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Real-Time Haptic Rendering for Multi-contact Interaction
with Virtual Environment
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(Kyungno Lee and Doo Yong Lee)

Abstract : This paper presents a real-time haptic rendering method for multi-contact interaction with virtual environments. Haptic
systems often employ physics-based deformation models such as finite-element models and mass-spring models which demand
heavy computational overhead. The haptic system can be designed to have two sampling times, T and JT, for the haptic loop and the
graphic loop, respectively. A multi-rate output-estimation with an exponential forgetting factor is proposed to implement real-time
haptic rendering for the haptic systems with two sampling rates. The computational burden of the output-estimation increases rapidly
as the number of contact points increases. To reduce the computation of the estimation, the multi-rate output-estimation with reduced
parameters is developed in this paper. Performance of the new output-estimation with reduced parameters is compared with the
original output-estimation with full parameters and an exponential forgetting factor. Estimated outputs are computed from the
estimated input-output model at a high rate, and trace the analytical outputs computed from the deformation model. The performance

is demonstrated by simulation with a linear tensor-mass model.

Keywords : virtual reality, virtual environment, haptic rendering, output estimation
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Fig. 1. Haptic system with multipoint contact interaction, HD=
Haptic device, MROE=Multi-Rate Output-Estimator.
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Fig. 2. Multi-contact interaction using a spring model.
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Fig. 3. Comparison of the computational load of output estimators.
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4. RMMCP(PR)(Reduced Mode! for Multiple Contact Points,
with P-matrix Resetting)
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Fig. 5. Reflective forces at contact-ptl that are transferred from
contact-pt2.
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Table 2. Estimation errors for the reflective force at the Contact-ptl
that is transferred from the Contact-pt2 when there are no

cuts.
Zmes %Z |e£.| (Newton); N=10000
o-1-=22 i
Fx Fy Fz

(1) MSCP [13] 0.317 0.183 0.145
(2) MMCP(PR) 0.011 0.007 0.009
(3) MMCP(FF) 0.004 0.004 0.004
(4) RMMCP(PR) 0.043 0.067 0.059
(5) RMMCP(FF) 0.045 0.083 0.079

¥ 3. A4 contact-p2ZHE A contact-ptloll AEH HH
of gk F4 Ak
Table 3. Estimation errors for the reflective force at the contact-ptl

that is transferred from the contact-pt2.
1 _
Aagus §Z|ef.[ (Newton) ; N=10000
Fx Fy Fz
(DHMSCP [13] 0.317 0.271 0.205
(2) MMCP(PR) 0.012 0.009 0.008
(3) MMCP(FF) 0.028 0.017 0.015
(4) RMMCP(PR) 0.044 0.068 0.064
(5) RMMCP(FF) 0.059 0.077 0.076

E 4 F RSl R $5F A9 FHe vm
Table 4. Comparison of estimation errors when two contact points

move randomly.
F— %Z|ef| (Newton) ; N=10000
Fx Fy Fz
(D)MSCP [13] 0.125 0.133 0.076
(2) MMCP(PR) 0.058 0.046 0.040
(3) MMCP(FF) 0.086 0.048 0.042
(4) RMMCP(PR) 0.047 0.060 0.049
(5) RMMCP(FF) 0.126 0.086 0.108
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Fig. 6. Reflective forces at contact-ptl that are transferred from
contact-pt2.
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Fig. 7. Estimation error over time for the reflective force Fx in
TABLE 4.
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Table 5. IND analysis for force when two contact points move

randomly.
Fx Fy Fz
() MSCP [13] 773 % 62.0% 81.6 %
(2) MMCP(PR) 86.1 % 919% 90.0 %
(3) MMCP(FF) 793 % 91.0% 88.6 %
(4) RMMCP(PR) 88.7% 85.7 % 86.1 %
(5) RMMCP(FF) 80.5% 68.7 % 63.0%

E 6 % PRS0l £A9 $Fs 49 duolE Holy
of gk IND w4144,
Table 6. JIND analysis for force when two contact points move

randomly after cutting.
Fx Fy Fz
(1) MSCP [13] 92.0% 754 % 97.6 %
(2) MMCP(PR) 97.6 % 99.7% 100.0 %
(3) MMCP(FF) 95.1 % 100.0 % 100.0 %
(4) RMMCP(PR) 96.3 % 95.6 % 98.5 %
(5)RMMCP(FF) 94.7 % 75.6 % 82.3%
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