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Abstract— The main initiative of this paper is to explain the 
concept of empty seat revelation system and hence find the 
number of empty seats left unoccupied in a hall. The efficient 
empty seat revelation system is achieved using the combination 
of Viola-Jones algorithm and template based correlation 
matching. The proposed empty system proves to be highly 
efficient. This system supports crowd management in the form 
of updating the number of vacant seats periodically. 
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I. INTRODUCTION 
Empty seat revelation system aims to detect the number 

of empty seats left unoccupied in a crowded hall. High 
resolution, high definition (HD) cameras are set at various 
corners of the hall and the video is captured continuously. 
The obtained video is split into frames and each of these 
frames is analyzed for human presence. Initially, the 
obtained frames are subjected to template based correlation 
matching[1],[2],[3] to identify the initial count of the seats 
present in the hall. Once this initial count of the seats is 
obtained, this count serves as the input to the further process. 
The frames are then further processed using Viola Jones face 
detection algorithm [4],[6],[12],[14] to identify the human 
presence[11],[36].Thus, from the obtained information the 
system can conclude the number of empty seats present in 
the hall. The empty seat count is displayed in a monitor held 
outside the hall and thus enabling people outside to easily 
know the presence of any empty seats available. The system 
helps in quickly organizing the crowd [5] and reduces 
unwanted waiting time. Thus the system plays a vital role in 
crowd management. This proposed work is compared with  
Adaboost [6], a  boosting  algorithm  which is used  to  detect 
the human faces  automatically [7],[8] and then  the  
extracted  human  face  is  subjected  to  the Camshift  
algorithm [9],[10].   

Fig. 1 depicts a brief idea of what the system actually 
does when it is implemented. The video is captured 
continuously with the help of various cameras fixed at 
different positions in the hall. Initial frames of the empty hall 
are subjected to template based correlation matching to 

obtain the initial count of the empty seats.  Then, the 
sequence of frames obtained from the video are analyzed and 
checked for human presence. If humans are detected then the 
count of the same is obtained for all the frames. The empty 
seat count is updated at a periodic interval of 5 seconds. The 
count thus obtained is a cumulative value obtained from the 
processing of the frames during the span of those 5 seconds. 
If the human presence is detected then the empty seat count 
is updated otherwise the initial seat count remains 
unchanged. 

 

II. DETAILED METHODOLOGY 
This paper proposes face detection using Viola-Jones 

algorithm, a well-known algorithm for detecting human 
presence. The Viola-Jones algorithm is a real-time face 
detection algorithm [4]. This algorithm is efficient in feature 
selection [12], and is a fast feature computation technique, 
faster than the Schneiderman-Kanade detector [13]. It scales 
only the features and not the image itself [14]. It is a generic 
algorithm that is used not only to detect faces but can also 
be trained to detect other objects of our choice [6]. This 
algorithm helps to identify the human presence and the 
count for the same[15]. This work also features yet another 
successful algorithm called template matching which uses 
the template to find the correlation coefficient , that is used 
to obtain the initial seat count in the hall. The time 
complexity of the correlation coefficient calculation is 
reduced by the Fast Fourier Transform (FFT) [22]. 
 
A. Template Based Correlation Matching  

 
This paper proposes to calculate the initial number of 

seats present in the hall using the technique of template 
based correlation matching[16],[17],[18],[19],[20],[21]. 
Individual frames from the input video are processed using 
this technique to identify the number of empty seats. Images 
of empty seats are collected and used as template images for 
this process. Multiple windows of the frames are correlated 
towards  the template image and the window with the most  
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Fig. 1. Empty Seat Revelation System

similarity score is identified as the empty seat. Template 
matching is used to identify the presence of an object in a 
target image using the computation of the correlation 
coefficient, as this is invariant to linear intensity distortions. 
The correlation coefficient is calculated in the spatial 
domain, to make use of the redundancy in the computation 
of the correlation coefficient. Partial elimination techniques 
[23], use the property that the measures of the correlation 
coefficient increase monotonically when processed closer to 
the search location[24]. Figure 2 shows a template that is 
used to match the required target in the original input Fig 3. 
The number of highly matched template image is identified 
in the target image using the correlation coefficient, the 
identified template is marked using a bounding box.  
 
