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Abstract— The security and protection of educational 

institutions from fire is a major challenge at the present time. 

However, advanced technologies can be of a great help in this 

regard, especially embedded systems and mechatronics, which 

has become a hot research topic as regard meeting those 

challenges. Hence, this paper presents a novel and effective 

expert mechatronics system to manage fire crises in educational 

institutions. The system provides solution for the problem of 

predicting fires before they break and how to prevent and 

manage them, to save lives and property. The system begins 

with obtaining data by measuring symmetrical physical 

quantities from the surrounding environment (temperature, gas, 

smoke, flames, and fire) using sensors. After then, the controller 

processes the data received from these sensors. In addition, data 

received from sensors are sent to the expert system to manage 

them and provide required suggestions and recommendations to 

manage the existing   crisis. In the unsafe condition, such as the 

spread of gas or smoke smell or fire, the actuators will be 

activated and the proposed system will release two types of 

warning signals: an audio signal using sound alarms, and a 

visual one using red and yellow lights. Moreover, the system 

sends an SMS to the System Manager and decision makers in 

the educational institution about the secured place with 

information and details on the fire and its location. The 

proposed system was tested by fabricating different fire crisis 

instances. The performance of proposed system was evaluated in 

terms of the confusion matrix including parameters such as 

Precision, Sensitivity, Specificity, F-measure, Error Rate and 

Accuracy The findings show that the proposed system is 

effective and usable. 

Keywords—Mechatronic; Expert Systems; Crisis Management;  

Arduino.   

I. INTRODUCTION 

The past decades have witnessed technological development 

relentless that led to advancing in devices, machines, 

processes, and systems by enhancing their performance and 

creating new value and function [1]. In the last years, we 

noticed the transformation in these functions from mechanics 

to electronics followed by wider and new functions as in 

system development by specific or autonomous intelligent 

functions [2], [3]. Mechatronics, robotics, and embedded 

systems have become hot research areas for the sustainable 

development of an intelligent and autonomous system [4]. An 

embedded system is a computer-based system designed to 

perform several specific functions in real-time [5]. On the 

other hand, embedded computing systems (ECSs) are 

computer systems that have hardware supplied with 

embedded software as one of their components [6]. The 

integration between the components (hardware) and the 

information-driven function (software) produces embedded 

systems that are called mechatronic systems [3], [7]. 

Mechatronics is Smart components and devices characterized 

by an integration of technologies and a transfer of 

functionality from the mechanical to the electronics and 

software domains [2]. A mechatronic system is an intelligent 

mechanical system. Mechatronics represent an approach that 

aims at the synergistic integration of control theory, 

mechanics, electronics and computer science in order to 

improve the functionality of systems or processes [8]. The 

development of mechatronic systems includes an optimal 

balance between the basic mechanical structure, sensor and 

actuator implementation, automatic digital information 

processing and overall control, This synergy leads to 

innovative solutions to design products with built-in 

intelligence [3], [9]. Thus, mechatronics is an 

interdisciplinary field where the following disciplines act 

together: mechanical systems including machines, mechanical 

elements and precision mechanics, electronic systems 

including power electronics, microelectronics and actuator 

technology and information technology including control and 

automation, systems theory, artificial intelligence and 

software engineering. This is shown in Fig. 1 [9], [10]. 

 
Fig 1: Mechatronics: synergetic integration of different disciplines 

 

The techniques of artificial intelligence and expert systems 

are most probably that make increasingly significant 

contribution to all aspects of mechatronics in the next years 

[11]. With the rapid growth in artificial intelligence 

technology and mechatronic systems, this technology 

advancement in general should combine with recent trends 

either in our homes, factories or in our institutions especially 

educational institutions [12], [13] to provide effective and 

appropriate security systems. It is noteworthy that educational 

institutions are witnessing multiple serious crises that 

threatens functioning and performance such as earthquakes, 

twisters, floods, terrorist attacks, sabotage and different 

accidents that occur suddenly and will have severe 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV8IS120050
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

www.ijert.org

Vol. 8 Issue 12, December-2019

354

www.ijert.org
www.ijert.org
www.ijert.org


destructive effects unless they are addressed immediately 

[14] but the most devastating crises are fire crises. Fire crisis 

is a common threat to life and institutions, including 

educational institutions [15]. Crisis management is a 

management model applied in extra-ordinary situations [16]. 

