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Abstract— Face Expression Recognition (FER) has turned into an extremely
interesting and challenging area in computer vision field due to its wide application
potential outcomes. Mental states Recognition, Human Computer Interaction,
Human behavior understanding etc. are some of its applications,because of its wide
application possibilities. The facial expression recognition finds major application in
areas like social interaction and social intelligence. This review paper present
various techniques used in facial expression recognition like principal component
analysis (PCA), linear discriminate analysis (LDA) etc is done in this paper. The
survey is represented in tabular form for quick reference. 9 7770024"543081
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INTRODUCTION : Face Recognition has been one of the major area of interest in the field of biometric and
security for the past few decades. Humans have a very strong face recognition technique. Human brain is so
sophisticated that it can recognize faces even with the vast changes in appearance. The scientists have always been
amazed by the human brain capacity to recognize face under different varied condition. A lot of attempt were made
to replicate this technique of our brain. Various algorithms were developed for face recognition based on this. The
efficiency of recognition depends on feature extraction method adopted. Evolutionary algorithms like neural
networks, fuzzy logic etc. were also incorporated with the face recognition algorithms to increase the recognition
rate. But there are a lot of constraints that has been implemented in applying these algorithms, like the poses should
not vary, or there should not be any difference in the illumination, the expressions should not vary, there should not
be much changes with age etc. Overcoming even a single constraint is a great challenge. The facial expression
recognition systems consists of four major steps. Face detection and normalization phase detects the face and
lighting effect is reduced. Next step is feature extraction which extracts the features and irrelevant features are
eliminated in feature selection process. Final step is classification where the expressions are classified in to six basic
emotions.

Facial expression recognition methods are separated into two categories: geometric-based methods and appearance-
based methods. Geometric-based methods concern about the feature vectors encoding some facial geometric
properties such as distance, angle, and position to determine the shapes and locations of the invariance points of
face. For instance, in invariance points belong to a face image were extracted for facial expression recognition. 20
invariance points were derived from 74 separate landmarks in. Success of the methods depends on powerful face
component detection methods to set facial invariance points, which provides a few difficult at real life applications.
Appearance-based methods use the features extracted directly from the images but does not include an information
relating to the facial points. There are a lot of Appearance based methods. The most important ones are Local
Binary Pattern (LBP), Gabor Wavelets,Local Gabor Binary Patterns (LGBP), Scale Invariant Feature Transform
(SIFT), Histogram of Oriented Gradient (HOG), and Curvelet Transform. Facial expressions make the certain
regions of face change, which causes interest in just the special regions. In, the salient features were extracted from
local patches.

Techniques for Facial Expression Recognition

A. Principal Component Analysis
Principal Component Analysis (PCA), also known as the eigen face approach is one of the popular method
for facial expression recognition. The major goal of PCA is to reduce the dimensionality for effective face
indexing and retrieval. Also, PCA uses linear projection, which maximize the projected sample scattering.
In this, the identity of the person is the only varying factor.PCA faces difficulty if other factors like
viewpoint, lighting are varied.
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B. Fisher’s Linear Discriminant
Under severe variation in facial expression and illumination Fishers Linear Discriminant (FLD) is more
suitable. FLD reduces the scattering of projected sample since it is a class specific method. Error rate is
reduced when compared to PCA.

C. Independent Component Analysis
Both PCA and LDA generate spatially global feature vectors. But for effective facial expression
recognition spatially localized feature vectors is needed. Therefore Independent Component Analysis (ICA)
generates statistically independent basis vector. The average recognition rate is improved. But ICA is
computationally expensive than PCA.

D. 2Dimensional Principal Component Analysis
In PCA, feature extraction is done based on 1D vectors. Therefore the image matrix need to be transformed
into vector. 2dimensional Principal Component Analysis (2DPCA) uses 2D matrix instead of 1D vector.
The recognition rate of 2DPCA is higher than PCA. But the storage requirement for 2DPCA is higher than
PCA since 2DPCA needs more coefficients for image representation.

E. Global Eigen Approach using Color Images
Conventional facial expression recognition techniques like PCA, LDA etc uses only the luminance
information in face images. Global Eigen Approach uses the color information in face images.RGB color
space does not provide any improvement in recognition rate. In HSV color space, H component is removed
since it reduces recognition rate. YUV color space provides high recognition rate.

F. Sub pattern Extended 2-Dimensional PCA
The recognition rate of PCA is low and has small sample size problem. For gray facial expression
recognition, 2DPCA is extended to Extended 2DPCA. But E2DPCA is not applicable for color images.
Therefore Sub pattern Extended 2-Dimensional PCA (SpE2DPCA) is introduced for color face recognition.
The recognition rate is higher than PCA, 2DPCA, E2DPCA and problem of small sample size in PCA is
also eliminated.

