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Abstract - This paper is about designing & construction of
an electronic smart mask, which assures 100% protection by
using smart filtration and designed with multilayer protection
sheets. The first two layers act as triboelectric (TE) filters and
the outer one is a smart filter. The conjugated effect of contact
electrification and electrostatic induction of the proposed
smart mask is effective in inactivating the span of virus-laden
aerosols in a bidirectional way. Five pairs of isometries fabrics
ie, nylon - polyester, cotton - polyester, poly (methyl
methacrylate) - PVDF, nylon - PVDF, and polypropylene -
polyester have been optimized. So, any airborne molecule in
the air cannot pass into the mask, it provides a smart
experience the mask not only filter out but also able to
recognize aerosol with the use of sensors with 100% fresh air
from a novel Airflow Mechanism along with the use of cyano-
filtration which not only purify the air but generate its very
own oxygen with Al-powered hardware concentrated on
maintaining social distancing norms and also have bone
conduction hearing device with built-in voice control assistant,
Today we are living in a new world by covering our faces,
hiding our identity, shielding individuals from unknown
unseen things and many of us think this is temporary but the
truth is that this is just the beginning of obscure massacres for
the 21st generation and for further. Humanity has to face
bigger challenges and masks play an essential role in the fight
against viruses, climate change, Air Pollution, and save us
from many deadly diseases.

Key Words: Aerosol, Bone-conduction, Cyanobacteria,
Oxygen, Coronavirus, Face Mask, SARS-CoV-2, Sensors,
Smart Mask, Tri bio-electrification, Ultrasonic, Air
Filtration

1.INTRODUCTION

There are many concerns in the conventional masks,
although it is affordable and effective, there are some
general issues such as having problems in breathing,
lack of air, 100% assurance, spectacles get misty while
talking.

Future is correlated to past pollution, global warming
will dominate humanity much more severely in the
future & conditions will be extreme in that state

humans will need something regular, smart, and
reliable resources as an advancement for humanity.
Future Mask must get as advance as mobile phones
because this is a requirement and even today many big
companies are stepping into making this new, better
for today and the future

The smart mask has a unique airflow system that
provides ease in breathing even in tough situations,
feels fresh when there is no air and gives an experience
while it is powered.

The smart mask is a solution to all problems, it will not

only improve breathing quality but also cleans the
intake air 100% with the help of the above-mentioned
filtration and unique air drive system which will
consist of small yet compelling centrifugal small fans,
The mask will have multiple sensors for maintaining
social distancing, thermals & aerosol sensors, prevent
spectacles getting misty and do more cool stuff like
make a call for you send a message, and even control
your mobile phone using smart assistants initially.

This Mask has a vast scope of advancements such as a
full-face covered mask which have Augmented Reality
built-in screen with a bunch of camera’s stimulating
environment, voice-controlled operating system with a
whole new set of applications & ecosystem, as well as
whole helmet covering head and enabling cognitive
controlling for more intense use. Many blemishes have
been encountered while preparing the design, the
finalized in the 10th changed design, due to lack of
resources 3d printing was not available to be used so
the plastic sheet is used instead which is used in civil
engineering construction models.

So, throughout the research paper, we will go through
the designing part, currently used technologies, all the
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constructions along with device specification & the
programs, which is driving our smart mask has been
discussed in brief. Along with the future scope of the
mask & modules.

1. Background and related works

Loey et al.; [1] The science around the use of masks by
the public to impede COVID-19 transmission is
advancing rapidly. In this narrative review, we develop
an analytical framework to examine mask usage,
synthesizing the relevant literature to inform multiple
areas: population impact, transmission characteristics,
source control, wearer protection, sociological
considerations, and implementation considerations.

Feng et al,; [2] Many countries are stockpiling face
masks for use as a non-pharmaceutical intervention to
control virus transmission during an influenza
pandemic. We conducted a prospective cluster-
randomized trial comparing surgical masks, non-fit-
tested P2 masks, and no masks in prevention of
influenza-like illness (ILI) in households. Mask use
adherence was self-reported. During the 2006 and
2007 winter seasons, 286 exposed adults from 143
households who had been exposed to a child with
clinical respiratory illness were recruited.

