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Abstract
Due to its usefulness in recognition and identification, face 
recognition system proves its significance in real time applications. 
Such system proves to be useful in person’s   authentication as 
a Biometric security system. In this paper we have proposed a 
face recognition technique for real time video. We proposed an 
improved PCA-LDA based face recognition algorithm with feature 
extraction using Haar Discrete Wavelet Transform and DCT. The 
2-D Discrete Haar Wavelet transform and DCT is adopted to 
extract low frequency component of image. Then PCA method 
is used for reduction of redundant information which is due to 
directional vectors. To discriminate the class present in database, 
additionally LDA algorithm is used. Our proposed algorithm 
reduces the complexity due to reduction of redundant information 
and by use of LDA the discriminating performance is achieved. 
The result shows that face recognition is achieved for frontal face 
and also for directional faces (up to 250-300). We succeed for 
face recognition for low illumination effect. We have achieved 
an appreciable results of recognition 77.5% for DWT and 75% 
for DCT in real-time.
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I. Introduction 
“Word Face Recognition” system takes face as an input, analyzes 
the face and gathers the effective discriminate information which 
can be useful on further stage [1]. The challenge here is to recognize 
the face under facial directions and different illumination in real 
time [4]. Applications of face recognition are access control, video 
surveillance 
for case such as crime detection and highly secured region, 
medicine, digital libraries etc. [2-3]. The experiment mentioned 
in this paper compares the faces which are already present faces 
in database and one which has to be recognized or verified. The 
efficiency of any algorithm depends upon the steps that have been 
used for feature extraction and for discrimination.  The main work 
is to take the frames of person showing face in different directions 
(right, left, tilted etc.)from video and detect the face from it. Viola-
Jones[14] technique is used for face detection. Face is detected, 
then cropped and resized to fixed size(150X150). Feature selection 
is one of the important points when it comes to face recognition. It 
has been found that appearance based methods are more successful. 
In these we directly apply operation on images which is 2-D. 
The most commonly used appearance based technique for feature 
extraction  and dimensionality reduction used Face recognition 
technique is PCA-LDA [10] which use Orthogonal basis to 
describe  characteristic information of image. An LFA and EGBM 
[4] technique belongs to hybrid method. In these methods the 
colour, shape, descriptors are used for face recognition. Problems 
which affect these techniques are orientation, camera view point 
at time of taking picture, change in illumination intensity of the 
light while taking pictures. Problem with shape based features 
is identification of shape variance such as possibility of points 
and different viewpoints. If we consider different directions then 

we need to deal with large number of vectors, we adopted PCA, 
which reduces the redundant information hence complexity can 
be decreased drastically. 

Fig. 1: Flow Chart for Face Recognition

LDA is applied further to increase the inter class variance to get 
better recognition [17]. For feature extraction we can use DWT, 
Gabor filter [13], Fourier Transform and DCT [8]. With Fourier 
we can analyze whole band but we want frequency component 
of lower side. Due to complexity, Gabor Filter is expected to take 
more time so we selected DWT and DCT for feature extraction. 
Here both DWT and DCT are being used and comparative results 
are discussed at end.

II. Face Detection
A recognition process can be much more efficient if it is based on 
the detection of features that encode some information about the 
class to be detected. This is the case of Haar-like features (shown 
in fig. 2) that encode the existence of oriented contrasts between 
regions in the image.

A. Edge Features

B. Line Features
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C. Center-Surrounded Features

Fig. 2: Haar Like features

A set of these features can be used to encode the contrasts 
exhibited by a human face and their special relationships [12]. 
Haar-like features are so called as they are computed similar to 
the coefficients in Haar wavelet transforms. The object detector 
of OpenCV has been initially proposed by Paul Viola [14]. There 
is a classifier which was already trained with a few hundreds of 
sample views of a particular object (e.g., a face in our case), called 
positive examples, that are scaled to the same size and negative 
examples - arbitrary images of the same size. After a classifier is 
trained, it can be applied to image. It will search for the object 
that was there is classifier (face here). The classifier outputs a “1” 
if the object is present in image (e.g., face), and “0” otherwise. 
To search for the object in the whole image one can move the 
search window again and again across the image and check every 
location using the classifier.

 
Fig. 3: Face Detection From Captured Frames

After face detection the face is cropped .The portion which is 
inside green rectangle (Fig. 3) is accepted for cropping. 

  

  
Fig. 4: Croping of Faces Having Different Direction Other Than 
Frontal

These cropped face are used as training faces. As PCA-LDA 
suffers from scaling so we will rescale all the face to same size.

