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Abstract: Proposed here is a fire region detection method from 

a recorded video captured during the occurrence of fire.  This 
method is based only on the chrominance components of the 
YCbCr color model. To distinguish the fire-region in an image 
frame of fire video containing the fire region, the difference 
between Cr and Cb is computed. The difference is enhanced by 
computing the square of it and then normalize range of difference 
squared to 0 to 255. It is then binarized at using automatic 
thresholding method to segment the fire region from the non-fire 
region. The fire region in the binary is located using the connected 
component analysis and the region is mapped to the original 
image frames of the fire video. We have tested the method in the 
actual fire video and it is found that the method can appropriately 
locate the fire regions in every image frame of the video. The 
method is simple and fast and hence can be used to forest fire 
monitoring using drones. 
 

Keywords: Chrominance, Color model, Fire-Region 
Detection, Forest Fire Detection, RGB, YCbCr.  

I. INTRODUCTION 

Forest fire occurs quite often in various countries around the 

world. It is very devastating if not intervened or controlled at 
appropriate time causing a huge loss to the forest resources 
and even to human habitations. With the development of 
technology, many scientists and researchers have been trying 
to find an effective and viable solution to detect forest fire so 
that occurrence or spread of forest fire can be prevented. 
Some use sensor based technology [8] and some use UAV and 
remote sensing techniques [5], [13], [16] and some other uses 
image processing based techniques [14]. The problem of 
sensor based Fire detection system is that it requires large 
number of sensors to cover a large area and also requires to 
wait for some conditions to trigger the sensors [9]. Another 
method considered viable for forest fire detection is the image 
processing based methods [2], [3],[4]. Most of the image 
processing based fire detection system is based on color 
analysis of fire region. Chen [4] uses RGB color information 
to develop a set of rules to classify fire pixels.  In [12], [15], 
the fire region in an RGB image is detected based on the two 
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assumptions or observations from the study of the 100 fire 
sample that in a fire pixel, Red value is greater than Green 
value and Green value is more than Blue value, i.e.(R>G>B). 
Some used normalized RGB to eliminate the effect of lighting 
variation in RGB.   But this assumption may not be true, if that 
is so the chrominance components of YCbCr color model 
which consists mainly of Red (Cr) and Blue (Cb) components 
would not suitable to detect fire regions because green 
component is missing from chrominance components. In [2], 
it is inferred that Cr>Cb assuming that R>G>B and formed a 
rule to classify an image pixel as fire or non-fire. In [10] four 
rules based on YCbCr color model have been proposed to 
detect fire region in an image. The first two detects low 
intensity flame regions and the last two rules for high intensity 
flame regions. In [3], [7] a fire detection method from a fire 
video based on CIE L*a*b color model and motion detection. 
The method is based on background subtraction to separate 
the moving objects from the unmoving parts then used the 
perceptually uniform color representation of L*a*b to 
determine fire pixels from subsequent frames. In [7], after 
separating the moving and unmoving parts from video frames 
using CIE L*a*b, special wavelet analysis is used to 
differentiate between actual fire and fire-like moving objects 
and then support vector machine is used to classify the fire 
and non-fire regions. A fire detection method from video 
using YUB color space is suggested in [6]. In [1], various 
methods and techniques used for detection of forest fire have 
been discussed. In [11] presents the comparative analysis of 
five recent vision based fire detection system and a fire 
detection system based on LUV color space and hybrid 
transforms is proposed.  
In this paper, we propose a simple fire detection method based 
only on the chrominance color of the YCbCr model unlike in 
[2] and [10] in which both luminance and chrominance 
components are used to detect fire regions. Here, we increase 
the variance of the chrominance to make the fire regions more 
prominent than rest of the image and then segment the fire 
region through automatic binarization. It has been tested on 
fire video and it is able to detect appropriate fire regions in the 
video frames. 

