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Abstract

2019 Novel Coronavirus Disease (Covid-19) is the global pandemic that has become big
concern for many nations around the world. The Covid-19 common symptom is fever
which is able to be detected using infrared thermometer. This type of thermometer that
is widely used can be a high potential exposure to the virus since it was used within close
distance. Since the virus outbreak is happened in most of region in the world, a reliable
device is highly demanded to measure the Covid-19 infectee in the crowds who has fever.
Thermal imaging offers a great advantage of real time two-dimensional temperature
measurement. With modern technology, a single image may contain several temperature
points, recorded in a fraction of a second. Hence, this research proposes a low-cost
system to detect the Covid-19 symptom in the crowd rapidly since it covers wider area
based on loT technology. Furthermore, the proposed system is able to capture the
detected temperature using Thermal module and detect face using optical camera.

Keywords: Coronavirus, Thermal Imaging, Covid-19, Fever Measurement, Face Detection,

loT.

1. Introduction

Thermal imaging is the method of detecting
Long IR range of electromagnetic spectrum that is
invisible to the human eye by means of special and
sophisticated cameras called an Infrared Imagers
[1]. One of the technologies that are used in many
sectors to do the thermal screening on a wide
object such as environment was infrared
thermogram [2]. The infrared thermogram is an
image of temperature distribution of the target.
Although the second generation of infrared
detectors was in use for military applications in the
latter half of the 20th century, thermal imagers
used in medicine were almost exclusively scanning
detector units with one to ten elements. There is
interest in the use of thermal imaging for fever
screening. Following the SARS (severe acute
respiratory syndrome) outbreak in South East Asia,
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increasing use of thermal imaging had been made
to screen travelling passengers at the time of
pandemic fever [2]. The Covid-19 that has a same
common symptom as SARS [3]-[5] which make it
possible to use this technology in identifying people
who has fever or high body temperature. This
technology was developed later to improve its
usability by applyingitin to the drone, smart helmet
and smart glasses that have wide range of detection
since those devices can help the mobility of the
officer in detecting the suspected infectee in the
crowds rapidly [6]—[8]. Covid-19 virus outbreak has
been widely diffused to the most of regions in the
worlds. The total identified cases are over 30.6
million and 950 000 deaths as reported by WHO [9].
Preventing of transmission is important in order to
suppress the infectee [10], [11]. The isolation of the
patient to prevent the transmission can be done by
performing the fever detection to differentiate the
suspected infectee from the crowds. Covid-19
infectee has various symptoms and commonly with
fever, based on 55,924 laboratories confirmed
cases, typical signs and symptoms include: fever
(87.9%), dry cough (67.7%), fatigue (38.1%), sputum
production (33.4%), shortness of breath (18.6%),
sore throat (13.9%), headache (13.6%), myalgia or
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arthralgia (14.8%), chills (11.4%), nausea or
vomiting (5.0%), nasal congestion (4.8%), diarrhoea
(3.7%), and haemoptysis (0.9%), and conjunctival
congestion (0.8%) [12]. This symptom (fever) can be
detected using device such as infrared
thermometer or thermal imaging. The demand of
this device is increasing since it is widely used in
checking temperature of people. The previous
study that similarly developed a device to detect
thermal in electronic circuit, compared the price of
commercially thermal imaging device with the
prototype using thermal module found to be saved
much of the cost [13]. This motivate the proposed
prototype to use thermal camera module in
performing thermal screening in order to find
suspected infectee in the crowds. The face
detection is also applied in the process of the
temperature screening. This research aims to
develop a thermal imaging system for Covid-19
detection using lot technology for rapidly detection
of suspected infectee who has fever in the crowds.