It is a proactive process which involves dealing with the crisis 

before it happens, during the crisis and after it happens in 

order to overcome it with a minimal damage [17]. Effective 

crisis management involves five key activities of response: 

signal detection, prevention, damage control, recovery, and 

learning [18]. One of the most important processes in crisis 

management is to establish an early warning system for crisis 

especially fire crisis this contributes to hinder the occurrence 

of the crisis and to survive without huge financial losses also 

provides some time to take the required precautions against 

potential crises [16]. Appropriate security procedures are 

essential for the regular operation of different institutions, 

especially educational institutions. Without security 

procedures, an institution will be unsafe and will not be able 

to perform its daily operations and activities such as 

education programs. Until now, many of educational 

institutions use traditional methods to secure their facilities 

against fire, so this makes them to face many other crises. 

Hence, the need for computerized crisis management systems 

has grown significantly over time. Developments in 

technologies such as artificial intelligence (AI) and 

innovations in areas like robotics, mechatronics, semantic 

web and multi-agent systems create new opportunities to 

enhance disaster and risk reduction. In addition, they can be 

useful for solving crisis response problems and improving the 

efficiency of the crisis management process, especially fire 

crisis [19], [20]. Mechatronic devices will present enhanced 

safety and security systems [11] to protect from and manage 

fires, especially in educational institutions. In this study, the 

expert mechatronics system is used as an important and 

powerful tool to help the managers of educational institutions 

manage fire crises. These systems can monitor the spread of 

smoke, flames, gases and heat releases, provide diagnosis to 

forecast fires and prevent them, and transmit vital signals to 

ambulance crews, the fire department and the managers of the 

educational institution. Thus, they protect lives and property, 

which is the aim of the system proposed in the current study.  

In view of this, the current study presents a novel expert 

mechatronic system for the management of fire crises in 

educational institutions. The remaining part of this paper is 

organized as follows: Section 2 discusses the structure of the 

proposed mechatronic system; Section 3 analyses the 

performance of the proposed system while Section 4 presents 

the conclusion. 

 

II. THE STRUCTURE OF PROPOSED MECHATRONIC 

SYSTEM 

The proposed Mechatronic system was designed to manage 

fire crisis in educational institutions. The system depends on 

two basic aspects: hardware integration and programming 

and the development of the expert system. This structure is 

shown in Fig. 2. 
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Fig 2: Structure of the Proposed Mechatronic System 

 

A.  Hardware integration and programming: 

Hardware integration results from designing the mechatronic 

system as an overall system and embedding the sensors, 

actuators and microcomputers/ microcontrollers into the 

mechanical system. In the following section, we present a 

brief about hardware used in the proposed system. The 

Arduino UNO board (Microcontroller) is a custom designed 

printed circuit board that could be used for various 

mechatronics applications. Fig. 3.  Shows the Arduino Uno 

(ATmega 328P). It is an open source device, a prototyping 

board consisting of ATmega 328P microcontroller providing 

a 5V and 3.3V output voltage option. It takes input voltage 

either from USB connection to the computer or a coaxial 

cable using a portable power supply. On the Arduino 

Microcontroller, sketches can be uploaded using Arduino 

IDE (Integrated Development Environment). It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 

analog inputs, a 16 MHZ crystal oscillator, a USB 

connection, a power jack, an ICSP header, and a reset button. 

It contains everything needed to support the microcontroller. 

Simply connect it to a computer with a USB cable or power it 

with an AC-to- DC adapter or battery to get started. It takes 

input voltage in between 7-12V [21].  

 
Fig 3: Arduino Uno (ATmega 328P) 

 

The multisensory unit contains sensors that detect fire. The 

proposed system contains two kinds of sensors: Temperature 

sensor (LM 35) and MQ-2 Gas sensor. In the following 

section, we present a brief description of the sensors used in 

the proposed system. LM35sensor is used to measure precise 

centigrade temperature. The output of this sensor describes 

the linearity. The output voltages of this sensor are linearly 
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comparative to the Celsius temperature [22]. LM35 directly 

connected to Arduino. The output of LM35 temperature goes 

to comparator circuit and used for over temperature 

indication or by using a simple relay, used as a temperature 

controller [23], [24]. LM35 has three Pinouts Fig .4. Which 

are (GND, VCC, AOUT) [23], table.1 show as LM35 Pinout. 

