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Abstract: The social interaction of human beings is many times 

influenced by non-verbal communication, especially facial 
expressions. In societal life face of a human being is mostly 
observed by surrounding people to know the inner feelings. Thus, 
face forms a significant source of expressing human emotions, 
typically categorized into surprise, anger, fear, disgust, sad and 
happy. In the variety of behavioral science fields, emotion 
recognition has a significant role to play. The present paper 
describes a system in which preprocessing is performed by median 
filtering. Before extracting features, the watershed segmentation 
is applied to get the required characteristics of an image. In this 
paper, the Gamma based Feature Extraction (GFE), Local Binary 
Pattern (LBP) and Histogram of Oriented Gradients (HOG) 
technique have been used for feature extraction. The LBP 
algorithm is additionally tested with and without application of 
gamma correction using GFE. Two classifiers, namely kNN and 
SVM, have been employed, and their performance is compared. 
kNN and SVM, being supervised classifiers, can aid in better 
accuracy with proper training. 

Keywords : Median filtering, Watershed Segmentation, GFE, 
LBP, HOG, kNN and SVM 

I. INTRODUCTION 

The feelings of human being are typically understood 
through his facial expressions. The analysis of facial 
expressions provides a measure of the sentiments of a human 
being. Thus the emotions of a human being can be recognized 
using facial expressions and hence provide the mechanism of 
non-verbal communication in the social life of human being. 
In interpersonal communication, the contribution of facial 
expression is much higher than text and voice 
communication. As per a classic study, this contribution is as 
high as 55% [1, 2]. Various applications of day to day life can 
be enhanced by effective recognition of facial expressions. 
These applications involve systems like automated machines, 
robotics, and security. 
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Thus recognition of emotion based on facial expressions 
contributes towards the automation of various applications in 
industrial and domestic sectors. 

The facial expressions are classified typically into seven 
different categories, namely surprise, anger, fear, disgust, sad, 
happy and neutral. Last few decades have seen prominent 
growth in the research area of facial expression recognition. 
The researchers are continually pursuing facial expression 
recognition as a vital field of research for improving various 
system automation applications. 

The facial expression recognition typically involves 
various steps. The first step is image preprocessing in which 
the inherent low-frequency noise in the image is eliminated. 
In the second step, the facial action units are explored to 
choose a specific action unit for further investigation. The 
third step involves segmenting the facial image into various 
logical portions that form input to the feature extraction 
phase. Feature extraction forms the next step, in which feature 
vectors are generated. A crucial phase as the output of this 
phase provides a logical database for classification. The final 
phase in facial expression recognition involves classifying the 
feature vectors into physical categories for emotion 
recognition. 

The present paper focuses on feature extraction and 
classification phases of the facial expression recognition 
system. There are various techniques employed in the feature 
extraction phase. These include Speeded-Up Robust Features 
(SURF), Scale Invariant Feature Transform (SIFT), Gabor 
wavelets, Principal Component Analysis (PCA), Linear 
Discriminator Analysis (LDA), Gray Level Co-occurrence 
Matrix, moments. These techniques, even though popular in 
literature, used in isolation, may contribute some drawbacks 
to the developed system. A combination of feature extraction 
techniques provides some advantages to the developed 
system [2]. Hence, the system described in this paper employs 
a combination of GFE, LBP and HOG techniques. The 
literature describes various classification algorithms to be 
used after the feature extraction phase in various applications. 
These include Artificial Neural Networks (ANN) [4], 
AdaBoost classification [7], Support Vector Machine (SVM) 
[6], [8-9], k-Nearest neighbor (kNN) [3], random forests (RF) 
[6], Extreme Learning Machine (ELM) [5]. 
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As with feature extraction techniques, the classification 
algorithms also have individual shortcomings when used in 
facial expression recognition systems.  kNN has challenges 
like memory usage, choice of the number of neighbors. 
Training time for ANN is more. Also, it requires many 
training samples.  ELM faces the overfitting issue along with 
optimization in the choice of hidden layer nodes.  Noisy data 
and outliers are challenging for AdaBoost classifier.  

