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ABSTRACT 
The face recognition is the challenging task to identify from various facial expressions, background illuminations and pose 
variations. In this paper, we propose efficient compressed face recognition method using face detection and ANN classifier. 
The benchmarked face databases viz., ORL, JAFFE, YALE and Essex Faces94 are used to test the algorithm. The eight-bit 
pixels of every face image are segmented into two groups such as Higher Order Bits (HOBs) and Lower Order Bits (LOBs) to 
represent significant and insignificant decimal values of a pixel. The 4-bit HOBs are considered for further processing by 
omitting 4-bit LOBs to reduce 8-bit pixels into 4-bit pixels which reduces complexity and memory requirement. Another 
advantage of only HOB with 4 bits is the number of intensity levels are only 16 inplace of 256 intensity levels in the case of 8-
bit pixels, leads to increase in speed of computation. The face image part is detected using a Viola-Jones algorithm by 
discording unwanted portion in the face image database. The Discrete Wavelet Transform (DWT) is applied on face detected 
image to convert spatial domain into frequency domain with Low Pass filters (LPF) and High Pass Filters (HPF). The LPF 
coefficients represented by LL subband are considered by discording high frequency bands to enhance the quality of an image 
and reduce the dimensionality of the original image. The GIST concept is applied on LL subband to obtain compressed features 
of 640 coefficients. The convolution is used to fuse GIST and LL subband coefficients to obtain final features. The Artificial 
Neural Network (ANN) is used as a classifier to identify a person effectively. It is witnessed that the Percentage Recognition 
Rate (PRR) of the proposed method is better compared to the existing methods. 
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1. INTRODUCTION 
Biometric human identification is most powerful and assured security system in recognition of human beings. The 
person’s physical and behavioral characteristic features which are unique and time invariant are used in biometric 
systems. The old-fashioned methods used are identification cards and Personnel Identification Numbers (PIN) are 
insecure as fraudsters may create duplicate however recreating biometric trait characteristics are extremely difficult. 
The biometrics are seamlessly integrated in almost all electronic devices for accessing to avoid cybercrime. The few 
limitations of biometrics are (i) The authorized person may be denied access due to false negative identification leads to 
frustration. (ii) The unauthorized person may be granted access due to false positive identification leads to serious loss. 
(iii) The recreated fingerprints may fool the system. (iv) If the biometric database is hacked, then the identify could be 
sold leads to serious repercussion. The comprehensive human authentication security systems may be built using 
encrypted multimodal biometrics data. 

The facial recognition systems are extensively used in recent computer applications such as smart phones, video 
surveillance, to mark attendance in companies, human computer interaction, automatic indexing of images, robotics 
etc. The key advantage of a facial recognition method is able to capture face images from CCTV installed in bus-
stations, railway stations, airports, multiplexer and other public places to identify an individual in the crowd. The face 
images become boarding pass in airports leads to paperless technology. The challenges in facial recognition method are 
variations in background illumination, facial expression, pose angles and also mask on the face. 

In this paper, efficient compressed face recognition method using face detection and ANN classifier is proposed. The 
8-bits of each pixel are divided into HOB and LOB’s of 4 bits. The only 4 HOB bits are considered for further 
processing to reduce the number of intensity levels from 256 to 16 leads to compression. The face part is detected using 
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Viola-Jones algorithm and DWT is applied on detected face images to acquire low and high frequency bands. The 
GIST concept is applied on low frequency LL subband and fuse LL subband and GIST features to acquire final features. 
The performance of the proposed method is computed using ANN classifier. 
This paper is organized as follows; the section 2 delivers the literature study of face recognition. Section 3 provides the 
background of face databases and feature extraction techniques. The projected technique is specified in Section 4. 
Section 5 delivers the investigational results. Conclusion and future work of the research is given in Section 6. 

2. LITERATURE SURVEY  
The literature study on the face detection, feature extraction procedures in both spatial and frequency domains are 
described in this section. The classification methods are also explained. 

