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Abstract 
Because of the devastating effect that the COVID-19 pandemic had on the Navajo 
Nation and across the world, I decided to prototype and instrumented a respiratory 

mask having six temperature sensors in order to detect the temperature of the person 
wearing it and the health condition. This was mainly inspired off of the condition of the 
Navajo Nation right now as in some areas and some places some are not able to get 

tested or know their own health condition due to distance or lack of health care.  
These six temperature sensors were employed in three pairs; two inhale temperature 
sensors, two exhale temperature sensors, and two skin temperature sensors.  These 

temperatures were monitored by an Arduino UNO microprocessor used with the 
Arduino Uno program and displayed on the serial monitor of my laptop with the USB 
cable.  If the wearer’s skin temperature exceeded a preselected value, indicating a 
fever, a red alarm LED lit, indicating the need to seek medical attention or further 

inspection. The mask gives needed protection to the wearer as mandated by law to 
wear mask when outside. However, with this experiment, I was able to build and 
instrumented a respiratory mask with temperature sensors that can monitor and 

detect temperature changes and health of the wearer using  an analog system and 
how I could look at it at different spans of time easily.
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INTRODUCTION

Regretfully, the use of protective air-filtration masks was highly politicized and many people 
refused to wear them.  Even when people did wear masks, these masks were passive, 

indicating that although the masks did help reduce the airborne transmission of Covid-19, the 
masks themselves gave no indication of the health of the wearer.  My project was to prototype a 
respiratory mask with temperature sensors, to measure the temperature of the inhaled air, the 
temperature of the exhaled air, and the skin temperature of the wearer of the mask.  The goal 

was to give the user an indication of his or her health, while offering protection against Covid-19.

RESEARCH QUESTION 
Can a respiratory mask be instrumented with temperature sensors and monitored by an Arduino 

UNO microprocessor, to give an indication of the temperature and health of the wearer?

HYPOTHESIS

If I instrumented a respiratory mask having six temperature sensors and monitored by an Arduino UNO 
microprocessor order , then I will be able to monitor and detect temperature changes and health of the wearer. 
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BACKGROUND RESEARCH
The COVID-19 pandemic has had a tremendous impact on the Navajo Nation, in the four-corners region of 
the desert southwest, to include total weekend lockdowns from Friday, 8pm, to Monday, 5am. The Navajo 
had 2,304.41 cases of Covid-19 per 100,000 people at its peak in May, compared to the New York state rate 
of 1,806 cases per 100,000, according to data from Johns Hopkins University [ref.1].  Since the pandemic 
began up until November 22, the Navajo Nation has had 15,039 cases out of its population of 173,667 from 
the 2010 census, which means this hard-hit population has over 8,659 cases per 100,000 people.
In the autumn of 2020, Navajo Preparatory School has been totally remote. Since the Navajo Nation is 
mostly rural with many people living in traditional Hogans, students of Navajo Preparatory School are 
definitely on the other side of the “digital divide." The connectivity we take for granted is minimal to 
nonexistent within the Navajo Nation, causing a disruption of our educational effort.
Symptoms of covid-19 include fever or chills, cough, shortness of breath or difficulty breathing, fatigue, 
muscle or body aches, headache, new loss of taste or smell, sore throat, congestion or runny nose, nausea 
or vomiting, or diarrhea [ref.2].
It is my goal to design a prototype respiratory mask instrumented with temperature sensors, to give an indication of 
the health of the wearer, while the mask itself helps to protect the wearer.

MATERIALS AND EQUIPMENT
The following are the materials and equipment and experimental procedures used.
§ 3M Respiratory Mask, Arduino UNO microcomputer
§ Arduino UNO protective clear plastic case, Six TMP 36 temperature sensors [ref.3]
§ Red (positive), Black (negative, ground), and Yellow (signal) jumper wires, Red Light Emitting Diode (LED)
§ 330 ohm protection resistor for the LED, USB cable
§ Laptop, Arduino IDE version 1.8.13 [ref.4]
§ Soldering iron and solder, Insulating electrical tape
§
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EXPERIMENTAL PROCEDURES
A. Download the Arduino IDE (Integrated Development Environment) [ref.4].  This is available for 

Windows, Mac OS X, and Linux operating systems.  The environment is written in java and includes 
other open source software.

