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(57) Provide is an assistant robot capable of perform-
ing standing actions in accordance with the seating pos- FIG. 6
ture of persons in need of assistance and the physical
characteristics of persons in need of assistance. An as-
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sistantrobot 10 includes a base table 21, a vertical move- - g .
ment operation section 15¢ which enables a person in E g§ f«%
need of assistance M1 or an assistantto operate changes 2 ggg 8 [=]
of the vertical-direction location of the holding section 13, = ? = ﬂ%
gflrst control sef:tlon 17a Wh.ICh .controls the actuator 45 3 : 2 T;éf /EE‘
in accordance with an operation in the vertical movement SiEhe =
operation section 15¢c and moves the holding section 13 §

in a vertical manner, a memory section 16 which stores a%_‘“"\

in advance action trajectories of the actuators 45, 32a1, T j
and 32b1 which are intended to transfer the holding sec- Tng 3’@

tion 13 from a standard seating posture to a standard g ;E: '
standing posture, a correction section 17b which corrects . g !%i l
the action trajectories of the actuators 45, 32a1, and 32b1 E I —°r = ‘
on the basis of the vertical-direction location of the hold- @i 2 1" 2
ing section 13 moved using the first control section 17a MR < % J% | 5
and the vertical-direction location of the standard seating gr E
posture, and a second control section 17¢ which controls [%55} éi ;

the actuators 45, 32a1, and 32b1 on the basis of the |
corrected action trajectories and transfers the holding
section 13 to a predetermined standing posture.
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Description
Technical Field

[0001] The present invention relates to an assistant
robot that helps the standing action of a person in need
of assistance.

Background Art

[0002] Assistant robots described in PTL 1 to PTL 4
are known. These types of assistant robots help actions
transferring a seating posture to a standing posture.
These assistant robots transfer a person in need of as-
sistance to a standing posture in a state in which a part
of the upper body of the person in need of assistance in
a seating posture is held.

Citation List
Patent Literature
[0003]

PTL 1: JP-A-09-066082

PTL 2: JP-A-2012-030077
PTL 3: JP-A-2008-067849
PTL 4: JP-A-2012-217686

Summary of Invention
Technical Problem

[0004] However, in order to help standing actions in a
more stable state, there is a demand for standing actions
performed in accordance with the seating posture of per-
sons in need of assistance and the physical characteris-
tics of persons in need of assistance.

[0005] An object of the present invention is to provide
an assistantrobot capable of performing standing actions
in accordance with the seating posture of personsin need
of assistance and the physical characteristics of persons
in need of assistance. In addition, the object of the
presentinventionis to provide an assistant robot capable
of performing the standing actions using a simple con-
stitution.

Solution to Problem

[0006] An assistant robot according to the present in-
vention includes a base table; a holding section which
holds a part of a body of a person in need of assistance
and is capable of moving with respect to the base table
at least in a vertical and inclined manner; an actuator
which performs actions of the holding section with re-
spect to the base table; a vertical movement operation
section which is used by the person in need of assistance
or an assistant to operate changes in a vertical-direction
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location of the holding section; a first control section
which controls the actuator in accordance with the oper-
ation of the vertical movement operation section and ver-
tically moves the holding section; a memory section
which memorizes in advance an action trajectory of the
actuator for moving the holding section from a standard
seating posture to a standard standing posture; a correc-
tion section which corrects the action trajectory of the
actuator on the basis of a vertical-direction location of
the holding section moved using the first control section
and a vertical-direction location of the standard seating
posture; and a second control section which controls the
actuator on the basis of the corrected action trajectory
and moves the holding section to a predetermined stand-
ing posture.

[0007] When the person in need of assistance or the
assistant operates the vertical movement operation sec-
tion, it becomes possible to move the location of the hold-
ing section to an arbitrary location while the person in
need of assistance is in a seating position. In addition,
the action trajectory of the actuator for moving to a pre-
determined standing posture is corrected in accordance
with the vertical-direction location of the moved holding
section. That is, the starting location at which the person
in need of assistance moves to a standing posture is
freely determined in accordance with the seating height
of the personin need of assistance and the physical char-
acteristics of the person in need of assistance. Particu-
larly, since the starting location is freely determined at
an arbitrary location by the operation of the person in
need of assistance or an assistant, operability becomes
favorable, and standing actions are stably performed.
[0008] Another assistant robot according to the
present invention includes a base table; a holding base
section which is capable of moving with respect to the
base table at least in a vertical manner; and a holding
section which is provided so as to be attachable to and
detachable from the holding base section, holds a part
of a body of a person in need of assistance, and is an
attachment that is formed in accordance with physical
characteristics of the person in need of assistance. Since
an attachment that is attachable to and detachable from
the holding base section is used as the holding section,
an appropriate holding section in accordance with the
physical characteristics of a person in need of assistance
is applied. As a result, stable standing actions are per-
formed.

[0009] In addition, still another assistant robot accord-
ing to the present invention includes a base table; a hold-
ing base section which is capable of moving with respect
to the base table at least in a vertical manner; a holding
section which holds a part of a body of a person in need
of assistance and is coupled using a cam mechanism so
as to be capable of moving with respect to the holding
base section in a forward, backward, and inclined man-
ner; afirst actuator which moves the holding base section
with respect to the base table in a vertical manner; and
a second actuator which moves the holding section with
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respect to the holding base section in a forward, back-
ward, and inclined manner. The holding section is moved
in a forward, backward, and inclined manner using a sim-
ple constitution.