Edy Winarno et al., [1] proposed the multi perspectives object detection system using an AdaBoost algorithm in 
Viola-Jones face detection technique. The method detected the all the face in the image to sum up the number of faces 
which was showing up in a group of people in each image. The experimental result shown that this method can reduce 
the error on face detection. Lu Wen-yao and Yang Min [2] proposed the combination of the constructed composite 
features and Viola-Jones algorithm system to circumvent the missed and false detection of the original face 
successfully. Mehul K Dabhi and Bhavna K Pancholi [3] proposed real-time face detection system using Viola-Jones 
algorithm and extracted the facial region in an image by Haar feature based AdaBoost algorithm. The results shown 
that this system used cascading of stage to make the process faster and minimizes computation time while achieving 
high detection accuracy. Ridha Ilyas Bendjillali et al., [4] proposed a facial expressions identification system using 
Viola-Jones algorithm to detect the faces from the image and enhancement the face image by histogram equalization. 
This used DWT to extract the features, then fed to deep Convolutional Neural Network (CNN) which used as a 
classifier. 

Kourosh Kiani and Sepideh Rezaeirad [5] proposed a facial recognition system on half of the face image using DWT 
to generate the reflection vectors and Hidden Markov Model classifier. This system used to manipulate the axis-
symmetrical stuff to face recognition using half of the face to spread the statistical based models. The computational 
time and complexity of the model are reduced by using half of the input image instead of the entire image to identify 
the persons. Taif Alobaidi and Wasfy B. Mikhael [6] proposed a robust face identification using a mixed sparse 
representation method by applying weight-based selected coefficients from 2D-DCT and 2D-DWT to obtained the 
extracted features. The adaptive repetitive algorithm is established to get the optimum weight matrices. Sushil Kumar 
et al., [7] proposed an automated denoise on face expression recognition system. This system used various filters to 
eliminate noise from face image such as Savitzky-Golay filter, DWT and median filters. The experimental result shown 
that DWT filter removed the Guassian and speckle noise better than Savitzky-Golay filter and median filters. Fahima 
Tabassum et al., [8] proposed a system to improve the percentage accuracy of object recognition using combination of 
DWT with other four feature extraction techniques viz., Principal Component Analysis (PCA) error vector, PCA eigen 
vector, eigen vector of linear discriminant analysis and convolutional neural network. The mixture of four outcomes are 
completed using probability detection entropy and Fuzzy system. The result of this proposed discloses better results 
compared to previous works. 

Hung Ta Minh Nhat and Vinh Truong Hoang [9] proposed a feature fusion on a face recognition system using 
canonical correlation analysis technique. The final feature of this system is concatenated from two different descriptors 
which are based on block segmentation. These descriptors are local binary pattern, Histogram of Oriented Gradients 
(HOG) and GIST descriptor. The recognition rate of the system is higher than the recognition rate using only one 
feature technique. Marinel Enache [10] proposed a face recognition system used for prosopagnosia and patient profiles. 
The system is based on multi-filter to retrieve frontal faces and applied GIST descriptor and scale invariant feature 
transform as feature extraction. The final features are fed to a multi-layer perceptron classifier. The results have shown 
that GIST is quite robust for a small training set and have a less computational time. Siqi Yang et al., [11] proposed a 
facial detector based on hard face/non-face problem. The face in the original image is detected by using Viola-Jones 
algorithm, then extracted final feature used GIST descriptor and used Support Vector Machine (SVM) as a classifier. 
This system also used a false positive classifier to decrease the false positives matching. The results shown that GIST 
features are effective in bagging the head pose information and removing extra training steps to obtain head pose 
information. Ahmed Saeed Mohammed et al., [12] proposed an eyebrows verification method in smartphone devices. 
The method utilized both local descriptor and global descriptor as HOG and GIST descriptor to extracted the features 
from right and eyebrow areas. The classifier SVM is used for grouping. 
Shahzada Fahad et al., [13] suggested the face recognition system on low quality image and variant poses from Closed 
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Circuit Television (CCTV) using three algorithms as PCA, Single Value Decomposition (SVD) and ANN. The result 
with ANN gives higher accuracy than the PCA and SVD processes and accuracy of all the three procedures decreases 
for the number of input faces rises. Naing Min Tun et al., [14] proposed the deep learning based facial recognition 
system with is reduced the computational power consumption. This system used zero-phase component analysis to 
extracted the feature and used ANN as a classifier. The experimental results shown that the recognition error is reduced 
and the accuracy is increased when the epsilon’s value of ZCA feature extraction is used. Abdul Saboor khan et al., 
[15] proposed an automatic seven different facial emotion recognition system. The frontal face image is sensed using 
Viola-Jones algorithm, then selected the low frequency DCT as feature extracted technique and using ANN to classify 
the face images. Kunika Verma and Ajay Khunteta [16] proposed the face detection on emotion expression recognition 
scheme. The Viola Jones algorithm is used to detect the face part of the image, Gabor filter is used to capture the whole 
frequency spectrum in all directions to extract the features and using multi-layer feed-forward back propagation ANN 
to classify the seven different facial expressions. 

