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Stress can affect individuals of all ages, from the young to the elderly,
leading to a compromised immune system and increased susceptibility to
illness. This study addresses this issue by developing an internet of things
(10T) based stress level detection system utilizing fuzzy logic methods. The
device measures multiple physiological parameters and processes the data
using an ESP32 microcontroller. This allows individuals to monitor and
understand their stress levels efficiently and automatically through a liquid
crystal display (LCD) display and Android devices. The system integrates
various sensors to capture vital signs such as heart rate (HR), respiration
rate, and body temperature. These readings are then analyzed using its
algorithms to determine the stress level, which is displayed on both the
onboard LCD and the connected Android device via an 10T interface. This
real-time feedback mechanism empowers users to take proactive measures in

Stress level stress management. Testing and validation of the device were conducted by
comparing its readings with the depression anxiety stress scales (DASS-42)
test results. The comparison showed an 80% correlation, demonstrating the
device’s accuracy and reliability in detecting stress levels. This innovative
approach leverages the advantages of 10T and fuzzy logic to provide a
practical and effective solution for stress monitoring and management.
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1. INTRODUCTION

In psychological terms, stress is defined as a state of mental strain and tension. While moderate
levels of stress can serve as a motivator and enhance performance by sharpening focus and energy, chronic
stress at elevated levels poses significant risks. These risks span across biological, psychological, and social
domains, severely affecting overall well-being [1]. Stress can originate from a variety of external
environmental factors, such as job pressure, financial difficulties, and social relationships, or from internal
perceptions within individuals, such as personal expectations and self-criticism. This ubiquitous nature of
stress means it affects individuals across all ages, from children and adolescents to adults and the elderly.
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Prolonged exposure to stress can potentially weaken the immune system, rendering individuals more
susceptible to illnesses and diseases [2]. Physiologically, the body responds to stress with a series of reactions.
These include an increased heart rate (HR) as the body prepares to deal with the perceived threat, cold
sweating due to the activation of sweat glands, rapid breathing as the respiratory system tries to deliver more
oxygen to the muscles, and elevated blood pressure as blood vessels constrict. These reactions are part of the
body’s “fight or flight’ response, which, while useful in short bursts, can be harmful when prolonged [3].
Elizabeth Scott provides a framework for understanding the various states of stress by categorizing it into four
conditions: stressed, tense, calm, and relaxed. ‘stressed” and ‘tense’ describe states of heightened alertness and
pressure, where the body and mind are in a constant state of readiness to respond to challenges. ‘Calm’ and
‘relaxed,” on the other hand, represent states of low tension and high ease, where the body and mind are at rest.
This framework highlights the diverse psychological and physiological responses to stress, emphasizing that
not all stress is detrimental, and some levels can indeed be beneficial [4]. Stress is a complex and multi-faceted
phenomenon with significant implications for health and well-being. Understanding its origins, manifestations,
and effects is crucial for developing effective strategies to manage and mitigate its impact [5].

Current research commonly employs three parameters-HR, body temperature, and skin moisture-to
measure stress levels, as evidenced [6]. However, the accuracy of stress detection using these parameters
remains limited due to the exclusion of respiratory or pressure sensors [7]. Recent studies, such as those, which
focus on internet of things (loT)-based stress and dehydration detection devices, which explore the use of
electrocardiography, galvanic skin response, and skin temperature for stress detection, highlight advancements
and correlations in stress measurement methodologies [8]. Additionally, study [9] investigated stress diagnosis
systems using fuzzy logic, comparing device outputs with psychological stress assessment tools like the
depression anxiety stress scales (DASS-42) questionnaire [10]. By addressing these facets, this research aims
to contribute significantly to the field of stress management and technological innovation in health monitoring
systems [11].

