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ABSTRACT 
 

Edge detection techniques is the pre-processing step in image process analysis. Digital image 

processing play vital role in flame images for monitoring and detecting fire automatically. Some 

unique features of flame are used to find its edges. The brightness of the flame is much higher 

than the other objects in the image. The expected edge output of flame image should be clear and 

undisturbed. To find this, several known edge detection methods are tested to the image. The new 

proposed method consists of combining available best methods to detect edges in flame images in 

the fire monitoring and detecting system.  This method identifies edges correctly and clearly by 

removing all the noise. The results of this method proved the edges are robust, clarity, continuity 

and effective than other existing techniques. 
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[1] INTRODUCTION 

 

 In fire safety engineering and flame image processing, edge detection is the pre-process 

and foundation for the remaining all other processes. Flame edges form a basis for the quantitative 

determination of flame characteristics and they can reduce the amount of data processing. Detection 

of edges help for image segmentation, data compression and image reconstruction etc. This method 

help to detect the flame edge and used to distinguish real and false alarms by online detection of 
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fire in videos. Fire regions are detected using combined available methods such as detection of 

moving regions and  coloured pixels. Luminance map is created and used to remove non fire pixels 

using the contrast differences.  In order to improve the fire detection rate in video, a detection 

algorithm based on colour, motion and pattern characteristics of fire is proposed. This algorithm is 

checked for robustness, accuracy, effectiveness, clear, clarity and fast response. 

 

 Normal edge detection methods may be grouped into two categories according to the 

computation of image gradients, i.e., the first order and second order derivatives. In the first 

category, edges are detected through computing a measure of edge strength with a first order 

derivative expression. Various examples of gradient based edge  detection operators include 

Robert, prewitt, and sobel operators. In the second category, edges are detected by searching a 

second-order derivative expression over the image, usually the zero crossings of the Laplacian or 

a nonlinear differential expression. The common edge detection methods have been applied with 

appropriate parameters to process typical flame and fire images. Despite many parameters being 

finely and appropriately adjusted in the use of these methods, flame edges could not be clearly 

identified. 

 

 Figure l shows the results obtained by the normal sobel edge detection method image. The 

results obtained by using sobel edge detection method is often disconnected and fragmented. For 

some of the images it can only identify a part of the flame edge or wrongly identify small edges 

that are obviously not the edges of the main flame. The results have therefore suggested that it is 

not always possible to obtain ideal edges from real-life images of moderate complexity, thus 

complicating the subsequent task of interpreting the image data. It is therefore desirable to develop 

a dedicated modified edge detection method for flame and fire image processing.  

 

 
    (a) Forest fire image    (b) Sobel edge detected image 

 
Figure.1 Image input and sobel edge detection method output images 

 

1.1 Related work 

 S.R.Vijayalakshmi and S.Muruganand [1] discussed about the real time monitoring of 

wireless fire detection node. M. Morin, J.Jenvald and M.Thorstensson [2]  analyzed about the 

computer-supported visualization of rescue operations. Xue-gui Wang, Siu-ming Lo, He-ping 

Zhang and Wei-li Wang  [3] analyzed about the novel conceptual fire hazard ranking distribution 

system based on multisensory Technology. Konstantinous Liolis, Spiros Pantazis, Vassilis 

Gennatos, Socrates Costicoglou and IIias Andrikopoulos [4] dealt about an automated fire detection 

and alerting application based on satellite and wireless communications. Fatih Erden  [5] discussed 

about the wavelet based flickering flame detector using differential PIR sensors.  
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 Son. B (6) was discussed about a design and implementation of forest-fires surveillance 

system based on wireless sensor networks for south Korea mountains. Tan et al. (7) is discussed 

the mine fire detection system based on Wireless Sensor Network. Zhang et al. (8) are discussed 

about the forest fire detection system based on a ZigBee wireless sensor network. Ibrahim 

Korpeoglu et al (9) discussed about the  framework for use of wireless sensor networks in forest 

fire detection and monitoring. Wei Tan et al. [10] is discussed the Mine Fire Detection System 

Based on Wireless Sensor Network.  

 

 Yeon-sup Lim et al. are analyzed [11] Fire Detection and Rescue Support Framework with 

Wireless Sensor Networks. Ying Zhen Li et al. are analyzed [12] the maximum temperature of 

buoyancy-driven smoke flow beneath the ceiling in tunnel fires. Nele Tilley et al. [13] are analyzed 

about the verification of the accuracy of CFD simulations in small-scale tunnel and atrium fire 

configurations. LF.Chen et al. [14] are discussed about the studies on buoyancy driven two-

directional smoke flow layering length with combination of point extraction and longitudinal 

ventilation in tunnel fires. Sudipta Bhattacharjee et al. [15] analyzed about the wireless sensor 

network-based fire detection, alarming, monitoring and prevention system for Bord-and-Pillar coal 

mines.  

