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Force Assistance Control for Standing-Up Motion
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Abstract: In our current research, we are developing a power 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
control scheme which realizes the natural standing up motion with fewer loads to the patient. For
developing control scheme, we investigate the standing-up motion of aged people who requires to
power support and typical standing up motion by nursing specialist. Comparing with two motions, we
set the reference of standing-up motion with our system and we discuss the required assistance force
during standing up. Our key ideas are two topics. One topic is control reference using zero moment
point. Zero moment point is useful index which shows stability of the patient’s posture. The other
topic is combination of force and position control. According to the patient’s posture during standing
up, our control system select more appropriate control method from them. The performance of our
proposed control scheme is experimented by computer simulations.
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Fig. 2 Standing up motion by nursing specialist
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Fig.4 Standing-up motion
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Fig.5 Standing-up motion with Kamiya scheme
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(c) (d)
Fig.6 Standing-up motion of elderly person
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Table 1 Human Parameters

Number | Link Name | Mass [kg] | Length [m]| Width [m]
1 Head 5.9 0.28 0.21
2 Trunk 27.2 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 4.5 0.56) 0.16
9 Foot 0.8 0.26 0.11
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Table 2 Traction Qutput

Pelvis/Trunk | Knee Ankle
Max(Nm/kg) 0.43 0.59 0.25
Case 1
Output(Ws) 26.0 39.3 20.6]
Max(Nm/kg) 0.44 053 0.33
Case 2
Output(Ws) 30.0 43.2 28.3

2. 6. BEMNREBETHIELBEICHELEY

UEDRERID, IMEOVEB AR FEETE
I A7 EREHFITITRDOEY THHEEZ
b5,

S BHAAREE, (KA FT FIZEITAZET ZMP
(Zero Moment Point) & B T SE 5
ECSTENERF, FRICEER L AT H I TV AR,
BONZ U RAERDOKBEEIT) (KD ARTR%E
ROZLTHEHINHEEDNERELEIRD)

2T EE 25~50(%]ATHR I T, e iss
BH6 EFa7-0i1c, RESioaHEE&EHIES
NXBEEIT

3. HEEEORE
3. 1. HEER

AWFFE TR BV AT LT, Fig. 1 1ORT L
BORIEHRD/N—L EFARIEER Ny N LOER S LD,
ZFIT, Ha=vbORIBEFEEEETILELRD
5.

AENR DN —1F, BN EENEEFLIXELY
FTAIEEBEL TS, AIER S —RNEETES
TNIHENEE DB NNAKTFTH120, RERIEX
BIaZlid#EL. —F, ISR —1X2 BHES
oz, MR EENTRETHD. R EEX
BIIRTE TR A28, B2 HAZIT=H DX
BLEDNGUREREOTZDDOIEIISITOND.
T, AIEAN—OHEEEZERETLL, BEOED
NG RERDTZODTEICAVAZENEHTHS
LEZHND.

—%, E T RE_yRi3kEE T HIVEEX R
TH0, AER NN —L B L K& N E R ETHE
EMTFRETHD. L, ETFRE#yROE;EIX L
THBOHETHAHDH, HRHREMEIZITVLIZ V.

—459—



FDH, ETFRAEBNYRNIZRVRWE EET=D
DAFERFIITHIILETB.

3. 2. LFHERy ROHKEFIEDORE
— B NI DR SLEMERFIZ BT DR DB X,
DNIIHETHIENTES. 11 2T, ENEND
{ﬁﬁ IHRLT, BIETHRANRELIRE T
BEZEBRTH-DOFMEE2EIL, VERIEY
Table 3 DI THKRFILZ. B 1, 2 *a:fo‘cto“% 4 FEIZ,
BBOREMETERTDIIENEEILRY, IoTAL
%%‘Hﬁ]bnﬁbfb\é —7, % 3 FIifFE kLR
BRI RO KERAR 0, N2
THRAZMOLERDHDID, AfE#EL TV
5.

Table 3 Four phases of standing up motion

Phase Priority Action

1:Flexion Momentum Stability Sitting

2:Momentum Transfer Stability Lift—off
3:Extension Traction Max Dorsiflexion
4:Stabilization Stability End Hip Extension
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Table 4 Coefficients according to the priority

Priority B K
Stability Small Large
Traction Large Small
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