B. Connect the Arduino UNO to the temperature sensors, alarm LED, and laptop as shown in Figure 1, 
below.   The six temperature sensors shown in Figure 2 have a single power supply wire (red) and a 
single ground wire (black).  The alarm LED uses a 330 ohm protection resistor to limit the electrical 
current through the delicate light emitting diode.

C. Bring up the Arduino IDE by clicking on the Arduino icon (green circle with an infinity sign, with + and –
symbols).  Bring up “tools” from the toolbar to interface the laptop and the Arduino UNO.  As shown in 
Table 1, pick a board (Arduino UNO) and a port (assuming you have an Apple iMAC).  Also, pick the 
Serial Monitor for display of the measured temperatures.

D. The six TMP temperature sensors are mounted in a 3M Respirator Mask, Figure 3, as shown in Figure 
4.  These temperature sensors are mounted in three pairs.  Temperature sensors T0 (left filter) and T1 
(right filter) measure the temperature of the inhaled air.  Temperature sensors T2 and T3 measure the 
temperature of the exhaled air, at the exhale port of the 3M respirator.  Temperature sensors T4 and 
T5 measure the skin temperature of the wearer near the chin area of the face. 

E. Data is taken at a user selectable time interval, called a sample period.  Right now, my Arduino Sketch 
is set to take data ever second, for demonstration purposes, and that data is shown in Figure 5.  This 
sample period can be made longer if required.

F. In Figure 5, the inhaled air temperatures T0 (left filter) and T1 (right filter) were averaged to create 
inhale C.  The exhaled air temperatures T2 and T3 were averaged to create exhale C.  The difference 
between the hotter exhaled air and cooler inhaled air was calculated to be exhale C – inhale C = delta 
exhale-inhale C.   

G. The skin temperatures T4 and T5 were averaged to create skin C.  It was this average skin 
temperature which was used to trigger the lighting of the red alarm LED via the conditional statement 
“if (degreesC_skin > 38. ) digitalWrite(LED_alarm, HIGH).” This conditional statement meant that if the 
skin temperature indicated a fever, then the LED_alarm pin (which was set to pin 13) would be send to 
high, meaning that power was applied to this pin to power the red alarm LED.4
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T4                        T5
Right Filter Inhale Sensor T1
(Left Filter Inhale Sensor T0)
photo was taken by Researcher Exhale Sensors T2 and T3

Skin Sensors T4 and T5

TOOLS SETTING COMMENTS
Auto Format
Archive Sketch
Fix Encoding & Reload
Serial Monitor Select for Display of Temperatures
Board                          > ✔ Arduino UNO
Serial Port                   > ✔ /dev/cu.usbmodemFD121 USB communication between iMAC and 

Arduino UNO

Table 1. Interface Settings for the Arduino UNO and Laptop



Actual Output in Serial Monitor:  Temperatures every 1 Seconds
Change variable “Seconds” to any Time Increment Desired

