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Abstract
The goal of this paper is to evaluate various face detection and 
recognition methods, provide complete solution for image based 
face detection and recognition with higher accuracy, better response 
rate as an initial step for video surveillance. Solution is proposed 
based on performed tests on various face rich databases in terms 
of subjects, pose, emotions, race and light. In this paper we are 
going to describe some important aspects of face detection, which 
are very much useful in many applications like face recognition, 
facial expression recognition, face tracking, facial feature extraction, 
gender classification, identification system, document control and 
access control, clustering, biometric science, Human Computer 
Interaction (HCI) system, digital cosmetics and many more. Before 
that, I would like to focus on some well-known face detection 
techniques and then some feature detection methods because until 
and unless we extract the important features (eyes, nose and mouth) 
from a face. In this paper we propose an illumination robust face 
recognition system via local directional pattern images. Usually 
local pattern descriptors including local binary pattern and local 
directional patterns have been used in the field of face recognition 
and facial expression recognition, since local pattern descriptors 
have important properties to robust against the illumination changes 
and computational simplicity. Thus this paper represents the face 
recognition approach [1] that employs the local directional pattern 
descriptor and two dimensional principal component analysis 
algorithms to achieve enhanced recognition accuracy.
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I. Introduction
Facial image processing is an area of research that has been involved 
in the extraction and analysis of information about human faces. 
Over the last decade, it has become a very active research field that 
deals with facial detection, face recognition, facial expression and 
emotion recognition. The first step of any face processing system 
is detecting the locations in images where faces are present. This 
research is focusing on evaluating facial detection techniques, as 
it is the first step of automatic face recognition. However, facial 
detection is not easy to implement where it has a lot of variations 
of image appearance such as pose variation (front, profile and 45 
degree), occlusion. Face is a highly non-rigid object, thus it makes 
the detection process become more difficult. Facial expression, 
occlusion, and lighting conditions may also change the overall 
appearance of faces.
In this paper first, the face image is enhanced and segmented. 
Second, the face boundary and facial features are detected. Third, the 
extracted features are matched against the features in the database. 
Finally, the classification into one or more persons is achieved. 
These papers discuss a pixel based skin detection method that 
classifies each pixel as skin or non skin individually. It improves 
the performance of face detection system in term of increasing the 
face detection speed and decreasing the false positive rate. In current 

paper we developed a system for the said methods evaluation as a 
first mile stone for image based face detection and recognition. The 
over view of current system is demonstrated in fig. 1.

Fig. 1: Proposed System

II. Detecting Skin Color Regions
The skin color segmentation process [3] filters out all the non skin 
colors from the input image, keeping only skin color, since a primary 
method of detecting face is through their skin color. This process 
has two prominent components.

Skin color modeling and thresh holding • 
Morphological operations• 

A. Skin Color Modeling and Thresh Holding 
The input color image is typical in the RGB format. However RGB 
components are subject to lighting conditions change. As a result we 
use equation to convert RGB to YCbCr components for removing 
the effect of luminosity during our image processing process.
 Y= 0.299R+0.587G+0.114B
 Cb= -0.169R-0.332G+0.500B
 Cr= 0.500R-0.419G-0.081B
Among all the color models found, YCbCr seems to be better for 
skin detection since the Colors in YCbCr are specified in terms of 
luminance (Y channel) and chrominance (Cb and Cr channels).The 
main advantage of converting the image from RGB color model 
to the YCbCr color model is the influence of luminance can be 
removed during our image processing. We deal only with Cb and 
Cr components to perform skin detection.

Fig. 2: Strong Correlation Between Cr and Cb Values for Skin 
Pixels
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B. Morphological Operations
Depending on the Cb and Cr threshold values a binary image is 
obtained with the skin regions masked in white and the non skin 
regions masked in black. This mask is further refined through 
morphological operators. It is used to erode away the boundaries 
of regions of foreground pixels. Thus the areas of foreground 
pixels shrink in size, and holes within those areas become larger. 
After applying morphological operations the image will be shown 
in fig3.