 

 Daniela Ballari et al. [16] discussed about a  mobility constraint model to infer sensor 

behaviour in forest fire risk monitoring. Junguo ZHANG et al.[17] are discussed about the forest 

fire detection system based on a ZigBee wireless sensor network. Cetin Elmas and Yusuf Sonmez 

[18] analyzed about the data fusion framework with novel hybrid algorithm for multi-agent 

decision support system for Forest Fire. 

 

 This paper is organized as follows. Section 2 provides the proposed edge detection 

algorithm for flame and fire image processing. Section 3 explains about its result and discussion.  

Section 4 gives about the conclusion and further work. 

 

[2] PROPOSED EDGE DETECTION ALGORITHM FOR FLAME AND FIRE 

IMAGE PROCESSING 
 

 The edges are represented by first and second order derivatives. The first order derivative 

of a 2 D function f(x,y) is defined as 

∇𝑓 =  [
𝑔𝑥
𝑔𝑦]  =  [

𝛿𝑦

𝛿𝑥
𝛿𝑦

𝛿𝑥

]   -----(1) 

 

 This vector has the important geometrical properties that it points in the direction of the 

greatest rate of change of f at location (x,y). The magnitude of ∇f , denoted as M(x,y) where  

 

M(x, y)  =  mag(∇f)  =  √gx2 + gy2   -----(2) 

 

Is the value of the rate of change in the direction of the gradient vector note that gx, gy and M(x,y) 

are images of the same size as the original, created when x and y are allowed to vary over all pixel 

locations in f. It is common practice to refer image as the gradient image or simply as the gradient 

when the magnitude is clear. Another important quantity is the direction of the gradient vector 

given in (3) as, 

𝛼(𝑥, 𝑦)  =  tan−1 (
𝑔𝑦

𝑔𝑥
)    ------(3) 
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𝛼(𝑥, 𝑦) also is an image of the same size as the original created by the array division of image gy 

by image gx.  The direction of an edge at an arbitrary point (x,y) is orthogonal to the direction 

𝛼(𝑥, 𝑦) ,  of the gradient vector at the point. Generally, the variance of the gray level is calculated 

with one of these edge-detection operators or kernel operators. The slopes in the x- and y-directions 

are combined to give the total value of the edge strength. The edge-detection operator is then 

calculated by forming a matrix centered on a pixel chosen as the center of the matrix area. If the 

value of this matrix area is above a given threshold, then the middle pixel is classified as an edge 

[8]. 

 

 In general, a flame region has a stronger luminance in comparison to its ambient 

background, and the boundary between the flame region and its background is mostly continuous. 

Furthermore, in most cases, there is only a main flame in the image otherwise; the image can be 

segmented so that each segmented area contains only one main flame. Accordingly, a computing 

algorithm is proposed where these features are used to identity flame edges. The basic strategy is 

to detect the coarse and superfluous edges in a flame image then identity the flame's principal edges 

and remove irrelevant ones. The steps of the algorithm are as follows 

 

l) Resizing and salt pepper noise removing from image: Image resizing is for increasing or 

decreasing the total number of pixels. In the RGB colour space, each pixel at the location (i, j) can 

be represented as colour vector si,j = (si,j 
R , si,j 

G, si,j B ). The noisy colour images are done by injecting 

the salt-and-pepper noise randomly and independently to each of these colour components. That is 

each colour component is being corrupted by p. Thus, for each pixel si,j, the corresponding pixel of 

the noisy image will be denoted as xi,j = (xi,j 
R , xi,j 

G, xi,j 
B ).  The  following noise model as shown 

in (4) is used to restore the colour image.  

𝑓(𝑥) = {

𝑝

2
 , 𝑓𝑜𝑟 𝑥 = 0

1 − 𝑝, 𝑓𝑜𝑟 𝑥 = 𝑠𝑖,𝑗
𝑝

2
 , 𝑓𝑜𝑟 𝑥 = 255

     -------(4) 

 

2)To adjust the gray level of a flame image : According to the statistical distribution the gray level 

of a flame image is to adjust. Consider a discrete grayscale image x and letting ni be the number of 

occurrences of gray level of i, the probability of the occurrence of a Pixel of gray level i in the 

image is given in (5) as, 

𝑝𝑥 (𝑖)  =  𝑝(𝑥 = 𝑖) =
𝑛𝑖

𝑛
, 0 < 𝑖 < 𝐿     ------(5) 

 

Where L is the total number of gray levels in the image, n the total number of pixels in the image, 

and 𝑝𝑥 (𝑖) the histogram for pixels with i normalized to [0,1]. Also, the cumulative distribution 

function (CDF) corresponding to 𝑝𝑥 can be defined as shown in (6) as, 

𝐶𝐷𝐹𝑥 (𝑖)  =  ∑ 𝑝𝑥(𝑗)𝑖
𝑗=0      ------(6) 

 

Create a transformation of form y = T(x) to produce a new image {y}, such that its CDF will be 

linearized across the value range with a constant number K as (7) as, 

 

𝐶𝐷𝐹𝑦 (𝑖)  =  𝑖𝐾    ------(7) 

 

3) Smooth the image in order to eliminate noise: Before locating and detecting any edges the first 

step is to filter out any noise in the image. A median filter can be used in the detected flame  image 

to get so precise image.   
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4) Finding basic edges by using sobel operator: By finding the gradients of all pixels in the image 

the basic edges is found so as to highlight the regions with high gray level contrast at their edges. 

