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Abstract – In this paper an optimized fire detection system using 

image processing is proposed. This system is based on 

combination of various methods used for fire detection using 

image processing. This system can also be adjusted according to 

different sensitive area requirement by applying different 

combination of fire detecting techniques.  The proposed system 

gives optimized way to detect the fire in terms of fewer false 

alarms by giving the accurate result of fire occurrence. 

Conventional fire detection systems use physical sensors to detect 

fire. Chemical properties of particles in the air are acquired by 

sensors and are used by conventional fire detection systems to 

raise an alarm. However, this can also cause false alarms. In 

order to reduce false alarms of conventional fire detection 

systems, we proposed vision-based fire detection system. The 

proposed fire detection system consists of main parts: fire edge 

detection, colour detection, motion detection, gray-cycle pixel 

detection of smoke and area spread.  

Index Terms – Fire Detection, Image Processing, Colour 

Detection, Motion Detection, Edge Detection, Grey Cycle 

Detection. 

1. INTRODUCTION 

Fire detection systems are among the most important 

components in surveillance systems used to monitor buildings 

and the environment. Fire is one of the a natural serious 

phenomenon that is out of control due to that it can cause 

irreversible serious loss of human life and property, it is also a 

cause of atmospheric pollution once it has occurred. Fire is a 

great threat when it affects highly populated area or an area of 

high environmental value. In last few decades it is found that 

human activities have enhanced the fire rate. As a part of 

early mechanism, a detection system should generate an alert 

at earlier stages of fire. Currently, almost all fire detection 

systems in use have built-in sensors in these the detection 

depends mainly on the location and density of sensors. It is 

essential that for a high precision fire detection system these 

sensors should be densely distributed. In a sensor-based fire 

detection system for an outdoor environment, coverage of 

large areas is impractical due to the necessity of a regular 

distribution of sensors in close proximity. Due to rapid 

developments in digital camera technology and video 

processing techniques, there is a major trend to replace 

conventional fire detection methods with vision based 

systems [1][2][3]. 

Fires are usually easy to extinguish in an early stage; once a 

fire has reached a fairly large size, operations for fire-fighting 

become very complicated and the control of the fire depends 

largely on the meteorological conditions that determine fire 

spread. In sparsely populated areas, where fires are not 

extinguished, fire detection is only needed for monitoring the 

environmental impact. So it is of prime importance to detect 

occurrence of fire at early stages. These all circumstances 

need development of a reliable system which can detect an 

occurrence of fire at early stage so that the losses can be 

reduced [1][2][4][5][6]. 

2. TRADITIONAL FIRE DETECTION METHOD 

In earlier day’s and at some places at recent days automated 

fire detection systems installed are based on sensors, these 

sensor based fire detection system senses various parameters 

of fire such as temperature, smoke etc these sensors based on 

the analysis done, issues a signal to the fire alarm system and 

finally the alarm acts on the basis of the signal received. 

These sensor based system are activated only when the smoke 

particles or flames in contact or close to the fire detection 

device, moreover those devices cannot provide more 

information in terms of the exact location of fire, magnitude, 

growth rate and so on. However, these sensor based 

automated system are not able to detect fire at early stage as it 

require some input to sense which is one of the most 

considerable disadvantage and also the response time of this 

system is high. In these systems for the purpose of the 

sensing, sensors have to be placed at appropriate locations and 

the system needs some specific level of these inputs to sound 

alarm. Also as the area to be sensed increases the density of 

sensors is also to be increased due to which the cost of the 

system increases.  As the traditional system has many 

drawback so it is not the best way to ensure a timely response 

at earlier stages when safety is concern, as lot of damage 

might have happened by then.  

A smoke detector is a device that detects smoke, typically as 

an indicator of fire. Commercial, industrial, and mass 
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residential devices issue a signal to a fire alarm system, while 

household detectors, known as smoke alarms, generally issue 

a local audible and/or visual alarm from the detector itself. 

Conventional point smoke and fire detectors typically detect 

the presence of certain particles generated by smoke and fire 

by ionization or photometry. 

