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ABSTRACT: The virus (COVID-19) originated from Wuhan has infected millions of peoples from 

all over the world. It spreads through contact contamination and respiratory droplets. The death rate in 

this pandemic is increasing day by day. The requirement to use the personal protective equipment 

(PPE) has increased worldwide especially for medical services. Due to this pandemic, the screening of 

common vital symptoms has become important for any emergency conditions. To form a smart Face 

Shield that aims to provide more protection than a mask to humans against contagious viruses 

especially Covid-19, the suggested design refers to the attachment of Temperature and Pulse Oximeter 

sensors at face shield to monitor the disease with the continuous display of parameters on a mobile 

application. From statistics of Literature Review it is found evident that from last decade the use of 

face shields for protection from COVID-19 has increased but according to studies more improvement 

in this setup is required for better protection that shall minimize the Burdon from hospitals Our 

suggested design of shield will be an innovation in the field of medical and electronics because it 

provides facial protection from viruses along with that monitor vital signs of Temperature and Oxygen 

Saturation and reduces hospital visits for follow ups. It will serve society with an improved quality of 

PPE. 
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INTRODUCTION 

 Severe acute respiratory syndrome–coronavirus-

2 (SARS-CoV-2) has been separated from the epithelial 

cells of human airways in December 2019 from a bunch 

of people suffering from obscure pneumonia in Wuhan 

(China). It infected more than 1.5 million people from all 

over the world and that 40% of the medical staff have 

been removed from their workplace because they have 

been infected by this virus (Armijo et al., 2020) 

Coronavirus affect more than 210 countries, it propagates 

through contact contamination, respiratory droplets 

(Chaturved., 2020) and by touching eyes, mouth, or facial 

area from contaminated hands (Lemarteleur., 2020). The 

total no. of confirmed cases till December 27th, 2020 are 

80,794,083 and the no. of death cases are 1,766,513 also 

the statistical analysis indicates that there is more male 

patient between 20-59 age group than women and there 

are 18.4% death rate between 50-59, 22.93% between 60-

69 and 12.96% between 70-79 age group males (Fawad., 

2021). COVID-19 is spreading through close contact 

therefore in order to stop traveling (Wang., 2020) many 

countries have suspended their borders also lockdown 

situations have occurred in many countries (Uddin., 

2020). Surgical mask provide unsatisfactory protection 

against viral particles produces by infected person in 

form of respiratory droplets and aerosol particles 

(Brosseau., 2020). Antibody development and 

examination into clinical treatment for COVID-19 are in 

progress yet are numerous months away therefore, 

tension on the worldwide medical services keeps on 

increasing (Mostaghimi., 2020). Healthcare facilities and 

hospitals are under burden due to this rapid increase of 

SAR-COV-2 also the availability of required personal 

protective equipment (PPE) like mask, face shield, 

googles, gloves etc. has been hampered (Adams., 2020). 

There are some notable and serious side effects for 

COVID-19 include Fever (98%) (Wang., 2020), 

Shortness of breath (55%) and Cough (65%) (Jaeong., 

2020). Those peoples with the symptoms of Covid-19 

should be kept at 6 feet distance from other until they can 

be sent for isolation in separate room (Amin., 2020) or 

quarantine (Chan., 2021) with continuous monitoring of 

suspected symptoms (Jeong., 2020) for any emergency 

condition. 

 Many studies have reported that cost effective 

face shields are now developing locally by open source 

community as an effective solution for this pandemic 

(Chaturvedi., 2020). Single face shield provides extreme 

protection. In 2020, an inexpensive 3D printed face 

shields for health care workers are constructed which 

include 3D printed headband, elastic strap and a PVC 

sheet. By using PRUSA RC2 or PRUSA RC3 printers 

and polylactic acid (PLA) as a filament material, this 3D 



Pakistan Journal of Science (Vol. 73 No. 2 June, 2021) 

 333 

printed face shields are made by using fused deposition 

modelling (FDM) technique. Disinfection of these face 

shields are performed by sodium hypochlorite solution 

before sent to hospitals. In total 5 days 10151 shields are 

produced. In order to reuse these shields, disinfect the 

face shield with sodium hypochlorite solution for 15 

minutes (Lemarteleuer., 2020) also face shields can be 

made locally by using a plastic sheet, brow foam and 

elastic headband. These locally developed shields can be 

cleaned and disinfected by procedures recommended by 

Centre for Disease Control and Prevention (CDC) include 

sanitizing wipes. In order to access the functionality of 

face shield following test must be performed: 1) SPLASH 

RESISTANCE TEST: watery spray delivered at the 

center of the visor if the subject did not fell any droplets 

in his neck or face, the visor passed the test. 2)  