The internet of things (10T) refers to the interconnected network of physical devices embedded with
sensors, software, and other technologies with the aim of connecting and exchanging data with other devices
and systems over the internet [12]. This concept extends the capabilities of the internet beyond traditional
devices like computers and smartphones to a vast array of everyday objects. 10T represents a significant
advancement in technology, connecting devices and systems in ways that enhance efficiency, provide
valuable insights, and improve the quality of life. However, it also brings challenges that need to be
addressed to realize its full potential [13], [14]. Understanding the adverse health implications of stress
underscores the importance of individuals comprehending their body conditions and proactively managing
severe stress, which can detrimentally affect both physical and mental health. Therefore, this study aims to
develop a stress detection device titled “Design and implementation of a stress level detection device using
fuzzy logic.” The research utilizes fuzzy logic with Mamdani rules to compute and determine values for
parameters that exhibit ambiguity. The device integrates four key parameters: detecting HR at the fingertip
using the MAX30102 sensor, measuring body temperature with the MLX90614 sensor, assessing skin
moisture using the galvanic skin response (GSR) sensor, and evaluating respiratory rate using the KY-037
sensor. Control and data processing are managed by the ESP32 microcontroller, employing Mamdani fuzzy
programming. Results are displayed automatically, efficiently, and practically on LCD and Android
interfaces, providing real-time insights into an individual’s stress levels. This research seeks to evaluate the
performance of a stress level detection device using ESP32-based fuzzy logic, addressing human stress
conditions comprehensively. The primary objective is to develop a human stress level detection device using
fuzzy logic, enabling effective stress management interventions. Additionally, the study aims to enhance the
understanding of temperature sensors, HR sensors, skin moisture sensors, and respiratory sensors, potentially
inspiring future advancements in health monitoring systems.

This paper is organized as follow: section 2 is basic theory in the form of concept of stress and test
of DASS-42. Section 3 is method in form of design of system, system overview, schematic diagram of stress
level detection device, fuzzy logic design, ruled-based fuzzy logic, step of the research, real-time firebase
structure and user interface, implementation, and system testing. Section 4 is result in form of hardware
design result, interface design, testing device, testing with DASS-42, comparison of device test and DASS-42
test and analysis of fuzzy logic on sensor data. Section 5 is conclusion.

2. BASIC THEORY
2.1. Concept of stress

Stress is an adaptive response to situations perceived as challenges or threats. It can affect anyone,
from infants to adults. Stress can lead to more severe mental health issues if not managed properly [15].
According to the WHO in [16], stress is the body’s reaction to psychosocial stressors. Another expert, Davis
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and Soistmann [17] defines stress as an imbalance between oneself and daily life realities requiring
adjustment. Stress triggers both physical and mental health issues, making effective management crucial. It is
a common part of life, with daily stimuli causing stress. Stress is a non-specific response of the body to any
demand and is unavoidable in daily life. It prompts individuals to think and solve problems or challenges
they face [18]. Signs of stress include increased HR, elevated blood pressure, and cold hands. Elizabeth Scott
identifies four stress conditions: stressed, tense, calm, and relaxed. Given the many negative health impacts
of stress, a tool to measure human stress levels is necessary [19]. Stress level parameters is shown in Table 1.

Table 1. Stress level parameters in adulthood [19]

Condition Parameter
GSR (Siemens)  HRB (Bpm) T (°Celsius) F (minute)
Relax <2 6070 35-37 12-14
Calm 2-4 70-90 34-36 14-17
Worried 4-6 90 - 100 33-35 17-20
Tense >6 > 100 <33 > 20

2.2. Test of depression anxiety stress scales (DASS-42)

The DASS-42 is a self-report questionnaire made up of 42 items designed to assess negative
emotional states like depression, anxiety, and stress. Its main value in clinical settings lies in clarifying the
focus of emotional disturbances within a broader clinical evaluation [20]. The DASS is crucial for
determining the severity of core symptoms associated with depression, anxiety, and stress. Due to its high
internal consistency and ability to provide meaningful distinctions across various contexts, the DASS scale is
suitable for researchers and clinicians who need to assess current emotional states or track changes over time,
such as during treatment [21]. Each of the 42 items is scored on a scale from 0 to 3. A score of 0 means the
statement does not apply to the individual’s current condition. A score of 1 indicates the statement applies but
occurs infrequently. A score of 2 means the statement applies and occurs frequently. A score of 3 signifies
that the statement applies and happens very frequently [22]. Stress severity is categorized into four levels:
normal, moderate, severe, and extremely severe. DASS-42 categories can be seen in Table 2.

Table 2. Category of DASS-42 [22]

Level Depression ~ Worry  Stress
Normal 0-9 0-7 0-14
Slight 10-13 8-9 15-18
Moderate 14-20 10-14 19-25
Severe 21-27 15-19 26-33
Extremely Severe > 28 > 20 >34

3. METHOD
3.1. Design of system

This phase meets all user requirements as analyzed, including the design of the system interface and
helping to define the overall system architecture. The use case diagram describes the relationship between
one or more actors and the system to be developed. It is used to identify the functions within a system and the
actors entitled to use these functions [23]. Based on the analysis of the existing application, the use case
diagram for the stress detector application to be developed is shown in Figure 1. The diagram illustrates that
the system has only one actor, the user. The user has access to monitor the results of the checks performed.

