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1. Title of the Thesis and Abstract 

1.1 Title of the Thesis 

Automatic Analysis and Recognition of Facial Expressions Invariant to Illumination. 

1.2 Abstract 

The human face plays an important role in interpersonal communication. It becomes easy to 

understand someone's emotional state and intentions on the basis of the shown facial 

expression. Nonverbal communication, such as facial expressions, can be used to understand 

messages that we send and receive, though, nothing is said verbally. As an example, if a 

computer system can analyze and recognize person's mood, who is driving a car, a song can 

be played according to mood. Similarly, facial expressions play a pivotal role in many other 

applications which include human-computer interface, behavioural science, lip reading, video 

conferencing, robotics, face animation etc. 

Facial expression recognition is a process to identify or reveal the information of person's 

state of mind through expressions. The seven universally defined facial expressions are, 

Angry, Disgust, Fear, Happy, Neutral, Sad and Surprise. Although humans recognize facial 

expressions virtually without any effort or delay, reliable expression recognition by machine 

is still a challenge. Even if recognition is done in a constraint of faces specific to some 

culture, several factors like presence of facial hair, glasses, variation in size and orientation of 

the face in input images etc. make this task complex. This makes some of the facial features 

unavailable. However, in many practical applications, such as robotics, the performance of 

facial expressions' feature extraction algorithm usually depends on the environmental factors 

such as lighting conditions heavily. This factor would typically make feature extraction more 

difficult to perform reliably, which will in turn affect the recognition performance of the 

system. 

The work presented in this research concentrates on facial expression recognition from the 

images having different lighting conditions. The work carried out focuses on recognizing of 

the seven universal expressions. The novelty of research work is inclusion of images captured 

in real time environment for validating the proposed algorithm. For the purpose of analyzing 

and recognizing the expressions, three major steps have been carried out, image pre-

processing, feature extraction and classification. The proposed algorithms have been applied 

and tested with facial expressions images of two different databases. One is Japanese Female 
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Facial Expressions (JAFFE), available worldwide on internet. JAFFE database contain 210 

expressions of 10 Japanese females. Another database is created with images of Indian Faces 

captured in real time environment by the researcher. This database contain 753 images of 27 

Indian people and includes both male and females.  

2. Brief description on the state of the art of the research topic 

The face is the easiest way to identify or interpret what has been said or felt by the means of 

facial expressions. Facial expressions depicts person's mood in very effective way. It can be 

analysed whether a person is in good mood or not via his/her expressions. As per the 

research, nonverbal way of communication, such as facial expressions contributes more than 

the verbal words or vocal accent of a message. The research in social psychology also 

concludes that facial expressions are more effective way of describing person's mood, i.e. a 

listener liked or disliked the speaker's speech. In other words, the facial expressions are the 

parameters used by computer to sense the person's emotions which lead to sense a situation 

and act accordingly. For example, by determining the sad mood of a person who is driving a 

car, an automated system can play a song accordingly to make him/her out of stress. 

Facial expression recognition is generally performed with human face images having 

expressions on the face. The entire process of expression recognition can be divided into the 

following three main steps, presuming that facial expression is present in an input face image.  

2.1 Pre-processing of the image 

First step is to pre-process the input image to remove noise or any unwanted information 

from the image. Pre-processing step is used to obtain images which have normalized 

intensity, uniform size and shape. The key idea for applying pre-processing techniques in 

facial expression recognition is to remove illumination variations while keeping the main 

facial features unchanged. It is also required to remove noise from image, if any. Depending 

upon the application, the algorithm for pre-processing of image is chosen.  

Weilong Chen, Meng Joo [1], present a novel illumination normalization approach for face 

recognition under varying lighting conditions. In their proposed approach, discrete cosine 

transform (DCT) is employed to compensate for illumination variations in the logarithm 

domain for real time face recognition system, which eliminates the need for modelling step 

and bootstrap sets but failed to the shadowing and specularity problems. Computer vision 

technique for an illumination compensation to process the single channel face have been 
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proposed by Yea-Shuan Huang and Chu-Yung Li [2].  Their proposed method mainly 

consists of three processing modules(1) Homomorphic Filtering, (2) Ratio Image Generation, 

and (3) Anisotropic Smoothing. They demonstrated experimental results showing the 

effectiveness of algorithm and achieved high recognition accuracy with conventional 

classifier. The algorithm is used for face recognition purpose, and can be extended to facial 

expression recognition. 