 
 
 
 
 
           
 

Fig. 2. Template image 

 
Fig. 3. Original input image 

1) Computation Of Cross Correlation 
 
Considering the reference image r  size nm�   pixels and 

a template image t of size qp�  pixels, the correlation 

coefficient between the template image t and the reference 
image block r ji,  where ),( ji the first block is defined as  
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The summation represents the monotonic behavior of the 

partial symmetry value. The integral images of the target 
image can be pre-computed [25], [38]. This increases the 
speed of computation of the correlation coefficient value, to 
identify the matching of the template.   
 
B. Viola Jones Algorithm For Face Detection 

 
The Viola Jones object detection algorithm has high 

competitive detection rates [6]. Though the algorithm can be 
trained to detect multiple types of objects, it is mainly used 
in the field of face detection [26]. This algorithm, proposed 
in 2001, is highly robust and produces very low false 
detection rate and it is very efficient in real time face 
detection [27]. The algorithm basically involves four steps 
such as haar features, Integral Image and Cascade 
architecture. One of the steps involves Adaboost, a Meta 
learning algorithm that is used to automatically detect faces. 
But Adaboost as a single algorithm is not efficient; thereby 
it is always used in combination with the other algorithms to 
produce very high detection rates. 
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1) Haar Feature Detection 
 
The feature detection is the first step of the face detection 

process [28], [29], [30], [31]. The input image is initially 
broken up into several 2424 �  sub windows depending on 
the size and the resolution of the image. Each of the 
obtained sub windows are subjected to the haar feature test. 
There is an initial set of 1, 62,336+ features to be checked 
for in each sub window. Figure 4 shows the different types 
of haar features. These features can be further classified into 
edge, line and centre surround features[6]. The subtraction 
operation between the sum of intensities in the black area 
and the sum of intensity information in the white area give 
single value. 
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As shown in the Fig. 4, the nose is detected using the haar 

feature as the nose bridge region is brighter than the eye. 
Similarly, Fig. 5 shows the other case, where to detect an 
eye, the haar features are evaluated as the eye region will be 
darker than the cheek. 

.  
 

Fig. 4. Detection of nose using Haar features 

 
Fig. 5. Detection of eyes using haar features 

 
In Fig. 6, A and B shows two rectangular haar features, C 

depicts three rectangular haar features and D shows four 
rectangular haar features, wherein the two rectangular haar 
features are widely used in the Viola Jones algorithm for the 
face detection. The output value obtained for each feature is 
evaluated in the next step using the integral image. 

                
Fig. 6. Different types of rectangular Haar features 

 
2) Integral Image (Or) Summed Area Table 
 
Integral image is a fast feature evaluation technique [28], 

[29], [30], [31]. This is used to compute the value obtained 
from the haar feature detection step. In an integral image the 
value at pixel (x, y) is the sum of pixels above and to the left 
of (x, y). The Fig. 7 illustrates the integral image 
computation for the given input image. 

 

 
Input image                  Integral image 

Fig. 7. Integral image computation 
 

3) Adaboost Training 
 
Adaboost is a meta learning face detection algorithm [28], 

[29], [30], [31], [33]. This is used as the third step in the  
Viola Jones face detection algorithm. Since there are more 
than 1,60,000 features to evaluate, it becomes a very tedious 
process while evaluating all the features for every single 
sub-window. Therefore, Adaboost is used here for 
performing the job of feature selection. Feature selection in 
this context basically means the process of choosing the 
appropriate features to be evaluated for each chosen 

2424 �  sub window. Adaboost is used to train the 
classifiers that use these features. It selects the best features 
from the evaluation results of the integral image. It builds 
the strong classifiers for each stage as a linear combination 
of the weak classifiers. Adaboost  algorithm selects the best 
features from the set of 1,60,000 features which  has the 
capability of separating the face and non face images 
efficiently. 

 
4) Cascade Architecture 
 
It is the final step in the face detection process, where the 

stages of classifiers are built. The each stage of this 
algorithm decides whether the sub window has face or not. 
At any stage of process, sub windows are discarded 
immediately when they have non face information in it [34]. 
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Progress in the form of stages of classifiers proves to be fast, 
efficient and less cumbersome. Consider a case where 100 
rectangular sub-windows pass through stage 1 of the 
classifiers. Suppose if only 50 sub-windows are considered 
to be positive i.e .there exists the presence of face they are 
selected for evaluation by stage 2. If the other 50 sub-
windows are considered to be negative i.e., absence of face, 
then those sub windows are dropped and not considered for 
the evaluation by future stages. This methodology basically 
reduces the number of frames to be processed at each stage. 
As the stage progresses, the test for the presence of features 
will be more rigorous and at the same time higher, hence in 
this stage the features evaluated at that stage will also grow 
higher. 

