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Abstract— The thesis aims to develop a face recognition intel-

ligent system based on Scale Invariant Feature Transforms 

“SIFT” algorithm for the feature extraction and backpropaga-

tion neural network for classification. The purpose of this re-

search is to evaluate the effectiveness of a backpropagation neu-

ral network in recognizing different faces based on SIFT as fea-

ture extractor of an average of 128 features and to compare the 

obtained results with those in the literature review. The devel-

oped framework consists of two main phases which are the pro-

cessing phase and the classification phase in which the image is 

classified as different faces. In the image processing phase the 

face images are pre-processed using many techniques such as 

conversion to grayscale and filtering using median filter. Then 

the most significant technique takes place which is the feature 

extraction using SIFT. These techniques are done in order to 

enhance the quality of images and to extract the important fea-

tures in such a way to take only the important face’s features and 

ignoring the other features and parts of the image. At the end of 

this phase, the images are fed to a backpropagation neural net-

work in which they are classified as different faces for different 

individuals. Experimentally, the proposed intelligent face recog-

nition system outperforms many related previous researches as 

accuracy rate. However, the system explores a bit long processing 

time. This is due to the use of SIFT algorithm which generally 

takes long time to perform its 4 steps that lead to the extraction 
of the features of the face’s image.  

Keywords: Face recognition; Intelligent system; Scale Invari-

ant Feature Transforms; SIFT; Feature Extraction; Backpropa-
gation; Neural network; 

I. INTRODUCTION 

Face Recognition Technology (FRT) is an exploration area 

traversing a few disciplines, for example, image processing, 

pattern recognition, computer vision and neural systems. 

There are numerous utilizations of FRT. These applications 

range from coordinating of images to continuous coordinating 

of observation videos. Contingent upon the specific applica-

tion, FRT has diverse level of trouble and requires extensive 
variety of strategies and techniques. In 1995, a survey paper 

by (Chellappa et al., 1995) gives a thorough study of FRT 

around then. During the previous couple of years, FRT is still 

under fast development. 

Face recognition by people is a characteristic procedure 

that we perform on everyday life. A brisk look at a face then 

we can perceive the face and, more often than not, name the 

individual. Such a procedure happens so rapidly that we never 
consider what precisely we took a feature at in that face. A 

few of us may take a more drawn out time while attempting to 

name the individual, be that as it may, the recognition of the 

well-known face is typically prompt. The unpredictability of a 

human face emerges from the consistent changes in the facial 

elements that occur after some time. In spite of these progres-

sions, we people are still ready to perceive confronts and rec-

ognize the people. Obviously, our normal acknowledgment 

capacity stretches out past face acknowledgment, where we 

are similarly ready to rapidly perceive examples, sounds and 

smells. Lamentably, this common capacity does not exist in 

machines, consequently the requirement for falsely reenacting 
recognition in our endeavors to make canny independent ma-

chines (Zhao & Challeppa, 2000). 

Face recognition by machines can be priceless and has dif-

fer-ent vital applications, in actuality, for example, electronic 

and physical access control, national barrier and universal 

security. Mimicking our face recognition normal capacity in 

machines is a troublesome errand, yet not unthinkable. For the 
duration of our life time, numerous countenances are seen and 

put away normally in our recollections shaping a sort of data-

base. Machine recognition of faces requires additionally a 

database which is generally constructed utilizing facial imag-

es, where some of the time distinctive face images of a one 

individual are incorporated to represent varieties in facial ele-

ments. 

The usage of intelligent classifiers such as neural networks, 
support vector machine, and K-nearest neighbor etc., for the 

recognition of faces showed recently a higher efficiency and 

reliability than older techniques. This is due to the algorithm 

which these classifiers are based on; which is exactly a mim-

icking of how the humans recognize faces using their brains 

(Phillips et al., 2000). Current face recognition techniques 

depend on: identifying neighborhood facial features and utiliz-

ing them for face recognition or on universally breaking down 

a face in general. 

The primary methodology (neighborhood face recognition 

frameworks) utilizes facial components or features inside the 

face, for example, (eyes, nose and mouth) to relate the face 
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with a man. The second approach (global face acknowledge-

ment frameworks) utilizes the entire face for distinguishing 

the individual.  

