1708 is rotated about the fourth axis and/or fifth axis to have
its tilt finely adjusted), causing the head of the patient to
move toward the MRI apparatus 1914 from an oblique
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angle. FIG. 21 shows a state in which the table 1708 is
inserted in the MRI apparatus 1914, and the table 1708 has
arrived at the MRI scanning position. If the table 1708 needs
to be moved to the treatment position after the MRI appa-
ratus 1914 takes images so that the surgeon 1912 can
perform surgery on the patient, the respective movable
elements and the table 1708 are moved in reverse direction
until the table 1708 returns from the MRI scanning position
shown in FIG. 21 to the position shown in FIG. 19, where
the surgeon 1912 can immediately start the surgery while
looking at the MRI images.

[0201] FIGS. 24-26 show a fifth configuration example
applied to the intraoperative MRI. In the present fifth
configuration example, a man-powered slide mechanism is
added to the robotized bed of the first configuration example.
[0202] The placement position shown in FIG. 24 where a
target is to be placed is the same as the position shown in
FIG. 4. The position (i.e., the MRI scanning preparation
position) shown in FIG. 25 where the head of the placed
target is directed toward the MRI apparatus 414 is the same
as the position shown in FIG. 5. In the case of the robotized
bed of the first configuration example, the table 108 is
transferred into the MRI apparatus 414 by simply operating
the movable elements of the robotic arm 101, whereas in the
case of the robotized bed of the fifth configuration example,
the table 108 is moved into the MRI apparatus 414 by
sliding, at the MRI scanning preparation position, the slide
plate 2481 by human power.

[0203] FIGS. 28-30 show the fifth configuration example
applied to the intraoperative MRI. In the present fifth
configuration example, an actuator-driven slide mechanism
is added to the robotized bed of the third configuration
example.

[0204] The placement position shown in FIG. 28 where a
patient is to be placed is the same as the position shown in
FIG. 13. However, the robotized bed having a slide mecha-
nism inserts the table 2708 into the MRI apparatus 2814 in
the opposite rotational direction. In other words, if the table
1008 shown in FIGS. 13-15 is regarded as being inserted
into the inspection device 1314 from one end of the table
1008, the table 2708 shown in FIG. 28-30 is inserted into the
MRI apparatus 2814 from the other end of the table 2708.
[0205] The position (i.e., the MRI scanning position)
shown in FIG. 15 where the target is inserted into the MRI
apparatus 1314 from his/her head is the same as the position
shown in FIG. 30. In the case of the robotized bed of the
third configuration example, the table 1008 is transferred
into the MRI apparatus 1314 by simply operating the
movable elements of the robotic arm 1001, whereas in the
case of the robotized bed of the fifth configuration example,
the table 2708 is positioned so as to be directed toward the
MRI apparatus 2814, and then made to slide into the MRI
apparatus 2814 by the actuation of the actuator.

[0206] FIGS. 34-36 show perspective views of the move-
ments of the robotized bed according to the fifth configu-
ration example applied to the intraoperative MRI. In the
present fifth configuration example, an actuator-driven slide
mechanism is added to the robotized bed of the third
configuration example. The position shown in FIG. 34 is the
placement position, where a patient is placed on the table,
and the surgical position. The second movable element 2723
is rotated in the horizontal direction, and the table 2708
simultaneously rotates about the fifth axis, causing the table
2708 to move to the MRI scanning preparation position
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shown in FIG. 35. Then, the table 2708 is made to slide by
the actuation of the actuator to a position where the table
2708 overlaps with the imaging space of the MRI apparatus.
The transfer of the table 2708 to the MRI scanning position
is completed there.

[0207] The second movable element 2723 at the MRI
scanning preparation position shown in FI1G. 35 differs in its
orientation from the second movable element 2723 at the
MRI scanning preparation position during the transition
from the position in FIG. 29 to the position in FIG. 30
(during the transition from FIG. 29 to FIG. 30, the second
movable element 2723 faces the MRI apparatus 2814 at
right angles, whereas in FIG. 35 the second movable ele-
ment 2723 is oblique with respect to the MRI apparatus
2814). However, the movement of the robotic arm differs
depending on where to arrange the MRI apparatus and the
dimensions of the respective movable elements.