The paper is organized into the following parts:  Section 2 
gives insights into the implemented method. Section 3 
describes the performance analysis of the implemented. 
Section 4 concludes the presented work. 

II. PROPOSED METHOD  

This section describes the approach used for human 
emotion recognition using facial expressions. The block 
diagram of the proposed system is, as shown in Fig.  1. 
Preprocessing is the first step of implementation. Median 
filtering is applied in this step for smoothing out the input 
image. Segmentation has been used in this step to extract the 
required characteristics from the input image. Using Gamma 
based Feature Extraction (GFE) technique; the gamma values 
of various segments of the image obtained from the first step 
are adjusted. Gamma correction is useful to enhance the 
overall efficiency of the system.  The features of output image 
after gamma adjustment are extracted using Local Binary 
Pattern (LBP) as one part of the system. Another feature 
extraction technique employed in the current system is the 
Histogram of Oriented Gradients (HOG). For this purpose, 
the input image after segmentation is processed for feature 
extraction using HOG technique. 

The classification of feature vectors, either from LBP or 
HOG, is performed using kNN and SVM separately. Results 
of the classification are compared for performance analysis of 
the system.  

A. Preprocessing 

The initial step in a typical digital image processing is 
preprocessing. Image quality, in terms of visual attributes, is 
enhanced with the aid of preprocessing. It also helps in 
enhancing the processing dataset. The random noise in the 
image is removed. The homogeneity and contract features of 
the image are improved. There is also an enhancement of 
boundary areas and the illumination of low-frequency 
features. The noise is typically removed from an image using 
some filtering techniques. 

The median filter has been applied for preprocessing the 
input image as it eliminates impulse noise and bridges the 
corner and edge gaps.  

Variable size matrix has been used to mask the pixels for 
which the median value is computed. Ascending sorting of the 
pixel value gives the central pixel. Central pixel is replaced by 
the median value. Every pixel is compared with the neighbor 
pixel to remove the noise. 

Segmentation 

The image is divided into various regions by means of 
segmentation. We employ watershed segmentation to conquer 
over-segmentation issue arises due to segmentation. This 
process removes the background noise in the image. The 

segmentation improves the performance of the system due to 
the removal of background noise. 

B. Feature Extraction 

The next step, followed by preprocessing and segmentation 
is feature extraction.  The feature plays a vital role since it 
carries significant and meaningful information about an 
image.  Features give rise to dimensional reduction, thus saves 
the memory requirement and processing time for 
classification in pattern recognition. The extracted features 
are stored to form a set of feature vectors. In this paper for 
emotion recognition from facial expression, we have used 
three feature extraction techniques, namely GFE, LBP and 
HOG. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Block Diagram of the Proposed System. 

Local Binary Pattern (LBP) 

A non-parametric operator used for texture information 
retrieval is LBP [7]. 
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 In pattern recognition texture information plays a vital role, 
and   LBP is one of the feature extractors to retrieve the 
texture information from an image. In LBP, the mask of 3x3 is 
applied to the image. Out of a total of nine pixels, the central 
pixel value takes the threshold value by considering eight 
neighbor pixels. The neighboring pixel values are compared 
with a central pixel value. The pixel value is less than 
threshold value pixel is rejected or otherwise, it is accepted.   
The decimal form of the resulting vector is given by (1). 

   
7

0
),( )(2,

k
qpk

k mmgqpLBP
   

(1) 

where, 

),( qpm - Central pixel grey value, 

km -neighbor pixel grey value, 

   ( ) 1, 0g p if p 

 
( ) 0,g p otherwise  

Here grayscale transformation affects significantly 
less on LBP operator. Hence pixel intensities are preserved in 
order with neighborhood pixels.    

