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DESCRIPTION

Technical Field

[0001] The present invention relates to a motion setting method of a standing and sitting motion-supporting robot that supports a
standing motion or a sitting motion of a care receiver.

Background Art

[0002] PTL 1 discloses a training assistance robot for standing and sitting motions. According to PTL 1, a plurality of patterns of
a tracking path of a support unit that supports the armpit of a care receiver are stored in a control unit of the training assistance
robot. The respective tracking paths are obtained by making a plurality of people with different heights, ages, and sexes perform
the standing and sitting motions and tracing tracking paths thereof. That is, the respective tracking paths are raw data.

[0003] PTL 2 discloses a robot system that performs body motions. According to PTL 2, a robot can reproduce the motions of a
subject (human or the like) which are measured through motion capturing in advance. Even with the case of PTL 2, the tracking
path of the robot is measured through motion capturing. That is, the tracking path is raw data.

[0004] Document US 2011/056019 A1 discloses a hoist that supports motion between a sitting position and a standing position.
The hoist is controlled by a controller having a memory in which a number of preprogrammed paths are stored.

Citation List

Patent Literature

[0005]
PTL 1: Japanese Registered Utility Model No. 3166214

PTL 2: JP-A-2008-80431

Summary of Invention

Technical Problem

[0006] In this manner, according to the training assistance robot of PTL 1 and the robot system of PTL 2, the tracking path of the
robot is raw data. For this reason, even when the number of tracking paths is small, a case where it is impossible to sufficiently
respond to the motions of a care receiver using any tracking path may occur. That is, a case where a care receiver is not suitable
to any tracking path may occur. Accordingly, the inventions lack versatility.

[0007] The posture of the care receiver changes successively when performing the standing motion and the sitting motion. For
this reason, while supporting the standing motion and the sitting motion, it is necessary to move the robot so as not to interfere
with changes in natural postures of the care receiver, in other words, to make the care receiver comfortable. However, there is no
disclosure relating to the posture of the care receiver in PTL 1 and PTL 2.

[0008] The motion setting method of the present invention is made in consideration of these problems. An object of the present
invention is to provide a motion setting method that can set motions to a standing and sitting motion-supporting robot so that a
care receiver can make standing and sitting motions comfortably.



DK/EP 2813203 T3

Solution to Problem

[0009] This object is solved by the features of claim 1. Further improvements are laid down in the sub-claims.

1. (1) The motion setting method of the present invention relates to a motion setting method of a standing and sitting motion-

supporting robot that supports standing and sitting motions being at least one of a standing motion and a sitting motion of a
care receiver. The method includes a custom tracking path acquisition step of obtaining a custom tracking path by
correcting a base tracking path of the standing and sitting motions in accordance with the position of a predetermined body
portion of each care receiver.
According to the motion setting method of the present invention, it is possible to obtain the custom tracking paths by
correcting the base tracking path. The correction is performed for every care receiver. For this reason, the movement of a
care receiver tends to fit in the custom tracking paths. In addition, the correction is performed in accordance with the
position of the body portion of the care receiver. For this reason, it is possible to move the standing and sitting motion-
supporting robot so as not to interfere with changes in natural postures of the care receiver, in other words, to make the
care receiver comfortable.

(1-1) Preferably, in the configuration of the above-described (1), the invention may be configured to include a base
tracking path acquisition step of obtaining the base tracking path before the custom tracking path acquisition step; to obtain
the custom tracking paths of a predetermined body portion while performing the standing and sitting motions by correcting
the base tracking path using the height of the care receiver in the custom tracking path acquisition step; and to set the
chest angles of the care receiver in accordance with the position of the predetermined body portion in the custom tracking
paths using the height of the care receiver.

According to the present configuration, the base tracking path is corrected in accordance with the height of the care
receiver to obtain the custom tracking paths. For this reason, it is possible to set the custom tracking paths in accordance
with the physique of the care receiver. In addition, according to the present configuration, the chest angles of the care
receiver in the custom tracking paths are set in accordance with the height of the care receiver. For this reason, the care
receiver feels comfortable. In addition, according to the present configuration, it is possible to perform the setting of the
custom tracking paths and the setting of the chest angles using the height of the care receiver. For this reason, it is
possible to simply set the custom tracking paths and the chest angles in accordance with the physique of the care receiver.

(1-2) Preferably, in the configuration of the above-described (1), when the base tracking path corresponds to the sitting
motion of the care receiver, the custom tracking path acquisition step may be configured such that the correction, which is
performed while obtaining the custom tracking paths from the base tracking path, is performed using the height of the care
receiver and the height of the object used for sitting on.

During the sitting motion, the care receiver finally sits on the object used for sitting on. According to the present
configuration, it is possible to set the custom tracking path by adding the height of the object used for sitting on to the point
that corresponds to the end point of the custom tracking path.

2. (2) Preferably, in the configuration of the above-described (1), in the custom tracking path acquisition step, the correction,
which is performed while obtaining the custom tracking path from the base tracking path, may include at least one of
expanding, contracting, and offsetting of the base tracking path. According to the present configuration, it is possible to
simply calculate the custom tracking path from the base tracking path.

3. (3) Preferably, in the configuration of the above-described (1) or (2), the base tracking path may be configured to be
obtained through motion capturing. According to the present configuration, it is possible to simply obtain the base tracking
path.

(3-1) Preferably, in the configuration of the above-described (3), the base tracking path may be configured to be obtained
by sampling the standing and sitting motions of a healthy person. According to the present configuration, it is possible to
obtain the base tracking path without making the care receiver, who already has difficulty in performing standing and sitting
motions, perform the standing and sitting motions.