2. Material and Configuration
The implementation of hardware parts aim to

obtain the data for Covid-19 detection from the
crowd area. This data includes thermal
measurement of environment where people
gather, image of the covered environment and the
point that inform the location of the device. The
hardware mainly used in the implementation is
AMG8833 thermal camera, OV7670 optical camera
and GPS Module that connected to the Arduino
Atmega as microcontroller to control the module to
capture the data for every 5 second. The
configuration of the microcontroller to obtain and
evaluating the captured data is coded in the
Arduino IDE. The code aims to get data of the
modules (optical camera, thermal camera and GPS
module) for every five second. This process also
includes the installation of the library needed for
every module. The library is used for
microcontroller on accessing the modules data and
control them to capture the data for certain length
of time. This data is managed by the Arduino board
and uploaded to the cloud using Wi-Fi module
(ESP8266). Figure 1 shows the assembly of the
mentioned module to the microcontroller and then
upload to the cloud by the Wi-Fi module.
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Figure 1. The configuration of hardware for thermal screening
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The thermal camera module uses AMG8833 as
the module to obtain the thermal data of the
captured environment inside the camera. This
module will be able to detect the temperature of
the environment and represent it in array. Since the
module has ability to capture the 8x8 array of the
environment temperature, the single image of the
captured environment will have resolution of 8x8
pixel. The OV7670 camera used as optical camera.
The camera has 640x480 of image resolution. The
purpose of using optical camera is for face
detection of suspected infectee in the captured
images. Since the thermal camera has low
resolution the face detection will not work on the
picture, so the optical camera is used to obtain the
clear face of people. The GPS module is used for
obtaining the location of the system. This module
will return the data of its location in latitude and
longitude. This point represents the location point
where this module exists. The gathered data from
modules (AMG8833, OV7670, and GPS Module) will
be uploaded by the Wi-Fi module (ESP8266) to
cloud storage. In this implementation, while
Firebase real time database will be used for store
the obtained data.

3. Result and Discussion
Every result of the modules was processed in
order to get the information temperature of every

people in the captured image. These processes
cover the face detection implementation and
thermal array matching to gain this information.
The captured image by OV7670 is in 640x480 pixel
which contains 307200 pixel that hold the colour
value. The machine learning algorithm that detect
people face will go through the image and return
the square polygon of the detected face. The
algorithm will return the centre point of the
detected face in x and y of the pixel image. In
addition, the detected faces will be matched to the
thermal data to obtain the temperature value of
that area. The point then will be matched to the
array to get the estimation temperature of that
pixel. The algorithm for face detection uses ML Kit,
the SDK that provide machine learning process for
mobile device. ML Kit is a mobile SDK that brings
Google's machine learning expertise to the Android
and i0S apps in a powerful which easy-to-use
package. The algorithm will return the detected
face area and the centre point of that area. The
result of the face detection process using firebase
ML Kit machine learning model is shown in the
Figure 2. The blue dot inside the coloured square is
the centre point of the detected face. The centre
point of the detected face will contain the pixel to
match it to the thermal array from thermal image.

Figure 2. The configuration of hardware for thermal screening
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The thermal image is stored in the form of array
with the temperature value of every pixel. Since the
image has 8x8 pixel resolution, the total data in the
array is 64 values. Each pixel in the thermal image
will represent the temperature of the set of pixels
in the optical image. Since the optical image has
640x480 pixel, the area covered by the thermal
image will be 480x480 to have the same scale
between those two images. The set up of both
cameras are needed to be done, so they capture the
same angle of image. Hence, the cropped image
with 480x480 pixel is performed in the centre of the
optical image. Figure 3 shows the covered optical
image which is only on 480x480 pixel size. This
means that one pixel of thermal image covered and
give estimation temperature of 60x60 pixel in the
optical image. The algorithm will match every
detected centre point of the face to the thermal
array that cover that face area using the following
equation. The equation will calculate the returned
centre point in x and y pixel location of the optical
image to be converted to the pixel in the thermal
image which contains the temperature for that
area.

480 pixel

CentrePoint (x,y) = (l%,g—o

In example (Figure 3), if the point is detected in
the 224 of x (column) and 92 y (row). The covered
area of the thermal array only on the 480x480 pixel
of the optical image, so the uncovered area by
thermal array is 80 of x in each of the left and right
side. Based on this, the centre point is tuned to the
new point (144, 92) by subtract 224 with 80 since
that the uncovered area. The new centre point then
proceeded by the equation 1. This following
equation will determine which thermal array that
represent the optical image temperature. The
result will return (2,1) means that the temperature
represent the image in the 2" row and 3™ column
since the matrix array index always start from zero.
The temperature value will be retrieved from that
index as the temperature that represent the point.
The Figure shows the temperature in the 2" row
and 3" is 38 Celsius, then it can be concluded that
the temperature in the detected face is 38.
Furthermore, this step is done to all the detected
face in the picture, where the detected face in the
uncovered area will not be considered.

