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ABSTRACT 
 
 A practical face recognition system should be capable of making recognition under uncontrolled lighting 
conditions which remains an important challenge. An efficient preprocessing method could be used to solve 
such problems. This problem can be eliminated by combining the strengths of robust illumination normalization, 
local texture-based face representation;Kernel based feature extraction and fusion.A simple and efficient 
preprocessing chain is employed which eliminates most of the effects of changing illumination while still 
preserving the essential appearance details that are needed for recognition is implemented. Local Binary 
Pattern(LBP), Local Ternary Pattern(LTP) and Gabor filter have been utilized for representation. Many current 
pattern of recognition systems use one type of feature. Combining two of the most successful local face 
representations, Gabor wavelets and LTPs, gives considerably better performance than either alone.Principal 
component analysis is used for feature extraction and matching is done using nearest neighbor classifier. The 
technique is tested with standard database images (FRGC)and real time color images under difficult lighting 
conditions and the detection rate is found to be very high. Experimental results show that the proposed approach 
can perform better recognition of faces under difficult lighting conditions. 
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Introduction 
 
 Biometrics comes from the Greek words bios (Life) and metrics (Measure). It is basically a pattern-
recognition system that is used to identify or verify users based on his or her unique physical characteristics. 
Biometrics is “the automatic recognition of a person using distinguishing traits”. A more expansive definition of 
biometrics is “any automatically measurable, robust and distinctive physical characteristic or personal trait that 
can be used to identify an individual or verify the claimed identity of an individual”. Every biometric system 
consists of four basic modules and they are Enrolment unit, Feature Extraction unit, matching unit and Decision 
maker. Face recognition is one of the techniques of Biometrics. 
 Human face recognition is an important area of image processing. It has the important applications in 
bioinformatics. Face appearance can change dramatically due to illumination changes, and “the variations 
between the images of the same face due to illumination are almost always larger than image variations due to 
change in face identity”. Face recognition although trivial task for the human brain has proved to be extremely 
difficult to imitate artificially. It is commonly used in applications such as human-machine interfaces (HCI) and 
automatic access control systems. Face recognition involves comparing an image with a database of stored faces 
in order to identify the individual of that input image.  The related task of face detection has direct relevance to 
face recognition because images must be analyzed and identified, before they can be recognized. Detecting faces 
in an image can also help to focus the computational resources of the face recognition system, optimizing the 
system speed and performance. As one of the most successful applications of image analysis and understanding, 
face recognition has recently gained significant attention especially during the past several years.  
 
Previous Research: 
 