II.  SUITABILITY OF YCBCR MODEL 

A. RGB Model  

RGB color model is an intensity based additive color 
model suitable for display devices. It has three color planes 
based on intensity of the Red, Green, and Blue colors at each 
pixel location.  Each color plane has the full scene of the 
image. This makes separation of region in the image 
corresponding to certain specific 
colors.  
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Fig.1 shows the original image frame in RGB. The intensity 
images corresponding to the three color planes of the original 
image in Fig.1 are shown in Fig.2(a), Fig.2(b) and Fig.2(c). 
Each of these color components has almost the same 
information of the original image except the color 
information.  
 

 
Fig.1: Original image 

 

 
Fig.2(a): Red component of Fig.1 

 

 
Fig.2(b): Green component of Fig.1 

 

 
Fig.2(c): Blue Component of Fig.1. 

 

For this particular image, red component has more 
prominent region of the fire region as compared to green and 
blue component. As all background objects in the image 
appears in each of the color components, segmenting the fire 
regions from any of such color planes is a difficult task.  

B. YCbCr Model 

YCbCr color model separates the intensity model of RGB 
image into luminance Y and chrominance components (Cb 
and Cr). The chrominance components contain the color 
information of the image, while the luminance component 
contains the intensity information. These chrominance 
components have mainly the color components of the fire 
regions and devoid of other non-fire regions. The fire-region 
has specific color which can be easily identified and located in 
the Cb and Cr components. The luminance (Y component) is 
show in Fig.3(a) and the chrominance components are shown 
in Figures 3(b) and 3(c) respectively. 

 

 
Fig.3(a): Intensity (Y) component of Fig-1 

 

 
Fig.3(b): Cb Component of Fig.-1. 

 

 
Fig.3(c): Cr component of Fig.-1. 
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It can be seen that most of the background information is lost 
in the images of the chrominance components of Fig.3(b) and 
Fig.3(c).  
In these chrominance images, only the fire regions stand out 
different from the rest areas of the image. From such 
chrominance images, separating or locating the fire regions 
becomes easier.  

III. COLOR DIFFERENCE OF CHROMINANCE  

Separating fire regions from the image frames directly from 
the chrominance components is not very convenient as still 
there are shades of other regions in these components. 
However, if we use difference of the chrominance 
components, we can suppress most of the unwanted 
background regions and at the same time enhance the 
fire-regions in the resulting image. In the case of YCbCr 
image the difference of Cb component from Cr component 
gives more distinct fire region than difference of Cr from Cb. 
Fig.4 shows the image obtained from the difference of Cb 
component from Cr component. It can be seen that most of 
background regions outside the fore regions are removed and 
fire regions become more distinct.  Note that Cr component 
has larger values than Cb component values in fire regions, so 
if we display difference image of Cb-Cr, the fire regions will 
be lost.  
 

 
Fig.4: Cr-Cb Image 

IV. FIRE REGION DETECTION 

The color difference image is not in binary even though it 
quite clearly shows the fire regions. In order to map the fire 
region in the original image, we need to locate the region in 
the difference image. So, the difference image is to be 
binarized at appropriate threshold to segment the fire region 
from it. Choosing an appropriate threshold to directly is a 
difficult task for binarization. To simplify the process of 
choosing threshold, we increased the variance of the 
difference image further by squaring the difference image. 
The threshold is chosen automatically from the non-zero pixel 
values such that which has minimum value.  To determine the 
appropriate threshold, we compute the histogram of the 
non-zero pixels and then choose the pixel value 
corresponding to the minimum point or valley in the 
histogram.  

Let 
Knnnn ,,,, 321  are K  different non-zero pixels in 

the difference image. Then, the threshold 
Tn  to binarize the 

difference image  is chosen as follows.  
)1(),()( TiiT nnnPnP   

Where P(i) denotes the number of pixels having the value i.  
In the case of multiple values of thresholds, then the final 

threshold is chosen as the average value thresholds i.e,  
  

3211321 ),()()()( TTTiTTT nnnnnPnPnPnP 

 
)2(3/)( 321 TTTT nnnn 

 
Using “(1)” and “(2)” we can automatically binarize the 

difference image to segment fire-region as white region and 
non-fire regions as black region.  