(Equation 1)

|
| (224,92)

Figure 3. The configuration of hardware for thermal screening

Calibration of the hardware or module aims to
check if the parts that assembled in the
microcontroller is working correctly or not. The
calibrated modules are thermal camera, optical
camera and GPS module. The calibration process is
a way to check if the result matched the expected
one mentioned in the datasheet or the existed
device. The AMG8833 may detect human up to 7
meters based on the datasheet [14], it can measure
temperatures ranging from 0°C to 80°C (32°F to
176°F) with an accuracy of * 2.5°C (4.5°F).
Calibration process is performed by comparing the
actual temperature obtained by IR thermometer
with the obtained value of the array. The object
with certain temperature value is measured by IR

2020, Vol. XXIX, N°5, 234-239

gun at one point and that point also compared to
the array that cover the point to check the
temperature. The testing process is performed in
several situation. The thermal camera evaluates the
temperature of the object in several defined
distances at the same time with the IR gun that
measure the temperature as well. AMG8833 is able
to detect human up to 7 meters so the measured
distance start from 1 metre to 7 meters with
interval 1 metre for every tested situation. The
obtained result is compared to the temperature
that measured by IR thermometer. The expected
difference is within £ 2.5°C since it was the accuracy
defined by the thermal module. Table 1 shows the
testing of thermal camera module in several

REVISTA ARGENTINA
DE CLINICA PSICOLOGICA



Eddy Yusuf, Halim Syamsudin, M. N. Mohammed, S. Al-Zubaidi, Sairah A.K.

distances. The table incudes the temperature of the
object measured by thermal camera module
(AMG8833) and the IR thermometer. The
Differences of the measured temperature of both
devices is also presented. It is found that the largest
different or error is 2.3°C and the smallest
difference is 0.8°C. The measured temperature by
AMGB8833 is lower than the temperature that
measured by IR Thermometer. This difference is the
value that needs to be added to the AMG8833 in
order to satisfy the temperature measurement by
IR thermometer. In the program implementation,
the measured temperature by AMG8833 found to
be slightly smaller, so some value needs to be

added to the result to satisfy the actual
temperature. This measured temperature by the
AMG8833 can be slightly different from the IR
Thermometer, since AMG8833 have the accuracy of
* 2.5°C. This means that the error of the measured
temperature by AMG8833 can be lower or higher
by 2.5°C value compared to the actual temperature
of the object. The default resolution at which the
AMG8833 operates is 8x8 (64 pixels) for the image
obtained at this resolution when index finger is
placed in front of the sensor as shown in Figure 4.
The developed system is displaying the rounded
temperature and the decimal value can also be
displayed.

Figure 4. Thermal image of person is placed in front of the camera

Table 1. The Thermal Camera Result Testing

Distance (meter) AMGS8833 IR Thermometer Difference
1 37.5°C 38°C 0.8°C
2 36.5°C 37.8°C 1.3°C
3 36.5°C 37.4°C 0.9°C
4 35.8°C 36.8°C 1°C
5 35°C 36.5°C 1.5°C
6 35.1°C 36.2°C 1.1°C
7 34°C 36.3°C 2.3°C

A person who identified to have fever is
someone with body temperature above 38°C based
on the identification in patients of Covid-19 [15]
and SARS [16]. Since the accuracy of the thermal
module is + 2.5°C the data might not accurately
identified. The calibration process of the thermal
camera module found that the highest temperature
difference between AMG8833 and the IR
thermometer is 2.3°C. So, the setting of the system
in deciding whether someone has high body
temperature is defined as high temperature (38°C)
plus the deviation or the accuracy of the thermal
module in the calibration process which is 2.3°C.

2020, Vol. XXIX, N°5, 234-239

The temperature that decided a person to have a
fever is 40.3 °C using the screening device that
proposed. The capture image along with the
detected temperature of people is stored in the
firebase that can be accesses by other device such
as phone, tablet or computer for monitoring
purposes.

4. Conclusion

Covid-19 is the global pandemic that has
become big concern for many nations around the
world. Potential vaccines and certain particular
medicine treatments are still under investigation
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and now being subjected to comprehensive test by
leading medical research centres. However, to
press the impact of Covid-19 can be done by
preventing it to be spread wider. Currently, infrared
thermometers are being implemented everywhere
to check the body temperature in places with large
number of people. The thermometer gun that may
become the potential for accidental transmission in
the crowds of the queue and time consuming. The
proposed thermal imaging system for Covid-19
detection using lot technology is developed for
rapidly detection of suspected infectee who has
fever in the crowds. With help of the face detection,
the device can store the result of monitoring people
temperature. This device allows the mobility of the
person who do the screening so the process of
infectee detection can easily and rapidly done. In
the future work, the fever can be detected not only
from the high temperature detected, but other
signs like watery eyes due to the high temperature
of the body. This sign recommended to be studied
to increase the accuracy on detecting the suspected
infectee.

References

[1] S. Shaikh, N. Akhter, and R. Manza, “Current
trends in the application of thermal imaging in
medical condition analysis,” Int. J. Innov.
Technol. Explor. Eng., vol. 8, no. 8, pp. 2708—
2712, 2019.