3. BACKGROUND 

3.1 Face databases 
The standard existing open-source face databases such as ORL, YALE, JAFFE and Essex Faces94 are used to examine 
the performance of the projected system. 

3.1.1 Olivetti Research Laboratory (ORL) face database [17] 
The dataset is widely used in many researches on face recognition system with 400 images for forty persons and ten 

images per person. The face images have variations in pose and facial expressions with each image size of 112X92 in 
grayscale format. Figure 1 shows the ORL dataset sample face images of six persons. 

 
Figure 1 The ORL dataset Sample face images of six persons [17] 

3.1.2 YALE face database [18] 
The dataset is released by Yale University in 1997 and 165 images were taken for fifteen persons, each person with 

eleven images of facial expressions and illumination. The size of each face image is 243X320 grayscale. Figure 2 
shows the face image samples of six persons from the YALE dataset. 

 
Figure 2 Face image Sample of six persons of the YALE dataset [18] 

3.1.3 JAFFE face database [19] 
The dataset was published in 1998 with 213 grayscale face images captured from ten persons with a size of 

256X256. The images with facial expressions such as neutral, fear, shock, happiness, unhappiness, anger and disgust 
were present in the dataset. Figure 3 shows the sample face images of six subjects from the JAFFE dataset. 
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Figure 3 The face image sample of six subjects from the JAFFE dataset [19] 

3.1.4 Faces94 of Essex (Essex Faces94) face database [20] 
It was released by University of Essex with 3040 images from 152 subjects. The dataset has facial expression RGB 

images on the plain green background with twenty images per subject having a size of 200X180. Figure 4 shows the 
face image sample of six persons from the Essex Faces94 dataset. 

 
Figure 4 Face image sample of six persons of the Essex Faces94 dataset [20] 

3.2 Bit Endianness 
It is the processer of decomposing 8-bit pixel into two segments. The decimal values of pixels are represented by eight 
bits’ binary. The eight-bits are divided into two group of four bits with Least Significant Bits (LSB) and Most 
Significant Bits (MSB). The four right-most bits of a pixel are referred as the LSB represent insignificant decimal 
values. The four left-most bits of a pixel are referred as MSB represent significant decimal values. The demonstration 
of decimal conversion to four bits LSB and four bits MSB and the reconversion from LSB to MSB using Equation 1 
and 2, respectively [21] and shown in Figure 5. 

                       (1) 
where x(n) = Binary values from right side of LSB 
   n = Bit position 

                     (2) 
where  x(n) = Binary values from right side of MSB 
 

The four-bit LSB decimal equivalent values fluctuates among 0 and 15 using Equation 1 and the decimal values are 
insignificant compared to original decimal values of a pixel. The four-bit MSB decimal equivalent values fluctuates 
among 0 and 240 using Equation 2 and the decimal values are significant compared to original values. 
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Figure 5 The Bit Endianness 

The 8-bit pixel is converted into 4-bit pixel by considering only MSB bits and the corresponding decimal values is 
almost same as original 8-bit pixel value with very small difference. The advantage of this approach is the requirement 
of memory is less and speed of computation is more. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 10, Issue 3, March  2021              ISSN 2319 - 4847 
 

Volume 10, Issue 3, March 2021                                                                                                 Page  5 
 
 
 
 
 

3.3 Face Detection 
It is used to find the human faces only in digital images. Viola-Jones algorithm was presented in the year 2001 by Paul 
Viola and Michael Jones [22]. The Viola-Jones give the better detection result on frontal faces than faces looking 
sideways, upwards or downwards. The algorithm combines the ideas of Haar-like Features, Integral Images, the 
AdaBoost Algorithm, and the Cascade Classifier to generate a system that is precise and fast. The algorithm can detect 
human’s faces, noses, eyes, mouth, or upper part and the face detected on images are shown in Figure 6. 