Brief Description of Drawings
[0010]

[Fig. 1] Fig. 1 is a view of a first embodiment of an
assistant robot according to the present invention
seen from the right side.

[Fig. 2] Fig. 2 is a view of an outline of an internal
structure of the assistant robot in a stretched state
illustrated in Fig. 1 seen from the right side.

[Fig. 3] Fig. 3 is a view of the outline of the internal
structure of the assistant robot in the stretched state
illustrated in Fig. 1 seen from the back.

[Fig. 4A] Fig. 4A is a view of a vicinity of a holding
section illustrated in Fig. 1 seen from above.

[Fig. 4B] Fig. 4B is a view of the vicinity of the holding
section in a state in which an elbow rest pad in the
holding sectionillustrated in Fig. 4A has been moved
seen from above.

[Fig. 5] Fig. 5 is a sectional view illustrating a detec-
tion device in the holding section illustrated in Fig. 1.
[Fig. 6] Fig. 6 is a functional block diagram regarding
a control device illustrated in Fig. 1.

[Fig. 7A] Fig. 7A is a view of an appearance of the
assistant robot supporting a seating person in need
of assistance seen from the right side.

[Fig. 7B] Fig. 7B is a view of an appearance of the
assistant robot supporting a standing person in need
of assistance seen from the right side.

[Fig. 8] Fig. 8 is a view illustrating a standing action
of the assistant robot.

[Fig. 9] Fig. 9 is a flowchart illustrating processes
performed using a first control section illustrated in
Fig. 6.

[Fig. 10] Fig. 10 is a flowchart illustrating processes
performed using a correction section illustrated in
Fig. 6.

[Fig. 11] Fig. 11 is a flowchart illustrating processes
performed using a second control section illustrated
in Fig. 6.

[Fig. 12]Fig. 12is a view illustrating another standing
action of the assistant robot.

[Fig. 13] Fig. 13 is a view illustrating still another
standing action of the assistant robot.

[Fig. 14] Fig. 14 is a view of the assistant robot in
which another holding section is mounted seen from
the right side.

[Fig. 15A] Fig. 15A is a view of a vicinity of another
holding sectionillustrated in Fig. 14 seen from above.
[Fig. 15B] Fig. 15B is a view of the vicinity of the
holding section in a state in which a gap between
right and left armpit grip sections in another holding
section illustrated in Fig. 14 has been changed seen
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from above.

[Fig. 16] Fig. 16 is a view of the assistant robot in
which a holding section in which a cam mechanism
is used is mounted seen from the right side.

[Fig. 17] Fig. 17 is a view of constituent components
of the cam mechanism illustrated in Fig. 16 seen
from above.

[Fig. 18] Fig. 18 is a partial sectional view of a view
of a part of the assistant robot of Fig. 16 seen from
the right side.

[Fig. 19] Fig. 19 is a view of a part of the assistant
robot in a state in which the holding section has been
moved seen from the right side.

[Fig. 20] Fig. 20 is a partial sectional view of a view
of a part of the assistant robot of Fig. 19 seen from
the right side.

[Fig. 21] Fig. 21 is a view of a part of the assistant
robot in a state in which a part of a cam groove has
been used seen from the right side.

Description of Embodiments
(1. Constitution of assistant robot)

[0011] Hereinafter, an embodiment of an assistant ro-
bot according to the present invention will be described.
An assistant robot 10 supports a part (for example, the
upper body) of the body of a person in need of assistance
M1 and helps standing and seating. As illustrated in Fig.
1 to 3, the assistant robot 10 includes a base section 11,
an actuator 12, a holding section 13, handles (gripping
sections) 14, an operation device 15, a storage device
(memory section) 16, and a control device 17. Hereinaf-
ter, the structure of the assistant robot 10 (a constitution
excluding the storage device 16 and the control device
17) will be described with reference to Figs. 1 to 5. In
addition, in the following description, front, back, left, and
right is set to be front, back, left, and right when the trav-
elling direction of the assistant robot 10 is considered as
forward.

[0012] The base section 11 includes a base table 21,
a base section cover 22, and a riding plate 23. The base
table 21 is formed in a substantial U shape so as to be
open backwards (the left direction in Fig. 1) when seen
in a plan. Specifically, the base table 21 includes right
and left frames 21a and 21b and a coupling frame 21¢c
that couples end portions (the front end portion in the
present embodiment (the right direction in Figs. 1 and 2))
of the right and left frames 21a and 21b. The right and
left frames 21a and 21b are disposed at a gap necessary
for the person in need of assistance M1 to enter the as-
sistant robot.

[0013] Right and left back wheels 21d and 21e are re-
spectively provided at the back end portions of the right
and left frames 21a and 21b. Meanwhile, the right and
left back wheels 21d and 21e may be respectively driven
using a motor. Right and left front wheels 21h and 21i
are respectively provided at the front end portions of the
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right and left frames 21a and 21b. The right and left front
wheels 21h and 21i can be rotated in accordance with
the travelling direction of the assistant robot 10.

[0014] As illustrated in Fig. 1, the base section cover
22 is a cover that covers the base table 21 from above.
The base section cover 22 is, similar to the base table
21, formed in a substantial U shape so as to be open
backwards when seen in a plan. As illustrated in Figs. 2
and 3, the riding plate 23 is provided at the U-shaped
opening portion of the base table 21. When the person
in need of assistance M1 rides on the riding plate 23, the
assistant robot 10 functions as a towing vehicle. In addi-
tion, the riding plate 23 can be set into a standing state
as illustrated using a two-dot-dashed line in Fig. 2. In this
case, the assistant robot 10 functions as a wheeled walk-
er.

