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ABSTRACT 

Human recognition based on face images has a challenging task for the variations in image intensities and pose angles. This paper 
proposes an efficient face recognition system using compressed hybrid domain features. The benchmarked face image databases 
were resized to 112 X 92. The Viola Johnes algorithm is used for the face part detection and resized to 80 X80, then converted 
image pixel decimal values into 8-bit binary. The binary bits are segmented into Most Significant Bits (MSB) and Least Significant 
Bits (LSB) and converted each 4-bit binary into corresponding decimal values, then reshaped into the matrix of size 80 X 80. The 
Discrete Wavelet Transform (DWT) is applied on MSB, whereas the Histogram of Gradients (HOG) is used on LSB matrices. The 
GIST concept is used on the LL-sub band of DWT to extract the first set of initial features and HOG features as the second set of 
initial features. The final compelling features are attained using the convolution of GIST and HOG features. The Artificial Neural 
Network (ANN) is used to categorize the features of face image databases and test images to verify the system’s performance. The 
accuracy of the anticipated procedure is better to the existing approaches. 
Keywords: Biometrics, DWT, Face recognition, GIST, HOG 
1. Introduction 
Developing electronics, Information, and Communication technologies form the basics of practical biometric security 
algorithms for human recognition systems [1, 2]. Human identification based on biometrics is the supreme, Authenticated, 
and guaranteed security system in almost all real-time applications. The physical characteristic features are unique and 
permanent for a person; however, the person’s behavioral distinctive features are time variants in biometric systems. The 
methods used in the olden days to identify a person are based on cards and Personnel Identification Numbers (PIN), which 
are uncertain as impostors generate a replacement; however, reconstructing biometrics is very problematic. Biometrics are 
impeccably incorporated in electronic/software industries for access to evade cybercrime. The biometric limitations are (i) 
The rejection of authorized individuals. (ii) The entree approval to unauthorized individuals due to false positives. (iii) The 
illegally created fingerprints may dupe the organization. (iv) The imposter may hack the biometric database. The holistic 
authentication system is built for security issues using encoded multimodal biometrics. 