Qin etal.; [3] severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) causes COVID-19 and is spread person-to-
person through close contact. We aimed to investigate the
effects of physical distance, face masks, and eye protection on
virus transmission in health-care and non-health-care (e.g.,
community) settings.

III. Literature Review

Martinez et al.; [4] Prior to the coronavirus disease
2019 (COVID-19) pandemic, the efficacy of community
mask wearing to reduce the spread of respiratory
infections was controversial because there was no solid
relevant data to support their use. During the
pandemic, the scientific evidence has increased.
Compelling data now demonstrate that community
mask wearing is an effective nonpharmacologic
intervention to reduce the spread of this infection,
especially as source control to prevent spread from
infected persons, but also as protection to reduce
wearers’ exposure to infection.

Kong et al; [5] The science around the use of masks by
the general public to impede COVID-19 transmission is

advancing rapidly. Policymakers need guidance on how
masks should be used by the general population to
combat the COVID-19 pandemic. Here, we synthesize
the relevant literature to inform multiple areas: 1)
transmission characteristics of COVID-19, 2) filtering
characteristics and efficacy of masks, 3) estimated
population impacts of widespread community mask
use, and 4) sociological considerations for policies
concerning mask-wearing. A primary route of
transmission of COVID-19 is likely via small respiratory
droplets, and is known to be transmissible from PR
symptomatic and asymptomatic individuals. Reducing
disease spread requires two things: first, limit contacts
of infected individuals via physical distancing and
contact tracing with appropriate quarantine, and
second, reduce the transmission probability per
contact by wearing masks in public, among other
measures. The preponderance of evidence indicates
that mask wearing reduces the transmissibility per
contact by reducing transmission of infected droplets
in both laboratory and clinical contexts.

IV. Methodology Adopted

Covid-19 has made us all wear face masks irrespective
of our work situation and health issues. Though Face
masks are recommended to prevent us from the deadly
disease of coronavirus, are the masks which we use on
our daily basis actually provide protection? Are they
protected from aerosol gathering? No, not completely.
Moreover, the masks we use increase issues like
suffocation and decrease in breathing capabilities,
making people uncomfortable wearing face masks.

This research paper provides a solution to both the
issues along with many other perks just through a
mobile application. It consists of filters and fans which
allow air circulation within the mask, and the filters
prevent the entry of aerosol making it a must use. With
the help of voice control system, we can also listen to
music, attend phone calls and send messages wearing
the mask.
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‘Wear Mask

Figure 1: Sequence of processes

Not only this, our solution is trained through machine
learning and artificial intelligence in order to ensure
complete security.

A. Mask features and design

Inaugurating from safety the mask will consist of a
simple textile triboelectric nanogenerator (TENG) that
serves the purpose of filtration of SARS-CoV-2. The
proposed mask is designed with multilayer protection
sheets, in which the first two layers act as triboelectric
(TE) filters and the outer one is a smart filter. The
conjugated effect of contact electrification and
electrostatic induction of the proposed smart mask is
effective in inactivating the span of virus-laden
aerosols in a bidirectional way. Five pairs of isometries
fabrics i.e., nylon - polyester, cotton - polyester, poly
(methyl methacrylate) - PVDF, nylon - PVDF, and
polypropylene - polyester have been optimized in this
study in terms of their effective triboelectric charge
densities as 83.13,211.48,38.62,69 and 74.25n C/m2,
respectively. This smart mask can be used by a wide
range of people because of its simple mechanism, self-
driven (harvesting mechanical energy from daily
activities, e.g., breathing, talking, or other facial
movements functionalities, and effective filtration
efficiency (this filter is included from a research paper
on smart filter reference [1])

This ensures neither any aerosol could reach the
respiratory nor goes into the environment while
exhaling as this filter is present at both inlet and outlet
of air.

