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Effect of the sampling time of high-frequency ZOH and a physical
damper on stable haptic interaction

Kyungno Lee
School of Mechanical, Automotive and Aeronautical Engineering, Korea National University of Transportation
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Abstract Stable haptic interaction with virtual environments is essential not only for the safety of the user but also
for improving the immersion of the user. If the coefficient of a virtual spring is increased, the system becomes
unstable. Therefore, the coefficient of the virtual spring is limited. The haptic system with the high-frequency
zero-order-hold (HF-ZOH) is proposed to enhance the stability margin of a virtual spring. In this paper, the
relationship among the sampling period of HF-ZOH, the coefficient of the physical damper, and the maximum stable
margin of the virtual spring is analyzed. The lager the coefficient of the physical damper is, the shorter the sampling
period of the HF-ZOH is, the larger the stable region of the virtual spring becomes. If the ratio NV is larger than
40, the stable region of the proposed method is about three times to eight times that of the previous method, according
to the coefficient of the physical damper. Hence the method enables to improve the user’s realism in virtual

environments.

Keywords : Dual-rate sampling, Haptic device, Haptic stability, High-frequency ZOH, Physical damper
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Fig. 2. Simulation for block diagram of haptic system
with extrapolation and high-frequency ZOH.[6]
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Fig. 3. Comparison of the maximum available stiffness
between results computed in (1) and simulation
results when N=1
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Fig. 6. Comparison between the maximum available
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