The improvement of intelligent frameworks that utilization 

neural systems is interesting and has of late pulled in more 

scientists into investigating the potential uses of such frame-

works. Simulating the human discernments and demonstrating 

our faculties utilizing machines is extraordinary and may help 

mankind in therapeutic progression, space investigation, dis-

covering elective vitality assets or giving national and global 

security and peace. Intelligent frameworks are by and large 

progressively created meaning to reenact our view of different 

inputs (examples, for example, images, sounds… and so forth. 

Biometrics is a case of famous applications for manufactured 
wise frameworks. The improvement of an intelligent face 

recognition framework requires giving adequate data and sig-

nificant information amid machine learning of a face. 

Recently, the Scale Invariant Feature Transform was proposed 

by (Lowe, 2004).  The proposed algorithm was used as a 

feature descriptor and extractor of human faces. SIFT 

descriptor comprised a method for detecting interest points 
from a grey-level image at which statistics of local gradient 

directions of image intensities were accumulated to give a 

summarizing description of the local image structures in a 

local neighborhoods around each interest point, with the 

intention that this descriptor should be used for matching 

corresponding interest points between different images. 

This algorithm was used by many researchers as a feature 

extractor in combination with intelligent classifiers such as 
neural network and SVM. The algorithm showed great effi-

ciency in extracting the right features that distinguish human 

faces. Thus, the proposed system is a face recognition intelli-

gent system based on SIFT algorithm for the feature extraction 

and backpropagation neural network for the classification. The 

purpose of this research is to evaluate the effectiveness of a 

backpropagation neural network in recognizing different faces 

and to compare the obtained results with those in the literature 

review. The developed framework consists of two main phases 

which are the processing phase and the classification phase in 

which the image is classified as different faces. In the image 

processing phase the face images are pre-processed using 
many techniques such as conversion to grayscale and filtering 

using median filter. Then the most significant technique takes 

place which is the feature extraction using SIFT. These tech-

niques are done in order to enhance the quality of images and 

to extract the important features in such a way to take only the 

important face’s features and ignoring the other features and 

parts of the image. At the end of this phase, the images are fed 

to a backpropagation neural network in which they are classi-

fied as different faces for different individuals. 

II. LITTERATURE REVIEW 

Recently, many researches were conducted for the purpose of 
recognizing faces using intelligent classifiers. Most of these 

researches included an image processing phase where the 

images are enhanced, filtered, and the faces features are ex-

tracted using different features extraction techniques. Our 

proposed work suggested to use the SIFT algorithm for the 

extraction of features from the face image in addition to the 

backpropagation neural network that learns these extracted 

features and use them later for generalization.   
Lichun Zhang et al., (Zhang et al., 2008) investigated the use 

of SIFT algorithm and SVM classifier for the face recognition 

application. The authors used the SIFT for the features extrac-

tion of the faces and they used different database to train and 

test their system. Moreover, the SVM was used as an intelli-

gent classifier to recognize the faces. One of these databases 

that was used in their work is the one that was used in our 

work AT&T. their proposed face recognition using SIFT and 

SVM showed a robust performance in recognizing the faces of 

different databases (89%).  

In another work proposed in (Kisku et al., 2010); the face 

recognition was developed using SIFT under Multiple Para-
digms of Graph Similarity Constraints. The authors have dis-

cussed the complete graph that makes is used with the invari-

ant SIFT features. The technique is developed with the three 

graph matching constraints, namely Gallery Image based 

Match Constraint, Reduced Point based Match Constraint and 

Regular Grid based Match Constraint. The rotation, scale and 

partial illumination invariant SIFT features are then extracted 

from the normalized face images. Finally, the graph-based 

topology is applied for matching two face images. The per-

formance of this work provided a robust recognition of the 

faces with a high recognition rate of 91%.  
Another work of face recognition using SIFT algorithm was 

proposed by Mohamed Aly in (Aly, 2006). The authors ex-

tracted the face features using SIFT then those features were 

fed into an intelligent classifier such as Nearest Neighbor in 

order to compare the results of the different database images. 

The author concluded that the accuracy of the system was 

better when using the AT&T database (91.7%) than using the 

other database: eigenface (72.1%). 

 

III. SIFT 

For any item there are numerous elements, intriguing point on 

the object that can be extricated to give a "feature" portrayal of 
the item. This depiction can then be utilized when endeavoring 

to find the article in a picture containing numerous different 

items. There are numerous contemplations while separating 

these components and how to record them. Filter image high-

lights give an arrangement of elements of an article that are 

not influenced by a hefty portion of the confusions experi-

enced in different techniques, for example, object scaling and 

pivot (Lowe, 1999).  

