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ABSTRACT

In this study we aim to monitor and analyze body temperature without using a camera, unlike
existing products, using thermal, distance, humidity, and temperature sensors. With the devel-
oped prototype and mobile application, the system provides emergency response by warning
emergency response teams or family members who do not need to be in the same environ-
ment as the patient in a dangerous body temperature. The system consists of two main parts.
One of them is the cloud server layer, which includes the API layer developed with the mi-
croservice architecture for database and data transport. The other is the internet layer, where
components such as devices, mobile applications, and IoT Platforms are open to the internet.
The prototype produced has practical use for individual use, for body temperature control in
health institutions such as hospitals and public areas during epidemic processes.

Cite this article as: Aydin Akgiin F, Soytiirk G, Dede M. A new IoT system for non-contact

body temperature sensing and warning. Sigma ] Eng Nat Sci 2023;41(5):892—899.

INTRODUCTION

Emergency intervention in high or low body tempera-
ture values prevents the patient from experiencing tem-
porary or permanent health problems. Internet of Things
(IoT) provides solutions such as providing instant alerts,
eliminating possible damages caused by negligence, pro-
viding early diagnosis and emergency response, increasing
the comfort of both patients and emergency responders,
especially in the healthcare sector, for better care, improved
treatment outcomes and lower cost for patients and better
processes for healthcare providers [1-7].

According to the Turkish Statistical Institute, 42% of
the patients (especially 0-6 years old) have a high fever
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during the illness. The failure to control high fever can lead
to dangerous consequences such as meningitis, paralysis,
and etc... [8-9]. Today, the most common devices used to
monitor changes in body temperature are Digital and Non-
Digital Thermometers. However, for accuracy, the patient
must remain in a certain position while using these devices.
Also, measurement should be done manually by a compan-
ion or healthcare provider for regular monitoring of body
temperature. Therefore, these thermometers cannot either
meet the needs or protect the sensitivity depending on
the situation. On the other hand, in common usage areas,
body temperature is measured individually by a person, or
thermal cameras make measurements. These applications
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increase workload and time loss or cost. The aims of this

study are

o To develop a prototype that provides non-contact detec-
tion, alert of body temperatures, and the following fea-
tures that are not available in existing devices

o To determine the body temperature without contact and
keeping the patient in a specific position, thus increas-
ing the comfort of the patient,

o To minimize the risks arising in cases of negligence and
overlook, with automatic and regular controls,

o To provide instant warnings and chance of emergency
intervention in case of anomaly,

o To eliminate the responder’s obligation to be in the
same environment with bthe patient, which increases
the responder’s comfort,

o To reduce the risk of contagion in the case of infectious
disease and epidemic,

« To control the body temperature of more people with
less healthcare personnal.

As a result of this work, we produced a prototype that
satisfies all these solutions. The prototype will bring an
innovative approach to body temperature measurement
technology in the health sector.

The study, divided into five sections, consists of the
following scheme; first we introduce IoT systems™ advan-
tages and their uses in the literatiire, then we mention the
studies close to our work on measuring body temperature
using the IoT system and explain our research’s differences
and prominent aspects. Next, we describe the system’s hard-
ware and software design and the methods applied in detail.
We reveal our results comparatively. Finally, we give the
conclusions.

Related Works

There are some studies in the literature that focus on
determining body temperature using IoT technology.
Among these studies [10-12] are the closest works to our
research. Yildizyan, Hu, Squires, and Gorsich [10] invented
the non-contact medical thermometer with an infrared
sensor that performs temperature calculations based on IR
radiation from the target, the thermometer’s distance from
the target, and predetermined compensation information.
Krauter [11] invented the infrared thermometer. A large
number of miniature IR sensors placed in a sensor array are
directed to a target area, providing a thermal image of the
target region of the array. Stivoric et al. [12] invented the
non-invasive temperature monitoring device. The instru-
ment is mounted on the user’s skin for accurate tempera-
ture measurement.

Our study has differences and prominent features from
other studies. First, in the developed prototype, a thermal
camera is not used, which is essential for protecting per-
sonal data and reducing costs. Moreover, the device doesn’t
focus on the highest values on the face as in other studies. It
focuses on all parts of the body that expands the scope and
possibilities of data collection.

It eliminates the need to monitor body temperatures
from a screen regularly so that users can receive notifica-
tions whenever and wherever they want over the internet
connection. While existing studies use a reference table or
a mathematical function with pre- 84 determined coeftfi-
cients, an algorithm using trained test data in this study.

