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Abstract- Sensing smoke at early stages is vital for averting fire events. This study proposed a video based approach that can 
detect smoke based on computations made from wavelet energy and directional orientations obtained from Gabor filter banks 
considering the characteristics such as diffusion, color, semi-transparent property. In the proposed model, pixels of smoke 
colored are identified by masking in HSV color space and a frame difference is applied to detect the motion. To extract the 
temporal feature vectors, we proposed a new method that determines the texture of smoke by applying Gabor filter bank with 
preferred orientations. In addition, wavelet energy is computed and is fed as another feature in to feature vectors. Finally these 
features are fed to a support vector machine (SVM) to discriminate our data more thoroughly and provide accurate detection 
of smoke. Experiments are carried out with benchmark datasets showing the proposed approach can work effectively with 
non-false alarm. 
 
Index Terms- Gabor Filter, Smoke Detection, Support Vector Machines, Temporal Features.  
 
I. INTRODUCTION 
 
Fire is prominent for thrusting human evolution. 
However, once it’s out of control, ascertaining the 
damage to ecological environment and material 
wealth is unpredictable, and even obliterate human 
race. Smoke appears as prologue to catastrophic event 
of fire and early detection serves as an effective alarm 
for its prevention. Earlier traditional sensors based 
smoke detectors has hindrances from transport delay 
of smoke from fire to sensor and makes discrepant for 
early detection[1]. Later cost effective vision based 
smoke detection systems came in to practice 
addressing the shortcomings of sensor based smoke 
detecting systems such as utilizing single sensor to 
cover large areas, small response time, and by using 
the visual signatures of smoke such as colour, motion 
and texture information reducing false alarm rates. 
However, these systems have great technical 
encounters to smoke with respect to varying density, 
changing colour, obscuration characteristics, 
illumination, non-rigid and changeable shape, and 
occlusions[2]. 
 
Identifying the required pixels in a particular frame of 
a video can be based on color features, since the use of 
greyscale involves an exceptional loss of information. 
For instance, authors in [3] and [4], proposed a color 
feature extraction of smoke in HSI and HSV color 
spaces respectively. To improve detection author in 
[5] took advantage of irregularities in motion due to 
non-rigidity of smoke. They computed optical flow 
vectors on difference of two adjacent frames, and the 
extracted features are fed to a neural network. 
Furthermore, the temporial behavior of smoke is 
modelled in [4] using the spatio temporal analysis 
where energy of the frame is used as key factor for 

detection of smoke, and the texture analysis is done by 
utilizing the bag of features method. For improving 
biomedical diagnostic accuracy, authors in [6] 
visualized the texture properties using a 2D Gabor 
filter banks with preferred directional orientations. 
Smoke also exhibit acute information about the flow 
characteristics when the filter bank is applied on the 
motion information obtained.  
 
In this paper, our proposed algorithm consists of a 
three stage smoke detection. In (a) Preprocessing 
Stage, the fundamental task to identify the pixels of 
interest, whereas extraction is done by utilizing the 
color features, and apply frame difference between the 
adjacent frames to obtain the motion information. In 
(b) Feature Extraction Stage, wavelet energy is 
computed on the preprocessed frame to differentiate 
the frame from smoke and non-smoke frame. 
However, smoke characteristics vary with density 
from subsequent frames raising a requirement for 
texture analysis. We applied 2D Gabor filter banks in 
five preferred orientations on preprocessed frames to 
decompose and analyze the texture information. 
Statistical information is analyzed and features are 
computed on these frames. To complete the feature 
vector wavelet energy is added to these statistical 
parameters obtained from the filter banks and fed to 
the final stage (c) Classification where Support Vector 
Machines (SVM) are used to accomplish the task.  
 
The rest of the paper is organized as follows. Section 2 
provides the detailed information about the procedure 
involved in differentiating the smoke from non-smoke 
frames in video sequence. Section 3 analyzes 
performance of the proposed model and its efficiency, 
and finally section 4 draws the conclusions of this 
paper.   
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II. PROPOSED SMOKE DETECTION 
APPROACH  
 
The proposed methodology utilizes the characteristic 
features of smoke, such as diffusion, color ranges, 
semi-transparent property, and texture pattern. Based 
on many real time smoke detection model as 
reference, we used a three stage methodology to assess 
the performance of algorithm. The steps of the 
proposed approach which comprise of pre-processing, 
feature extraction and classification stages as shown 
in figure 1.   
 
A. Color Feature Extraction 
Based on fuel chemical properties, temperature and 
availability of oxygen the color of smoke can vary 
from white-bluish to white. As the temperature 
escalates, color  
 

 
Figure 1 Methodology for the proposed algorithm. 

 
can change to black-grayish to black until it catches 
fire[7]. In addition, the environment near the 
recording sensor has an impact on color of smoke.  
 
To augment the ability of detecting smoke in this study, 
we start with color segmentation, where smoke 
colored pixels are identified by transforming the RGB 
space to HSV space and applying a thershold limits. 

),( jiFi is a pixel at spatial location ),( ji , is 
identified as smoke colored if it satifies the equation 
(1) 

where ),(),,(),,( jiVjiSjiH are the hue, saturation, 
and value components of pixel in the spatial space. 
The thresholds lh , hh , ls , hs , lv , hv  are 0, 1, 0.38, 
0.985, 0, 0.28 respectively, which are acquired from 
statistical data of experiments using number of 
training videos. The non-masked colored regions are 
masked from the orignal frame after removing the 
micro objects, smoothing the frames through 
morphological closing method and filling holes by two 
dimensional four connected neighbourhood.  
 