Gamma based Feature Extraction (GFE) 

Gamma correction is a part of preprocessing. The 
grey level intensity I is replaced by gamma correction with Iᵞ. 
Here ᵞ is parameter under control of the user. The darker 
portion is enhanced while the bright region is compressed, 
utilizing gamma correction.  

Fig. 2. shows the phenomena of the gamma 
correction. ᵞ value may range in between 0.00 to 10.00, which 
is user-controllable. It can be seen that gamma correction 
adjusts the linear performance for the image under 
consideration. It improves the performance of classification 
accuracy. In this paper, we apply gamma correction along 
with LBP for performance analysis. 

 

 
 

Fig. 2. Gamma Curves[11] 

Histogram of Oriented Gradients (HOG) 

Image processing and computer vision applications use 
HOG [3] as a robust feature descriptor. In HOG, the 
occurrence of gradient orientation is computed in the 
localized region. The localized intensity distribution is 
computed in the HOG feature.  

The HOG feature extraction block gets input as the 
preprocessed image. The image is further divided by this 
HOG feature into a small number of cells. Histogram gradient 
is computed further for the pixels of every cell. The 
concatenation operation is performed on the computed 
histograms gradients to form HOG feature descriptor. HOG 
feature descriptor is invariant to geometric and photometric 
transformations. After gradient computation and orientation 
binning, the descriptor blocks are formed. Concatenation and 
normalization of these descriptors blocks give HOG features. 

The condition for the normalization process is given in (2).  

evvfLnorm nnnn  /    (2) 

where,  

nnv  is the non-normalized vector and 

           e is the error vector. 

C. Classification 

After the feature extraction, one of the essential steps is 
classification. Classification step involves a comparison of 
features of stored image in the dataset with those of the image 
under consideration. The class label associated with the 
trained image feature dataset is assigned where the 
appropriate match is found. Various classes, namely, surprise, 
anger, fear, disgust, sad and happy, are used for categorization 
of facial expressions into emotions; thus forming a multiclass 
problem. We use two classifiers for performance check of the 
implemented method, namely k-Nearest Neighbor (kNN) and 
Support Vector Machine (SVM). 

k-Nearest Neighbor (kNN) Classification 

k-Nearest Neighbor [1, 5] classifier is applied on pattern 
recognition problems using non-parametric method for 
classification of various classes. The numeric distance 
between the test pattern and training pattern is computed by 
the classifier. k nearest set of training patterns forms the 
classifier input. The odd numbers of training patterns forming 
the nearest neighbours are the basis for the classification 
algorithm. The class of the maximum number of training 
patterns that forms the nearest neighborhood is the basis 
computing the output of the classifier.  The classification of 
feature vector into a particular class is hence performed by 
comparing it with an odd number of nearest neighboring 
training feature vectors. For example, for k=1, it is a single 
nearest neighbor, while for k=3, the classifier compares test 
vector with three training feature vectors and finds a 
maximum match of testing feature vector with other three 
training feature vectors, and for k=5,7,9 and so on. The entire 
classification algorithm has been depicted in Fig. 3. 

Fig.  3.  presents three geometric patterns, namely triangle, 
rectangle and circle as feature vectors. The geometric patterns 
are chosen so as to provide ease of understanding. The 
training features and testing features are represented by 
triangle and rectangle, and circle, respectively. As shown in 
Fig. 3., the test feature (circle) is compared with three nearest 
neighbors, two out of which are triangles and one is a 
rectangle. 
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Fig. 3. kNN classification[12] 

The circular pattern is classified into triangle class, 
according to the kNN classification algorithm, as two out of 
the three nearest neighbors are triangles. The methodology 
presented applies to all the real-time classes.   

Support Vector Machine (SVM) 

SVM [2] is one of the supervised learning classifiers and 
also has non-linear features. SVM gives a generalized 
performance since it uses statistical learning theory. SVM 
gives optimum performance for limited size dataset. Different 
kernel functions can be tried to get the optimum performance 
of SVM classifier. It provides an interactive and dynamic 
approach. To get high-performance efficiency, selection of 
kernel function plays an important role.  