[0208] An advantage in using the robotized bed of the fifth
configuration example, which has a slide mechanism, is that
it is possible to downsize the robotic arm. An advantage in
using the robotized bed of the third configuration example
shown in FIG. 10 (in which the robotic arm 1001 supports
one end portion of the table 1008) is that it is possible to
change which side the head of the patient is directed to at the
treatment position. As for the latter advantage, in a case, for
example, where the intraoperative MRI is used to carry out
surgery for removing a brain tumor or teeth surgery, the
surgeon 1312 may have difficulty in performing the surgery
if the patient comes back from the MRI apparatus 1314 with
his/her head directed toward the base 1021 as shown in FIG.
10, since the base 1021 constitutes an obstacle. On the other
hand, if the patient comes back from the MRI scanning
position with his/her head directed away from the base 2721
as shown in FIG. 27, it is easy for the surgeon 1312 to
perform head surgery. In this case, the base 2721 does not
constitute an obstacle around the head of the patient during
the surgery, and the surgeon 2812 is able to give treatment
while seated.

[0209] Note that the MRI scanning preparation positions
shown in FIG. 5 and FIG. 25 are positions where the table
108+2408 does not overlap with the imaging space of the
MRI apparatus, and are located close to the imaging space
(within a predetermined distance from the imaging space).
The movement of the table 1082408 may be stopped for a
while at this MRI scanning preparation position, where an
assistant, for example, may prepare for the MRI (e.g., check
if there is no metallic object, and correct the position and
posture of the patient), and thereafter the table 10842408
may be transferred to the MRI apparatus. Naturally, the table
may just pass through the MRI scanning preparation posi-
tion without stopping there, and smoothly move to the MRI
scanning position. Further, the MRI scanning preparation
position does not have to be a place where the head of the
patient faces the MRI apparatus directly. For example, the
position of the table 1008 shown in FIG. 14, in which the
table 1008 is located close to the imaging space, may be the
MRI scanning preparation position.

[0210] Further, in the above description, an example has
been described in which a patient is transferred from the
placement position to the MRI scanning position and then
the patient is returned to the same placement position which
now serves as the treatment position. However, the treatment
position may be different from the placement position where
the patient has been placed on the table.
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[0211] The treatment position in the intraoperative MR is
located at a position where the table is not close to the
imaging space, that is, a position located at least at a
predetermined distance from the imaging space. In the above
examples, a surgical instrument table 413<1313+1913+2813,
on which surgical instruments to be used by the surgeon
412+13121912+2812 are placed, is disposed near the treat-
ment position. If these surgical instruments are placed close
to the MRI apparatus, the surgical instruments may be
affected (e.g., may float) by the permanent magnet of the
MRI apparatus, and may hurt the patient and those who
handle the surgical instruments. It is therefore recommended
that the treatment position be sufficiently away from the
MRI apparatus, preferably farther away from the 5 Gauss
line L.

[0212] Itis also recommended that the base 121, 321, 721,
1021, 1121, 1221, 1721, 1821, 2721 of the robotic arm be
located outside the 5 Gauss line L. The base 121, 321, 721,
1021, 1121, 1221, 1721, 1821, 2721 of the robotic arm is
provided with a big motor. If this motor is located close to
the MRI apparatus, the magnetic field generated at the
imaging space of the MRI apparatus is distorted, which leads
to a deterioration of the MRI images.

[0213] Using the robotic arms of the first to fifth configu-
ration examples allows the table 108, 308, 708, 1008, 1108,
1208, 1708, 1808, 2708 to be apart from the MRI apparatus
414+13141914+2814 by the length of the robotic arm 101,
301, 701, 1001, 1101, 1201, 1701, 1801, 2701. This makes
it possible to keep the treatment position apart from the MRI
apparatus 414°13141914+2814 by a distance twice as long
as the robotic arm 101, 301, 701, 1001, 1101, 1201, 1701,
1801, 2701 at maximum. In other words, the treatment
position may be easily set outside the 5 Gauss line L by
using the robotic arm 101, 301, 701, 1001, 1101, 1201, 1701,
1801, 2701. As a result, the surgeon 412¢1312+1912+2812
may be less affected, and hence less burdened, by the
magnetic field. In addition, the surgeon 12 may stand
anywhere he/she likes.