3.  LIMITATIONS OF TRADITIONAL SYSTEM 

Most of the available sensors used such as smoke detector, 

flame detector, heat detector and etc., take time to response. 

These sensors require product of combustion (example: 

smoke, CO2, temperature and etc.) from fire to reach the 

sensors before an alarm is issued. Because of that, it has to be 

carefully placed in a various locations [11][12]. Also, these 

sensors are not suitable for open spaces as products of 

combustion tend to spread away which can reduce the 

detection. Conventional fire detection systems use physical 

sensors to detect fire. Chemical properties of particles in the 

air are acquired by sensors and are used by conventional fire 

detection systems to raise an alarm [11]. However, this can 

also cause false alarms; for example, a person smoking in a 

room may trigger a typical fire alarm system almost all fire 

detection systems use built-in sensors that depend primarily 

on the reliability and the positional distribution of the sensors. 

It is essential that these sensors are distributed densely for a 

high precision fire detection system. In a sensor-based fire 

detection system for an outdoor environment, coverage of 

large areas is impractical due to the necessity of a regular 

distribution of sensors in close proximity [12]. An important 

weakness of point detectors is that they are distance limited 

and fail in open or large spaces. 

4. FIRE DETECTION USING IMAGE PROCESSING 

Due to the drawbacks of sensor based fire detection system 

and due to rapid development of image processing techniques 

vision based fire detection system came into existence. 

Moreover vision based fire detection system offers several 

advantages. Firstly installation cost of this system is low as 

CCTV cameras are required. Secondly it has faster response 

time as it does not have to wait for the products of combustion 

to come near it this was not the case with sensor based 

systems. Thirdly in case of false alarm, confirmation can be 

done from the room by person without rushing to location of 

fire. Fourthly these systems can be used in open environment 

and on increasing the area to be covered the cost of the system 

is not much affected. Lastly fire detection technology based 

on video image can extract much more information from 

smoke and flame which is helpful for the 

detection.[11][12][14] 

 Fire has number of visual features such as colour, motion, 

shape, smoke and growth etc. For detection of fire these 

feature are analyzed. During the occurrence of fire, smoke and 

flame both can be visualized. And with the increase in the 

intensity of fire visibility of both smoke and flame increases. 

Hence for fire detection, both smoke and flame needs to be 

analyzed. One reason to analyze both smoke and flame is that 

in the daytime, smoke analysis is the best approach for fire 

detection, since smoke is always associated with fire and 

becomes quickly visible even if the fire source is occluded 

and at night the visibility of smoke decreases but the detection 

capability of fire flames becomes high. Thus, fire flame 

extraction is effective for fire detection at 

night.[11][12][17][18] 

5. FIRE DETECTION METHODS BASED ON 

IMAGE PROCESSING 

 In this section different fire detection techniques based on 

image processing are discussed. With the rapid development 

of digital camera technology and advanced content based 

image and video processing many fire detection techniques 

based on image processing came into existence. These 

techniques analysed visual features of fire like colour, motion, 

edge, shape etc... 

5.1 Edge detection method 

The sharp transition characteristics of the object are the mean 

of edge detection. Basically edge detection detects the colour 

variance in an image. The edge detection system compares the 

colour difference and provides an edge of the flame based on 

it. The flame edges are basis for the quantitative 

determination of range of flame characteristic parameter such 

as shape, size, location and stability. By flame edge detection 

amount of data processing and filter out uncontrolled 

information such as background noise within image can be 

reduced to great extent.[21][22]  

There are many methods of edge detection which can be 

categorized into two  depending on the derivative used they 

are gradient and laplacian The gradient method detects the 

edges by looking for the maximum and minimum in the first 

derivative of the image. The Laplacian method searches for 

the zero crossings in the second derivative of the image to 

find edges. Examples of gradient-based edge detectors are 

Roberts, Prewitt, and Sobel operators. All the gradient-based 

algorithms have kernel operators that calculate the strength of 

the slope in directions which are orthogonal to each other, 

commonly vertical and horizontal. Later, the contributions of 

the different components of the slopes are combined to give 

the total value of the edge strength. Example of Laplacian 

method is Marrs-Hildreth operator. An edge-detection filter 

can also be used to improve the appearance of blurred or anti-

aliased video streams. The basic edge-detection operator is a 

matrix- area gradient operation that determines the level of 

variance between different pixels. The edge-detection 

operator is calculated by forming a matrix centered on a pixel 

chosen as the centre of the matrix area. If the value of this 
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matrix area is above a given threshold, then the middle pixel 

is classified as an edge.[11][12][49] [64] 