 Zhaoet al(2003) investigated and found that large number of face recognition algorithms have been 
proposed for the past two decades. In the literature of face recognition, there are various face representation 
methods based on global features, including a great number of sub-space based methods and some spatial 
frequency techniques. The most dominant and successful face representation methods are principal component 
analysis (PCA) suggested byTurk and Pentland (1991), Fisher’s linear discriminant (FLD) pointed out by 
Belhumeur et al(1997) and Independent component analysis explained by Bartlettet al (2002) have been widely 
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recognized. These methods attempt to find a set of basis images from a training set and represent any face as a 
linear combination of these basis images.Laiet al (2001) proposed the spatial-frequency technique using Fourier 
transform and discrete cosine transform proposed by Hafed, Z and M. Levine(2001),have been utilized for 
feature extraction. While Global based face representations were popular for face recognition, recently, more 
and more attempts are made to develop face recognition systems based on local features, which are believed 
more robust to the variations of facial expression, illumination and occlusion etc. 
 While face recognition has increased in reliability significantly it is still not accurate all the time. The 
ability to correctly classify the image depends on a variety of variables including lighting , pose  as suggested by 
Gross and Brajovic  (2003), facial expressions as researched by Georghiades et al (2001) and image quality as  
proposed by Shan et al (2003). 
 Penev, A, and J. Atick(1996) found that the Local Feature Analysis(LFA)could be used  to encode the local 
topological structure of face images. LFA is considered as a local method as it utilizes a set of kernels to 
implicitly detect the local structure such as eyes, nose and mouth. A. Timo et al (2004)adopted the local binary 
pattern (LBP) for face representation. In this method, LBP operator is first applied and then the resulting LBP 
image  is divided into small regions from which histogram features are extracted. The idea of dividing face 
image is also used in the component based methods, in which the face images are divided into some blocks by a 
certain rule. Ahonen et al (2006) demonstrated the usage of local binary pattern (LBP) texture features for 
efficient facial image representation. LBP feature distributions are extracted after dividing the face image into 
several regions. 
 Tan and Triggs (2010) proposed a new algorithm for the most important challenges of practical face 
recognition systems under uncontrolled lighting conditions. Feature extraction means extracting the features 
from the image so that recognition is made accurate and easy.Su et al(2009)determinedthatboth theglobal and 
local features are crucial for face representation and recognition. Feature extraction can be done by two 
methods; Global feature extraction and Local feature extraction. 
 Almost all the techniques were developed with face images taken under well controlled lighting conditions 
and they have difficulty in dealing with the images under difficult lighting conditions. For example, irrespective 
of the lighting conditions, a face verification system for a portable device should be able to verify a client at any 
time. Since, the facial appearance depends strongly on the lighting conditions and as highlighted by the recent 
Face Recognition Vendor Test(FRVT) and Face Recognition Grand Challenge (FRGC) trials, this remains one 
of the major challenges for current face recognition systems. Traditional approaches for dealing with this issue 
can be broadly classified into three categories: appearance based, Normalization based and feature based 
methods. In appearance based methods, training sets are collected under different lighting conditions and 
(without undergoing any preprocessing) used to learn a global model of the possible illumination variation. 
Normalizationbased approaches use a model in which the illumination variations are suppressed (eg. Histogram 
Equalization). The third approach, extracts illumination insensitive feature sets directly from the given image as 
explained by Adini et al(1997).  Usage of the strengths of all the three techniques gives a good recognition 
system. 
 
Materials and Methods 
 
 In the proposed method, face recognition is done using preprocessing and feature extraction. 
Figure 1 shows the block diagram of the proposed method. 
 

 
 
Fig. 1: Stages for face recognition method. 
 
 The extracted features from the above block diagramoffers a great improvement on raw gray values, their 
resistance to the complex illumination variations that occur in real-world face images. The illumination 
normalization is done by preprocessing chain;robust feature extraction is obtained using LTP and Gabor filter. 
Feature extraction and matching are done using PCA and nearest neighbor algorithm respectively.The flowchart 
of the overall process of proposed face recognition method is shown in Figure 2. 
 The fused image is obtained using Gabor filtered image and the LTP and then face recognition is performed 
The proposed technique performs better since the recognition is performed by taking the fusion of both the 
Gabor and LTP than by taking anyone alone. 
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Fig. 2: Flow chart of the proposed method. 
  
Preprocessing Chain(Illumination Normalization): 
 
 An efficient preprocessing technique has been proposed that works well for a wide range of visual feature 
sets. This section describes the illumination normalization method. This is a pre-processing chain run before 
feature extraction that incorporates a series of stages designed to counter the effects of illumination variations, 
local shadowing, and highlights while preserving the essential elements of visual appearance. Figure 3 shows 
the three main stages and their effect on a typical face image. 
 

 
 
Fig. 3:The Stages of Proposed Image Preprocessing Method. 
 

 
 
Fig. 4:Results of preprocessing pipeline - from left to right: input image; image after Gamma correction; 

imageafter DOG filtering; image after robust contrast normalization. 
 
Gamma Correction: 
 
 Gamma Correction is a nonlinear gray-level transformation that replaces gray-level I with the graylevel  I1/γ, 
as shown in equation (1) 
 
I  =  I1/γ              (1) 
 
(for γ>0) or log(I) (for γ= 0), where γ ∈ [0,1] is a user-defined parameter. This enhances the local dynamic 
range of the image in dark or shadowed regions while compressing it in bright regions.  
 Figure 5 shows the gamma curve. This curve is valuable in keeping the pure black parts of the image black 
and the white parts white, while adjusting the values in-between in a smooth manner. Thus, the overall tone of 
an image can be lightened or darkened depending on the gamma value used, while maintaining the dynamic 
range of the image. In Figure 5, the pixel values range from 0.0 represents pure black, to 1.0, which represents 
pure white. Gamma values of less than 1.0 darken an image. Gamma values greater than 1.0 lighten an image 
and a gamma value equal to 1.0 produces no effect on an image. A power law with exponent γ in the range [0, 
0.5] is a good compromise. Here    γ = 0.2[Tan and Triggs, 2010] is used as the default setting. 
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Fig. 5: Gamma Curves. 
 