   
Fig. 3: Morphological Enhancement

III. Feature Extraction
This technique relies on the use of simple Harr-like features with 
new image representation (integral image). Then Ada-Boost is 
used to select the most prominent features among a large number 
of extracted features. Finally, a strong classifier from boosting a set 
of weak classifiers would be extracted. This approach has proven 
to be an effective algorithm to visual object detection and also one 
of the first real time frontal view face detectors. The effectiveness 
of this approach is based on four particular facts.
The feature value is defined as the difference value between sum 
of the luminance of some regions pixels and sum of the luminance 
of other region pixels. The position and size of the features depend 
on the detection box. For instance features of type 3 in fig will have 
4 parameters: the position (x, y) in the detection box, the size of 
the white region (or positive region) (w), the size of black region 
(or negative region) (b) and the height (h) of the feature.

Fig. 4: Harr- Like Features

In order to have a reliable detection algorithm in this work need to 
develop two main issues, namely accuracy and speed. To improve 
the speed of the feature extraction one efficient way is to use the 
integral image representation of an image (I) is defined as:

 
Since the time for classification is usually proportional to the 
number of evolutions of weak classifiers, increasing the speed 
of the classification task generally implies increasing the 
classification error which yields decreasing the accuracy. Viola 
and Jones proposed a method for reducing the classification time 
and maintaining classifier robustness and accuracy through the 
use of a classifier cascade. In this we propose cascade classifier 
with Ada-boost algorithm.

A. Facial Feature Extraction 
Facial features [2] such as eyes, nose and mouth as well as their 
spatial relationships are very important in various applications 
like face recognition, facial expression detection, face tracking, lip 
reading etc. Hence after detecting the face region from a cluttered 
image, we should extract various features from the face, and then 

we verify them for our recognition process. In case of automatic 
learning procedure if we want to increase the performance, the 
system needs to be iterations in several times. It is very difficult to 
implement some facial feature algorithm with so many challenges 
like facial orientation and face recognition. For example when we 
are extracting eyes, it happens that they are closed or open but 
covered with glasses. Feature extraction shown in fig. 5.

Fig. 5: Feature Extraction

IV. Face Detection Results Summary
Various experiments have been performed on set of images to test 
the face detection algorithm. Especially we choose 56 images with 
258 faces for our experiments. These images belong to different 
categories, covering most scenarios in digital photo graphs. It 
should be noted that several images belong to different categories 
like 32 images with multiple face, 24 images with single face 
etc.
The total number of face in all test images was 258 none of these 
faces was rejected from the skin color modeling, but the total 
no of non-faces falsely detected as faces. Fig. 6 and 7 shows the 
detected candidate faces after applying skin color algorithm and 
harr like features with cascade classifier. Fig 6 shows that many 
of non faces regions such as the hands and back grounds were 
detected as the face regions. Fig. 7 clearly shows the harr features 
and cascade with Ada-boost classification. It clearly detects the 
only face images and increases the detection rate.

Fig. 6: Candidate Patches Detected After Using Skin Color 
Information

Fig. 7: Final Classified Faces Using Harr Like Features and 
Cascade Classification

V. Face Recognition
Face recognition [1] is a field of biometrics together with fingerprint 
recognition, iris recognition, and speech recognition and so on. 
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All these and other related applications require the face detection 
and localization as an initial step, which can be simply defined as 
in automatic extraction of human head and face boundaries and 
facial features are critical in the areas of face recognition, criminal 
identification, security, surveillance systems, human computer 
interfacing, and model-based video coding. 
 Face recognition techniques can be classified as two main 
approaches: Geometric approach or Feature-based approach where 
we analyze various features by means of their relationships [1] and 
holistic approach such as Eigen faces, neural networks [6].