The algorithm then tracks the edge along these regions and suppresses any pixels that are not at the 

peaks of the gradients. If the magnitude of the gradient is above high threshold TH, it is deemed an 

edge. If the magnitude is between the two thresholds, i.e., the TH and TL (low threshold), it is set to 

zero, if the gradient is above TL there is a path from this pixel to pixel. 2D spatial gradient 

measurement over the image is performed by the sobel operator. For this a 3x3 pair of convolution 

masks is used, one estimating the gradient in the x-direction (columns) and another are estimating 

the gradient in the y-direction (rows). 

 

The expression for the sobel operator is given in (8) (9) as, 

 

𝑀𝑥 = [
1
2
1

] [−1 0 1]             -----(8)      𝑀𝑦 = [
−1
0
1

] [1 2 1]                      -----(9) 

 

5) Vertical edge and Horizontal edge image 

Vertical edges can be detected by using a horizontal gradient operator followed by a threshold 

operation to detect the extreme values of the gradient. The horizontal gradient was calculated by 

taking differences in the image values between columns as in (10). 

 

𝐵(𝑗, 𝑘) =  𝐴(𝑗, 𝑘 + 1) − 𝐴(𝑗, 𝑘 − 1) ------(10) 

Horizontal edges produce a vertical gradient in the image, and can be enhanced with a vertical 

gradient detector. A vertical gradient filter can be defined by  in (11) 

𝐵(𝑗, 𝑘) =  𝐴(𝑗 + 1, 𝑘) − 𝐴(𝑗 − 1, 𝑘)   -------(11) 

6) Adjusting TH and TL for better results : The initial values of TH and TL are given in order to get 

the better results. The results are accurate according to the number of edges. The more edge pixels 

detected in the edge image, the better the parameters are. To restrict the number of edges another 

threshold is also set i.e. TE. The automatic adjustment will be terminated when the number of edges 

exceeds the TE. Now a output edge image is obtained from the original image. Flowchart for the 

algorithm is shown in figure 2. 

 



AN IMAGE PRE-PROCESSING TECHNIQUE FOR DETECTING FIRE AUTOMATICALLY IN 

FLAME IMAGES 

 

 
 S. R. Vijayalakshmi  And  S. Muruganand  321 

 

 
 

Figure 2. Proposed Algorithm technique to detect edge in flame image 

 

[3] RESULTS AND DISCUSSION 

 

 As described in section II, the wood gas flame image taken is shown in figure 3. The figure 

3 shows the typical processed flame images with edges identified with different edge operators. It 

is clearly noted that the proposed algorithm can clearly detect the edges of the flame which the 

common edge detection method cannot achieve. The edges of more complex flames can also be 

extracted by this algorithm. It is clear that the flame edges obtained using the proposed algorithm 

show clear and continuous edges. The figure 4 compares the edge detected output image by the 

sobel technique and the combined proposed technique output image. It is executed in  MATLAB 

simulating tool. 

 

 
 

 (i) Original forest fire image   (ii) Resized fire image 

start with original image 

Resize the image 

add Salt Pepper noise 

Smoothening and converting 

RGB to HSI 

Luminance and adjusting gray 

level 

Horizontal, vertical edges 

detection 

final edge detection methods 

using sobel 

Output 
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     (iii)Salt and pepper noise added image  (iv) Smooth noise removed image 

 

 
 

   (v) RGB to HSI converted image   (vi)gray level image  

 

 
 

    (vii) Vertical edge image    (viii) Horizontal edge image 

 

 
  

      (ix) Proposed edge detected algorithm image 

 
Figure 3.  Proposed algorithm technique step images and final output image 
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Figure 4. Comparison of proposed output and sobel output 

 

[4] CONCLUSION & FUTURE WORK 

 

 A new edge detection method has been developed after the flame characteristics are 

analyzed. Experimental results have demonstrated that the proposed algorithm is effective in 

identifying the edges of irregular flames. The advantage of this method is that the flame and fire 

edges detected are clear and continuous. This algorithm provides a useful addition to fire image 

processing and fire analysis in fire safety engineering. The different image processing algorithm 

for analyzing fire related images to detect fire event in the video node will be done and their 

efficiency will be compared. Best computing technique for video node will be analyzed. The smoke 

sensor, IR sensor outputs are combined with video output for further research work. 
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