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Abstract

Face Expression Recognition is very fast growing research field in computer vision & artificial intelligence. Human Facial
Expression is not just an easy and straightforward task due to several circumstances like illumination, facial occlusions, face
shape/colour etc. Its applications include human-computer interfaces, human emotion analysis, and medical care and cure. The
paper deals with the comparative study of neural network based approaches with its application to the facial expression
recognition system.
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I. INTRODUCTION

Acrtificial Neural Networks (ANN) are widely used in many fields of pattern recognition, fitting curves, clustering, etc. Facial
expression recognition has very large scope in various areas like lie detection, intelligent environments, neurology, clinical
psychology, behavioural and cognitive sciences and multimodal human computer interface (HCI). It uses the facial signals and
enables communication between human and computer in more robust and natural way. In surveillance system and in intelligent
environment, this technique is useful in following ways:
1) The coming era is about robotics & machining. Hence, for making the interaction possible between humans and
computers possible, this system will prove to be very much useful.
2) In clinical psychology, a paralysis patient responds to the treatment depending on their facial expressions can be done
by this system.

Grouping of facial expressions can be used as an important tool in facial behavioural studies and in medical science. Our
ultimate goal is to classify the facial expressions, no matter if the given image does not lie in the database.

Emotional states have a greater effect on the face which can tell about mood of the person. So, if we can identify facial
emotions, we will be able to understand about human’s emotions and mood. It is very important to see how accurately the system
can identify the expressions. Lots of research work has already been published in this area & many algorithms are worked upon
in the field of neural network.

Existing Facial Expression detection Methods are not 100 percent efficient in detection of exact human emotion present in a
facial image. Human Computer interaction (HCI) is still a challenging task and emotion detection system can help HCI to act as
HHI (Human-Human Interaction).

This paper brings about the summary of three neural network approaches for effective facial expression recognition. They are
Back propagation algorithm, linear vector quantization & Radial basis function networks.

Il. RELATED WORK

About 55 percent of human communication information is communicated by facial expressions [11]. Many modern FER systems
use the geometric positions of certain key facial points which together form the input feature vector. Some researchers used
distance parameters to extract facial features for expression recognition. Limitation of such system is that all have used manual
approach for pointing or extracting features which was time consuming.

Many authors have worked on facial expression images. Extraction of region of interest from that particular image is of
concern. In the computer vision community, the term “facial expression recognition” often refers to the classification of the six
basic emotions: happy, sad, fear, disgust, surprise and angry. They can reveal the psychological state of a person.

Some systems recognised facial expressions by using firstly, directional filters and then edge detection. The method involved
firstly removing blurring of image then detecting the edges of the face [3].

Some systems made use of neural networks with generation of tokens for emotion recognition by providing input threshold
values. But since threshold values were manually entered, accuracy was reduced by generation of tokens i.e. along the edges of
face small triangles are plotted [8].
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SUSAN edge detector and facial geometry distance method involved use of morphological operations. The method involved
plotting of the lines which were approximate which reduced its accuracy to 95.26 percent [6].
Many modern FER systems were proposed to recognize few of facial expressions out of seven basic facial expressions. These
systems could not recognize all seven basic facial expressions. It has also been observed that the problem of facial expression
recognition has been carried out mostly on the basis of comparison of other expression images with neutral images. This
approach increases the complexity in terms of comparison which slows down the speed of computation. Also, the system
memory requirement increases. Some of them implemented emotion analysis system using RBF network for classification. They
tried for three emotions, namely happy, angry & disgust [7].

Thus manually placing the positions of feature point for feature extraction, accuracy, recognition of few of the facial
expressions instead of recognizing all seven facial expressions and recognition efficiency are the major issues to be considered as
far as existing FERS are concerned.

111.PROPOSED METHOD

A. Facial Expression Recognition Involves Following Steps:

Image acquisition from the database

Pre-processing of the database

Feature Extraction

Expression classification & Recognition

Fig. 1: Generalized block diagram

Images from the particular selected database are first fed in. Then required image processing operations are performed such as
conversion of coloured image to greyscale, resizing of that image, morphological operations such as dilation & erosion. After
images are processed, it is than ready for feature extraction. By using appropriate algorithm, features of image are extracted
which forms a feature vector. This feature vector is than will be fed to a classifier which will sort the newly fed test images
depending on the feature vector extracted from it.