The mask has a unique airflow system that consists of
two centrifugal fans each of them moves in clock &

anti-clock direction respectively, The blowing side of
each of them is divided into two parts among them one
part of both fans are connected with tube & only small
pores available between them for a controlled
environment, and another half of the inhaling fan is
connected with Cyano-Filter providing CO2 to the
module, & the exhale fan half part is releasing all
remaining free air inside the mask out The airflow
system motor runs on 13v with a three-speed stage
regulator, to provide only required air built with
transistors on custom-designed PCB’s for controlling
system and power distribution.

To maintain social distancing & recognize airborne
aerosol presence the mask has three ultrasonic sensors
that provide 180-degree coverage as well as an aerosol
sensor (reference [2]) and alert us when someone or
airborne comes into a defined range.

Cyano-filter is a module that is part of another
research of mine. This module is being used in the
mask which generates its Oxygen and flushes out
unnecessary gases from the air. We will discuss this
filter more later in the research.

The sensors and airflow systems are connected with
the nano Arduino & mini-Raspberry pi Zero controller
using Arduino ide for sensor Sketch & Raspberry Pi OS
program for controls and data fetching on web IP all
operating on 5v to 12v. The mask also has Bluetooth
connectivity to get connected with your mobile which
has the power to run and command any smart assistant
such as Siri, Google, or Alexa with new bone conduction
technology.

Build native web progressive app to control and
monitor the mask & sensor data by harnessing
Raspberry pi operating system power and server-side
language
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figure 3: Mask from left side

The above picture is of plastic skeleton of mask which
is completely built manually from drawing to different
attempts of design, this structure fits good enough to
air packed that is coming and going air out of the mask
body is not possible expect the air inlets and outlets,
design can vary to different face sizes still there’s more
room for comfort in the design either we can add
silicon or foam at the edges.

This design is the 1.6 version, currently working on
different designs and orientations.
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C. Hardware used and its working

Air Flow Mechanism
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The triboelectric filters are present at the both ducts of
the centrifugal fans which kills most of the aerosol
molecules and prevent them to get inside and also
prevent them to leave the mask as these filters are
oriented inside out at the outlets.

figure 5: Mask Tribo-electric filter

All black arrows represent air flow in the system with
two centrifugal fans both rotating in opposite
directions inlet fan rotates clockwise & outlet fan
rotates anti clockwise as per the picture both fans’
outlets have two pipes connected as you can see one
tube is connecting both fans and three holes for air to
be circulated inside mouth piece.
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Each fan has one common tube and one tube for other
purposes.

One other tube on the inlet fan is connected to the
cyano-filter providing sufficient co2 and other gas
through air to this filter for photosynthesis, carbon
capturing & gas filtration in air.

The second tube on the outlet is for suction of the free
air available in the mouth & nose piece section plus it
has one more valve to cool the hardware & power box.

Mask Electronics:

Uktrasonic Sensors
Mouth & Noise piece

Far piece Auto charging line connected in ja

Hardware & battery box
Bane Conduction ear piece S

For COOLING

\ 4 B
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Ear plece buletooth & Al Asistant Chip set

with battery & charging jack Buzzer

Aerosol Sensor Mask battery charging port

figure 7: Mask electronics
Bone Conduction Technology

Many manufactures these days provide Bone
conduction headphones which come with the Ai
assistant control along Bluetooth connectivity to
mobile so I just bought one and integrated into the
mask charging point of this headphone connected
through the main hardware and battery package. So,
this headphone, once powered, gets connected to the
mobile phone and allows the user to listen to music
and give commands to the phone through just saying
Ok Google, make a call for me once it's connected.

Hardware Processing Unit

Main processing unit of the mask is Hardware &
battery box which have multiple components and
connections such as nano Arduino, nano R-pi, buzzer
and battery pack. two unidirectional centrifugal small
fans connected to main processing which allow air to
flow inside the mask through a tube connecting both
fans’ outlets, mask also have ultrasonic

OUTLET FAN

Bone Conduction ear piece

sensors and aerosol sensor, The ultrasonic sensor
works according to distance set by the user to alert
them if that distance get compromised & allow user to
maintain social distancing, whereas the aerosol sensor
identify the presence of aerosol in surroundings and
alert the user in the presence. The mask has bone
conduction Bluetooth earphones.

