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Abstract

The COVID-19 pandemic has heightened the need for touchless solutions to minimize surface contact
and reduce pathogen transmission. This study presents the design and implementation of an Automated
Touchless Tissue Dispenser using a Raspberry Pi Pico microcontroller. The system employs an
ultrasonic sensor to detect hand proximity, triggering a servo motor to dispense a single tissue sheet
without physical contact. A compact paper roll mechanism ensures smooth tissue extraction while
minimizing waste.

The prototype integrates low-cost, energy-efficient components, making it suitable for public spaces
such as hospitals, restrooms, and offices. The Raspberry Pi Pico processes sensor input and controls
the servo motor via Micro Python, ensuring rapid response times. User feedback is provided through
an LED indicator, confirming successful dispensing.

Testing demonstrated 95% accuracy in tissue dispensing with minimal latency. The system's modular
design allows easy maintenance and adaptation to different tissue roll sizes. Compared to manual
dispensers, this touchless solution enhances hygiene, reduces cross-contamination risks, and promotes
user convenience. Future enhancements could include battery operation, IoT connectivity for usage
monitoring, and antimicrobial coatings. This project highlights the potential of embedded systems in
developing affordable, automated hygiene solutions for public health.
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I. Introduction

The COVID-19 pandemic has heightened the importance of touchless technologies to minimize
surface contact and reduce pathogen transmission in public spaces. Traditional tissue dispensers
require physical interaction, posing a risk of cross-contamination. To address this challenge, this paper
presents the design and implementation of an Automated Touchless Tissue Dispenser using a
Raspberry Pi Pico microcontroller. The system employs an ultrasonic sensor to detect hand proximity,
triggering a servo motor to dispense tissues without user contact. Powered by micro Python, the device
ensures rapid response and energy efficiency while maintaining a low production cost.

This innovation leverages embedded systems to enhance hygiene in high-traffic areas such as
hospitals, offices, and restrooms. Prior solutions often rely on expensive commercial dispensers or lack
modularity. Our prototype offers a scalable, open-source alternative with a 95% dispensing accuracy
and a response time under 0.5 seconds. By integrating IoT capabilities for future upgrades, this work
bridges the gap between affordability and automation in public health solutions. The study highlights
the potential of the Raspberry Pi Pico in developing accessible, smart hygiene devices.
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Figure 1: Schematic diagram

Figure 1 shows the interface used to design the electrical connections for an automated touchless tissue
dispenser. The editor allows users to map and visualize the connections between components such as
the Raspberry Pi Pico microcontroller, ultrasonic sensor, and servo motor. The "Draw Wires" tool
suggests the creation of conductive pathways, while the coordinate values (X/Y) help position
elements accurately. The hierarchy panel indicates a structured layout, ensuring proper integration of
power, ground, and signal lines. This schematic is crucial for translating the system's logic into a
physical circuit, ensuring reliable communication between sensors and actuators for seamless
touchless operation.

1.1 Cross-Contamination Risks in Manual Tissue Dispensers

Manual tissue dispensers require users to physically pull or press a lever to retrieve tissues, creating
multiple touchpoints that can harbor and transmit pathogens. Each interaction with the dispenser
introduces opportunities for contamination, as bacteria and viruses—including common cold viruses,
influenza, and even SARS-CoV-2—can survive on surfaces for hours to days. In high-traffic
environments like hospitals, offices, and public restrooms, frequent contact with the dispenser
increases the risk of microbial transfer between users. Studies show that high-touch surfaces in shared
spaces are hotspots for pathogen transmission, contributing to the spread of infections. Additionally,
improper tissue retrieval (e.g., touching adjacent tissues or the dispenser opening) further exacerbates
contamination risks. Unlike touchless alternatives, manual dispensers lack automation, requiring users
to interact directly with potentially contaminated components.

This underscores the need for hygienic, hands-free solutions—such as automated dispensers with
proximity sensors—to minimize contact, reduce infection risks, and promote public health.

This project presents an innovative, cost-effective automated touchless tissue dispenser solution built
around the Raspberry Pi Pico microcontroller. The system integrates an HC-SR04 ultrasonic sensor
for reliable hand detection within a 10-30 cm range and an SG90 servo motor for precise tissue
dispensing, all controlled through efficient MicroPython programming. With a remarkably low total
cost under $25 - just a fraction of commercial alternatives exceeding $100 - the design achieves 95%
dispensing accuracy with rapid sub-500ms response times. The customizable 3D-printed enclosure
houses these components while allowing for future enhancements like IoT connectivity or solar power
integration.

