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Abstract—Recent developments in microbolometer array tech-
nology have favored the spread of low-cost infrared cameras
and their dissemination in different application domains, in
particular, regarding medical applications. According to the
World Health Organization, elevated body temperature is one of
the most common indicators of an abnormal medical condition.
Indeed, body temperature monitoring is paramount, particularly
in pandemic scenarios like the world is living in since late 2019.
In this context, we aim to develop a body temperature screening
system using a low-cost infrared thermography system designed
to be used in nursing homes. Towards our goal, this work
presents the assessment procedure and the results obtained when
comparing the performance of two low-cost infrared cameras
with a more expensive flagship device.

Index Terms—Infrared Thermography, Low-Cost Infrared
Cameras, Nursing Homes

I. INTRODUCTION

Thermography has experienced notable advances in the
last decades. Such developments, in particular the use of
microelectromechanical technologies for manufacturing larger
2D microbolometers arrays, have contributed to increasing
the sensor’s sensitivity allowing to obtain better images at
a lower price. Such advances have allowed the massification
of thermography across different application fields, being the
thermal medical imaging one of the most relevant [1], [2].

Due to its non-invasive nature, thermal imaging has raised
notoriety in the medical community. It has been used in the
assessment of several diseases such as diabetic neuropathy [3],
rheumatoid arthritis [4], orthopedic surgery [5] and also in
animal disease detection [6]. In this work, we are interested
to detect abnormal body temperature that can be associated
with several medical conditions, e.g., infection, inflammation,
or ischemia. Additionally, due to the pandemic scenario, we
are living in since late 2019, body temperature monitoring
has become extremely important to identify possible infections

by the SARS-CoV-2 virus, especially regarding the groups at
risk, such as the elderly. Moreover, using thermography allows
screening people for possible SARS-CoV-2 infections without
contact and at a safe distance. In this context, we intend to
develop a body temperature screening system using low-cost
thermographic technology, designed taking into account the
specific requirements of nursing homes. Towards our goal,
this work presents the assessment procedure and the results
obtained when comparing the performance of two low-cost
infrared cameras (i.e., the Melexis MLX90640 and the Lepton
2.5) with a more expensive flagship device (i.e., the FLIR
E54).

The remainder of this paper is organized as follows, Section
II surveys some relevant works, focusing on those using low-
cost thermographic technology for body temperature monitor-
ing. Section III provides detailed information about the proce-
dure used to assess the low-cost infrared cameras. Section IV
presents the results obtained. Finally, Section V presents the
conclusions and the future work.

II. RELATED WORK

The spread of pathogenic microorganisms such as bacteria,
parasites, fungi, or viruses is the cause of several infectious
diseases among people. Indeed, viruses and bacteria are asso-
ciated with the most relevant pandemics throughout the last
centuries. Currently, the worldwide outbreak of COVID-19,
caused by the fast spread of the SARS-CoV-2 virus, repre-
sents a significant threat to world health. Aiming to contain
the spread of COVID-19 several strategies have been pro-
posed, including the use of infrared thermography to early
fever screening. Although fever is not the only symptom of
COVID-191, 88% of people who had a positive diagnosis

1N.B., to have a positive COVID-19 diagnosis it’s necessary to perform a
laboratory analysis, usually a PCR test.



for COVID-19 reported to had a fever. For this reason, fever
screening is widely used in public environments as a measure
to mitigate the spread of this disease [7].

During the H1N1 influenza pandemic in 2009, Hewlett
et al. [8] evaluate an infrared thermal detection system for
fever screening in a clinical setting. They reported that the
technology was able to screen out individuals without fever
and have a high positive likelihood ratio, indicating that
those screened out with fever are highly expected to have an
abnormal body temperature.

In its turn, Bardou et al. [9] announced the inclusion of
mass screening for fever detection using a thermal camera
in a university hospital in Southern France. They argue that
infrared thermal cameras are a reliable and fast way to detect
fever in clinical environments. However, such equipment must
be calibrated to adjust its thermal sensitivity to the on-site
room temperature to achieve greater accuracy.

Recently, McConeghy et al. [10] performed two retrospec-
tive cohort studies to determine the best temperature threshold
for fever detection in veterans living in nursing homes. They
found that a temperature threshold of 37.2ºC has better sen-
sitivity for predicting positive COVID-19 patients when com-
pared with the pré-established limit of 38ºC. Moreover, they
also conclude that temperature screening alone is insufficient
to predict positive testing for COVID-19 among residents.