While taking into consideration an article to be perceived in a 

bigger picture SIFT picture includes additionally take into 

account objects in various pictures of the same area, taken 
from various positions inside the earth, to be perceived. Filter 

components are likewise exceptionally strong to the impacts 

of "clamor" in the picture.  
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The SIFT approach, for picture highlight era, takes a picture 

and changes it into a "vast accumulation of neighborhood 

highlight vectors (Lowe, 2004).  Each of these element vectors 

is invariant to any scaling, pivot or interpretation of the image. 

This methodology offers numerous components with neuron 

reactions in primate vision. To help the extraction of these 
components the SIFT calculation applies a 4 phase separating 

approach. 

IV. THE PROPOSED METHODOLOGY 

The aims of the proposed thesis is to use the Scale Invariant 

Feature Transform as feature descriptor and extractor of an 

intelligent face recognition system based on backpropagation 

neural network. SIFT descriptor comprised a method for de-

tecting interest points from a grey-level image at which statis-

tics of local gradient directions of image intensities were ac-

cumulated to give a summarizing description of the local im-

age structures in a local neighbourhood around each interest 

point, with the intention that this descriptor should be used for 
matching corresponding interest points between different im-

ages. 

The proposed system is a face recognition intelligent system 

based on SIFT algorithm for the feature extraction and back-

propagation neural network. The purpose of this research is to 

evaluate the effectiveness of a backpropagation neural net-

work in recognizing different face and to compare the ob-

tained results with those in the literature review. The devel-

oped framework consists of two main phases which are the 

processing phase and the classification phase in which the 

image is classified as different faces. In the image processing 
phase the face images are pre-processed using many tech-

niques such as conversion to grayscale and filtering using 

median filter. Then the most significant technique takes place 

which is the feature extraction using SIFT. These techniques 

are done in order to enhance the quality of images and to ex-

tract the important features in such a way to take only the 

important face’s features and ignoring the other features and 

parts of the image. At the end of this phase, the images are fed 

to a backpropagation neural network in which they are classi-

fied as different faces for different individuals. 

The two main phases of the proposed face recognition system 

are illustrated in fig. 1 

 
Figure 1: Phases of the developed face recognition system 

These following are the image processing techniques and the 

classification methods used in our proposed system for the 

intelligent face recognition of individuals using SIFT. 

1. Read RGB images 

2. Image size rescaling to 100*100 pixels for the purpose of 

faster processing 

3. Scale Invariant Feature Transform: SIFT 

 Scale-space extrema detection 

 Key point localization 

 Orientation assignment 

 Key point descriptor 

 Key point matching 

4. Feed the extracted features into a backpropagation neural 

network 

5. Train the neural network 

6. Test the neural network 

The analysis and processing of the face images take place first 

in the system so that a free-noise image is extracted from the 

original image. The later stages are the feature extraction and 

neural classification phases in which the features is extracted 

using the Scale Invariant Feature Transform: SIFT. Once the 
features are detected and extracted, they are fed into a back-

propagation neural network respectively with their targets. 

Figure 2 represents a flowchart that illustrates our proposed 

system for the face recognition using SIFT. Figure 3 shows a 

face image from our database that undergoes all the system 

processes in order finally to be segmented. 

 
Figure 2: Flowchart of the developed framework 

 

 
Figure 3: One face image processed using the developed image processing 

system 
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4.1 Dataset 

The images were collected from the benchmark database: 

AT&T database. This database contains 400 images for 40 

subjects, with 40 images/person. The images contain different 

facial expressions and illumination conditions for each sub-

ject. The image size is 112*92 pixels, and an average of 128 

SIFT features are extracted for each image. 

The images were all resized to 100*100 pixels for fast pro-

cessing purposes. The total number of images used for the 

designed system is 200 images. Among them, 100 are for 

training and 100 for testing phase. The 200 images are divided 

into 20 individuals; each one of them has 10 different facial 
expressions. For each individual 5 expressions were used for 

training while the other 5 expressions were used for testing 

purposes. Table 5 shows the number of face images in the 

database. Figure 4 illustrates some of the images found in the 

AT&T database. 

 
Table 1: Total number of images 

Number of 

individuals 

Nb. of expres-

sion per indi-

vidual 

Nb. Of poses 

per expression 

Total 

20 10 1 200 

 

In order to improve the effectiveness of the network, some 
images are rotated in different angles more than one time so 

that the network has all the required properties such as rota-

tion-invariance and Scale invariance aims to make the intelli-

gent system more robust in determining the image of faces 

that can be placed at different angles (Khashman 2012).  