Stress
Detector App

Monitoring of
checking results

User

Figure 1. Use case diagram
Design and implementation of an internet of things enabled stress level detection system ... (Nurhayati)
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3.2. System overview

The general overview of a system illustrates the overall workflow of the system’s processes. The
system operates once the program is executed. The workflow can be seen in Figure 2. The system overview
in Figure 3 shows that the device can determine a person’s stress level based on combined data from the
galvanic skin response (GSR) sensor, HR, body temperature, and respiration sensors. The algorithm used to
determine stress levels is fuzzy logic, processed by the ESP32 microcontroller [24]. Results are displayed on
an LCD, then the data is sent to firebase and shown on an Android device.

Sensor

MLX90614 Firebase

Sensor

MAX30102 Android

iHi

Sensor
KY-037

LCD

Sensor
GSR

Figure 2. System overview

3.3. Schematic diagram of stress level detection device

In Figure 3, the setup illustrates the integration of various components, including the ESP32
microcontroller, which serves as the core of the system. The sensors connected to it include the MLX90614 for
temperature measurement, the MAX30102 for HR and SpO. monitoring, the KY-037 for sound detection, and
the GSR sensor for measuring skin conductivity. Additionally, the system features a 20x4 LCD that displays
real-time data from these sensors, providing a comprehensive overview of the monitored parameters.

A

Sound/Respiration Sensor KY-037

L]

GSR Sensor  MAX30102 Sensor

C MLX90614 Sensor
X

Figure 3. Schematic diagram device
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3.4. Fuzzy logic design

In this research, the problem is simplified by focusing on four key input parameters: body
temperature, HR, GSR, and body respiration. These inputs are crucial for accurately determining the system’s
output, which is the final decision. The specific details of these input parameters are presented in Table 3 and
the output will be divided into four type body conditions, as shown in Table 4, providing a clear framework

for the study.
Next, it is formulated into (1) to (4);

0, x<10o0rx =25
x—10
IE:IE' 10<x <12 (1)
257X 12 <x<25
25-12
0, x<250rx =50
x—=25
—, 25 <x <37
37-25
50—x
50-37’

u (Relaxed) =

p (Calm) = O]

37<x <50

0, x<500rx=>75
259 150 < x < 62
62—-50
75—x

75-62"

¢ (Anxious) = (3)

62<x<75

0, x <750rx =100

X775 75 < x <87
87-75

1907x " g7 < x <100
100-87

i (Tense) = 4)

From (1)-(4), the output values for the parameters are obtained. If the output value is below 12.5, it falls into
the relaxed (R) category. If the output value is between 12.6 and 37.5, it falls into the calm (C) category. If
the output value is between 37.6 and 62.5, it falls into the anxious (A) category. If the output value is
between 62.6 and 87.5, it falls into the tense (T) category.

Table 3. The inputs parameters
HR parameters GSR body parameters

Body temperature parameters Body respiration parameters

Parameter °c Parameter HRB (Bpm) Parameter GSR Parameter  Respiration (/minute)
Very hot 35-37 Very slow 60-70 Very Wet <2 Very Slow 12-14

Hot 34-36 Slow 70-90 Wet 2-4 Slow 14-17

Cold 33-35 Fast 90-100 Dry 4-6 Fast 17-20
Very cold <33 Very fast >100 Very Dry >6 Very Fast >20

Table 4. Body condition

Condition Value
Relaxed (R) 0-25

Calm (C) 25-50
Anxious (A)  50-75

Tense (T) 75-100

3.5. Rule-based fuzzy logic

Fuzzy logic is a powerful tool used to handle the uncertainty and vagueness inherent in many real-
world problems. It mimics the way humans make decisions, using approximate reasoning rather than precise
calculations [25]. In a fuzzy logic system, the rule base plays a crucial role. The rule base consists of a set of
if-then rules that define the relationship between input variables and output variables. These rules are
formulated based on expert knowledge or empirical data [26]. In this study, the fuzzy logic system for stress
level detection is designed using a rule base that considers four input parameters: HR, body temperature, skin
moisture, and respiratory rate. The output is the categorized stress level. The system utilizes the Mamdani
fuzzy inference method, which is one of the most commonly used approaches in fuzzy logic systems [27].
Based on the input data obtained, rules are created to produce decisions, which serve as the output. The
sensors for temperature, HR, respiration, and GSR will generate 64 rules. Temperature, HR, respiration, and
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GSR are categorized into four conditions: relaxed, calm, anxious, and tense. From the four input conditions,
64 possible output conditions are obtained, as shown in Table 5.

