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Abstract-  Face Detection is a challenging research field in computer vision and is of great interest, as it is very first step in 
face processing system. In this paper, we introduced a popular learning method for solving classification problems i.e. 
AdaBoost, which combines number of weak classifiers into a strong classifier [4]. By taking AdaBoost classifiers in cascaded 
manner, a new boosting algorithm i.e. MLPBoost which we used as a strong classifier for face detection [15]. These Boosting 
algorithms are required to increase the speed and Accuracy of the detector, which is our prime goal. PCA i.e. Principal 
Component Analysis is a popular unsupervised statistical method to find useful image representation. This method finds set 
of basic images and represents faces as a linear combination of those images. . PCA is an efficient feature extraction method 
that we applied to improve an accuracy of detector. Another algorithm IPSONet i.e. Improved Particle Swarm Optimization 
[16] is used to reduce false positive images obtained after applying Boosting Algorithm. IPSONet is a training technique for 
neural networks like MLP i.e. multilayer perceptron that uses an improved PSO i.e. Particle Swarm Optimization to evolve 
simultaneously structure and weights of neural networks.  
 
Index Terms- AdaBoost, Face Detection, Particle Swarm Optimization, Principal Component Analysis.  
 
I. INTRODUCTION 
 
Face detection is an essential application of visual 
object detection and it is one of the main components 
of face analysis and understanding with face 
localization and face recognition. It becomes a more 
and more complete domain used in a large number of 
applications, among which we find security, new 
communication interfaces, biometrics and many 
others. The goal of face detection is to detect human 
faces in images in different situations [4]. 
 
Face detection is a complex problem which consists in 
detecting faces in an image. The difficulty resides in 
the fact that faces are non-rigid objects. Face 
appearance may vary between two different persons 
but also between two photographs of the same person, 
depending on the lightning conditions, the emotional 
state of the subject and pose. Boosting Algorithm 
performed very well under this all difficulties as this 
algorithm works with a strong classifier. MLPBoost is 
the hybridization between AdaBoost and multi-layer 
perceptrons network. A MLP is Feed forward artificial 
neural network model that maps sets of input data onto 
a set of appropriate outputs. The multilayer perceptron 
should be viewed as a nonlinear network whose 
nonlinearity can be tuned by changing the weights, 
biases, and parameters of the activation functions. 
 
In 1970s, simple heuristic and anthropometric 
techniques were used for face detection and that was 
the beginning in the field of face processing system. 
These techniques are largely rigid due to various 
assumptions such as plain background, a typical 
passport photograph scenario etc. To these systems, 
any change of image conditions would mean 
fine-tuning, if not a complete redesign. Werbos (1976) 

was first to develop the back propagation algorithm. It 
was then independently rediscovered by Parker (1985) 
and by Rumelhart and McClelland (1986), 
simultaneously Back propagation is a generalization 
of algorithm and allowed perceptrons to be trained in a 
multi-layer configuration, thus an n-1 node neural 
network could be constructed and trained. 
 
The weights are adjusted based on the error between 
the output and some known desired output. As the 
name suggests, the weights are adjusted backwards 
through the neural network, starting with the output 
layer and working through each hidden layer until the 
input layer is reached. And later on this back 
propagation network was apply for the face biometrics 
so as to analyze the picture and faces. In 1996, Viola 
and Jones demonstrated the AdaBoost based face 
detector by which faces can be fairly reliably detected 
in real-time under partial occlusion. Interest in the 
perceptron learning algorithm increased again after 
Freund and Schapire in 1998 presented a voted 
formulation of the original algorithm to which the 
kernel trick can be applied for the face detection. 
 
