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Abstract

The rapid advancement of haptic technology presents a significant opportunity to improve
accessibility and independence for people with disabilities. This paper investigates the
design, implementation, and evaluation of low-cost, open-source haptic assistive devices
using Arduino microcontrollers, C++ programming, sensors, and 3D-printed enclosures.
Three prototypes were developed: (i) a wearable haptic navigation belt for visually
impaired users, (ii) a haptic glove for communication support in deaf-blind individuals, and
(iii) a haptic feedback joystick for wheelchair users with limited hand mobility. Controlled
experiments and real-world trials were conducted with 25 participants across different
disability groups. Results show improvements of up to 85% in navigation accuracy, 60%
reduction in wheelchair control errors, and 80% recognition of tactile communication
patterns. This work demonstrates the practicality of open-source haptic solutions and
outlines directions for integrating adaptive algorithms and IoT frameworks to create more
robust and scalable assistive technologies.

1. Introduction

Globally, over 1.3 billion people live with some form of disability (WHO, 2023). Limitations
in vision, hearing, and motor functions significantly impact independence, communication,
and participation in society. Assistive devices such as white canes, hearing aids, and
powered wheelchairs provide partial support but often fail to deliver multimodal, intuitive
feedback or adapt to diverse user needs. Haptic technology, defined as the science of
applying touch-based feedback through vibrations, forces, and textures, offers a promising
alternative. By leveraging the sense of touch as a communication channel, haptic systems
can substitute or augment visual and auditory information.

2. Literature Review

Past research highlights the potential of haptics in accessibility. Tactile navigation belts
demonstrated effectiveness in guiding visually impaired users. Haptic gloves have been
explored for sign-language-to-vibration conversion, while wheelchair interfaces using
vibration cues have shown promise in enhancing control. However, most solutions remain
costly, lack customization, and have limited validation beyond lab settings.

3. Methodology

The proposed system was designed around Arduino microcontrollers and integrated with
multiple sensors such as ultrasonic modules, IMUs, and force-sensitive resistors. Three
prototypes were developed: a haptic navigation belt, a communication glove, and a
wheelchair joystick. All devices were enclosed in PLA-based 3D printed casings to ensure
durability and ergonomics. Firmware was written in C++ using Arduino IDE to process
sensor data and generate haptic feedback patterns. Power optimization strategies were



applied to ensure portability.

4. User Studies

User studies involved 25 participants with visual, auditory, and motor impairments. Testing
environments included indoor obstacle courses, outdoor wayfinding tasks, and wheelchair
maneuvering scenarios. Metrics such as navigation accuracy, collision frequency, task
completion time, and user satisfaction were recorded.

5. Results

The navigation belt improved obstacle avoidance by 85% compared to cane-only use. The
haptic glove enabled an 80% recognition rate of short messages after limited training. The
wheelchair joystick reduced control errors by 60% in complex environments. Participants
rated comfort and usability highly.

6. Discussion

This research demonstrates that affordable haptic devices built with Arduino and 3D
printing can significantly improve independence for people with disabilities. Challenges
include power management, actuator fatigue, and feedback overload. Future work should
explore machine learning-based adaptive feedback and integration with IoT ecosystems.

7. Conclusion

This study demonstrates that low-cost, Arduino-based haptic devices can significantly
enhance independence for people with disabilities. Through the development of a
navigation belt, communication glove, and wheelchair joystick, practical implementations
were validated with real users. Future directions should focus on adaptive learning
algorithms and seamless integration into everyday assistive ecosystems.
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