Javier Ruiz-del-Solar and Julio Quinteros [3] investigated illumination compensation and 

normalization in eigenspace-based face recognition by carrying out an independent 

comparative study among several pre-processing algorithms. They concluded that the most 

suitable algorithms for achieving illumination compensation and normalization in 

eigenspace-based face recognition are SQI and the modified LBP transform. The presented 

method was evaluated for face recognition of images from standard dataset available on 

World Wide Web and hence do not address the issue of real time captured images. 

An algorithm based on the luminance mapping is proposed by Anders Hast and Andrea 

Marchetti [4]. This can be used to remove low frequency variations in the intensity, and to 

increase the contrast in low contrast areas. The algorithm can be employed to preserve the 

intensity of medium-sized objects with different intensity or colour than their surroundings. 

The algorithm uses luminance mapping for illumination correction by computing the local 

mean and deviation which is obtained by Gaussian filtering on downscaled versions of the 

input image. The resulting blurred images are subsequently upscaled to full size. Large 

objects in the images, having a different intensity than their surroundings, are removed by 

band pass filtering in order to avoid their washing out. By iterating this process more than 

once, including removing, correction and adding, a better result is obtained as the band pass 

filtered image tends to contain some low variations, although, the algorithm is not 

investigated for face images. 

M. Jasmine,K. Murugesan, Srinivasa Rao, V. Harish Gautam[5] proposed and used the 

histogram equalization and SVM based method to develop face recognition system for 

variant pose and illumination condition. They compare their proposed algorithm of Oriented 

Local Histogram Equalization (OLHE) with Local Binary Pattern (LBP) and Local gradient 

oriented Binary Patterns (LGOBP). They demonstrate the effectiveness of proposed 

algorithm with highest efficiency and recognition rates, for standard datasets having images 

captured in controlled environment. 
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2.2 Facial Expression Feature Extraction 

The second step in facial expression recognition methodology is to devise mechanisms for 

extracting the facial expression information from pre-processed image. In the case of static 

images, the process of extracting the facial expression information is referred to as localizing 

the face and its features in the scene. In the case of facial image sequences, this process is 

referred to as tracking the face and its features in the scene. The facial features are the 

prominent features of the face–eyebrows, eyes, nose, mouth, and chin. The approaches to 

facial expression recognition can be, roughly divided into two classes: geometrical feature-

based approaches and appearance-based approaches[6]. The geometrical feature-based 

approaches rely on the geometric facial features, which represent the shapes and locations of 

facial components such as eyebrows, eyes, nose, mouth etc. while, for the appearance-based 

approaches, the whole-face or specific regions in a face image are used for the feature 

extraction via optical flow or some kinds of filters.   

Liying Ma, Yegui Xiao, K. Khorsani, Rabab Kreidieh Ward[7], presents a new facial 

expression recognition method that utilizes 2-D DCT, K-means algorithm and vector 

matching. They divided complicated facial expression such as anger and sadness into several 

subcategories which is clustered using K-means algorithm. The experimental results are 

shown only on five facial expressions that are neutral, smile, anger, sadness and surprise. 

Aliaa Youssif, Wesam A. A. Asker[8] presents a computer vision system for automatic facial 

expression recognition (AFER) which includes facial feature extraction and pattern 

recognition phases that discriminates among different facial expressions. In feature extraction 

phase a combination between holistic and analytic approaches is presented to extract 83 facial 

expression features. Expression recognition is performed by using radial basis function based 

artificial neural network to recognize the six basic emotions.  

 

Keith Anderson , Peter W. McOwan[9]  presents a fully automated, multistage system for 

real-time recognition of facial expression, which uses facial motion to characterize 

monochrome frontal views of facial expressions and is able to operate effectively in cluttered 

and dynamic scenes, recognizing the six emotions. Faces are located using a spatial ratio 

template tracker algorithm. Optical flow of the face is subsequently determined using a real-

time implementation of a robust gradient model. The expression recognition system then 

averages facial velocity information over identified regions of the face and cancels out rigid 

head motion by taking ratios of this averaged motion. The experimental result shows the 
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recognition rate in limited environment around 75%. P. Mohanaiah, P. Sathyanarayana, L. 