[0214] As can be seen from the foregoing description,
application of the robotized beds described in the first to fifth
configuration examples to the intraoperative MRI allows the
patient placed on the table to be moved between the treat-
ment position and the MRI scanning position quickly and
accurately by the operation of the robotic arm. This may
contribute to enhancing the superior effect of improving the
performance of surgery. According to the aforementioned
document 3, compared to the conventional brain tumor
removal surgery in which the MRI and surgery have been
performed in different rooms, application of the intraopera-
tive MRI in which imaging and surgery are performed in the
same room (and further application of information-guided
surgery) achieves five-year survival rates of 78% in grade 3
and 19% in grade 4, which are about three times the average
conventional five-year survival rates of about 25% in grade
3 and about 7% in grade 4 of the surgery performed in
different rooms. Application of the robotized beds of the first
to fifth configuration examples to the intraoperative MRI
allows the table on which the patient is placed to be
transferred quickly and accurately as described so far, and
allows the MRI scanning and the brain tumor removal
surgery to be performed efficiently. Also, these robotized
beds are highly expected to contribute to further improving
the survival rate. In particular, as explained earlier, in the
brain tumor removal surgery, the MRI scanning and the
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brain tumor removal surgery are not performed only once,
but are repeated several times. Thus, there are high expec-
tations for the quick and accurate transfer of the patient
between the treatment position and the MRI scanning posi-
tion.

[0215] In applying the robotized beds of the first to fifth
configuration examples to the intraoperative MRI, it is
recommended that the supply of the drive current to the
plurality of actuators mounted on the robotic arm 101, 301,
701, 1001, 1101, 1201, 1701, 1801, 2701 be stopped and the
brake functions of the plurality of electromagnetic brakes
associated with the actuators be turned on by the control of
the controller
107-307°707+1007+1107+1207-1707+1807+2707, during a
period after the table 108, 308, 708, 1008, 1108, 1208, 1708,
1808, 2708 has arrived at the MRI scanning position and
before images of the target placed on the table starts to be
taken. This is recommended to reduce the deterioration of
the MRI images due to the magnetic field generated while
the actuators are actuated, for the MRI apparatus takes
images by utilizing the static magnetic field. This control
may be automatically carried out when the controller detects
that the table has arrived at the MRI scanning position and
stayed there for a predetermined period of time, or may be
carried out in accordance with a manually entered instruc-
tion. It is recommended, however, that the start of MRI
scanning (e.g., at a time when the main power of the MRI
apparatus is turned on, or the MRI apparatus is turned into
an active state) trigger the checkout to determine whether
the actuators of the robotic arm are actuated or not. If the
actuators are actuated, the actuators are turned off intention-
ally to have the brake functions turned on. It is therefore
recommended that the controller
107-307+707+1007+1107+1207-1707+1807+2707 have an
MRI operation monitor to monitor, for example, whether the
main power of the MRI apparatus is turned on or whether the
MRI apparatus is turned into an active state.

[0216] The robotic arm of the fifth configuration example
may be provided with a man-powered slide mechanism.
Thus, the supply of the drive current to the plurality of
actuators mounted on the robotic arm 101, 301, 701, 1001,
1101, 1201, 1701, 1801, 2701 may be stopped and the brake
functions of the plurality of electromagnetic brakes associ-
ated with the actuators may be turned on by the control of
the controller
107307°707+1007+1107+1207-1707+1807+2707 at a time
when the table 108, 308, 708, 1008, 1108, 1208, 1708, 1808,
2708 arrives at the MRI scanning preparation position. After
the actuators are turned off and the brake functions of the
electromagnetic brakes are turned on, the slide plate is made
to slide to move the patient to the MRI scanning position.
[0217] The table may be moved between the surgical
position and the MRI scanning position by actuating the
robotic arm 101, 301, 701, 1001, 1101, 1201, 1701, 1801,
2701 through a teaching pendant. However, if the surgical
position and the MRI scanning position are stored in
advance in the controller
107307°707+1007+1107+12071707+1807+2707, the table
108, 308, 708, 1008, 1108, 1208, 1708, 1808, 2708 may
move between the surgical position and the MRI scanning
position more quickly and smoothly.

[0218] If the robotic arm automatically moves the table
between the surgical position and the MRI scanning posi-
tion, it depends on the accuracy of positioning of the robotic
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arm whether or not the surgical field may be returned to the
same place with reliability after the MRI scanning. Further,
an advantage in using the robotic arm is that a large surgical
field can be obtained during surgery by changing the posi-
tion and posture of the patient by operating the robotic arm
during the surgery.