Once the fire region is segmented, the fire region is 
increased by about 3 pixels all round by using image dilation 
so that any missing nearby fire regions are also got captured in 
the fire region. Then, the location of fire region in the image is 
computed by finding the white region using connected 
component analysis. To compute the rectangular area 
containing the fire region, we compute the minimum and 
maximum row and column coordinates of the white fire 
region in the dilated binary image. If 

minr , 
maxr are the 

minimum and maximum row co-ordinates; 
minc  and 

maxc  are 

the minimum and maximum values of the column 
co-ordinates of the fire region, then pixel values within the 
block of rectangular area defined by the four co-ordinates 
(

minr , 
minc ), (

maxr ,
minc ), (

minr , 
maxc ), (

maxr , 
maxc ) contains 

the fire region.  
 

 
Fig.5: Fire Region mapped with Cr-Cb color difference 

 
Fig.5 shows the rectangular fire regions located in the 

binary image generated from the color difference image 
shown in Fig.4. The binary image in Fig.5 can be obtained 
from Cr-Cb image at lower threshold value 65. But to avoid 
manual selection of threshold, we will use automatic 
threshold selection rule described in equation (1) and (2).  

Once the rectangular region containing the fire region is 
identified in the image, the actual fire region can be located in 
the original image frame. We first find the co-ordinates 
corresponding to the fire regions in the binary image. Then a 
zero image having the same size as the binary image is 
created. In the zero image, which is totally black image,  
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the fire region is replaced by the actual fire pixels extracted 
from knowledge of fire-region co-ordinates, i.e. row and 
column indices. Fig.6 shows the fire region extracted from the 
original fire image shown in Fig.1. 
 

 
Fig.6: Extracted fire region from Fig.1. 

V. EXPERIMENTAL RESULTS 

To detect fire regions from a video recording capturing the 
forest fire, we first extract the image frames from the video 

file. Then, fire region is detected from each image frame. The 
rectangular region containing the fire is found out by 
specifying the top leftmost corner point of the rectangle, and 
width and height of the rectangle. The topmost left corner 
corresponds to the minimum row and column index of fire 
region.  The width and height corresponds to the difference of 
maximum column index and maxim row index from the 
minimum column and row index of the fire region.  

For experimentation, we use the fire video downloaded 
from the link [17].  The video is of short duration having 
about 635 frames. We have tested all frames for fire regions 
and the fire regions are detected correctly as expected. We 
have extracted the location of the fire regions of the frames. 
The location of first 50 frames are given in Table-I. The first 
row corresponds to the first 10 frames, the second row 
corresponds to the next 10 frames and so on. In the table, the 
fire region is specified in four numbers in each cell – the first 
two corresponds to the co-ordinates of top-left corner of the 
rectangular region. The third number corresponds to the width 
of the rectangle and the fourth to the height..

 
Table- I: Rectangular regions in first 50 frames of fire video 

183, 99,  
33,  60 

183,  97,   
33 ,   62 

183,    97,    
33,    62 

183,  97,    
33,   62 

183, 103,    
32,    56 

183, 103,   
32,   56 

183, 102,    
32,    57 

183, 102,    
32,    57 

183, 101,    
32,    58 

183, 101,    
32,    58 

183,  105,    
32,    54 

183, 106,   
33,    53 

183, 105 ,   
33,    54 

183, 105,    
33,   54 

183, 105,   
33,    54 

183, 105,    
33,    54 

183, 105,    
33,    54 

183, 104,    
33,    55 

183, 103,    
33,    56 

183, 102,    
33,    57 

183,  101,   
33,    58 

183, 102,    
33,    57 

183,  102,    
33,    57 

183, 100,    
33,    59 

183, 100,    
33,    59 

183, 102,   
33,    57 

183, 103,    
33,    56 

183, 103,   
33,    56 

 184, 101,    
32,    58 

183, 105,    
33,    54 

183,  105,    
33,    54 

183, 104,    
33,    55, 

183,  103,    
33,    56 

183, 102,    
33,    57 

183, 102,   
33,    57 

183, 103,    
33,    56 

183, 102,    
33,    57 

183, 100,    
33,    59 

184, 100,   
31,    58 

184, 109,    
31,    50 

184, 109,   
31,    50 

183, 109,    
32,    49 

183,  109,    
32,    49 

184, 109,    
31,    49 

183, 110,    
32,    48 

183, 109,    
32,    49 

183, 110,    
32,    48 

183, 109,    
32 ,   49 

183, 109,   
32,    49 

183, 109,    
32,    49 

 
Table-II: Extracted fire regions from the first 50 frames of the fire video. 