4. (4) Preferably, in any one of the above-described (1) to (3), the predetermined body portion may be at least one of the
head, the shoulder, the chest, and the legs of the care receiver. According to the present configuration, it is possible to set
the custom tracking path with respect to a body portion for which it is easy to find characteristics of movement while the
care receiver performs the standing and sitting motions. For this reason, the movement of a care receiver tends to fit in the
custom tracking paths.
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Advantageous Effects of Invention

[0010] According to the present invention, it is possible to provide the motion setting method that can set motions to a standing
and sitting motion-supporting robot so that the care receiver can make the standing and sitting motions comfortably.

Brief Description of Drawings

[0011]

[Fig. 1] Fig. 1 is a perspective view of a robot main body of a standing and sitting motion-supporting robot to which motions are
set through a motion setting method as an embodiment of a motion setting method of the present invention.

[Fig. 2] Fig. 2 is a block diagram of the standing and sitting motion-supporting robot.

[Fig. 3] Fig. 3 (a) is a schematic diagram of a subject in a sitting state. Fig. 3(b) is a schematic diagram of a subject in a first
standing state. Fig. 3(c) is a schematic diagram of a subject in a second standing state. Fig. 3(d) is a schematic diagram of a
subject in a third standing state. Fig. 3(e) is a schematic diagram of a subject in a standing-upright state. Fig. 3(f) shows changes
of chest angles and a tracking path of the shoulder in Figs. 3(a) to 3(e).

[Fig. 4] Fig. 4(a) is a graph showing estimated values of chest angles calculated by Expression (1) and measured values of chest
angles of a subject having a height of 170 cm during a standing motion. Fig. 4(b) is a graph showing estimated values of chest
angles calculated by Expression (2) and measured values of chest angles of a subject having a height of 170 cm during a
standing motion.

[Fig. 5] Fig. 5(a) is a graph showing estimated values of chest angles calculated by Expression (1) and measured values of chest
angles of a subject having a height of 165 cm during a standing motion. Fig. 5(b) is a graph showing estimated values of chest
angles calculated by Expression (2) and measured values of chest angles of a subject having a height of 165 cm during a
standing motion.

[Fig. 6] Fig. 6 is a schematic diagram of a chest angle estimation map which is created based on Expression (2).
[Fig. 7] Fig. 7 is a flowchart of a motion setting method as an embodiment of a motion setting method of the present invention.

[Fig. 8] Fig. 8(a) is a schematic diagram when custom tracking paths are calculated by expanding and contracting a base tracking
path. Fig. 8(b) is a schematic diagram when custom tracking paths are calculated by offsetting a base tracking path.

[Fig. 9] Fig. 9(a) is a schematic diagram of a care receiver in a sitting state and a robot main body. Fig. 9(b) is a schematic
diagram of a care receiver in a first standing state and a robot main body. Fig. 9(c) is a schematic diagram of a care receiver in a
second standing state and a robot main body. Fig. 9(d) is a schematic diagram of a care receiver in a third standing state and a
robot main body. Fig. 9(e) is a schematic diagram of a care receiver in a standing-upright state and a robot main body. Fig. 9(f) is
a tracking path (custom tracking path) of the shoulder of a care receiver in Figs. 9(a) to 9(e).

Reference Signs List

[0012]
1: motion-supporting robot, 2: robot main body, 3: manual pulse generator, 4: control box

20: base, 21: first arm, 22: second arm, 23: support portion, 24: servo system, 40: input device, 41: computer, 42: input and
output interface, 43: motion controller, 90: chair (object used for sitting on), 91: marker

200: base main body, 201: stopper, 202: wheel, 203: proximity sensor, 204: swinging shaft, 205: bearing block, 210: arm main
body, 211: swinging shaft, 212: bearing block 220: arm main body, 221: swinging shaft, 230: support portion main body, 231:
bracket, 232: handle, 240: servo motor, 241: servo amplifier, 242: encoder, 411: memory



DK/EP 2813203 T3

H: height of chair, K: care receiver, LO: tracking path, L1: base tracking path, L2: custom tracking path, a1 to a5: coordinates, b1
to b5: coordinates, c1 to c5: coordinates, k: subject, 8: chest angle

Description of Embodiments

[0013] Hereinafter, an embodiment of a motion setting method of the present invention will be described.

<Configuration of Standing and Sitting Motion-Supporting Robot>

[0014] First, a configuration of a standing and sitting motion-supporting robot to which motions are set through the motion setting
method of the present embodiment will be described. Fig. 1 shows a perspective view of a robot main body of a standing and
sitting motion-supporting robot to which motions are set through the motion setting method of the present embodiment. Fig. 2
shows a block diagram of the standing and sitting motion-supporting robot. As shown in Figs. 1 and 2, the standing and sitting
motion-supporting robot 1 includes a robot main body 2, a manual pulse generator 3, and a control box 4.

[Robot Main Body 2]

[0015] As shown in Figs. 1 and 2, the robot main body 2 includes a base 20, a pair of right and left first arms 21, a second arm
22, a support portion 23, and three servo systems 24.

[0016] The base 20 includes a base main body 200, four stoppers 201, four wheels 202, four proximity sensors 203, a pair of
right and left swinging shafts 204, and a pair of right and left bearing blocks 205.