 
Figure 6 The Viola-Jones face detected on images [22] 

3.4 2D-DWT 
It is used to convert spatial domain image into transform domain using Low Pass Filter (LPF) and High Pass Filter 
(HPF) with a decimation by 2 [23]. 
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Figure 7 One level decomposition of DWT 

One level decomposition of DWT is as shown in Figure 7. The original image is passed through LPF and LPF to 
obtain LL subband, which has signification information of original image. The original image is passed through LPF 
and HPF to obtain LH subband, which has insignificant information of original image related to horizontal edge 
details. The original image is passed through HPF and LPF to obtain HL subband, which has insignificant information 
of original image related to vertical edge details. The original image is passed through HPF and HPF to obtain HH 
subband, which has insignificant information of original image related to diagonal edge details. The mathematical 
equation for LL, LH, HL and HH are given in Equation 3, 4, 5 and 6 for the image matrix of size 4X4 given is  

 
 
 

                      (3) 
                       

(4) 
                      

 (5) 
                       

(6) 
 
 

where  a, b, c and d are the coefficient of 2X2 matrix 

3.5 GIST Descriptor 
One of the compressed techniques of robust image descriptor is GIST descriptor which was proposed by Olive and 
Torralba in 2001 [24]. It is an illustration of a low-dimensional image that contains sufficient information to identify 
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the scene in images. GIST descriptor emphases on the shape of scene which is the association between the outline of 
surface and their properties. Meanwhile, GIST descriptor disregards the local items in the scene and their associations. 
The five sets of perceptual properties viz., naturalness, openness, roughness, expansion and ruggedness are meaningful 
human observations and represent the spatial structure of the scene. 

The computation process of the general GIST descriptor is analysing the spatial frequency and orientation. Firstly, 
the 32 Gabor filter from 4 scales and 8 orientations are convolved with the image to produce the 32 features maps of 
the same size of original image. Secondly, the image or feature map is divided by 4X4 grids into 16 regions and then 
find the average of the feature values within each region. Finally, concatenated the 16 average of the feature values of 
all 32 features maps to obtain 512 GIST descriptors as shown in Figure 8. The GIST encapsulates the gradient 
information (scales and orientations) for different parts of an image. The GIST feature vector is them acquired by 
cascading the eigenvectors as in Equation 7. 

                (7) 
 

Where GIST(x,y) denotes the GIST feature vector 
    nc is the product of the number of different directions with the number of different scales of Gabor filters 

cat( ) is the cascade operator 
f(x,y) is the input image 

    G(x,y) is the Gabor filters 
* is the convolution operation 
 

        
(a) Image           (b) GIST Descriptor 

Figure 8 Input image and its 512 GIST descriptors 

3.6 Linear Convolution 
Linear convolution is used to compute the convolution of two data streams to obtain new data. The convolution of two 
digital data vectors is given in Equation 8. 

 
                    

                (8) 
 
 
Where  c(n) is the Convolution output 

d(n) is first digital vector 
h(n)  is second digital vector  
L is the length of samples in the output of linear convolution 

In linear convolution, the convolution can process the two different or same size of two datasets such as d(n) = 
[1,2,3] and h(n) = [1,2,3] which have the equal sizes and d(n) = [1,2,3] and h(n) = [1,2,3,4,5] which have the different 
sizes. The linear convolution output sample size is given in Equation 9 

 
L = M + N – 1                      (9) 

 
Where M is the number of samples in first digital vector d(n) 

N is the number of samples in second digital vector h(n) 

3.7 ANN Classifier 
Artificial neural network [25] is a computational model based on the structure and functions were on idea by the 
biological neural networks that found in humanoid brains. There are 3 dissimilar layers in a neural network viz., input 
layer, hidden layers and output layer. The input layer contains only one layer and accountable for receiving the inputs. 
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These inputs are loaded from an external source such as pixel value in image and final features from feature extraction. 
It takes the inputs, performs the calculations via its neurons and then the output is transferred onto the subsequent 
hidden layers. The hidden layer is the collection of neurons which has activation function applied on it and it is a 
middle layer found between the input and the output layers. Its job is to process the data obtained by its previous layer. 
So, it is the layer which is responsible extracting the required features from the input data. There are multiple hidden 
layers which are used for processing the received data from the input layers in a Neural Network. Output of the neural 
network collects and transfers the information consequently in way it has been intended to give. The pattern presented 
by the output layer is directly traced back to the input layer. The number of neurons in output layer are directly 
connected to the type of work that the neural network is performing. The diagram of input, hidden and output layers of 
ANN is shown in Figure 9. 