5.2 Colour Detection Method 

Fire can by described by its colour properties. For fire colour 

detection two models are widely used RGB colour model and 

YCbCr colour model. 

5.2.1 RGB colour model:  

In this model colour pixel can be extracted into the individual 

R, G and B elements which can be used for colour detection. 

The flame colour can provide useful information relates to 

temperature of the flame and fire phase. All the conditions for 

fire colour detection in image are summarized as following: 

Condition1: R > RTH 

Condition2:  R≥G≥B. 

Condition 3: S ≥ (255 − R)*STH / RTH 

Condition 1 states that the value of R should be over some 

predetermined threshold value RTH.  The condition 2 in 

detecting fire colours is defined as R≥G≥B. Furthermore, 

there should be a stronger R in the captured fire image due to 

the fact that R becomes the major component in a colourful 

image of fire. This is because that fire is also a light source 

and the video camera needs sufficient brightness during the 

night to capture the useful video sequences.  However, the 

background illumination may affect the saturation of flames 

or generate a fire alias, which leads to false detections. To 

avoid being affected by the background illumination, the 

saturation value of the extracted flame needs to be larger than 

a specified threshold, STH .Based on the basic concept, the 

saturation will degrade with the increasing R component, and 

thus the term of ((255 − R )*STH / RTH) illustrates when R 

component increases toward the upmost value and then 

saturation will decrease downward to zero.[11][12][13][14] 

In the decision rules, both RTH and STH are defined according 

to various experimental results, and typical values range from 

55 to 65 and 115 to 135 for STH and RTH , respectively. 

5.2.2 YCbCr colour model: 

 YCbCr is an efficient model because of its ability to 

distinguish luminance information from chrominance 

information. In order to create Y, Cb, Cr components from 

obtained RGB Image colour space transformation equation 

can be used to transform each RGB pixel in corresponding Y 

Channel, Cb Channel, Cr Channel pixel to form a 

corresponding Y, Cb, Cr image. When the image is converted 

from RGB to YCbCr colour space, intensity and chrominance 

is easily discriminated. YCbCr colour space can be easily 

model as following for the fire: 

Y = 16 + R * 65.481+ G * 128.553 + B * 24.996; 

Cb= 128 + R * -37.797 - G * 74.203 + B * 112.0; 

Cr = 128 +R * 112.00 + G * -93.7864 + B * -18.214; 

In YCbCr colour space, Y′ is the luma component (the "black 

and white" or achromatic portion of the image) and Cb and Cr 

are the blue-difference and red-difference chrominance 

components, will be chosen intentionally because of its ability 

to separate illumination information from chrominance more 

effectively than the other colour spaces. 

Out of the two colour models RGB colour model is widely 

used because of its less computational complexity. 

5.3 Motion detection:  

Motion detection method for fire is used to detect occurrence 

of any movement in a video. It is done by analysing the 

difference in images of video frames. The most common 

approach used for motion detection is background subtraction 

which can identify any movement in the video frame. There 

are three main approaches used in background subtraction for 

motion detection in a continuous video stream: 

 Frame/Background subtraction: In this difference 

between two consecutive input frames of a video stream is 

calculated. Simultaneously a background difference map 

is generated by comparing the present frame with the 

previous background frame stored in the buffer 

 Background registration: In This on the basis of past 

several difference frames pixels which are not moving for 

long time are used to identify the background for 

background registration. 

 Moving pixel detection: In this step, the binary 

background difference map and the binary frame 

difference map are used together to create the binary 

moving pixel map.  