Then in 2010, some scientist provides the possibility 
of combining these adaBoost and multilayer 
perceptron to develop the novel models for the face 
detection. The result of these boosting algorithm, we 
provided as an input to the IPSONet algorithm. 
Boosting algorithm may detect some Non Face images 
along with correctly detected face images. And this 
non face images are detected and separates out from 
correctly detected faces by using IPSONet. So, we 
obtained the maximum efficiency of the system as we 
reduces the number of errors. The Particle Swarm 
Optimization (PSO) was introduced by Kennedy and 
Eberhart in 1995. 
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II. THE CHOOSEN APPROACH 
 
The goal of this project is to detect very quickly low 
resolution faces in single face images as well as in 
multiple face images. To increase the speed and 
accuracy of the system is our prime aim to achieve. 
Boosting algorithm increases these parameters i.e. 
speed and accuracy. The method used is both image 
based and feature based. It is image based in the sense 
that it uses a learning algorithm to train the classifier 
with some well-chosen train positive and negative 
images. It is also feature based because the features 
chosen by the learning algorithm are for lots of them 
directly related to the particular features of faces. 
 The boosting techniques improve the performances of 
base classifiers by re-weighting the training examples. 
The learning using Boosting is the main contribution 
of this face detection. 
 
III. ADABOOST TECHNIQUE 
 
AdaBoost is an efficient boosting algorithm which 
combines simple statistical learners while reducing 
significantly not only the training error but also the 
more elusive generalization error. 
AdaBoost has two main goals: 
 Selecting a few set of features which represents as 
well as possible faces. 
 Train a strong signal classifier with a linear 
combination of these best features. 
 

 
Fig. 1 Basic Scheme of AdaBoost Algorithm. 

 
AdaBoost is an algorithm for constructing a Strong 
Classifier out of a linear combination of simple weak 
classifiers. The most basic theoretical property of 
AdaBoost concerns its ability to reduce the training 
error, i.e. the fraction of mistakes on the training set. 
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Where, )(xht  are the number of weak classifiers and 

t are the weights associated with it. It provides a 

method of choosing the weak classifiers )(xht and 

setting the weights t  [16]. Both t and )(xht  have 
to be learned during the boosting process. AdaBoost is 
an algorithm for constructing a Strong Classifier out 

of a linear combination of simple weak classifiers. So 
that, 

signxH )( )(xf                              (2) 
 
Where, )(xH  is the strong classifier which is made 
up of sign function and number of weak classifiers. 
The main characteristic of MLPBoost are weak 
classifiers using directly the value of rectangular 
features, without the need for a threshold. A new 
model of strong classifiers, as each classifier 
consisting of MLP network. The final classifier is 
formed by taking cascade of MLP networks, trained 
using the boosting algorithm for the optimization of 
weights. 
 

 
Fig. 2 Strong Classifier [15]. 

 
The strong classifier is composed by a MLP network 
that receives as input the value of characteristic and 
generates as output an indication if the input 
characteristics correspond to a face or not. This 
procedure was adopted because of power of the MLP 
networks as a pattern classification method in 
comparison to the Perceptron. The weak classifiers 

)(xht   is composed of a rectangular characteristic f , 

a threshold , and a polarity p , over an image x  
provides,  
 

 1),,,( pfxh    If pxpf )(          (3) 
   

The use weak classifiers based threshold function as 
input for MLP networks undermining the potential of 
modeling as strong MLP classifier. 
 
IV. MLPBOOST TECHNIQUE 
 
This algorithm has huge improvements in the 
performance of classifiers already trained with 
AdaBoost, either by the increase in the detection rate 
and the reduction of false positive rates, or by 
decreasing the processing time of these classifiers. 
Main objective behind the MLPBoost is modeling 
each classifier as a strong MLP network and then use 
its training to achieve a significant improvement in 
the performance of each layer of the detector cascade. 
It is possible to minimize the number of false 
negatives instead of classical training error that is 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-6, June-2015 

Face Detection Using Boosting Algorithm And Ipsonet 
 

165 

precisely the main idea that will be used to build this 
cascade classifier.  
A neuron equation, 
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Here, iw are the weights associated with number of 

input vectors ix and   is the threshold value. 
Basically, a neuron is fired when its value is greater 
than threshold value . True images are easily get 

accepted whereas false images are get rejected. So this 
is the single layer perceptron structure and by 
applying this single layer perceptron structure one 
after another in the cascaded format then we will get 
the entire cascaded structure of the AdaBoost. As 
shown in fig3, if the value is true then it get accepted 
and if it is not then get rejected. To transform the 
cascade of AdaBoost classifiers in a cascade of MLP 
networks, each of the classifiers is replaced by a strong 
network MLP. 