Input 
Layer

Hidden Layer 1

Hidden Layer 2

Output 
Layer

Input 4
Output 3

Output 2

Output 1
Input 1

Input 3

Input 2

 
Figure 9 The diagram of input, hidden and output layer in ANN [25] 

 
 

4. PROPOSED METHOD  
In this section, the efficient compressed face recognition method using face detection and ANN classifier is proposed 
which includes pre-processing, feature extraction and classification is as shown in Figure 10. The novel technique of 
using only four MSB bits of each pixel are used to reduce overall number of bits of an image leads to effective 
compression. The DWT is applied on face images to improve the quality of image and compress by considering only 
LL subband. The GIST technique also used to further reduce number of features at the final stage of face recognition. 

4.1 Pre-Processing 
The face images are composed of various standard face datasets and colour images are changed into grayscale images. 
The decimal values of all pixels in an image are converted into eight bits’ binary. The eight-bit binary is divided into 
two group viz. High-Order Bit (HOB) and Low-Order Bit (LOB). The HOB is containing of four bits of MSB and has 
the signification information of the image. The LOB is containing of four bits of LSB and has the unimportant 
information. The LOB is eliminated and retained only HOB to represent the face image as the HOB image which is 
almost same as original image as shown in Figure 11.  
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Figure 10 Proposed methodology of face recognition 
 
 The 4-bit binary of HOB is transformed back to decimal equivalent values fluctuates among 0 and 240 using Equation 
10 and reshaped back to the same size of original image as 112X92, 243X320, 256X256 and 200X180 for ORL, 
YALE, JAFFE and Essex Faces94 face databases.  
 

                   (10) 
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where x(n) = Binary values of HOB from right side 
       n = Bit position of 4-bit binary of HOB from right 
 

                    
(a) Original Image                   (b) Image of HOB 
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  (c) Histogram of original Image                       (d) Histogram of HOB Image 
Figure 11 The original and HOB images and corresponding histograms 

 
 The constructed HOB image is almost same as the original image as shown in Figure 11. The pixel values in original 
grayscale image have 256 intensity levels from 0 to 255 but the pixel values in HOB image are reduced to only 16 
intensity levels from 0 to 240 and contain the intensity levels of 0, 16, 32, 48, 64, 80, 96, 112, 128, 144, 160, 176, 192, 
208, 224 and 240. The histogram of HOB and original face image shown in Figure 11 imply, that the histogram of 
HOB image is compressed version of original image histogram. The 16 intensity levels are existing in HOB result to 
reduce complexity of an architecture in real time system and also reduces computation time. The face detection using 
Viola-Jones algorithm to detect only the main part of the face which consist of eyebrows, eyes, nose and mouth is 
applied on HOB image and face detected image is shown in Figure 12. However, the Viola-Jones algorithm has some 
error to detected the face images in ORL and Essex Faces94 face database as shown in the sample of face images which 
are undetectable using Viola-Jones algorithm in Figure 13 and Figure 14, respectively. The face detected images are 
resized to uniform size to maintain uniformity for all face image datasets to 80X80 before applying the feature 
extraction techniques. 

              
(a) HOB Image          (b) Face detected Image 

Figure 12 The face detected image using Viola-Jones and resized to 80X80 
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Figure 13 Sample of the undetectable image from ORL database using Viola-Jones algorithm 

 

 
Figure 14 Sample of the undetectable image from Essex Faces94 using Viola-Jones algorithm 

4.2 Feature Extraction 
The features are extracted from the face part detected from HOB image. The initial features are extracted using DWT 
and GIST techniques. The final features are obtained by linear convolution of GIST on LL subband of DWT and LL 
subband vector for effective face recognition. 

4.2.1  Discrete Wavelet Transforms (DWT) 
The wavelets are discretely sampled and capable of capturing both frequency and time domain information. It splits 

the signal into four different bands based on amalgamation of wavelet filter and scaling filters. 
 

