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Aims and contribution of the paper

Aims

1. Validate a Galvanic Vestibular Stimulation (GVS) system
2. Enhance the learning experience of students using VR

Contributions

1. Enhance the sense of immersion
2. Reduce cybersickness in virtual reality environments
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State of the Art

Most reported symptoms:

I Disorientation

I Nausea

I Oculomotor disturbances

I Headache

I Dizziness
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System montage

Firmware (ESP32 – PlatformIO)

I Control of amplitude, frequency, waveform

I Independent electrode management

I Simultaneous stimulation patterns

User Interface
I Dedicated application
I Real-time parameter configuration
I Designed for future industrial deployment
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System Specifications

Control Unit
I ESP32 microcontroller
I Digital signal generation
I Independent GPIO control

Current Generation
I Two independent Howland current sources
I Voltage-to-current conversion
I Independent electrode pair control
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User safety

Protection Mechanisms Current Limitation Impedance Adaptation

Electrical + Software �2.6 mA Up to 9 k

Prevents leakage current Below �4 mA guideline [11] Accounts human variability

Designed to ensure safe operation during startup and stimulation, while maintaining stable
current delivery under physiological impedance variations.

[11] A. Antal et al., “Low intensity transcranial electric stimulation: Safety, ethical, legal regulatory and application guidelines,” Clin. Neurophysiol., vol.

128, no. 9, pp. 1774–1809, 2017, doi:10.1016/j.clinph.2017.06.001.

C. da Costa C. Evaluation of a Galvanic Vestibular Stimulation System to Reduce Cybersickness in Virtual Reality 7 / 18



Motion Data Acquisition

IMU Sensor: MPU6886

I 3-axis gyroscope

I 3-axis accelerometer

I 16-bit ADC

Configuration

I Gyroscope: ±1000 °/s (32.8 LSB/°/s)

I Accelerometer: ±8 g (4096 LSB/g)

I Sampling frequency: 200 Hz
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Virtual Reality Application

Virtual Reality Substation Laboratory (VRSL)
VR environment designed to accurately reproduce the power distribution

substation located on the university campus

First-person
Navigation

Outdoor Yard
Drone piloting

Control House
Event and accident simulation
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Experimental Design
Research Questions

I Does GVS improve the sense of immersion?

I Can GVS combined with VR reduce cybersickness symptoms?

Participant Screening

I Health questionnaire

I Exclusion of participants with relevant
medical conditions or medication use

Questionnaires

I System Usability Scale [12]: usability
of the VRSL + Stimbox

I Simulator Sickness Questionnaire [13]:
sickness symptoms and subscale
scores

I Immersion tolerance

[12] Brooke, J. (1986). SUS - - A quick and dirty usability scale.
[13] R. S. Kennedy, N. E. Lane, K. S. Berbaum, and M. G. Lilienthal, “Simulator sickness questionnaire: An enhanced method for quantifying simulator
sickness,” Int. J. Aviat. Psychol., vol. 3, no. 3, pp. 203–220, 1993, doi:10.1207/s15327108ijap03033.
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Testing Procedures

Randomized crossover design
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Test Environment
I 20 participants
I 1h 10min per participant
I Data collection over 16 days

Scan to access the NBI website
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Analysis

Outcome Measures
I Cybersickness: SSQ total score + subscales (nausea, oculomotor,

disorientation)
I Immersion tolerance: time spent in VR (max. 15 min)

SSQtotal =
(9.54 � nausea) + (7.58 � oculomotor) + (13.92 � disorientation)

3.74

Statistical Analysis
I Continuous (asymmetric): Wilcoxon signed-rank test
I Ordinal: Sign test or Bowker’s test of symmetry
I Binary: McNemar’s exact test
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Quantitative Results

Immersion tolerance
Condition Did not complete Completed
Sham 3 (15%) 17 (85%)
nGVS 0 (0%) 20 (100%)

Washout groups
Group Participants
ISF (� 1h) 13
SF (> 1h) 7
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