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Stability Analysis of a Haptic System with a Human Impedance model
using the Routh-Hurwitz Criterion

Kyungno Lee"
'Department of Energy System Engineering, Korea National University of Transportation

2 o YY Axgols A§A QIgke] G TFHBE, A7 vl o] oJg Asw gy FAo] Basith 53,
QA FE YA WY Aol T 17k AIEso] Qb G WAle] vRIs el AF 27 AsgoR
EREEREORD 3 WA P Asge] gE HPYS FeoF

29| A (M), B3 (B,), 1 ool BAE FE-FEAZ QMY WS o 8ste] EA9 A3,
238 A5 (K,)7F G4 W) 7 2327 g (K, R deaze] Ak (M) g (B,)9] Al wlE gk
QIR YRz AR (M) B W (B)7F AT o 7P 22 A (K, 2EH dF (K,)9) 0430w
gk o8 st K, < 54413 \/(M, +1,) (B, + B;) —0486 K, © R2& Ak, o2 ghEst AAg Rdzy
B ARk gk wagh A3t g9l gl e a7k 05%= AA ek AlAE selo] QIzE e melvt pd g
dereke] wAE WA xdsta 9l

Abstract This paper presents the stability analysis of the haptic system including a human impedance using the
Routh-Hurwitz criterion. The reflective force is computed from a virtual spring model and is transferred to a human
operator using the first-order-hold method. The stability boundary conditions are induced and the relation among a
virtual spring (K,), the mass (M,), the damping (B5,) and the stiffness (/) of a human impedance is analyzed.
Hence the stability boundary of the virtual spring (K,,) is proposed as K, < 54413 ,/(M, +M,) (B, +B,;) —0.486 K,
when the sampling time is 1 ms. The average relative error is about 0.5% when the mathematical analysis results
are compared with the results of the stability boundary model.
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[Fig. 2] Maximum stiffness (K,,) for guaranteeing the
stability, according to the mass ().

K,=C M"» = C (M, +M)" (15)

[Table 2] Coefficients of fitting curves in Fig. 2

Graph Number B G
(1) 1.0 54347
(2) 2.0 76676
(3) 4.0 108075
(4) 6.0 132044
(5) 8.0 152174
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[Fig. 3] Maximum stiffness (K,,) for guaranteeing the
stability, according to the damping (B).
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[Table 3] Coefficients of fitting curves in Fig. 3

Graph Number M G,
(1) 0.5 38374
(2) 1.0 54420
(3) 1.5 66731
(4) 2.0 77108
(5) 2.5 86252
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[Fig. 4] Maximum stiffness (K,) for guaranteeing the

stability, according to stiffness (k) when
B=1.0 Ns/m.

=C,—C, K, (1n

[Table 4] Coefficients of fitting curves in Fig. 4

Graph Number M G G
(1) 0.5 38377 0.4839
(2) 1.0 54413 0.4889
(3) 15 66720 0.4905
(4) 2.0 7709 0.4922
(5) 2.5 86238 0.4932
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[Fig. 5] Maximum stiffness (K,) for guaranteeing the

stability, according to stiffness (k) when
M=1.0 kg.
K,=C,— Gy K, (18)

[Table 5] Coefficients of fitting curves in Fig. 5

Graph Number B Cs Co
(1) 1.0 54413 0.4889
(2) 2.0 76756 0.4866
(3) 4.0 108176 0.4818
(4) 6.0 132156 0.4786
(5) 8.0 152291 0.475
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