 
(a) Face detected HOB Image 

        
    LL Subband        LH Subband       HL Subband       HH Subband 

(b) DWT decomposition 
Figure 15 DWT decomposition of face detected HOB image 

 
2D-DWT Haar Filter is applied on the HOB image using Haar Low Pass Filter (HLPF) and Haar High Pass Filter 

(HHPF) simultaneously and sampled by a factor of 2. The four sub bands are obtained as approximated image, 
horizontal image, vertical image and diagonal image which are passed through the Low-Low pass filter (LL), Low-
High pass filter (LH), High-Low pass filter (HL) and High-High pass filter (HH), respectively. The approximated image 
from LL is contained enough information of HOB image while LH, HL and HH are contained poor information which 
are neglect as shown in Figure 15. The technique rejects 3/4th coefficients of DWT which results in increase of speed 
of computation by way of compression by considering only LL subband features. 
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4.2.2 GIST Descriptor 
It is a global descriptor of a low-dimensional image, called Spatial Envelope, that contains sufficient information to 

identify the information in an image. The features are calculated by convolving the oriented filters with the image at 
different angles and scales. 

In this approach, GIST Descriptor is applied on the LL matrix from DWT using Gabor filter for texture analysis. The 
LL subband 2D-matrix is segmented into 4X4 sub blocks as 16 region grids. Then each region applied the GIST 
descriptor which is computed by first filtering the image by a filter bank of Gabor filters and then averaging the 
response of filters in each block on a 4X4 nonoverlapping grid. The 40 Gabor filters bank from 4 different frequencies 
and 10 orientations have used to extract features of face images. The 10 orientations of Gabor filter consist of 0°, 18°, 
36°, 54°, 72°, 90°, 108°, 126°, 144° and 162° are shown on Figure 16.  

 

    

  
Figure 16 Visualization of Gabor filter with different 10 orientations for GIST descriptor 

 
Each region is applied with Gabor filter bank at 4 frequencies and 10 orientations to produce 40 feature maps. Final, 

concatenate the 40 features map of 16 regions grids to achieve 40X16 = 640 GIST descriptor feature vector. The GIST 
descriptors are different for frontal, right sided and left sided face images as shown in Figure 17. 

 

                       
   (a) Frontal Image           (b) Turn right Image          (c) Turn left Image  

                        
(d) GIST Descriptor of Frontal     (e) GIST Descriptor of Turn right      (f) GIST Descriptor of Turn left 

 
Figure 17 GIST Descriptor for three different pose images 

4.2.3 Final features 
The preliminary feature collections acquired from LL subband vector of DWT and GIST descriptor on LL subband 

are merged using linear convolution using Equation 11 to develop final effective features for best face recognition.  
 

 
                (11) 

 
 

The LL subband of DWT feature matrix of size 40X40 is transformed into column vector of size 1600X1 and is 
denoted by d(n), where n = 0 to 1599. The GIST feature vector is of size 640 and is denoted by h(n), where n = 0 to 
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639. The total length of final features is equal to the length of d(n) + length of h(n) -1 as given in Equation 12 leads to 
number of final features equal to 2239.  

 
Length K = length of d(n) + Length of h(n) – 1                 (12) 

 = 1600 + 640 -1 = 2239 features 

4.3 Classification 
The ANN classifier is used to recognize face images and computational model capable of machine learning and pattern 
recognition. It has three main layers viz., input, hidden and output layers. Input layer accepts the final features from 
trained images and feed to the network. Number of neurons in this layer corresponds to the number of features to the 
neuronal network. So, the number of neurons in input layer are equal to 2239 neurons as number of final features. 

The hidden layer computes the activity of each hidden unit. The activities of the input units and the weights on the 
connections between the input and the hidden units are based on one or more hidden layers. This layer has arbitrary 
number of layers with arbitrary number of neurons. This research varied the hidden layer for 1 to 3 hidden layer which 
combined of 1 to 100 neurons to find the best model which give the best performance in classification. The setup of 
classification on 3 hidden layers with 44 neurons in each hidden layer has the highest accuracy and suitable for all 
database in this proposed model.  

The output layer, produce output units which depends on the activities of the hidden units and the weights between 
the hidden and output units. The number of neurons in the output layer corresponds to the number of the output values 
of the neural network and equal to the number of classes. In this research, number of neurons in the output layer are 40, 
10, 15 and 152 neurons as number of persons on ORL, JAFFE, YALE and Essex Faces94 face database.  