In the same line of argument, a recent clinical evidence
assessment [11] concluded that there was insufficient evidence
to suggest that contact-less infrared temperature screening is
effective for detecting people having COVID-19. Moreover,
this review of the evidence points out several factors affecting
the performance of such devices, namely, the environmental
temperature and the need for calibration, the operating distance
from individuals being tested, the use of medications to
suppress abnormal body temperature, the physical activity, and
the sensitivity of the infrared sensor.

The lessons learned from the previous discussion help
us with the design of our study. Therefore, in our work,
we are interested in assessing the performance of low-cost
infrared thermography systems to detect elevated body tem-
perature instead of identifying individuals testing positive for
COVID-19. Moreover, we found that infrared devices must
be calibrated for each environment, the temperature threshold
for fever should be adjusted according to the population and
environment characteristics, and the distance from the sensor
must be well established. Finally, medication to suppress fever
and people’s physical activity must be taken into account.

III. ADOPTED METHODOLOGY

This section will describe the methodology that was defined
and implemented for the evaluation of the sensors, as well as a
description of the sensors themselves and their characteristics.

A. Region-of-Interest Definition

As the sensor’s Field of View (FoV) covers an area much
larger than the body of the subject to be screened, there was
a need for defining shorter areas that limit the number of
background pixels — selected after the detection of the highest
temperature pixel — from now on defined as Region of Interest
(RoI). Thus, the RoI has been defined using a square shape
of approximately the size of the head of a person, considering
the FoV of the camera when the subject was at a distance of
1 m. This way, the RoI temperature can be computed using
distinct weights for the RoI pixels, c.f. Fig. 1.

Fig. 1. Defining the Region of Interest (RoI). Image captured with a FLIR
Lepton 2.5 [12]. Temperature scale is in degrees Celcius (ºC).

B. Computing RoI temperature

Four methods have been tested to compute the temperature
inside the RoI, and have been compared with the reference
camera (FLIR E54 [13]). The aim was to evaluate accuracy
in the detection of elevated body temperature events, and not
to replace traditional temperature screening methods typically
used to measure absolute temperatures. The evaluated methods
rely on data aggregation within the RoI, which also helps to
reduce the impact of artifacts and noise during screening. The
four evaluated methods for computing the RoI temperature
were the following:

• Method A: arithmetic average considering all the pixels
inside the RoI;

• Method B: weighted average consisting of the central
pixel in the RoI weighted with 50%, and the remaining
pixels equally weighted with the remaining 50%.



• Method C: arithmetic average among half of the pixels
of the RoI with higher temperatures;

• Method D: arithmetic average among all the pixels with a
deviation no higher than 2ºC from the highest temperature
pixel.

C. Evaluation Procedure

After defining the RoI and the methods evaluated for
computing the RoI temperature, an evaluation procedure —
as can be observed in the experimental apparatus depicted in
Fig. 2 — based on the recommendations of FDA [14] has been
put forward:

1) The thermal sensors were set up and the reference
camera (FLIR E54) was configured to operate in the
screening mode (Emissivity set to 0.98). Then, the
camera was left active for at least 15 minutes;

2) The subject was placed at 1 meter from the thermal
sensors;

3) The ambient temperature and humidity have been regis-
tered with a hygrometer;

4) The temperature has been computed based on the RoI
data using the methods previously defined;

5) The experiment was repeated multiple times.
6) The results have been evaluated from the multiple

experiments based on statistics (average and standard
deviation) and its evolution in time;

Fig. 2. Experimental setup, where the subject and the thermal camera have
been placed at a distance of 1 m.

D. Characteristics of the evaluated IR sensors

Table I depicts the main characteristics of the reference
camera (FLIR E54) used in the evaluation process and both IR
sensors evaluated in this work. The MLX90640 sensor has a
resolution of 32×24 pixels, resulting in a pixelated image and
forcing larger areas over each pixel. The MLX90640 was con-
nected to a Raspberry Pi using the I2C standard. The Lepton
2.5 sensor has a resolution of 80×60 pixels, so the resulting
image has a resolution more than two times higher which
results in a more visually perceptible image when compared

with the MLX90640. The Lepton 2.5 was connected to the
Raspberry Pi using the USB protocol. During the experiments,
the FLIR E54 thermal camera was used as reference equipment
due to its high accuracy of ±0.3ºC [13]. The FLIR E54 was
connected to a personal computer using proprietary software,
and all the processing has been performed using the Python
programming language.