          

          



International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878, Volume-8 Issue-3, September 2019 

6086 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number C5637098319/2019©BEIESP 
DOI: 10.35940/ijrte.C5637.098319 
Journal Website: www.ijrte.org 
 

 

          

          

          
 

The entry at cell   the first cell (i.e., 183, 99, 33, 60) means the 
rectangular region at column number 183 and row number 99 
having the width of 33 pixels and height of 60 pixels. From 
these knowledge of locations of the rectangular fire regions, 
the actual fire region in each image frame can be extracted.   
The cropped fire regions from the original fire frames 
according to the rectangular regions specified in Table-I are 
given in Table-II. It may be observed that the fire regions in 
the video frames are appropriately extracted from each frame. 
The method is simple and fast and can be used for real-time 
fire detection system.  

VI. CONCLUSIONS 

A Simple, fast and effective method of detecting fire regions 
from an image or video has been suggested. The method uses 
the difference in chrominance components to distinguish the 
fire regions from the non-fire regions in the image. Then, fire 
region in the image is then located through binarization and 
connected component analysis. The actual fire regions in the 
video frames are extracted from the knowledge of their 
locations in each frames. The method works perfectly to 
locate fire regions when applied to a fire video downloaded 
from internet. As the method is fast, it can be implemented for 
real time detection of forest fire.  

ACKNOWLEDGMENT 

Authors would like to thank Ministry of Electronics and 
Information Technology, Govt. of India, for the financial 
support to pursue the research work on Forest Fire Detection 
in the North Eastern Region. 

REFERENCES 

1. Ahmad A. A. Alkhatib, “A Review on Forest Fire Detection”, 
International Journal of Distributed Sensor Networks, Article ID 
597368, 12 pages, 2014 http://dx.doi.org/10.1155/2014/597368 

2. Mubarak A. I. Mahmoud1 and Honge Ren, “Forest Fire Detection 
Using a Rule-Based Image Processing Algorithm and Temporal 
Variation” Hindawi Mathematical Problems in Engineering. Volume 
2018, Article ID 7612487, pp.1-8. 

3. Turgay Celik. Fast and Efficient Method for Fire Detection Using 
Image Processing. ETRI Journal, Vol. 32, No. 6, 2010. 

4. T. Chen, P. Wu, and Y. Chiou, “An Early Fire-Detection Method 
Based on Image Processing,” Proc. IEEE Int. Image Process., 2004, pp. 
1707-1710. 

5. Eni Dwi Wardihani, Magfur Ramdhani, Amin Suharjono,  Thomas  
Agung Setyawan, Sidiq Syamsul Hidayat, Helmy, Sarono  Widodo, 
Eddy Triyono, Firdanis Saifullah, “Reat-Time Forest Fire Monitoring 
System Using unmanned Aerial Vehicle” Journal of Engineering 
Science and Technology Vol. 13, No. 6, pp. 1587 - 1594, June 2018. 

6. G.Marbach, M.Loepfe,T.Brupbacher, “An image processing technique 
for fire detection in video images”, Fire Saf. J. 41 (4), pp. 285–289, 
2006. 

7. Mubarak Adam Ishag Mahmoud, Honge Ren, “Forest Fire Detection 
and Identification Using Image Processing and SVM”, Journal of 
Information Processing Systems, Vol.15, No.1, pp.159~168, February 
2019. 

8. Molina-Pico, A., et al., “Forest Monitoring and Wildland Early Fire 
Detection by a Hierarchical Wireless Sensor Network”, Journal of 
Sensors, 2016. 