A learning system has been designed for data correc-
tion, allowing the project to improve itself continuously. It
extracts more pure and usable data from the temperature
observed by a person. For example, when the patient takes
a hot drink or approaches a cooler to the patient, the high-
est temperature scale of other studies is affected. It causes
erroneous measurements, but this study eliminates errors
regarding these possibilities.

The produced prototype can be used both for individ-
ual use and at checkpoints at the entrances of public areas
such as hospitals, quarantine areas, shopping malls during
epidemics where body temperature monitoring is essential,
such as COVID-19 and cholera. In our workable prototype,
we used simple hardware and the software accordingly.
However, it can become a more effective product with more
advanced hardware and supporting software during mass
production.

METODOLOGY

System Hardware Design

System hardware (as shown in Figure 1) consists of
three main parts; single-board PC, multiple sensors, and
server. The single-board PC has various sensors on it. The
Single board computer is composed of;

Raspberry Pi 3 Model B with Wi-Fi compatibility,

Python interpreter with Wi-Fi module to run the data
transfer script and perform an HTTP request,

The Linux-based operating system,

1 GB RAM, 1.2 GHz processor to run the operating sys-
tem and the software that developed GPIO pins and 12C
connections to connect the sensors for data collection.

To obtain the correct body temperature, we collect the
parameters that affect body temperature from thermal,
ultrasonic, distance, temperature, and humidity sensors. In
this study, we are using the Panasonic AMG8833 thermal
sensor [13]. It stores the temperature data as inputs to an
8x8 matrix. The temperature data defined by the 64 inputs
varies according to the distance between the sensor and the
object.

The Raspberry Pi communicates with the pins on the
device using the 12C communication protocol. It looks at
the surface at an angle of 60 ° vertically and horizontally. As
the distance between the sensor and the surface increases,
the temperature data corresponds to a larger surface. It is
crucial to measure the distance between the device and the
patient with high accuracy for accurate results. The system
processes the temperature data obtained from the ther-
mal sensor according to the distance. We used an HCSR04
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Figure 1. Hardware design of the system.

ultrasonic distance sensor [14] and accepted the maximum
distance as 400 cm during the prototyping phase.To correct
the thermal sensor data, we use the humidity and tempera-
ture sensor DHT11, considering that the patient’s environ-
ment may affect the temperature value.

All these data obtained from the sensors are sent directly
to the server with a unique key produced for the Raspberry
Pi device. The server provides the storage and instant pre-
sentation of temperature and other data obtained from the

sensors and acts as a data transmitter between the single
card PC and the mobile application. Open source database
MYSQL(community edition) is located on the server, and
data is processed, hosted, and operated here.

On the other hand, we developed a mobile application
to display the detected body temperatures and to warn the
users against dangerous body temperature values. Figure
2 shows the relationship between the components of the
designed system.

DEVICE AND SENSORS

10T CLOUD

WIFI

USER INTERFACE

MR P RN

Figure 2. Component relation diagram of designed IoT.
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System Software Design

The system software consists of three main parts; data-
base structure, mobile application, and machine learn-
ing algorithms. Figure 3 shows these relations, which are
detailed below.

i) Sensor Calibration Using Machine Learning

As we mentioned above, we obtain data with multiple
sensors at different distances. We compared, regulated, and
processed the actual temperature of the object and the tem-
peratures we received due to the values detected by the sen-
sors at various distances. In the trials made,

We observed that the thermal sensor gives better results
when it is closer to the patient’s body. We calibrated the
temperature value that we got from different distances by
taking all parameters into account.

Then, we made predictions based on previous data by
the trained algorithm. A three-layer and backpropagation
neural network algorithm was designed and used to cali-
brate sensor values and minimize the output of the error
function while training feed-forward neural networks.
(Figure 4).

The first layer is the input layer, where the required fea-
tures for the algorithm like Distance, Room temperature,
Humidity, Body temperature are specified. The second
layer is the hidden layer formed dynamically according to
various parameters. The hidden layer consists of five neu-
rons because the input layer has four inputs. The number of
neurons and layers in this layer can vary according to need.
We used the forward feeding sigmoid activation function
and the derivative sigmoid function for the reverse feed.

Web Service

’ B

Figure 3. Relations of System Software.
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Database

- H_H\\\ Data Insert

Data Update
B
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— —

Calibration Script

Hidden Layer (g) Output Layer

Figure 4. Three layer Neural Network.
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The third layer is the output layer that has only one out-
put, the estimated body temperature. The algorithm starts
with a random value. Then, calculates the next neuron value
with the weight values found in the interlayer paths. Finally,
it obtains a value in the output layer by going towards the
input layer to reduce the error rate according to the deter-
mined method. When iterations get an error rate below a
specific error rate, the algorithm is completed.