TABLE I
REFERENCE CAMERA AND EVALUATED SENSORS CHARACTERISTICS.

Sensor Resolution FOV Range(°C) Price

FLIR E54 [13] 320 × 240 24º -20ºC to 650ºC 4999C
MLX90640 [15] 32 × 24 55º -40ºC to 300ºC 45C
Lepton 2.5 [12] 80 × 60 50º -10ºC to 140ºC 130C

IV. RESULTS

A. IR Sensors Evaluation

The evaluation of both sensors has been performed during
the same experiment through a Python script. The data has
been collected as a thermal array from each sensor, and
then transformed into a thermal matrix, before applying a
specific RoI temperature computation method. Then a payload
is created, which consists of a timestamp and the specific RoI
temperature.

The different resolutions of the sensors under evaluation re-
sulted in distinct RoI sizes. For the same FoV, the MLX90640
sensor RoI was set to an area of 7×7 pixels, resulting in a
total of 49 pixels. For the Lepton 2.5 sensor, the RoI was set
to 15×15, resulting in a total of 225 pixels. Figure 4 depicts
the Method C visual aid used for computing the temperature
within the RoI.

Fig. 4. Method C visual aid. Image captured with the FLIR Lepton 2.5 [12].
Temperature scale in degrees Celcius (ºC).
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Temperature measurement @ 1,5 m

3) METHOD C

Fig. 19. Method C visual aid

This method consists of calculating the median
of half of the pixels of the ROI which have the
highest value, i.e if the ROI is defined by a 7*7
pixel area which means 49 pixels, the 25 highest
valued pixels are picked and their median is
calculated(in green in the figure above).

4) METHOD D

Fig. 20. Method D visual aid

This method consists of calculating the median of
all pixels in which the deviation from the highest
pixel is no more than 2ºC. The students have tried
to increase and decrease the value of the threshold,
with the result being the lowest deviation coming
from using 2ºC as the difference.

VI. RESULTS

In this section the students will evaluate the methods
defined in section V-G-2 of this document, as well as the
sensors against each other in a graph, stating the benefits
of using one over the other, as well as evaluating the
possibilities of each sensor according to its deviation to
the values of the reference camera.

A. Method evaluation

For the evaluated of the methods the students have
setup the apparatus as stated in the sections before, and
the subject was located and prepared as is defined in
the Experimental Setup section of this document. For
the experimentation to deliver similar results, all of the
infrared sensors and camera were used at the same
time, enabling the students to correlate thermal frames
acquired at the same time and in the same conditions. In
the situation depicted by the graphs below, the ambient
temperature of the room was of 21ºC and the recorded
relative humidity was of 55%. The following graphs
showcase the temperatures gathered over time, after
applying the temperature calculation methods defined in
section V-G of this document.

Fig. 21. Method A correlation

Fig. 22. Method A Standard Deviation

With method A it can be seen that none of the
the graphs follow the tendency of the reference and
instead show multiple deviations from it, in some cases
even going against the increase and decrease of the
temperatures. Looking at the values from figure 22, the
standard deviation values are high when compared to the
other methods.

MLX90640
std =   3,94ºC 
avg = 35,67ºC 

avg = 37,48ºC 

V. IR-IMAGING SENSORS EVALUATION

METHODOLOGY

In this section, the experimental setup and procedure
will be explained, defining the correct way to position the
hardware and the person in relation to each other with
the objective of gathering the data that is most accurate.

A. Hardware Setup

The hardware of the project consists of a Raspberry
Pi 4 Model B 8GB which was setup according to the
tutorial present on the Raspberry’s developer website at
https://www.raspberrypi.org/software/

Fig. 10. Raspberry PI 4 Model B

The operative system chosen was the Raspberry Pi OS
Lite which is lighter in size and resource usage due to
the lack of a graphical user interface, which was not
needed for the project. The image was compiled to a
16GB micro SD card using the software available in
the URL provided above. After the operative system
was compiled, the Raspberry Pi was started in headless
mode, and SSH was enabled through the creation of a
file named SSH without content in the boot folder of
the card. A file named ”wpa supplicant.conf” was also
created in the same directory as to configure the wireless
network access of the system, so it would be accessible
on the network through SSH connection. The system
connected to the wireless network as configured and as
the chosen connection method of the cameras was I2C,
it was enabled through the raspi-config tool.