 
5. EXPERIMENTAL RESULTS 

The performance parameters related to ANN and the performance evaluation of proposed method using ORL, Yale, 
JAFFE and Essex Faces94 face databases are discussed in this section. 

5.1 The Performance Parameters of ANN Classifier 
The precision and accuracy of the proposed model is as shown in Figure 18. The two terms related with multiclass 
confusion matrix to match the cases between the actual class and the predicted as True (T) and False (F). 

The performance of the proposed model is determined by Recognition Rate (RR) is the complete number of correct 
predictions as given in Equation 13.  

            
(13) 

 
 
where N is the number of total class  

  
 

 
Figure 18 Confusion Matrix Model on ORL face database with 40 Classes 

5.2 The Percentage Recognition Rate (PRR) variation with number of neurons for various percentage 
training datasets 

The variations of PRR with number of neurons for various percentage training face dataset and number of hidden layers 
are plotted in Figure 19. The ANN is trained with input face database of 20%, 40%, 60% and 80%. The number of 
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neurons is varied between one to two thousand and hidden layers are varied between one to three to test the proposed 
method. The PRR increases from 70% to 100% with increase in percentage training database from 20% to 80%. The 
effect of number of hidden layers on recognition rate is almost constant. The PRR are almost constant from 50 to 700 
neurons with one hidden layer, 50 to 1000 neurons with two hidden layers and 50 to 1100 neurons with three hidden 
layers. The PRR fluctuates for higher values of neurons. It is observed that, the range of constant values of PRR 
increases with increase in number of hidden layers. 
 

  
(a) 1 Hidden Layer                 (b) 2 Hidden Layers 
 

  
(c) 3 Hidden Layers 

Figure 19 The recognition rate Vs number of neurons in hidden layers with variation of number of hidden layers 

5.3 The PRR Vs Number of neurons with variations in numbers of hidden layers 
The variations of PRR with number of neurons for different hidden layers using various percentage training dataset are 
plotted in Figure 20. The PRR values increases with increase in percentage training dataset. The effect of number of 
hidden layers on PRR is very low. 
 

  
(a) 20 % Training Image                (b) 40 % Training Image 
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(c) 60 % Training Image                (d) 80 % Training Image 

Figure 20 The PRR Vs Number of neurons with variation of number of training images and hidden layers 

5.4 The variations of PRR with various face datasets  
The face datasets viz., ORL, JAFFE, YALE and Essex Faces94 are used to compute PRR for different combinations of 
train and test with various number of neurons are given in Table 1.  

Table 1: The PRR variations with various face databases. 

Face 
Databases 

No. of 
Hidden 
Neurons 

Train:Test Face detected by 
Viola-Jones 
Algorithm 20:80 40:60 50:50 60:40 80:20 

ORL 

40 77.00 96.00 97.75 98.75 99.25 

94.25 % 

41 75.00 94.50 94.50 98.25 99.75 
42 75.50 93.00 97.25 98.50 99.50 
43 82.25 95.00 98.25 98.75 100.00 
44 87.25 94.50 97.50 99.75 100.00 
45 76.50 95.25 99.25 99.25 99.50 

JAFFE 

40 92.00 97.50 97.50 98.00 99.50 

100% 

41 88.50 96.00 98.50 99.00 99.50 
42 80.50 97.00 98.00 98.50 100.00 
43 89.00 95.50 98.00 99.50 99.50 
44 94.00 96.50 97.00 98.75 100.00 
45 88.00 97.00 98.00 99.00 99.00 

YALE 

40 84.67 93.33 97.33 98.00 100.00 

100% 

41 88.00 94.00 94.67 96.67 99.33 
42 82.67 96.00 96.67 97.33 98.00 
43 81.33 94.67 96.00 94.67 98.00 
44 90.67 92.67 97.33 99.33 100.00 
45 82.00 95.33 95.33 99.33 100.00 

Essex 
Faces94 

40 84.51 94.57 97.43 98.22 99.38 

98.42% 

41 90.33 97.43 97.83 98.52 99.80 
42 92.89 96.91 98.16 98.26 99.61 
43 88.29 94.61 97.27 97.99 99.31 
44 92.57 96.18 98.16 98.65 99.57 
45 91.35 97.34 97.96 98.85 99.57 

 
The percentage face detected values by Viola-Jones algorithm on different face databases are also given in Table. 