Support vector machines have previously been successfully 
employed in a variety of classification applications, including 
identity and text recognition as well as DNA microarray data 
analysis. 

III.  PERFORMANCE ANALYSIS 

This section gives the performance analysis of three 
features, namely GFE, LBP and HOG. Initially, the database 
used for experimentation followed by system specifications 
on which experimentation is carried out is explained. The 
later part of the section describes the performance parameters 
considered along with discussions on results presented.  

A. Database and Experimental setup 

 The standard JAFEE [9] database comprising of 213 static 
images has been used for experimentation purpose. The 
database comprises of images in TIFF format having 
dimensions 256×256 pixels and storage size in the range 
between 60 to 70 KB. The use of standard database facilitates 
a platform for accuracy measurement, more specific results 
and comparison of results in terms of a common platform. The 
employed database is classified into testing and training 
datasets. Training dataset contains 120 images, whereas the 
testing dataset uses the remaining 63 images. The 
experimental setup consists of Matlab version 2014a software 
installed on a laptop having Windows 7 OS, i3 processor and 
3 GB RAM. The purpose of Matlab software is to run the 
simulation of the proposed algorithm on the said dataset. 

B. Results and Confusion Matrix 

In this work, kNN and SVM classifiers have been applied 
to training and testing datasets. In the training phase, the HOG 
feature vectors of training dataset are computed. The testing 
phase involves computation of the HOG features of the image 
under test and comparing with the HOG features of all the 
images in the training dataset. The best match is based on the 
closest distance of the testing feature from that of training 
dataset feature. Using a similar methodology, LBP features 
are computed and applied to training and testing datasets. 

Table I represents, the confusion matrix for SVM classifier 

applied to the HOG feature. From Table I, it can be seen that 
for happy and surprise class recognition rate is maximum. 
Another finding from Table I, is that anger and fear 
expressions are not distinguished accurately due to the high 
level of similarity in the feature vectors.  

Table- I: Confusion matrix for SVM applied to HOG 
features 

Emotion Surprise Anger Fear Disgust Sad Happy 
Surprise  72.72% 0 9.09% 9.09% 9.09% 0 
Anger 0 70% 10% 10% 0 10% 
Fear  20% 0 60% 0 10% 10% 

Disgust 10% 10% 20% 60% 0 0 
Sad  9.09% 18.18% 9.09% 0 63.63% 0 

Happy 9.09% 9.09% 9.09% 0 0 72.72% 

Table II represents the confusion matrix for kNN classifier 
applied to the HOG feature. From Table I, it can be seen that 
the surprise class has maximum recognition accuracy. 
Another finding from Table I is that fear expression has a 
minimum recognition accuracy.  

 
Table- II: Confusion matrix for kNN applied to HOG 

features 
Emotion Surprise Anger Fear Disgust Sad Happy 
Surprise  81.81% 0 9.09% 9.09% 0 0 
Anger 0 70% 20% 0 10% 0 
Fear  20% 0 60% 20% 0 0 

Disgust 10% 10% 0 70% 0 10% 
Sad  0 9.09% 9.09% 9.09% 72.72% 0 

Happy 9.09% 9.09% 0 0 0 81.81% 

Similarly, kNN and SVM classifiers are applied on LBP 
feature vectors without gamma correction. Table III depicts 
the confusion matrix for kNN applied to LBP features without 
Gamma correction. It can be seen from Table   III, that the 
recognition accuracy of surprise and happy class is maximum. 
Also, from Table III, it is observed that a sad class has a 
minimum recognition accuracy.  