[0219] [Application to Other Treatments]

[0220] The robotized beds described in the first to fifth
configuration examples (in some cases, the robotized beds
with the above-described common additional features) may
be applied not only to the intraoperative MRI, but also to
other treatments as well.

[0221] Forexample, the apparatus 414 shown in FIGS. 4-6
and FIGS. 24-26, the apparatus 1314 shown in FIGS. 13-15,
the apparatus 1914 shown in FIGS. 19-21, and the apparatus
2814 shown in FIGS. 28-30 which were referred to when the
movement of the table was described in the respective
configuration examples may be X-ray machines. After a
patient is placed on the table 108, 308, 708, 1008, 1108,
1208, 1708, 1808, 2708, the table is moved to the imaging
position to x-ray the teeth of the patient, and successively
moved to the treatment position to give teeth treatment.
[0222] Another example is that the apparatus 414 shown
in FIGS. 4-6 and FIGS. 24-26, the apparatus 1314 shown in
FIGS. 13-15, the apparatus 1914 shown in FIGS. 19-21 and
the apparatus 2814 shown in FIGS. 28-30 which were
referred to when the movement of the table was described in
the respective configuration examples may be angiographic
apparatuses. After a patient is placed on the table 108, 308,
708, 1008, 1108, 1208, 1708, 1808, 2708, the table is moved
to the imaging position to take images of a target site by
X-ray fluoroscopy using the angiographic apparatus 15, and
thereafter moved to the treatment position to give catheter
treatment or any other treatment. In this case, the angio-
graphic apparatus 15 is fixed and the robotic arm 1701 is
operated to insert the table 1708 into a C-shaped arm.
However, as shown in the appearance views of FIGS. 37 and
38, the table 1708 may be inserted into the C-shaped arm of
the angiographic apparatus 15 by moving the table 1708 to
the imaging position first, and then moving the angiographic
apparatus 15 toward the table 1708.

[0223] Still another example is that a surgical robot is
arranged at the treatment position shown in FIGS. 4-6,
FIGS. 13-15, FIGS. 19-21, FIGS. 24-26 and FIGS. 28-30
which were referred to when the movement of the table was
described in the respective configuration examples. At the
treatment preparation position, a cannula, for example, is
inserted in a patient to make the patient ready for laparo-
scopic surgery, and thereafter the patient is moved to the
treatment position where the surgical robot performs the
laparoscopic surgery with its remotely-controlled manipu-
lator. FIG. 39 shows a state in which the table 1708 of the
robotized bed of the fourth configuration example has been
moved to the treatment position where a surgical robot is
arranged.

[0224] In these cases, as well, the above-mentioned com-
mon features may be added. For example, if the robotized
beds of the first to fifth configuration examples are used to
move the table to the position where images are taken by the
angiographic apparatus 15, the above-described height sen-
sor 174+374*7741074+1174+1274°1774+1874°2774 may be
provided. If the height of the table 108, 308, 708, 1008,
1108, 1208, 1708, 1808, 2708 detected by the height sensor
is not within the opening area of the C-shaped arm, the



US 2018/0289574 A1l

movement of the angiographic apparatus or the movement
of the table by the robotic arm may be stopped.
[0225] Examples in which the robotized beds of the first to
fifth configuration examples are applied to various scenes in
the medical settings have been described above. However,
one or more embodiments may be modified in various
manners without departing from the scope of one or more
embodiments. For example, the foregoing description has
been made on the premise that the base 121, 321, 721, 1021,
1121, 1221, 1721, 1821, 2721 of the robotic arm is fixed.
However, depending on the layout of the medical room, the
base may be installed on a rotating floor, and may be moved
in accordance with the rotation of the floor. Further, a
medical room may be provided with a rail via which the base
can move. In these configurations, too, in which the base
itself is movable, the table can move to the above respective
positions by combining the movement of the table with the
control of the robotic arm.
[0226] Note that the terms “bed” and “table” used in the
above description are synonyms, and different terms may
have been used to clarify the portion being described.
What is claimed is:
1. A robotized bed comprising:
a table for placing a patient; and
a robot arm comprising a base, a first movable element
supported by the base and a second movable element
coupled to the first movable element by a horizontally-
rotating joint, and a distal end of the robot arm sup-
porting the table,
wherein the robot arm is configured to move the table to
a plurality of predetermined positions including a treat-
ment position for a doctor to treat a patient,
wherein the robotized bed is configured such that the
robotic arm do not come in contact with the table, when
the robot arm rotates the table while maintaining the
table parallel to the horizontal plane.
2. The robotized bed of claim 1, wherein
the base is lower in height than a lower surface of the
table, when the distal end of the robotic arm is located
at a lowermost position and the robot arm supports the
table parallel to the horizontal plane.
3. The robotized bed of claim 1, wherein
the robotic arm is configured, at one of the predetermined
positions, to take a posture in which the robotic arm is
entirely hidden under the table in a view from vertically
above.
4. The robotized bed of claim 1, wherein
the robotic arm do not come in contact with the table,
when the robot arm rotates the table while maintaining
the table parallel to the horizontal plane by the robotic
arm of which the first and second movable elements
extend linearly via the horizontal rotation joint.
5. The robotized bed of claim 1, wherein
the plurality of predetermined positions include at least
one of an imaging position where an image device
images a patient and a placement position where a
patient is to be placed on the table.
6. The robotized bed of claim 1, wherein
the treatment position includes a position where a surgical
robot performs a laparoscopic surgery.
7. The robotized bed of claim 1, wherein
the robot arm comprises a third movable element coupled
to the second movable element by a second horizon-
tally-rotating joint.
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8. The robotized bed of claim 7, wherein

