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Abstract: The probability of medical staff to get affected from COVIDI9 is
much higher due to their working environment which is more exposed to
infectious diseases. So, as a preventive measure the body temperature moni-
toring of medical staff at regular intervals is highly recommended. Infrared
temperature sensing guns have proved its effectiveness and therefore such
devices are used to monitor the body temperature. These devices are either
used on hands or forehead. As a result, there are many issues in monitoring
the temperature of frontline healthcare professionals. Firstly, these healthcare
professionals keep wearing PPE (Personal Protective Equipment) kits during
working hours and as a result it would be very difficult to monitor their
body temperature. Secondly, these healthcare professionals also wear face
shields and in such cases monitoring temperature by exposing forehead needs
removal of face shield. Doing so after regular intervals is surely uncomfortable
for healthcare professionals. To avoid such issues, this paper is disclosing
a technologically advanced face shield equipped with sensors capable of
monitoring body temperature instantly without the hassle of removing the
face shield. This face shield is integrated with a built-in infrared temperature
sensor. A total of 10 such face shields were printed and assembled within the
university lab and then handed over to a group of ten members including
faculty and students of nursing and health science department. This sequence
was repeated four times and as a result 40 healthcare workers participated in
the study. Thereafter, feedback analysis was conducted on questionnaire data
and found a significant overall mean score of 4.59 out of 5 which indicates
that the product is effective and worthy in every facet. Stress analysis is also
performed in the simulated environment and found that the device can easily
withstand the typically applied forces. The limitations of this product are
difficulty in cleaning the product and comparatively high cost due to the
deployment of electronic equipment.
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1 Introduction

Healthcare professionals are more exposed to harmful infectious pathogens on a daily basis. This
pathogenic nanoparticle is of about 120 nm (nanometer) and spreads abruptly. It is still unknown
how persistent they are in the environment and the effective way to cure patients from them. This
deadly disease spreads primarily through oral and nasal emission as these regions have very thin and
penetrable membranes. Due to this fact the oral and nasal protection of paramedical staff is utmost
essential. Moreover, additional preventive measures must be taken to protect medical staff from flying
contaminants and particulates.

The human race has hugely damaged without any discrimination due to community transfer of
this pandemic disease. This invisible enemy has not spared any of the country. The frontline health
workers are playing a major role in saving communities to protect themselves from this deadly disease.
Doctors and supporting healthcare professionals are working day and night tirelessly to protect people
and to control the community transfer of this disease. Several educational and research institutes are
in the process of discovery of vaccines to curb the pandemic. Due to pandemic spread, face shields are
recommended as a safety measure. All face shields are not supposed to be effective. In fact, face shields
must meet several requirements which are vital to protect people effectively. These face shields must
be designed carefully to meet requirements like easy to wear, easy to remove, light weight, adequately
cover the nasal and mouth area, must not obstruct the vision, support ample ventilation, avoid fogging
and it should avoid accumulation of moisture.

Due to this pandemic, there have been many fears of shortages in protective equipment like
masks, face shields and other medical devices. As a result, rapid manufacturing was required and 3D
printed face shields came into existence [1]. In addition, the supply chain framework also confronted
outrageous disturbance because of the regular and serious lockdowns across the globe. In such a
circumstance, additive manufacturing turns into a supplementary manufacturing process to fulfill the
touchy needs and to facilitate the wellbeing around the world. Additive manufacturing is also known
as 3D printing or rapid prototyping. In contrast to conventional manufacturing processes, additive
manufacturing fabricates objects by adding materials as required to obtain the desired shapes. In fact,
precise geometric shapes can directly be printed from a computer-aided-design model. This technology
offers a simplified way of fabricating complex objects with a lower manufacturing cost [2].