Particularly valuable for high-traffic public spaces like hospitals, schools, and offices, this solution
significantly reduces cross-contamination risks by eliminating surface contact points. Its modular
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architecture not only ensures easy maintenance and upgrades but also demonstrates how embedded
systems can deliver practical, affordable hygiene technology. The open-source framework further
enables community-driven improvements, paving the way for smarter public health solutions that
balance performance, accessibility, and cost-effectiveness. Future developments could expand
functionality with features like multi-user detection, predictive maintenance, and cloud-based
monitoring while maintaining the core advantages of simplicity and affordability.

The integration of proximity sensing with real-time actuation forms the core functionality of this
automated dispenser system. The HC-SR04 ultrasonic sensor continuously emits high-frequency
sound waves and measures their reflection time to detect hand proximity within a 10-30 cm range.
When the sensor identifies an approaching hand, it instantly sends distance data to the Raspberry Pi
Pico microcontroller. The Pico's MicroPython firmware processes this input in real-time through an
optimized algorithm that filters false triggers while maintaining rapid response. Upon valid detection,
the system immediately activates the SG90 servo motor through precise PWM signals, completing the
dispensing action under 500 milliseconds.

This seamless sensor-to-actuator communication loop operates with minimal latency due to the Pico's
efficient RP2040 processor and direct GPIO control. The system incorporates adjustable sensitivity
thresholds to accommodate different mounting positions and usage scenarios while preventing
accidental activations. This tight integration of sensing and actuation enables reliable touchless
operation while maintaining energy efficiency through the Pico's low-power design, making it suitable
for continuous operation in high-traffic environments.
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II. Literature

Modern touchless systems employ diverse sensing modalities to eliminate physical contact in public
interfaces. Infrared (IR) proximity sensors represent the most widespread solution, using LED emitters
and photodetectors to identify hand presence through reflected light. While cost-effective and energy-
efficient, their performance degrades in direct sunlight and offers limited detection range (typically
<15cm). Ultrasonic sensors like the HC-SR04 overcome these limitations by measuring time-of-flight
for sound waves, achieving precise distance measurement (2-400cm) with consistent performance
across lighting conditions, making them ideal for automated dispensers. Capacitive sensors detect
conductive objects like human skin through electric field distortion, but require proximity (<5cm) and
careful calibration.

Advanced alternatives include voice-activated systems leveraging natural language processing, which
enhance accessibility but suffer from ambient noise interference and higher power requirements.
Passive infrared (PIR) motion sensors detect body heat and movement effectively for lighting control,
but lack the precision needed for dispensing applications. Vision-based systems using RGB or depth
cameras enable sophisticated gesture recognition, but introduce privacy concerns and significant
computational overhead. Emerging technologies like millimeter-wave radar offer contactless vital sign
monitoring capabilities while preserving privacy, though at substantially higher cost.

For hygiene-critical applications like tissue dispensers, ultrasonic and optimized IR sensors currently
provide the optimal balance of reliability (95 %+ accuracy), affordability (<$5 component cost), and
power efficiency (<1W operation). Recent advancements in sensor fusion combine multiple modalities
(e.g., IR+ultrasonic) to improve robustness while maintaining cost-effectiveness for mass deployment
in healthcare and public spaces.

2.1 Prior Work on Raspberry Pi-Based Healthcare Automation

Raspberry Pi platforms have emerged as transformative tools in healthcare automation, offering an
unprecedented combination of affordability, computational power, and hardware flexibility that has
enabled numerous innovations. Researchers and developers have successfully implemented various
medical applications, including intelligent medication management systems that combine scheduled
dispensing with patient adherence monitoring through IoT connectivity. The platform's GPIO
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capabilities have been particularly valuable in developing multi-parameter patient monitoring
solutions that integrate diverse sensors for tracking vital signs like body temperature, heart rate, and
oxygen saturation. In infection control, Raspberry Pi-based systems have powered autonomous UV-C
disinfection robots and touchless sanitation stations using ultrasonic or infrared sensing technologies.
The newer Raspberry Pi Pico microcontroller has further expanded possibilities for dedicated medical
devices, with its ultra-low cost (around $4) making single-function automation like smart dispensers
economically viable for widespread deployment. Significant work has also demonstrated the platform's
capability in telemedicine applications, serving as the backbone for portable diagnostic hubs that
incorporate machine learning for preliminary analysis of medical imaging or symptom evaluation.
These implementations consistently highlight the Raspberry Pi's unique position in democratizing
medical technology, providing hospital-grade functionality at consumer electronics pricing while
maintaining sufficient reliability for clinical environments. The open-source ecosystem surrounding
these devices has accelerated innovation through shared designs and community-driven problem
solving, particularly valuable in resource-constrained healthcare settings where cost and adaptability
are critical factors.
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2.2 Gaps in Current Touchless Dispenser Technology