Moreover, the purpose of getting different facial expression 

images to use the other facial images for testing phase in order 

to evaluate the effectiveness of the designed face recognition 

system. 

 
Figure 4: Sample of the database images 

 

4.2 Features extraction 

As mentioned above, the faces were not directly fed to the 
neural network. However, an algorithm was used to extract 
some features that can represent the whole face and be unique 
and rotation invariant. This algorithm is called Scale Invariant 
Feature Transform.  

Scale Invariant Feature Transform (SIFT) is an image 
descriptor used to detect for image-based matching and 
recognition developed by David Lowe (Lowe, 2004). 

The SIFT approach, for image feature generation, takes an 
image and transforms it into a "large collection of local feature 
vectors" (Lowe, 1999). Each of these feature vectors is 
invariant to any scaling, rotation or translation of the image.  

To aid the extraction of these features the SIFT algorithm 
applies a 4 stage filtering approach: 

 Scale-Space Extrema Detection  

This phase of the separating endeavors to recognize those 
areas and scales that are identifiable from various 
perspectives of the same article.  

 Keypoint Localization  

This stage endeavors to kill more focuses from the 
rundown of keypoints by finding those that have low 
differentiation or are ineffectively limited on an edge. 
This is accomplished by ascertaining the Laplacian.  

 Orientation Assignment  

This progression plans to appoint a steady introduction to 
the keypoints taking into account neighborhood image 
properties. The Keypoint descriptor, depicted underneath, 
can then be spoken to with respect to this introduction, 
accomplishing invariance to rotation.  

 Keypoint Descriptor  

The neighborhood angle information, utilized above, is 
additionally used to make Keypoint descriptors. The slope 
data is rotated to line up with the introduction of the 
Keypoint and after that weighted by a Gaussian with 
fluctuation of 1.5 * Keypoint scale. 

The figure below shows the steps of the SIFT approach when 
applying in the proposed system in order to detect the 
keypoints of image.    

The figure 5 shows the flowchart of the proposed intelligent 
face recognition system using SIFT algorithm. The images are 
used to train the backpropagation network through their 
features which are extracted using SIFT algorithm. After 
training and convergence, the testing images are used then for 
testing the neural network after they pass through the feature 
extraction phase using SIFT. 
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Figure 5: SIFT approach applied on the proposed system images 
 

4.3 Neural network training 

SIFT algorithm is a technique that is used to extract some 

unique, scaled, and invariant features that distinguish between 

different faces. Thus, using these features for distinguishing 

faces would come up with an efficient system that might be 

capable of recognizing faces robustly regardless of the face 

image scale or orientation. Thus, the SIFT algorithm was used 

in designing the presented face recognition system as a scale –

invariant feature extractor. These features represent the each 

face since they differ from each image to another. Therefore, 
they are used as inputs for the neural classifier that would 

learn and generalize (recognize) faces later on in the testing 

phase. 

 
Figure 6: System Flowchart 

During this training phase, the face images are used for train-

ing the neural network in order to have the capability to rec-

ognize different scaled, noisy, and rotated images later on after 

convergence. We used the backpropagation algorithm as a 

learning method due to its simplicity and the sufficient number 

of images. The images were collected from the AT&T data-
base. The database contains 200 images for 20 individuals; 

each has 10 different facial expressions. The system was 

trained on 100 images; for 20 different individuals. We used 5 

different facial expressions for each individual. Therefore, the 

total number of images used for this phase is 100.  

 
  
Figure 7: Neural network of the developed face recognition system 

 
A backpropagation neural technique was used for leaning the 

extracted features from the SIFT algorithm. The network con-

sists of 128 neurons since the average extracted descriptors are 

128. The hidden layer consists of 100 neurons; this was decid-

ed after training the network for many runs. The suitable num-

ber of hidden neurons, h, is determined heuristically alongside 

other training parameters during training of the network. 

However, the output layer has 20 neurons since we have 20 

different individuals.  