Difference of Gaussian(DOG) filtering: 
 
 Gamma correction does not remove the influence of overall intensity gradients such as shading effects. 
Shading induced by surface structure is a potentially useful visual cue but it is predominantly low spatial 
frequency information that is hard to separate from effects caused by illumination gradients.DOG filtering is a 
convenient way to achieve the resulting band pass behavior. Fine details remain critically important for 
recognition so the inner (smaller) Gaussian is  typically quite narrow,taken as 1, while the outer onemight have 
of 2–4 pixels or more, depending on the spatial frequency. 
 Prior gamma normalization is still required: if DOG is run without this, the resulting images suffer from 
reduced local contrast (and hence loss of visual detail) in shadowed regions.  
 The convolution block is at the heart of the difference of Gaussian block. It takes the advantage of 
theproperty of separation for the two dimensionalGaussian blur by performing two one dimensional 
convolutions. The coefficients are read in from a function stored in a separate file. The DOG impulse response 
is given in equation (2) 
 

       (2) 
 
Where the default values of σ0 and σ1are chosen as 1 and 2 respectively. 
 
Contrast Equalization: 
 
 The final stage of the preprocessing chain rescales the image intensities to standardize a robust measure of 
overall contrast or intensity variation. It is important to use a robust estimator because the signal typically 
contains extreme values produced by highlights, small dark regions such as nostrils, garbage at the image 
borders, etc. Here a simple and rapid approximation is utilized based on a two stage process as given in 
equations (3a,3b) 
 

          (3a) 
 

          (3b) 

 
 Here, α is a strongly compressive exponent that reduces the influence of large values, τ is a threshold used 
to truncate large values after the first phase of normalization, and the mean is over the whole (unmasked part of 
the) image.The default values are α=0.1 and τ=10. 
 Figure 6 gives the comparison of various preprocessing techniques under difficult lighting conditions.From 
the comparison, it is observed that LOG doesn’t give perfect edges. HE normalizes the overall image and 
doesn’t separate low and high frequency component. But proposed method gives the better result in all varying 
light conditions. 
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Fig. 6: Comparison of various preprocessing techniques under difficult lighting condition. 
 
Face description with LBP pattern: 
 
 The LBP is a non-parametric kernel and it summarizes the local spatial structure of an image. It is invariant 
to monotonic gray-scale transformations; hence the LBP representation is considered less sensitive to changes in 
illumination.  This is a very interesting property in face recognition. In real world applications, it is more 
possible that the lighting condition of the probe image might not always be the same of the gallery image and 
hence such variations should be handled correctly. The operator assigns a label to every pixel of an image by 
thresholding the 3×3 neighborhood of each pixel with the center pixel value and the result obtained is a binary 
number i.e. the result is 8-bit integer LBP codes based on the eight pixels around the central one. The resulting 
binary-valued image patch could be used as local image descriptor. The overall technique consists of using the 
texture descriptor to build many local descriptions of the face and combining them into a global description. 
However, for faces, retaining the information about spatial relations is important.  LBP operator is shown in 
equation (4)  
 

          (4) 
 
 From the  equation, ‘n’ runs over the  8 neighbours of the central pixel, ‘c’ and ‘n’ are the gray-level values 
and ‘s(u)’ is 1 if ‘u ≥ 0’ and 0 otherwise. Thus the resulting image is binary containing only two values. 
 Figure 7 shows the basic LBP operation around the central pixel  considering3×3 neighborhood. 
 