[0015] As illustrated in Figs. 2 and 3, the actuator 12
(30) includes a slide section 31 and a tilting section 32.
The slide section 31 moves the holding section 13 with
respect to the base table 21 in a vertical manner. The
tilting section 32 moves the holding section 13 with re-
spect to the base table 21 in an inclined manner.
[0016] The slide section 31 (40) includes right and left
slide sections 41 and 42. As illustrated in Fig. 3, the left
slide section 41 includes a slide base section 41a, a first
slide section 41b, and a second slide section41c. A base
section of the left slide section 41 is mounted in the left
frame 21a of the base table 21. That is, the slide base
section 41a is mounted so as to be inclined forwards at
a predetermined angle (for example, 80 degrees) with
respect to the base table 21. The first slide section 41b
is constituted so as to slide in the longitudinal direction
(axis movement direction) with respect to the slide base
section41aand be almost storedin the slide base section
41a when the first slide section contracts . The second
slide section 41c is constituted so as to slide in the lon-
gitudinal direction (axis movement direction) with respect
to the first slide section 41b and be almost stored in the
first slide section 41b when the second slide section con-
tracts.

[0017] Anarm section 43 (holding base section) which
is provided so as to extend backwards is mounted in the
upper end of the second slide section 41c. In the present
embodiment, the arm section 43 intersects the longitu-
dinal direction of the left slide section 41. The holding
section 13 is mounted in the front end portion of the arm
section 43 so as to be turning.

[0018] Furthermore, the slide section 31 includes a
driving motor 45 (a vertical movement actuator or a first
actuator) that slides the first and second slide sections
41b and 41c. The driving motor 45 is constituted so that
the power of the driving motor is transferred to a second
belt 48 through a speed change mechanism 46 and a
first belt 47. The second belt 48 is hung at a pulley 48a
and a pulley 48b. The pulley 48a is mounted in the lower
end portion of the slide base section 41a so as to be
capable of rotating. The pulley 48b is mounted in the
upper end portion of the slide base section 41a so as to
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be capable of rotating. The lower end portion of the first
slide section 41b is fixed to the second belt 48.

[0019] A third belt 49 is hung at a pulley 49a and a
pulley 49b. The pulley 49a is mounted in the lower end
portion of the first slide section 41b so as to be capable
of rotating. The pulley 49b is mounted in the upper end
portion of the first slide section 41b so as to be capable
of rotating. A lower end portion 41c1 of the second slide
section 41c is fixed to one side of the third belt 49. An
upper end portion 41a1 of the slide base section 41a is
fixed to the other side of the third belt 49.

[0020] The left slide section 41 includes a slide cover
41d (illustrated in Fig. 1) that covers the first slide section
41b and the second slide section 41c. The slide cover
41d is formed in a tubular shape. The slide cover 41d
may be constituted of one tubular body or may be con-
stituted of a two-stage slide in which two tubular bodies
slide.

[0021] As illustrated in Figs. 2 and 3, the right slide
section 42 includes, similar to the left slide section 41, a
slide base section 42a, a first slide section 42b, and a
second slide section 42c. The base section of the right
slide section 42 is mounted in the right frame 21b of the
base table 21. An arm section 44 (holding base section)
which is provided so as to extend backwards is mounted
in the upper end of the second slide section 42c. The
holding section 13 is mounted in the front end portion of
the arm section 44 so as to be capable of turning.
[0022] Furthermore, the output of the driving motor 45
is transferred to a second belt 52 through the speed
change mechanism 46 and a first belt 51. The second
belt 52 is hung at a pulley 52a and a pulley 52b. The
pulley 52ais mounted in the lower end portion of the slide
base section 42a so as to be capable of rotating. The
pulley 52b is mounted in the upper end portion of the
slide base section 42a so as to be capable of rotating.
The lower end portion of the first slide section 42b is fixed
to the second belt 52.

[0023] A third belt 53 is hung at a pulley 53a and a
pulley 53b. The pulley 53a is mounted in the lower end
portion of the first slide section 42b so as to be capable
of rotating. The pulley 53b is mounted in the upper end
portion of the first slide section 42b so as to be capable
of rotating. A lower end portion 42c1 of the second slide
section 42c is fixed to one side of the third belt 53. An
upper end portion 42a1 of the slide base section 42a is
fixed to the other side of the third belt 53.

[0024] The right slide section 42 includes a slide cover
42d (illustrated in Fig. 1) that covers the first slide section
42b and the second slide section 42c. The slide cover
42d is constituted in the same manner as the slide cover
41d.

[0025] When the driving motor45isdrivenin a positive
direction, the second belt 48 is rotated, and the first slide
section 41b stretches in the axis movementdirection with
respect to the slide base section 41a. At the same time,
the third belt 49 is rotated in accordance with the lifting
of the first slide section 41b, and the second slide section
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41c stretches in the axis movementdirection with respect
to the first slide section 41b. The stretching action of the
right slide section 42 is also the same as that of the left
slide section 41.