The number of face portions detected by Viola-Jones algorithm are 100% for face datasets JAFFE and YALE, whereas 
94.25% (377 detected our off 400) and 98.42% (2992 detected out off 3040) for ORL and Essex Faces94 respectively. 
The PRR values are computed using various face databases with the variations in number of neurons and Train and 
Test combinations. It is seen that the percentage training dataset increases the values of PRR for all face databases. The 
effect of number of neurons on PRR is very little. The PRR values for higher values of training dataset are 100% for 
ORL, JAFFE and YALE, however, the PRR values with Essex Faces94 are little less than 100%. 

The comparisons of PRR with different percentage training images using four face image databases are shown in 
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Figure 21 using three hidden layers and forty-four neurons. It is observed that the values of PRR are high with 80% 
training images for all four face image databases. 

 

 
Figure 21 The PRR for variations in percentage train face images for 3 hidden layers with 44 neurons in each layer 

5.5 Comparison of proposed approach with the existing methods 
The PRR values of the proposed model is matched with the current models and the resultant values are given in Table 
2. It is revealed that, the proposed model attains significantly greater accuracy corresponded to the existing methods. 
The improvement in the proposed model is justified based on the following research contributions. 
1) The numbers of intensity levels for eight-bit binary are 256, which leads to architectural complexity and time-

consuming process in real time applications. This disadvantage is eliminated by using only four-bit binary HOB 
in the proposed method and has only sixteen intensity levels as a replacement for 256 intensity levels. 

2) The face detection using Viola-Jones algorithm is to eliminated the unwanted area of image which is not 
important for the facial images. 

3) The DWT used in the proposed method, reduce the initial dimension of face images by considering only LL 
subband and also eliminates the high frequency noise by not considering three high frequency subbands viz., LH, 
HL and HH. 

4) GIST descriptor is applied on LL subband to reduces the feature size to 640 features which contains frequency and 
orientation of images. 

5) 1D-Convolution is used to convolved the feature of LL subband and GIST descriptor to obtain effective final 
features 

Table 2: Comparison of proposed method with existing methods using ANN technique 

Database Author Accuracy (%) 
ORL Kaushik et al., [26] 97.56 

Meenakshi et al., [27] 99.25 
Ridha Ilyas Bendjillali et al., [28] 99.85 
Proposed Model 100 

JAFEE Kunika Verma and Ajay Khunteta [16] 85.70 
Abdul Saboor khan et al., [15] 99.04 
Dhwani Mehta et al., [29] 99.10 
Proposed Model 100 

YALE Rahul Ravi et al., [30] 77.27 
Hicham Zaaraoui et al., [31] 90.66 
Monika Shah et al., [32] 94.00 
Proposed Model 100 

ESSEX 
FACES94 

Milind Rane and Abhishek Pande [33] 95.61 
Vinay et al., [34] 96.67 
Sayan Deb Sarkar and Ajitha Shenoy [35] 98.50 
Proposed Model 99.57 

 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 10, Issue 3, March  2021              ISSN 2319 - 4847 
 

Volume 10, Issue 3, March 2021                                                                                                 Page  16 
 
 
 
 
 

 
6. CONCLUSION 

The facial recognition with different expression, illuminations and pose are the interesting task in research nowadays. 
In this paper, the efficient compressed face recognition method using face detection and ANN classifier is proposed and 
tested on the standard face databases such as ORL, JAFFE, YALE and Essex Faces94. The 8-bits of each pixel of 
original image is separated into 4bits HOB and 4 bits LOB. The HOB is considered as it is containing the important 
information compared to information in LOB. The benefit of only HOB is the number of intensity levels are decrease 
from 256 to only 16 levels to speed up the computation. The Viola-Jones algorithm is used to detect the face part from 
HOB image and DWT is applied to improve the quality of an image by eliminate the high frequency subbands using 
LPF and HPF. The LL subband which has a significant information of HOB image is considered. The GIST concept is 
applied on LL subband and convolved with LL subband vector to obtain the final feature. The three hidden layers on 
ANN classifier is used to classify a person successfully. It is seen that the PRR of the proposed method is 100% in case 
of ORL, JAFFE and YALE and higher than the existing methods. In future the algorithm may be tested using 
Generative Adversarial Networks. 
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