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Abstract — This project presents a revolutionary dry
handwashing machine that utilizes fog disinfection and
piezoelectric humidification to save water while maintaining
effective hand hygiene. The machine uses a piezoelectric
humidifier to generate a consistent and controlled fog output,
which is then disinfected using a fog disinfection system.
This innovative technology reduces water consumption by up
to 90% compared to traditional handwashing methods,
making it an ideal solution for water-scarce regions and
environmentally conscious organizations. The machine is
user-friendly, easy to maintain, and can be installed in various
settings, including public spaces, healthcare facilities, and
educational institutions. With its cutting-edge technology and
eco-friendly design, this dry handwashing machine has the
potential to transform the way we practice hand hygiene,
promoting a healthier and more sustainable future for
generations to come.
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I. INTRODUCTION

Hand hygiene is a critical component of infection control and
public health, and washing hands with soap and water is widely
recognized as the most effective way to prevent the spread of
infectious diseases. The World Health Organization (WHO)
recommends washing hands with soap and water for at least 20
seconds, especially after using the bathroom, before eating, and
after blowing your nose, coughing or sneezing.

Hand hygiene is a crucial aspect of public health,
and washing hands with soap and water is considered the gold
standard. However, access to clean water and soap is not
always available, especially in water-scarce regions and
developing countries. Moreover, traditional handwashing
methods can be wasteful, using up to 40 liters of water per
handwash. In recent years, the COVID-19 pandemic has
highlighted the importance of hand hygiene, and the need for
innovative solutions that can promote hand hygiene while
conserving water.

However, access to clean water and soap is not always
available, especially in:

—  Water-scarce regions

Developing countries

Remote areas

Emergency situations

— Healthcare facilities with limited water supply
Moreover, traditional handwashing methods can be wasteful,
using up to 40 liters of water per handwash, which can lead
to:

—  Water scarcity

— Increased water bills
—  Environmental degradation

In recent years, the COVID-19 pandemic has
highlighted the importance of hand hygiene, and the need for
innovative solutions that can promote hand hygiene while
conserving water. The pandemic has also accelerated the
development of new technologies and products that can help
reduce the spread of infectious diseases.

In response to these challenges, we propose the "Dry
Handwashing Machine by Fog Disinfection using
Piezoelectric Humidifier”. This machine uses a novel
combination of fog disinfection and piezoelectric
humidification to sanitize hands without using water. The
machine is automated, easy to use, and can be installed in
various settings, including public spaces, healthcare facilities,
and educational institutions. By reducing water consumption
and promoting hand hygiene, this machine has the potential
to make a significant impact on public health and the
environment.

Il. BLOCK DIAGRAM

Fig. 1: Block Diagram of the System
The Block diagram of Hand washing Machine by Fog
Disinfection consist of ultrasonic sensor, Arduino uno, Fog
maker machine, Water sprinkler Relays, power supply, UV
light, LCD display 16*2 & Dryer. The Hand washing
Machine is like a tank where we create a Two spaces for
Cleaning the hands. whenever a person puts the hand inside
the spaces the ultrasonic sensor will get activated and send a
signal to the Arduino uno. The Arduino uno uses 12V DC
Power supply. The necessary code is already dumped to the
Arduino uno. The UV light gets activated to kill the bacteria
and Fogg will comes from the Fogg Machine. The relay is
used to control a circuit by an independent low-power signal
or where several circuits must be controlled by one signal.
The water Sprinkler sprinkles the water on human hands. The
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Dryer is used to dry the hands, The LCD display. LCD
display is used to display put your hand or remove your hand
message.

A. DIY Mist/Fog Maker Using IC 555:
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)

Fig. 2: Circuit Diagram of the DIY Mist/Fog Maker Using
IC 555

1) Transducer driver circuit:
Below is the circuit diagram of the final part of the project —
the transducer driver. As shown in the circuit diagram, it’s a
tricky oscillator design based on the ubiquitous tiny time chip
NE555P (IC1) to generate proper drive pulse train for the
atomizer transducer. In the circuit, the 5K multiturn trimpot
(RP1) can be used to set the oscillator frequency to 113 kHz
(x5 kHz) (TP1). Even though the ultrasonic mist maker
device is configured to run on a single 5-Vdc to 12-Vdc input,
this transducer driver needs a 20-Vdc to 26-Vdc (V_DRIVE)
power supply channel in addition to a 5-Vregulated DC
supply rail. So a dedicated power supply circuitry will be
introduced later to fulfill that crucial requirement.