[0026] On the other hand, when the driving motor 45
is driven in a reverse direction, the second belt 48 is ro-
tated in a direction opposite to that during stretching, and
the first slide section 41b contracts in the axis movement
direction with respect to the slide base section 41a. At
the same time, the third belt 49 is rotated in a direction
opposite to that during stretching in accordance with the
lowering of the first slide section 41b, and the second
slide section 41c contracts in the axis movement direction
with respect to the first slide section 41b. The contraction
action of the right slide section 42 is also the same as
that of the left slide section 41. Therefore, the arm sec-
tions 43 and 44 and the holding section 13 move with
respect to the base table 21 in a vertical manner. Mean-
while, as the slide section 31, a ball screw or the like can
also be used in addition to a belt.

[0027] Thetilting section 32includes rightand left tilting
sections 32a and 32b. The left tilting section 32aincludes
a driving motor 32a1 (tilting actuator), a transformation
mechanism 32a2, and an output rod 32a3. The transfor-
mation mechanism 32a2 is embedded with, for example,
a ball screw and transforms the rotation output of the
driving motor 32a1 to alinear movement and outputs the
linear movement to the output rod 32a3. The output rod
32a3 advances and retracts in the axis direction with re-
spect to the transformation mechanism 32a2. The driving
motor 32a1 and the transformation mechanism 32a2 are
mounted in the lower end portion of the second slide sec-
tion 41c. The right tilting section 32a is mounted so as to
be capable of moving with respect to the second slide
section41cand the arm section 43 in aninclined manner.
The output end of the output rod 32a3 is mounted in the
front end portion of the holding section 13 so as to be
capable of moving in an inclined manner.

[0028] The right tilting section 32b includes, similar to
the left tilting section 32a, a driving motor 32b1 (tilting
actuator), a transformation mechanism 32b2, and an out-
put rod 32b3. The driving motor 32b1 and the transfor-
mation mechanism 32b2 are mounted in the lower end
portion of the second slide section 42c. The right tilting
section 32b is mounted so as to be capable of moving
with respect to the second slide section 42¢ and the arm
section 44 in an inclined manner. The output end of the
output rod 32b3 is mounted in the front end portion of the
holding section 13 so as to be capable of moving in an
inclined manner.

[0029] When the driving motor 32a1 is driven in a pos-
itive direction, the output rod 32a3 advances (stretches)
in an output direction. At the same time, when the driving
motor 32b1 is driven in a positive direction, the output
rod 32b3 advances (stretches) in an output direction. As
a result, the holding section 13 rotates (is inclined back-
wards) around a rotation axis A1 counterclockwise (in
Figs. 1 and 2). On the other hand, when the driving motor
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32a1 is driven in the reverse direction, the output rod
32a3 retracts (contracts). At the same time, when the
driving motor 32b1 is driven in a positive direction, the
output rod 32b3 retracts (contracts). As aresult, the hold-
ing section 13 rotates (is inclined forwards) around the
rotation axis A1 clockwise (in Figs. 1 and 2). Therefore,
the holding section 13 moves with respect to the base
table 21 and the arm sections 43 and 44 in an inclined
manner.

[0030] Theholding section 13 is capable of moving with
respect to the base table 21 at least in a vertical and
inclined manner. In addition, the holding section 13 is
capable of moving with respect to the arm sections 43
and 44 in an inclined manner. Furthermore, the holding
section 13 is an attachment that is attachable to and de-
tachable from (exchangeable) the arm sections 43 and
44. That is, the holding section 13 is formed in accord-
ance with the physical characteristics of the person in
need of assistance M1. The holding section 13 suitable
for the person in need of assistance M1 using the assist-
ant robot 10 is mounted in the arm sections 43 and 44.
[0031] The back end portion of the holding section 13
is mounted so as to be capable of turning around the
rotation axis A1 of the arm sections 43 and 44. The front
end portion of the holding section 13 is adjusted to a
predetermined angle with respect to the horizontal sur-
face using the tilting section 32 and is supported at that
location. The holding section 13 holds a part (for example,
the upper body) of the body of the person in need of
assistance M1 and helps standing, seating, and walking
(moving).

[0032] The holding section 13 is a member that sup-
ports the upper body when, for example, the holding sec-
tion faces the person in need of assistance M1 during
the standing action and the seating action of the person
in need of assistance M1. As illustrated in Fig. 4A, the
holding section 13 is formed in a substantial U shape so
as to be open backwards (in the downward direction in
Fig. 4A) when seen in a plan. The holding section 13 is
constituted in a state in which two plate members 61 and
62 (holding section main bodies or attachment main bod-
ies) that are formed in a substantial U shape when seen
in a plan are stacked one on the other. As illustrated in
Fig. 5, a detection device 63 that detects the distribution
of weight of the person in need of assistance M1 is pro-
vided between the plate member 61 and the plate mem-
ber 62.

[0033] The detection device 63 is constituted of multi-
ple pressure sensors 63a. In the present embodiment,
the pressure sensors 63a are disposed at four corner
portions of the holding section 13. Two of the pressure
sensors 63a are provided on the right side of the detection
device in the forward-and-backward direction (the right-
and-left direction in Fig. 5) of the person in need of as-
sistance M1, and the remaining two pressure sensors
are provided on the left side in the forward-and-backward
direction. The pressure sensors 63a provided ahead of
the person in need of assistance M1 are front-side pres-



9 EP 3 123 995 A1 10

sure sensors 63af. The pressure sensors 63a provided
behind the person in need of assistance M1 are back-
side pressure sensors 63ar. The pressure sensors 63a
are sensors that detect the distortion amounts of elastic
bodies which change due to the change of loads as volt-
age changes, semiconductor-type pressure sensors in
which, when a pressure is applied to a silicon chip, the
gauge resistance changes in accordance with bending
and is transformed to electrical signals, or the like. Mean-
while, the detection device 63 may be constituted of a
planar pressure sensor.