 
Fig 4: LM35 sensor 

 

Table.1 LM35 Pinout 
Pin Description Function 

GND Ground Connected to 0V or GND 

VCC Power Connected to +5V 

AOUT Output 
It should be connected with an analog 

pin of Microcontroller 

 

After getting analog value at analog pin we reads that value 

using analog read function and stores that value in a variable. 

And then by applying given formula converts it in 

temperature [24]. The following Fig. 5. shows programming 

algorithms for LM35 sensor. 
 

void loop() 

  { 

     float reading=analogRead(sensor);  

     float temperature=reading*(5.0/1023.0)*100; 

     if (temperature > 40) 

        { 

            Serial.println("High Temperature"); 

        } 

     else 

        { 

             Serial.println("Normal"); 

        }} 
Fig.5: Programming algorithms for LM35 sensor 

 

The MQ-2 Gas sensor is sensitive to smoke and is used to 

detect gas level around the area [25].  This sensor can be used 

for homes; factories or educational institutions gas leak 

monitoring. It is suitable for gas, butane, propane, methane, 

alcohol, hydrogen, smoke and other monitoring devices [26]. 

MQ2 has four Pinouts Fig. 6. Which are (GND, DOUT, 

AOUT, VCC) [27], table.2 show as MQ2 Pinout. 

 
Fig 6: MQ-2 Gas sensor  

Table.2 MQ-2 Pinout 
Pin Description Function 

GND Ground Connected to 0V or GND 

DOUT Digital Output 

1. Output Signal: HIGH 

▪ No Gas Persent. 

▪ LED Status: OFF 
2. Output Signal: LOW 

▪ Gas Persent. 

▪ LED Status: ON 

Aout Analog Output 

The output voltag changing with 

the concenttration of surrounding 

gas present. 
▪ Output Voltage 

Increases: Increasing in 

concentartion of 
surrounding gas. 

▪ Output Voltage 

Decreases: Dncreasing 

in concentartion of 

surrounding gas. 

VCC Power Connected to +5V 

The following Fig. 7. Shows programming algorithms for 

MQ2-Gas sensor. 

int smokeA0 = A5; 

int sensorThres = 400; // Threshold value 

void setup() 

  { 

     pinMode(smokeA0, INPUT); 

     Serial.begin(9600); // Setting the baud rate of Serial 

Monitor (Arduino) 

  } 

void loop() 

  { 

     int analogSensor = analogRead(smokeA0); 

     Serial.println(analogSensor); 

     if (analogSensor > sensorThres) 

        { 

             Serial.println("Fire"); 

        } 

     else 

        { 

             Serial.println("Normal"); 

        } 

     delay(100);} 
Fig 7: Programming algorithms for MQ2-Gas sensor 

 

A GSM modem is a special type of modems that accepts the 

SIM card and operates through a subscription to a mobile 

operator such as a mobile phone [28]. As a mobile phone, the 

GSM modem is used to send and receive SMS messages. 

Fig.8. Below shows the GSM modem [21].  

 
Fig 8: GSM SIM900A 

 

Arduino and GSM module communicate with each other 

serially. Accordingly, we should use the serial pins of 

Arduino (Rx and Tx). 
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• Tx pin in GSM module is to be connected to Arduino's 

Rx pin. 

• Rx pin in GSM module is to be connected to Arduino's 

Tx pin. 

• The ground pin of GSM should be connected to 

Arduino’s ground pin. 

Each time we burn the program to Arduino, we should 

disconnect the wiring in Rx and Tx. These pins can be 

reconnected and we can have the system working, as soon as 

the program loads successfully. [29].The following Fig. 9. 