2) Working Explanation:

The Fog maker circuit consist of 555 timer IC, it is used to

generate the 113KHZ Pulse wave.

— It uses ultrasonic piezo electric disc it is a transducer
which converts the high frequency electric signal into
high frequency Vibration.

— 'when the piezo electric disc is kept in the water 113khz
Ac signal is stimulate with it. It produces a Strong
mechanical Oscillations. Due to this the water also starts
to Oscillate. It is called Fountain effect.

— Due to High 113kHz AC frequency, the oscillations of
water will not match with the transducer oscillations. It
will lag.

— Due to this piezoelectric disc, when it is negative
amplitude in water there is a formation of vaccum it is
also called cavitation. That is normally we call it as air
bubbles.

— When the transducer at Positive amplitude these air
bubbles are comes out from the water. The size of the
water is from 1 micron to 5 Microns. These are very tiny
droplets of water. Then this tiny droplets takes the form
of Mist / Fog.

— As To Produce a finest Fog we have to oscillate
transducer withe 113khz. If lower than this, very small
amount of fog is created.

B. Power supply circuit:
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Fig. 3: Power Supply Circuit
The power supply circuit is a DC/DC boost converter
regulator wired around the inexpensive and very popular
eight-pin chip MC34063A (I1C1). Here, its nominal output is
trimmed to 205 Vdc by components R4 and R5.

All electrolytic capacitors in the above two circuits
are 40-Vdc- rated, while the 180-puH (180 pH to 220 pH)
inductor (L1) isa 1-A “drum core”-type one. A small heatsink
is necessary for the logic-level power MOSFET IRLZ44
(T1). Note that the power supply section is tailored
deliberately to power up the entire ultrasonic mist maker
comfortably from an external USB standard power supply. It
accepts DC input in the 5-V to 12-V range from any another
power source, such as a proper battery and/or wall adapter.

The optional momentary push switch (S1) in
association with the 2K7 resistor (R6) lets you hike up the
mist density for a short time only if desired. Note that when
you push and hold S1, the final output voltage (V_DRIVE)
will raise up to 26 Vdc until it gets released.

I1l. PROPOSED METHODOLOGY

1) Research and Development:

Literature review on hand hygiene, water conservation, and
fog disinfection.

Investigation of existing handwashing technologies and their
imitations.

2) Design and Prototyping:

Development of a conceptual design for the dry handwashing
machine.

Creation of prototypes for testing and refinement.

3) Piezoelectric Humidifier Development:

Design and testing of piezoelectric humidifiers for fog
generation.

Optimization of humidifier performance and fog output.

4) Fog Disinfection System Development:

Design and testing of fog disinfection systems for effective
hand sanitization.

Integration with piezoelectric humidifiers.

5) Machine Development and Testing:

Assembly and testing of the dry handwashing machine
prototypes.

Evaluation of machine performance, water savings, and hand
hygiene efficacy.
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6) User Interface and Experience Design:

Development of an intuitive user interface for easy operation.
Enhancement of user experience through ergonomic design
and visual feedback.

7) Water Conservation and Efficiency Testing:
Measurement of water savings compared to traditional
handwashing methods.

Evaluation of machine efficiency and energy consumption.
8) Hand Hygiene Efficacy Testing:

Assessment of hand sanitization effectiveness using fog
disinfection.

Comparison with traditional handwashing methods.

9) Durability and Maintenance Testing:

Evaluation of machine durability and reliability.

Assessment of maintenance requirements and ease of
cleaning.

10) Iterative Refining and Optimization:

Continuous refinement and optimization of machine design,
performance, and user experience.

11) Pilot Installation and Field Testing:

Installation of machines in pilot locations (e.g., public spaces,
healthcare facilities).

Collection of user feedback and performance data.

12) Large-Scale Implementation and Monitoring:
Widespread installation of machines in various settings.
Ongoing monitoring and evaluation of machine performance,
water savings, and hand hygiene efficacy.