The body temperature monitoring of healthcare staff at regular intervals is vital as this preventive
measure can serve as a first wall of defense and help avoid community transfer. Infrared temperature
sensing guns have proved its effectiveness and therefore such devices are used to monitor the body
temperature. These devices are either used on hands or forehead. As a result, there are many issues
in monitoring temperature of frontline healthcare professionals at regular intervals. Firstly, these
healthcare professionals keep wearing PPE kits during working hours and it would be very difficult
to monitor their body temperature. Secondly, these healthcare professionals also wear face shields
during working hours and in such cases monitoring temperature by exposing forehead needs removal
of face shield. Doing so after regular intervals is surely uncomfortable for healthcare professionals. To
avoid such issues, this paper is disclosing a technologically advanced face shield equipped with sensors
capable of monitoring body temperature instantly without the hassle of removing the face shield.
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The present state of art suggests that existing face shields are not rich in functionalities and suffer
from lack of key features. Therefore, there is a need in the industry to provide technologically advanced
face shields that can measure the user temperature instantly whenever required without removing
the face shield. This research work is disclosing an in-house development of innovative face shield
equipped with IoT enabled microcontroller and sensors for frontline health workers or paramedical
staff.

2 Related Work

The use of a face shield is a protective measure and has also proved its effectiveness. Even
international organizations like WHO (World Health Organization) also recommended the use of
face shields [3]. In fact, face shields can protect health workers by reducing inhalation exposure by
96% and surface contamination of a respirator by 97% instantly after a cough at a distance of 45.7 cm
[4]. The past studies have also reported in the favor of face shields to protect from hazardous infections
[4,5]. The radiologists also need protection from droplet transmissions and in one of the studies a face
shield manufactured through 3D printing technique found effective to avoid this kind of transmission
from coronavirus during the clinical trial [6]. Such 3D printed face shields have also been designed and
manufactured for anesthesia providers as they have more risk due to close patient contact [7].

Likewise, an ergonomic and inexpensive 3D face shield made of PVC (Polyvinyl Chloride) having
0.3 mm (milimetre) thickness has also been offered as a preventive measure [§]. Special face shields
have also been designed and manufactured for the patients undergoing endoscopy to reduce the
aerosol contamination [9]. Indian Institute of Technology, Madras manufactured a face shield from
3D printers from generally accessible materials and provided the additional facility of replacing
transparent sheets as and when required [10]. The researchers in [! 1] used 3D printing of face shields
to protect oral and maxillofacial surgeons. This product was manufactured with Polylactic Acid
Filaments (PLA) and could be reused after disinfecting with super Sani-Cloth-Germicidal-Disposable-
Wipes.

A group of teachers and students form a team and named it Charlotte MEDI (Medical Emergency
Device Innovation) at Charlotte Latin School to design and manufacture face shields to overcome the
issue of shortage of face shields due to the pandemic. They started this novel work to provide basic
lifesaving equipment like face shields to healthcare professionals. This team made an innovative design
and used a 3D printing technique for rapid manufacturing. As a result, within a few days dozens of face
shields were manufactured and handed over to medical staff at local hospitals. They delivered 15000
face shields per week using a community network of 3D printers and local manufacturing companies.
They made this product from PETG (Polyethylene Terephthalate Glycol) and PLA filament [12]. In
another research, locally fabricated face shield composed of PLA into general use in a rapid but
well controlled manner was introduced [13]. Unlike other face shields, this product was designed to
be reusable. The product reusability was ensured through standard disinfectants. Tab. | is disclosing
comprehensive details of 3D printed face shields.
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Table 1: Existing face-shield specifications

Sr. No Reference Material Reusability Designed for Year
1 [4] PVC, Stiff A4 or A3 OHP  Yes Health-workers 2014
sheets (Overhead
Projector)-3D printed
2 [6] PVC (Polyvinyl Chloride),  Yes Radiologists 2020
200-300 pm-thick-3D
printed
3 [7] Printed with 3D Yes Anesthetist 2021
Technology, 10 mL thick
PVC
4 [%] 3D Ergonomic face-shield, Yes (when Health-workers 2021
0.3mm PVC washed at
60°C)-elastic
strap only
5 [9] Acrylic material for Yes Patients 2020
face-shield (sterilization
process)
6 [14] Generic acetate sheet (used No Frontline 2020
for overhead projectors) healthcare
professionals
7 [10] 3D printed and replaceable  Yes Healthcare- 2020
plastic sheets (replaceable professionals
plastic sheet)
8 [11] 3D printed and PLA Yes (through Maxillofacial 2020
Sani-Cloth surgeons
germicidal
disposable
wipes)
9 [12] 3D printed and PLA and Unknown (not Nurses and 2021
PETG (Polyethylene claimed on doctors at local
Terephthalate Glycol) online hospitals
resource)
10 [13] 3D printed and PLA, no Yes (through Health workers 2020
obstruction for stethoscope standard
hospital
disinfectants)