The thermal sensor determines the body temperature
with 64 temperature values in matrix form. These values
are minimum 35 °C and maximum 40 °C. Within these 64
values, we eliminate the values below the minimum value
and above the maximum value. When we detect + 5 °C
data from room temperature, we will assume that an object
detected an abnormal temperature.

Temperature abnormality occurs in two cases; First,
detecting an abnormally low body temperature, leading to
hypothermia. The second is detecting an unusually high
body temperature that can lead to consequences such as
meningitis. The system constantly monitors the change in
body temperature to analyze these issues. An abnormal situ-
ation is detected when the body temperature changes more
than the threshold values of the specified time intervals.

The algorithm is developed with the Python program-
ming language and runs on the server. In the prototype
stage, we used web services that provide communication
with both the device and the client application on the server
written in Java programming language.

ii) Database Structure

The database’s primary focus is to store the values that
we receive from the sensors and calibrate them by the script
running on the server. Multiple tables store some helpful

LOGIN SCREEN

REGISTRATION SCREEN

HOME PAGE SCREEN LIVE SCREEN

Figure 5. User Interface Screens.

DEVICE MATCHING SCREEN

information about the system and mobile application in
this database. These tables are detailed below.

Sensor Values Table: This table includes the sensors’
values via the device that hosts and controls both sensors
with a script. We transfer the received values to the database
running on the server.

Calibration Table: This table includes calibrated values
obtained by the calibration script. The calibration script
runs in the sensor value table and calibrates the values
ac- 193 cording to the training data set. User Information
Table: This table includes user information.

Device Information Table: This table includes the device
information.

Paired Device Information Table: This table includes
the relationship information between the User Information
Table and the Device Information Table. One user can pair
with many devices as well, as one device can pair with many
users. There are more than one relationship between the
User Information Table and the Device Information Table.

Notification Table: This table includes the notification
information.

iii) Mobile Application

The developed mobile application allows users to report
measured and stored body temperatures to those concerned
and send notifications in case of emergency. It is also pos-
sible to access previous messages, hourly, daily, and weekly
averages of patients. The application allows refreshing the
data screen with the latest data in the database with a but-
ton. After the update process finish, new data displays, and
the users are taken the messages “VALUES UPDATED?”

On the backhand, when we push the button, the mobile
application sends an HTTP request to the webserver on
Raspberry Pi, which is running on the same network by
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Wi- Fi. The web server transmits the request, and the web
service decodes the request parameter and the request from

data to the JSON type by doing the necessary key-value
mappings. The JSON type data obtained is located on the

the mobile device.

This stand-up function executes the underlying query
to the server’s database and continuously stores and edits
the new data. This arrangement is converting incoming

Apache Tomcat web server’s required port running on the
server machine. This broadcast is directed to the mobile
device requesting from the mobile device to the mobile
application to display the most up-to-date data available in
the data- base.

The mobile application has been developed for devices
with the Android operating system and has user interface
screens as Registration, Login, Device Pairing, Device List,
Home, Live, and Notification screens (Figure 5).

RESULTS AND DISCUSSIONS

A sample data set was formed by measuring a selected
group of people at various room temperatures and in dif-
ferent places. During our measurements, temperatures
between 0 °C and 50 °C and humidity between 20% and
80% are acceptable. While 21% of 229 the measured tem-
peratures were above 40 °C, 11.4% were determined as 34
°C and below.

Figure 6. Prototype.

Table 1. Image of a part of the collected data table

Sensor- Body- Measured-  Test_Table- Sensor_Observed Distance Room Humidity
Record_I[ Temperatur  Value Record_i Value Tempera