[0034] As illustrated in Fig. 4A, a pair of elbow rest
pads 64 and 64 (elbow rest sections) is provided at the
back end portion of the upper surface of the holding sec-
tion 13. A pair of handles 14 and 14 (gripping sections)
is provided at the front end portion of the upper surface
of the holding section 13. The person in need of assist-
ance M1 respectively grips the handles 14 and 14 with
the right and left hands.

[0035] As illustrated in Fig. 4B, the right and left elbow
rest pads 64 and 64 are respectively provided in the plate
member 61 (the holding section main body) so that the
gap therebetween can be changed in the right-and-left
direction of the person in need of assistance M1. Fur-
thermore, the right and left elbow rest pads 64 and 64
are respectively provided so that the gaps with the han-
dles 14 and 14 can be changed in the forward-and-back-
ward direction. For example, the right and left elbow rest
pads 64 and 64 may be attachable to and detachable
from the plate member 61, and a mechanism that is guid-
ed so as to become capable of moving in the forward-
and-backward direction and in the right-and-left direction
may be employed.

[0036] The locations of the right and left elbow rest
pads 64 and 64 are appropriately adjusted in accordance
with the physical characteristics of the person in need of
assistance M1. Therefore, the person in need of assist-
ance M1 is maintained in a comfortable posture, and the
person in need of assistance M1 is able to easily stabilize
the posture when the person in need of assistance M1
acts to be in a standing posture from a seating posture.
[0037] A trunk detection switch 66 (trunk detector) is
provided in the center of the holding section 13 in the
forward-and-backward direction and in the right-and-left
direction. The trunk detection switch 66 protrudes up-
wards more than the upper surface of the plate member
61 and detects contact with the trunk of the person in
need of assistance M1.

[0038] The operation device 15 is provided in the front
end portion of the upper surface of the holding section
13. The operation device 15 includes a display section
15athat displays images and operation sections 15b that
receive input operations from a user (an assistant or the
person in need of assistance M1). The display section
15a is constituted of a liquid crystal display and displays
an image for selecting the action modes of the assistant
robot 10 and the like. The operation section 15b includes
cursor keys used to move a cursor in upward, downward,
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right, and left directions, a cancel key used to cancel in-
puts, determination keys used to determine selection
contents, and the like and is constituted so that com-
manders can be input from users through the keys.
[0039] The operation device 15 has at least a function
of a vertical movement operation section 15¢ which en-
ables the personin need of assistance M1 or an assistant
to operate changes of the vertical-direction location of
the holding section 13, a function of a height acquisition
section 15d which acquires the height of the person in
need of assistance M1, and a function of a standing start
switch 15e. The vertical movement operation section
15c, the height acquisition section 15d, and the standing
start switch 15e may be displayed on the display section
15a. Meanwhile, the operation device 15 has a display
function of the display section 15a and an input function
of the operation section 15b and may be constituted of
a touch panel used to operate devices by pressing dis-
plays on screens.

[0040] As illustrated in Fig. 1, the lower surface of the
holding section 13 is mounted so that a cover 65 faces
downwards. The cover 65 is formed in a plate shape or
afan shape and shields a void between the holding sec-
tion 13 and the arm section 43 (or the arm section 44).

(2. Description of storage device and control device)

[0041] The storage device 16 and the control device
17 will be described with reference to Figs. 6 to 13. The
storage device 16 (memory section) stores the action
trajectories of the driving motor 45 as a verticalmovement
actuator and the driving motors 32a1 and 32b1 as tilting
actuators which are intended to transfer the holding sec-
tion 13 from a standard seating posture to a standard
standing posture in a case in which an imaginary person
in need of assistance M1 corresponding to previously-
specified standard physical characteristics is caused to
stand from a seating state.

[0042] The standard seating posture of the holding
section 13 refers to a posture of the holding section 13
supporting the front arms of the person in need of assist-
ance M1 in a state in which an imaginary person in need
of assistance M1 seats in a seating portion of a previous-
ly-specified height as illustrated in Fig. 7A. The standard
standing posture refers to a posture of the holding section
13 supporting the front arms of the person in need of
assistance M1 in a state in which the imaginary person
in need of assistance M1 stands as illustrated in Fig. 7B.
[0043] In a case in which the assistant robot 10 is
caused to act according to the action trajectories of the
actuators 45, 32a1, and 32b1 which are memorized in
the storage device 16, an action trajectory Tas1 of a
shoulder of the person in need of assistance M1 is indi-
cated by the broken line in Fig. 8. That is, the person in
need of assistance M1 stands while being inclined for-
wards.

[0044] The control device 17 controls the driving motor
45 as a vertical movement actuator and the driving mo-
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tors 32a1 and 32b1 as tilting actuators on the basis of
diverse information. The control device 17 includes a first
control section 17a, a correction section 17b, and a sec-
ond control section 17c.