Ms. Lilliona Benally, Navajo Preparatory School: 
Time in Seconds: 0      inhale C: 25.68    exhale C: 31.79    delta exhale-inhale C: 6.10    skin C: 33.01
Time in Seconds: 1      inhale C: 25.68    exhale C: 32.03    delta exhale-inhale C: 6.35    skin C: 32.76
Time in Seconds: 2      inhale C: 25.68    exhale C: 32.03    delta exhale-inhale C: 6.35    skin C: 33.01
Time in Seconds: 3      inhale C: 25.44    exhale C: 32.03    delta exhale-inhale C: 6.59    skin C: 33.01
Time in Seconds: 4      inhale C: 25.44    exhale C: 31.79    delta exhale-inhale C: 6.35    skin C: 33.25
Time in Seconds: 5      inhale C: 25.44    exhale C: 32.28    delta exhale-inhale C: 6.84    skin C: 33.50
Time in Seconds: 6      inhale C: 25.44    exhale C: 31.79    delta exhale-inhale C: 6.35    skin C: 33.50
Time in Seconds: 7      inhale C: 25.44    exhale C: 32.52    delta exhale-inhale C: 7.08    skin C: 33.25
Time in Seconds: 8      inhale C: 25.93    exhale C: 32.03    delta exhale-inhale C: 6.10    skin C: 33.50
Time in Seconds: 9      inhale C: 25.68    exhale C: 32.28    delta exhale-inhale C: 6.59    skin C: 33.74
Time in Seconds: 10    inhale C: 25.68    exhale C: 32.03    delta exhale-inhale C: 6.35    skin C: 33.50
Time in Seconds: 11    inhale C: 25.68    exhale C: 32.52    delta exhale-inhale C: 6.84    skin C: 33.50
Time in Seconds: 12    inhale C: 25.68    exhale C: 32.28    delta exhale-inhale C: 6.59    skin C: 33.50
Time in Seconds: 13    inhale C: 26.17    exhale C: 32.03    delta exhale-inhale C: 5.86    skin C: 33.25
Time in Seconds: 14    inhale C: 25.93    exhale C: 32.28    delta exhale-inhale C: 6.35    skin C: 33.74
Time in Seconds: 15    inhale C: 25.93    exhale C: 32.03    delta exhale-inhale C: 6.10    skin C: 33.74
Time in Seconds: 16    inhale C: 25.93    exhale C: 32.52    delta exhale-inhale C: 6.59    skin C: 33.50
Time in Seconds: 17    inhale C: 25.93    exhale C: 32.28    delta exhale-inhale C: 6.35    skin C: 33.98
Time in Seconds: 18    inhale C: 25.93    exhale C: 32.28    delta exhale-inhale C: 6.35    skin C: 33.98
Time in Seconds: 19    inhale C: 25.93    exhale C: 32.28    delta exhale-inhale C: 6.35    skin C: 33.74
Time in Seconds: 20    inhale C: 25.93    exhale C: 32.03    delta exhale-inhale C: 6.10    skin C: 33.74
Time in Seconds: 21    inhale C: 25.93    exhale C: 32.76    delta exhale-inhale C: 6.84    skin C: 33.74
Time in Seconds: 22    inhale C: 25.68    exhale C: 32.52    delta exhale-inhale C: 6.84    skin C: 33.98
Time in Seconds: 23    inhale C: 25.93    exhale C: 32.52    delta exhale-inhale C: 6.59    skin C: 33.98
Time in Seconds: 24    inhale C: 24.71    exhale C: 29.35    delta exhale-inhale C: 4.64    skin C: 32.03
Time in Seconds: 25    inhale C: 25.93    exhale C: 32.52    delta exhale-inhale C: 6.59    skin C: 33.50
Time in Seconds: 26    inhale C: 25.93    exhale C: 32.52    delta exhale-inhale C: 6.59    skin C: 33.50
Time in Seconds: 27    inhale C: 25.93    exhale C: 32.28    delta exhale-inhale C: 6.35    skin C: 33.50

Skin Temp 
93.2oF

Exhale 
12.7oF 
hotter than 
inhale. 

By researcher 



My conclusion & Interpretation 
CONCLUSIONS

My project showed that a Covid-19 mask could be 
instrumented, thus converting what would normally 

be a passive mask into an information gathering 
one.  Thus, my hypothesis was accepted by the 

standards of the results. I acknowledge that some 
Covid-19 cases are asymptomatic but the mask 

does provide some clarification as far as the 
current health of the wearer that may have 

symptoms, along with still providing protection to 
the wearer. The information we gathered does 

seem to seem if someone may have symptoms of 
by a fever or chills which is determined by the skin 

temperature sensors along with the inhale and 
exhale can see if the wearer has any kind of 

trouble breathing, shortness of breath, and a cough 
can be determined by the sensors on the mask. So 
therefore, my project and hypothesis would still be 
technically correct given the context or even the 

details of why it would work. 

FUTURE DIRECTIONS
In the future, I could attempt to invoke 

Bluetooth Communications to relay data, 
rather than using an USB cable.  I could also 

look for pressure sensors, to measure 
coughing, another indication of COVID-19. 

Another thing I may should look into 
improving the mask is getting more sensitive 

temperature sensors in order to even 
calculate the breathing rates of the wearer so 
we can go into more detail of the breathing 
and coughing symptoms, the sensor used 

was TMP36 it is protected by a think layer of 
plastic which tends to average out the 

temperature sensed over time. Thus, you do 
not see a temperature fluctuation associated 
with breathing due the "thermal inertia" of the 

plastic.
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Arduino IDE (Integrated Development Environment) 
Temperature Sketch (Program):  Six Temperature Sensors - Page 1/2

/*

Go to TOOLS and make these selections AFTER connecting the Arduino UNO to the laptop via USB cable:
1) Select BOARD (such as Arduino UNO)
2) Select PORT  (to match Arduino UNO)
3) Select SERIAL MONITOR to display temperatures on LAPTOP.  Set for 9600 BAUD.