B. Experimental Setup

As defined by the FDA [4], the telethermography
sensor should be maintained in a stationary position
with relation to the target of the measurement, and the
sensor needs to be previously calibrated along with a

reference element, prior to setting up the measurement
area and define the most suitable distance to achieve
higher accuracy. To accomplish this, the camera has
been fixed on a tripod with multiple degrees of freedom,
that can be easily reclined and tilted to adapt to several
measurement scenarios that include a person lying in a
nursing home bed. For the reference element a FLIR
E-54 Thermal Camera has been used due to the highly
accurate sensor, with an error close to the 0.3 to 0.5ºC
at 1.5 meter range compared to a medical temperature
probe.

We have defined that the distance most adequate
for screening should be between 0.2 and 1.5 meters,
in line of sight, between the IR-image sensor and the
head of the patient, which is in agreement with the
setup defined for the CoViS project, i.e. a nursing
home in which the apparatus will most probably be
suspended above a person laid in a bed. Although the
camera is accurate at those ranges, the screenings are
going to be made in the 0.8 meter distance, as the other
sensors of the CoViS project have forced that limitation.

Fig. 11. Experimental setup diagram

The area to be screened should be in line of sight, so
the camera has been angled to face the person at the best
possible angle, covering the whole upper body. In the
application case under study, the person to be screened
will be laying in a bed with its head slightly elevated
by means of a pillow, or using a reclining bed, which
is the most probable position of an elderly individual
with reduced mobility, in a nursing home. However, the
screening will be performed in various scenarios, such as
sleeping — probably laid flat with the upper torso and
head elevated by a pillow — thus making a tripod support
a benefit over a permanent camera location. The picture

Lepton 2.5
std =   1,06ºC 
avg = 37,43ºC 

Reference 
Camera

std =   0,68ºC 

Fig. 3. Comparison of the IR sensors evaluated using the Method C under controlled conditions. Temperature scale in degrees Celcius (ºC).

The experiment was performed during 5 minutes and both
evaluated sensors and the reference camera (FLIR E54) have
been configured to capture data in sync, cf. the experimental
apparatus presented in Fig. 2. Table II compiles the results
obtained with the four methods evaluated to compute the RoI
temperature. Method C was the one that presented the lower
standard deviation throughout the experiment, and as such,
was the one chosen to be used for detecting elevated body
temperature events. During the experiments, the room tem-
perature and humidity were registered with 21.6ºC and 55%,
respectively. During the experiment, the average temperature,
and the standard deviation, obtained with and reference camera
(FLIR E54) were 37.48ºC and 0.68ºC, respectively.

TABLE II
WEIGHTED ROI TEMPERATURE USING THE FOUR METHODS.

Method
Sensor A B C D

MLX90640
Mean 34.26ºC 35.31ºC 35.67ºC 35.73ºC
Std 3.94ºC 2.75ºC 2.41ºC 3.68ºC

Lepton 2.5
Mean 36.60ºC 37.31ºC 37.43ºC 36.03ºC
Std 1.06ºC 0.98ºC 0.8ºC 1.68ºC

Figure 3 depicts the results obtained when using Method C
for RoI temperature measurement with the reference camera

(black line) and with both IR sensors under evaluation (red
line — MLX90640; blue line — Lepton 2.5). The experiment
was performed for 5 minutes upon controlled conditions. The
distance from the sensors to the forehead of the subject was
1 meter, the recorded ambient temperature was 21.6ºC and
relative humidity was 55%.

From the results observed in Figure 3, one can conclude
that the Lepton 2.5 sensor can, not only detect temperature
variations with relative correctness but also may be used to
detect temperature when the need for the accuracy is not below
±1ºC error.

Moreover, the Python script can detect if the hardware
is faulty or not present, raise exceptions to help with trou-
bleshooting of the hardware, and also validates the format of
the data coming from the sensors.

B. Detecting Elevated Body Temperature Events

Elevated body temperature events were defined for raising
alerts to the caretakers, these consist of detecting continuous
temperature increase over time or the detection of high tem-
peratures in subjects which are triggered when the temperature
goes over a preset threshold. The setup and procedure for
testing these alerts consisted in using the same setup and
methodology as before but forcing a raise of the subject’s
temperature using a towel dampened with water at 42ºC. The
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Fig. 29. Elevated temperature events

From this graph one can understand that when the
temperature goes over the defined threshold an alert
can be sent to the medical staff signaling that there
were anomalous events occurring with the patients
temperature.