Few other small and large scale companies also utilized 3D printing techniques to fulfill the
demands of face shields using different materials like premium PLA profilament [15], PETG, pho-
topolymer resin medical grade nylon and ABS-42 filament (Acrylonitrile Butadiene Styrene) [2].
The related literature depicts that the majority of the innovations in the field of manufacturing face
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shields to protect healthcare workers were merely restricted to 3D printing and lacking in technology
intervention.

3 Methodology

This research work is offering a unique design and development procedure to develop a face
shield capable of examining body temperature of doctors and paramedical staff without the hassle
of removing gloves, PPE kit and face shield. The design, material and procedure are explained below.

3.1 Design

While designing and choosing the material for this prototype the focus was on achieving enough
flexibility without losing the strength. The CAD (Computer Aided Design) model was prepared and
simulated under the normal loading conditions to meet the above said criteria. Thus, the study used
PETG printed sheets with fill density of 25% and 38 MPa (Mega Pascal) tensile strength as this
material has already been validated previously and has been found effective [16]. The tensile strength of
5.5 MPa was used for silicon (Latex-Free) to make the forehead strap. The length of the shield along the
longitudinal direction of the nose of the subject was kept as 165 mm. The head length (distance from
forehead to rear portion of head) of the subject was kept as 186.13 mm in normal un-stretched mode.

The head width (distance from left ear to right ear) of the subject was kept as 151 mm in normal
un-stretched mode. These dimensions were chosen carefully after considering average anthropometric
dimensions of the head size of an Indian adult. Anthropometric dimensions refer to human body
part measurements which further assist to design the products. Tab. 2 summarizes the anthropometric
dimensions [17]. Figs. 1 and 2 depicts the face-shield in different views where key components are
labelled.

Table 2: Average head size of Indian adults (anthropometric dimensions)

Sr. No Anthropometric Gender Min. value Max. value Mean value
dimensions

1 Head length Male 170.14 mm 203.58 mm 188.82 mm

Female 168.76 mm 196.11 mm 183.69 mm

2 Head width Male 140.91 mm 169.34 mm 152.71 mm

Female 140.22 mm 163.81 mm 149.06 mm

3 Head Male 517.14 mm 578.40 mm 547.66 mm

circumference  Female 499.16 mm 565.27 mm 531.86 mm

This face shield comprises three main modules specifically forehead strap which is also called
forehead band, shield frame and a transparent shield. Fig. 3 exhibits various 3D components of the
face shield.
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Figure 1: Face shield (front view)

Figure 2: Face shield (rear view)
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(B) Forehead Strap/Band (C) Transparent Shield Component
Component

(A) Shield Frame Component

Figure 3: Key components of face shield

3.2 Material

This IoT enabled face shield is technologically functional due to incorporation of infrared
temperature sensor, mini speaker, display unit and microcontroller powered by a lithium polymer
battery. The detailed configuration of these items is disclosed in the Tab. 3. The face shield assembly
consists of three major components namely forehead strap, shield frame and a transparent shield. The
material, volume and computed mass is disclosed in the Tab. 4. The tensile strength and density of the
key components according to the material chosen is depicted in Fig. 4. Both transparent shield and
shield frame were made of PETG material having tensile strength 38 MPa and density 1.38 p g/cm®
(gram per cubic centimetre) whereas the strap was made of silicon material having tensile strength of
5.5 MPa and density 1.2 p g/cm’.