Table 5. Rule-based fuzzy logic

No Input Condition Output
1 If TEMPERATURE is very hot and HR is very slow and RESPIRATION is very slow and GSR is very wet  Relaxed
2 If TEMPERATURE is hot and HR is very slow and RESPIRATION is slow and GSR is very wet Relaxed
3 If TEMPERATURE is cold and HR is very slow and RESPIRATION is fast and GSR is very wet Calm
4 If TEMPERATURE is very cold and HR is very slow and RESPIRATION is very fast and GSR is very wet ~ Anxious
5 If TEMPERATURE is very hot and HR is slow and RESPIRATION is very slow and GSR is very wet Relaxed
6 If TEMPERATURE is hot and HR is slow and RESPIRATION is slow and GSR is very wet Calm
7 If TEMPERATURE is cold and HR is slow and RESPIRATION is fast and GSR is very wet Calm
8 If TEMPERATURE is very cold and HR is slow and RESPIRATION is very fast and GSR is very wet Anxious
9 If TEMPERATURE is very hot and HR is fast and RESPIRATION is very slow and GSR is very wet Calm
10 If TEMPERATURE is hot and HR is fast and RESPIRATION is slow and GSR is very wet Calm
11 If TEMPERATURE is cold and HR is fast and RESPIRATION is fast and GSR is very wet Anxious
12 If TEMPERATURE is very cold and HR is fast and RESPIRATION is very fast and GSR is very wet Anxious
13 If TEMPERATURE is very hot and HR is very fast and RESPIRATION is very slow and GSR is very wet Calm
14 If TEMPERATURE is hot and HR is very fast and RESPIRATION is slow and GSR is very wet Calm
15 If TEMPERATURE is cold and HR is very fast and RESPIRATION is fast and GSR is very wet Anxious
16 If TEMPERATURE is very cold and HR is very fast and RESPIRATION is very fast and GSR is very wet ~ Anxious
17 If TEMPERATURE is very hot and HR is very slow and RESPIRATION is very slow and GSR is wet Relaxed
18 If TEMPERATURE is hot and HR is very slow and RESPIRATION is slow and GSR is wet Calm
19 If TEMPERATURE is cold and HR is very slow and RESPIRATION is fast and GSR is wet Calm
20 If TEMPERATURE is very cold and HR is very slow and RESPIRATION is very fast and GSR is wet Calm
21 If TEMPERATURE is very hot and HR is slow and RESPIRATION is very slow and GSR is wet Calm
22 If TEMPERATURE is hot and HR is slow and RESPIRATION is slow and GSR is wet Calm
23 If TEMPERATURE is cold and HR is slow and RESPIRATION is fast and GSR is wet Calm
24 If TEMPERATURE is very cold and HR is slow and RESPIRATION is very fast and GSR is wet Anxious
25 If TEMPERATURE is very hot and HR is fast and RESPIRATION is very slow and GSR is wet Anxious
26 If TEMPERATURE is hot and HR is fast and RESPIRATION is slow and GSR is wet Calm
27 If TEMPERATURE is cold and HR is fast and RESPIRATION is fast and GSR is wet Anxious
28 If TEMPERATURE is very cold and HR is fast and RESPIRATION is very fast and GSR is wet Anxious
29 If TEMPERATURE is very hot and HR is very fast and RESPIRATION is very slow and GSR is wet Calm
30 If TEMPERATURE is hot and HR is very fast and RESPIRATION is slow and GSR is wet Anxious
31 If TEMPERATURE is cold and HR is very fast and RESPIRATION is fast and GSR is wet Anxious
32 If TEMPERATURE is very cold and HR is very fast and RESPIRATION is very fast and GSR is wet Anxious
33 If TEMPERATURE is very hot and HR is very slow and RESPIRATION is very slow and GSR is dry Calm
34 If TEMPERATURE is hot and HR is very slow and RESPIRATION is slow and GSR is dry Calm
35 If TEMPERATURE is cold and HR is very slow and RESPIRATION is fast and GSR is dry Anxious
36 If TEMPERATURE is very cold and HR is very slow and RESPIRATION is very fast and GSR is dry Anxious
37 If TEMPERATURE is very hot and HR is slow and RESPIRATION is very slow and GSR is dry Calm
38 If TEMPERATURE is hot and HR is slow and RESPIRATION is slow and GSR is dry Calm
39 If TEMPERATURE is cold and HR is slow and RESPIRATION is fast and GSR is dry Anxious