In recent applications viz., attendance marking in establishments, smartphones, video surveillance, etc., Facial 
Recognition (FR) schemes have been widely adopted. The important benefit of an FR scheme is capturing face images 
from a distance without physical contact with individuals from CCTV to recognize persons in the mob without disturbing 
individuals. The FR scheme becomes a paperless skill for many applications like boarding passes in airports. The 
encounters in the FR method are disparities in brightness, facial appearance, face positions, and occlusions on the face. 
The FR systems are classified based on feature extraction techniques. The extraction of feature techniques is generally 
divided into three categories such as spatial domain, frequency domain, and hybrid domain. The pixel values of face 
images are operated directly to extract features in the spatial domain technique. The techniques such as Local Binary 
Pattern (LBP) [3], Local Ternary Pattern (LTP) [4], Histogram of Gradient (HOG) [5], etc., are instances of spatial domain 
techniques. The pixel values are transformed into different coefficient values in the frequency domain using Fast Furrier 
Transform (FFT) [6], Discrete Cosine Transform (DCT) [7], Discrete Wavelet Transform (DWT) [8], etc. The hybrid 
domain technique is the fusion of spatial domain and frequency domain techniques. The dataset template and test image 
features are related to examining the system’s recognition rate using distance formulae or classifiers. The Euclidean 
Distance (ED), Mahalanobis, cityblock, Chebyshev, hamming, etc are distance formulae used for comparison. The Support 
Vector Machine (SVM), Decision Trees, and Neural Networks (NN) are classifiers. 
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Contribution: The effective face recognition system is developed based on compressed features and ANN Classifier. The 
Viola Johnes process is adopted to spot only the face portion, and decimal pixel values are transformed into 8 binary bits. 
The 4 bits MSB and LSBs are separated to obtain two sets of condensed initial features based on DWT, GIST, and HOG. 
The face images are classified using ANN for human recognition.  
Organization: The research paper is systematically organized as follows: the literature examination of existing face 
recognition methods is described in Section 2. The projected model is given in Section 3, the algorithm is specified in 
Section 4, and section 5 offerings a result assessment. Section 6 contains the conclusion of the research. 
2. Literature Survey: 
The literature review of current FR methods is deliberated in this section. Sumathi and Christopher Derairaj [9] projected 
Principal Component analysis (PCA) and DWT-based Enhanced Face Recognition method. The PCA and DWT methods 
are used to extract features from the pose and illumination variations in face images. Ridha Ilyas Bendjillali et al [10] 
planned DWT-based features for a deep Convolution Neural Network (CNN) for facial expression authentication. The 
method used the Viola-Jones algorithm for face detection. The adaptive Histogram Equalization (HE) is adopted, and the 
features are extracted with the help of DWT. CNN is utilized as the classifier to identify a person. Taif Alobaidi and Wasfy 
B Mikhael [11] presented an FR system with two types of domain features. The features are extracted from DWT and 
DCT. The ED is used for the matching technique. Monisha et al., [12] planned the 2D-DWT technique based on facial 
identification along with the Qualified Significant Wavelet Tree by compressing the face images. The face images are 
classified using CNN. Thamizharasi Ayyavoo and Jayasudha John Suseela [13] planned an FR system using 2D DWT and 
CLAHE. The DWT is used to improve the eminence of images in the FR scheme and adaptive HE is adopted for better 
performance. Hafiz Ahamed et al., [14] planned HOG-CNN-based Real-Time Face Recognition. The HOG is used to find 
edge and corner info to get the features. FR based on CNN classifier. 
Wipawee Srisawasd and Sartra Wongthanavasu [15] planned an FR system in an unimpeded atmosphere. The pre-
processing stage uses histogram equalization on images of faces to resolve the brightness distinction problems. The non-
frontal face images use the active appearance model to determine the pose variation problems. The HOG is designated to 
obtain the concluding features and SVM classifier in the matching phase to classify face images. Angeline et al., [16] 
presented CNN integrated with HOG for efficient FR in video with brightness and angle dissimilarity. The features are 
extracted based on HOG. The FR system performance is examined based on CNN. Mostafa A Ahmed et al., [17] projected 
a HOG-based multi-biometric personal identification model. The multi-biometrics traits, viz., face and digital signatures, 
are used in the recognition system. The HOG is used with adjustable parameter weights to get the concluding features. In 
the matching section, Manhattan distance, modified Manhattan distance, ED, and Angle-based distance formulae are used. 
Thanh Tan Nquyen Thi and Khanh Nquyen Trong [18] presented the real-time FR scheme that captures face images from 
a camera or webcam is discussed. The HOG technique extracts features and trains using a linear SVM classifier for face 
recognition. 
 
3. Proposed model: The human identification based on face detection, binary segmentation, DWT, HOG, and GIST 
descriptor with ANN classifier is explained in this section and the block diagram is shown in figure 1. 
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Figure 1. Projected FR System 
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3.1. Face databases 
The performance of the projected system is tested with open-source standered face datasets viz., ORL, YALE, JAFFE, and 
Essex Faces94. 
 
3.1.1 Olivetti Research Laboratory (ORL) face dataset [19]: It is extensively used in numerous kinds of research on FR 
systems and has forty people with ten images per individual. The size of each face image is 112x92 (grayscale) with 
variations in posture and facial expressions. The five samples of six persons are shown in figure 2.  

 
Figure 2 Five face image samples of ORL database of six persons [19] 

 
3.1.2 YALE face dataset [20]: It was released by Yale University in 1997, with fifteen persons having eleven images 
per person leading to 165 images. The size of the face image is 243X320 (grayscale) having facial expressions and 
brightness. The face image samples of six persons with five samples per person from the YALE dataset are shown in 
Figure 3. 
 

 
Figure 3 Five Face image Samples of six persons from the YALE database [20] 

 
3.1.3 JAFFE face database [21]: It was released in the year 1998 with 213 grayscale face images of size 256X256 taken 
from ten people. The expressions in face images viz., neutral, fear, shock, happiness, unhappiness, anger, and disgust were 
shown in Figure 4 from six people. 
 