Shows programming algorithms for GSM SIM900A modem. 
 

char msg; 

void setup() 

  { 

     Serial.begin(9600); // Setting the baud rate of Serial 

Monitor (Arduino) 

  } 

void loop() 

  { 

       if (Serial.available()>0) 

          switch(Serial.read()) 

          { 

             case 'Fire': 

                SendMessage('Fire'); 

                break; 

             case 'High Temperature': 

                SendMessage('High Temperature'); 

                break; 

           } 

  } 

void SendMessage(SMS) 

  { 

     mySerial.println("AT+CMGF=1");    //Sets the GSM 

Module in Text Mode 

     delay(1000); 

     mySerial.println("AT+CMGS=\"+X\"\r"); // Replace x 

with mobile number 

     delay(1000); 

     mySerial.println("sim900a SMS");// The SMS text you 

want to send 

  } 
Fig 9: Programming algorithms for GSM SIM 900A 

As the sensors produce input to the system, the actuators 

provide the output to the system that influences the system 

itself and its environment. The proposed system also includes 

two types of actuators that are activated during fire detection. 

The first is an audio actuator that is used as a voice warning 

system and the other is an optical actuator that is used to 

produce red and yellow light in unsafe conditions. Thus, we 

combined between the input system and output system 

mechanically without human intervention. 

B. Development of expert system as an important tool to 

manage fire crisis 

New trends in the development of artificial intelligence and 

expert systems and the interest in increasingly more 

autonomous machines can lead to great progress of existing 

mechatronic devices [30].  As intelligence is usually 

embedded in the planning and control sub-system, it relies on 

the information that is taken from the sensors.  Several tools 

are used in the sub-system for decision making and 

information processing such as conventional 

microprocessors, fuzzy logic, artificial neural networks, and 

probabilistic reasoning [31]. Information processing in a 

mechatronic system may range from simple control functions 

to intelligent control systems [9]. In this study, an intelligent 

control system was designed as a rule-based expert system 

architecture consisting of three parts: Knowledge base, 

Inference engine and graphical user interface (GUI). 

 

1) Knowledge base 

The knowledge base is the heart of the expert system [32]. It 

contains all facts related to the domain and rules that define 

the way these facts are used [32]. The knowledge base can 

also contain theories, concepts and heuristic search methods 

so that it ultimately represents the source of intelligent of the 

expert system. Expert systems follow many approaches in 

Knowledge Representation to design the knowledge base 

such as semantic networks, frames and production rules [33]. 

Rule representation is regarded as being the best and most 

common Knowledge representation techniques, as these rules 

are flexible [34]. The knowledge in the knowledge base is 

represented as a set of rules. Rule base consists of two parts 

as antecedent and consequent. The first part of the rule 

specifies the condition part with ‘‘if’’, and the second part 

specifies the result with ‘‘then’’ When the IF-part of the rule 

is achieved, the THEN-part is executed [35], [36].  The 

knowledge base of the proposed system includes the highly 

specialized knowledge in the fire management in the form of 

experimental rules. Fig. 10. Shows a series of IF-THEN rules 

have been used to describe the I / O layout of the proposed 

system: 
 

val = digitalRead(PIRPin); 

if(val==HIGH) 

{ 

digitalWrite(ledPin, HIGH); 

delay(150); 

} 

if (pirState== LOW) 

{ 

Serial.println("Motion Detected"); 

pirState = HIGH; } 
Fig 10: A series of IF-THEN rules 

 

2)  Inference engine 

The inference engine is the knowledge processor and is 

modeled after the expert’s reasoning. It is used to execute the 

rules and works with available information about a specific 

problem. It also uses the knowledge stored in the knowledge 

base to extract conclusions and make decisions [37]. The 

inference engine performs the reasoning process while the 

expert system finds a solution [35]. Through the inference 

engine, the proposed expert system matches facts with rules to 

retrieve the appropriate case and the required 

recommendations and suggestions to manage this case . 
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3) GUI 

The user interface enables communication between the user 

and the system. It takes input to the system and presents 

output to the user [32]. The following sections show some of 

the proposed system screens. When the system is running, the 

login window Fig. 11. Will appear. The user enters username 

and password data and then clicks on “Login”. 
 

 

Fig 11: the login window 

 

After logging into the system, the main window Fig. 12. Will 

appear. The user clicks “Refresh” to show available Serial 

Comm numbers. The user selects the appropriate port and 

clicks “Connect”. 

 
Fig 12: the main window 

 

The system starts and receives the data sent to it by Arduino 

board, analyses these data and shows the data of the secured 

places on the main screen. The system has two statuses: First: 

Safe Condition, Fig. 13. Shows the Safe condition, where the 

temperature is shown as appropriate and there is no smoke or 

gas leakage. 

