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Abstract. This paper presents a different way of using DCT and LBP to com-
pensate for illumination variations in face recognition with only one sample im-
age per person. The sensitiveness to lighting variations of the LBP and DCT 
methods was investigated and from it emerged the proposed new method, con-
sisting in discarding low-frequency DCT coefficients in the logarithm domain 
in a local way as a preprocessing step, and applying LBP method to represent 
the facial features. Experimental results on the Yale B database show that the 
proposal improves the performance of the original methods and their existing 
extensions. 
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1   Introduction 

Automatic face recognition has been widely used in a variety of applications in the 
last years [1]. Although there are a number of face recognition algorithms which work 
well in constrained environments, face recognition is still an open and very challen-
ging problem in real outdoor applications. 

Variations in lighting are among the most affecting performance of face recogni-
tion systems [2]. To attack the problem of face recognition under illumination varia-
tion, several algorithms have been proposed. Nevertheless, their performances are still 
far from ideal and many of them require a large number of training images.  

Face recognition methods based in one single image per person can be classified 
into two categories taking into account the type of features that they use: geometric 
based methods and appearance based methods. 

Appearance based methods, have been the dominant techniques in the last years. 
Such an approach generally operates directly on the pixel intensities or other image-
based representation and has greatly improved the effectiveness and efficiency of face 
recognition systems [3]. These kinds of methods can be used either in a holistic or in a 
local way. The holistic methods identify a face using as input a vector that represents 
the whole face image. The local ones use the information of the face image localities 
for the recognition purpose. In [4] it is shown that local normalization methods are 
more invariant to illumination variations than global ones. Then, a variety of local 
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appearance based methods for face recognition has been developed. Among them, the 
Local Binary Patterns (LBP) [5] and the local Discrete Cosine Transform (DCT) [6], 
show the best results in front of lighting variations. 

The LBP operator is by definition invariant to monotonic gray variations. In a re-
cent comparison between the different uses of the LBP [7], the best performance was 
shown by a method [8] that uses this operator as a preprocessing step.  

The DCT method is also claimed to be less sensitive to illumination variations. 
When using DCT, usually the feature vector used for classification is formed with the 
low – frequency coefficients because they contain most of the face image information. 
Though, in [9] a different way of using DCT to compensate for illumination varia-
tions is presented, discarding low – frequency DCT coefficients in the logarithm  
domain, presenting promising results. 

The aims of this paper is to prove the following hypothesis: (1) The LBP operator 
is sensitive to large variations in illumination conditions; (2) The DCT method out-
performs the LBP facing the illumination problems; (3) The use of local DCT in the 
logarithm domain as preprocessing and LBP to represent the facial structures outper-
forms the results of the other approaches in which these methods are used. 

This paper is organized as follows. Section 2 analyzes the LBP and DCT methods 
as illumination invariants. Section 3 presents the proposed method. Section 4 reports 
on the experimental results. Finally, Section 5 concludes the paper. 

2   Local Appearance Based Methods as Illumination Invariants 

Local appearance based methods generally involve four steps: local region partition, 
feature extraction, feature selection and classification. For the problem of image rec-
ognition under varying illumination conditions, the first two stages are the fundamen-
tal ones, and many different methods have been proposed [3]. If the reports of the 
existing methods are analyzed, it can be noticed that the extraction of illumination 
invariant local features are not a solved problem up to now, being LBP and DCT 
methods the ones that show the best results. For that reason we decided to study both 
of them in more details.  

2.1   Local Binary Patterns as Illumination Invariant 

The use of this operator in face recognition was introduced in [5] and different exten-
sions from the original operator have appeared afterwards [7]. The original LBP op-
erator labels the pixels of an image by thresholding the 3x3- neighbourhood of each 
pixel with the centre value and considering the result as a binary number called the 
LBP code. Then the image is divided into rectangular regions and histograms of LBP 
codes are calculated over each of them. Finally, the histograms of each region are 
concatenated into a single one that represents the face image and a dissimilarity 
measure is used to compare the histograms of different images. 

The idea behind using the LBP features is that face images can be seen as a com-
position of micro-patterns such as edges, spots and flat areas, as can be apreciated in 
Fig. 1. With this operator, these patterns can be represented only taking into account if 
the surrounding pixel values are bigger or smaller than the center pixel value. Many 
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Fig. 1. Examples of micro-patterns represented by LBP operator 

papers declare that the LBP operator is robust to illumination variations [8] [10]; this 
means that the operator is able to describe the facial features independently from the 
variations of illumination that may be affecting the image. 