TESTING WEARABILITY: If the face shield does not 

fall by the motion of subject's head in all directions, the 

wearability test will be passed (Mostaghimi., 2020), CDC 

also recommend that visor should have sufficient width to 

touch the point of ear so that no splash could go inside 

from the face shield and for the purpose of improved 

infection control it should have the protection of chin and 

crown (Roberge., 2021). Another study has proposed the 

simplest way to prepare face shield which include a OHP 

sheet and a cotton thread. Cotton thread passes through 

the holes made by punching machine to bind around the 

head. These face shields can be sterilized by dipping in 

sodium hypochlorite solution for 10 min also by leaving 

it in sunlight then clean by using sanitizer whereas best 

sterilization is ethylene oxide sterilization (ETO) (Khan., 

2020). Current Healthcare Infection Control Practices 

Advisory Committee (HICPAC) also recommend of 

wearing face shield during patient care for all illnesses 

(Garcia., 2020). According to another study face shields 

are printed using 3D printer in order to protect oral and 

maxillofacial surgeons (OMSs) from SAR-COV-2. They 

used 3D printer of MK3S PRUSA model and a Polylactic 

acid as filament material. They use Previously designed 

face shield file convert it into G-code then taken into 

digital SD card to transfer it into printer. Velcro strips, 

adhesive foam and transparent film are used in this 3-D 

printed face shield.  All the parts are assembled to form 

complete face shield. Each part should be disinfected by 

using Sani-Cloth Germicidal Disposable Wipes. 100 face 

shields were printed for emergency department. This 

method is cost-effective and provides physical barrier 

from droplets (Amin., 2020) also face shield can be 

constructed using required materials include A4 generic 

acetate sheet, self-adhesive strip foam, elastic band, a 

piece of foam and cyanoacrylate glue. Fix all the parts 

properly then worn it (Skamnelos., 2020). There are five 

vital signs include spo2, heart rate, temperature, blood 

pressure and respiration rate that indicate the critical 

condition of the patient and need of medical treatment 

(Longmore., 2019). Currently no universal standards are 

there for face and eye protection. Recommendations vary 

widely for the use of face shield which indicate that there 

is a need of proper discussion for the usage of face and 

eye protection equipment for medical procedures 

(Roberge., 2021). More additional evidences are required 

for the individuals to make better facial protection in this 

pandemic for their safety (Gracia., 2020). For the 

production of PPE locally in pandemic situation there is 

no open source and clinically acceptable device and test 

policy (Mostaghimi., 2020) also there are no devices that 

eliminate fogging and improves ventilation (Chaturvedi., 

2020). There should be proper feasibility, concern and 

advice for the family members of the health care workers 

or front-line caregiver in order to enhance workforce 

availability and confidence (Adams., 2020). Face shield 

is considered as personal protective equipment (PPE) that 

provide extreme protection (Celik., 2020). The 

arrangement to screen and distinguish COVID-19 

symptoms continuously and non-intrusively for 

emergency clinic patients as well as for in-home settings 

are in incredible requests (Khan., 2020). Due to COVID-

19, monitoring of temperature and spO2 has increased 

but there are no commercially available wearables to 

routinely measure these symptoms (Seshadri., 2020).  

Objectives: The main aim of this research is to suggest 

the best design of a smart Face Shield that aims to 

provide protection against contagious viruses especially 

Covid-19, and also monitor the common vital parameters 

like temperature, heart rate and spO2 through sensors that 

directly relates to this disease with continuous display on 

a mobile application.  
 

 
Figure 1 Block Diagram of suggested methodology 
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MATERIALS AND METHODS 

 The aim of this work is to make a Smart face 

shield that monitors temperature, heart rate and SpO2 

(common COVID-19 symptoms). Additionally, it aims to 

display the data continuously on a mobile application 

(ARDUTOOTH). Moreover, the component in this face 

shield includes, two sensors (DS18B20) and 

(MAX30102), a microcontroller (Arduino NANO), a 

Bluetooth module (HC-05), a GSM module (SIM 900A) 

and a lithium battery (3.7V) to power the Arduino. The 

mentioned components will be integrated on a single 

platform and interfaced using Arduino.  

Face Shield: Face shield is recommended by WHO and 

other organizations as PPE because it provide protection 

to mucous membrane and facial area from the droplets 

and contamination (Chutarvedi et al; 2020). Current 

Healthcare Infection Control Practices Advisory 

Committee (HICPAC) recommend of wearing face shield 

during all patient care (Gracia et al; 2020).  

Aurdino Nano: Arduino nano is one of the members of 

Arduino family. It is smaller in dimension 

(18mmX45mm) but its functionality remains same as 

Arduino UNO. It is suitable for the projects that require 

light weight microcontroller. It has 8 input/output analog 

pins and 22 digital pins. Signals from environment and 

body are taken in through analog pins and then its output 

are taken from digital pins. The weight of Arduino nano 

is 7g.  