9. Kumarguru Poobalan and Siau-Chuin Liew, “Fire detection algorithm 
using image processing techniques”, (AICS2015) (ISBN 978-967- 
0792-06-4) 

10. C. E. Premal and S. S. Vinsley, “Image processing based forest fre 
detection using YCbCr colour model,” in Proceedings of the 2014 
International Conference on Circuits, Power and Computing 
Technologies, ICCPCT 2014, pp. 1229–1237, 2014. 

11. Divya Pritam, Jaya H. Dewan,  “Detection of fire using image 
processing techniques with LUV color space”, 2nd International 
Conference for Convergence in Technology (I2CT), March 2017. 

12. Vipin V, “Image processing based forest fire Detection”, International 
Journal of Emerging Technology and Advanced Engineering 
Technology and Advanced Engineering, Vol. 2, No. 2,pp. 87-95 2012. 

13. C. Yuan, Y. Zhang, and Z. Liu, “A Survey on Technologies for 
Automatic Forest Fire Monitoring, Detection and Fighting Using 
UAVs and Remote Sensing Techniques,” Canadian Journal of Forest 
Research, Vol. 45, No. 7, pp. 783–792, 2015. 

14. C. Yuan, Y. Zhang, and Z. Liu, “UAVs-based forest fire detection and 
tracking using image processing techniques,” in Int. Conf. on 
Unmanned Aircraft Systems, pp. 639–643, 2015 

15. Norsyahirah Izzati binti Zaidi, Nor Anis Aneza binti Lokman, Mohd 
Razali bin Daud, Hendriyawan Achmad, Khor Ai Chia, “Fire 
recognition using RGB and YCBCR Color Space”, ARPN Journal of 
Engineering and Applied Sciences, Vol. 10, No. 21, pp. 9786-9790, 
November 2015.  

16. Maryna Zharikova, Volodymyr Sherstjuk, Igor Sokol, “Forest 
Fire-Fighting Monitoring System Based on UAV Team and Remote 
Sensing”, IEEE 38th International Conference on Electronics and 
Nanotechnology (ELNANO), at Kyiv, Ukraine, pp. 663-668, July 
2018. 

17. https://www.kaggle.com/csjcsj7477/fire-detection-model-keras-for-vi
deo/data 

AUTHORS PROFILE 

 
 Yumnam Kirani Singh, has completed Master’s 

Degree in Electronics Science from Guwahati 
University in 1997 and got Ph. D. degree from Indian 
Statistical Institute, Kolkata in 2006. Served as a 
lecturer in Electronics in Shri Shankaracharaya 
College of Engineering & Technology from Jan, 2005 

to May, 2006. Joined CDAC Kolkata in 2006 and 
worked there before coming to CDAC Silchar, in March 2014. Developed 
Bino’s Model of Multiplication, ISITRA, YKSK Transforms, Generalized 
Vigenere Cipher, Meitei Lock Sequence, and several other image 
binarization and edge detection techniques. 

 
 
 
 



 
Detection of Fire Regions from a Video Image Frames in YCbCr Color Model 

6087 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number C5637098319/2019©BEIESP 
DOI: 10.35940/ijrte.C5637.098319 
Journal Website: www.ijrte.org 
 

hoto 

 

 Interested to work in the application and research areas of Signal 
Processing, Image Processing, Pattern recognition and Information Security. 
Published several research papers in national and international journals and 
conferences. 
 

 
Mr. Debasish Deb, completed his M-Tech from 

NIT Agartala in May 2015 and joined C-DAC Silchar 
in August 2015.    Since then he has been working in 
C-DAC in various design and development projects 
and Capacity Building in the North East. He also 
worked in SCADA Communication protocols and Real 

Time Energy Assessment System projects. He was also involved in the 
development of Drug and Vaccine Distribution Management System. 
Currently, he is working in a project entitled “Development of Forest Fire 
Detection System and Pilot deployment in North Eastern Indian States”. He 
has published 3 research papers both in national and international 
conferences/journals. His current interests are Image Processing and Deep 
Learning.  
 
 
 

 
 