the robot arm comprises a fourth movable element
coupled to the third movable element by a vertically-
rotating joint.

9. The robotized bed of claim 1, wherein

the first movable element is supported by the base via a
joint traveling vertically straight.

10. The robotized bed of claim 1, wherein

the distal end of the robotic arm supports one end portion
of the table or a middle portion of the table.

11. The robotized bed of claim 1, further comprising:

a table slide mechanism configured to slide the table in a
direction parallel to the horizontal plane.

12. The robotized bed of claim 11, wherein

the table slide mechanism is configured to slide the table
by an actuator.

13. The robotized bed of claim 1, comprising:

a sensor which scans a range of movement of the table or
the robotic arm, wherein

when the sensor detects an object in the range, movement
of the robotic arm is stopped.

14. The robotized bed of claim 1, wherein

the robotized bed is configured to track the table to a target
point, and

when an actual position of the table is shifted from the
target point, a posture of the robotic arm is changed to
make a correction to the shift and bring the actual
position of the table to the target point.

15. The robotized bed of claim 1, wherein

the robot arm comprises:

a plurality of joints including the horizontally-rotating
joint;

a plurality of actuators configured to drive the plurality of
joints respectively;

a plurality of electromagnetic brakes provided with cor-
responding to the plurality of actuators respectively,
wherein

each of the electromagnetic brakes turns on when no drive
current is supplied to the corresponding actuator and
turns off when the drive current is supplied to the
corresponding actuator, wherein

at least one of the electromagnetic brakes is configured
such that the break turns off manually when no drive
current is supplied to the corresponding actuator.

16. A robotized bed comprising:

a table for placing a patient; and

a robot arm comprising a base, a first movable element
supported by the base, a second movable element
coupled to the first movable element by a first horizon-
tally-rotating joint, a third movable element coupled to
the second movable element by a second horizontally-
rotating joint and a distal end of the robot arm sup-
porting the table,

wherein the robot arm is configured to move the table to
a plurality of predetermined positions including a treat-
ment position for a doctor to treat a patient,

wherein the robotic arm is configured, at one of the
predetermined positions, to take a posture in which the
robotic arm is entirely hidden under the table in a view
from vertically above.

17. The robotized bed of claim 16, wherein

the plurality of predetermined positions include at least
one of an imaging position where an image device
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images a patient and a placement position where a
patient is to be placed on the table.

18. The robotized bed of claim 16, further comprising:

a table slide mechanism configured to slide the table in a
direction parallel to the horizontal plane.

19. A robotized bed comprising:

a table for placing a patient; and

a robot arm having a first end supported on a base and a
second end supporting the table,

wherein the robot arm including a plurality of movable
element and a plurality of joints each of which couples
adjacent two of the plurality of movable elements, and
the plurality of joints include a horizontally-rotating
joint,

wherein the robot arm is configured to move the table to
a plurality of predetermined positions including a treat-
ment position for a doctor to treat a patient,

wherein the robotic arm is configured, at one of the
predetermined positions, to take a posture in which the
robotic arm is entirely hidden under the table in a view
from vertically above.

20. The robotized bed of claim 19, wherein

the plurality of joints include a second horizontally-
rotating joint and a vertically-rotating joint.
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