SIX TEMPERATURE SENSORS:  T0, T1, T2, T3, T4, and T5.
More information on the sensor is available in the datasheet:
http://dlnmh9ip6v2uc.cloudfront.net/datasheets/Sensors/Temp/TMP35_36_37.pdf

When looking at the flat side of the temperature sensor
with the pins down, from left to right the pins are: 5V, SIGNAL, and GND.
Yellow Wire:  Connect the SIGNAL pin to ANALOG pin 0 for T0 temperature sensor                 
Yellow Wire:  Connect the SIGNAL pin to ANALOG pin 1 for T1 temperature sensor
Yellow Wire:  Connect the SIGNAL pin to ANALOG pin 2 for T2 temperature sensor
Yellow Wire:  Connect the SIGNAL pin to ANALOG pin 3 for T3 temperature sensor
Yellow Wire:  Connect the SIGNAL pin to ANALOG pin 4 for T4 temperature sensor
Yellow Wire:  Connect the SIGNAL pin to ANALOG pin 5 for T5 temperature sensor
Common Red Wire:   Connect to 5 Volts (5V) on the Arduino for all TMP36 sensors
Common Black Wire: Connect to ground (GND) for all TMP36 sensors

*/
const int temperaturePin0 = 0;  // analog pin 0 assignment

const int temperaturePin1 = 1;  // analog pin 1 assignment
const int temperaturePin2 = 2;  // analog pin 2 assignment
const int temperaturePin3 = 3;  // analog pin 3 assignment
const int temperaturePin4 = 4;  // analog pin 4 assignment
const int temperaturePin5 = 5;  // analog pin 5 assignment
const int LED_alarm = 13;        //  LED_alarm assigned to pin 13
int time = 0;       // variable to store time (in seconds)
int seconds = 1;   // incremental jump in time, in seconds.  300 seconds = 5 minutes.

Left-to-Right:

Compile
Upload to UNO
New
Open
Save

Taken by 
researcher 
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Temperature Sketch:  Six Temperature Sensors - Page 2/2
float voltage0 = (sensorval0/1024.0)*5.0;
float voltage1 = (sensorval1/1024.0)*5.0;
float voltage2 = (sensorval2/1024.0)*5.0;
float voltage3 = (sensorval3/1024.0)*5.0;
float voltage4 = (sensorval4/1024.0)*5.0;
float voltage5 = (sensorval5/1024.0)*5.0;

float degreesC0 = (voltage0 - 0.5) * 100.0;
float degreesC1 = (voltage1 - 0.5) * 100.0;
float degreesC2 = (voltage2 - 0.5) * 100.0;
float degreesC3 = (voltage3 - 0.5) * 100.0;
float degreesC4 = (voltage4 - 0.5) * 100.0;
float degreesC5 = (voltage5 - 0.5) * 100.0;

float degreesC_inhale = (degreesC0 + degreesC1)/2;
float degreesC_exhale = (degreesC2 + degreesC3)/2;

float degreesC_skin   = (degreesC4 + degreesC5)/2;

if (degreesC_skin > 38. ) digitalWrite(LED_alarm, HIGH);
//turn LED alarm “on” if fever > 38C

Serial.print("Time in Seconds: ");
Serial.print(time);

Serial.print(" inhale C: ");
Serial.print(degreesC_inhale);

Serial.print(" exhale C: ");
Serial.print(degreesC_exhale);

Serial.print(" skin C: ");
Serial.println(degreesC_skin);

time = time + seconds;
delay(1000*seconds); // Programmable time delay, in milliseconds. 

}
float getVoltage(int pin)

{
return (analogRead(pin) * 0.004882814);

}

Sketch uses 4632 bytes (14%) of program storage space. Maximum is 32256 bytes.
Global variables use 340 bytes (16%) of dynamic memory, leaving 1708 bytes for local 
variables. Maximum is 2048 bytes.

void setup()

{
Serial.begin(9600);
pinMode(LED_alarm, OUTPUT);  //initialize digital pin 13 

LED_alarm
as an output.
Serial.println(" Ms. Lilliona Benally, Navajo Preparatory School: ");

}

void loop()

{

int sensorval0 = analogRead(temperaturePin0);
int sensorval1 = analogRead(temperaturePin1);
int sensorval2 = analogRead(temperaturePin2);
int sensorval3 = analogRead(temperaturePin3);
int sensorval4 = analogRead(temperaturePin4);
int sensorval5 = analogRead(temperaturePin5);