40 If TEMPERATURE is very cold and HR is slow and RESPIRATION is very fast and GSR is dry Anxious

41 If TEMPERATURE is very hot and HR is fast and RESPIRATION is very slow and GSR is dry Anxious

42 If TEMPERATURE is hot and HR is fast and RESPIRATION is slow and GSR is dry Anxious

43 If TEMPERATURE is cold and HR is fast and RESPIRATION is fast and GSR is dry Anxious

44 If TEMPERATURE is very cold and HR is fast and RESPIRATION is very fast and GSR is dry Anxious

45 If TEMPERATURE is very hot and HR is very fast and RESPIRATION is very slow and GSR is dry Anxious

46 If TEMPERATURE is hot and HR is very fast and RESPIRATION is slow and GSR is dry Anxious

47 If TEMPERATURE is cold and HR is very fast and RESPIRATION is fast and GSR is dry Anxious

48 If TEMPERATURE is very cold and HR is very fast and RESPIRATION is very fast and GSR is dry Tense

49 If TEMPERATURE is very hot and HR is very slow and RESPIRATION is very slow and GSR is very dry Calm
50 If TEMPERATURE is hot and HR is very slow and RESPIRATION is slow and GSR is very dry Calm
51 If TEMPERATURE is cold and HR is very slow and RESPIRATION is fast and GSR is very dry Anxious
52 If TEMPERATURE is very cold and HR is very slow and RESPIRATION is very fast and GSR is very dry  Anxious
53 If TEMPERATURE is very hot and HR is slow and RESPIRATION is very slow and GSR is very dry Calm
54 If TEMPERATURE is hot and HR is slow and RESPIRATION is slow and GSR is very dry Anxious
55 If TEMPERATURE is cold and HR is slow and RESPIRATION is fast and GSR is very dry Anxious
56 If TEMPERATURE is very cold and HR is slow and RESPIRATION is very fast and GSR is very dry Anxious
57 If TEMPERATURE is very hot and HR is fast and RESPIRATION is very slow and GSR is very dry Anxious
58 If TEMPERATURE is hot and HR is fast and RESPIRATION is slow and GSR is very dry Anxious
59 If TEMPERATURE is cold and HR is fast and RESPIRATION is fast and GSR is very dry Anxious
60 If TEMPERATURE is very cold and HR is fast and RESPIRATION is very fast and GSR is very dry Tense
61 If TEMPERATURE is very hot and HR is very fast and RESPIRATION is very slow and GSR is very dry ~ Anxious
62 If TEMPERATURE is hot and HR is very fast and RESPIRATION is slow and GSR is very dry Anxious
63 If TEMPERATURE is cold and HR is very fast and RESPIRATION is fast and GSR is very dry Tense
64 If TEMPERATURE is very cold and HR is very fast and RESPIRATION is very fast and GSR is very dry Tense
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3.6. Step of the research

A system flowchart is a diagram that illustrates the overall workflow or process within a system and
explains the sequence of procedures. In other words, a flowchart graphically describes the sequence of
interconnected procedures that form a system. The flowchart for the created program is shown in Figure 4.
From Figure 4, it can be explained that the use of the device begins with placing sensors on the human body.
The GSR sensor is placed on the index and middle fingers of the right hand, the respiration sensor is
positioned below the nose, and the body temperature and HR sensors are placed by positioning a finger on
the sensor. Once the sensors are correctly placed, the next step is to connect to Wi-Fi. If Wi-Fi is on, it will
connect to the device; if not, it will return to Wi-Fi settings. Then, data from the MLX90614, MAX30102,
KY-037, and GSR sensors are read and processed by the ESP32 using fuzzy logic with rule-based fuzzy logic
incorporated into the program. The final stage in fuzzy logic is defuzzification, which maps fuzzy values
back to produce the final output. The results are displayed on an LCD and Android application, showing the
tested individual’s condition as relaxed, calm, anxious, or tense.

