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Evaluation of Force Intensity Input in Various Body Parts Using Electromyography

Yuta Kataoka*!, Hayato Nozaki*?, Shohei Mori*3, Fumihiko Nakamura*?,
Fumihisa Shibata*? and Asako Kimura*?

Abstract — Electromyography (EMG) interfaces are widely employed in Extended Re-
ality technology for interaction with user interfaces. Previous studies have shown that
EMG-based force input is preferred and provides better control performance compared
to physical devices. However, it remains unclear how precisely users can control force
input with EMG. This paper analyzes the impact of EMG-based force input on input
accuracy and mental workload. We developed a pointer tracking application that in-
puts force strength. Input accuracy and mental workload were evaluated across multiple
tracking patterns and body regions. Results showed that EMG-based input accuracy was
highest for the forearms among the body regions. The mental workload was also lower

for forearm control.
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Fig.1 Experimental setup: (a) Experimental
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Fig.2 Measured body parts: (a) Experiment
1, (b) Experiment 2
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Fig.3 Types and ranges of target shapes: (a) Straight line task, (b) Diagonal
line task, (c) Curved line task
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Table 1 The statistical results of the input accuracy in Experiment 1.

‘ Slow Smid Shigh Dasc Ddesc Cian CUcurve
Siw | NJA N/A N/A N/A N/A  N/A N/A
Smia | <0.0017** N/A N/A N/A N/A  N/A N/A
Shign | <0.001"** < 0.001*** N/A N/A N/A  N/A N/A
Dase | <0.0017* < 0.001"** < 0.001"** N/A N/A  N/A N/A
Daesc < 0.001"** < 0.001*** < 0.001*** 0.005"* N/A N/A N/A
Cinvu < 0.001""* < 0.001*** 0.245 < 0.001*** 0.002** N/A N/A
CUcurve | < 0.0017** < 0.001"** 0.002"* < 0.001"** 0.245 0.116 N/A
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Fig.5 NASA-RTLX results in Experiment 1
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Fig.6 Input accuracy results in Experiment 2: (a) Accuracy by hand pose and
target shape, (b) Accuracy by target shape, (c) Accuracy by hand pose
#2 ZEE 2 HEREEOABEOERE.
Table 2 The statistical results of the input accuracy in Experiment 2.
‘ Slow Smid Shigh Dasc Ddesc Cian CUcurve
Slow N/A N/A N/A N/A N/A N/A N/A
Shid < 0.001"** N/A N/A N/A N/A N/A N/A
Shigh < 0.001"** < 0.001*** N/A N/A N/A N/A N/A
Dasc < 0.001"** 0.039* < 0.001*** N/A N/A N/A N/A
Daesc < 0.001*** 0.013" < 0.001***  1.000 N/A N/A N/A
Cinvu < 0.001*** < 0.001*** 1.000 < 0.001"** < 0.001*** N/A N/A
CUcurve | < 0.001** 0.002™* < 0.001*** 1.000 1.000 < 0.001"** N/A
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Fig.7 NASA-RTLX results in Experiment 2
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