 
Fig. 7: Basic LBP operator. 
           Centre pixel (Threshold value):  55 
           Binary code : 11000011 
 
 The facial image is divided into local regions and LBP texture descriptors are extracted from each region 
independently. All the descriptors are then concatenated to form a global description of the face. The LBP 
operator is a computationally efficient local texture descriptor and has found many useful applications. But, the 
drawback is the descriptor is highly sensitive to noise and the dimensionality of histogram is high because, they 
threshold at exactly the value of the central pixel. The sensitiveness to noise is noticed mostly in near-uniform 
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image regions, and weak illumination gradients are smoothed. Strength of the features should be improved in 
the uniform regions since most of the facial regions are rather uniform. 
Extension of LBP(LTP): 
 
 Since LBPs are sensitive to noise, Local Ternary Patterns (LTPs), an extension of the Local Binary Patterns 
(LBPs) have been used. LTP codes are highly resistant to noise. The features of LTP can be examined in terms 
of noise sensitivity, discriminability and computational efficiency. LTPs extend LBPs from 2-value binary codes 
(0 and 1) by providing 3-value codes (-1, 0, 1). The same sampling structure used for LTP is same as LBP but it 
differs in the way of making pixel comparisons.  It makes 3-way ones depending on whether the pixel is above, 
within a threshold t of, or below the central pixel. The resulting 8-digit ternary codes are split into above and 
below binary codes, which are separately histogrammed as uniform. 
 The extension of LBP to 3-valued codes, LTP, in which gray-levels in a zone of width  ±t  around ic are 
quantized to zero, ones above this are quantized to +1 and ones below it to -1, i.e., the indicator s(u) is replaced 
with a 3-valued function and the binary LBP code is replaced by a ternary LTP code. Here t is a user-specified 
threshold.The original LBP is improved by proposing a novel extension named extended local ternary pattern 
(LTP). The characteristics of LTP can be investigated in terms of noise sensitivity, discriminability and 
computational efficiency.LTP codes are more resistant to noise, but no longer strictly invariant to gray-level 
transformations. The LTP encoding procedure is illustrated in Figure 8. Here the threshold was set to 5, so the 
tolerance interval is [49, 59]. 

 
 

 
 
Fig. 8: Illustration of the basic LTP operator  Splitting LTP code into positive and negative LBP codes. 
 
 When using LTP for visual matching, it could use 3n valued codes, but the uniform pattern argument also 
applies in the ternary case. For simplicity, a coding scheme that splits each ternary pattern into its positive and  
Comparison of LTP and LBP are shown in Figure 9. 
 

 
 
Fig. 9: Comparison of LTP and LBP image. 
 
Gabor Filter: 
 
 Face representation using Gabor features has attracted considerable attention in computer vision, image 
processing, pattern recognition, and so on. Gabor filters can exploit salient visual properties such as spatial 
localization, orientation selectivity, and spatial frequency characteristics.Gabor filter is used for edge detection 
and extraction of texture features. They possess optimal localization properties in both spatial and frequency 
domain and thus are well suited for texture segmentation problems. Gabor filters have been used in many 
applications, such as texture segmentation, target detection, fractal dimension management, document analysis, 
edge detection, retina identification, and image coding and image representation. 
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 The 2D Gabor filter canbe represented as a complex sinusoidal signal modulated by a Gaussian kernel 
function as follows. 

 
 

 σx,,σyare the standard deviations of the Gaussian envelope along the x- and y-dimensions, f  is the central 
frequency of the sinusoidal plane wave, and θn the orientation. The rotation of the x-y plane by an angle θnwill 
result in a Gabor filter at the orientation θn 
The angle θnis defined by: 

 
 
 
 

forn=1,2,…,p and p € N, where p denotes the number of orientations. Frequency and orientation representations 
of Gabor filter are similar to those of human visual system, and it has been found to be particularly appropriate 
for texture representation and discrimination.In the spatial domain, a 2D Gabor filter is a Gaussian kernel 
function modulated by a sinusoidal plane wave. Its impulseresponse is defined by a harmonic function 
multiplied by a Gaussian function. To reduce the influence of the lighting conditions, the output of Gabor filter 
about each direction has been normalized 
 
Fusion of Gabor and LTP: 
 
 Image fusion is the process of combining information from two or more images of a scene into a single 
composite image that is more informative and is more suitable for visual perception or computer processing. 
The objective in image fusion is to reduce uncertainty and minimize redundancy in the output while maximizing 
relevant information particular to an application or task. Fusion is done using Image averaging. This technique 
is a basic and straight forward technique and fusion could be achieved by simply averaging the corresponding 
pixels in the two images that are to be fused. 
 