B. Motion Information Extraction 
Smoke spreads in all directions, changing it shape, 
spread area and position in consecutive video frames. 
Moreover, it makes the visual pattern hard to model as 
the opacity varies with its density. To estimate the 
motion information we find the difference of the 
intensities between the current frame and previous 
frame [5], which can be formulated as  

 
 
where, tI , ntI   are the intensity values of two frames 
at time t and t + n respectively, and ),( nttIdiff  is the 

difference frame intensity. n is number of consecutive 
frames, in our case n =1, but can vary in case of very 
slow moving object.  

  
C. Wavelet Energy 
Initial smoke with its semitransparent nature becomes 
less visible as it develops and unveils irregularities due 
to flow of air. As a result of transition from 
background to foreground there is sudden change of 
energy level in the frame comprising smoke to 
non-smoke frame, where lower energy is exhibited 
initially and increases as the opaqueness decreases. To 
formulate this scenario, a 2D discrete wavelet 
transformation is applied on the motion information 
obtained. The wavelet energy at each pixel is 
calculated using  

),(),(),(),( 222 jiwjiwjiwjiE HHHLLH               (3) 

where LHw , HHw , HLw are the filter 
approximations of horizontal, diagonal, and vertical 
details respectively. Energy of the nth frame is 
computed as  
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n

nm
                 (4) 

 
where m*n are rows and columns of pixels in the 
frame. 
Though this feature alone can differentiate between 
the smoke and non-smoke frames in scenarios, but it is 
limited to high frequency components alone, thus 
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raising a requirement for complex analysis with 
textures. 

 
D. Texture Analysis using Gabor Filters 
Exact localization of the texture in the image fails 
when image consists of different texture regions, as 
differences in local spatial frequencies will produce 
multiple output sub images. In order to capture the 
visual properties a 2D Gabor filter can decompose the 
image with different scales and orientations. We 
employed Gabor filter banks of different orientations 
on the motion information obtained to characterize the 
information of flow directions. The general form of 
Gabor filter is defined as  
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where )sin()cos('  yxx   

and )sin()cos('  xyy  , σx and σy are the 
standard deviations of the Gaussian envelope which 
restricts the filter in spatial domain. The parameters f 
and   ϵ [0,2π) are the central frequency and the 
spatial orientation of the Gabor filter, respectively. If 
the Gabor-filtered image is represented by f(x, y) of a 
given image i(x, y), then 2D convolution operation 

)( is performed by 
),(),,,,,(),( yxifyxyxGyxf              (6) 

The choice of parameters σx, σy, f and   plays a 
significant role in the filter’s operation. Texture is 
estimated as smoke if Gabor modulated cosine lead by 
a larger value of f.   = [0, , , , π] as smoke 
has characteristic that it always tend to move up and 
sideways depending on the direction of wind, and can 
be in multiple directions as well at the same.  

 
E. Feature Vector and Classifier 
When Gabor filter bank is applied 5 filtered images 
are obtained and for each image, four statistical 
parameters Entropy, Uniformity, Mean and Standard 
Deviation are calculated resulting in 20 feature vectors 
for each frame. In addition, wavelet energy obtained is 
added another feature vector making a 21 feature 
vector for each frame. In order to classify we have 
trained an SVM, where 300 frames of smoke and 
non-smoke frames each are used. The σ value of the 
RBF kernel have been experimentally determined, 
which yields high performance at 0.6.   
 
III. EXPERIMENTAL RESULTS 
 
In order to evaluate our performance we have utilized 
standard 8 video clips from Bikent and Visor each. 
The classification performance of SVM is measured in 
terms of true positives (TP) and False negatives (FN), 

further these values are fed to confusion matrix for 
accuracies. The smoke detection accuracy of our 
proposed methodology is compared to two algorithms: 

1. Algorithm1:  
Smoke detection using spatio temporal 
analysis, motion modelling and dynamic 
texture recognition [4]. 

2. Algorithm2: 
Smoke detection using HOGHOF descriptors 
and energy color statistics from video[8]. 

Compared results are shown in Table 1. The average 
rate of detection of our proposed algorithm is better 
than these algorithms. However, in Bilkent videos 
sEmpty1 and sEmpty2, bright sun light in the 
background made difficult to identify the smoke 
effecting accuracy, and for  BehindTheFence movie 
though the detection rate is below than the overall 
average performance of the proposed algorithm it 
contributed almost the same as the other two reference 
algorithms used. In Visor videos movie08 though the 
smoke bomb appeared for only few seconds our 
methodology took advantage than algorithm2, and 
movie10, was well discriminated by our algorithm 
than the algorithm2. 
 
CONCLUSION 
 
This paper proposed an effective and robust smoke 
detection approach based on the smoke flow 
orientations. In this study, the presence of smoke is 
determined by its diffusion behavior, color and 
opaqueness. This validation of proposed model is 
carried out on standard benchmark data, and further 
be optimized when applied to real time detection 
systems. 

 
Table 1 Comparisons of accuracy with proposed 

algorithm. 
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