II. Discrete Wavelet Transform (DWT) 
The DWT performs a multi-resolution analysis of a signal. DWT 
gives localization in both time and frequency domains. 2D-DWT 
is implemented as a set of filter banks, comprising  high-pass and 
low-pass filters. The final result obtained is a decomposition of 
the input image into four non-overlapping multi-resolution sub-
bands: LL, LH, HL and HH [7].

Fig. 5: DWT Operation

Table shows the comparison of time taken by different DWT 
transforms.
 
Table 1: Time Comparison for Different Wavelet Filters

No. of 
images 
taken

Type of 
Wavelet

   Size
(pixels)

Time 
taken
(Sec)

Size of 
image(LL) 
band

40 Haar 256×256 1.09 128×128
60 Haar 256×256 1.42 128×128
40 db4 256×256 1.81 131×131
60 db4 256×256 2.76 131×131
40 db8 256×256 3.125 135×135
60 db8 256×256 4.229 135×135

It can be seen that the time taken by Haar wavelet is much less 
almost half that from ‘db4’ and one-third from ‘db8’. Also it is 
found that the number of pixel in low frequency band is more 
in ‘db4’ and ‘db8’ which will again increase the operation time 
as well as complexity that is being performed afterwards. We 
are intended for Real time system so our requisite is less time 
computations. If we go for higher order wavelet transform,   rate 
could be increased but it results in more time for operation. So 
there is a tradeoff between time and recognition rate.  Hence 
we select Haar wavelet due to its less complexity which will be 
suitable for Real-Time recognition. 

III. Discrete  Cosine Transform (DCT)
Images contain large amount of data so to store them compression is 
required. DCT is a compression technique .Firstly an entire image 
is divided into blocks of size 8 × 8. Each block is transformed 
independently by using a 2D-DCT.

DCT for i ,j pixel is given by equation

 (1)
where c(u) is given by

1   0
( ) 2

1  if u>0

if u
c u

 = =  
       (2)

for  8X8 block it is given by

 (3) 
The DCT is applied to each block from top to bottom. Energy is 
compacted in less no of coefficients. Lower frequency component 
exhibits more energy. With DCT we can retain image with very 
less number of coefficients. Quantization is applied on DCT 
coefficients. Here we have applied Q50 quantization .This way we 
have achieved good compression with good quality of image.    
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A. Principle Component Analysis (PCA)
Principal Component Analysis (PCA) [6] is a statistical 
dimensionality-reduction method; It is one of the most successful 
that has been used for image compression and recognition. The 
purpose of PCA is to reduce the large dimensionality of the data 
space (observed variables) to a smaller intrinsic dimensionality of 
feature space (independent variables).Using PCA can transform 
each original image of the training set into a corresponding 
Eigenface. PCA reduces the redundant information from a feature 
vector obtained after DWT. An important feature of PCA is that 
one can reconstruct any original image from the training set by 
combining the Eigen faces [5], which are nothing but characteristic 
features of the faces.

B. Algorithm of PCA [1]
A 2-D facial image can be represented as 1-D vector by 
concatenating each row (or column) into a long thin vector.
1. Assume the training sets of images represented by , ,
,…. , with each image Γ(x, y) where (x, y) is the size of the 
image represented by p and m is the number of training images. 
Converting each image into set of vectors given by (m ×p).
2. The mean face Ψ is given by:

    (4)     
3. The mean-subtracted face is given by ( ) :

                           (5)                                                                            
where i = 1,2,……m and A=[ ]   is the mean-
subtracted matrix with size .
By implementing the matrix transformations, the vector matrix 
is reduced by:

               (6)                                                                
Where C is the covariance matrix
5. Finding the Eigen vectors  and Eigen values  from the C 
matrix and ordering the Eigen vectors by highest Eigen values.
6. With the sorted Eigen vectors matrix, is adjusted. These 
vectors determine the linear combinations of the training set 
images to form the Eigen faces represented by  as follows:

,k=1,2m              (7)                                                 
7. Instead of using m Eigen faces, m′ Eigen faces (m′<< m) is 
considered as the most significant Eigen vectors provided for 
training of each individual.
8. With the reduced Eigen face vector, each image has its face 
vector given by

,k=1,2,…m                  (8)                                                       
9. The weights form a feature vector given by
10. The reduced data is taken as the input to the next stage for 
extricating discriminating feature.

