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Abstract To implement a virtual rigid body with high fidelity, the stiffness of a virtual spring is designed
to be as large as possible. However, this may make a haptic system unstable, so methods to increase
the stiffness of a virtual spring have been studied to maintain the stability. A method using multirate
sampling was recently presented. In this study, the effect of a virtual mass on the stability region of a
virtual spring was analyzed to enhance its stability in a haptic system with multirate sampling. If the
virtual mass is small, the stability region of the virtual spring can be made many times larger than that
of a system with zero-order hold and single sampling. In addition, if the values of a virtual mass and
N are chosen appropriately, the stability region of the virtual spring can be made 3 to 200 times larger
than that without a virtual mass. We propose a design guideline to determine the values of the virtual
mass and N to enhance the stability of the virtual spring, which could be helpful in designing virtual

bodies with stable interaction and high fidelity.
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