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ABSTRACT 
 

Aim: The aim of this research is to design an automatic fire detection and control. 
Methodology: The system consists of two sensors, microcontroller, buzzer and a pump/sprinkler. 
An LM35 integrated chip has been used as temperature sensor while MQ-2 gas sensor has been 
used as smoke sensor. All sensors are connected to the microcontroller through an input/output 
port. The controlling software for the whole system was designed in C programming language. The 
popular high performance, low power 8-bit microcontroller from the AVR family microcontrollers has 
been used. The system was finally tested by introducing fire parameters (smoke and temperature) 
close to the smoke and temperature detectors respectively. When the parameters go above the set 
level in the detectors, audio alarm, light indicator and pump/sprinkler were activated. The measured 
temperature of the system was compared with the reference temperature.   
Results: The result showed that there was a mean deviation of 1.550C between the measured 
values and reference values which served as the control.   
Conclusion: The constructed system is compact and easy to install. The constructed fire control 
device is quite cheap and affordable to every category of person. 
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1. INTRODUCTION  
 

The need for early fire detection is paramount in 
protecting human life and property as fire 
disaster is a great threat to lives and properties 
[1]. Fire is the rapid oxidation of a material in the 
exothermic chemical process of combustion, 
releasing heat, light, and smoke. It is understood 
that every fire start with a smoke and heat [2]. A 
key subject of interest to many researchers has 
thus been on firefighting systems. More interest 
has been given on automation of these systems 
to allow firefighting operation be less dependent 
on human support. Automated firefighting 
system, which depends on temperature and 
smoke sensing devices, is used in many 
industrial and commercial applications [3]. It is 
however true that in most cases sensible heat 
often occurs after great destruction has occurred 
and thus the use of smoke sensors need not be 
ignored at any point whatsoever. A number of fire 
detectors have been designed that can be 
installed within buildings. Among these types of 
sensors, the smoke sensor is widely used 
because of its early fire detection capability and 
its relatively low cost [4]. 
 

However, although this sensor provides rapid 
response time, it has high false-alarm rates. In 
contrast, the temperature sensor provides more 
reliable responses but with slow response time. 
Fire detectors that use a single sensor may fail to 
activate when required or may cause false 
alarms. Therefore, a fire detecting system that 
uses a combination of smoke and temperature 
sensors will not only provide better smoke sensor 
compensation but also provide a more intelligent 
fire control system [5]. 
 

The need to safeguard lives and properties from 
fire disasters has led to the invention of an 
automatic fire control system using a smoke 
detector, a heat detector and an automatic 
sprinkler [4]. Automatic fire alarm system 
provides an immediate surveillance, monitoring 
and automatic alarm. It sends early alarm when 
the fire occurs and helps to reduce the damage 
[6]. A smoke and heat detector is one of the 
numerous ways of detecting fire outbreak at an 
early stage, while a water sprinkler is the most 
common way of extinguishing fire. An automatic 
fire control system is an electronic circuit 
designed to control a sprinkler which produces 
water or any extinguishing element, when it 
detects the presence of smoke and excessive 
heat [7]. 

The automatic fire control system brings out 
efficient automatic fire detection and 
extinguishing system. The fire detection sensors 
will sense the occurrence of fire, by monitoring 
smoke and heat, which automatically generate a 
signal to interrupt the microcontroller which is 
connected to a buzzer and a pump. Suddenly 
after detecting the fire, the buzzer automatically 
sounds to indicate the presence of fire and starts 
the relay which runs a pump and pressurizes the 
extinguishing element to suppress the fire using 
water sprinkler. The role of the control unit in 
improving fire detection and control capability 
has already been recognized, with a system 
using control unit for decision making being one 
of two main versions of intelligent fire detection 
systems [8]. Automatic fire control systems have 
been made and installed in our buildings, which 
performed its specific functions accordingly. Both 
system activation (detection) and notification 
(alarm) must occur to achieve early warning [7]. 
 