[0017] The base main body 200 shows a C frame shape which opens frontward. A care receiver can insert his or her own feet
into the frame of the base main body 200 through the opening. The four wheels 202 are disposed at four corners of the base
main body 200. The robot main body 2 is movable by rotating the four wheels 202 on the floor. The four stoppers 201 are
disposed at the four corners of the base main body 200. The four stoppers 201 are movable in a vertical direction. The robot
main body 2 is fixed by bringing the four stoppers 201 into contact with the floor. The four stoppers 201 come into contact with the
floor while supporting the standing and sitting motions of the care receiver. The four proximity sensors 203 are disposed at the
four corners of the base main body 200. The four proximity sensors 203 monitor any obstacles around the robot main body 2
while supporting the standing and sitting motions of the care receiver.

[0018] The pair of right and left bearing blocks 205 is disposed near the center of both right and left edges of the base main
body 200. The pair of right and left swinging shafts 204 is supported by the bearing blocks 205 so as to be rotatable in the
longitudinal direction (a direction rotating in order of front side -> upper side -> rear side -> lower side, or an opposite direction
thereof). The pair of right and left swinging shafts 204 extends in the lateral direction (horizontal direction).

[0019] The pair of right and left first arms 21 includes arm main bodies 210, a swinging shaft 211, and bearing blocks 212. The
swinging shafts 204 are attached to lower ends of the pair of right and left arm main bodies 210. The pair of right and left bearing
blocks 212 is attached to upper ends of the arm main bodies 210. The swinging shaft 211 is supported by the pair of right and left
bearing blocks 212 so as to be rotatable in the longitudinal direction. The swinging shaft 211 extends in the lateral direction.

[0020] The second arm 22 includes an arm main body 220 and a swinging shaft 221. The swinging shaft 211 is attached to a
rear end of the arm main body 220. The swinging shaft 221 is attached to a front end of the arm main body 220. The swinging
shaft 221 extends in the lateral direction.

[0021] The support portion 23 includes a support portion main body 230, a pair of brackets 231, and a pair of handles 232. The
support portion main body 230 shows a C plate shape which opens frontward. A cushioning material (not shown) is disposed on
the front surface of the support portion main body 230. The support portion main body 230 supports the chest of a care receiver
while supporting the standing and sitting motions of the care receiver. The pair of brackets 231 is disposed on the rear surface of
the support portion main body 230. The pair of brackets 231 supports both the right and left ends of the swinging shaft 221 so as
to be movable in the longitudinal direction. The pair of handles 232 is provided so as to project upward from the brackets 231.
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The pair of handles 232 is held by the care receiver while supporting the standing and sitting motions of the care receiver.

[0022] The three servo systems 24 can rotate the swinging shafts 204, 211, and 221. As shown in Fig. 2, each of the three servo
systems 24 has a servo motor 240, a servo amplifier 241, and an encoder 242. In addition, the three servo motors 240 are rigidly
attached to the swinging shafts 204, 211, and 221. Alternatively, the three servo motors 240 are attached to arms (not shown) of
the base 20. The arms are connected to the swinging shafts 204, 211, and 221 through gears which are driven by the servo
motors 240 and attached to the swinging shafts 204, 211, and 221. Accordingly, it is possible to obtain advantageous dynamic
inertia.

[Manual Pulse Generator 3]

[0023] The manual pulse generator 3 includes a changeover switch (not shown) and a dial (not shown). It is possible to switch
the operation mode of the robot main body 2 between an automatic mode and a manual mode using the changeover switch.

[0024] In the automatic mode, a computer 41 of the control box 4 to be described below automatically drives the three servo
motors 240 while maintaining the preset custom tracking paths, movement speed, and chest angle. That is, the computer 41
automatically moves the support portion 23.

[0025] In the manual mode, an operator drives the three servo motors 240 while maintaining the preset custom tracking paths
and chest angle by rotating the dial. That is, the operator manually moves the support portion 23. It is possible to manually adjust
the movement speed and the swing speed of the support portion 23 by the rotating speed of the dial.

[Control Box 4]

[0026] As shown in Fig. 2, the control box 4 includes an input device 40, a computer 41, an input and output interface 42, and a
motion controller 43. The input and output interface 42 is electrically connected to the input device 40, the computer 41, the
manual pulse generator 3, the motion controller 43, and the four proximity sensors 203.

[0027] The computer 41 includes a CPU (Central Processing Unit) 410 and a memory 411. The CPU 410 can calculate custom
tracking paths of the shoulder of the care receiver, tracking paths of the support portion 23 corresponding to the custom tracking
paths, the movement speed of the support portion 23, the swing angle of the support portion 23, the swing speed of the support
portion 23, the required time of the custom tracking paths, the start point of the custom tracking paths, the end point of the
custom tracking paths, and the like. The shoulder of the care receiver is included in the concept of a "predetermined body
portion" of the invention.

[0028] The memory 411 stores a base tracking path of the shoulder of the care receiver, a chest angle estimation map, custom
tracking paths of the shoulder, tracking paths of the support portion 23 corresponding to the custom tracking paths, chest angles
in the positions of the custom tracking paths, and the like. The chest angle in the present embodiment is an inclination angle of
the chest of the care receiver set to a Y axis by setting a horizontal axis (front and rear axis) as an X axis and a perpendicular axis
(vertical axis) as the Y axs.

[0029] The input device 40 is a touch panel. The operator can input the height of the care receiver and the height of the chair
when the care receiver performs the sitting motion, to the computer 41 through the input device 40.

[0030] The motion controller 43 is electrically connected to the three servo systems 24. The motion controller 43 performs real
time control of the three servo systems 24 so as to keep the tracking paths and chest angles stored in the memory 411.