227 36,17 36 2 35,8 6 22 56
228 36,9 36,8 35,8 9 25 58
229 36,54 35,4 4 35,3 159 33 54
230 36,01 28,9 5 35,3 57 19 55
252 36,45 35,4 6 34,3 152 23 55
253 37,62 37,6 7 34,8 11 26 54
254 37 36,8 8 35,8 15 24 53
255 37,06 36,9 9 36,3 114 21 53
256 36,54 37,2 10 35,5 114 33 51
257 36,91 36,9 11 33,3 77 26 50
258 37,2 37 12 35,3 48 25 50
259 37,1 37,6 13 33,5 56 26 50
260 36,7 37 14 33,5 57 22 50
261 37 37,4 15 34,3 51 24 50
262 36 34,2 16 33 356 21 51
263 37,1 37,7 17 31,8 96 30 50
264 37,5 37,72 18 32 95 27 49
265 36,6 37,45 19 32 90 33 49
266 36,6 36,8 20 30,8 109 24 49
267 37,5 37,7 21 30,8 114 25 49
268 35,5 34,1 22 30,5 110 24 45
269 35,6 34,8 23 32,8 74 18 42
270 36,4 35,9 24 33 75 26 39
271 36,6 34,7 25 32,8 270 30 35
272 35,9 34,6 26 31,3 80 33 30
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Figure 7. The relationship between real values and values obtained from the prototype after training. Blue points denote
the measurements obtained by mercury thermometers, and red points represent the prototype’s measurements.

The sample data set consists of 1000 data and is used to
train the network with the backpropagation algorithm. The
training consisted of four component vectors: temperature
sensor, thermal sensor temperature, room temperature,
humidity value.

As we mentioned before, distance is a crucial value for
calibration. The temperature decreases as the sensor move
away from the object. Therefore, calibration is required
when the distance and other parameters are changed. We
observe that if the distance is below 40 cm, the thermal sen-
sor can better sense the body temperature. However, when
the distance is over 400 cm, the thermal sensor detects body
temperature less precision. Sample dataset values used to
calibrate the thermal sensor value were weighted between
60 cm and 140 cm. The device function is more accurate in
different room temperatures if we have room temperature
values between 20°C and 30°C. To capture this range, we
arrange the humidity values with a more significant range
between 40 and 80 grams per cubic meter.

We record the data taken from each sensor (distance,
room temperature, humidity) in columns 6, 7, and 8 for
each measurement, respectively. We keep the temperature
values measured from the thermal sensor in column 5 and
the trained temperature value in the 2nd row of the table.
Moreover, the 3rd column contains the record of the mea-
surements made manually with the mercury thermometers
in use at each measure simultaneously.

The training data was created daily, weekly, and
monthly. Measurements were also made with a mercury
glass thermometer to compare 1000 data. We compare, edit
and process the obtained temperature value with the actual
temperature of the object with the statistical calculations
given in Table 2.

Table 2. Statistical Analysis of Temperature Measurement

min

0,05

std. deviation
0,237542

mean

0,4475

max

Absolute Error 0,79

Let am= automatic (measured by prototype) data and
mm= manual (measured) data. Then,

Absolute Error = |am - mm,|.

Using the neural networks approach, we take training
examples and then develop a system that can learn from
those training measurements. By increasing the number of
training data, the network can learn more and so improve
its accuracy.

When we compare and analyze the results, we confirm
that the developed prototype measures body temperature
with an accuracy of 98.1% at the appropriate distance, tem-
perature, and humidity obtained by the algorithm and IoT.

CONCLUSION

We designed a prototype (Figure 6) of the IoT-based
non-contact heat detection and monitoring system that
brings innovations both individually and institutionally.
We named our prototype SEEVER because it resembles safe
fever. The innovations brought by SFEVER for individual
use in personal health are;

» non-contact measurement of patient temperature,regu-
lar and automatic (unassisted) measurement,

o recording and reporting the data obtained,

o viewing patient data and monitoring patient status
regularly,

« giving warnings in extraordinary situations such as high
and low temperatures,

« providing early intervention.

The innovations that SFEVER provides to patient fol-
low-up public areas;
 ensure the safety of the patient with regular control,

o protect the health of healthcare personnel by provid-
ing contactless control in cases of contagiousness and
epidemics,

« reduce labor waste and costs as it eliminates manual
control in use in hospitals, shopping malls, and public
vehicles,

« collect data in a single-center

o enable statistical analysis and evaluation, even taking
measures in a specific area.
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It is estimated that non-contact body temperature
measurement devices, which are the most demanded
medical product during the COVID-19 epidemic, will
reach a huge global market size by 2026 [15]. Our work,
which produces an essential and functional product due
to our process, is economical and contributes to protect-
ing personal data byusing thermal cameras. We believe
that it will guide many studies due to its non-contact,
automatic measurement, and instant and remote warning
system features. On the other hand, in our country, not
only body temperature control but also HES code control
is carried out when entering common areas. Considering
this, the HES code scanning function can be added to the
smart temperature measuring devices. An efficient con-
trolled passage unit can be created with the integration of
the existing HES application to the system and turnstiles
and image processing techniques.
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