2. METHODOLOGY 
 

2.1 Automatic Fire Control System 
Design 

 
Designing the system is the major part of this 
work and this involved the planning and 
estimation of the entire system before the               
actual implementation. Angus [9] designed an 
intelligent fire alarm system that utilized                    
heat, smoke and infrared sensors. Computer 
control based system is made up of two 
important parts, hardware and software. 
Hardware provides the required signals to the 
computer in digital form and software within the 
computer analyses this signals to provide the 
desire output. 
 
The block diagram comprises all the subsystems 
of the designed system, which consist of the 
power supply unit, smoke sensor, temperature 
sensor, microcontroller, pump/sprinkler, display/ 
LED, and buzzer.  
 

2.2 Power Supply Unit 
 
The analysed automatic fire control system 
requires a DC voltage source for its operation. 
Therefore for the purpose of this design, an 
alternating (AC) voltage source of 220V will be 
used, where the AC voltage must be converted 
to DC voltage through rectification. 
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The power supply requiring voltage sources are 
the microcontroller, smoke sensor, temperature 
sensor and DC pump. The voltage requirement 
of these devices is specified in their datasheet to 
be 5 Volts each except DC pump that requires 12 
Volts. Based on the specification 12 volts DC 
was designed for the whole system, and three 5V 
voltage regulators were connected to power the 
microcontroller and two sensors used. The idea 
of regulating and smoothing DC voltage was 
gathered from [10]. 
 

2.3 Temperature Sensing Device 
 
The temperature sensor selected for this system 
was LM35DZ which is a precision integrated 
circuit temperature sensor made up of 
semiconductor materials, whose output voltage is 
linearly proportional to the Celsius (Centigrade) 
temperature. Mohammed et al. [11] conducted a 
research on thermal product of fast response 
temperature sensors for transient heat transfer 
applications, where they used sensor that has 
fast response time. The LM35 does not require 
any external calibration or trimming to provide 
typical accuracies of ±1⁄4°C at room temperature 
and ±3⁄4°C over a full −55 to +150°C 
temperature range. It is used with single power 
supply, as it draws only 60μA from its supply; it 
has very low self-heating less than 0.1°C in still 
air. 
 

2.4 Smoke Sensing Device 
 
GH-312 module (MQ-2) gas sensor was selected 
for this design because it is readily available in 
market, portable in size (suitable for embedded 
applications) and compatible to the designed 

system. It is a gas sensing device which senses 
gases including smoke. The sensitive material of 
the sensor is Tin Dioxide, which with lower 
conductivity in clean air. The performance of 
ionization and photoelectric smoke alarms in 
various fire scenarios has been the great 
concern in detection part of the automatic fire 
control system [12]. MQ-2 gas sensing device is 
a PCB mounted type with two terminals; input 
and output.  
 

2.5 Microcontroller 
 
The selected microcontroller was ATMEGA16, 
because it is a low-power CMOS 8-bit 
microcontroller with 16KB in-system 
programmable flash based on the AVR 
enhanced RISC architecture, by executing 
powerful instructions in a single clock cycle [13]. 
The microcontroller serves as the central 
processing part of the system. It receives signal 
from smoke and temperature sensors, switches 
on an LED, buzzer alarm and the sprinkler 
system when smoke is sensed and also checks if 
the signal from the temperature sensor has 
surpassed the reference temperature. 
 

2.6 Relay Circuit 
 
HRS4-S-DC12V relay module was selected. The 
relay switches ON/OFF power to the premises 
and then sent to the DC pump. The relay circuit 
is connected to DC pump acting as the switching 
device when it receives signal from the micro-
controller after the smoke sensor and the 
temperature sensor senses smoke and a high 
temperature respectively. 
 