If we look at the pixels under the Lambertian model, we can consider:  

c
T

ccc snI ⋅⋅= ρ
      and       1111 snI T ⋅⋅= ρ  (1) 

where ρ is the albedo, nT the normals to the object surface and s the light source fal-
ling on, IC be the center pixel intensity and I1 the pixel intensity of a neighbour of IC. 
Both ρ and nT depend on the physical properties and the shape of the surface respec-
tively, and they are expected to be similar in a little spatial neighbourhood, except in 
those in which important changes on the surface occurs. So, in most cases, the differ-
ence between both pixels intensities described by the LBP operator really represents 
the changes in the incident illuminations: 

)( 11 c
T

c ssnII −⋅⋅=− ρ  (2) 

where ρ · nT is constant in both pixels. 
Only if the illumination variation is monotonic, it means that S1 and SC change in 

similar proportion and sign, the operator has an invariant behavior. In any other case, 
more usually presented in real life applications, the LBP changes as the illumination 
changes, it means that the operator is sensitive to this kind of lighting variations. 

2.2   Discrete Cosine Transform to Compensate for Illumination Variations 

The DCT has been used in some face recognition studies, either in a holistic appear-
ance-based [11] or local appearance-based sense [6]. The general idea is to extract the 
DCT coefficients and once they are obtained, the top-left one is removed since it only 
corresponds to the average value of pixels intensities. Of the remaining coefficients 
the ones containing the highest information are extracted via zig-zag scan to form the 
feature vector which is used by the classifier. However how many and which coeffi-
cients should be extracted to compose the feature vector remains a question. 

In [9] is presented a different way of using DCT to compensate for illumination 
variations. They show that illumination variations can be well compensated by adding 
or subtracting a compensation term to a given image, in the logarithm domain. This 
could be easy if we know where illumination variations and important facial features 
are, but in face images, especially when they are affected with large illumination 
variations, feature detection is a nontrivial task.  
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In a face image, illumination usually changes slowly except for some shadows and 
specularities on the face. Consequently, illumination variations mainly lie in the low-
frequency band and illumination variations can be reduced by removing low-
frequency components. Then the DCT is used to transform the image from spatial 
domain to frequency domain. Since illumination variations are expected to be in the 
low-frequency components, in [9] they proposed setting the low - frequency DCT 
coefficients to zero in the logarithm domain to compensate for illumination variations, 
and they obtained promising results. Notice that these low – frequency DCT coeffi-
cients are the ones used in the traditional DCT method. They compared their method 
with a large number of methods [9] and very good results were obtained in illumina-
tion problems. 

3   Proposed Method 

After we have analyzed the use of LBP and DCT methods in face recognition, we can 
say that the LBP operator is sensitive to large variations in illumination conditions 
and the DCT method in the logarithm domain faces the illumination problems better 
than LBP does. We then propose a new method which combines some ideas presented 
in [8] and [9]. 

In [8] an approach for using LBP method as a preprocessing step and DCT coeffi-
cients to form the feature vectors was proposed, and this method shows the best per-
formance in a recent comparison between the most representative extensions and the 
uses of the original LBP operator [7]. On the other hand, in [9] were presented very 
good results using DCT of the whole image in the logarithm domain to compensate 
for illumination variations. 

Considering that LBP can represent well the facial structures when the variation in 
lights are monotonic, that the DCT presents good results facing the illumination prob-
lems in the logarithm domain, and that illumination variations affect less in localities 
than in the whole image, we think that discarding low-frequency DCT coefficients in 
the logarithm domain in a local way as preprocessing step, and applying LBP method 
to represent the facial features as such, the robustness against illumination variations 
can be increased. In Fig. 2 the proposed method is exposed. 

