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Abstract. This work investigates contact forces of different visual / tactual feedback modes using VisiTact
system [l]. Different immersion levels and the visibility of the participant’s hand led to significant

differences in the task performance, i.e. wearing a Head Mounted Display (HMD) demonstrated a superior
performance over other VR modes, in terms of peak contact force.
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1. Introduction

Many studies have postulated [2,3 and 4] that the measurement of peak contact force is a meaningful
criteria to evaluate the performance of a haptic interface, inasmuch good fidelity should be reflected in a
correspondingly lower magnitude in peak force, [5 and 6].

2. Contact Force Study

A typical force profile from the pilot study [7] illustrated that the magnitude of the peak force (force
applied at point (B) on the virtual wall in the Y-axis) was somewhat lower with the real prototype than when
VisiTact was used (reported in 11 out of 13 of the participants), as expected. Fig 1 presents the mean (and

standard deviations) of the peak contact force (along the Y-axis) across the four modes for one of the
participants.
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Fig.1 The overall mean peak contact force and standard deviations for the four different modes
Fig 2 shows that the peak forces recorded in the PIVR and FIVR modes was substantially higher than the

R and FIAR modes, in which the participant’s hand is present. It should be noted that all unfamiliar
abbreviations (such as FIVR, FIAR, etc) are explained in [7].

274



Fapp(Z)

Fig.2 The contact forces considered in the study

The ANOVA ana}ysis showed a significant mean effect across mode R, FIAR, FIVR and PIVR (F(3,48)
=7.39,p=0.0003,Y" =0.269). A Post-hoc Tukey analysis indicated significant differences between mode
R and either of modes PIVR and FIVR. However, no significant difference in the mean peak force was
reported between mode R and FIAR; mode PIVR and FIVR. Evaluation of contact force during the sliding
phase using the real prototype, during which the participant slides the block along the X-axis until it reaches
a position adjacent to the aperture slot, shows that relatively large forces occur in the Y and Z directions
( Fapp v and, Fp, 7 respectively), as shown in Fig 2.

The friction forces generated during the sliding phase on the X direction was calculated using.
o THo R0 THOE O

Based on previous tests [7], the static and kinetic friction constants were set to 0.36 and 0.4 respectively
in all directions.

The contact force data was extracted using MatLab, and recorded using the Qmotor graphics user
interface (GUI) application. The average Y and Z contact forces was calculated using the following formula,
adopted from [8], as follows:

N
2/

N

Average force =

Where N is the number of data samples in the sliding phase and f is the magnitude of the i" force,
assuming all forces are positive [9]. The mean of the Y and Z contact forces was calculated for each of the
four trials for every participant. A typical example of the average contact force occurring during sliding,
across each of the four modes for one participant, is shown in Fig 3.
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Fig.3 averaged contact forces across the four modes

It is evident from Fig 3 that participants tend to apply greater force (averaging 15N) with the VisiTact
than that in the real task (around 8N) during the sliding phase. An ANOVA analysis explicitly revealed that
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there were significant difference between the averaged contact forces during sliding (F(3,48) = 11.99, p <
0.0001, @ =, 388).

Post-hoc Tukey tests indicate significant differences between the real task (mode R) and any of the other
conditions (i.e. modes FIAR, FIVR and PIVR). However, no significant differences were reported between
modes PIVR and FIVR; PIVR and FIAR; and between FIVR and FIAR.

The final aspect of the contact force analysis focused on the peak force occurring during the insertion
phase of the block-in-hole task. An ANOVA analysis was conducted which didn’t provide any clear
indication on which mode recorded the least insertion force, in other words, there was no s1gn1ﬁcant
difference in the peak insertion force among the modes as verified by ANOVA (F(3.48) = 1.88, p = 0.14, o’
=0.043).

3. Discussions of Results

The participants, in general tended to contact the virtual wall with a markedly greater force, particularly
in those modes in which the hand was not present (p = 0.0003) — in agreement with the third hypothesis.
Thus, it can be inferred that the participants experienced some difficulty in judging the distance between
locations A and B on the simulated prototype, again resulting in greater impact forces, which was generally
in agreement with the participants’ comments. During the sliding phase, the results reveal that the
participants applied greater force, especially when the VisiTact was used, regardless of whether they could
see their hand or not, which suggests that the dynamic interaction of the force feedback system was a
significant factor in performing the task. However, the measure of peak force occurring during the insertion
phase showed no significant difference in the mean values between each of the modes (p = 0.112).

4. Conclusions

The results suggest that participants found hard in judging distance, in terms of a measure of accuracy
(between the locations A and B on the simulated prototype), which led to some difficulty in accurately
locating the virtual surrogate object at the desired contact point, which in turn may have led to greater impact
force.
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