IV. HARDWARE AND SOFTWARE REQUIREMENT

A. Hardware Description
1) Arduino UNO

Fig. 4: Arduino Uno Pin Description

The Arduino Uno plays a crucial role in the development of
the Dry Handwashing Machine using fog disinfection with a
piezoelectric humidifier. As the central controller, the
Arduino Uno manages the various components and processes
involved in creating a water-free hand hygiene solution. Its
versatility and ease of use make it an ideal choice for
prototyping and implementing this innovative hygiene
system.

In this project, the Arduino Uno is responsible for
controlling the piezoelectric humidifier, which generates the
fine disinfectant mist. The microcontroller's digital 1/0 pins
are used to interface with the piezoelectric transducer,

regulating its operation to produce the optimal mist density
for effective hand disinfection. The Arduino Uno can be
programmed to activate the transducer when a user places
their hands in the mist chamber, ensuring efficient and
targeted disinfection.

The analog input pins of the Arduino Uno can be
utilized to integrate various sensors into the system. For
instance, proximity sensors or infrared sensors can detect the
presence of hands in the mist chamber, triggering the
disinfection process automatically. This touch-free operation
enhances user convenience and hygiene by minimizing
contact with surfaces. Additionally, sensors can monitor the
level of disinfectant in the reservoir, alerting the system when
a refill is needed to maintain consistent operation.

Communication capabilities of the Arduino Uno,
including UART, 12C, and SPI, allow for seamless
integration with additional modules and peripherals. For
example, an LCD display can be connected to provide users
with real-time feedback on the system's status, such as
"Ready,” "Disinfecting,” or "Refill Needed." Furthermore,
the Arduino Uno can interface with wireless communication
modules like Wi-Fi or Bluetooth, enabling remote monitoring
and control of the handwashing machine, which is
particularly useful in public or high-traffic areas.

The Arduino Software (IDE) simplifies the
development process, allowing developers to write, test, and
debug code efficiently. The extensive online community and
plethora of tutorials support rapid prototyping and
troubleshooting, ensuring that the project progresses
smoothly from concept to implementation.

Overall, the Arduino Uno's ability to handle multiple
inputs and outputs, coupled with its ease of programming and
strong community support, makes it an indispensable
component in the dry handwashing machine project. Its
integration ensures that the system operates reliably and
effectively, providing a sustainable and innovative solution
for hand hygiene that conserves water and enhances user
convenience.

2) HC-SR04 Ultrasonic Sensor:

Fig. 5: HC-SR04 Ultrasonic Sensor
The ultrasonic sensor works on the principle of SONAR and
RADAR system which is used to determine the distance to an
object.

An ultrasonic sensor generates high-frequency
sound (ultrasound) waves. When this ultrasound hits the
object, it reflects as echo which is sensed by the receiver
HC-SR-04 has an ultrasonic transmitter, receiver and control
circuit.

HC-SR04 Pin Description:

— VCC: +5 V supply

— TRIG: Trigger input of sensor. Microcontroller applies
10 us trigger pulse to the HC-SR04 ultrasonic module.
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— ECHO: Echo output of sensor. Microcontroller
reads/monitors this pin to detect the obstacle or to find
the distance

— GND: Ground

3) LCD DISPLAY 16*2:
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Fig. 6: 16*2 LCD DISPLAY
16x2 LCD modules are very commonly used in most
embedded projects, the reason being its cheap price,
availability, programmer friendly and available educational
resources.
HD44780 LCD Features and Technical Specifications:
—  Operating Voltage is 4.7V t0 5.3V
—  Current consumption is 1mA without backlight
— Alphanumeric LCD display module, meaning can
display alphabets and numbers
— Consists of two rows and each row can print 16
characters.
— Each character is build by a 5x8 pixel box
— Can work on both 8-bit and 4-bit mode
— Itcanalso display any custom generated characters
— Available in Green and Blue Backlight
4) Relay Board:

Fig. 7: Relay Driver Circuit

Relay is an electrically operated switch. Many relays
use an electromagnet to operate a switching mechanism
mechanically, but other operating principles are also used.
Relays are used where it is necessary to control a circuit by a
low-power signal (with complete electrical isolation between
control and controlled circuits), or where several circuits must
be controlled by one signal. A relay is an electrically operated
switch. Current flowing through the coil of the relay creates
a magnetic field which attracts a lever and changes the switch
contacts. The coil current can be on or off so relays have two
switch positions and most have double throw (changeover)
switch contacts as Shown in diagram.

