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Abstract— Biometric is an emerging trend of science for 

identifying a person based on physical and behavioural 

attributes. Large scale of biometric systems are used both in 

commercial and government agencies to increase the level 

of security.  Face recognition is the powerful method of 

recognizing an individual. It is a computer application which 

compares the facial features with the database image. A 

unique approach is introduced for recognizing multi pose 

images with different conditions.  The classification is 

performed by using Back Propagation Algorithm and Radial 

Basis Algorithm and Adaptive Neuro Fuzzy Inference 

System. The proposed method is based on extraction and 

Eigen face method.  Experimental results are tested using 

FERET database and shows that the proposed method is 

effective for face recognition. The feature extraction using 

PCA is to reduce the dimensionality and to calculate the 

feature points. The performance evaluations between the 

proposed methods are analyzed. The characteristic features 

calculated using PCA called Eigen faces are obtained from 

the stored images are combined with the Back Propagation 

Neural Network, Radial Basis Function Network and 

Adaptive Neuro Fuzzy Inference System algorithms for 

recognition of images. For extracting the feature points from 

the input image, entropy and mean of each image are 

detected. The experimental results on performance of testing 

images are compared with Back Propagation, Radial Basis 

Function Network and Adaptive Neuro Fuzzy Inference 

System algorithms.  Thus Face recognition can be achieved 

through the architectures and algorithms of artificial neural 

networks. 
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I. INTRODUCTION 

Face recognition is one of the most popular types of 

biometric and it is the fastest biometric. Face recognition is 

mainly used for security purposes and in many other 

applications nowadays. Face recognition works with human 

face consisting of numerical values from the face called 

“face prints”. The advantage of face recognition is that it is a 

nonintrusive technique that can be effective without 

participant’s cooperation or knowledge; this makes it 

especially suitable for surveillance purposes [5].  

 Face recognition has been an active research area 

and many types of algorithms and techniques have been 

proposed [4]. From the human face the nodal points are 

identified to calculate the variables of person’s face which 

includes the depth of eye sockets, the length or width of the 

nose or the shape of the cheek points. The digital image of 

the individual’s face is captured and stores the result as face 

print and it is used for comparing the original image with the 

stored image. Face prints based recognition will give exact 

results in identifying target during favourable conditions. 

Face recognition involves two stages, Face Detection and 

Face Recognition. Face detection is a process of detecting a 

face from an image containing face. Face detection is based 

on two methods known as Knowledge Based Method and 

Image Based Method. Knowledge Based Method includes 

facial features, skin colour and template.  

 Face Recognition is classified into two methods as 

2D recognition and 3D recognition.2D recognition methods 

involves linear or non-linear projection methods.3D 

recognition involves point measure method, average half 

face method and 3D geometric measure methods. Most 

efforts of robust FR research are devoted to deal with each 

of the uncontrolled variations independently, but less work 

focuses on simultaneously handling them [6]. 

II. NEURAL NETWORK 

The group of nodes are interconnected in a network is called 

neural network. Neural network possess specific 

characteristics that it holds set of adaptive weights and have 

potential to estimate non-linear function of their inputs. 

Artificial neural networks are activated through learning rule 

which changes the weights of the connections depending on 

input patterns. Neural network uses different types of 

learning rules which include supervised learning, 

unsupervised learning and Reinforcement learning. 

 Back propagation neural network are formed with 

input layer, hidden layer and the output layer. The non-

linear functions are activated in the hidden layer to serve 

useful function in multilayer networks. Back propagation 

network gives a step of input in the input layer, feed 

forwards the network, and outputs the error occurred and 

then back propagates the error and produces the output. The 

errors are evaluated from the last layer in the network. It is a 

fast algorithm for extracting human faces in color images 

and easy to implement [1]. BPNN was used to train the 

given image and classify faces based on training. The BPNN 

used to check if the image includes face or not [2]. 

 Radial Basis Function Network is an another 

artificial neural network that uses radial basis function as an 

activation function. To use a radial basis function network it 

is necessary to specify the hidden unit and the processing 

unit. The unit in the output layer calculates a linear 

combination of the activations functions. Radial basis 

function has three layers: input, hidden and the output layer. 

The hidden layer contains radial basis activation function. 

The commonly used radial basis function networks are 

Gaussian function, multi-quadric function, generalized 

multi-quadric function, inverse multi-quadric function, thin 

plate spline function, cubic function and linear function. 

 Adaptive Neuro Fuzzy Inference System is a 

mixture of Artificial Neural Networks and Fuzzy Logic. 

ANFIS uses hybrid learning rule algorithm. By using the 

given input, the ANFIS constructs a Fuzzy Inference System 

where their membership function parameters are adjusted 

deploy with either back propagation algorithm or with least 

square type of method. ANFIS provide the procedure to 

learn information about the given data set, to compute the 
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membership function parameters which allow fuzzy 

inference system to track the given input data. This works 

similar to neural networks. 