Table 3: Specifications of the electronic components

Sr. No Equipment Model Configuration Purpose

1 Microcontroller ESP32 Voltage (v) level 2.3~3.6, To connect the other
current 80 mA electronic equipment’s and
(milliampere), frequency to feed the programming
80~240 MHz (megahertz), logic.
flash memory 4 MB (mega

bytes), length 49.5 mm,
width 26.5 mm, thickness
11.5 mm, weight 10 gm

(gram)
2 Infrared MLX90614 Voltage (v) 5, current (mA) To sense body temperature
temperature ESF 2, I2C communication as and when required.
sensor protocol, sensing range

(Degree Celsius) —70 to
+ 380, board size:
11.2 x 19.38 (mm)

(Continued)



2572

CMC, 2022, vol.72, no.2

Table 3: Continued

Sr. No Equipment Model Configuration Purpose
3 Display unit Organic Light  Voltage (v) 3.3 ~5, Display unit to show
Emitting resolution 128 x 32, length ~ monitored body
Diode 38 mm, width 12 mm, temperature.
(OLED) thickness 11.3 mm, display
30 mm x 12 mm and weight
4 gm.
4 Battery Lithium Voltage (v) 3.7, 600 mAh, To keep the system working
polymer rechargeable, length: by supplying power.
48 mm, width: 24 mm,
thickness 4 mm, weight
100 gm
Table 4: Specifications of the structural components
Sr. No Component Material Volume V (as in Computed mass,
CAD model) M=(pxV)
1 Transparent shield 0.5 mm thin PETG 76263.24 mm"3 34 grams
2 Shield frame Thick PETG 146779.89 mm~3 90 grams
3 Forehead strap Silicone (latex free) 42151.65mm"3 25 grams
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Figure 4: Face shield component material, tensile strength and density

The face shield components were printed using an in-house 3D printer. The printer has the
capability of printing objects of 450 mm x 500 mm x 500 mm. It has a nozzle size of 0.4 mm and
printing speed can be adjusted between 30 to 180 mm/s (millimeter per second). It also consists of an
aluminium heat bed to provide the constant heat throughout the printing process. This face shield is
capable of connecting with Wi-Fi because it is using an ESP32 microcontroller which has a built-in
Wi-Fi board. As a result, it is capable of transmitting monitored body temperature remotely and can
make a timestamp based log.
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3.3 Development Process

The prototype was developed in a few stages. Initially, the team reviewed the existing face
shields and found that the technology was absent which needs to be incorporated [18,19]. Thereafter,
technological ideas were generated and an idea to integrate an infrared sensor within the face shield
was finalized. In the next stages, 3D design was made followed by 3D printing and fitting electronic
components into it. Fig. 5 depicts all the stages in a chronological order.

Reviewing Existing Face-Shields

v

Identifying Technology Helpful for
Health-Professionals

v

Making 3D design of the proposed
Face-Shield

v

In-house 3D Printing of
Components

v

Fitting Micro-controller and Sensorsl

into 3D Components

v

Delivery of Product

Figure 5: Chronological order of prototype development stages

This face shield can be adjusted on any head easily as it is designed by considering anthropometric
dimensions of Indian adults. It is equipped with an infrared sensor that will be activated only when the
button is pressed. As soon as the button is pressed, the infrared sensor will instantly sense the body
temperature and display it on the OLED screen and in parallel will also inform the wearer of face shield
through audio description. This way, the wearer will get informed about his/her body temperature
without removing the face shield and the person standing in front will also get informed through the
OLED screen. As a result, it is serving two purposes i.e., monitoring body temperature instantly and
protecting health workers by reducing inhalation exposure. Once fully charged, the system will last for
approximately 5 h.