The current touchless dispenser market exhibits critical gaps that limit accessibility and functionality,
particularly in public health applications. Commercial solutions remain prohibitively expensive,
typically ranging from $100 to $300 per unit, due to proprietary designs, specialized components, and
complex mechanical assemblies. These systems suffer from non-modular architectures that prevent
component-level repairs or upgrades, forcing complete unit replacements when any single element
fails or becomes obsolete. Furthermore, manufacturers prioritize aesthetic appeal over practical
functionality, utilizing custom plastic molds that increase costs while reducing mounting flexibility.
The market also lacks technological adaptability - fewer than 15% of existing dispensers incorporate
IoT capabilities or support alternative power sources, and none offer modular sensor upgrades. These
limitations create significant opportunities for innovative alternatives employing open-source
platforms like Raspberry Pi Pico.

A modular approach could reduce costs by 75-80% while introducing unprecedented flexibility
through standardized interfaces for swappable sensor modules (ultrasonic/IR/camera-based),
interchangeable power systems (wired/battery/solar), and upgradeable control boards. Such a design
would not only overcome current cost barriers but also address sustainability concerns by enabling
component-level maintenance and future upgrades, reducing electronic waste in public health
infrastructure. The absence of such solutions in the current market represents both a substantial gap in
touchless technology and a compelling opportunity for disruptive innovation that balances
affordability, functionality, and environmental responsibility.

2.4 Sensor Fusion and Al in Touchless Interfaces

While individual sensing technologies have shown merit in specific conditions, sensor fusion has
emerged as a compelling approach to improve the reliability, accuracy, and adaptability of touchless
systems. Sensor fusion refers to the integration of data from multiple heterogeneous sensors to generate
a unified, more accurate representation of the environment than would be possible using any single
sensor modality.

In the context of touchless dispensers, combining infrared and ultrasonic sensors enables more robust
hand detection. For example, the IR sensor can provide rapid response time and short-range detection,
while the ultrasonic sensor can confirm distance and reduce false positives caused by ambient light
interference. This dual-check mechanism enhances system reliability, especially in dynamic public
environments with variable lighting and noise.

Advanced implementations have begun incorporating machine learning algorithms to analyze fused
sensor data. These models can recognize more nuanced gestures or differentiate between intentional
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and incidental proximity events. For instance, a trained neural network can process input from IR,
ultrasonic, and capacitive sensors to recognize whether a user is reaching for a tissue or simply passing
by. This minimizes false activations and conserves energy and resources.

Vision-based systems using low-power cameras and embedded Al accelerators, such as Google Coral
or Raspberry Pi 4 + Edge TPU, allow for real-time gesture recognition and object classification. While
these systems require higher processing power and pose privacy challenges, lightweight Al models
such as MobileNet and SqueezeNet have made real-time processing feasible on edge devices.
Additionally, techniques such as on-device inference, quantization, and model pruning help reduce
power consumption and computational load, making these systems more suitable for field deployment.
The convergence of sensor fusion with artificial intelligence not only enhances system performance
but also enables adaptive interfaces that can learn and improve over time. This capability is particularly
valuable in healthcare environments where user needs and environmental conditions vary widely.
Furthermore, Al-based error detection and predictive maintenance can reduce downtime by identifying
sensor degradation or misalignment before system failure occurs.

The future of touchless interaction in public health infrastructure will likely rely on these intelligent,
multi-modal sensing systems to deliver scalable, context-aware functionality while maintaining energy
efficiency and privacy compliance.
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2.5 Sustainability and Open-Source Development Trends

The rapid expansion of digital health infrastructure—accelerated by the COVID-19 pandemic—has
underscored the need for sustainable, adaptable, and cost-effective technologies. However, the current
generation of touchless dispensers and automation tools often overlooks sustainability, both in terms
of environmental impact and long-term system flexibility.

Most commercial systems are built using proprietary components and closed designs, which lead to
planned obsolescence and electronic waste. Units are often discarded entirely when a sensor fails,
battery performance degrades, or connectivity standards evolve. In contrast, modular and repairable
systems can be serviced at the component level, significantly reducing lifecycle costs and e-waste.
Open-source hardware platforms like Raspberry Pi, Arduino, and ESP32 are well-positioned to drive
a paradigm shift toward sustainability. These platforms support standardized interfaces (e.g., I?°C, SPI,
UART) and benefit from extensive community documentation, making them ideal for projects that
require long-term adaptability and local manufacturability. Moreover, the use of 3D-printed
enclosures, recycled plastic, and off-the-shelf sensors further reduces environmental impact.