IV. FEATURE EXTRACTION & CLASSIFIER

The algorithm used for feature extraction is Local binary pattern (LBP). The original LBP operator points the pixels of an image
with decimal numbers, which are called LBPs or LBP codes that encode the local structure around each pixel. Each pixel is
compared with its eight neighbours in a 3 by 3 neighbourhood by subtracting the centre pixel value. In the result, negative values
are encoded with 0, and the others with 1. Then, clockwise grouping of binary digits forms the LBP code.

A. Radial Basis Functions (RBF):

It has attracted a great deal of interest due to their rapid training, generality and simplicity. When compared with traditional
multilayer perceptrons, RBF networks present a much faster training, without having to cope with traditional Back Propagation
problems, such as network paralysis and the local minima. These improvements have been achieved without compromising the
generality of applications. It has been proved that RBF networks, with enough hidden neurons, are also universal
approximations. The RBF network is based on the simple idea that an arbitrary function y(x) can be approximated as the linear
superposition of a set of localized basis functions p(x), leading to a structure very similar to the multi-layer perceptron. The RBF
is basically composed of three different layers: the input layer, which basically distributes the input data; one hidden layer, with a
radially symmetric activation function, hence the network’s name; and one output layer, with linear activation function. For most
applications, the Gaussian format is chosen as the activation function (x) of the hidden neurons.
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B. Linear Vector Quantization:

The basic LVQ algorithm is actually quite simple. It starts from a trained SOM with input vectors x and weights/\Voronoi vectors
wj. We then use the classification labels of the inputs to find the best classification label for each wj, i.e. for each Voronoi cell. It
is unlikely that these Voronoi cell boundaries will match the classification boundaries.

Teacher ﬁ

Inputs Class labels

sl SOM > LVQ el

Fig. 2: Basic LVQ Neural Network
This network provides better efficiency rather than just single self organising map (SOM).

C. Back Propagation Algorithm:

The most widely used neural network is the Back Propagation algorithm. This is due to it’s relatively simplicity, together with its
universal approximation capacity. The back-propagation algorithm defines a systematic way to update the synaptic weights of
multi-layer perceptron (MLP) networks. The supervised learning is based on the gradient descent method, minimizing the global
error on the output layer. The learning algorithm is performed in two stages: feed-forward and feed- backward. In the first phase,
the inputs are propagated through the layers of processing elements, generating an output pattern in response to the input pattern
presented. In the second phase, the errors calculated in the output layer are then back propagated to the hidden layers where the
synaptic weights are updated to reduce the error. This learning process is repeated until the output error value, for all patterns in
the training set, are below a specified value. The definition of the network size (the number of hidden layers and of neurons in
each layer) is a compromise between generalization and convergence. Convergence is the capacity of the network to learn the
patterns on the training set and generalization is the capacity to respond correctly to new patterns. The idea is to implement the
smallest network possible, so it is able to learn all patterns and, at the same time, provide good generalization. The Back
Propagation, however, has two major limitations: a very long training process, with problems such as local minima and network
paralysis; and the restriction of learning only static input -output mappings.

V. RESULTS

LBP algorithm extracted 1 x 144 values forming the feature vector from region of interest and then concatenating all the values.
Following are the results obtained when fed to various classifiers:

Algorithm Accuracy Time consumed
RBF 98.2 % 25 Seconds
LVQ 63.7 % | 6 minutes 30 seconds
Back Propagation | 90.2 % 2 Seconds
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Fig. 3: RBF network confusion matrix
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Fig. 4: LVQ network confusion matrix
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Fig. 5: Back Propagation network confusion matrix
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Fig. 6: LVQ network response
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From Fig 6, We can see that LVVQ algorithm is least efficient for 7 expression classification as the output graph is overlapping.

V1. CONCLUSION & FUTURE WORK

This paper presents Human face expressions classification using Back propagation Neural Networks training, LVQ & RBF
networks. We found that RBF network shows maximum training performance for facial expression classification. Time taken for
processing is the least in Back propagation algorithm. Classifier will be further developed to classify the expressions with much
higher accuracy than current approach by use of adaptive networks.
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