 
Figure 4 Five Samples of six people from the JAFFE database [21] 

3.1.4 Essex Faces94 [22]: 
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The University of Essex released this face database consisting of 152 persons with twenty images per person resulting in a 
total of 3040 images. The dataset has RGB images with facial expressions and each image is of a size of 200X180. The 
face image sample of six persons is shown in figure 5. 
 

 

Figure 5. The Essex Faces94 dataset with images of six persons 
 

3.2 Face Detection 
The face part in digital images is noticed based on the Viola-Jones algorithm [23]. The Viola-Jones algorithm is 

better for faces with a frontal view than angled views. It notices face part with nose, eyes, and mouth, as shown in Figure 
6. The detected face images are resized to 80 X 80. 

 
 

 
 

Figure 6. The Detected face part by the Viola-Jones algorithm [23] 
 

3.3 Segmentation of pixel Binary: 
The 8-bit binary of 80 X 80 face images is segmented into two parts [24], each of 4 bits. On the right side, 4 bits are the 
Least Significant Bits (LSB), and on the left side, 4 bits are the Most Significant Bits (MSB). The demo of binary 
segmentation and the four bits LSB and MSB are converted into decimal values as shown in Figure 7 using equations 1 
and 2. 

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

                           (2) 
where x(n) = MSB from right side  
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The decimal equivalent of LSB fluctuates between 0 and 15 using Equation 1, and these values are unimportant related to 
the original 8-bit pixel values. The decimal equivalent of MSB fluctuates between 0 and 240 using Equation 2 and are 
substantially related to the decimal values of an original 8-bit pixel. The perception of binary segmentation benefits in 
dropping several grey levels related to the original greyscale image of 256 levels. 

Decimal Number
215

Binary Number
1101 0111

LSB
0111

MSB
1101

Decimal Value 
of MSB

208

Decimal Value 
of LSB

7
 

Figure 7. The binary Segmentation 
The equivalent MSB decimal values are condensed to only 16 levels varies between  0 and 240 values with levels of 0, 16, 
32, 48, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208, 224 and 240. The 16 levels reduce the complications in real-time 
architecture and time. The 4-bit LSB also has 16 grey levels. Now the whole image has a total of 32 grey levels in place of 
256 levels in the original image. 
 

3.4. Discrete Wavelet Transform (DWT) 
The Low Pass Filter (LPF) and High Pass Filter (HPF) with decimation by 2 are used to converting the spatial 

domain into the frequency domain [25]. 
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Figure 8. DWT Sub band generation 
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The generation of four sub-bands related to low and high-frequency coefficients is revealed in Figure 8. The 

original face image is passed through two LPFs to obtain the LL sub-band, which has significant data about the original 
face image. The LPF and HPF are used on the face image to get the LH sub-band, which has unimportant data of the 
original face image correlated to horizontal edge facts. The HPF and LPF are used on the face image to obtain the HL sub-
band, which has negligible data of the original image associated with vertical edge particulars. The HPF and HPF were 
used to obtain the HH sub-band from face image, which has unimportant data of the face image connected to diagonal edge 
facts. The coefficients of four bands of DWT are computed using equations 3, 4, 5, and 6 on the 2X2 matrix of 

 

 
       (3) 

 
      (4) 

 
                     (5) 

 
      (6) 

  

3.5 GIST Descriptor 
It is the condenced data technique and was proposed by Olive and Torralba [26]. The output of the GIST descriptor is a 
low-dimensional data that comprises adequate evidence to recognize the required part in the images. It emphasizes the 
parts in the figure which is a relation between the outline of the part and its assets. It neglects the limited objects in the 
image and their connotations. The genuineness, directness, unevenness, extension, and roughness are expressive human 
remarks and denote the spatial building of the image. 
The calculation procedure of the universal GIST descriptor is finding the spatial, frequency, and orientations. The 32 
Gabor filters from 4 scales and 8 directions are convolved with the face image to yield the 32 feature maps of a similar size 
to the original image. The image is separated into 4X4 grids having 16 regions as shown in Figure 9, and the average 
feature values within every region is computed. The total number of concluding features is 16 regions and 32features per 
region to get 512 features. The GIST summarizes the scales and orientations data for dissimilar portions of an image. The 
feature vector is developed using the eigen vectors as given in Equation 7. 
 