V. Linear Discriminate Analysis (LDA)
Linear Discriminant Analysis (LDA) has been successfully used 
as a dimensionality reduction technique to many classification 
problems. The objective is to maximizes the ratio of between - 
class matrix and within-class scatter matrix [10].

The LDA is defined by the transformation 

                              (10)                                                                    

The columns of W are the Eigenvectors of  , It is possible to 
show that this choice maximizes the ratio
det( )/det( )                             (11)                                                              
These matrices are computed as follows:

     (12)
                                         
Where   and  is ith pattern of jth class, and  is number 
of patterns of jth class

              (13)   
The Eigenvectors of LDA are called “Fisherfaces”. LDA 
transformation is strongly dependent on the number of classes 
(c), the number of samples (m), and the original space 
dimensionality (d). It is possible to show that there are almost 
c-1 nonzero Eigenvectors. c-1 being the upper bound of the 
discriminant space dimensionality. We need d+c samples at least 
to have a non-singular  [7]. It is impossible to guarantee this 
condition in many real applications. 
Consequently, an intermediate transformation is applied to reduce 
the dimensionality of the image space. Here we used the PCA 
transform. LDA derives a low dimensional representation of a 
high dimensional face feature vector space. From Eqn. 9 and Eqn. 
10, the covariance matrix C is obtained 
as follows

                           (14)                                                              
The coefficients of the covariance matrix give the 
discriminating feature vectors for the LDA method. The face vector 
is projected by the transformation matrix . The projection 
coefficients are used as the feature representation of each face 
image. After projection we get .The column vectors  (i = 1, 
2,….c-1) of matrix W are referred to as Fisherfaces.

Vi. Distance Measurement
The matching score between the test face image and the training 
image is calculated as the distance between their coefficients 
vectors. A smaller distance score means a better match. For 
the proposed work, we use Euclidean distance for distance 
measurement. 

A. Euclidean Distance [15]
It states that the shortest distance between two points is a line. In 
Euclidean distance metric difference of each dimension of feature 
vector of test and database image is squared which increases the 
divergence between the test and database image if the dissimilarity 
is more.

  (15) 

VII. Results
The methods presented above were tested by using the data base 
of students of College of Engineering Pune(in form of video). 
We have taken 6 frames per video for training and 2 frames per 
video for testing recognition. The face recognition is being done 
on OpenCV 2.4 .The computer used to carry out these tests is an 
Intel I-3 with 2.2 GHZ and 2 of RAM. Following table shows 
the results for face recognition using videos. The data base of 40 
students have been taken and we got the following recognition 
rate.
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Table II & Table III shows the result for face recognition rate for 
DWT and DCT. 

Table 2: Recognition Rate Using DWT

Number of person whose database where      
taken

Recognition Rate.
(%)

10 100

20 90

30 86.6
40 77.5

Table 3: Recognition Rate Using DCT

Number of person whose database where      
taken

Recognition Rate.
(%)

10 100
20 95
30 86.6
40 75

We got the recognition rate of up to 77.5% for DWT and up to 
75% DCT for database of 40 person. 
Fig. 6 shows Recognition rate for different videos (when 6   frames 
taken for training sets). It can be seen that when there is less 
number of database taken, the recognition rate is more that is up 
to 100% for 5-10 person .when database increase the recognition 
rate decreases for DCT and DWT to 77.5% and 75%. Recognition 
rate for DWT and DCT was shown. 

0

20

40

60

80

100

120

5 10 15 20 25 30 35 40

DWT     (6
Training
sets)

DCT

    
Fig. 6: Recognition Rate Vs No of Database Taken (For DWT 
and DCT)

VIII. Conclusion
We have successfully implemented the Real Time Video base 
face recognition System using OpenCV. This algorithm is useful 
for Face detection and Face recognition. Haar classifier  is useful 
for face detection. In order to recognize the candidate faces, our 
proposed algorithm works not only for frontal faces  but also for 
tilted face up to 250-300. Which will be further analysed by Haar 
Discrete Wavelet Transform and using DCT followed by PCA- LDA 
method. DWT is used for multi spectrum based feature extraction, 
while DCT provides compression and we can retain image with 
low coefficient. PCA illuminate the redundant information as 
well as dimension followed by LDA which will discriminate the 
class of different images belonging to different people .Results 
shows that the algorithm has quite good performance in terms of 
accuracy and recognition rate of system in real time. Although as 
database increases recognition rate decreases .Faces with different 

direction also able to detect and recognised.  We have achieved 
recognition rate of 77.5% for 40 no of videos and of 75% for 
DCT. We can conclude that DWT is having better accuracy than 
that of DCT.
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