I ' Yes Process input data Displays sensor detection Displays sensor detection
Set Wi-Fi with fuzzy logicand results and stress levels on results and stress levels on
send data using Wi-Fi the LCD the Android

Figure 4. Step of the research

Read sensor data
MLX90614, MAX30102,
KY-037,and GSR

Initialization

3.7. Real-time firebase structure and user interface

Firebase real-time database is a cloud-hosted database that allows data to be stored and synchronized
in real-time across all clients connected to the application [28]. Its structure is designed to support real-time
data updates and provides a flexible way to store and manage data. The stress level detection system uses
firebase as its database platform [29]. This platform concept employs a real-time database to store and
manage the collected data [30]. The concept of this platform can be seen in Figure 5.

In this study, the developed application features a user-friendly interface to facilitate ease of use.
Figure 6 shows the application’s user-side design. Upon opening the application, it displays the monitoring
page with the results of the stress level check.

Main Start About
GO https://aplikasita-68422-default-ridh.firebaseio.com
Stress Level Stress Detector About
Detector The stress level detection
. X X . PR monitoring application
https://aplikasita-68422-default-rtdb.firebaseio.com/ Application Temperature 0.0 using fuzzy logic is a
monitoring application
- Data that uses fuzzy logic to
. BPM 0 detect  stress levels
. icture designed to collect data
bpm: 0 ’ )
on various physical and
Respiration o psychological parameters
gsr: 0 of a person, such as body
temperature, heart rate,
hasil; "Rileks" START GSR 0 respiratory rate, and skin
response.  From  these
o ABOUT data, fuzy output will be
respirasi: 0 123 X Rt o Relaxed produced  in  four
categories including
suhu: 0 relaxed, calm, anxious,
and tense.
Figure 5. Real-time firebase structure Figure 6. User interface

3.8. Implementation

At this stage, the system implementation includes acquiring hardware, configuring, coding scripts,
and compiling the system according to the requirements derived from the analysis and design phases. This
stage realizes the system’s needs, such as developing the application using a programming language suited to
the requirements based on the predefined user interface design. The application is developed using Android
Studio with Java programming language. The application code listing can be seen in Figure 7.

The stress detection device requires a program code to be integrated into its hardware for effective
functionality. This program utilizes fuzzy logic principles to enhance its decision-making process. The code
is developed in the C/C++ programming language and is implemented using the Arduino IDE application for
seamless integration.

Design and implementation of an internet of things enabled stress level detection system ... (Nurhayati)
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Stress Level
Detector
Application

{h

£ 5y

Figure 7. View of implementation program

3.9. System testing
The purpose of system testing is to identify errors in the implemented system and to determine if the

system meets the planning objectives. Testing serves as a benchmark for system reliability, ensuring that the

system functions correctly and that any errors can be addressed. The testing process includes:

a. MLX90614 temperature sensor testing. This test aims to assess the accuracy of the temperature sensor.

b. MAX30102 sensor testing. This test aims to evaluate the accuracy of the HR sensor.

c. Respiration rate sensor testing. This test measures the number of breaths per minute using the KY-037
sensor.

d. GSR sensor testing. This test measures the conductivity of sweat glands.

. Overall system testing. This test checks the ability of the device to detect stress levels accurately.

f. DASS-42 test evaluation. This test determines the effectiveness and validity of the stress detection device
by comparing it to responses from the DASS-42 questionnaire.

g. Comparison of device testing and DASS-42 test. This test compares the results from the device with those
from the DASS-42 test to evaluate their correlation.

4. RESULTS
4.1. Hardware design result

The design and construction of the stress measurement device are illustrated in detailed visual
representations. A top view of the device is provided in Figure 8(a), highlighting its external layout.
Meanwhile, the internal configuration of the device, as seen inside the box, is depicted in Figure 8(b).

(b)

Figure 8. Stress level detection device: (a) the top view of the box and (b) interior view of the box
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4.2. Interface design result

The interface result of the previously designed stress detector application from the user interface
perspective. The Android-based application interface can be seen in Figure 9. It is showing the initial screen
displayed when the application is launched. On this screen, the user can monitor the results of the checks
conducted in real-time.