 

 
 

Fig. 8. Gray scale Image 1 

 

 
 

Fig. 9. Gray scale Image 2 

 
C. Detection Of Human Head 

 
The proposed techniques also use head shoulder detection 

[39] in addition to face detection. This head shoulder 
detection technique assumes the area of human head as  
H H , which separates the skin region from the other regions 
[34] ,[35]. The human head with two different poses are  
shown in Fig. 8 and 9. The middle line separates the area of 
the head into two different regions. The front and back 
poses of the face symmetrically splits the two regions where 
as side poses of the face leads to non-symmetric splits. The 
left half, the right half and the whole head region are 
denoted by HHH HRL ,,  respectively. The head poses are 
given below:  
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where, T is a threshold. H H  equal to one indicates that 
the camera faces the back side of the head. H H equal to zero 
indicates that the camera focuses the front face.  H H  
greater than zero denotes that the left side of the head is 
focused by the camera. H H  less than zero denotes that the 
camera focuses right side pose of the head. The minimum 
distance between the H L  and H R  indicates that the 
camera is focusing the full head area either front or back. 
The H HH RH L
  is greater than the 0.5 indicates that the 
front portion of the head is focused by the camera. On the 
other hand, the camera focuses the back portion of the head.  
The large distance between the H L and H R  illustrates that 
the side poses of the head is focused by the camera. The 
value of HHH HRL� is greater than the zero for the left 
side head poses and less than zero for the right side poses. In 
order to improve the accuracy, this system introduced the 
angle of rotation �  which is used to measure the head with 
respect to the position of the shoulder.  

 
The trace window for the face detection can be manually 

selected or can be done with the help of the Camshift 
algorithm [37]. With the help of the above mentioned 
techniques we have been able to effectively detect the 
presence of a human being seated in the hall. These 
techniques help to differentiate between the human being 
occupied seats and an empty seat that is left unoccupied or 
occluded with an object. 

III. EXPERIMENTAL RESULTS AND DISCUSSIONS 
For every acquired image size of 10801920� , the seat 

is about 100116�  pixels on an average. First, the video of 
an empty hall is captured and it is split into frames. One of 
the obtained frames is subjected to template based 
correlation matching to identify the initial count of the seats 
in the hall. The obtained value is used to set initial value of 
the empty seat count, after which the video samples of the 
people seated are obtained. From the video, the individual 
frames obtained are subjected to face detection algorithms 
for detecting the human presence. The Fig. 10 shows the 
output of the template based correlation matching. Then the 
initial count of the empty seats obtained as a result of 
correlation match. An exact matching of the pattern of 
interest cannot be obtained as it will be corrupted by noise, 
geometric distortion, and occlusion. Matching can also be 
used with an infinite number of transformations; hence a  
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number of separated similar patterns can be joint using 
rubber links. If the image is rotated, scaled or distorted, an 
exact match is difficult to find, hence a number of 
transformations of the template image are used to identify 
different types of seats. The variations in appearance of the 
target object can also be handled by using various templates. 
The Fig. 11 shows the face detection from the video in 
which the people are seated on the chairs. The Viola Jones 
face detection algorithm is used to detect the presence of 
people. The count is thus obtained for each processed frame. 
The sequences of frames are processed for every 5 seconds 
and the count thus obtained is a cumulative count obtained 
from the processing of the frames during that span of 5 
seconds. The proposed technique, a combination of template 
based correlation matching with Viola Jones algorithm has 
achieved 97.1% detection accuracy which is increased by 
1.3% for performing only the Viola Jones algorithm. Table 
1 shows detection rate of various input videos of the 
proposed technique. 

 

 
 

 
 

Fig. 10. Detection of seats – template matching Input Videos 
 

 

 
 

 
Fig. 11. Detection of human presence 

 
IV. CONCLUSION 

In this research work, it has been proposed to combine 
the template image based correlation matching algorithm  
and Viola Jones face detection algorithm to count  the 
number of human present in a hall. An empty seat of the hall 
is identified by the correlation coefficient. The proposed 
method can handle detection of the empty seats using the 
Viola Jones face detection and automatic tracking. Thereby, 
this proposed work effectively supports its application in the 
field of video surveillance and seat allotment for a large 
crowded place. The future work lies in optimal techniques 
for devising; the same work can be implemented for low 
resolution cameras as well. This system can further be 
enhanced to spot out where the vacant seats lie exactly and 
how to reach the same. 
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