[0031] The surrounding environment of the robot main body 2 is transmitted from the four proximity sensors 203 to the computer
41. The computer 41 can make the robot main body 2 stop in an emergency when the proximity sensors 203 detect any obstacles
that can interfere with the motion of the robot main body 2 while supporting the standing and sitting motions of the care receiver.

<Method of Estimating Chest Angles>

[0032] Next, a method of estimating chest angles which is used in the mation setting method of the present embodiment will be
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described. The shoulder of the care receiver moves in a predetermined tracking path while the standing and sitting motion-
supporting robot 1 supports the standing and sitting motions of the care receiver. The angle of the chest, that is, the chest angle
of the care receiver continuously changes while the shoulder moves in a predetermined tracking path.

[0033] For example, when the care receiver performs a standing motion, the care receiver first takes a sitting posture. For this
reason, the chest angle (inclination angle of the chest relative to a Y axs (vertical axs)) is small. Next, the care receiver takes a
forward inclination posture by moving the center of gravity forward. For this reason, the chest angle becomes large. Finally, the
care receiver takes a standing posture. For this reason, the chest angle becomes small again. In this manner, the chest angle of
the care receiver changes depending on each position of the tracking path of the shoulder.

[0034] Here, the chest of the care receiver is supported by the support portion 23 (in specific, support portion main body 230).
For this reason, while supporting the standing and sitting motions of the care receiver, the care receiver feels comfortable if the
angle of the support portion 23 is coincident with the chest angle of the care receiver (if the angle of the support portion changes
following the natural movement of the chest of the care receiver).

[0035] However, it is necessary to make a care receiver, who already has difficulty in performing standing and sitting motions,
perform the standing and sitting motions in order to accurately measure the chest angles of the care receiver in each position of
the tracking path. In addition, it is complicated to perform the work of measuring the chest angles for every care receiver.

[0036] As a result of intensive studies from this point of view, the present inventor was successful in estimating the chest angles
of the care receiver while performing the standing and sitting motions using coordinates (x (= X-axis direction position) and y (=Y-
axis direction position)) of the shoulder of the care receiver with high accuracy. Furthermore, the present inventor was successful
in estimating the chest angles of the care receiver while performing the standing and sitting motions using the coordinates of the
shoulder of the care receiver and the height of the care receiver with extremely high accuracy.

[0037] Hereinafter, the results of the studies will be described. First, a subject (healthy person) is made to perform a standing
motion which is measured through motion capturing. Fig. 3(a) shows a schematic diagram of the subject in a sitting state. Fig.
3(b) shows a schematic diagram of the subject in a first standing state. Fig. 3(c) shows a schematic diagram of the subject in a
second standing state. Fig. 3(d) shows a schematic diagram of the subject in a third standing state. Fig. 3(e) shows a schematic
diagram of the subject in a standing-upright state. Fig. 3(f) shows changes of chest angles and a tracking path of the shoulder in
Figs. 3(a) to 3(e).

[0038] For the measurements, first, the heels, the knees, the waist, the abdomen, and shoulder of a subject k are displayed with
markers 91. Next, as shown in Figs. 3(a) to 3(e), the subject k was made to perform the standing motion. At this time, the standing
motion of the subject k was imaged using a camera. Then, as shown in Fig. 3(f), the changes of chest angles 8 of the subject k
and a tracking path LO of the shoulder are calculated from the images obtained from the imaging.

[0039] The chest angle 8 is an inclination angle of a straight line (which is shown by the heavy line in Figs. 3(a) to 3(f)) that
connects the marker 91 of the abdomen and the marker 91 of the shoulder to the Y axis. In addition, the tracking path LO of the
shoulder is a tracking path which is obtained by approximating coordinates a1(x,y) to a5(x,y) of the shoulder in each posture of
the standing motion using a least square method (the number of the coordinates a1 to a5 is not limited). In addition, the number
of samples of the standing motion is 1315 patterns.

[0040] Next, the inventor performed regression analysis on the 1315 patterns of the standing motion using spreadsheet software
(Excel produced by Microsoft Corporation). Explanatory variables are coordinates a1 to a5 of the shoulder. Explained variables

are chest angles 8. The result of the regression analysis is represented by Expression (1).
Expression (1).

€ =Axx-Bxy+C ... Expression (1)

[0041] Here, A, B, and C in Expression (1) are positive numbers (fixed numbers). A, B, and C are affected by the number of the
samplings, the coordinates a1 to a5 of the shoulder of the subject k, the standing motion of the subject k, and the like. During the
regression analysis this time, as an example, A was 0.083953, B was 0.084588y, and C was 62.356075.

[0042] The suitability of the measured data (sampled standing motion) of Expression (1) was evaluated using adj R2 (which is a
coefficient of determination adjusted for degree of freedom; as the coefficient becomes closer to 1, the suitability of Expression
(1) with respect to the measured data becomes higher). Adj R2 of Expression (1) when Awas 0.083953, B was 0.084588y, and C
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was 62.356075 was 0.92203. It was determined from the regression analysis that there is a high correlation between the chest
angles 8 and the coordinates a1 to a5 of the shoulder. That is, it was determined that it is possible to estimate the chest angles 6
in the standing motion using the tracking path LO of the shoulder of the subject k, with high accuracy.

[0043] Furthermore, the inventor found out that the error between Expression (1) and the measured data varies depending on
the height of the subject k. Therefore, the height h of the subject k is further added to the explanatory variables. The result of the

regression analysis is represented by Expression (2).
analysis is represented by Expression (2).

