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Stability Analysis for a Virtual Spring Model
with an Extrapolation and High-frequency ZOH
Kyungno Lee
School of Mechanical, Automotive and Aeronautical Engineering, Korea National University of
Transportation
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Abstract In order to enhance the realism of a virtual environment, a method of maximizing the stiffness of the virtual
environment model is needed, which maintains the stability of the haptic system. In our previous research, we
proposed a haptic system with a first order hold, instead of a zero order hold, and showed that the maximum available
stiffness of a virtual spring with the first-order hold is larger than that with the zero-order hold. However, in terms
of real system implementation, the zero order hold is a more common and easy method. In this paper, we propose
an extrapolation method and a high frequency zero-order-hold output method in order to obtain the stability region
using a zero order hold, which is equivalent to the method using the first-order-hold. The simulation results shows that
the stability range of the virtual spring becomes almost the same as that of the method using the first order hold when the
sampling period of the high frequency zero-order-hold method is decreased. Moreover, the stability range of the
proposed method is several times to several tens of times greater than that of the method using the zero order hold only.
Therefore, it is expected that the proposed method can enhance the realism of rigid bodies in a virtual environment.
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Fig. 2. An example for reflective force computation
using extrapolation and high-frequency zero-
order-hold (10Hz).
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Fig. 3. Simulation model of haptic system with
extrapolation and high-frequency ZOH.
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model
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Table 1. Stable maximum stiffness /&, according to the
sampling time T, where mass 74=0.5 kg,
damper 5,=0.1 Ns/m.
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Table 2. Stable maximum stiffness A (N/m) according
to sampling time T and ratio N, where mass

M=0.5 kg, damper 5,=0.1 Ns/m.
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Fig. 5. Comparison between the maximum available
stiffness using the extrapolation and high-
frequency ZOH and that using the FOH only.
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Table 3. The stable maximum stiffness /A according
to sampling time where mass 7£=0.5 kg,
damper 5,=0.1 Ns/m.
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Fig. 6. Comparison between the maximum available
stiffness using the extrapolation and high-
frequency ZOH and that using the ZOH only.
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