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Abstract—In this study, we navigate the evolving domain of
wearable haptic interfaces, spotlighting the criticality of tactile
feedback in enhancing user experiences across diverse appli-
cations. Our core contribution is designing and implementing
an electrotactile feedback system to bridge our knowledge gaps
concerning its perception, especially individual preferences and
spatial intricacies. Through a focused human subject study
(N=20) centered on the forearm, we investigated the interplay of
location, frequency, and skin moisture on the Detection Thresh-
old (DTDT) and Pain Threshold (PTPT). Our data highlights
the pronounced influence of stimulation location on perception
within the same body area. Interestingly, factors like individual
differences and skin moisture were less influential on perception
as related to signal frequency. Drawing from these results, we
offer a strategic calibration procedure for electrotactile stimuli,
shedding light on setting frequency bounds. This research not
only refines our comprehension of electrotactile feedback nuances
but also sets the stage for future innovations, particularly in the
realms of wearable devices and virtual reality.

Index Terms—haptics, electrotactile feedback, frequency mod-
ulation, spatial distribution, perception

I. INTRODUCTION

Electrotactile stimulation, a haptic technology, employs
electrical signals to induce touch sensations on the skin and
finds potential applications in areas like virtual and augmented
reality [1], [2], teleoperation [3], and rehabilitation [4], [5].
Key motivations for its incorporation in haptic systems en-
compass its high resolution and fidelity, enabling detailed
touch experiences [6]–[8], the ability for non-contact oper-
ation useful in specific scenarios [3], [9], and versatility in
generating a gamut of touch sensations [9]–[11]. Moreover, it
facilitates haptic interactions for those with sensory challenges
or amputations [1], [4], [5] and amplifies realism in virtual
environments [2], [9]. This paper delves into the impact of
frequency and location on the detection ability and pain thresh-
olds of electrotactile feedback on the forearm. Through elec-
trodes affixed at varied forearm positions and changing signal
frequencies, we scrutinize participants’ feedback to understand
individual tolerances, with considerations like skin moisture
and personal differences. Our findings aim to optimize the
future design and calibration of wearable electrotactile devices.

II. EXPERIMENT SETUP

We design a system to examine the perception of electrotac-
tile feedback on the forearm and upper arm due to the potential
for a wide coverage area of electrodes and the recent interest
in wearables for this body area. For our system, we selected
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a set of Transcutaneous Electrical Nerve Stimulation (TENS)
electrodes (AUVON) as our stimulus conduction material. This
is a commercially validated product in physical therapy with
pre-programmed analog signals (and also has the potential to
be further developed into a wearable device at a low cost).
Based on our pilot study, we found that the intensity of the
elicited electrotactile sensation is positively correlated to the
size of the electrode. We cut each individual electrode pair as
equilateral triangles.

The electrodes were driven by an analog signal output by
a PCI board (SENSORAY Model 826) in a desktop computer
and modulated by a linear current amplifier using a power op-
amp (LM675T) with a gain of 1 A/V. In our experiment, we
leveraged the library of the PCI board to program signals sent
to each electrode.

We fixed the output current (pulses’ amplitude) at 0.05 A.
We chose a frequency range of our device from 1 Hz to
200 Hz to ensure safe and painless electrotactile stimulation.
We determined this range from our pilot study; the pilot
participants did not perceive the lower bound (1 Hz), and
the upper bound (200 Hz) was the limit we found at which
participants began to feel skin irritation or finger twitching.

III. STUDY AND DESIGN

Fig. 1. Placement of electrode pairs on the arm, L1 - L3 are on the ventral
side, L4 - L6 are on the dorsal side.

In this work, we designed and implemented an electrotactile
feedback system to fill in the gaps in our understanding of the
perception of electrotactile feedback, focusing on individual
preferences and spatial differences. We conducted a human
subject study (N=20) displaying electrotactile feedback on the
forearm (Fig. 1) to examine the effect of location, frequency,
and skin moisture level on the stimuli’s Detection Threshold
(DT ) (Fig.2) and Pain Threshold (PT ) (Fig. 3). Our results
showed that the location of the electrotactile stimulation sig-



Fig. 2. Detection Threshold DT separated by different locations.

Fig. 3. Pain Threshold PT separated by different locations.

nificantly affects electrotactile perception (both DT and PT )
even within the same body area (the forearm).

The significant spatial differences in electrotactile percep-
tion across different contact areas that we observed indicate
the need for location-based customization of electrotactile
experiences. These findings can inform the design of our arm-
worn electrotactile device by allowing us to optimize electrode
placement for enhanced perception and signal calibration.

IV. CONCLUSION

In conclusion, we designed and conducted a study inves-
tigating electrotactile perception on the forearm. The results
affirm that electrotactile feedback systems can achieve precise
control through signal frequency modulation. Notably, we
identified substantial spatial variances in perception across
diverse contact zones, underscoring the necessity for tailor-
ing electrotactile experiences based on location. While our
research highlights this domain, further exploration into in-
dividual predilections for electrotactile stimulation remains
paramount. Our findings lay a robust groundwork for ensuing
research in electrotactile feedback, especially concerning the
development of wearable devices and immersive virtual reality
environments where tactile nuances play a critical role.

V. FUTURE WORK

We plan to extend our research to explore how multiple
electrotactile actuators can collaboratively generate intricate

sensations, specifically in simulating illusory motion along the
forearm. As part of this endeavor, we are currently developing
a sophisticated electrotactile system. Our next phase will
involve recruiting 20 participants to participate in a thorough
study, aiding our understanding of these complex interactions.

VI. VISION

By unraveling how humans perceive and respond to elec-
trotactile cues, we aim to provide valuable insights that can
shape future haptic device design. The knowledge we gain
through this study can be applied to the future development of
electrostatic-based touch devices. Our study exhibits immense
potential in various domains. Electrotactile feedback enhances
operator interactions with robotics in intricate environments in
teleoperation, seamlessly connecting remote and direct tactile
experiences. In entertainment, especially VR, AR, and gaming,
electrotactile interfaces heighten immersion and give virtual
experiences a palpable authenticity. These systems introduce
innovative emotive and tactile communication methods for
distant social engagements, overcoming spatial constraints.
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