GuruKumar [10] , presents an application of gray level co-occurrence matrix (GLCM) to 

extract second order statistical texture features for motion estimation of images. The Four 

features namely, Angular Second Moment, Correlation, Inverse Difference Moment, and 

Entropy are computed using Xilinx FPGA. The results show that these texture features have 

high discrimination accuracy, requires less computation time and hence efficiently used for 

real time pattern recognition applications. 

S L Happy, A. Routray[11], proposed a novel framework for expression recognition by using 

appearance features of selected facial patches. A few prominent facial patches, depending on 

the position of facial landmarks, are extracted which are active during emotion elicitation. 

These active patches are further processed to obtain the salient patches which contain 

discriminative features for classification of each pair of expressions. One-against-one 

classification method is adopted using these features. An automated learning-free facial 

landmark detection technique has been proposed, which achieves similar performances as 

that of other state-of-art landmark detection methods, yet requires significantly less execution 

time. The proposed method is found to perform well consistently in different resolutions, 

hence, providing a solution for expression recognition in low resolution images.  

2.3 Classification 

The third and the final step in facial expression recognition methodology is to define some set 

of categories into which facial expression would be classified [12]. The expressions are to be 

classified into some interpretive categories. Many of the previous works [8][9][10][11] on 

facial expression recognition are based on the existence of six universal expressions (anger, 

disgust, fear, happy, sad and surprise). While, many of the recent research work also includes 

neutral face as one of the expression. The work carried out in this research also considers 

neutral face as an expression, hence, expressions are categorized into seven classes.  

 Ke Shan, Junqi Guo, Wenwan You, Di Lu, Rongfang Bie[13] presented method which uses 

deep convolution neural network (CNN) to devise a facial expression recognition system, 

which is capable to discover deeper feature representation of facial expression to achieve 

automatic recognition. They proposed system which is composed of the input module, the 

pre-processing module, the recognition module and the output module. The work is simulated 

and evaluated on two databases, Japanese Female Facial Expression Database(JAFFE) and 

the Extended Cohn-Kanade Dataset(CK+). Performance of the system is evaluated under the 
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influence of different factors like network structure, learning rate and pre-processing. They 

also compared results with K-nearest neighbor (KNN) algorithm. The accuracy of the 

proposed system reaches 76.7442% and 80.303% in the JAFFE and CK+, respectively. 

Xiaoguang Chen, Xuan Yang, Maosen Wang, Jiancheng Zou[14] presented an improved 

method of facial expression recognition based on CNN. A new convolution neural network 

structure is designed which uses convolution kernel to extract implicit features and max 

pooling to reduce the dimensions of the extracted implicit features. CK+ facial expression 

database is used for simulation purpose. Chun Fui Liew, Takehisa Yairi[15] performed 

comprehensive comparison experiments with five popular feature spaces in computer vision 

field and seven classification methods with four unique facial expression datasets. The 

authors identified most efficient feature space for FER, investigated effect of image 

resolutions on FER performances, and obtained best FER performance by using AdaBoost 

algorithm for feature selection and Support Vector Machine for image classification. 

Fei Cheng, Jiangsheng Yu, Huilin Xiong[16] presented experiments of Gaussian Process with 

polynomial kernels and Gaussian radial basis function (RBF) kernels by three versions of 

leave-one-out cross validation (LOO CV).  Also, the Gaussian process classifier is compared 

with some other frequently used classifiers, such as SVM, k-nearest neighbor (k-NN), naive 

Bayes classifier. For experiment purpose, the proposed method is tested by many independent 

random trials of 10-fold cross validations.  

3. Objective and Scope of work 

A facial expression recognition system must be able to analyze and recognize the universal 

expressions, i.e. Angry, Disgust, Fear, Happy, Neutral, Sad and Surprise. Also the system 

should be such that recognition be done accurately without any human intervention. The main 

objective of this research work is to develop algorithm which recognize facial expressions, 

from the face images having different lighting conditions and that is to be done without any 

human intervention. Also, to devise algorithm which should be able to recognize expressions 

from human face images that are captured in real time environment. 