€=Dxx-Exy+Fxh+ G ... Expression (2)

[0044] Here, D, E, F, and G in Expression (2) are positive numbers (fixed numbers). D, E, F, and G are affected by the number
of the samplings, the coordinates a1 to a5 of the shoulder of the subject k, the standing motion of the subject k, the height of the
subject k, and the like. During the regression analysis this time, as an example, D was 0.083969, E was 0.087244, F was
0.944432, and G was 62.356075.

[0045] Adj R2 of Expression (2) when D was 0.083969, E was 0.087244, and F was 0.944432, and G was 62.356075 was
0.96972. It was determined from the regression analysis that there is an extremely high correlation between the chest angles 6
the coordinates a1 to a5 of the shoulder, and the height h. That is, it was determined that it is possible to estimate the chest
angles 6 in the standing motion using the tracking path LO of the shoulder of the subject k and the height h of the subject k, with
extremely high accuracy.

[0046] Hereinafter, the suitability of the estimated value of the chest angle, which is calculated by Expression (1) when A is
0.083953, B is 0.084588y, and C is 62.356075, with respect to the measured value of the chest angle 8 while two subjects k
having different height perform the standing motion, is verified.

[0047] In addition, the suitability of the estimated value of the chest angle, which is calculated by Expression (2) when D is
0.083969, E is 0.087244, F is 0.944432, and G is 62.356075, with respect to the measured value of the chest angle 8 while two
subjects k having different height perform the standing motion, is verified.

[0048] Fig. 4(a) shows estimated values of chest angles calculated by Expression (1) and measured values of chest angles of a
subject having a height of 170 cm during a standing motion. Fig. 4(b) shows estimated values of chest angles calculated by
Expression (2) and measured values of chest angles of a subject having a height of 170 cm during the standing motion. Fig. 5(a)
shows estimated values of chest angles calculated by Expression (1) and measured values of chest angles of a subject having a
height of 165 cm during a standing motion. Fig. 5(b) shows estimated values of chest angles calculated by Expression (2) and
measured values of chest angles of a subject having a height of 165 cm during a standing motion. Each of the horizontal axes of
Figs. 4 (a) and 4(b) and 5(a) and 5(b) is the time required for the standing motion.

[0049] As shown in Figs. 4(a) and 5(a), the estimated values obtained by Expression (1) have high suitability with respect to the
measured values of the two subjects k having different height. For this reason, the chest angles of the care receiver while
performing the standing and sitting motions can be estimated by the coordinates of the shoulder of the care receiver with high
accuracy.

[0050] As shown in Figs. 4(b) and 5(b), the estimated values obtained by Expression (2) have extremely high correlation with
respect to the measured values of the two subjects k having different height. For this reason, the chest angles of the care
receiver while performing the standing and sitting motions can be estimated by the coordinates of the shoulder of the care
receiver with extremely high accuracy.

[0051] Fig. 6 schematically shows a chest angle estimation map which is created based on Expression (2). As shown in Fig. 6, in
the chest angle estimation map, an arbitrary tracking path L0 of a standing motion draws a C-shaped tracking path from a start
point a1 (sitting state) to an end point a5 (standing state).

[0052] In the motion setting method to be described later, chest angles in each of the positions of a custom tracking path of a
care receiver are estimated using the chest angle estimation map shown in Fig. 6. That is, as will be described later, the custom
tracking path is an aggregate of coordinates (x,y) of the shoulder of the care receiver. For this reason, it is possible to calculate
the chest angles in each of the positions of the custom tracking path by substituting x and y in each of the positions of the custom
tracking path into Expression (2).
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<Motion Setting Method>

[0053] Next, the motion setting method of the present embodiment will be described. The motion setting method of the present
embodiment includes a base tracking path acquisition step and a custom tracking path acquisition step. Fig. 7 is a flowchart of a
motion setting method of the present embodiment.

[Base Tracking Path Acquisition Step]

[0054] The present step is a step of acquiring a base tracking path of the shoulder. First, as shown in Figs. 3(a) to 3(e) of the
method of estimating the above-described chest angles, the 1315 patterns of the standing motion are sampled through motion
capturing. Next, an ideal tracking path L0 is selected among the 1315 tracking paths L0 in order to set the selected tracking path
as a base tracking path. The acquired base tracking path is stored in the memory 411 of the computer 41 shown in Fig. 2. The
memory 411 also stores the movement speed of the shoulder in each of the positions of the base tracking path.

[Custom Tracking Path Acquisition Step]

[0055] In the present step, a custom tracking path is obtained by correcting the base tracking path. First, the operator disposes
the robot main body 2 shown in Fig. 1 near the care receiver. Next, after positioning of the robot main body 2, the robot main
body 2 is fixed on the floor using four stoppers 201 and a lock mechanism (not shown).

[0056] Subsequently, the operator inputs the height of the care receiver to the input device 40 shown in Fig. 2 (S (step) 1 of Fig.
7). Rotation angles of the three servo motors 240 are input to the motion controller 43 from the three encoders 242. CPU 410
obtains a current position of the support portion 23 of the robot main body 2 based on the input rotation angles. In addition, CPU
410 obtains a current position of the shoulder of the care receiver, that is, a start point of the custom tracking path from the
current position of the support portion 23 (chest of the care receiver) (S2 of Fig. 7).

