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Control system design for human standing including time delay

1. #E

TR, Segway REENX v 7 AR — K, BEHIA S — FAR— K
LW R = FLEE Y T 4 E— I AR E SN
TEBY, BEHEL TESTHATOA~Y— N R2BETELE L
THIRFSNL TV 5. Segway & 3ELL L= BN FEEE LT, Xk
T 23 K72 DU 5 B IS SEAIRE D N & e - BB R N 5
2D, ZOBEMETIE, BREVPEONT VAER DL
IR HT0, TOMFFEEZBE LI-HEEZITO LERSH 5.
UL, TNETOMETI O L D RBETROHEITHE S
NTH2RW., ZOHEBEE LT, ADNRT AT RT A0
HTERNWIENMEE LTETLND L.

TS OREBEICKR LT, 2 E THE & I gE B OB E)
RICNINL THERT D AT G L L, BREFOEEPOHEE
ENRT URETNVORIEEERE L TE 2. BEEPONLED
HETI, fHEICERLEZ7r—2 7L — b EIEE R
EHAOAEDEDLZLTYTAXAL ATORHESAHREIC LT
W5 A NT U RETIVORE T, 0.05~1Hz £ TOE K
WIRIZIRE S LD, REOBERHEIZIS U7 B R o224k
EEETLZ LT, BENIEY FET MRS BERY
AT LEMAZT LIZRIETE D Z EMRHERINTNS I

KEFZED BEIE, FE LIZNII/NT VAV AT AT LT,
RENRIERZHE T DA TP —REHZITH. B eRDY
AT AT, BEPOIE, BRDEE, BEEPOLED
Wl oD 3 OMREER L 225, T ) BEHTE 50138
BRMIBEOLTHD. IREET 4 — Ry 7 HlHZ4T 5 720
120, TRTOREENEM TR ITER SRV T, R
REBZHTT A4 TV —"2RHTIHLERDD.

HIBIRT S CTH ANNINT VAL AT AOEM L LT, JREE
12 90~200 ms DIEIERFNBFIEL TV 5. FD7=, BH
DN—T o NN—F =D F T —R2WATHZ LN TE
V. ZTT, WMEOMELIY T UL Do W BEE W
TRBAE S AT AIKIT B AT — NEREHE YR L, BT
BEHELNDNAINT VAL AT W T D AT P — g% E
iT-o7z.

2. EBEBMZEFEOVATLIZHT 54 TH—/ Rt

2.1 SRTLDEE

AT T, BE LTSN ANT o AET V& L CHlgE
FRFEAT D . AN EAHBEE X & RHMEE X, RERE
ZEETOALE X, , HETOEE X, HETOOFMR X,
A2 EEPDLE x, & LR R & o AUk
DEHITD.

HO=AMU+AMG—R)+BWO}
y(t) =Cx(t)

Z 2T, BAREATINIRD L H 127 B.

o))

FIREREMR T o —
T VA HFGEE 1255017 HH 1=

Table 1: Physical parameters for COM estimation and
system identification.

Segment  Symbol Male Female
my 0.978M 0.978M
Body Ib 0.0425MH2 0.0441 MH?
Iy 0.531H 0.523H
Iy 0.0156H 0.016H
Foot
Ls 0.038H 0.038H

Table 2: Parameter values identified from

experimental results (Number of subject=5)

Subject Kp Ky T,ls] T, G,
1 720.7 186.5 0.121 1.41 0.052
2 1050.2 289.4 0.141 1.30 0.047
3 794.8 2779 0.157 1.38 0.046
4 640.1 217.2 0.165 1.63 0.053
5 711.7 2125 0.143 1.96 0.064
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Fig. 5: Results of state variable estimation
by observer system (Steady-state response)
(Subject No.2, -:Motion capture, -:Observer)
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Fig. 5: Results of state variable estimation
by observer system (Transient response)
(Subject No.2, -:Motion capture, -:Observer)

F. Olsson, K. Halvorsen, and A. Aberg, Neuromuscular
controller models for quantifying standing balance in order
people, A systematic review, IEEE Reviews in Biomedical
Engineering, 2021.

GRS JohE, HhbRERE, 74— A7 b— MR RS
NERLIRE D SRR VB B D HEE (?&m%‘%@%’%‘ifﬁﬁ
AL EHEEREEEORHE) , B A S FsCE, Vol
85, No. 877, 2019.

RCH Ffst, FHES JohE, 74— A7 L— FEHIIZHES <
KR AHHEBIRF O RARIE N T AT VY T, 8
16 [a] THESE) & RBYOFHIE) > 2R T v LG SUE,
2019.

S.Yi, S. Duan, P. Nelson, A. Ulsoy, The Lambert W Function
Approach to Time Delay Systems and the Lambert W_DDE
Toolbox, 10-th IFAC Workshop on Time Delay Systems, pp.
114-119, 2012.

Ulsoy and R. Gitik, On the Convergence of the Matrix
Lambert W Approach to Solution of Systems of Delay
differential Equations, Journal of Dynamic Systems,
Measurement, and Control, Vol. 142, 2020