 
Table- III: Confusion matrix for kNN applied to LBP 

features without Gamma correction 
Emotion Surprise Anger Fear Disgust Sad Happy 
Surprise  72.72% 0 9.09% 9.09% 9.09% 0 
Anger 0 60% 10% 10% 10% 10% 
Fear  10% 10% 60% 0 10% 10% 

Disgust 10% 10% 10% 60% 10% 0 
Sad  9.09% 18.18% 9.09% 9.09% 54.54% 0 

Happy 9.09% 9.09% 9.09% 0 0 72.72% 

Table IV depicts the confusion matrix for kNN applied to 
LBP features with Gamma correction. It can be seen from 
Table IV, that the recognition accuracy of surprise and happy 
class is maximum. Also, from Table IV, it is observed that a 
sad, fear and disgust class have minimum recognition 
accuracy.  

 
Table- IV: Confusion matrix for kNN applied to LBP 

features with Gamma correction 
Emotion Surprise Anger Fear Disgust Sad Happy 
Surprise  90.90% 0 0 9.09% 0 0 
Anger 0 70% 10% 10% 10% 0 
Fear  10% 10% 70% 0 0 10% 

Disgust 10% 0 10% 70% 10% 0 
Sad  9.09% 9.09% 9.09% 9.09% 63.63% 0 

Happy 9.09% 0 9.09% 0 0 81.81% 
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Similarly, the SVM classifier is applied to LBP feature 
vectors without gamma correction. Table V depicts the 
confusion matrix for SVM applied to LBP features without 
Gamma correction. It can be seen from Table V, that the 
recognition accuracy of surprise and happy class is maximum. 
Also, from Table V, it is observed that fear and disgust class 
have minimum recognition accuracy.  

 
Table- V: Confusion matrix for SVM applied to LBP 

features without Gamma correction 
Emotion Surprise Anger Fear Disgust Sad Happy 
Surprise  81.81% 0 0 9.09% 9.09% 0 
Anger 0 70% 10% 10% 10% 0 
Fear  10% 10% 60% 0 10% 10% 

Disgust 10% 10% 10% 60% 10% 0 
Sad  9.09% 18.18% 0 9.09% 63.63% 0 

Happy 9.09% 9.09% 9.09% 0 0 72.72% 

Table VI depicts the confusion matrix for SVM applied to 
LBP features with Gamma correction. It can be seen from 
Table VI, that the recognition accuracy of surprise and happy 
class is maximum. Also, from Table V, it is observed that fear 
and disgust class have minimum recognition accuracy.  

 
Table- VI: Confusion matrix for SVM applied to LBP 

features with Gamma correction 
Emotion Surprise Anger Fear Disgust Sad Happy 
Surprise  90.90% 0 0 9.09% 0 0 
Anger 0 80% 0 10% 10% 0 
Fear  10% 0 70% 10% 0 10% 

Disgust 10% 0 10% 70% 10% 0 
Sad  0 0 9.09% 9.09% 81.81% 0 

Happy 9.09% 0 0 0 0 90.90% 

 

 
Fig. 4. Performance of kNN and SVM  with and without 

Gamma correction for LBP and HOG Feature 

Fig. 4. shows the comparison of LBP with gamma 
correction, LBP without gamma correction and HOG without 
gamma correction. The performance accuracy is presented in 
terms of percentage. From results, it can be seen that 
performance accuracy for all classes is giving best results for 
LBP with gamma correction. The most promising results are 
obtained for surprise and happy class. Whereas there is still 
scope of improvement for the performance accuracy of the 
fear and disgust class. 
 

IV. CONCLUSION 

This paper described the use of facial expressions for emotion 
recognition. This objective is achieved with the use of GFE, 
LBP and HOG features, and kNN and SVM classifiers. 
Images of the face are preprocessed with the aid of median 
filtering and watershed segmentation algorithm. The results 
reveal that without gamma correction, the performance 
accuracy for the HOG using kNN and SVM is better than that 
using LBP for surprise and happy class. The performance 
accuracy of LBP with gamma correction is more compared to 
that of LBP without gamma correction, excepting sad class. 
The recognition rate of Happy and Surprise class is better as 
compared to all other classes for all implemented methods; 
whereas Fear and Disgust class have exhibited lowest 
performance accuracy. 
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