G. Multilinear Image Analysis
Facial expression recognition needs different factors like pose, lighting, expressions to be considered. But
the conventional PCA addresses only variations in single factor. Multilinear image analysis use multilinear
algebra. In this, the concept of ,,Tensor faces™ is used, which separates different factors underlying the
formation of an image. Recognition rate is greater when compared to PCA approach. Color information is
not incorporated in multilinear image analysis.

H. Color Subspace Linear Discriminant Analysis
The 1DLDA AND 2DLDA are extended in color space to improve the face recognition accuracy. A 3D
color tensor is used to generate color LDA subspace. Horizontal unfolding increases the recognition rate for
2DLDA while vertical unfolding improves recognition rate for 2DPCA.The performance evaluation of
various color spaces is not done.

I. 2D Gabor filter bank
The Gabor filtering is considered as one of the most important feature extraction technique in facial
expression recognition. Gabor filter bank performs better in terms of recognition rate than the other
methods like PCA, LDA etc. The major limitation of gabor filter is its bandwidth limitation ie. maximum
bandwidth is limited to one octave. Gabor filters loss high and low frequency information since it is band
pass in nature

J. Local Gabor Binary Pattern
Appearence based features are being used for face recognition since it encodes specific details about human
faces. In this facial image is divided into sub blocks and similarities between sub blocks is obtained. An
important advantage of Local Binary Pattern (LBP) is its illumination tolerance. In Local Gabor Binary
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Pattern(LGBP) method, LBP is extracted from gabor filters for feature vector generation. LGBP achieves

better performance than gabor filter method.
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Fig. 1. Steps in Face Expression Recognition
The Face Expression Recognition is a multistage process. i.e. it is processed in stages. The main stages of
FER are (1) Preprocessing (2) Face Detection (3) Facial component Detection (4)Feature Extraction and (5)
classification.

Table 1. Literature Survey Of Different Methods Of Face Expression Recognition
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Table2: Comparison table on literature survey
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NAME METHOD PERFORMANCE DISADVANTAGES
Low-Dimensional Procedurs | Principal Component Becognition rate is low | Only single factor can be
for Charactenzation Analysis varied
of Human Faces
Eipenfaces vs. Fisherfaces : | Fisher's Linear Becopration rate higher Global feature vectars are
recognition using class Dizcriminant than PCA generated
gpecific linear
Projection
Fecognizing Faces with Independent Component Recognition rate is Computationally expensive
PCA and ICA Analyeis improved compared to than PCA
PCA and FLD
Two-dimensional PCA- A 2 Dimensional Principal Recogrition rate iz higher | Storage requirement is lngher
new approach to appearance- | Component Analysis than PCA than PCA
based face
representation and
recognition
The importance of the color | Global Eigen Approach YUV color space has BGE color space does not
information in face ustng Color Images highest recosmition rate provide any mmprovement m
recognition recosnition rate
A novel hybrid approach Subpattern Extended 2- Becopration rate higher Wariation i hshting, pose are
based on sub-pattem Dimensional Prmeipal than PCA 2DPCA not considered
technique and E2DPCA Component Analyziz
for color fece recommition
Face Recognition using a Color Subspace Linear Pecognition rate is higher | Varation of performance in
Color Subspace LDA Dizcriminant Analysis than 2DPCA and LDA color spaces 15 not evaluated
approach
Multilinear Image Analysis | Multilinear bnage Recognition rate higher Less performance than Color
for Facial Recomition Analveis than PCA Subspace LDA
Gabaor Filter Based Face 2-Dimensional Gabor Higher recoznition rate Low znd hizh frequency
Fecognition Technique Filter Bank than PCA, component attemation
LDA IDPCA Global
Eigen Approach
Local binary patterns for Local Gabor Binary Better recognition rate Color mformation is not
multi-view facial expression | Pattem than Gabor filter bank mchudad
recognition
illumination conditions and thus performance can be improved.
CONCLUSION

This paper presents a literature survey on the various techniques involved in facial expression recognition.
There are various techniques that can be used for the purpose. These methods are measured on the basis of
recognition rate. Higher the recognition rate, greater the performance. The tensor perceptual color
framework has the highest recognition rate and has highest performance.