Figure 4 shows the neural network topology of our proposed 

intelligent face recognition system based SIFT algorithm.  
Table 6 presents the input parameters setting of the system. It 

shows all the parameters used when training the network. The 

maximum iteration number was set to 5000 epochs with a 

learning rate of 0.47, a momentum rate of 0.85 and a mini-

mum error of 0.001. The network ran for 25 mins during the 

processing and training; this is due to the feature extraction 

which takes long time to execute its 4 steps. 
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Table 6: Training parameters of the network 

Parameters Value 

Number of neurons in input layer 128 

Number of neurons in output layer 20 

Number of neurons in hidden layer 100 

Maximum Iteration number 5000 

Learning rate 0.47 

Momentum rate 0.85 

Error 0.001 

Activation Function Sigmoid 

Processing time including training 35 mins 

 

The following is the training results of the two sets (learning 

curve) for the backpropagation neural network. It can be seen 

that the error is decreasing while the number of iterations in-

creases until a minimum square error of 0.0120 was obtained 

at epoch 4950. 

 
Figure 8: Error versus iterations variations 

 
The training of the network resulted in 99% as a classification rate 
during the training phase. This means that the network leant the fea-
tures of the images and only 1 image was not classified correctly. 

 

4.4 Neural network performance 

This intelligent face recognition system based SIFT was tested 

by 100 images.  The 100 images are for the same individuals 
used in the training phase; however, these are of different 

facial expressions. These images have also different scales, 

translation and different rotation degrees. This is done for the 

purpose of testing the robustness and the rotation-invariance 

of our face recognition system. The result of both testing and 

training phases is included in the following table 7. 

 
Table 7: The total recognition rate 

The table 7 above shows the recognition rate obtained in 
both training and testing phases of both the developed system. 
It also shows the number of images used in each set. The 
overall recognition rate obtained s 91%. 

It can be seen that the network trained well however the 
generalization of it was not as good as learning. However, this 
result is good comparing to those in the state of art. 

V. RESULTS COMPARISON 

The table below shows the results comparison of our proposed 

system with some other systems that used same databases but 

different classifiers. Note that all these compared researches 

used SIFT to extract features. It can be seen that the developed 

system performs well in the generalization phase since its accu-

racy is either equal or higher than the other proposed research-

es. 
Table 8: Results Comparison 

Paper Title Authors Methods used Recognition 

Rate 

Face Recogni-
tion Using Scale 
Invariant Feature 
Transform and 
Support Vector 

Machine 

Lichun 
Zhang et al. 

SIFT and SVM 89 % 

Face Recogni-
tion using SIFT 
under Multiple 
Paradigms of 
Graph Similarity 
Constraints 

Dakshina 
Ranjan 
Kisku et al.,  

SIFT and com-
plete graph topol-
ogy 

91% 

Face Recogni-
tion using SIFT 
Features 

Mohamed 
Aly 

SIFT and Nearest 
neighbor 

91.7% 

Proposed Face 
Recognition 

system  

Mohamed 
Asagher  

SIFT and Back-
propagation neu-

ral network 

91%  

 

VI. CONCLUSION 

 
In conclusion, it can be stated that the use of backpropagation 
neural network combined with SIFT algorithm as a feature 
extractor was investigated in this study. The motivation of this 
work was evaluate the effectiveness of a backpropagation 
neural network based SIFT algorithm in recognizing different 
faces and compare the obtained results with those in the 
literature review. 

The developed system is a robust system since it was trained 
to recognize faces regardless of many factors that can affect 
faces such as illumination, shifting, and difference in facial 
expressions. Thus, the system was able to recognize the 
individual’s face with different facial expressions i.e. smiling, 
disgusting, eyes closed etc… 

The images used for training and testing the proposed 
system were collected from the benchmark database: AT&T 
database which is a database contains 400 images for 40 
subjects, with 40 images/person. The images contain different 
facial expressions and illumination conditions for each subject 
which was an advantage for us to make the system more 

Total number 

of images 

Image sets Number of 

images 

Recognition 

Rate of 

BPNN 

200 Training set 100 99% 

Testing set 100 82% 

Both sets 200 91% 
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efficient and robust. The image size is 112*92 pixels, and an 
average of 128 SIFT features are extracted for each image. 

The images were all resized to 100*100 pixels for fast 
processing purposes. The total number of images used for the 
designed system is 200 images. Among them, 100 are for 
training and 100 for testing phase. The 200 images are divided 
into 20 individuals; each one of them has 10 different facial 
expressions. For each individual 5 expressions were used for 
training while the other 5 expressions were used for testing 
purposes.  

Finally, it can be stated that the experimental analysis of 
the proposed face recognition system showed a great 
efficiency and an outperforming rate over the state of art 
studies.  
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