The major objectives of this research work are summarized as follows: 

 To develop an algorithm for expression features extraction to recognize facial 

expressions. The pre-processing technique is to be applied before features are 

extracted to compensate the illumination variations from the images. The extracted 



7 | P a g e  
 

features are to be given to classifiers for recognition purpose. The algorithm is to be 

tested for still images of JAFFE database, which are captured with different lighting 

conditions. 

 To develop an algorithm which takes significance of region of interest in account 

while extracting features. The feature extraction algorithm which itself gives features 

with illumination compensation is to be applied on regions of interest. These regions 

of interest are those which are prone to change due to the expressions. The extracted 

features are to be given to classifiers for recognition purpose. The algorithm is to be 

tested for JAFFE database.  

 To develop an algorithm that uses hybrid feature extraction techniques to extract 

varied texture features from different regions of the faces. These regions are known as 

region of interest as they are prominent area which gets change due to the 

expressions. The extracted features are to be used for recognition of expressions. The 

algorithm is to be tested for the Indian faces of males and females, that are captured in 

real time environment. 

The scope of the work is as follows: 

 The research work presented here is tested for two different kinds of databases which 

contains still images of male and female, having varying lighting conditions.  

 The work is concentrated for the mid age group, i.e. 20 years to 40 years and uses 

only frontal faces. Also, the work carried out is tested for still images of frontal 

human faces which do not contain spectacles, beard or moustaches.  

4. Original contribution by the thesis 

In this thesis, method for facial expression recognition system is suggested with different 

variations and combinations of pre-processing techniques, feature extraction techniques and 

classification techniques. Images from two different kinds of database are used. One, is 

Japanese Female Facial Expressions (JAFFE), freely available on World Wide Web and 

Indian Facial Expressions (IFE), the database created by capturing Indian face images in real 

time environment with the help of web camera.  

The main contributions of this thesis are summarized as follows: 
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 The performance of facial feature extraction algorithm heavily depends on the 

environmental factors such as lighting conditions. Hence, proper pre-processing 

techniques are needed to compensate the illumination variation. An algorithm is 

developed where a pre-processing technique is applied first before feature extraction. 

The features are detected thereafter with the help of Canny Edge Detection. The 

algorithm is tested for recognition with Neural Network Classifier. 

 

 An algorithm called Local Binary Pattern (LBP) gives texture features which are 

invariant to illumination. Hence, an algorithm is developed which directly applies this 

feature extraction algorithm to extract features. There are few and specific regions in 

the face which are prone to change due to expressions. They are, eyes, eye brows, 

lips, nose and mouth. This characteristic is used to modify the LBP algorithm, where 

the LBP operator is applied to only specific regions of the faces that are two eyes and 

a mouth. They are called ROI (Region of Interest). The combined features extracted 

and concatenated from each ROI is given to Neural Network for the classification 

purpose. Images of JAFFE database are used for training and testing purpose. 

 

 As, the performance of recognition system is heavily dependent on how accurate the 

features are, a hybrid feature extraction technique is developed that uses combinations 

of different texture feature extraction algorithms. The feature extraction methods, 

namely, Local Binary Pattern (LBP), Principal Component Analysis (PCA) and Gray 

Level Co-occurrence Matrix (GLCM)  are used collectively to extract features from 

different regions of the face. The concatenated features extracted from these 

algorithms are given to K nearest neighbour classifier for recognition purpose. This 

hybrid technique is evaluated on real time captured Indian faces having varying 

lighting conditions.  

5. Methodology of research, results and comparisons 

The work carried out in this research is focusing on three aspects of recognition process that 

are, pre-processing an image, feature extraction and classification. Another aspect of 

recognition systems is the type of input images. Standard dataset contain images which are 

captured in controlled environment. While, real time captured images are more prone to noise 

as well as resolution issues. The level of difficulty get added when images are not captured in 
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controlled environment. The proposed algorithms are evaluated on standard dataset as well as 

real time captured dataset. 

