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Abstract

The study about VR (Virtual Reality) has been done from the 1960s, but technical limits and high cost made VR hard to com-
mercialize. However, in recent, high resolution display, computing power and 3D sensing have developed and hardware has become
affordable. Therefore, normal users can get high quality of immersion and interaction. However, HMD devices which offer VR envi-
ronment have high latency, so it disrupts the VR environment. People are usually sensitive to relative latency over 20 ms. In this paper,
as adding the Electromyogram (EMG) sensors to typical IMU sensor only system, the latency reduction method is proposed. By chang-
ing software and hardware components, some cases the latency was reduced significantly. Hence, this study covers the possibility and

the experimental verification about EMG sensors for reducing the latency.

Keywords: EMG(Electromyography), sEMG(surface-Electromyography), VR(Virtual Reality), Latency, SCM (Sternocleido-

mastoid muscle), HMD(Head-Mounted Display)
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Fig. 1. HMD, Oculus Rift(Oculus VR, LLC.)
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Fig. 2. Neck muscle for up & down moving[15]
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Table 1. The difference between the reaction time of the EMG sen-
sor and gyro sensor

b LEE Value(ms) = EMG response - Gyro response
v 45 ower SCM 90 upper SCM 45 upper SCM 90
E arlier Value E arlier Value E arlier Value E arlier Value
G -25.715 G -35.299 E 40.256 G -23.053
E 26.104 G -67.987 E 45917 G -106.028
E 26.370 -64.112 E 44814 G -88.443
G -26.461 G -21.133 E 94.908 G -22.765
E 27.328 G -19.403 E 23.051 G -75.217
E 28.383 G -17.71 E 25.895 G -47.319
E 28.629 C -68.644 G -66.174 -144.493
E 29.169 E 19.242 E 22.764 E 23.656
E 29.589 E 19.959 E 17.524 G -85.335
E 30353 E 22613 E 56.248 G -63.176
E 31.115 E 23.038 E 25.672 G -40.295
E 31422 E 18.723 E 21.257 G -25.556
E 31.526 G -25.885 E 48.856 G -26.083
G -32.324 E 59.456 E 48951 G -170.844
E 32.548 G -33.828 G -46.047 -133.229
E 32.791 G -24.983 E 22,618 G -62.550
E 33.293 E 20.279 E 42479 G -46.886
E 33.602 G -15.148 E 69.297 E 31.215

Table 2. The rate on signal response between EMG signal and gyro

signal

Subjectl (times:321) EMG rate
lower SCM 45° 73%
lower SCM 90° 22%
upper SCM 45° 86%
upper SCM 90° 29%

Table 3. Relative Average Latency, The value has negative(-) num-
ber is in the circumstance that Gyro sensor is faster than

EMG sensor
Latency(ms)  subject 1  subject 2 subject 3  subject 4
lower SCM 45°  10.37 21.77 18.89 30.79
lower SCM 90°  -44.04 -66.00 -146.89 -37.73
upper SCM 45°  27.02 19.14 34.18 18.86
upper SCM 90°  -92.92 -19.05 -143.10 -5.08
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Fig. 12. Comparison Graph of 45°signals
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