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Figure 1: MobiTouch prototype on the wrist.

Abstract

MobiTouch is a wearable haptic device that integrates pneumatic
and vibrotactile technologies to enhance touch sensations. The
system addresses the slow responsiveness of small pneumatic com-
ponents by compensating with vibrations, allowing for more diverse
touch patterns. The wrist prototype operates wireless, is powered
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by a rechargeable battery, and features customisable touch pat-
terns through an external controller. MobiTouch’s design improves
portability and responsiveness for haptic pneumatic wearables, of-
fering potential applications in affective touch and wireless tactile
transmission.

CCS Concepts

+ Human-centered computing — Mobile devices; Haptic de-
vices.
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1 Introduction

Wearable technology can serve various purposes, from basic time-
keeping to advanced functions like enhancing our surroundings
through head-mounted displays. One specific area that has captured
the attention of researchers is haptic pneumatic wearable technol-
ogy. Pneumatic technology utilises pressurised air for inflation or
movement, offering wearables flexibility, comfort, and versatility.
Unlike many commercially available wearables that may feel rigid
and unnatural over time, pneumatic technology enables more life-
like behaviour, such as mimicking touch or hugs in affective touch
applications that leverage a range of modalities (from vibration to
pneumatic to thermal feedback) [1, 3-9].

However, integrating this technology into fully wearable devices
has proven difficult due to the lack of responsiveness with smaller
pneumatic components, which limits the range of effective touches
that can be portrayed [3, 6, 11]. To address this issue, we propose a
system that enhances pneumatics with vibrotactile technology. By
compensating for the inflation time of the pneumatic component
with vibrations, the system’s responsiveness is increased, allowing
for the creation of more varied touch patterns. This allows a haptic
pneumatic system to be fully tetherless and for field-testing, as
opposed to testing in pre-defined situations [2, 3].

2 MobiTouch Prototype
2.1 Wrist Prototype

MobiTouch is a fully wearable system designed to deliver touch
sensations to the wrist through a combination of pneumatic and vi-
brotactile actuation (see Figure 1). In this prototype, a pneumatically
actuated airbag, vibrotactile motor, and force-sensing resistor (FSR)
sensor are integrated into a stack positioned on the wrist inside a
sleeve. When the airbag inflates, it applies pressure to the wrist,
simulating touch, which is detected by the FSR sensor (see Figure
2). The sensor’s output is inverted to drive the vibrotactile actuator,
meaning that when the airbag exerts minimal force, the vibrations
are at their strongest. Consequently, as the pressure in the airbag in-
creases, the vibration intensity decreases, effectively compensating
for the slower responsiveness of the pneumatic component.

517

Kruijthoff et al.

This allows the creation of more varied touch patterns ranging
from long presses to short taps while retaining portability with
small pneumatic components.

Air Pocket (Deflated) Force on FSR

Air Pocket (Inflated)

ERH Motor
=
Textile Sleeve

Wesst

Figure 2: Airbag inflation resulting in changing FSR-values,
which is used to drive the vibrotactile actuator and accurately
compensate for pressure exerted by the pneumatic system.

In this design (see Figure 3), a small air pump (RS PRO Gas
Compressor Pump 702-6898) and a valve (DC 5V One Way Exhaust
Valve) were used for inflating and deflating the 40 x 40 mm airbag.
To establish wireless communication for transmitting touch, an
NRF24L01 module integrated with an Arduino Nano was utilised
on both the wrist prototype and the external controller. An air
pressure sensor was used to measure the internal air pressure,
preventing the system from over-inflating. This sensor alongside
the FSR could be used to register user touch inputs, potentially
allowing for bi-directional tactile communication. Additionally, to
make the device fully wireless, it is powered by an 800 mAh Li-Po
battery, which can be recharged using a TP4056 USB-C module.
The battery (3.7 V) powers the Arduino by raising its voltage to 5 V
using an MT3068 step-up module.

Air compressor Airvalve | Arduino Nano (nRF)
LiPo Battery

Air pressure sensor

Charging and Battery
Management system

Airbag 40 x 40 mm

ERM actuator

FSR sensor

Figure 3: Component Overview of the Wearable Device.
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2.2 Wireless Controller

A wireless controller was developed that allows for programming
touch patterns and directly transmitting touch wirelessly to the
wearable device (see Figure 4).
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intensity calibration
@ @ rerca e Select Touch Pattern
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Figure 4: Wireless Controller able to program and directly
transmit touches to the wrist-wearable.

2.2.1 Programming of Touch Patterns.

The controller offers three program modes: play, program touch,
and live touch. The play mode plays the selected pattern, program
touch is used to create a touch pattern, and live touch allows the
user to directly transmit a simulated touch by pressing the onboard

FSR.

2.2.2 Calibration Steps.

For the device to perform correctly, two calibration steps are needed.
Firstly, users must match the vibrotactile actuator’s intensity to
the airbag’s pneumatic inflation using a potentiometer to ensure
one modality does not overpower the other. These settings are
influenced by personal preferences as well as external factors such
as pressure applied from clothing [10, 12]. A second calibration step
is required to map the minimum and maximum FSR values while
being respectively fully deflated and inflated.

2.2.3  Modality Selection.

The lower switch allows users to choose from three different modal-
ities: pneumatic only, pneumatic plus vibrotactile, and vibrotactile
only. This enables users to experience the various modalities offered
by the system.

3 Conclusion

By integrating both pneumatic and vibrotactile components, this
system is tetherless and addresses the limitations of responsive-
ness inherent in smaller pneumatic devices. The combination of
these technologies allows for a broader range of tactile experiences,
from subtle taps to longer presses, while maintaining portability
and wireless functionality. MobiTouch provides a valuable tool for
researchers conducting in-field testing in areas like wireless touch
transmission and affective touch applications.
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