The temperature sensing process starts by pressing an activation switch placed at the right side
of the face shield. Thereafter, the infrared sensor (MLX90614 ESF) monitors the body temperature
and displays it immediately on the OLED screen mounted on the forehead of the face shield. The
temperature sensing gun stops immediately after sensing the temperature and waits for the next input.
The complete algorithm is shown below.
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Algorithm: Steps involved in monitoring body temperature

Step 1: To initialize and load code into microcontroller memory

Step 2: Waiting to receive user input

Step 3: Input received from the user

Step 4: Monitoring of temperature by Infrared sensor

Step 5: Transferring monitored body temperature from Infrared sensor to microcontroller
Step 6: Communicating results to OLED screen to display body temperature

Step 7: Waiting to receive another input from the user

4 Results and Discussion

Initially, 10 face shields were designed and manufactured within the university lab and then
handed over to a group of ten members including both teachers and students of the nursing and
health science department. This arrangement was followed four times and as a result 40 healthcare
workers contributed to the study. A short training was also given before distributing the face shields.
The assembly and disassembly of the product was taught during the training. The participants were
also educated to use Isopropyl alcohol to maintain the cleanliness of the face shield before reusing.
After one week, a short questionnaire was shared with these participants to get the feedback of the
product. A five point Likert scale was utilized (1 being the lowest and 5 being the highest) to measure
the feedback responses. IBM SPSS tool was used to measure the feedback responses.

The cumulative mean score of 4.59 out of 5 signifies that the face shield is worthy in every aspect.
Moreover, at present there is no other face shield which is equally technologically advanced. The
participants only faced a few issues while cleaning the product. The Fig. 6 shows the mean scores and
corresponding standard deviations in response to every question asked in the questionnaire. Seven
questions were asked in the questionnaire which are disclosed in the Tab. 5.

6

5 — r

4.9 4.85 4.8
@ 4 4.45 4.63 4.6
38 3.93
n 3
C
S
[
s 2
0.829
0.677 0.628 0.672
1 0.304 0.362 0.405
0
1 2 3 4 5 6 7

Feedback Question Numbers

—@— Mean Score Standard Deviation

Figure 6: Feedback responses
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Table 5: Survey questions asked from respondents

uestion No. eedback questions

Question N Feedback i

1 Rate the durability of the product.

2 How easy is to wear and remove this product in general as the product

dimensions are kept keeping average head size of Indian male and
female? rate your experience.

3 Share your comfort level while using basic features of this product.

4 How easy is it to clean and reuse this product?

5 Is this product helpful to see objects without obstructing vision?

6 Do you believe the technology adopted within this product is
comfortable in use?

7 Will you advice others to use this product?

Due to the pandemic, the hospitals and healthcare workers faced shortage of medical equipment
like face masks and face shields. As a result, the concept of additive manufacturing which is also
known as rapid manufacturing came into existence. This research work made an effort to extend the
idea of additive manufacturing through 3D printing technique by introducing technology by means
of electronic sensors. This deadly disease spreads primarily through oral and nasal emissions; these
regions have very thin and penetrable membranes. Due to this fact there is a high probability of
healthcare staff getting affected from this disease. So, as a preventive measure the body temperature
monitoring of medical staff at regular intervals is highly recommended. This preventive measure can
help avoid community transfer through medical staff.

These days, infrared temperature sensing guns are used to monitor the temperature. This gun is
either used on hands or forehead. As a result, there are many issues in monitoring the temperature
of frontline healthcare professionals at regular intervals. Firstly, these healthcare professionals keep
wearing gloves during working hours and it would be very uncomfortable for them to remove gloves
at regular intervals to monitor body temperature. Secondly, these healthcare professionals also wear
face shields during working hours and in such cases monitoring temperature by exposing forehead
needs removal of face shield. Doing so after regular intervals is surely uncomfortable for healthcare
professionals. To avoid such issues, this paper is disclosing a technologically advanced face shield which
can monitor temperature instantly without removing it. The major challenge while designing this face-
shield was to make a precise 3D design keeping in mind the dimensions of electronic equipment as they
need to be placed inside it. Therefore, the team first collected the measurements of these electronic
items before making the actual design. These measurements are disclosed in the Tab. 3.

Arduino programming language is used to interface electronic equipment. The most significant
feature of this face shield design is inclusion of anthropometric dimensions of Indian male and female.

