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Abstract :

When a human operator interacts with a virtual wall that is modeled as a virtual spring model, the lager the

stiffness of the virtual spring is, the more realistic the operator feels that the virtual wall is. In the previous studies, it is
shown that the maximum available stiffness of a virtual spring to guarantee the stability can be increased when the
first-order-hold method is applied, however the effects of a human impedance on the stability are not considered. This
paper presents the effects of a human impedance on stability of haptic system with a virtual spring and a first-order-hold
(FOH) method. The human impedance model is modeled as a linear second-order system model. The relations between

the maximum available stiffness of a virtual spring and the human impedance such as a mass, a damping and a stiffness
are analyzed through the MATLAB simulation. It is shown that the maximum available stiffness is proportional to the

square root of the human mass or damping respectively.
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Table 1 Values used for human impedance model.
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Fig. 1 Control block diagram of haptic system with FOH
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Table 2 Properties of common haptic devices.”

Damping Sampling time
Mass (kg) (Ns/m) (ms)
Phantom 1.0 0.072 0.005 1
Omega 0.220 0.01 0.33
impulse 0.032 0.02 0.2
Engine

0.03

0.02

0.01

Displacement (mm)

-0.01
0 5 10 15 20
Time (sec)

Fig. 2 An example of stable behavior where T=0.01sec,
Md=0.2 Kg, Bd=0.1 Ns/m, Kw=100 N, data hold
type=FOH.
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Fig. 3 Relation between human mass and virtual stiffness
where T=0.001sec, Md=0.072 kg, Bd=0.005 Ns/m,
Bh=0 Ns/m, Kh=0 N/m, data hold type=FOH.
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Table 3 Maximum available stiffness (Kw) in haptic
devices; omega and impulse engine, according
to a human mass.

Human Omega Impulse engine
mass (Kg) Max. Ky (N/m) Max. K, (N/m)
0 13540 15450
2 43035 123410
4 59340 173855
6 72045 212655
8 82820 245395
10 92350 274255
12 100975 300350
14 108920 324365
16 116345 346710
18 123305 367700
20 129895 387560
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Fig. 4 Relation between human damping and virtual
stiffness where T=0.001sec, Md=0.072 kg,
Bd=0.005 Ns/m, Mh=0 kg, Kh=0 N/m, data hold
type=FOH.
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Table 4 Maximum available stiffness (Kw) in haptic
devices; omega and impulse engine, according
to a human damping.

Human Omega Impulse engine
damping
(Ns/m) Max. Ky (N/m) Max. Ky (N/m)
0 13540 15450
2 190020 152495
4 267305 213775
6 326295 260585
8 375830 299985
10 419330 334705
12 458560 366150
14 494560 395145
16 528010 422230
18 559385 4471780
20 589025 472065
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Fig. 5 Relation between human stiffness and virtual
stiffness where T=0.001sec, Md=0.072 kg,
Bd=0.005 Ns/m, Mh=0 kg, Bh=0 Ns/m, data hold
type=FOH.
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Table 5 Maximum available stiffness (Kw) in haptic
devices; omega and impulse engine, according
to a human stiffness.

Human Omega Impulse engine

stiffness (N/m)|  Max. K, (N/m) Max. Ky (N/m)
0 13540 15450
20 13530 15440
40 13520 15430
60 13510 15425
80 13500 15415
100 13490 15405
120 13480 15395
140 13470 15385
160 13460 15375
180 13450 15365
200 13440 15355

Journal of Institute of Convergence Technology Vol. 3, No. 2, pp. 23-29 (2013) 27



] 3 =

whebA] Q17 mRle] AR (K9 2 4
T (4,2 BAE (14)2F o] He| e 4= At 7] A ¢
‘——0]7]—2_131_4 /\J.E] /\]— 7]— ‘0L E[H7]—/§o]-_/_\__l_l._ao /Ko]-
4=0] Hgto]n, o] ghe AET7], Wel AR o] e
(M)} HB3== (B,) kol wheh Fehe). 20482 3
g A Al o] Aol A K, A2 Batoltt

w = C3 0 48[(}1 (14)

= — s = 8.
QIZE rdlo] AJ2E] 8] Qb o] m] A= P AlEE 0]
S E 8l AR

PE= A5

I8 GRS HRALS: 0] 83 Qo= A

— o= 3T
% A (K,) ) W17} Q17 mEle] W (M,)0h g A
T (B)) 8] AlEoll vl|sto] S7ketet o] 23z 3E