Fig. 3 Cascade of AdaBoost [15]. Classifier [15]. 
 
If C(X) = 1, then we get equation (5) otherwise 0. 
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By comparing equation (4) and equation (5), it is clear 
the strong relationship between neuron and strong 
classifier [15]. As iw = t , ix = )(xht , 
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It means any AdaBoost classifier can also be seen as a 
neural network. 
 

Table 1: Showing results for multiple faces using MLPBoost. 

 
 
V. PRINCIPAL COMPONENT ANALYSIS 
 
PCA is a statistical method under the broad title of 
factor analysis. The purpose of PCA is to reduce the 
large dimensionality of the data space (observed 
variables) to the smaller intrinsic dimensionality of 
feature space (independent variables), which are 
needed to describe the data economically [1]. This is 
the case when there is a strong correlation between 

observed variables. The jobs which PCA can do are 
prediction, redundancy removal, feature ex-traction, 
data compression, etc. Because PCA is a classical 
technique which can do something in the linear 
domain, applications having linear models are 
suitable, such as signal processing, image processing, 
system and control theory, communications, etc. 
The eigenvectors corresponding to nonzero 
eigenvalues of the covariance matrix produce an 
orthonormal basis for the subspace within which most 
image data can be represented with a small amount of 
error. The eigenvectors are sorted from high to low 
according to their corresponding eigenvalues. The 
eigenvector associated with  
the largest eigenvalue is one that reflects the greatest 
variance in the image. 
 
VI. ALGORITHM FOR PCA 
 
Step 1: Obtain the original image A from the data, 
concatenating each row (r) or column (c) of an 
Original Image. 
Step 2:  Compute the covariance matrix, this matrix 
gives information about the linear independence 
between the     features. 
Step 3:  Images are mean centered by subtracting the 
mean image from the original image. 
 
  z = Original Image (A) – meanVec                 (A) 
Step 4:   Our goal is to find the set of eigenvectors (V) 
and    eigenvalues (D). 
Step 5:  Once the Eigen values are extracted, several 
types of    decision can be made depending on the 
application.  
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VII. BASIC PSO 
 
PSO i.e. particle swarm optimization is get used to 
evolve the weights of neural networks. Some 
advantages of PSO has a global search ability and 
automatic setting of the number of neurons in the 
hidden layer allows the algorithm to automatically 
discover the appropriate number of neurons to deal 
with the problem at hand. Computation in PSO is 
based on a population i.e. swarm of processing 
elements called particles in which each particle 
represent a candidate solution [8]. 
 
VIII. PSO ALGORITHM 
 
INPUT: All true positive and false positive images 
detected by MLPBoost of an image. 
 
Step 1: Initialise parameters. 
Step 2: Initialise population. 
Step 3: While (number of generations or the stopping   
criteria is not met). 
Step 4: {If the fitness of ix  is greater than the fitness 

of bestp_ then update bestp_  = ix }. 

Step 5: {If the fitness of ix  is greater than the fitness 

of bestg _ then update bestg _ = ix }. 

Step 6: Update velocity vector.  
Step 7: Update particle position.  
Step 8: Next particle.  
Step 9: Next generation.  
 
Here the terms used g_best and p_best are global best 
position and personal best position respectively, 
discovered so for by any of the particles in the 
population. 
 
IX. IPSONET TECHNIQUE 
 
 Basic particle swarm optimization suffers from 
premature convergence. Due to which demand of 
some modification which leads to the new technique 
i.e. Improved particle swarm optimization network 
(IPSONet). IPSONet uses an improved PSO to address 
the design problem of the neural networks. It uses an 
improved PSO to evolve simultaneously structure and 
weights of ANNs. The IPSONet for face detection 
works as in following steps [16]. 
 
STEP 1: Given an image of size 19x19, this image has 
its histogram equalized and is then processed by a 2–D 
Gabor filter.  
STEP 2: Then the resulting image pixels serve as 
input to an MLP network trained by IPSONet. 
STEP 3: The network then reports whether or not 
there is a face in the image. 
 