Stress Level Stress Detector About
Detector The stress level detection
Application - itori icati i
pplicatio (ﬂ: Temperature 0.0 monitoring application using

fuzzy logic is a monitoring

application that uses fuzzy

% _M}_ BPM 0 Iogi.c to detect stress levels

1 designed to collect data on

oy v various physical and

= = fl. i Res piration o psychological parameters of a

person, such as  body

temperature, heart rate,

,ﬁ ask 0 respiratory rate, and skin

response. From these data,

fuzzy output will be produced

Result Relaxed in four categories.including

Detection relaxed, calm, anxious, and
tense.

[Tl

Figure 9. User interface display

4.3. Testing devices

The overall testing of the device involved 10 students as participants, with each student completing
10 trials to ensure thorough evaluation. These trials were conducted at the Department of Electrical
Engineering, Politeknik Negeri Ujung Pandang, under controlled conditions. The detailed results from this
comprehensive testing process are summarized and presented in Table 6.

Table 6. Equipment testing result

Sample  Student Experiment Value  Result
1 2 3 4 5 6 7 8 9 10

1 A C R R C C R C A C C R=3 cCam
C=6
A=1

2 B R C C C A C C A A C Ra Calm
C=6
A=3

3 c A T T T A A A A T A T=4 Anxious
A=6

4 D R C C R R C C C C C R3 Cam
T=7

5 E R R C C C C A C C C R=2 cCam
c=7
A=1

6 F C A C A CCATC C C c=7 Calm
A=3

7 G R C C A A CCC C C R=1 Calm
c=7
A=2

8 H A C C C R C A C C C Rl Cam
c=7
A=2

9 Il C R C C R C C C C A R=2 CcCam
c=7
A=1

10 J C C A C CURATCATC R1 Calm
C=6
A=3
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Table 6 shows the results of the comprehensive testing of the device, conducted on 10 students with
each student undergoing 10 trials. From the 10 students who each underwent 10 trials, the results were 14
instances of a relaxed condition, 64 instances of a calm condition, and 22 instances of an anxious condition,
resulting in an average condition of calm.

4.4, Testing with DASS-42

Stress levels in a person are categorized into five scales: normal, mild, moderate, severe, and
extremely severe. These classifications provide a comprehensive framework for assessing the severity of
stress experienced by individuals. The results of the DASS-42 test, which measure these stress levels, are
detailed in Table 7.

The results of the DASS-42 test conducted on 10 students revealed varying levels of emotional
conditions. Specifically, there were 7 instances of normal depression, 2 instances of mild depression, and 1
instance of moderate depression. Additionally, the test identified 3 instances of mild anxiety, 6 instances of
moderate anxiety, 1 instance of severe anxiety, 8 instances of normal stress, and 2 instances of moderate
stress. Based on these findings, the average condition of the students was categorized as normal depression
and moderate anxiety.

Table 7. Result of DASS-42 test

Sample  Student  Depression  Anxious  Stress Condition Result

1 A 5 12 13 Normal depression, moderate anxiety, normal stress Moderate anxiety
2 B 14 12 22 Moderate depression, moderate anxiety. Moderate stress ~ Moderate stress
3 C 10 15 12 Mild depression, heavy depression, normal stress Heavy depression
4 D 8 14 10 Normal depression, moderate anxiety, normal stress Moderate anxiety
5 E 10 12 14 Mild depression, moderate anxiety, normal stress Moderate anxiety
6 F 9 13 11 Normal depression, moderate anxiety, normal stress Moderate anxiety
7 G 7 9 20 Normal depression, mild anxiety, moderate stress Moderate stress
8 H 8 14 12 Normal depression, moderate anxiety, normal stress Moderate anxiety
9 | 7 9 8 Normal depression, mild anxiety, normal stress Mild anxiety
10 J 8 8 10 Normal depression, mild anxiety, normal stress Mild anxiety

4.4. Comparison of device test and DASS-42 test

The comparison of the device testing and the DASS-42 test is conducted to evaluate the accuracy of
the stress detection device in relation to the DASS-42 stress assessment tool. This comparison ensures the
results are reliable. The conversion criteria are as follows:

a. If an individual experiences depression, anxiety, or stress at a normal or mild level according to the
DASS-42, this corresponds to the “relaxed” state on the device.

b. If an individual experiences depression, anxiety, or stress at a moderate level according to the DASS-42,
this corresponds to the “calm” state on the device.

