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Model Simulation of the Resting Tremor Mechanism in Parkinson’ s
Disease

LUO Yinmiao', ZHAN Qian*, SHAO Jingsong’

(1. Institute of Applied Mechanics, Zhejiang University, Hangzhou 310027, China; 2. Shaoxing Hospital of
Traditional Chinese Medicine Affiliated to Zhejiang University of Traditional Chinese Medicine, Shaoxing 312000,
Zhejiang, China)

Abstract: Objective To study the internal relationship between resting tremor and slow response in patients with
Parkinson’ s disease. Methods The movement characteristics of wrist joints in valgus direction was studied by
dynamic modeling on wrist joints of the upper limbs. The system delay concept was introduced with human
autonomous control and the sensory delay characteristics of Parkinson’ s patients was simulated, to make
stability analysis and dynamic response of the involuntary wrist movement. Results The stability analysis and
numerical solution of this time-delayed control system showed that when the sensation was delayed to a certain
extent, involuntary tremor of wrist joints in patients with Parkinson’ s disease would happen, which conformed to
resting tremor from Parkinson’s disease. Conclusions Resting tremor from Parkinson’ s disease is caused by
sensation and movement delay.

Key words: Parkinson’s disease; tremor; stability; time-delay
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Fig.1 Sketch map of the degree of freedom of joint motion
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Tab.1 Symbolic meanings in formula (1)

e 4

A I, sin* B + Iy, cos® Beos® y + Iy, sin® y cos? B + 1y,

B cos Beos ysin y(Iy, = I.)

C Iy,sin B

D Iy, sin® y + I, cos® y

E 0

F Iy,

G Iy [Beos B (v + 2asin B) ] + Iy, [ cos Beos y( Bycos y — & Bsin Beos y = aycos Bsin y) -
( Bsin y + ccos Beos ) ( Bsin Beos y + ycos Bsin y) | + I, [ cos Bsin y( Bysin y + aycos Beos y — a Bsin Bsin y) +
(Beos y = s fsin y) ( fsin Bsin y = cos feos )]

H = Iy, acos B (y + asin B) + Iy [ asin Beos y( Bsin y + acos Beos y) + yeos y(2Bsin y + acos Beos y) -
Gesin y( fisin Beos y + Feos Bsin y) ] + 1, [ Gsinf8 simy(Geos Bsin y ~feos ) + deos y( fsin Bsin y — Feos Beos y) -
ysin y(2Bcos y — acos Bsin y) ]

1 Iy, aBcos B+ Iy ( Bsin y + acos Beos y) (acos Bsin y —Beos y) (Bsin y + acos Beos y) (acos Bsin y — Pnncos y) — Iy (Psiny +

acos Beos y) (acos Bsin y —Beos y)

®2 B aMsamERRESHTHEDY

Tab.2 Mean values of male and female model parameters

e % s
m/kg 0.439 0.346
I/mm 66.5 58.6
Iy, / (kgem?) 0.003 17 0.001 8
Ky /[ (N+m)-rad™"] 2.92 2.24

BW/[(N-m)-S'rad’]J 0.088 2 0.0959
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Tab.3 Experimental time delay of different subjects

Z5 Bt I8 AR / ms

NaaLisnes 1 20
2 0

3 20

4 20
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6 0

FHIE 13

PD % 7 190
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Fig.2 Flow chart of wrist motion control
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Fig.4 Tremble of the velocity feedback model
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