5.1 FER Algorithm - 1 

The work proposed for facial expression recognition uses three techniques, that are, Pre-

processing using DCT Normalization, Feature Extraction using Canny Edge Detection, and 

Classification using Neural Network. 

5.1.1 Pre-Processing using DCT Normalization 

DCT Normalization is a filtering technique that can reduce the effect of lighting conditions 

and improve image quality. The technique sets a number of DCT coefficients corresponding 

to low-frequencies to zero and hence tries to achieve illumination invariance. Three steps to 

perform DCT normalization are, logarithm transform, discrete cosine transform and 

illumination compensation. Logarithm transform is used in image enhancement to expand the 

values of dark pixels. The DCT is performed on the face image to obtain all frequency 

components of the image. After obtaining DCT coefficients, illumination compensation is 

achieved. As illumination variations are mainly low frequency components of a face image, it 

can be removed simply by setting the low-frequency DCT coefficients to zero.  

5.1.2 Feature Extraction using Canny Edge Detection 

Feature extraction is the most important phase of recognition process. This proposed 

algorithm uses Canny edge detection method to find the features of an image. Canny edge 

detection method finds edges by looking for local maxima of the gradient of the intensity 

image. The gradient is calculated using the derivative of a Gaussian filter.. Then, edge is 

detected using Sobel operator. Morphological operation (Dilation) is applied to thicken the 

detected edge. After getting an image with edges, Region of Interest (ROI) has been found. In 

this work, three regions namely eye, eyebrow and mouth, are considered as ROI. The ROI 

extraction is done by applying iterative search algorithm, which iteratively searches for white 

pixels in either upper or lower half regions of the faces. The area, which contains maximum 

number of white pixels are the regions we are looking for. After extraction of ROI, feature 

points from each ROI have been found. These feature points are basically the points from 

which that region can be easily identified. For ex., length of mouth, height of mouth, corners 

of the left and right eyes, length of eyebrows etc. 
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5.1.3 Classification using Neural Network 

Pattern Recognition Neural network with back propagation algorithm is trained to classify 

inputs according to target classes. Mainly two variations are employed for evaluation of the 

algorithm. One, test images are selected randomly by neural network and second, test images 

are given by user. The neural network is constituted with input Layer having 14 Neurons, 

hidden Layer having neurons varies from 35 to 50 and output Layer with 7 Neurons 

pertaining to 7 expressions classes. 

5.2 FER Algorithm - 2 

The proposed second method for facial expression recognition is performed with two 

techniques, feature extraction using ROI based Local Binary Pattern and classification using 

Neural Network. 

5.2.1 Feature Extraction using ROI Based Local Binary Pattern 

The most important property of LBP features are their tolerance against illumination changes 

and their computational simplicity. LBP features describe appearance changes of expression 

images and hence, would be efficient and effective for facial expression recognition. The 

LBP operator labels the pixels of an image by thresholding a  3×3 neighbourhood of each 

pixel with the centre value and considering results as a binary number, called as Local Binary 

Patterns or LBP Codes. After labelling a image with LBP operator, a histogram of the 

labelled image is found. This 256-bin histogram of LBP labels computed over a region 

contains information about the distribution of the local micro-patterns, such as edges, spots 

and flat areas, so can be used as a texture descriptor to describe image characteristics. 

A LBP histogram computed over the whole face image encodes only the occurrences of the 

micro-patterns without any indications about their locations. To also consider shape 

information of face, face images can be divided into regions to extract LBP histograms. The 

LBP features extracted from each sub-region are concatenated into a single, spatially 

enhanced feature histogram. The extracted feature histogram represents the local texture and 

global shape of face images.  

5.2.2 Classification using Neural Network 

As like proposed method 1, here too, pattern recognition neural network is trained to classify 

inputs according to target classes. The performance of this proposed method is evaluated with 
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two variations, test images are selected randomly by neural network and test images are given 

by user. The sstructure of the neural network includes input layer with 1280 Neurons, hidden 

layer varies from 75 to 150 neurons and output layer with 7 Neurons for seven expressions 

classes. 