 

 
 

Fig. 1. Block diagram of automatic fire control system 
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2.7 Display Unit 
 
The type of display used was a seven segment 
display. A bipolar junction BC557 PNP transistor 
for common anode display is use in order to drive 
the required display, which indicates the current 
situation of the system. It is connected to the 
microcontroller through input /output port with 
data and control lines. Abdulrahman et al. [14] 
designed and implement a simple seven 
segment display. The implemented circuit of the 
system shows how to connect simple input and 
output devices to a programmable chip. 
 

2.8 Buzzer Alarm 
 
The buzzer selected for this system was SV4/5-S 
PCB type, which is a PCB mounted type with two 
pins. The buzzer produces sound after the 
smoke sensor senses smoke and the 
temperature senses heat.  
 

2.9 Pump/Sprinkler 
 
The DC Pump used for this design was PAC 
Bosch with 12V DC, 3.8A operating power. The 

outlet of the pump was attached to the end of a 
pipe which is also attached to the water sprinkler. 
The area which the water sprinkles depends on 
the type of sprinkler and also the pressure of the 
Pump. When sprinklers are present in the fire 
area, they operate in 93% of all reported 
structure fires large enough to activate sprinklers. 
 

2.10 System Hardware Design 
 

The relay, which runs the pump, was connected 
directly from rectified 12V DC supply and output 
signal that turn ON a relay was connected from 
PORT B (pin 7) of the microcontroller. The 
smoke sensor, temperature sensor and 
microcontroller were powered by 5V DC each 
through voltage regulators. Smoke sensor 
inputted signal through PORTA (pin 37), 
temperature sensor also connected through 
PORT A (pin 34) of the programmed 
microcontroller. Buzzer was connected to VCC 
and through 1 KΩ resistor from microcontroller IC 
to port B (pin 6). Three seven segment display 
was connected from PORT C (pin 22-29) and 
PORT D (14 and 15) of the microcontroller 
through 100Ω resistors. All these connections 
are illustrated as circuit diagram in Fig. 2 

 

 
 

Fig. 2. Circuit diagram of automatic fire control system 
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2.11 Casing 
 

The casing, housing of the entire circuit is a 
cuboids box made from plastic with several 
points on the box bored to accommodate and 
hold the LED, Temperature sensor, smoke 
sensor, Display and the buzzer. The casing will 
be measured 30cm × 30cm × 15cm. 
 

2.12 System Software Design  
 

In order to link the detected voltages from the 
sensors to the microcontroller and from 
microcontroller to the pump/sprinkler through a 
relay, C programming language was used as the 
communication protocol between hardware and 
software. Firstly, the input/output port of the 
microcontroller will be configured, such that both 
the status and the control lines act as inputs from 
the sensors. 
 

2.13 Programming of Microcontroller  
 

In order to program ATmega16 microcontroller, a 
special technique to load the program into the 

microcontroller was followed. One of the 
methods was to use a microcontroller flash 
memory. Flash memory is similar to erasable 
programmable read-only memory. So the 
program was written and debugged using cross 
compiler. The compiled program was loaded to 
the flash memory of the microcontroller. Once 
program was flashed, the microcontroller was 
loaded with the hex code and it was ready for 
execution. 
 

2.14 System Software Flow Chart 
 
Fig. 3 shows the flowchart for the system 
software. When the program is running 
continuously the software set the status and 
control registers low and keep on monitoring for 
the presence of a high voltage in any of its pin. If 
a high voltage is detected in any of these lines, 
sprinklers will be activated through a relay circuit. 
When fire has been put off the software reads 
low at the input lines thus stopping the activated 
sprinkler. 
 

