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Environmental Wind Feedback for Multisensory Immersion in Virtual Reality
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This study developed and evaluated a system for enhancing the sense of

presence in virtual reality (VR) experiences through non-contact tactile stimuli such as wind, heat,
and smell. Utilizing ESP32 and Arduino microcontrollers, we constructed middleware capable of
real-time control of multiple sensory devices. Through a series of experiments, we examined the
perceptual effects of wind direction and intensity, the spatial presentation of heat via infrared
heaters, and the potential for olfactory cues to convey directional information. The results
demonstrated that all modalities contributed to an increased sense of immersion in VR. Furthermore,
wind stimuli proved effective in supporting redirected walking and enhancing sensations of falling
and floating, indicating the system’ s potential for advancing multisensory VR technologies.
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