In IPSONet, the adaptation in inertia weight and 
acceleration coefficients, velocity resetting, and 
crossover and mutation operators have been used in 
the original version of PSO to significantly improve its 
performance in global search and fine-tuning of the 
solutions. Initially, the particles are distributed 
randomly over the search space and the goal is to 
converge it to the global optimum. Each particle i has 
a position vector ix  and a velocity vector iv . At each 
iteration t , the velocity of particle i  is updated as, 
equation (6), 
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Where 1c and 2c  are acceleration coefficients and w  

is the inertia weight. Random numbers 1r and 2r  in 
the range [0, 1] are uniformly distributed. Range 
[ minv , maxv ] is the limited range for the velocity [16]. 
After updating velocity, the new position of the 
particle i  is calculated using equation (7), 
 

)1()()1(  tvtxtx iii     (7) 
PSO also suffers from premature stagnation so to 
avoid this drawback of PSO, resetting in velocity takes 
place by using the equation (8), 

 

max*)1*2( vrvv idid      (8) 

Where r is random number and maxv is the 
maximum magnitude of the random perturbation to 
each dimension d  of the selected particle i [16]. 
Gabor filter represents a multiplication of a Gaussian 
window by a sine / cosine wave. Gabor filter is used to 
efficiently remove undesired noise because of its 
frequency and orientation selective properties [16]. 
Gabor filters can exploit salient visual properties like 
spatial localization, orientation selectivity, and spatial 
frequency characteristics. 
 

 
Table 2: Showing results for reduction in false positive by using 

IPSONet. 
 

X. RESULT 
 
With GUI, we developed an Output window which 
consist Train faces, Classify, Input Image, Recognize 
section as a push button. We take a particular image as 
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an input image and then press the recognize button. 
As soon as we pressed recognize, our system detect the 
face and checks   the availability of that image in our 
database. If that image is from our database then it 
shows the matched class, as shown in fig. 3. 

 
Fig. 3 Shows the Face Detection using AdaBoost Algorithm. 

 
If suppose that image is not from our database then our 
system detects the face and shows no match found. 
This is AdaBoost Algorithm foe single face images. It 
gives us the result up to 82.069%. MLPBoost is 
efficient than AdaBoost. For single as well as for 
multiple face images, its face detection rate is very 
high. 
 

 
Fig. 4 Multiple Faces Detected using MLPBoost   Algorithm. 

 
An image with number of face images is accurately get 
detected with the help of MLPBoost as shown in fig. 4.  
We can go for the single faces and multiple face 
detection with the help of MLPBoost algorithm. Fig. 4 
shows multiple faces detected using MLPBoost 
Algorithm. This algorithm detects all the faces from 
the particular image provided. False Positive images 
obtained as an error are removed by using our next 
algorithm i.e. IPSONet. Fig. 5 shows Faces and 
Non-faces detected using IPSONet Algorithm. This 
Algorithm clearly detects which images are face 
images and which images are nonface image. 
 

 
Fig. 5 Window shows faces and nonfaces detected using 

IPSONet. 

CONCLUSION 
 
Thus, we have seen the complexity of the face 
detection task. We have chosen an intermediate 
between the image based and the feature based 
detection method. A face detection system has been 
developed using Boosting algorithm and Principal 
Component Analysis. This method presents many 
advantages in comparison with other methods for 
detecting faces, as our face detection system present 
good results of near about 82.069% for AdaBoost and 
92.78% for MLPBoost. It means, cascading of all the 
AdaBoost classifiers, i.e. MLPBoost algorithm is very 
efficient in face detection. We can apply this face 
detection system to any of the application required. It 
provides strong classification among faces and 
nonfaces. Sometimes, If false positive images i.e. 
nonface images are obtained after applying Boosting 
Algorithms then these nonface images are get detected 
with the help of our next technique i.e. IPSONet.  
So this paper provides a complete package for face 
detection method by reducing the false positive images 
and provides high detection rate. For IPSONet, we 
used 2-D Gabor filter for the preprocessing of an 
image. We applied a neural network multilayer 
perceptron trained by IPSONet over a face detection 
task. The system formed by multilayer perceptron 
trained by IPSONet and the 2-D Gabor filters named 
IPSONetFD i.e. IPSONet Face Detection method. 
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