 
Fig. 2. Overview of the proposed method 
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4   Experiments and Results 

We used the Yale B Face Database [12] to evaluate the proposed method. This face 
database contains images of 10 subjects each seen under 576 viewing conditions (9 
poses x 64 illumination conditions). Since we are concerned with the illumination 
problem in this paper, only the frontal face images were used1. To obtain the 64 illu-
mination conditions, the angle between the light source direction and the camera axis 
was changed every time. The larger the angle, the more unfavourable the lighting 
conditions are. Then, the frontal face images were divided into five subsets according 
to this angle, as can be seen in Table 1: 

Table 1. Yale B Face Database division according to the lighting variations 

Lighting Angle Images Samples 

Subset1
(00-120)

70 images 

Subset2
(130-250)

120 images 

Subset3
(260-500)

140 images 

Subset4
(510-700)

120 images 

Subset5
(710-1300)
190 images 

 

In our experiments, all face images were closely cropped to include only the face 
region and the extracted face images were geometric normalized by the centres of the 
two eyes to be 64 × 80 pixels in size. The local blocks in which the images were di-
vided, has 8 × 8 pixels of size. 

The Subset1 was used as gallery set and each one of the rest subsets were tested  
using 5 different approaches. First, the original LBP and DCT methods were exe-
cuted, then the method that used LBP for preprocessing and DCT for classification2 
(INORM LBP + DCT) and the one using DCT in the logarithm domain with the 
whole image to compensate for illumination variations (LogDCT_Global + LBP), in 
this case LBP method was used as feature descriptor rather than the pixel intensities 
directly as in [9]. Finally our proposal (LogDCT_Local + LBP) was implemented and 
compared with all of them. The obtained results are shown in Table 2 and Table 3: 

                                                           
1 In the experiments were included the corrupted images of the database. 
2 Best LBP method presented in [7]. 
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Table 2. Equal Error Rate (EER) of the different methods in each subset 

 Subset2 Subset3 Subset4 Subset5 
LBP 5.95% 23.46% 33.28% 37.16% 

Local DCT 3.88% 16.62% 24.52% 22.48% 
INORM LBP + DCT 3.34% 12.71% 16.42% 19.58% 

LogDCT_Global + LBP 3.57% 12.44% 17.61% 18.57% 
LogDCT_Local + LBP (Proposal) 3.15% 10.12% 15.33% 17.29% 

Table 3. Recognition rates of the different methods at the first three positions in each subset3 

LBP DCT 
INORM 

LBP + DCT 
LogDCT_

Global + LBP
LogDCT_

Local + LBP 
Subset3

 Rank 1 97.14 99.29 98.57 95.71 99.29
 Rank 2 97.86 99.29 99.29 97.87 100
 Rank 3 97.86 99.29 99.29 98.57 100

Subset4
 Rank 1 65.83 88.33 90.83 89.17 93.33
 Rank 2 75.83 91.67 92.5 90.83 96.67
 Rank 3 79.17 93.33 95 93.33 97.5

Subset5
 Rank 1 22.10 83.68 87.89 78.94 90.84
 Rank 2 33.68 87.37 90.00 82.63 94.77
 Rank 3 34.21 90.00 91.58 85.79 96.32  
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Fig. 3. Cumulative match score vs. rank curve for the proposed method compared with the 
others in the Subset 5 

                                                           
3 The Subset2 results were not included since the recognition rate was 100% in all cases. 
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In Table 2 it can be seen that the proposed method was the one with lower EER in 
all subsets, being the less affected by the variations in the light incident angle. From 
the results obtained with the LBP method, it can be inferred that illumination has a 
monotonic behavior only when the light incident angle varies in a little magnitude. 

Table 3 shows that the proposed method obtains higher recognition rates than the 
rest of the approaches, from the first positions of the candidates list, in all subsets. 
Even in Subset5, which has the worst lighting conditions, the recognition rate 
reaches more than the 90% from the first position. This can be verified in Fig. 3 in 
which the cumulative match score vs. rank curve was used to illustrate the perform-
ance of the different methods tested in Subset5 (the most difficult subset). In the 
graphic it can be noticed that the proposed method achieves 100% of recognition rate 
in position 7th and none of the rest methods gets this value before the 10th position. 
The figure also shows the low performance of the LBP method when the illumina-
tion variations are large. 

5   Conclusions 

In this work the sensitiveness of the LBP and DCT methods to illumination variations 
was analyzed. The experimental results confirmed that LBP method works well when 
the lighting variations correspond to little changes in the light incident angle, but is 
very sensitive to large variations in illumination conditions. Also, it can be seen that 
all DCT approaches outperform the LBP method facing the illumination problems. 
The proposed method, using local DCT in the logarithm domain as preprocessing and 
LBP to represent the facial structures, outperforms the results of the other approaches 
in which these methods were used. 
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