                                           (5) 

 
 Many current pattern recognition systems use only one type of feature. However, in complex tasks such as 
face recognition, it is often the case that no single class of features is rich enough to capture all of the available 
information. Finding and combining complementary feature sets has thus become an active research topic, with 
successful applications in many challenging tasks including handwritten character recognition and face 
recognition. 

 
 
Fig. 10: Block diagram for fusion.  
  
 The above block diagram combining two of the most successful local face representations, Gabor features 
and LTPs, gives considerably better performance than either alone. The two feature sets are complementary in 
the sense that LTP captures small appearance details while Gabor wavelets encode facial shape over a broader 
range of scales.Feature extraction is done using PCA and the matching using nearest neighbour algorithm. 
 
Results and discussions 
 
 Experiments have been conducted using FRGC 204 and FERET database images. Then, real time images 
under different lighting conditions of more than 200 images have been tested. For each person 5 images were 
captured, the first and the last being very dark and very bright, the middle one normal and the other two lying in 
between. Comparison has been made using all the techniques as mentioned above and it could be observed that 

http://en.wikipedia.org/wiki/Impulse_response�
http://en.wikipedia.org/wiki/Harmonic_function�
http://en.wikipedia.org/wiki/Gaussian_function�
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the proposed technique of combining the LTP and Gabor outperforms all other techniques. It is observed that 
the false acceptance rate and false detection rate is very low. 
 

 
 
Fig. 11: Images from the FRGC database. 
 
 Recognition is made using LBP, LTP, Gabor separately and then using the combination of Gabor and LTP. 
Comparison of the recognition performance is shown in Fig. 12. 
 

 
 
Fig. 12: Comparison of recognition performance. 
 
Simulation results: 
 

 
a.  Input color image     b.Gray image      c. Gamma corrected image    d. DOG filtered image e. Contrast 
Equalized image    f.  LBP image    g. LBP distance           h. LTP of input imagei   LTP distance    j. LTP of 
LBP image   k. Gabor features      l. Fused image (LTP+Gabor)  
 
Fig. 13: Simulation results. 
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Table 1: Recognition performance of the proposed algorithm. 

 
S.No 

 
Images tested 

No. of images tested (with 
difficult lighting conditions) 

No. of images 
recognized 
correctly 

% of correct recognition using 
the proposed 

method(LTP+Gabor) 
1 Database images 

FRGC 204 
300 

 
291 

 
97 

 
2 Real time colour images 200 192 96 

 
 All the above images have been tested using the proposed system and it has been found that the false 
acceptance rate is very low and the detection rate is high. The advantage of the system is that the images at 
difficult and different lighting conditions have been tested and the system performs efficiently. 
 
Conclusion: 
 
 Face recognition is an important strategy in the field of image analysis, computer vision, authentication and 
verification. The effective method of face recognition under uncontrolled lighting conditions has been 
implemented based on pre-processing, an extension of LBP, local texture descriptor and Gabor features. The 
main contributions of the proposed system are a simple, efficient image pre-processing chain whose practical 
recognition performance is comparable to or better than the current illumination normalization methods. This 
pre-processing chain run before feature extraction counters the effects of illumination variations, local 
shadowing and highlights while preserving the essential elements of visual appearance. Features have been 
extracted from the pre-processed facial images by using LTP and Gabor features. A fusion based recognition 
framework that combines two popular feature sets, Gabor wavelets and LTP with robust illumination 
normalization has been implemented. Finally, the extracted features have been compared with the test image 
features and the result has been obtained successfully. The future work is that the system can be extended to 
detect pose variation images, that is the faces that have been rotated at some angles and not upright.   
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