V. Related Work

A. Geometric Approaches or Feature-Based Approach 
to Recognize a Face
In Feature-based approaches we first preprocess the input image 
to remove the noise, and then we extract distinctive facial features 
such as the eyes, mouth, nose, etc., and then compute the geometric 
relationships among those facial points, thus reducing the input 
facial image to a vector of geometric features. Standard statistical 
pattern recognition techniques are then employed to match faces 
using these measurements

B. Elastic Bunch Graph Matching to Recognize Face
Here we recognize faces by matching the probe set represented 
as the input face graphs, to the gallery set that is represented 
as the model face graph. Hence, this model face graph can be 
conceptually thought of as a number of input face graphs stacked 
on top of each other and concatenated to form one model face 
graph, with the exception that this is applied to the gallery set 
instead of the probe set. Therefore, this would allow the grouping 
of the same types of face features from different individuals. 
For example, the eyes of different individuals could be grouped 
together to form the eye feature point for the model face graph 
and the noses of different individuals can be grouped together to 
form the nose feature point for the model face graph.

C. Principal Component Analysis
A very popular method based on the concept of reduced 
dimensionality is Principal Component Analysis (PCA) [5]. 
PCA is a technique based on the concept of eigenfaces [6] and 
was first introduced by Kirby and Sirivich in 1988. PCA is also 
known as Karhunen Loeve projection. It is one of the more 
successful techniques of face recognition and easy to understand 
and described using mathematics. This method uses Eigen faces. 
Eigen faces have been used to track human faces. They use a 
principal component analysis approach to store a set of known 
patterns in a compact subspace representation of the image space, 
where the Eigen vectors [6] of the training image set span the 
subspace. 

D. Linear Discriminant Analysis
Fisher‟s Linear Discriminant [2] known as Linear Discriminant 
Analysis finds a small number of features that differentiates 
individual faces but recognizes faces of the same individual. The 
results of this analysis can be supported by subjective psycho 
visual findings. To analyze any representation V, where V can be 
the original image, its spatial segments, or transformed images, 
we provide the following framework. . First, we need a training 
set composed of a relatively large group of subjects with diverse 
facial characteristics It is assumed that all images are already 
normalized to m × n arrays and that they contain only the face 

regions and not much of the subjects bodies.
Second, for each image and sub image, starting with the two-
dimensional m × n array of intensity values I(x, y), m × n. we 
construct the lexicographic vector expansion Ø € R This vector 
corresponds to the initial representation of the face. Thus the set 
of all faces in the feature space is treated as a high-dimensional 
vector space. Third, by defining all instances of the same person’s 
face as being in one class and the faces of different subjects as 
being in different classes for all subjects in the training set, we 
establish a framework for performing a cluster separation analysis 
in the feature space also having labeled all instance of training in 
the set having defined all the classes, we compute the within- and 
between-class scatter matrices as follows.

VI. Proposed Approach
This paper aimed to improve face recognition accuracy under 
illumination-variant environments by using the LDP image and 2D 
-PCA algorithm. The LDP image is derived from the edge response 
values in different eight directions Next, the LDP image is directly 
inputted in 2D-PCA algorithm and nearest neighbor classifier is 
applied to recognize unknown user. LDP image is as input image 
for further feature extraction procedure, i.e, 2D -PCA algorithm. 
The advantage of the proposed approach is that the illumination 
effects on face can be degraded by using binary pattern descriptor, 
and also 2D -PCA is more robust against illumination variation 
than global features such as PCA and LDA since 2D -PCA is a 
line-based local feature.