[0045] The first control section 17a determines the in-
put of an operation to the vertical movement operation
section 15¢ by the person in need of assistance M1 or
an assistant as illustrated in Fig. 9 (S11). In a case in
which an operation is input to the vertical movement op-
eration section 15c, the first control section 17a controls
the driving motor 45 as a vertical movement actuator in
accordance with the vertical movement operation (S12).
[0046] Specifically, when the person in need of assist-
ance M1 is in a seating state, the person in need of as-
sistance M1 or an assistant operates to move the vertical
movement operation section 15c upwards, the first con-
trol section 17a controls the driving motor 45 and moves
the holding section 13 upwards. On the other hand, when
the person in need of assistance M1 is in a seating state,
the person in need of assistance M1 or an assistant op-
erates to move the vertical movement operation section
15¢ downwards, the first control section 17a controls the
driving motor 45 and moves the holding section 13 down-
wards.

[0047] Thatis, when the person in need of assistance
M1 isin a seating state, the first control section 17a moves
the holding section 13 so that the height of the holding
section 13 matches the height of the front arms of the
person in need of assistance M1. The height of the front
arms ofthe personin need of assistance M1 inthe seating
state varies depending on the height of the seating por-
tion and the physical characteristics of the personin need
of assistance M1. Therefore, when the person in need
of assistance M1 operates the vertical movement oper-
ation section 15¢, the height of the holding section 13 is
easily matched to the height of the front arms of the per-
son in need of assistance M1.

[0048] The correction section 17b corrects the action
trajectories which are memorized in the storage device
16 and serve as standards on the basis of the vertical-
direction location of the holding section 13 moved using
the first control section 17a and the height of the person
in need of assistance M1. The correction section 17b
acquires the vertical-direction location of the holding sec-
tion 13 in a state of being acted using the first control
section 17a as illustrated in Fig. 10 (S21). Next, the cor-
rection section 17b acquires the height of the person in
need of assistance M1 which has been acquired using
the height acquisition section 15d (S22) and acquires the
action trajectories which are memorized in the storage
device 16 (S23).

[0049] The correction section 17d corrects the action
trajectories which are memorized in the storage device
16 on the basis of the acquired information. For example,
as illustrated in Fig. 12, in a case in which the person in
need of assistance M1 sits in a high seating portion and
the height of the person in need of assistance M1 is the
same as that of the person in need of assistance M1
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having standard physical characteristics which are mem-
orized in the storage device 16, an action trajectory Tas2
of the shoulder of the person in need of assistance M1
from the corrected action trajectory of the actuator be-
comes an action trajectory indicated by the solid line.
Here, the broken line in Fig. 12 indicates the action tra-
jectory Tas1 of the shoulder of the person in need of
assistance M1 which is memorized in the storage device
16.

[0050] Inaddition,inacase in whichthe personin need
of assistance M1 has a smaller body than the person in
need of assistance M1 having standard physical charac-
teristics, an action trajectory Tas3 of the shoulder of the
person in need of assistance M1 from the corrected ac-
tion trajectory of the actuator becomes an action trajec-
tory indicated by the solid line in Fig. 13. The broken line
in Fig. 13 indicates the action trajectory Tas1 of the shoul-
der of the person in need of assistance M1 which is mem-
orized in the storage device 16.

[0051] A second control section 17e controls the driv-
ing motor 45 as a vertical movement actuator and the
driving motors 32a1 and 32b1 as tilting actuators on the
basis of the action trajectories of the actuator which have
been corrected using the correction section 17d.

[0052] Asillustrated in Fig. 11, the second control sec-
tion 17e determines whether the standing start switch
15e is in an ON state (S31). When the standing start
switch 15e is in an ON state, the second control section
17e determines whether the trunk detection switch 66 is
in an ON state (S32). A state in which the trunk detection
switch 66 is turned ON refers to a state in which the per-
son in need of assistance M1 also clings to the trunk
detection switch 66. When any of the above-described
determinations is not satisfied, the second control section
17erepeats the processes up to S31 again. Thatis, since
the second control section 17e performs a standing ac-
tion in a case in which the trunk detection switch 66 is in
an ON state, it is possible to realize the stable standing
action of the person in need of assistance M1.

[0053] Inacase in which the standing start switch 15e
and the trunk detection switch 66 are in an ON state, the
second control section 17e acquires the action trajectory
of the actuator which has been corrected using the cor-
rection section 17d (S33). Subsequently, the second con-
trol section 17e acquires a variety of loads that are de-
tected using the pressure sensors 63a (S34) and controls
to cause the holding section to stand in accordance with
the corrected action trajectory of the actuator and the
loads. For example, in a case in which the person in need
of assistance M1 is significantly inclined forwards, the
second control section 17e controls to regulate the for-
ward inclination of the person in need of assistance M1.
In addition, in a case in which the person in need of as-
sistance M1 is significantly inclined backwards, the sec-
ond control section 17e controls to regulate the backward
inclination of the person in need of assistance M1. The
second control section 17e repeats the processes of S34
and S35 until the holding section reaches the standing
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location and terminates the processes in a case in which
holding section has reached the standing location (S36).
[0054] According to what has been described above,
when the personin need of assistance M1 or an assistant
operates the vertical movement operation section 15¢, it
becomes possible to move the location of the holding
section 13 to an arbitrary location while the person in
need of assistance M1 is in a seating position. In accord-
ance with the vertical-direction location of the moved
holding section 13, the action trajectory of the actuator
for moving to a predetermined standing posture is cor-
rected. That is, the starting location at which the holding
section is transferred to the standing posture is freely
determined in accordance with the seating height of the
person in need of assistance M1 and the physical char-
acteristics of the person in need of assistance M1. Par-
ticularly, since the starting location is freely determined
at an arbitrary location by the operation by the person in
need of assistance M1 or an assistant, operability be-
comes favorable, and standing actions are stably per-
formed. The physical characteristics mentioned herein
include the length of the trunk of the person in need of
assistance M1, the size of the hip, the upper arm length,
and the like. Furthermore, the action trajectories of the
actuator are corrected in accordance with the height of
the person in need of assistance M1. Therefore, the as-
sistant robot 10 is capable of performing appropriate
standing actions in accordance with the physical charac-
teristics of the person in need of assistance M1.