5.3 FER Algorithm - 3 

The work proposed in this algorithm for facial expression recognition is performed with two 

techniques, namely, hybrid feature extraction using ROI based Local Binary Pattern (LBP), 

Principal Component Analysis (PCA) and Gray Level Co-occurrence Matrix (GLCM) and 

classification using KNN classifier. 

5.3.1 Hybrid Feature Extraction using ROI Based PCA, GLCM and LBP 

Three feature extraction algorithms are combined to extract features from a face image. These 

three methods are applied on three regions of the face, namely, left eye, right eye and mouth. 

Here, ROI Extraction is done using Cascade Object Detector which uses the Viola-Jones 

algorithm to detect people‘s faces, noses, eyes, mouth, or upper body.  

After extracting region of interest, Local Binary Pattern (LBP) is applied on each ROI, as 

discussed in previous section. Along with LBP, Principal Component Analysis (PCA) 

method is used to find eigenvectors and eigenvalues from the ROIs.   

Feature extraction using Gray Level Co-occurrence Matrix (GLCM) is a statistical method of 

examining texture that considers the spatial relationship of pixels. The GLCM functions 

characterize the texture of an image by calculating how often pairs of pixel with specific 

values and in a specified spatial relationship occur in an image, creating a GLCM, and then 

extracting statistical measures from this matrix. Several statistics can be derived from this 

matrix. These statistics provide information about the texture of an image. Few of them are, 

Entropy, Correlation, Energy and Homogeneity.   

Entropy is a statistical measure of randomness that can be used to characterize the texture of 

the input image. Correlation measures the dependency of grey levels of specified 

neighbouring pixel pairs. Energy provides the sum of squared elements in the GLCM. It gives 

high value when image has very good homogeneity, i.e. when pixels are very similar. 

Homogeneity measures the closeness of the distribution of elements in the GLCM to the 

GLCM diagonal. 
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Using these three methods, the features are obtained for each ROI. The features are then 

concatenated to make a single feature vector that is given as an input to the classifier. 

5.3.2 Classification using KNN classifier 

K-Nearest Neighbour classifies data sets based on their similarity with neighbours where ‗K‘ 

stands for number of data set items that are considered for the classification. KNN makes 

predictions for a new instance(x) by searching through the entire training set for K most 

similar instances (neighbours). To determine the similarity, a distance measure is used. For 

real valued input variables, Euclidian distance is used. 

6. Achievements with respect to objectives 

The objective of this research work were to devise a method for facial expression recognition 

which should work on differently illuminated images, captured in controlled environment as 

well as in real time and without any human intervention. 

Different methods are proposed to achieve the stated objectives. All proposed methods 

automatically finds regions of interest, without any human involvement. The proposed 

method FER-1 and FER-2 works upon standard dataset where images are captured in 

controlled environment with changes in illumination. The proposed method FER-3 is 

evaluated on real time captured images of males and females, having different environment 

as well as different lighting conditions.  

7. Conclusion 

In this work, facial expression recognition using DCT Normalization and Canny edge 

detection is proposed which is tested for standard dataset. Due to inability of canny edge 

detection for handling illumination variations, illumination compensation method is applied 

first before feature extraction. As low level iterative method of finding region of interest is 

used, algorithm works well where all regions of interest are in proper shape. If, there are 

major changes in shapes of regions, like when a mouth is opened in surprise expression, 

algorithm cannot find proper region, which affect overall recognition rate.  

Further, Facial expression recognition using ROI based local binary pattern is proposed for 

considering features of specific areas which are prone to changes due to expressions. As LBP 

features are invariant to illumination, preprocessing step is excluded in recognition process. 

The recognition rate reached up to 72% for various test cases. Results are obtained on 
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standard dataset, which is higher than applying LBP on entire face. Hence, the significance of 

ROI in facial expression recognition is established. 

The hybrid feature extraction method, combining features of LBP, PCA and GLCM is 

proposed to take advantage of different types of features of ROIs. The proposed method is 

evaluated on real time captured images of Indian faces of males and females. The result 

variation is achieved due to varying illuminated images. The recognition rate reached up to 

86% for various test cases. The result analysis on different expressions show that happy 

expression have better recognition rate compared to other expressions.  
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