A. Local Directional Pattern
The LBP [2]operator labels the pixels of an image by thresh 
holding a 3x3 neighborhood of each pixel with the center value 
and considering the results as a binary number, of which the 
corresponding decimal number is used for labeling. The derived 
binary numbers are called local binary patterns or LBP codes. While 
the LBP operator uses the information of intensity changes around 
pixels, LDP operator use the edge response values of neighborhood 
pixels and encode the image texture. The LDP is computed as 
follow. The LDP assigns an 8 bit binary code to each pixel of 
an input image. This pattern is then calculated by comparing the 
relative edge response values of a pixel by using Kirsch edge 
detector. Given a central pixel in the image, the eight-directional 
edge response values mi (i= 0.1…….7) are computed by Kirsch 
masks as shown in equation. Since the presence of a corner or an 
edge shows high response values in some particular directions, 
thus, most prominent direction of k number with high response 
value are selected to generate the LDP code Top-k, directional 
bit responses, bi , are set to 1, and the remaining (8 - k ) bits are 
set to finally the LDP code is derived by 
 LDRk= i(mi-mk)x2i 
Where mk is the k-th most significant directional response.fig 
shows the example of LDP code with binary bit position.

Fig. 8: Edge Response and LDP Binary Bit Position
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B. Two Dimensional Principal Component Analysis
Principal component analysis is a well-known feature extraction 
and data representation technique widely used in the areas of 
pattern recognition, computer vision, signal processing, and so 
on. The central underlying concept is to reduce the dimensionality 
of a data set while retaining the variations in the data set as much 
as possible [3-4]. In the PCA-based face recognition method, 
2D face image matrices must be previously transformed into 
1D image vectors column by column or row by row fashions. 
However, concatenating 2D matrices into 1D vector often 
leads to a high-dimensional vector space, where it is difficult to 
evaluate the covariance matrix accurately due to its large size. 
Furthermore, computing the eigenvectors of a large covariance 
matrix [6] is very time-consuming. To overcome these problems, 
a new technique called 2D-PCA was proposed, which directly 
computes eigenvectors of the so-called image covariance matrix 
without matrix-to-vector conversion. Because the size of the image 
covariance matrix is equal to the width of images, which is quite 
small compared with the size of a covariance matrix in PCA [5], 
2D-PCA. The corresponding eigenvectors are more efficient than 
PCA. It was reported that the recognition accuracy of 2D- PCA 
on several face databases was higher than that of PCA, and the 
feature extraction method of 2D-PCA is computationally more 
efficient than PCA. Unlike PCA, this treats 2D images as 1D 
image vector 2D-PCA views an image as a matrix. Consider an 
where m by n image matrix A. In 2DPCA , the total scattered 
of the projected sample is used to determine a god projection 
matrix X. suppose that there are m training face images that can 
be denoted by m by n matrices Ak =(k=1,2,3..M). Where the 
average image is denoted as

 A/ = k 

Then the image covariance matrix G is given by

 G= A/)ґ (Ak –A/) 

C. Data set
Three datasets been used for above experiments. In dataset [1], face 
collection with plain green background; no head scale and light 
variation but having minor changes in head turn, tilt, slant position 
of face and considerable change in expressions. In dataset [2], 
face collection with red curtain background, variation is caused 
by shadows as subject moves forward, having minor changes in 
head turn, tilt and slant; large head scale variation; some expression 
variation, translation in position of face and image lighting 
variation as subject moves forward, significant lighting changes 
occur on faces moment due to the artificial lighting arrangement. 
In dataset [3], face collection with complex background; large 
head scale variation; minor variations in head turn, tilt, slant and 
expression; some translation in face position and significant light 
variation because of object moment in artificial light.

 Fig. 9: Data Set Used for Face Recognition

D. Face Recognition Results Summary

VII. Conclusion
In current work we developed the system to evaluate face detection 
and reorganization methods which are considered to be a bench 
mark. Some methods perform consistently over different data 
sets. Whereas other methods behave very randomly however 
based an average experimental results performance is evaluated. 
In this paper, we proposed a novel approach for achieving the 
illumination invariant face recognition via LDP image. Especially, 
we presented the face recognition methodology that utilizes the 
transformed image obtained from LDP as the direct input image 
of 2D-PCA, unlike that most of previous works used the local 
pattern descriptors to acquire the histogram features. The proposed 
method has an advantage that the illumination effects can be 
degraded by LDP descriptor and 2D-PCA is also more robust 
against illumination variation than global features.
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