       (7) 

 
Where  signifies the feature vector 

the invention of the number of dissimilar directions with the number of diverse scales of Gabor filters 
 is the cascade operator 
 is the input face image 

   is the Gabor filters 
* is the convolution process 
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(a)  Face Image    (b) GIST Form 

Figure 9. Face image and its 16 GIST regions 
 

 
3.6 Histogram of Oriented Gradients (HOG) [27]:  
It is the process of counting histograms of gradient directions in local areas of face images. The 
magnitudes of gradient values are high around edges and corners as more information about object 
shape than the flat region in a snap. 
The HOG is applied to the LSB matrix of an original image. The gradients of horizontal and verticals are 
filtered based on horizontal and vertical kernels respectively as given in Figure 10, to obtain horizontal 
and vertical gradients to compute the HOG’s.  
 

 
Figure 10. The horizontal and vertical Kernel filters 

The gradients comprise the magnitude and direction of every pixel value and are computed using equations (8) and (9). 
The importance of angle is high for a sharp alteration in intensities of the neighbouring pixels. 

 
                (8) 

         
                                                      (9) 

            where gH is the horizontal gradient, and  
                       gV is the vertical gradient. 
The LSB decimal value matrix of size 80x80 is segmented into several 16x16 blocks, each block comprises four cells of 
size 8X8 pixels. The HOGs for each cell are calculated and dispersed into nine histogram bins which vary between 0 to 
180 degrees angles and the range of each bin is 200. A bin is nominated for each pixel based on the direction, and the 
corresponding magnitude values. The process of bins nomination in every 8x8 cell is shown in Figure 11. 
 



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

Volume 11, Issue 11, November  2022              ISSN 2319 – 4847 
 

Volume 11, Issue 11, November 2022                                                                                                   Page  22 
 
 
 
 
 
 

 
(a) Magnitudes, (b) Direction, (c) HOG Bins 

Figure 11. The diagram for bins selection  
 

The directions-based magnitudes are sent to bins of the HOG given in Figure 11(c), with 9 slots having 20 degrees with 
every slot. The magnitude value of 14 corresponding to a direction of 40 0 is moved to the third bin. The magnitude value 
of 2 corresponding to an order of 900 is moved to bins of 800 and 1000 equally as the 900 bin is unavailable. The magnitude 
value of 20 corresponding to a direction of 1750 is distributed among 1600 and 00 with the ratios of 1/4 and 3/4 of 
magnitude i.e., the magnitude 5 to 1600 and 15 to 00.  
The four adjacent cells of 8x8 are clustered into one block of size 16X16 and has 9X4 = 36 HOG constants. The final HOG 
features of the LSB matrix is attained by considering the 50% overlap of every block. The overlapped blocks in a LSB 
matrix are 9X9=81 and the total number of HOG features are 81X36 = 2916. 
The imagining of HOG of the original face image and LSB matrix are shown in Figure 12. The pattern of the original face 
image is shown in Figure 12 (b). The LSB matrix consists of only four LSBs, hence it does not have significant 
information. Therefore, visualization of HOG has a haphazard pattern without any important data. 
 

 
(a) Original face Image, (b) HOG visualization of the original face image, 

(c) LSB matrix Image, (d) HOG visualization of LSB matrix image 
Figure 12 Visualization of HOG 
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3.7 Linear Convolution 
It is used to combine two types of features to obtain new effective features. The convolution of two types of features from 
GIST and HOG is specified in Equation 10. 

 
 

 
     (10) 

Where is the final effective features 
is the GIST features 

 is the HOG features  
 
L is the total number of final features is given in Equation 11. 

