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Stability Analysis of a Haptic System with a First-Order-Hold Method
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Abstract: This paper presents the effect of a reflective force computed from a first-order-hold method on the stability of a
haptic system. A haptic system is composed of a haptic device with a mass and a damper, a virtual spring, a sampler and a
sample-and-hold. The boundary condition of the maximum virtual stiffness is analytically derived by using the Routh-Hurwitz
criterion and the condition shows that the maximum virtual stiffness is proportional to the square root of the mass and the
damper of a haptic device and also is inversely proportional to the sampling time to the power of three over two. The
effectiveness of the derived condition is evaluated by the simulation. When the reflective forces are computed by using the
first-order-hold method, the maximum available stiffness to guarantee the stability is increased several hundred times as large as
when the zero-order-hold method is applied.
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Fig. 1. Examples of the generated energy by ZOH and FOH effect

respectively [11].
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Fig. 2. Configuration of haptic system.
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