REFERENCES

[1] Farshid Hajati, Abolghasem A. Raie and Yongsheng Gao, “Expression invariant 3D Face Recognition
using Patched Geodesic Texture Transform”, 2010 Digital Image Computing: Techniques and
Applications, 2010,pp 249- 254

[2] Xianxing and Jieyu Zhao, “Curvelet Feature Extraction for Face Recognition and Facial Expression
Recognition”, 2010 Sixth International Conference on Natural Computation(ICNC 2010), pp 1212 — 1216
[3] Zisheng Li, Jun-ichi Imai and Masahide Kaneko, “Face and Expression Recognition Based on Bag of
Words Method Considering Holistic and”, Communications and Local Image Features”, Information
Technologies (ISCIT), 2010 International Symposium

45

——
| —



© INNOVATIVE RESEARCH THOUGHTS | Refereed | Peer Reviewed | Indexed
ISSN : 2454 - 308X | Volume: 04 ,Issue: 03| January — March 2018

[4] Adin Ramirez Rivera and Jorge Rojas Castillo, “Local Directional Number Pattern for Face Analysis:
Face and Expression Recognition”, IEEE transactions on Image Processing, Vol.22, No.5, May 2013,pp
1740-1752

[5] Nese Alyuz, Berk Gokberk and Lale Akarun, “Regional Registration for Expression Resistant 3D Face
Recognition”, IEEE transactions on Information Forensics and security, Vol.5, No.3, 2010, p 425- 440

[6] Maria De Marsico, Michele Nappi and Daniel Riccio, “ FARO: Face Recognition Against Occlusions
and Expression Variations”, IEEE Transactions on Systems, Man and Cybernetics- Part A: Systems and
Humans, Vol. 40, No.1, January 2010, pp 121 — 132 [7] Ann Theja Alex, Vijayan K. Asari and Alex
Mathew, “Gradient Feature Matching for Expression Invariant Face Recognition using Single Reference
Image”, 2012 IEEE International Conference on Systems, Man and Cybernetics, October 2012, pp 851 -
856 [8] Kai-Tai Song and Yi-Wen Chen, “A design for Integrated Face and Facial Expression
Recognition”, pp 4306 — 4311

[9] S. Z. Li, A. K. Jain, Y. L. Tian, T. Kanade, and J. F. Cohn, “Facial expression analysis,” in Handbook
of Face Recognition. New York: Springer-Verlag, 2005, pp. 247-275

[10] T. Kanade, J. Cohn, and Y. L. Tian, “Comprehensive database for facial expression analysis,” in Proc.
4th IEEE Int. Conf. Autom. Face Gesture Recognit., May 2000, pp. 46-53.

[11] P. Lucey, J. Cohn, T. Kanade, J. Saragih, Z. Ambadar, and 1. Matthews, “The extended Cohn—Kanade
dataset (CK+): A complete dataset for action unit and emotion-specified expression,” in Proc. IEEE
Comput. Soc. Conf. Comput. Vis. Pattern Recognit. Workshops, Jun. 2010,pp. 94-101.

[12] M. Lyons, S. Akamatsu, M. Kamachi, and J. Gyoba, “Coding facial expressions with Gabor wavelets,”
in Proc. 3rd IEEE Int. Conf. Autom. Face Gesture Recognit., Apr. 1998, pp. 200—205.

[13] M. Pantic, M. Valstar, R. Rademaker, and L. Maat, “Web-based database for facial expression
analysis,” in Proc. IEEE Int. Conf. Multimedia Expo, Jul. 2005, pp. 1-5.

[14] M. F. Valstar and M. Pantic, “Induced disgust, happiness and surprise:An addition to the MMI facial
expression database,” in Proc.

Int. Conf. Lang. Resour. Eval. Workshop EMOTION, May 2010, pp. 65-70.

[15] T. Sim, S. Baker, and M. Bsat, “The CMU pose, illumination, and expression database,” IEEE Trans.
Pattern Anal. Mach. Intell., vol. 25, no. 12, pp. 1615-1618, Dec. 2003

[16] Jaimini Suthar, Narendra Limbad, “A Literature Survey on Facial Expression Recognition techniques
using Appearance based features”, International Journal of Computer Trends and Technology (IJCTT) —
volume 17 Number 4 Nov 2014

[17] Jyoti Kumari, R.Rajesh, KM.Pooja, “Facial expression recognition: A survey”, Second International
Symposium on Computer Vision and the Internet, Procedia Computer Science 58 (2015 ) 486 — 491

[18] Lyons MJ, Budynek J, Akamatsu S., “Automatic classification of single facial images”, IEEE
Transactions on Pattern Analysis and Machine Intelligence 1999;21:1357-62.

[19] Ojala T, Pietik"ainen M, Harwood D. "A comparative study of texture measures with classification
based on featured distributions", Pattern recognition 1996;29:51-9

[20] Turk MA, Pentland AP. “ Face recognition using eigenfaces. In: Computer Vision and Pattern
Recognition”, Proceedings, CVPR’91 IEEE Computer Society Conference on. IEEE; 1991, p. 586-91.

46

——
| —