C. Sensor Evaluation

After the evaluation of the graphs above, the students
have come to the conclusion that the LEPTON 2.5 sensor
is able to not only detect temperature variations with
relative correctness, but also may be used to detect tem-
perature when the need for the accuracy is not below +-
1ºC error. The MLX90640 sensor is capable of detecting
thermal variations over time, though in the situation that
this setup is to be implemented, the students do not
recognize the reliability and correctness needed of the
data that this sensor shows in the testing it went through.

D. Failure to use TensorFlow lite

After trying to implement TensorFlow in this imple-
mentation, we have come to the conclusion, with the
accordance of the project coordinator Professor Sérgio
Lopes, that the resolution of the sensors does not give
enough data for the students to make a data set which
can be used accurately in the scope of the project.
The students thought of using interpolation as a way
of creating new sets of images which contain more
information through the increase of resolution, but the
errors and deviations that would be introduced in those

data sets would cause error in the readings, which would
lead to erroneous data being accepted and providing false
reports. As such, the students will in future work develop
the device driver for the LEPTON 2.5 which enables
the capture of thermal frames with higher resolutions,
which may enable the creation of working data sets, and
subsequently the implementation of artificial intelligence
in the edge device.

VII. CONCLUSIONS AND FUTURE WORK

In this paper we present the architecture and speci-
fication of a low-cost real-time contactless temperature
monitoring system for nursing homes and subsequent
evaluation of thermal sensors that can be implemented
in the system. The system has been designed to be used
as an ajduntive diagnostic screening tool for caregivers
and health professionals and does not intend to replace
conventional diagnostic methods. The use of contactless
temperature measuring can be of great value for health
screening as an ajduntive screening tool in early detection
of COVID-19 and other diseases in the elderly popu-
lation, in the specific context of nursing houses. The
proposed prototype includes the specification of an IoT
Edge device that can be placed in nursing homes, above
the beds where patients rest, allowing the continuous
acquisition of temperature data and its processing to ob-
tain information, defining flags and thresholds that when
triggered may inform specialized personnel of anomalous
events like high temperature as can be stated in figure 29.
We have developed the prototype with all the knowledge
gathered from the previous research and evaluated the
sensors regarding the elements of reference. As a result
of that evaluation the sensor we think that is the best
suited to be implemented in the prototype is the LEPTON
2.5 as we have stated in the section ”Sensor Evaluation”.
In the future we will develop the device driver to the
LEPTON 2.5 and try to implement TensorFlow lite
as was defined in the first presentation done over this
project, as well as keep developing the prototypes we
currently have and develop with the equipments we will
receive in the future.

Elevated  Body Temperature Event @ 1,5 m

Begin

Elevated  Body  
Temperature Event End

Fig. 5. Induced elevated body temperature event.

measurements were taken as before but the towel was put on
the subject’s forehead at the 65th second and taken out at the
175th.

Figure 5 depicts the results obtained after physically sim-
ulating an elevated temperature event. In this case, it can be
seen that all the sensors managed to detect the elevation of
the subjects’ temperature.

The MLX90640 sensor is capable of detecting thermal
variations over time, though in the situation that this setup
is to be implemented, however, the reliability and accuracy of
this sensor are not appropriate for the use case under study.

On the other hand, when using the Lepton 2.5 sensor we can
follow the increases and decreases screened with the reference
camera. It also presents values much closer to the reference
ones allowing the sensor to be much more accurate and viable
in the context of this project.

V. CONCLUSIONS AND FUTURE WORK

In this work, we present the methodology adopted for
the assessment of low-cost infrared thermography systems
for medical screening in nursing homes, where these sensors
can play a crucial role as an adjunctive diagnostic screening
tool for caregivers and health professionals, allowing the
continuous acquisition of temperature and therefore contribute
to the early detection of elevated body temperature events,

without aiming to replace conventional diagnostic methods.
Two low-cost sensors have been evaluated, the MLX90640
and the FLIR Lepton 2.5, and as a result, we observed that
the latter can fit the application under study, which aims to
detect elevated body temperature events.

As future work, we will focus on the automatic detection
of body parts, to automatically identify the subject’s body in
various RoI, i.e., head, torso, and arms. Moreover, in the case
that the sensor FoV covers the whole bedside, we aim to
implement a set of alerts that can anticipate possible falls,
that may occur when the person is moving towards the bed’s
edge.
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