[0057] Then, CPU 410 obtains an end point of the custom tracking path of the shoulder of the care receiver (S3 of Fig. 7). In
specific, the coordinates of the shoulder in the standing state of the care receiver are calculated using the following Expression

).

using the following Expression (3).
End point = Height x Corrected value (%)

Expression (3)

[0058] Then, CPU 410 calculates the custom tracking path so as to connect the calculated start point and end point. In addition,
CPU 410 calculates the chest angles (84 of Fig. 7). First, a method of calculating the custom tracking path will be described. In
specific, CPU 410 calculates the custom tracking path by correcting the base tracking path in accordance with the height of the
care receiver. Fig. 8(a) shows a schematic diagram when custom tracking paths are calculated by expanding and contracting the
base tracking path. Fig. 8(b) shows a schematic diagram when the custom fracking paths are calculated by offsetting the base
tracking path. In Figs. 8(a) and 8(b), the coordinates b1 to b5 of the base tracking path L1 correspond to the coordinates ¢1 to ¢5
of the custom tracking path L2.

[0059] As shown in Fig. 8(a), a long custom tracking path L2 is calculated by expanding the base tracking path L1 when the
height of the care receiver is tall. In contrast, a short custom tracking path L2 is calculated by contracting the base tracking path
L1 when the height of the care receiver is short. In addition, as shown in Fig. 8(b), the custom tracking paths L2 are calculated by
offsetting the base tracking path L1 itself longitudinally and vertically in accordance with the position of the shoulder of the care
receiver. As a matter of course, it is possible to calculate the custom tracking paths L2 by appropriately combining the expanding
and contracting in Fig. 8(a) and the offsetting in Fig. 8(b).

[0060] Next, a method of calculating the chest angles will be described. The chest angle estimation map shown in Fig. 6 is stored
in the memory 411 of the computer 41 shown in Fig. 2. CPU 410 calculates chest angles which are ideal for the care receiver from
the height of the care receiver and the custom tracking paths L2 through the chest angle estimation map. In specific, the chest
angles in each of the positions of the custom tracking paths L2 are calculated by substituting x, y, and the height h of the care
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receiver in each of the positions of the custom tracking paths L2 into Expression (2).

[0061] Subsequently, the CPU 410 checks the calculated custom tracking paths L2 and the chest angles (S5 of Fig. 7). As a
result of the checking, custom tracking paths L2 and chest angles which passed the checking are determined (S6 of Fig. 7). In
contrast, as a result of the checking, when custom tracking paths L2 and chest angles did not pass the checking (for example,
when the height of the care receiver is too tall or too short) S4 and S5 of Fig. 7 are repeated again. The determined custom
tracking paths L2 and the chest angles are stored in the memory 411 of the computer 41 shown in Fig. 2.

[0062] Once the custom tracking paths L2 and the chest angles are determined, CPU 410 calculates tracking paths of the
support portion 23 shown in Fig. 1 so that the shoulder of the care receiver moves along the custom tracking paths L2. In
addition, CPU 410 calculates swing angles of the support portion 23 shown in Fig. 1 so that the chest angle of the care receiver is
kept in the calculated chest angles. Moreover, command values are set with respect to the swinging shafts 204, 211, and 221 so
as to move the robot main body 2 according to the calculated result (S7 of Fig. 7). The command values are stored in the memory
411 of the computer 41 shown in Fig. 2.

[0063] In this manner, according to the motion setting method of the present embodiment, it is possible to obtain the chest
angles in each of the positions of the custom tracking paths L2 and the custom tracking paths L2 dedicated for a care receiver by
simply inputting the height of the care receiver.

<Movement of Standing and Sitting Motion-supporting Robot>

[0064] Next, the movement of the standing and sitting motion-supporting robot 1 will be described. Fig. 9(a) shows a schematic
diagram of a care receiver in a sitting state and a robot main body. Fig. 9(b) shows a schematic diagram of the care receiver in a
first standing state and the robot main body. Fig. 9(c) shows a schematic diagram of the care receiver in a second standing state
and the robot main bady. Fig. 9(d) shows a schematic diagram of the care receiver in a third standing state and the robot main
body. Fig. 9(e) shows a schematic diagram of the care receiver in a standing-upright state and the robot main body. Fig. 9(f)
shows a tracking path (custom tracking path) of the shoulder of the care receiver in Figs. 9(a) to 9(e).

[0065] The operator switches the operation mode of the robot main body 2 to an automatic mode using the changeover switch of
the manual pulse generator 3 shown in Fig. 2. The computer 41 transmits the command values with respect to the swinging shafts
204, 211, and 221 to the motion controller 43. The motion controller 43 drives the three servo systems 24 according to the
command values. That is, as shown in Figs. 9(a) to 9(f), the three servo motors 240 are driven and the swinging shafts 204, 211,
and 221 are rotated so as to keep the coordinates c1 to c¢5 of the shoulder of the care receiver K (so as to keep the custom
tracking path L2 from the start point c1 to the end point ¢5). As shown in Fig. 2, the rotation angles of the three servo motors 240
are input to the motion controller 43 from the three encoders 242. In this manner, the standing and sitting motion-supporting robot
1 automatically supports the standing motion of the care receiver K.

[0066] It is also possible to support the standing motion using a manual mode. In specific, first, the operator switches the
operation mode of the robot main body 2 to the manual mode using the changeover switch of the manual pulse generator 3
shown in Fig. 2. Next, the operator rotates the dial. The support portion 23 moves while maintaining the custom tracking paths L2
and the chest angles using the pulse generated in accordance with the rotation angles of the dial. The movement speed and the
swing speed of the support portion 23 are manually adjusted by the rotating speed of the dial.