The open-source approach also enhances technological equity. By lowering development barriers and
sharing design files, developers in resource-constrained settings can locally produce and maintain
critical public health infrastructure. Community-driven repositories such as GitHub and forums like
Hackster.i0 and Tinkercad have accelerated global knowledge transfer, promoting iterative innovation
based on real-world feedback.

In addition to hardware, open-source software frameworks like TensorFlow Lite, Edge Impulse, and
Home Assistant enable sophisticated features such as machine learning, loT integration, and real-time
analytics to be implemented without reliance on commercial licenses. This empowers institutions to
tailor solutions to their specific needs while retaining control over their data and infrastructure.
Government agencies and international development organizations are beginning to recognize the role
of open-source and modular systems in achieving Sustainable Development Goals (SDGs), especially
those related to health, innovation, and responsible consumption. Supporting such initiatives through
research and deployment not only addresses the immediate need for hygienic interfaces but also aligns
with global objectives for inclusive, sustainable technological growth.

2.6 Summary of Literature Review
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The preceding review of literature underscores the critical intersection of sensor technology, embedded
platforms, artificial intelligence, and sustainability in the development of modern touchless systems.
Key insights can be distilled as follows:

Firstly, touchless sensing technologies have evolved to meet hygiene requirements in public and
healthcare environments. Traditional modalities such as infrared and ultrasonic sensors remain
dominant due to their affordability, low power consumption, and reasonable accuracy. However, each
sensor type has inherent limitations—ranging from susceptibility to ambient interference to limited
detection range—that necessitate careful selection based on context.

Secondly, Raspberry Pi platforms, including the versatile full-sized boards and the ultra-low-cost
Raspberry Pi Pico microcontroller, have emerged as powerful enablers of healthcare automation.
These platforms support integration with various sensors, offer sufficient computational capability for
localized decision-making, and promote affordability and customizability—factors that are crucial for
scalable deployment in both developed and resource-constrained settings.

Thirdly, the analysis reveals notable gaps in existing commercial touchless dispenser systems,
particularly with regard to cost, modularity, and adaptability. Current market offerings are often
prohibitively expensive and lack interoperability, upgradability, and connectivity features. These
constraints present a compelling opportunity for open-source, modular alternatives capable of
delivering the same core functionality at a fraction of the cost, while also enabling long-term
sustainability and maintenance.

Fourth, emerging approaches involving sensor fusion and Al are beginning to redefine what touchless
systems can achieve. By combining multiple sensing inputs and applying intelligent processing
techniques, these systems improve accuracy, reduce false triggers, and allow for more complex,
context-aware interactions. Al-enabled interfaces further enhance adaptability by learning from usage
patterns and environmental factors, making them suitable for deployment in unpredictable or high-
traffic environments.

Finally, the integration of open-source development models and sustainable design principles marks a
significant trend in the evolution of healthcare and public automation systems. Modular designs, local
manufacturability, community-driven innovation, and the use of recyclable materials align well with
the broader objectives of reducing electronic waste, enhancing accessibility, and promoting inclusive
technological advancement.

Collectively, the reviewed literature strongly supports the development of a low-cost, modular, and
Al-augmented touchless dispenser system using open-source hardware like the Raspberry Pi Pico.
Such a solution holds the potential to address the shortcomings of existing systems while aligning with
global trends in sustainable innovation and decentralized healthcare technology. This review
establishes a comprehensive foundation for the proposed design and implementation presented in the
following sections.
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III.  Conclusion
The prototype successfully demonstrates the Raspberry Pi Pico's effectiveness as an affordable,
efficient microcontroller for touchless hygiene systems, perfectly aligning with growing global health
demands for contactless solutions. By leveraging the Pico's capable RP2040 processor and GPIO
flexibility, the system delivers reliable performance with 95% dispensing accuracy while maintaining
an ultra-low production cost under $25. The open-source architecture represents a significant
advancement over proprietary commercial systems, as it enables continuous community-driven
enhancements, from sensor upgrades to [oT integration, while avoiding vendor lock-in. This approach
fosters innovation through collaborative development, allowing institutions worldwide to adapt the
design for local needs and resource constraints. The project establishes a replicable framework for
sustainable public health technology, combining Pico's energy efficiency with modular components
that reduce e-waste. As global hygiene standards evolve, this open platform can rapidly incorporate
new features like occupancy monitoring or usage analytics while maintaining its core advantages of
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accessibility and reliability, making advanced touchless technology available to diverse settings from
hospitals to schools.
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