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Force Assistance Nursing System for Standing-Up Motion
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Abstract: In our current research, we are developing a force assistance system for standing up motion.
Our developing system realizes the standing up motion using the support bar with two degrees of
freedom and the bed system which can move up and down. In this paper, we develop the force
assistance system which realizes the natural standing up motion using remaining strength of the
patient. Our key ideas are two topics. The first topic is distributed system which controls the support
bar and the bed system with coordination among them. The distributed controllers are connected by
Ethernet and the integrated controller controls them with robust control reference. The second topic
is the combination of force and position control. According to the patient's posture during standing up,
our control system selects more appropriate control method from them. We use the reference of
standing-up motion which is based on the typical standing up motion by nursing specialist for
realizing the natural assistance. The performance of our proposed control scheme is experimented by
computer simulations and experiments using our prototype.
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Fig.2 Our Prototype
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Spec (ACT1)

Output force: 1500[N]

Stroke: 250[mm]

Maximum speed:
25[mm/s]

Force sensor resolution:

10[N]

(a) Overview of our linear actuator

(b) Force sensor
@ is controller, @ is motor driver, @ is encoder,
@ is DC motor and ® is our developed force sensor.
All devoices are built in the actuator body.

Fig. 3 Developed linear actuator
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Fig. 4 The structure of our controller



e =7 (§)-v;" (3) 3
7B, Keaarte—J70H #EEBIL 20[ms], £
—Zarta—ZEEOHIEE I 1lms] TH 5.
ABRERFELZAVDILT, BIEEE, BEEN
BEELEZEIZBONTY, £F—Farte—7,
FERBANCZELZEET —Z IR TXES
VEZHEGE T A ENAIRETHD.

3. BRI

3. 1. EMRICKIBINEE®E

BIE, Bx DRI FENRRBREINTWDA, [l
ENOIREREEFOR N EREIRDIZLEE
BL TV, —F, BEOIIE#MEL TORER
BENL, BMEBEOERNERKBREIELZ
LIZEREBB WS X B FH 1% (Fig.h) #12BL T
VW5 [10](11].

FITATEIL, MEOHNRETHEN B FHIE
BRI X BENERERT D0, TR TH
LN HEEOENEE 2 WL FE T ARIEY -
EFILOEBEL TEHLL2, Fig.6@IIRT LY
ZEEA (K I7EEATHVaA MOEIEEA )
ZEHAIL7Z. I R% Fig.6IRT.

(@ (b)

Fig. 5 Standing up motion by nursing specialist
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91 shows the angular of the pelvis and the trunk. 92 and
93 shows the angular of the knee and the ankle, respectively.
Movement pattern S is defined in (2).

Fig. 6 Standing-up motion with Kamiya scheme
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Table.1 Human Parameters
Number | Link Name | Mass [kg] | Length [m] | Width [m]
1 Head 59 0.28 0.21
2 Trunk 217.2 0.48 0.23
3 Hip 18.1 0.23 0.23
4 Humerus 4.5 0.39 0.12]
5 Arm 2.7, 0.35) 0.08
6 Hand 0.5 0.2 0.07
7 Femur 9.1 0.61 0.17
8 Leg 45 0.56 0.16]
9 Foot 0.8 0.26) 0.11|
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The coordination is defined as shown in Fig.6.
Fig. 8 Derived control references
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(a) Output torque of each joint (b) Applied force
Fig. 9 Required force for the standing up motion
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Fig. 10 Flow chart of our proposed control scheme
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The coordination is defined as shown in Fig.6.
Fig. 11 Control references
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Table.2 Simulation Results

Pelvis/Trunk | Knee Ankle
Only Position | Peak(Nm/kg) 0.48 0.59 0.38
Control Workload(Ws) 29.0 39.3 31.0
Proposed Peak(Nm/kg) 0.49 0.50] 0.38]
Control Workload(Ws) 26.9 36.3 28.8
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Fig. 13 Experimental results
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