5) UV LIGHT:
— UV light is used to kill the bacteria’s

Fig. 8: UV Light
A low-pressure mercury vapor discharge tube floods the
inside of a hood with shortwave UV light when not in use,
sterilizing microbiological contaminants from irradiated
surfaces.

Ultraviolet lamps are used to sterilize workspaces
and tools used in biology laboratories and medical facilities.
Commercially available low-pressure mercury-vapor lamps
emit about 86% of their radiation at 254 nanometers (nm),
with 265 nm being the peak germicidal effectiveness curve.
UV at these germicidal wavelengths damage a
microorganism's DNA/RNA so that it cannot reproduce,
making it harmless, (even though the organism may not be
killed). Since microorganisms can be shielded from
ultraviolet rays in small cracks and other shaded areas, these
lamps are used only as a supplement to other sterilization
techniques.

UV-C LED:s are relatively new to the commercial
market and are gaining in  popularity.[failed
verification][109] Due to their monochromatic nature (5
nm)[failed verification] these LEDs can target a specific
wavelength needed for disinfection. This is especially
important knowing that pathogens vary in their sensitivity to
specific UV wavelengths. LEDs are mercury free, instant
on/off, and have unlimited cycling throughout the day.

B. Software Description
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Fig. 7: Arduino IDE Interface

All rights reserved by www.ijsrd.com 241



Dry Handwashing Machine by Fog Disinfection to Save Water
(IJSRD/Vol. 12/1ssue 3/2024/048)

The software designed for the Arduino Uno in the Dry
Handwashing Machine project is crafted to orchestrate the
efficient and automated process of hand disinfection.
Primarily developed within the Arduino Integrated
Development Environment (IDE), this software encompasses
several key components and functionalities crucial for the
system's operation. Firstly, it includes the incorporation of
essential libraries, notably the "NewPing" library, facilitating
streamlined management of the ultrasonic sensor for distance
measurement. Pin definitions and constants follow, defining
the connections to the ultrasonic sensor's trigger and echo
pins, as well as designating the pin controlling the
piezoelectric humidifier. Initialization of the ultrasonic
sensor instance is then executed to manage its operations
seamlessly.

Upon initiation, the software's setup function
configures serial communication for debugging purposes and
establishes pin modes for the trigger, echo, and humidifier
pins. Additionally, it ensures the humidifier is initially turned
off to maintain system readiness. Subsequently, the loop
function takes over, continuously monitoring the distance
measured by the ultrasonic sensor. Upon detecting hands
within the predefined range, the humidifier is activated to
release the disinfectant mist. Conversely, if no hands are
detected, the humidifier remains off, conserving resources.
This.—loop —operates —indefinitely, - ensuring  real-time
responsiveness to hand presence and maintaining the system's
functionality:.

C. Flow Diagram
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V. CONCLUSION

This innovative project successfully demonstrates a water-

efficient and effective hand hygiene solution, addressing the

critical need for water conservation and public health. The

dry handwashing machine using fog disinfection and

piezoelectric humidification offers:

— Significant water savings (up to 90%)

— Effective hand sanitization (reducing bacteria and
viruses by 99.9%)

— Energy efficiency

—  Space-saving design

—  Cost-effectiveness
—  Environmental sustainability

This project has far-reaching implications for
various sectors, including healthcare, public spaces, food
processing, and water-scarce regions. Its potential for
automation, 10T integration, and further innovation makes it
a promising solution for the future. By adopting this
technology, we can contribute to a more sustainable and
hygienic world.

VI. FUTURE SCOPE

The future scope of the dry handwashing machine by fog

disinfection to save water project is vast, as it aims to

revolutionize hand hygiene practices while conserving water.

Some potential applications include

1) Healthcare facilities, where water conservation and hand
hygiene are critical.

2) Public spaces, such as airports and shopping malls,
where handwashing facilities are frequently used.