[0055] Furthermore, the elbow rest pads 64 and 64 are
provided so that the gap therebetween can be changed
in the right-and-left direction of the person in need of as-
sistance M1 and the gaps with the handles 14 and 14
can be changed in the forward-and-backward direction.
Thatis, the holding section 13 is operated in accordance
with the physical characteristics of the person in need of
assistance M1. Therefore, the assistant robot 10 is ca-
pable of more reliably and stably performing the standing
action of the person in need of assistance M1.

(3. Attachment)

[0056] As described above, the holding section 13 is
an attachment that is attachable to and detachable from
the arm sections 43 and 44. The holding section 13 in-
cluding the elbow rest pads 64 and 64 and the handles
14 and 14 becomes exchangeable with a new holding
section in accordance with the person in need of assist-
ance M1.

[0057] Furthermore, in addition to the holding section
13 having the above-described structure, a holding sec-
tion 113 illustrated in Figs. 14 to 15B is applicable. The
personinneed of assistance M1 holds the holding section
113 with the right and left armpits. The holding section
113, the holding section 113 is an attachment that is at-
tachable to and detachable from the arm sections 43 and
44.

[0058] The holding section 113 includes a holding sec-
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tion main body 166 on the upper surface of the plate
member 61. The holding section main body 166 includes
a central fixed section 166a that is fixed to the center of
the plate member 61 and right and left armpit grip sec-
tions 166b and 166¢c. The right and left armpit grip sec-
tions 166b and 166¢ are capable of sliding with respect
to the central fixed section 166a. That is, the shape of
the holding section main body 166 is appropriately
changed in accordance with the physical characteristics
of the person in need of assistance M1.

[0059] As described above, since the holding sections
13 and 113 are attachments that are attachable to and
detachable from the arm sections 43 and 44, an appro-
priate one of the holding sections 13 and 113 is applied
in accordance with the physical characteristics of the per-
son in need of assistance M1 and the disease conditions
and the like of the person in need of assistance M1. As
a result, stable standing actions are performed. The
physical characteristics mentioned herein refer to the
body type of the person in need of assistance M1 such
as a large body or a small body.

(4. Cam mechanism)

[0060] In the above description, the holding sections
13 and 113 rotate around the rotation axis A1 with respect
to the arm sections 43 and 44. Here, in a case in which
the assistant robot 10 performs a standing action from a
seating state with respect to the person in need of as-
sistance M1, the assistant robot 10 desirably lifts while
inclining forward the person in need of assistance M1.
The assistant robot 10 having the above-described con-
stitution is capable of lifting while inclining the person in
need of assistance M1 forwards. Hereinafter, an assist-
ant robot 200 capable of performing a larger forward in-
clination action using a cam mechanism will be de-
scribed.

[0061] As illustratedin Figs. 16 to 18, the assistant ro-
bot 200 includes arm sections 243 and 244 (holding base
sections) that are provided at the upper ends of the sec-
ond slide sections 41c and 42c¢ so as to extend forwards.
The arm sections 243 and 244 couple the front end side
of the arm sections 243 and 244 using a coupling section
245. Furthermore, each of the arm sections 243 and 244
includes two cam pins 243a and 243a or 244a and 244a
that protrude outside to the right and the left.

[0062] A holding section 213 includes cam plates 266
and 267 that are fixed to the right and left parts on the
lower surface of the plate member 62. The cam plates
266 and 267 couple the back end side of the cam plates
266 and 267 using a coupling section 268. Cam grooves
266a and 267a are formed in the cam plates 266 and
267. The cam grooves 266a and 267a are formed so as
to have a linear front side and an arc back side. The cam
pins 243a and 244a are inserted into the cam grooves
266a and 267a so as to be capable of moving along the
cam grooves 266a and 267a. That is, the holding section
213 is coupled using cam mechanisms so as to be ca-
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pable of moving with respect to the arm sections 243 and
244 in a forward, backward, and inclined manner.
[0063] Furthermore, the assistant robot 200 includes
alinear movement actuator 232 (a second actuator). One
end of the linear movement actuator 232 is provided in
the coupling section 245 so as to be capable of moving
in an inclined manner, and the other end of the linear
movement actuator 232 is provided in the coupling sec-
tion 268 so as to be capable of moving in an inclined
manner.

[0064] The linear movement actuator 232 is controlled
using the second control section 17e. As illustrated in
Figs. 16 and 18, when the linear movement actuator 232
contracts from a state in which the linear movement ac-
tuator 232 is stretched, the holding section 213 becomes
as illustrated in Figs. 19 and 20. That is, when the linear
movement actuator 232 contracts, the holding section
213 is moved forwards due to the linear portions of the
cam grooves 266a and 267a. Furthermore, the holding
section 213 is inclined forwards due to the arc portions
of the cam grooves 266a and 267a. Therefore, the hold-
ing section 213 is moved in a forward, backward, and
inclined manner with respect to the arm sections 243 and
244 using one linear movementactuator 232. The above-
described actions of the holding section 213 become pos-
sible using a simple constitution.