 Fig 13: the Safe condition 
 

Second: Unsafe Condition, Fig. 14. Shows the unsafe 

condition, indicating that the temperature is very high and 

there is smoke and gives a 96% probability of fire breaking 

out. In this case, two kinds of warning signals are released: an 

audio warning is released through the alarm bells, and a light 

signal is released through the red and yellow lights. In 

addition, an SMS is sent to the system manager and the head 

of the educational institution about the secured place with 

giving the details of the fire and its location. 

 Fig 14: the Unsafe Condition 
 

When the user clicks “Fire Alarm”, the window shown in Fig. 

15. Will appear with an engineering drawing of the secured 

place detailing the contents of the place, its exits and 

entrances, ventilation ports, location of the firefighting 

system and sites of fire extinguishers. Also, a symbol will 

appear signalling the site of fire. 
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 Fig 15: prototype of the secured place 
 

When the user clicks on “Decision”, the window shown in 

Fig. 16. Will appear, presenting the type of fire and the 

actions and recommendations of the system for this case, to 

be followed by the firefighting team in the educational 

institution. 

 Fig 16: Decision Window  
 

III.  EXPERMENTAL RESULTS 

The proposed system application was developed using 

VB.NET 2019 and Arduino C language. The algorithm was 

tested in real environment on 15 cases to ensure the 

efficiency of the system and its validity for use and measure 

its performance.  The test was divided into three categories: 

the fire occurrence consisting (five cases) in which the fire is 

fabricated. The second category (H temp) consists of five 

cases in which the temperature was raised but less than the 

limit required to start a fire. The third category (Safe) is the 

safe condition of the system. It also consists of five cases. 

The following confusion matrix shows the findings of 

implementation (table.3): 

 

 

 

Table.3 Confusion Matrix values for proposed system cases 

Confusion Matrix 
Predicted 

Fire H Temp Safe 

A
ct

u
al

 

Fire 5 0 0 

H Temp 1 4 0 

Save 0 0 5 

The performance of the proposed system was evaluated in 

terms of Precision, Sensitivity, Specificity and F-measure. 

These measures are derived from the confusion matrix and 

can be defined as follows [38]: 

  
 

Where tp: true positive, fp: false positive, fn: false negative 

and tn: true negative counts. The following table.4 shows the 

findings: 

 

Table.4 Confusion Matrix results 
System Save H Temp Fire  

0.94 1.00 1.00 0.83 Precision 

0.93 1.00 0.80 1.00 Sensitivity 

0.97 1.00 1.00 0.90 Specificity 

0.93 1.00 0.89 0.91 F-  measure 

From the previous table it can be seen that all the results were 

high and acceptable. Moreover, Accuracy and Error Rate 

(ERR) were measure for the system as a whole. These 

measures as defines as [38]: 

  
The following table.5 shows the findings: 

Table.5 Accuracy, ERR for proposed system 

 
System  

0.93 Accuracy 

0.07 Error Rate 

From the above table, the rate of efficiency of the system as a 

whole was (0.93), which is high, whereas the rate of system 

error (0.07) which is low. This confirms that the system is 

suitable for application and use. 

IV. CONCLUSIONS 

In this paper, we presented an embedded mechatronic system 

to manage fires crisis in educations institutions. The system 

can monitor the spread of smoke, flames, gases and release of 

heat. It can also provide diagnosis in time to predict fires and 

prevents them start. The system begins with obtaining data by 

measuring symmetrical physical quantities from the 

surrounding environment (temperature, gas, smoke, flames, 

and fire) using sensors. After then, the controller processes 

the data received from these sensors. In addition, data 
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received from sensors are sent to the expert system to manage 

them and provide required suggestions and recommendations 

to manage the existing   crisis. In the unsafe condition, such 

as the spread of gas or smoke smell or fire, the actuators will 

be activated and the proposed system will release two types 

of warning signals: an audio signal using sound alarms, and a 

visual one using red and yellow lights. Moreover, the system 

sends an SMS to the System Manager and decision makers in 

the educational institution about the secured place with 

information and details on the fire and its location. The 

proposed system was tested by fabricating different fire crisis 

instances. The performance of the proposed system was 

evaluated using the confusion matrix (Precision, Sensitivity, 

Specificity, F-measure, Error Rate and Accuracy). The results 

demonstrate the effectiveness of the proposed algorithm. 
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