This method has two major advantages that is the less 

computations are required and the background model is 

highly adaptive.[11][12][13][14]  

5.4 Area Spread:  

This method is used to compare fire pixel area of two 

sequential images comes out after the colour detection. Area 

counts the number of pixels in a frame. In area spread 

detection method we take two sequential frames which comes 

out from colour detection method and check the dispersion on 

the basis of minimum and maximum values of X and Y 

coordinates. On the basis of this dispersion, System will 

provide result on the basis that if area increases then a fire is 

detected. This property of fire helps us to detect fire 

accurately. If the area of the current image is greater than the 

area of the previous image then we can say that area of fire 

pixel is increasing which shows the presence of fire. This 
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method enhances the accuracy level of fire detection 

system.[11][12] 

5.5 Gray-cycle Detection:  

There are many cases in which smoke is generated before 

actual fire. So by analysing these smoke pixels which are 

present near fire area in the video we can detect fire at earlier 

stages. Gray-cycle detection method is used for smoke 

detection. These smoke pixels have specific colour properties 

in terms of R, G and B pattern. In smoke particles, the 

difference between at least two colour combinations of R, G, 

B will be less than threshold value for difference between two 

colour combination (Dt). Mathematically, equation for smoke 

pixel in terms of R.G and B is 

1. R

 - G <Dtand G – B <Dt 

2. G

 – B <Dt and B – R <Dt 

3. B

 - R <Dtand R – G <Dt 

It is done by applying the mathematical relation of R,G and B 

in the above detected area. The coordinate of the area in 

which smoke detection want to apply is: 

p=[(xmin-α) , ymin+ymid]; 

q=[(xmax+α) , ymin+ymid]; 

r=[(xmax+α) , ymin-ymid]; 

s=[(xmin-α) , ymin-ymid]; 

where 

Xmin= minimum value of X coordinate of possible detected 

fire area through edge and colour detection 

Xmax= maximum value of X coordinate of possible detected 

fire area through edge and colour detection 

Ymin= minimum value of Y coordinate of possible detected 

fire area through edge and colour detection 

Xmax= maximum value of Y coordinate of possible detected 

fire area through edge and colour detection 

α = margin to get smoke detection area 

The rectangular area formed by p, q, r and s is the area to 

detect smoke pixel. If the detected smoke pixels are greater 

than pixels covered by 20% of area of the rectangular then we 

can conclude that smoke pixels are due to fire not by gray 

colour.[11][12][14]  

 

 

 

6. PROPOSED TECHNIQUE 

 

 

Figure 1. Flowchart of proposed method. 

Figure 1 shows the flowchart of the proposed method of fire 

detection. In this proposed method the images extracted from 

the video are given as input to edge detection method to 

determine the edge of the image and then the output of edge 

detection is passed through colour detection. The output of 

colour detection is given as input to three different techniques 

motion detection, grey cycle detection and area spread 

detection. The different outputs depending on the different 

combination of outputs from three techniques are generated 

using the AND operator. OR operator is again applied to the 

different outputs generated to get the final output of the 

system.  

7. RESULTS 

The results obtained for proposed system using MATLAB 

2013a are shown in table 1. The results shows that the 

efficiency of the system for fire detection for motion detection 

technique is 85.33%, for gray cycle detection technique is 88% 

and that for area spread the efficiency is 90%. Finally the 
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efficiency of the proposed system using combination of above 

detection techniques is 95.33%. Thus proposed fire detection 

system gives us a enhanced system efficiency in term of less 

false alarms and thus a better system performance is achieved.  

 

Table 1: Proposed system performance. 

8. CONCLUSIONS 

The proposed system is based on combination of various 

methods used for fire detection using image processing. The 

proposed system provides us facility to adjust the system by 

using different combination of image processing based fire 

detection techniques and implementing the system according 

to different area requirement.  The proposed system provides 

us better way to detect the fire in terms of decreased false fire 

detection rate and hence increasing the accuracy of the 

system. The proposed fire detection system consists of main 

parts: fire edge detection, colour detection, motion detection, 

gray-cycle pixel detection of smoke and area spread. 
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