 

 
 

Fig. 3. Flow chat of system software 
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Table 1. Designed system response test results 
 

Test  Reference 
temperature 

Operating 
temperature  

 

Response 
time  

 

LED  
 

Buzzer  
 

Pump  

 

1 50 °C  
 

54 °C  
 

21sec. ON ON OFF 
2 55 °C  

 

58 °C  
 

19sec. ON ON ON 
3 60 °C  

 

63 °C  
 

15sec. ON ON ON 
4 65 °C  

 

66 °C  
 

11sec. ON ON ON 
5 70 °C  

 

71 °C  
 

11sec. ON ON ON 
6 75 °C  

 

76 °C  
 

9sec. ON ON OFF 
7 80 °C  

 

81 °C  
 

7sec. ON ON ON 
8 85 °C  

 

85 °C  
 

6sec. ON ON ON 
9 90 °C  

 

90 °C  
 

6sec. ON ON ON 

 

3. RESULTS AND DISCUSSION 
 
A 100 watts soldering iron was introduced to the 
LM35 temperature sensor in other to raise the 
temperature until alarm was heard and LED 
turned ON and the DC pump. The response time 
was also found to be about 21 s for the selected 
temperature of 54 °C. Temperature sensor was 
found to respond to change in temperature at a 
slower rate compared to that of the smoke 
sensor. From the time that the pump was 
triggered on 21st second it took 50 s to 
completely suppress temperature below the set 
54 °C in order to completely switch OFF the 
blinking LED, buzzer and DC pump. This time is 
about 30 s higher than that of the smoke sensor. 
The main cause of this is the slow cooling of LM 
35 temperature sensor. It is thus evident that 
smoke sensors are more adequate for early fire 
detection though may be smooth to much false 
detection than temperature sensors. To observe 
the proper function of the designed system 
response to multiple inputs from the sensors 
(temperature and smoke), must be observed. 
Two sensor inputs were simulated by connecting 
5 V to inputs of these sensors. These two 
generated signals must be together to interrupt 
the microcontroller. When only one signal was 
generated, there is no response from the system. 
 
An automatic fire control device was designed 
and constructed. The system, which is 
microcontroller based is suitable for detecting fire 
(smoke and heat) within a given range, and 
activating display/ LED, DC pump and buzzer. 
The AC source from mains was converted in to 
DC voltage by the means of rectifier. The 
rectified voltage is a form of unfiltered electrical 
signal, which was filtered to lower the ripples of 
the rectified DC voltage using an LC filter. An 
ATmega16 series of microcontroller was 
configured and programmed using C 
programming language, to activate the activation 
part of the system (Display, buzzer and DC 

pump). The system was activated after detecting 
smoke and heat through smoke and temperature 
sensing devices. After the construction, the 
system was subjected for tests to find out its 
performance. The power supply performance 
was found to meet the design specification. The 
response time of sensors was found to 11.7s, 
which is enough to control the fire without much 
destruction. The system/reference temperature 
was compared with the observed temperature, 
showed the mean error of 1.550C and 
consequently it was recommended that 1.550C 
should be added to any measurement of the 
system temperature values. 
 

4. CONCLUSION 
 

In this study an automatic fire control devise has 
been designed and constructed, that could be of 
use in the building and construction sector. The 
fire control device was found to be working 
satisfactorily with low mean error and high 
accuracy. The constructed system is compact 
and easy to install. The constructed fire control 
device is quite cheap and affordable to every 
category of person. With the achievement of all 
the objectives of this research, we can conclude 
that the constructed device operates as 
expected, which is reliable and cost effective. 
The device should be employed in firefighting 
operations to help limit the number of death and 
property loss in our buildings. 
 

5. RECOMMENDATIONS 
 

Based on the result in this study these 
recommendations are suggested: 
 

 The sensitivity of fire control device may be 
improved upon especially at large place to 
be monitored. It is therefore, 
recommended that a system that accepts 
many input  from sensors may be 
designed. This may be possible by use of 
multiplexers. 
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 A rechargeable power supply unit may be 
incorporated in the constructed device to 
avoid power failure problems. 

 The constructed device could further be 
enhanced by interfacing it to other 
firefighting equipment such as gas and 
powder extinguishers that can be used to 
different classes of fire. 

 The designed software may also be used 
in areas outside fire control. These include 
object counters, burglar alarm, road traffic 
monitoring and other areas. 

 Further work needs to be done to find 
other alternative sensors such as             
RTDs, thermistors, ionisation smoke 
detectors. 
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