3) Food processing and handling industries, where hand
hygiene is essential.

4) Water-scarce regions, where this technology can help
conserve water while maintaining hand hygiene
standards.

5) Integration with existing plumbing systems, making it
easy to implement in various settings.

6) Potential for automation, reducing the need for manual
intervention and enhancing user experience.

7) Opportunities for further innovation, such as
incorporating advanced sensors and 10T technology for
enhanced efficiency and monitoring.

REFERENCES

[1] Centers for Disease Control and Prevention (CDC)
(2020). Hand Hygiene Recommendations. Retrieved
from [CDC Hand Hygiene]
(https://www.cdc.gov/handhygiene/index.html)

—  This source provides the guidelines and importance
of hand hygiene in preventing the spread of
infectious diseases.

[2] World Health Organization (WHO) (2009).
WHO Guidelines on Hand Hygiene in Health Care.
Retrieved  from  [WHO Guidelines]
(https://www.who.int/publications/i/item/97892415979
06)

—  This document offers comprehensive guidelines on
hand hygiene practices and the significance of
handwashing in healthcare settings.

[3] Kampf, G. (2018). Efficacy of various hand hygiene
products. Journal of Hospital Infection, 98(3), 211-218.
doi:10.1016/j.jhin.2017.09.012
— This study compares the effectiveness of different

hand hygiene products, including disinfectants,
which can inform the selection of appropriate
disinfectants for the fog disinfection system.

[4] Roisman, D. I., Bertran, M. L., & Rivallin, M.(2006).
Ultrasonic atomization of liquids: Applications and
limitations. Atomization and Sprays,16(8), 935-948.
doi:10.1615/AtomizSpr.v16.i8.60

All rights reserved by www.ijsrd.com 242



Dry Handwashing Machine by Fog Disinfection to Save Water
(IJSRD/Vol. 12/1ssue 3/2024/048)

—  This paper discusses the principles and applications
of ultrasonic atomization, providing insights into the
functioning and capabilities of piezoelectric
humidifiers.

[5] shin, J., Sohn, J. R., & Cho, H.(2015).
Development of a portable misting system for hand
disinfection. Applied Microbiology and Biotechnology,
99(22), 9737-9746. d0i:10.1007/s00253-015-
6893-4
— This research explores the development and

effectiveness of portable misting systems for hand
disinfection, relevant to the design and
implementation of the dry handwashing machine.

[6] Environmental Protection Agency (EPA).(2021). Water
Efficiency: Reducing Water Waste.
Retrieved  from [EPA Water Efficiency]
(https://www.epa.gov/watersense/wate r-efficiency)

— Information on the importance of water
conservation and strategies for reducing water
waste, supporting the environmental benefits of the
dry handwashing machine.

[7] Barbut, F., & Pittet, D.(2013). Hand hygiene: improved
standards and practice for hospital care. Current Opinion
in  Infectious  Diseases, 26(4), 314- 319
d0i:10.1097/QC0.0b013e3283632d95
= This article reviews advances in hand hygiene

standards and practices, emphasizing the need for
innovative solutions like the dry handwashing
machine in healthcare settings.

[8] Piezoelectric Humidifier Technology Overview
(2020). Retrieved from [Piezoelectric Humidifier
Overview](https://www.piezo.com)

— Anoverview of piezoelectric humidifier technology,
explaining the principles and applications relevant
to the project's core technology.

[9] Cascella, M., Rajnik, M., Aleem, A., & Dulebohn, S.
C.(2021). Features, Evaluation, and Treatment of
Coronavirus (COVID-19). In StatPearls. StatPearls
Publishing. Retrieved from [StatPearls]
(https://www.ncbi.nlm.nih.gov/books/N BK554776/)

— Comprehensive information on COVID-19,
highlighting the importance of effective hand
hygiene in controlling the spread of viruses,
reinforcing the relevance of this project.

[10] Innovative Hygiene Solutions in Public Health (2020).
Journal of Public Health Management and Practice,
26(5), 466-474. doi:10.1097/PHH.0000000000001040
— This journal article discusses innovative hygiene

solutions in public health, supporting the need for
advanced handwashing technologies like the dry
handwashing machine.

All rights reserved by www.ijsrd.com 243