D. Software used and its working

Arduino IDE & raspberry-pi Operating system is used
for communicating with hardware and in syncing
sensors and our mobile application.

Turn ON FAN

Turn ON LED ‘

156 4.2 Km

AQI VISIBILITY

Fan SPEED
Distance BUZZER

¢

1 Meter

Voice CONTROLLER

Location : New Delhi

Smart Mask will basically need an App Controller to
control the following functions. App can be native along
cross browser technology, a web-based App, Android
App and i0S App. Users need to download and register
with a Unique ID generated with the mask in that App.
Need to Put Basic Info like their Name, Mail, Phone
Number and Allow the access of Location and Contacts.

Contacts Access: To Notify and Check Friends Using
Masks Location Access: To Give basic info’s like AQ],
Pollutions Rate, Visibility, monitoring aerosol sensing,
control on Distance & Buzzer etc.

The whole mask will be connected with an APP
through an API Generated by RPi in its local servers.
Basically, all the actions of the mask will be predefined
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in the mask which uses Arduino and R Pie as their
Controller Systems or Operating Systems. Actions Like:
Turn on FAN, turn on LED, Fan Regulators, AQI and
other Parameters to check the location-based results.
When the user presses the commands on an App, the
command immediately reaches the mask through Web
API generated by R-PI Servers by using Mutual
Network. And the following task is being performed.
Languages Using to Code App: Android - Kotlin, iOS -
Swift, Web - React Js. Backend will be written in Js and
Python.

It also uses Speech Recognition method to take
commands and to perform the basic actions.
Technologies like open- source Web Speech API by
google are being used to initiate this.

So, as we have already authenticated the Arduino with
r-pi zero it's time for setting up the default boot file
refer the reference [17].

The instructions like Turn the Lights “ON” will be
passed to the webpage and then that web page will be
passing the further information by using the Wi-Fi
hotspot to that light with the help of R-PI, With the
same process all the actions will be performed.

VI. Application & Advantages

1. As a daily wear smart face mask.

2. This face mask allows the user to breath ih
unbreathable conditions with the help of various
filtration levels.

3. Masks can be upgraded as mission’s tools such as
helping fire emergencies or for military purposes.

4. Protecting individual from harmful bacteria and
viruses

The novel air flow mechanism of the mask controls and
provides desired air pressure and level of oxygen.

5. Electronic masks provide a new smart experience for
users.

6. Mask is sync able with mobile devices via Bluetooth
which enables voice over control and allows users to
make calls and listen to music.

7. Mask is air tight so no molecule can enter or escape
except the fan outlets

8. There can be several other applications and
advantages of the mask, only limitations are our
imagination.

VILI.

Covid-19 has made each one of us wear a mask on a
regular basis. The masks we use are not only
unhealthy, but also lead to breathing issues. The mask
proposed in the research paper protects as well as
allows the user to breathe even wearing a mask. The
design and fabrication are cost friendly, and the mask
can be used for a longer period of time. Industry has
many masks, but no mask provides the in-house
breathing facility, making it unique from all.

Result and Discussion

VIII. CONCLUSIONS

We have made an advance mask with basic features
and functionality which is effective and not only
protects but it provides whole new experience. Many
blemishes have been encountered while preparing the
design the finalized in the 7th changed design, due to
lack of resources 3d printing cannot be used so the
plastic sheet is used instead which is made to be used
in civil engineering construction models.

The air flow mechanism is the most typical task under
research & development. For the other operation
controllers and python programming is used to control
power and systems.

“This Advance Mask is only a small part of a big thing,
it’s justa module which can extend to an advanced face
shield or an advanced helmet, it's just an initiative
towards a whole new experience.”
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