 
L = M + N – 1       (11) 
 
Where M is the number of GIST features 
N is the number of HOG features 

3.8 Artificial neural network Classifier 
It is created on the basis of the biological neural networks found in humanoid brains. It consists of three unrelated layers: 
input layer comprises only one layer and is responsible for taking the input data. It takes the final features as inputs, 
executes the computations via its neurons, and the data is moved onto the succeeding hidden layers. The middle layer 
between the input and the output layers is the hidden layer which are in multiple numbers. The output layer collects the 
data from hidden layer and moves to outside the network. The number of nodes in the output layer is equivalent to the 
required outputs. The diagram of ANN is shown in Figure 13. 
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Figure 13. The ANN structure [28] 
            
    
4 Performance Result Analysis 
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4.1 The percentage accuracy variations with the number of train and test face images: 
The overall calculated accuracy by varying the number of train and test face images per individual is given in Table 1 for 
four face databases. It is noticed that the overall accuracy based on the number of train images of face databases and 
increases with the number of train images. The overall accuracy is more in the case of the ORL and JAFFE face databases, 
as very few dissimilarities in face images. 
 
Table 1: The overall accuracy variations with the number of train and test image ratios 

Train: Test ORL JAFFE YALE Essex Faces94 
20:80 63.25 75.5 56.67 88.618 
40:60 85.5 94.5 80.67 95.296 
50:50 92.5 96 85.33 96.579 
60:40 95.5 98 91.33 97.598 
80:20 99.5 99.5 99.33 99.046 

 
The variations in accuracy values with the ratios of train and test images are shown in figure14. It is seen that the accuracy 
is healthier in the case of ORL, JAFFE, and Essex Faces94 face databases for different combinations of train and test 
image ratios. The accuracy is a little lower in the case of the YALE face dataset for various combinations of train and test 
image ratios as the significant variations in the face images. 
 
 

 
Fig 14    The accuracy with the number of train and test image ratios 

The accuracy variations for the different face databases with other train and test image ratios are shown in figure 15. It is 
noticed that the accuracy is high in the case of ORL, JAFFE, and Essex Faces94 face databases for different combinations 
of train and test image ratios. The accuracy is a little lower with YALE face dataset for various combinations of train and 
test image ratios as the significant variations in the face images. 
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Fig 15   The accuracy with different face image databases 

 
4.2 The proposed method comparison with the current procedures: 

The percentage recognition accuracy of the projected method and the existing methods are compared in Table 2. It is seen 
that the projected method has a high values of recognition accuracy related to current systems for ORL, YALE, and, 
JAFFE datasets. 
Table 2: Proposed system comparison with the existing methods  

Database Authors Accuracy (%) 

 

Prabhat et al., [29] 
 

93.75 
 

Zhi Liu et al., [30] 95.00 
Jun Kong et al., [31] 97.50 
Proposed Method 99.50 

YALE Bhumika and Sumita [32] 86.67 

Rocky et al., [33] 97.80 
Proposed Method 99.33 

JAFFE Jun Cai et al., [34] 95.24 
Yacine Yaddaden et al., [35] 96.19 
Proposed Method 99.50 

 
5 Conclusion:  
The face recognition systems are well developed but challenging with intensity levels and pose angle variations. This paper 
proposes an efficient FR system using compressed hybrid domain features to recognize. The standard face image 
individual’s effective database are considered, and Viola Johnes algorithm is used to detect face image parts, which 
reduces face image dimensions. The 8-bit binary of each pixel is segmented into 4 bits MSB and 4 bits LSBs, then 
converted back to decimal values with a smaller number of grey levels. The DWT is used on MSBs to get low and high-
frequency coefficients. The GIST concept is used on low-frequency LL band coefficients of DWT to acquire the first set of 
initial features. The second set of initial features is obtained by using HOG on LSBs. The fusion of two initial features 
attains the final features. The ANN is used for the practical identification of individuals based on classification. It is 
noticed that the projected system is healthier than the existing approaches. In the future, Machin learning technology 
results based on Generative Adversarial Network (GAN) will be used for robust human recognition.   
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