 In Hybrid Learning Algorithm-I: Least-square 

method is used to identify the consequent parameters by 

using forward pass algorithm and by using backward pass 

the errors are propagated backward and the parameters are 

updated by gradient descent 

 In Hybrid Learning Algorithm-II: In the forward 

pass the algorithm uses least-square estimator to identify 

consequent parameter whereas the premise parameter will 

be fixed and in the backward pass the algorithm the premise 

parameter are updated by gradient descent whereas 

consequent parameters will be fixed and it receives an error 

signal. 

III. METHODOLOGY 

A. Preprocessing 

Image pre-processing is a technique of improving the data of 

an image which prevent unwanted information. 

 Converting an RGB image to Gray scale image: 

The given input image RGB image is converted to gray 

scale intensity image. The conversion eliminates the hue and 

saturation information from an image. 

 
Fig. 1: Process Flow 

 Illumination normalization: This process will 

eliminate the uneven illumination in an image. The images 

under different lighting conditions have similar pixel value. 

The processing of image is difficult when the pixel value is 

same. 

 Weighted average method: It is based on pixel 

image fusion method. The input image should be of same 

size and equal dimension which contain more information to 

process. 

The steps are as follows, 

1) Step 1: The registered image is given as an input. 

2) Step 2: The alpha factor is determined to mix each 

image to differentiate the proportion of an image. 

 In our proposed method the alpha factor is 

considered as 0.5. 

 When alpha factor=0.5, the images are mixed 

equally. 

 When alpha factor<0.5, the background image 

contains more information. 

 When alpha factor>0.5, the foreground image 

contains more information. 

3) Step 3: The array of an image is multiplied with 

alpha factor. The multiplication of an image is 

performed element by element for foreground 

image and the array of background image is 

multiplied with the complement of alpha factor. 

B. Feature Selection: 

Feature selection is a most important step before 

classification. The term feature selection is taken to refer to 

algorithms that output a subset of the input feature set. The 

collected information is noisy and unpredictable which gives 

inappropriate values to train the input data. The best effect 

of feature selection is to improve classification accuracy 

.The feature selection process carries 2 main parts which are 

evaluating feature subset and searching through feature 

space. 

C. Entropy: 

The calculation of the information content in an image is 

called entropy. When each gray level of the entire range has 

the same frequency the maximum value of the entropy can 

be produced. If the entropy of the fused images is greater 

than the parent image, then it specifies that the fused image 

holds more information. 

Mean: The functionalities of mean are as follows, 

 Mean (A) gives the mean value with dimensions of 

an array. 

 Mean (A) returns the mean value of A, if A is a 

vector. 

 Mean (A) treats the columns of A as vector. If A is 

a matrix, it returns the row vector of mean values. 

 Mean (A) treats the values of first non-singleton 

dimensions as vectors and returns an array of mean 

values if A is a multidimensional array. 

D. Principal Component Analysis: 

PCA is a common dimensionality reduction method which 

is used in statistics and machine learning. The aim of PCA is 

to reduce the dimensionality of the input data and to find out 

the primary variables. To convert a set of observations of 

possible correlated variable into a set of linearly 

uncorrelated variable it uses orthogonal transformations. 

PCA uses Eigen values and Eigen vectors to calculate the 

co-variance matrix. The principal component in a variable 

should be less than or equal to the original variables. The 

starting variable in the component has the largest variance 

and the preceding component following the starting variable 

has the highest variance possible under the constraint. They 

have symmetric Eigen vectors of the co-variance matrix 

.PCA is also related to factor analysis and canonical 

correlation analysis (CCA). 

E. Eigen values and Eigen vectors: 

Face recognition using Eigenface has been shown to be 

accurate and fast [3]. Eigen values and an Eigen vector 

always exists in pairs. Each Eigen vector has an component 

Eigen value. An Eigen vector represents the direction of line 

i.e. horizontal and vertical. Information about the variance in 

the direction of data is called Eigen value. Eigen values are 

represented in numbers. The linear vector in square matrix 

does not change its direction during linear transformations. 

 The fuzzy logic is the non-linear mapping of an 

input data set to a scalar output data. A fuzzy logic system 

consists of four main parts includes fuzzifier, rules, 

inference engine and defuzzifier. A crisp set of input data 

are gathered and converted to Fuzzy set using Fuzzy 
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linguistic variables, Fuzzy linguistic terms and membership 

functions. This step is known as fuzzification. An inference 

is based on set of rules and the resulting Fuzzy output is 

mapped to a crisp output using the membership function in 

the defuzzification step. 

IV. RESULT AND DISCUSSION 

A. Experimental setup: 

The experiment was carried out on multi view face images. 

A total of 250 images are taken as samples in 150 images 

are considered for training and 100 images for testing. The 

training and testing matrix have rows and columns. The 

experiments are performed using two different algorithms. 