The feedback analysis was accomplished with the IBM SPSS tool. Fig. 6 exhibits the descriptive
statistics of feedback responses. The feedback responses indicate that this product is worthy in every
facet except one. The mean score of 3.93 in response to the question “How easy is it to clean and reuse
this product?” shows that the participants faced little difficulty in cleaning the product as the cleaning
process requires assembly and disassembly of a few key components of the face shield.
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This seems a temporary issue as the feedback was taken only after one week. The long term
usage and more training on cleaning the product may resolve this issue. The standard deviations
and variances in responses to every question are depicted in the Fig. 7 to indicate the variability in
the distribution and variability was found normal. This study also performed stress analysis of the
forehead band only as this component has to be more resilient to any static stress deformation. The
design has been simulated and tested for maximum deflection and induced stress. The simulation
express module of 3D design application of Solidworks (Dassault Systems) has been utilized for the
same. The deformation test has been carried out to obtain the results. It is assumed that in extreme
conditions, a maximum of 3 Kgs of force acts on both sides of the forehead band. This force is
equivalent to 29.43 Newton. The Eq. (1) is used for converting force in kilograms into newton units.

IN (Newton) = Kg% (1)

0.9 0.829
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1
0 0.092
1 2 3 4 5 6 7
Question Numbers

Standard deviations and Variance

—— Std. Dev —e® - \Variance

Figure 7: Variability of feedback responses

Considering mass as 3 kilograms and standard value of m/s? as 9.81 the computed force in newton
comes out to be 29.43. The total surface area of the forehead band is 10215.98 mm? out of which the
area considered under force is 1392 mm?. Thus, the force applied per unit was computed as below.

Force per unit area = (29.43/1392) N/mm?=0.0211 N/mm?*= 21100 N/m?

Tab. 6 shows mesh settings for stress analysis and simulation results are shown in the Fig. 8, where
it can be clearly seen that there is no appearance of red zones in the figure hence indicating that the
device can easily withstand the typically applied forces, in a very effective manner.

As per the Von Mises stress criteria, the maximum value of induced stress is 2.065 x 107-% which
is much below the yield point stress of 4.79 x 107X, This indicates the high mechanical strength of
the device despite the inbuilt flexibility of PETG Material.
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Table 6: Mesh settings used for stress analysis

Sr. No.  Setting parameters Details

1 Type of mesh Solid mesh

2 Mesher Standard mesh

3 Jacobian points 16 points

4 Element size 5.12652 mm

5 Tolerance 0.256326

6 Mesh quality High

7 Total nodes and elements 21777 and 11938

8 Maximum aspect ratio 16.609
;ﬁlnr;:e:a;mgjldasx;ress Study(-Défaut ) von Mises (Nfm*2)

Flat type: Static nodal streds Srass
Deformation scale: 14,2053 2065e+07

l 18588407
. 152407
- 1ddbe+dT
| 1239407
Hrr 1033407
B 82626406

. B.167e406

B 41316406
20666406
26508402

— Yield strength: 4.790e+07

Figure 8: Simulation results for stress analysis

5 Conclusion

This innovative and technologically advanced face shield is unique as it is equipped with built-
in sensors that can make doctors life safe and easy due to the facility of instant body temperature
monitoring that too without the hassle of removing PPE kits, gloves or face shield. Monitoring doctors
and other supporting staff body temperature is the first preventive measure to avoid community
transfer of this deadly disease as an affected doctor may contribute to community transfer. The
feedback analysis also found a significant cumulative mean score of 4.59 out of 5 which indicates
that the product is effective and usable. The feedback analysis found that end users faced difficulty
while cleaning the face shield and it is expected that this issue can be resolved through more intensive
training sessions. Similar existing face shields are merely manufactured with different materials like
PVC, PLA and PETG which are surely cheap but do not support instant body temperature monitoring.
The face shield designed and developed in this research work is costly due to the involvement of
electronic sensors but offers a highly safe environment. This face shield is armed with an IoT enabled
microcontroller which in future may help in real time monitoring of body temperature. One possible
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use case of [oT enabled face shield is that it can be used to remotely monitor body temperature of
health workers as well as patients.
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