Temperature Sensor (DS18B20): is a waterproof digital 

thermometer. It has three terminals GND, DQ and VDD 

(3- 5.5V). When DQ terminal touches the skin measures 

the body temperature in degree centigrade.  The operating 

and storage temperature range is 55°C to +125°C. It gives 

accuracy of ±0.5°C. The weight of DS18B20 is 60g. 

Pulse Oximeter (MAX30102): is a spo2 and heart rate 

monitoring module, the IC in this module require 

typically 1.8V VDD. It has five terminals VDD (1.7- 

2.0V), GND, SCL (serial clock), SDA (serial data), and 

INT. SDA pin carries the data and SCL pin helps to 

transfer the data to devices. The weight of MAX30102 is 

1.1g.  

Bluetooth Module (HC-05): HC-05 is a 2-way wireless 

functionality module. It requires typically 5V VCC to 

perform its function. It has six terminals ENABLE, VCC 

(4-6V), GND, TX (transmit serial data), RX (receive 

serial data), STATE. The TX pin and RX pin are 

responsible for receiving and transmitting the data. 

Around 10 meter is the range limit for HC-05 module 

data transmission. The weight of HC-05 Bluetooth 

module is 3g.  

GSM Module (SIM 900A): GSM module is used for 

mobile communication. It has capability of sending and 

receiving data via phone call or SMS. Arduino nano 

communicate with GSM module by using AT command. 

It is very useful for emergency alerts. The weight of 

GSM module is 3.4g.  

Mobile Application (ARDUTOOTH): ARDUTOOTH 

is an android mobile application. It has capability to 

connect with Bluetooth by loading some code to Arduino 

board and display real time data continuously. The data 

of up to 10 sensors can be display easily and 

simultaneously.  

Arduino Software (IDE): Arduino software use to write, 

upload and run Arduino program on a compatible 

Arduino board.  C and C++ languages are supported by 

Arduino IDE. The window of Arduino IDE environment 

includes menu bar, serial monitor, text editor and output 

pane. Once the code is written it is verified using verify 

check mark, if any error then it will be displayed on 

output pane. After removing error click on the arrow key 

(upload) the code is uploaded on the Arduino board. 

Output can be seen using serial monitor. 

 The smart face shield will be formed using the 

hardware components mentioned above. Here Arduino is 

used as an open-source platform that control the whole 

circuitry part of the smart face shield. Here, Arduino will 

take the inputs and convert these inputs into an output. 

We will build and run our code on Arduino software 

(IDE) which tells the Arduino board what instructions 

will be followed. With Arduino board, DS18B20 

(Temperature sensor), MAX30102 (Pulse oximeter), HC-

05 (Bluetooth module) and SIM 900A (GSM module) 

will be connected. Once the code will run the entire 

circuit will be activated. The whole circuit will be fixed 

on the top portion of the face shield in a way that the 

temperature sensor and pulse oximeter will touch the 

forehead of the user. PPG devices are used in healthcare 

systems to monitor spo2 and heartrate in clinical settings 

also sensors are designed and utilized in foreheads, 

earlobe, toe etc. when finger-based sensing is not 

feasible. Forehead is considered as best anatomical 

location to measure heartrate and spo2 during all 

activities both at walking and rest. The overall median 

error is minimum about 2.4% for spo2 and 2.9 % for 

heart rate which is acceptable as compared to pulse 

oximeter that fix at finger (Longmore., 2019).  Arduino 

will start its processing, both the sensor will be activated 

and start detecting the temperature, heart rate, and spO2, 

at the same time Bluetooth module and GSM module will 

also be activated. If the temperature sensor and pulse 

oximeter will fail to detect the temperature, spO2, and 

heart rate then they will send a signal back to Arduino to 

start its processing again to activate the sensor and 

module so that they will again start detection. If 

temperature, heart rate, and spO2 will be detected then 
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they will be sent to the serial monitor of Arduino 

software for display and also these data will be sent to the 

Bluetooth module. The mobile application will be 

connected from Bluetooth module wirelessly after that 

the real-time temperature, hear rate, and spO2 data of the 

user will be displayed on the mobile phone application 

continuously. GSM module will also be processed by 

Arduino nano and it will send SMS for emergency 

condition which will set through coding. If the 

temperature of user rises above 102°C, spO2 below 92% 

and heart rate above 120bpm and below 60bpm an 

emergency SMS will be sent by the sim card placed on 

GSM to the number set on the coding.  

 Best chosen designs of the reusable face shields 

were viewed physically and the face shield that can be 

worn comfortably by patient (Godoy., 2020) 

accommodate the circuit with ease should be chosen. 