[0065] Inaddition, inacase in which the personin need
of assistance M1 has a small body, as illustrated in Fig.
21, the second control section 17e does not use the full
ranges of the cam grooves 266a and 267a and can also
be set to use part of the cam grooves 266a and 267a.
That is, the correction section 17b corrects the action
trajectory of the actuator 232 so that the action ranges
of the cam grooves 266a and 267a vary depending on
the physical characteristics of the person in need of as-
sistance M1. Therefore, appropriate forward, backward,
and tilting is realized in accordance with the physical
characteristics of the person in need of assistance M1.

Reference Signs List

[0066] 10, 200: assistant robot, 13, 113, 213: holding
section, 14: handle (gripping section), 15c¢: vertical move-
ment operation section, 15d: height acquisition section,
15e: standing start switch, 16: storage device (memory
section), 17: controldevice, 17a: first control section, 17b:
correction section, 17c: second control section, 17d: cor-
rection section, 17e: second control section, 21: base
table, 31: slide section, 32: tilting section, 32a1, 32b1:
driving motor (actuator), 43, 44, 243, 244: arm section
(holding base section), 45: driving motor (first actuator),
61, 62: plate member (attachment main body), 64: elbow
rest pad (elbow rest section), 66: trunk detection switch,
232: linear movement actuator (second actuator), M1:
person in need of assistance
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Claims

1.

An assistant robot comprising:

a base table;

a holding section which holds a part of a body
of a person in need of assistance and is capable
of moving with respect to the base table at least
in a vertical and inclined manner;

an actuator which performs actions of the hold-
ing section with respect to the base table;

a vertical movement operation section which is
used by the person in need of assistance or an
assistant to operate changes in a vertical-direc-
tion location of the holding section;

a first control section which controls the actuator
in accordance with the operation of the vertical
movement operation section and vertically
moves the holding section;

a memory section which memorizes in advance
an action trajectory of the actuator for moving
the holding section from a standard seating pos-
ture to a standard standing posture;

a correction section which corrects the action
trajectory of the actuator on the basis of a verti-
cal-direction location of the holding section
moved using the first control section and a ver-
tical-direction location of the standard seating
posture; and

a second control section which controls the ac-
tuator on the basis of the corrected action tra-
jectory and moves the holding section to a pre-
determined standing posture.

The assistant robot according to Claim 1,

wherein the assistant robot includes a height acqui-
sition section which acquires a height of the person
in need of assistance from the person in need of
assistance or the assistant,

the correction section corrects an action trajectory
of the actuator on the basis of the vertical-direction
location and a vertical-direction location of the stand-
ard seating posture and on the basis of the height
and the standard standing posture, and

the second control section moves the holding section
to the predetermined standing posture in accord-
ance with the height.

The assistant robot according to Claim 1 or 2,
wherein the assistant robot includes a trunk detector
which is provided in the holding section and detects
contact of a trunk of the person in need of assistance,
and

the second control section moves the holding section
to the predetermined standing posture in a case in
which the trunk detector detects the contact of the
trunk of the person in need of assistance.
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The assistant robot according to any one of Claims
1to 3,

wherein the assistant robot includes a holding base
section which is capable of moving with respect to
the base table at least in a vertical manner, and
the holding section is provided so as to be attachable
to and detachable from the holding base section,
holds a part of the body of the person in need of
assistance, and is an attachment that is formed in
accordance with physical characteristics of the per-
son in need of assistance.

The assistant robot according to Claim 4,

wherein the attachment includes

an attachment main body; and

right and left elbow rest sections and right and left
gripping sections which are provided in the attach-
ment main body,

the right and left elbow rest sections are respectively
provided in the attachment main body so that a gap
therebetween can be changed in a right-and-left di-
rection of the person in need of assistance, and
the right and left elbow rest sections and the right
and left gripping sections are provided so that a gap
therewith can be relatively changed in a forward-and-
backward direction of the person in need of assist-
ance.

The assistant robot according to any one of Claims
1to 5,

wherein the assistant robot includes a holding base
section which is capable of moving with respect to
the base table at least in a vertical manner, and
the holding section is coupled using a cam mecha-
nism so as to be capable of moving with respect to
the holding base section in a forward, backward, and
inclined manner and moves with respect to the hold-
ing base section in aforward, backward, and inclined
manner using one actuator.

The assistant robot according to Claim 6,

wherein the cam mechanism includes a cam groove
that extends at least in the forward-and-backward
direction, and

the correction section corrects the action trajectory
of the actuator so that an action range of the cam
groove varies depending on the physical character-
istics of the person in need of assistance.

An assistant robot comprising:

a base table;

a holding base section which is capable of mov-
ing with respect to the base table at least in a
vertical manner; and

a holding section which is provided so as to be
attachable to and detachable from the holding
base section, holds a part of a body of a person
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10

18

in need of assistance, and is an attachment that
is formed in accordance with physical charac-
teristics of the person in need of assistance.

9. An assistant robot comprising:

a base table;

a holding base section which is capable of mov-
ing with respect to the base table at least in a
vertical manner;

a holding section which holds a part of a body
of a person in need of assistance and is coupled
using a cam mechanism so as to be capable of
moving with respect to the holding base section
in a forward, backward, and inclined manner;
a first actuator which moves the holding base
section with respecttothe base table in a vertical
manner; and

a second actuator which moves the holding sec-
tion with respect to the holding base section in
a forward, backward, and inclined manner.
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