Each image presented in an input should perform pre-

processing for further processing. The input image is 

divided into grids which perform smoothing and gives less 

pixilated image and the image is normalized with alpha 

factor as 0.5. The further step includes feature extraction and 

classification. The values are calculated from the normalized 

image. The specific features are extracted from the image 

using mean values and the entropy content of the image. The 

extracted features are classified using the three algorithms: 

Back Propagation Neural Network, Radial Basis Function 

Network and Adaptive Neuro Fuzzy Inference System. The 

selected parameters are used to analyse the efficiency of the 

algorithms. The parameters are accuracy and time taken. 

1) Back Propagation Neural Network: 

The network is trained using feed forward networks. BPNN 

learn from examples where it changes the networks weight 

and it will give the desired output when the training is 

completed. The output presented by the network will be 0 or 

1.the network will give the desired output for any of the 

input patterns when it is trained completely. The input and 

the target outputs are to be fixed earlier. After testing 

completes the network will show the output for the specific 

input. 

Classifier Input Hidden Output 

 neurons Neurons Neurons 

BPNN 13 19 1 

Table 1: Input for BPNN 

2) Radial Basis Function Network: 

The network is trained using three layered feed-forward 

network. The first layer only sends the input signal and it is 

linear. The next layer uses Gaussian function and it is non-

linear and the third layer combines the Gaussian output 

linearly. Radial basis function with adequate number of 

hidden neurons in single hidden layer network can make any 

function subjective to the level of accuracy. The hidden 

neurons presented in the network are always less than the 

training samples. 

Classifier Input Hidden Output 

 neurons Neurons Neurons 

RBFN 13 20 1 

Table 2: Input for RBFN 

3) Adaptive Neuro Fuzzy Inference System: 

The network is constructed using a supervised neural 

network learning technique. The network is trained using 

five layered feed forward network. The first layer sends the 

input signal and it is linear. It works according to the rules 

of the second layer. 

Classifier Input Hidden Output 

 neurons Neurons Neurons 

ANFIS 13 20 1 

Table 3: Input for ANFIS 

B. Results: 

The experimental result in the proposed method consists of 

three steps. The first is analyzing the feature points 

calculated from an image which is used for classification. 

The second step is the classification step which gives a 

detailed comparison of three algorithms applied to recognize 

the face. The final step will report the performance of the 

recognition. 

 The experiments are carried out using MATLAB 

code. When using Back Propagation, Radial Basis Function, 

Adaptive Neuro Fuzzy Inference Systems. Preprocessing 

and feature extraction is performed to load the principal 

component vectors. The Eigen vectors and Eigen values and 

the feature points are calculated using PCA. The input 

images after preprocessing are taken for feature extraction. 

The extracted points are considered as feature points. Back 

Propagation algorithm is used to classify the images which 

are present or not. The way, the experiment is also tested 

using Radial Basis Function algorithm and Adaptive Neuro 

Fuzzy Inference System. The result is similar to the Back 

Propagation algorithm. The accuracy and the time taken for 

recognition differ. The performance of multi view face 

recognition is also evaluated using MATLAB. 

Classifiers No of Detected Accuracy 

 images faces (In %) 

 50 48 96.00% 

BPNN 100 94 94.00% 

 150 130 92.67% 

 50 45 90.00% 

RBFN 100 91 91.00% 

 150 134 89.33% 

ANFIS 
50 48 96.00% 

100 96 96.00% 

 150 146 97.4.00% 

Table 3: Classification of Algorithms 

 
Fig. 2 Input image Fig. 3 smoothened image 

 
Fig. 3 Illumination normalised         Fig. 4 PCA 

 
Fig. 5 Feature points     Fig. 6 Output 
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V. CONCLUSION 

In this paper different face recognition techniques have been 

implemented. The neural networks aimed at providing 

artificial intelligence to the system. PCA for dimensionality 

reduction, Back Propagation Neural Network, Radial Basis 

Function Network and Adaptive Neuro Fuzzy Inference 

System for classification. The experiment is carried out 

using Neural Network Fitting tool in MATLAB. After 

training, the network stores the weights and threshold values 

to calculate the output. The result obtained using neural 

network shows the efficiency in face recognition. The three 

algorithms are compared with one another and results are 

considered. The face recognition rate increases with number 

of hidden layer nodes, which help in easy training of 

weights. The result shows that the face recognition based on 

Adaptive Neuro Fuzzy Inference System gives fast 

computation and high accuracy rate. The Back Propagation 

Algorithm also brings unique results and is powerful in 

minimizing errors. By using PCA with singular value 

decomposition, the dimensionality is reduced and the speed 

of computation gets increased. The recognition rate is higher 

because more sample images can distinguish the face space 

in the images. The computation shows that the actual result 

can be obtained by using Adaptive Neuro Fuzzy Inference 

System. Performance of the proposed face recognition 

methods is evaluated based on accuracy and time for 

recognition. 
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