¢. If an individual experiences depression, anxiety, or stress at a severe level according to the DASS-42, this
corresponds to the “anxious” state on the device.

d. If an individual experiences depression, anxiety, or stress at an extremely severe level according to the
DASS-42, this corresponds to the “tense” state on the device.

DASS is categorized into three conditions: depression, anxiety, and stress. Each of these negative
emotional states has several levels: normal or mild, moderate, severe, and extremely severe. In Table 8, if
two or more DASS conditions have levels that match those detected by the device, the most dominant level is
considered. The comparison results between the device testing and the DASS-42 test can be seen in Table 8.
From the 10 respondents, the comparison between the device test results and the DASS-42 test shows an
accuracy rate of 80%.

Table 8. Comparison of device test and DASS-42 test

No  Student  Device DASS-Test Result

1 A Calm Moderate anxiety Match

2 B Calm Moderate stress Match

3 C Anxious Severe anxiety Match

4 D Calm Moderate anxiety Match

5 E Calm Moderate anxiety Match

6 F Calm Moderate anxiety Match

7 G Calm Moderate stress Match

8 H Calm Moderate anxiety Match

9 | Calm Mild anxiety Not a match
10 J Calm Mild anxiety Not a match
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4.5. Analysis of fuzzy logic on sensor data

The fuzzy logic analysis of the sensor data from the stress measurement device can be seen in
Figure 1. In Figure 10(a), the parameters show very cold body temperature, very slow HR (HRB), very slow
respiration, and very wet GSR. These conditions fit into the predefined rule base and result in the relaxed
state. Figure 10(b) shows the parameters with a hot body temperature, fast HR (HRB), rapid respiration, and
very wet GSR. These conditions fit into the predefined rule base and result in a calm state. Figure 10(c)
shows the parameters with a hot body temperature, very fast HR (HRB), rapid respiration, and wet GSR.
These conditions fit into the predefined rule base and result in an anxious state. Figure 10(d) shows the
parameters with a very hot body temperature, fast HR (HRB), rapid respiration, and dry GSR. These
conditions fit into the predefined rule base and result in a tense state. The results from the testing phase show
that the device is capable of classifying stress levels effectively based on the integrated sensors and fuzzy
logic rules. The overall accuracy of the device was evaluated against known benchmarks, and it demonstrated
a good alignment with expected stress levels based on physiological parameters. The testing also highlighted
some areas for further refinement, such as the need for more robust calibration and potential improvements in
sensor accuracy.

© M3 o ® ©
] Send
Temperature: 35.71 *C
HRB : 103.00 BPM
Respiration: 26.0@

Temperature: 32.00 *C
HRB : 55.80 BPM
Respiration: &6.0@

GSR 22 GSR v 3
Result :11.01 Result 62.50
Detection : Relaxed Detection Calm

@ (b)
© oM3 O CoM3
| |
Temperature: 35.71 *C Temperature: 36.80 *C
HRB : 183.00 BPM HRB : 93.08 BPM
Respiration: 26.00 Respiration: 21.88
GSR 3 GSR 4
Result 1 62.50 Result 72.84
Detection : Anxious Detection : Tense

(©) (d)

Figure 10. Serial monitor display for all conditions: (a) relax condition, (b) calm condition,
(c) anxious condition, and (d) tense condition

5. CONCLUSION

The stress detection device, utilizing fuzzy logic and various sensors, has been successfully designed
and implemented. The system provides real-time stress level assessment and integrates well with Android
applications for user interaction. Future improvements could involve refining the fuzzy logic rules, enhancing
sensor precision, and expanding the device’s application to broader use cases. An accuracy results of 80% in
comparing the stress detection tool with the DASS-42 test indicates that the developed tool performs well in
detecting stress levels compared to the standard psychological assessment methods. With this accuracy, the
tool can be used as an additional aid for daily stress monitoring or in contexts that require a quick assessment
of stress levels. However, for clinical applications or more in-depth evaluations, the tool should be used as a
complement rather than a replacement for more comprehensive psychological tests. This accuracy result can
also help ensure that users feel confident in the results provided by the tool, thereby enhancing the acceptance
and use of the system in real-world situations. The integration of firebase for real-time data management also
proves effective for remote monitoring and analysis. This conclusion summarizes the effectiveness and
potential areas of improvement for the stress detection device while highlighting its current success in real-
time stress assessment and integration with modern technology
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