22 2213}, A Ao & ko] 2R dlero

T
AT GE PPHOR TAY 5 ek 2L v
s, 1 gjio] /M) e PR U] Nk Byg E @
NS F7AA % S o,

& AF=7F0 N/moj| A
200N/mE#7Pﬂ'HH MNE] 2] Phant 1.09] ALE=7}
Ay 23] AF=0 Z o 7E2-9.17 % A4S HA|HE Omega+—=
0.74 %, Impulse Engine2-0.61 % 7F4-3tch =, Y A%
Ao} BT F710] et Q17 mEle] A3e) Ak
of iRk TepA|ul, AB7) 3717k e, e 4
of ekt 9 A4} 242 1 o] Aol

28 sImScistn g - Biv|sdTa

=2F H3H H2.8, 2013

—_

)

2)

3)

4)

5)

6)

7)

8)

9)

10)

Acknowledgement

References

J. E. Colgate and G. Schenkel, “Passivity of a class of
sampled-data systems: Application to Haptic
Interfaces,” Journal of Robotic Systems, vol.14, no. 1,
pp.37-47,1997.

R. J. Adams and B. Hannaford, “Stable haptic
interaction with virtual environments,” IEEE Trans.
Robot. Autom., vol. 15, no. 3, pp. 465-474, 1999.

R. J. Adams and B. Hannaford, “Control law design
for haptic interfaces to virtual reality,” IEEE Trans.
Control Systems Technology, vol. 10, no. 1, pp. 3-13,
2002.

N. Diolaiti, G. Niemeyer, F. Barbagli, and J. K.
Salisbury,  “Stability =~ of  haptic  rendering:
discretization, quantization, time delay, and coulomb
effects,” IEEE Trans. on Robotics, vol. 22, no. 2, pp.
256-268, Apr. 2006.

J. J. Abbott and A. M. Okamura, “Effects of position
quantization and sampling
passivity,” IEEE Trans. Robotics, vol. 21, no. 5, pp.
952-964, Oct. 2005.

J.J. Gil, A. Avello, A. Rubio, and J. Florez, “Stability
analysis of a 1 DOF haptic interface using the
Routh-Hurwitz criterion,” IEEE Trans.
Systems Technology, vol. 12, no. 4, pp. 583-588, July
2004.

J. J. Gil, E. Sanchez, T. Hulin, C. Preusche and G.
Hirzinger, “Stability boundary for haptic rendering:
influence of damping and delay,” IEEE Int. Conf. on
Robotics and Automation, Roma, Italy, pp. 124-129,
10-14 April 2007.

T. Hulin, C. Preusche, and G. Hirzinger, “Stability
boundary for haptic rendering: influence of physical
damping,” IEEE Int. Conf. on Intelligent Robots and
Systems, pp. 1570-1575, Beijing, China, 9-15 Oct.
2006.

K. Lee, “Effect on data-hold methods on stability of
haptic system,” Journal of Institute of Convergence
Technology, vol. 2, no. 2, pp. 35-39, 2012.

M.Minsky, M. Ouh-young, O. Steele, F.P.Brooks Jr.,
and M. Behensky, “Feeling and seeing: Issues in force
display,” Comput. Graph., vol. 24, no. 2, 1990.

rate on virtual-wall

on Control



Effects of a Human Impedance and a First-Order-Hold Method on Stability of a Haptic System with a Virtual Spring Model

11) K. J. Kuchenbecker, J. G. Park, and G. Niemeyer,

12)

“Characterizing the human wrist for improved haptic
interaction,” Int. Mechanical Engineering Congress
and Exposition, pp. 1-7, Washington D.C, USA, Nov.
16-212003.

T. Tsuji, K, K. Goto, M. Moritani, M. Kaneko, and P.
Morasso, “Spatial characteristics of human hand

13)

impedance in multi-joint arm movement,” IEEE Int.
Conf. on Intelligent Robots and Systems, pp. 423-430,
Munich, Germany, 12-16 Sept. 1994.

D. A. Lawrence, “Stability and transparency in
bilateral teleoperation,” IEEE Trans. Robotics and
Automation, vol. 9, no. 5, pp. 624-637, 1993.

Journal of Institute of Convergence Technology Vol. 3, No. 2, pp. 23-29 (2013) 29