[2] E. F. J. Ring and K. Ammer, “Infrared thermal
imaging in medicine,” Physiol. Meas., vol. 33,
no. 3, 2012, doi: 10.1088/0967-
3334/33/3/R33.

[3] T. P. Velavan and C. G. Meyer, “The COVID-19
epidemic,” Trop. Med. Int. Heal., vol. 25, no. 3,
pp. 278-280, 2020, doi: 10.1111/tmi.13383.

[4] C. Xie et al., “Comparison of different samples
for 2019 novel coronavirus detection by nucleic
acid amplification tests.,” Int. J. Infect. Dis.,
2020, doi: 10.1016/].ijid.2020.02.050.

[5] P. Zhang et al., “The novel coronavirus (COVID-
19) pneumonia with negative detection of viral
ribonucleic acid from nasopharyngeal swabs: a
case report,” BMC Infect. Dis., vol. 20, no. 1, p.
317, 2020, doi: 10.1186/s12879-020-05045-z.

[6] M. N. Mohammed, N. A. Hazairin, S. Al-Zubaid,
S. A.K, S. Mustapha, and E. Yusuf, “Toward A
Novel Design For Coronavirus Detection and
Diagnosis System Using lot Based Drone
Technology,” Int. J. Psychosoc. Rehabil., vol. 24,
no. 7, pp. 2287-2295, 2020, doi:
10.37200/1JPR/V2417/PR270220.

2020, Vol. XXIX, N°5, 234-239

[7] M. N. Mohammed, H. Syamsudin, S. Al-Zubaidi,
S. A.K, R. Ramli, and E. Yusuf, “Novel Covid-19
Detection And Diagnosis System Using lot
Based Smart Helmet,” Int. J. Psychosoc.
Rehabil., vol. 24, no. 7, pp. 2296-2303, 2020,
doi: 10.37200/1JPR/V2417/PR270221.

[8] M. N. Mohammed, N. A. Hazairin, H.
Syamsudin, S. Al-Zubaid, S. A.K, S. Mustapha,
and E. Yusuf, “2019 Novel Coronavirus Disease
(Covid-19): Detection And Diagnosis System
Using lot Based Samart Glasses,” Int. J. Adv. Sci.
Technol., Vol. 29, No. 7s, 954-960, 2020.

[9] WHO, “WHO Covid-19 Weekly Operational
Update,” 2020. [Online]. Available:
https://www.who.int/emergencies/diseases/n
ovel-coronavirus-2019/strategies-and-plans.

[10]Y. ). Kim et al., “Preparedness for COVID-19
infection prevention in Korea: Single-center
experience,” J. Hosp. Infect., 2020, doi:
10.1016/j.jhin.2020.04.018.

[11] L. Dietz, P. F. Horve, D. A. Coil, M. Fretz, J. A.
Eisen, and K. Van Den Wymelenberga, “2019
Novel Coronavirus (COVID-19) Pandemic: Built
Environment Considerations To Reduce
Transmission,” Msysytem, vol. 5, no. 2, pp. 1-
13, 2020.

[12] WHO, “Report of the WHO-China Joint Mission
on Coronavirus Disease 2019 (COVID-19),”
2020. [Online]. Available:
https://www.who.int/docs/default-
source/coronaviruse/who-china-joint-mission-
on-covid-19-final-report.pdf.

[13] M. Milic and M. Ljubenovic, “Arduino-Based
Non-Contact System for Thermal-Imaging of
Electronic Circuits,” 2018 Zooming Innov.
Consum. Technol. Conf. ZINC 2018, pp. 62—67,
2018, doi: 10.1109/ZINC.2018.8448944.

[14] V. Manuel lonescu and F. Magda Enescu, "Low
cost thermal sensor array for wide area
monitoring," 2020 12th International
Conference on Electronics, Computers and
Artificial  Intelligence  (ECAI), Bucharest,
Romania, 2020, pp. 1-4, doi:
10.1109/ECAI50035.2020.9223193.

[15]S. F. Zhuang et al., “Low-grade fever during
COVID-19 convalescence: A report of 3 cases,”
World J. Clin. Cases, vol. 8, no. 12, pp. 2655—
2661, 2020, doi: 10.12998/wjcc.v8.i12.2655.

[16] W. T. Chiu et al., “Infrared thermography to
mass-screen suspected sars patients with
fever,” Asia-Pacific J. Public Heal., vol. 17, no. 1,
pp. 26-28, 2005, doi:
10.1177/101053950501700107.

REVISTA ARGENTINA
DE CLINICAPSICOLOGICA