[0067] When supporting the sitting motion (motion from Fig. 9(e) to 9(a)) of the care receiver K in the standing and sitting
motion-supporting robot 1, it is necessary to consider the height H of the chair 90 (object used for sitting on) while setting the end
point a1 of the custom tracking path L2. In this case, in S1 of Fig. 7, the height of the chair 90 is input through the input device 40
of Fig. 2 in addition to the height of the care receiver K. CPU 410 calculates the end point a1 of the custom tracking path L2 by
considering the height H of the chair 90. In specific, in S3 of Fig. 7, the coordinates of the shoulder in the sitting state of the care

receiver K are calculated using the following Expression (4) instead of using Expression (3).
instead of using Expression (3).

End point = Height x Height of chair x Corrected

value (%) ... Expression (4)

<Effect>
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[0068] Next, the effect of the motion setting method of the present embodiment will be described. According to the motion setting
method of the present embodiment, it is possible to obtain the custom tracking paths L2 by correcting the base tracking path L1
as shown in Figs. 8(a) and 8(b). The correction is performed for every care receiver K. For this reason, the movement of a care
receiver K tends to fit in the custom tracking paths L2. In addition, the correction is performed in accordance with the position of
the shoulder of the care receiver K. For this reason, it is possible to move the standing and sitting motion-supporting robot 1 so
as not to interfere with changes in postures of the care receiver K, in other words, to make the care receiver K comfortable.

[0069] In addition, according to the motion setting method of the present embodiment, the custom tracking paths L2 are obtained
by correcting the base tracking path L1 in accordance with the height of the care receiver K as shown in Figs. 8(a) and 8(b). For
this reason, it is possible to set the custom tracking paths L2 in accordance with the physique of the care receiver K. In addition,
according to the motion setting method of the present embodiment, the chest angles of the care receiver K in the custom tracking
paths L2 are set in accordance with the height of the care receiver K. For this reason, the care receiver K feels comfortable. In
addition, according to the motion setting method of the present embodiment, it is possible to perform the setting of the custom
tracking paths L2 and the setting of the chest angles by simply inputting the height of the care receiver K into the input device 40
shown in Fig. 2. For this reason, it is possible to simply set the custom tracking paths L2 and the chest angles in accordance with
the physique of the care receiver K.

[0070] In addition, according to the motion setting method of the present embodiment, when the base tracking path L1
corresponds to the sitting motion of the care receiver K, the correction, which is performed while obtaining the custom tracking
paths L2 from the base tracking path L1, is performed using the height of the care receiver K and the height H of the chair 90, in
the custom tracking path acquisition step. For this reason, as shown in Figs. 9(a) to 9(f), it is possible to set the custom tracking
path L2 by adding the height of the chair 90 to the corresponding end point c1 of the custom tracking path L2.

[0071] In addition, according to the motion setting method of the present embodiment, as shown in Figs. 8(a) and 8(b), in the
custom tracking path acquisition step, the correction, which is performed while obtaining the custom tracking paths L2 from the
base tracking path L1, includes at least one of the expanding, the contracting, and the offsetting of the base tracking path L1. For
this reason, it is possible to simply calculate the custom tracking paths L2 from the base tracking path L1.

[0072] In addition, as shown in Figs. 3(a) to 3(f), the base tracking path L1 and the chest angle estimation map (refer to Fig. 8)
are obtained through motion capturing. For this reason, it is possible to simply obtain the base tracking path L1 and the chest
angle estimation map.

[0073] In addition, as shown in Figs. 3 (a) to 3(f), the base tracking path L1 is obtained by sampling the standing and sitting
motions of a subject k (healthy person). For this reason, it is possible to obtain not only the base tracking path L1 but also the
custom tracking paths L2 without making the care receiver K, who already has difficulty in performing standing and sitting motions,
perform the standing and sitting motions.

[0074] In addition, according to the robot main body 2 of the standing and sitting motion-supporting robot 1 of the present
embodiment, as shown in Fig. 1, the first arms 21, the second arm 22, and the support portion 23 can respectively move with
respect to the base 20, the first arms 21, and the second arm 22. That is, the robot main body 2 includes three swinging shafts
204, 211, and 221. For this reason, the degree of freedom of the setting of the custom tracking paths L2 of the support portion
23 becomes high.

[0075] In addition, according to the standing and sitting motion-supporting robot 1 of the present embodiment, the base main
body 200 of the base 20 shows a C frame shape which opens frontward (to the side of the care receiver K). That is, the anterior
part of the base main body 200 forms a recess portion which opens frontward. For this reason, as shown in Figs. 9(a) to 9(e), the
care receiver K can perform the standing and sitting motions in a state of inserting his or her feet into the C frame of the base
main body 200. Accordingly, it is possible to shorten the back and forth length of the robot main body 2 in comparison with the
case where the care receiver K needs to place his or her feet ahead of the base main body 200. In addition, it is possible to
shorten the length (length of the swinging of the first arms 21, second arm 22, and support portion 23) of the custom tracking
paths L2 of the support portion 23.

[0076] In addition, the robot main body 2 of the standing and sitting motion-supporting robot 1 of the present embodiment
includes four proximity sensors 203 at the four corners as shown in Fig. 1. For this reason, the computer 41 can make the robot
main body 2 stop in an emergency when the proximity sensors 203 detect any obstacles that can interfere with the motion of the
robot main body 2 while supporting the standing and sitting motions of the care receiver K.