Refer to the figure 1, The smart face shield must be 

constructed using multiple sensors and components 

attached to it. Initially, the sensors and modules can have 

tested one by one after interfacing them with a 

microcontroller so that a faulty component is replaced 

and the working of each component can be verified. After 

that, the entire circuit can be designed on a breadboard to 

see whether it is working properly. In the circuit of a 

smart face shield, microcontroller may take input signals 

from the sensors. By considering all the conditions and 

parameters, a code shall be designed. Additionally, with 

the help of interfacing accurate monitoring can be 

performed. When the code is designed, it has to execute 

to activate the entire circuitry of smart face shield. If any 

of these vital parameters are deteriorated, they serve as an 

indicator for subjects (Lynn et al; 2011) that are in 

immediate need of medical intervention (Kramar et al; 

2017). After the verification of the circuit, all the 

components may be transformed in a solded form to 

become a part of face shield, forehead area. It important 

after this to test its functionality, accuracy and comfort by 

trying it on different subjects after taking ethical consent 

and disinfecting them carefully. By this suggested 

method any errors in the design and circuit may be 

corrected while maximum accuracy may also be attained. 

 

Figure 2 Construction of Various Face Shield from Year 2001 to Year 2021 

OPINION BASED RESULTS 

 

Table 1. Physiological Values of parameters for 

healthy Individuals. 

 

S.no Parameter Value 

1 Body Temperature 37 C 

2 Oxygen Saturation 94% - 98% 

 

 The figure 2 indicates what has been done in 

various domains of this field. Until now, no significant 

approach in found in literature review to monitor the vital 

sign parameters that affect the condition of the patient 

due to their variation. From various potential databases, 

we found that face protection shield has been focused in 

scientific literature from year 2001-2021 but it attained 

highest peaks in the year 2019-2021, which means that 

working or research in face shield is increased in these 

three years, which may clearly be related with the current 

Pandemic of Covid 19. 

 As Temperature and Oxygen Saturation are 

highly considered parameters for monitoring of patient’s 

health, there normal values as mentioned in table 1. A 

pulse oximeter reading of 92% or lower is one defining 

feature of sever disease in acute Covid-19 (Greenhalagh 

2001-2003
7%

2004-2006
10%

2007-2009
14%

2010-2012
12%

2013-2015
14%

2016-2018
14%

2019-2021
29%
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et al; 2021), similarly body temperature above and 

below37C shows significant increase in mortality in 

duration of Covid- 19 (Tharkan et al; 2020), therefore a 

wearable can easily be designed with this information 

that reduce the risk of virus transmission and save 

resources of hospitals in mild cases by monitoring vitals 

from home are required (Seshadri., 2020). 

DISCUSSION 

 This suggested project will offer the benefit of 

facial protection from viruses and other airborne particles 

that spread through the upper respiratory tract along with 

that it will continuously monitor the common COVID-19 

symptoms (temperature, heart rate, and spO2) through the 

sensors and module and will display data on a mobile 

application. This face shield can act as small portable 

facial protection plus monitoring kit. While another 

special feature is the emergency alerts via a GSM module 

ensuring safety of a patient and society to a great extent. 

Most importantly it provides benefit to in-home patients 

specially COVID-19 in-home patients by allowing the 

family members to observe the monitoring of their patient 

symptoms from long distance through mobile application 

also an alert SMS will be sent to them in emergency 

condition. This smart face shield will provide extended 

protection to society by reducing the risk of virus 

transmission and in-home monitoring in mild cases save 

the resources of hospitals, Due to the severity of 

respiratory diseases, demand and shortage of PPE 

(Personal Protective Equipment) for facial protection 

increased which led to the quick development of 3D 

printed as well as disposable face shields apart from this 

continuous monitoring the disease symptoms also 

increased but there is no PPE yet that offer continuous 

monitoring from hospital to home with clinical-grade 

accuracy. This suggested design and setup of face 

protective shield can enhance the existing face shields by 

introducing some electronic components into it, in order 

to maximize their applications not only for protection of 

viruses but also for the monitoring of vital health 

indicators for better care and diagnosis. For these tasks 

there is a need of personal protective equipment that 

offers an extension of continuous monitoring from 

hospitals to home also to meet the problem of PPE 

shortages in the time of pandemics as well, thereby 

serving the society with an improved quality of PPE. 

Mobile phone users shall also be able to monitor their 

vital parameters on a mobile phone application so no 

other equipment is supposed to be bought to monitor 

these parameters. therefore, these all requirement can be 

fulfilled by this recommended shield More of it, this 

shield could be used under various health conditions to 

protect the Healthcare staff and the entire society.  
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