10



DK/EP 2813203 T3

<Others>

[0077] Hereinabove, the embodiment of the motion setting method of the present invention was described. However, the
embodiment is not particularly limited to the above-described mode. It is also possible to implement various modified modes and
improved modes that those skilled in the art could implement.

[0078] In the above-described embodiment, as shown in Figs. 3(a) to 3(f), the tracking path L0 of the shoulder of the subject k
was obtained by approximating the coordinates a1(x,y) to a5(xy) of the shoulder in each posture of the standing motion using the
least square method. However, the tracking path LO of the shoulder of the subject k may also be obtained by connecting the
coordinates a1 (x,y) to a5 (x,y) of the shoulder with a line.

[0079] In the above-described embodiment, an ideal tracking path LO is selected among the 1315 tracking paths LO in order to
set the tracking path as a base tracking path L1. However, the base tracking path L1 may also be obtained by approximating the
coordinate group which becomes a base of the 1315 tracking paths L0 using the least square method.

[0080] In the above-described embodiment, as shown in Figs. 3 (a) to 3(f), the base tracking path L1 and the chest angle
estimation map were obtained using motion capturing. However, the base tracking path L1 and the chest angle estimation map
may also be obtained through other methods (for example, a method using a gyro sensor).

[0081] In addition, if there is no problem in the exercising ability of the care receiver K, the movement of the care receiver K
oneself may be sampled and stored in the memory 411. Then, the base tracking path L1 may be obtained based on the
movement. In addition, the base tracking path L1 itself may be set as the custom tracking path L2 while obtaining the custom
tracking path L2. In addition, the custom tracking path L2 may be set by correcting the base tracking path L1 to a certain degree.
The movement of the robot main body 2 may also be a movement based on not only the base tracking path L1 but also the
custom tracking path L2. It is possible to omit S1 to S5 in the flowchart of Fig. 7 when the base tracking path L1 itself which is
obtained based on the movement of the care receiver K himself or herself is set as the custom tracking path L2.

[0082] In the above-described embodiment, a three-shaft type robot main body 2 which has three swinging shafts 204, 211
(where a pair of right and left shafts is provided), and 221 was used. However, the number of arrangements of the swinging shafts
204, 211, and 221 is not particularly limited. A two-shaft type or four-shaft type robot main body may be used. In addition, a robot
main body where the swing mechanism and the sliding mechanism (for example, the mechanism in which the first arms 21 slide
front-rear direction with respect to the base 20) are used in combination may be used.

[0083] The timing of executing the manual mode is not particularly limited. Every custom tracking path L2 may be performed with
the manual mode. In addition, the manual mode may intervene during the automatic mode while checking the state of the care
receiver K.

[0084] The type of the proximity sensor 203 is not particularly limited. The sensor may be a high frequency oscillation type
proximity sensor, a magnetic type proximity sensor, an electrostatic capacitance type proximity sensor, CCD (charge-coupled
device) image sensor, CMOS (complementary metal-oxide semiconductor) image sensor, or the like. The arrangement place or
the number of arrangements of the proximity sensors 203 is also not particularly limited.

[0085] The body portion of the care receiver K which the support portion 23 supports is not limited to the chest. The portion may
be the abdomen, the neck, the head, the shoulder, the waist, and the like. In addition, a plurality of portions of the body may be
supported by the support portion 23. Similarly, the body portion for which the base tracking path L1 and the custom tracking
paths L2 are set is not limited to the shoulder. The portion may be the chest, the abdomen, the neck, the head, the waist, and the
like. In addition, the object on which the care receiver K sits is not limited to the chair 90. The object may be a bedside, a toilet
seat, and the like. In addition, the fixed numbers A, B, and C of Expression (1) and the fixed numbers D, E, F, and G of Expression
(2) are not particularly limited. The fixed numbers may be positive humbers (positive real numbers) obtained as a result of the
regression analysis.
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PATENTKRAY

1. Bevaegelsesindstillingsfremgangsmade for en robot til stdende og siddende bevee-
gelsesunderstgtning, der understotter stdende og siddende bevaesgelser, der er mindst en
af en stdende beveegelse og en siddende beveegelse af en plejemodtager, hvor frem-
gangsmaden omfatter:

et tilegnelsestrin for en grundleeggende forfolgelsesbane til valg af en ideel forfol-
gelsesbane for de stdende og siddende bevaegelser; og

et tilegnelsestrin for en personspecifik forfalgelsesbane til opnaelse af en person-
specifik forfalgelsesbane ved korrektion af den grundleeggende forfalgelsesbane for
de stdende og siddende bevaegelser i overensstemmelse med positionen af et for-

udbestemt kropsparti af hver plejemodtager.

2.  Beveegelsesindstillingsfremgangsmade ifglge krav 1, hvor korrektionen, der udfo-
res, mens den personspecifikke forfglgelsesbane opnas fra den grundlaeggende forfal-
gelsesbane, i tilegnelsestrinet for den personspecifikke forfglgelsesbane indbefatter
mindst en af udvidelse, sammentrackning og forskydning af den grundlaeggende forfalgel-
sesbane.

3.  Beveegelsesindstillingsfremgangsmade ifglge krav 1 eller 2, hvor den grundleeg-
gende forfglgelsesbane opnas gennem bevesgelsesfastholdelse.

4.  Beveegelsesindstillingsfremgangsmade ifglge et hvilket som helst af kravene 1 til 3,
hvor det forudbestemte kropsparti er mindst et af plejemodtagerens hoved, skulder, bryst
og ben.
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