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Abstract – Facial expressions provide an important
behavioral measure for the study of emotions, cognitive
processes and social interaction. Facial Expression
Recognition (FER) is process performed by computers which
consist of detect the face in the image and preprocess the face
region, extracting facial expression features from image.
There have been several advances in the past few years in
terms of face detection and tracking, feature extraction
mechanisms and the techniques used for expression
classification. This paper presents a time-line view of the
advances made in this field, the key challenges and the
classifications of FER.
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I. INTRODUCTION

With the development of artificial intelligence and
pattern recognition, people pay more and more attentions
to facial expression recognition which is an important
technology of intelligent human-interactive interface.
Researcher says that the verbal part or spoken words of a
message contributes only for 7 percent to the effect of the
message as a whole, the vocal part contributes for 38
percent, while facial expression of the speaker contributes
for 55 percent to the effect of the spoken message. This
implies that the facial expressions form the major modality
in human communication. Facial expressions are a form of
nonverbal communication. They are a primary means of
conveying social information. To convey information
easily in the field of networking and robotics, facial
expression recognition can play a very important role. The
process of expression recognition involves processing
images by detecting the face, extracting the facial features,
and then using an algorithm to identify the expressions
made based on the movements of the feature made. A very
important requirement for facial expression recognition is
that all processes therein have to be performed without or
with the least possible user intervention. This typically
involves initial detection of face, extraction and tracking
of relevant facial information, and facial expression
classification. In this framework, actual implementation
and integration details are enforced by the particular
application. For example, if the application domain of the
integrated system is behavioral science, real-time
performance may not be an essential property of the
system.
A. Non-verbal communication

Automated Systems for Non-verbal Communication is
an ongoing project at the Knowledge Based Systems

department of the TU Delft [3]. The system has to provide
qualitative and quantitative information about different
non-verbal signals at different levels. On the lowest level,
the system should detect a non-verbal signal shown by the
observed person. On the next level, the system should
categorize the detected signal as a specific facial action
(e.g. smile), a specific body action (e.g. shoulders shrug), a
specific vocal reaction (e.g. high speech velocity), or a
specific physiological reaction (e.g. sweating). On a higher
level the system should give an appropriate, for example
an emotional, interpretation of the recognized signal. On
the highest level the system should reason about the
intentions of the user.
B. How this thing works?

There are two different approaches commonly used in
computer vision based facial expression recognition so far:
recognition using 2D still images and recognition using
image sequences. Approaches using image sequence often
apply optical flow analysis to the image sequence and use
pattern recognition tools to recognize optical flow patterns
associated with particular facial expression. This approach
requires acquisition of multiple frames of images to
recognize expressions and thus has limitations in real-time
performance and robustness. Facial expression recognition
using still images often use feature based methods for
recognition and thus have fairly fast performance but the
challenge in this approach is to develop a feature
extraction method that works well regardless of variations
in human subjects and environmental conditions.

II. CHALLENGE IN FACE EXPRESSION

RECOGNITION SYSTEM

Facial expression analysis and recognition is a complex
task because faces vary from one person to another due to
different age. The challenges associated with face
expression recognition can be attributed to the following
factors [2].
A. Pose: The images of a face vary due to the relative
camera face position such as frontal or non-frontal. Face
may have a different angle so some of facial features such
as an eye or the nose may become partially or wholly
occluded. To overcome this challenge implements good
pre-processing techniques which are invariant to
translation, rotation and scaling. As shown in fig 1 image
which is used for feature extraction having different pose
is complex.
B. Occlusion: Faces may be partially occluded by other
objects. In an image if face is occlude by some other faces
or objects such as mask, hair, glasses as shown in fig 2.
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For that image extraction of expression features are
complex.

Fig.1. Different Pose in an image

Fig.2. Occluded Face

C. Illumination: If the images are taken in different
lights. Then expression feature can be detected
inaccurately and hence recognition rate of facial
expression is low. Face image taken with different lights is
shown in fig 3. This factor would typically make feature
extraction more difficult. To compensate the variation of
illumination in an input image, image preprocessing
methods like DCT normalization, Histogram Equalization,
Rank Normalization can be applied before feature
extraction.

Fig.3. Illuminated Face

III. CLASSIFICATION OF FACE RECOGNITION

METHODS

All existing face recognition techniques can be
classified into four types based on the way they signify the
face.
a) Appearance based which uses all-inclusive texture

features.
b) Model based which works shape and texture of the

face, along with 3D depth information.
c) Pattern based face recognition.
d) Techniques using Neural Networks

Generally, a face recognition system consist of three key
elements:

a) Face detection and normalization.
b) Feature extraction and discriminant analysis.
c) Identification and/or verification.
d) The strength of face recognition may possibly improve

by handling the variations in these elements.

Fig.4. Classification of face recognition methods

A. Feature extraction
It is a very important step for face recognition. Several

methods need exact locations of key facial features such as
eyes, nose, and mouth to stabilize the faces.
B. Face detection

Given a single image or video, an ideal face detector
must be able to identify and locate all the present faces
regardless of their position, scale, orientation, age, and
expression.
C. Face alignment

Facial components, such as eyes, nose, and mouth, and
facial outline are located, and thereby the input face image
is normalized in geometry and photometry.

IV. DIFFERENT FACIAL EXPRESSIONS

Most of the facial behavior researchers were relying on
the human observers who would observe the face of the
subject and give their analysis. But such visual
observations cannot be considered as an exact science
since the observers may not be reliable and accurate.
Ekman et al [8] questioned the validity of such
observations by pointing out that the observer may be
influenced by context. They may give more prominence to
the voice rather than the face and furthermore, the
observations made may not be the same across cultures;
different cultural groups may have different
interpretations. Following Figure 5 demonstrates the seven
universal expressions of emotion. Each of these
expressions is racially and culturally independent.

Fig.5. Different facial expressions
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V. COMPARISON OF MAJOR TECHNIQUES OF

FER

The characteristics used to distinguish are: pre-
processing, feature extraction, database and result. Pre-
processing is the main step in facial expression
recognition. It is used to get a normalized, enhanced image
with less noise. In fuzzy model, pre-processing is based on
skin color [4] and in cloud model its outcome is a group of
cloud droplets [5]. Second characteristic is feature
extraction which gives the extracted features that are used
in classification. In PCA and SVD, singular values are
extracted using SVD. Cloud model uses three numerical
characteristics {Aexp, Bent, Chent} and K-Means
algorithm uses two values- density of pixels and ratio of
height to width of cropped boundary region [6]. In fuzzy
model, features are limited to eyes and mouth. Neural
network uses eigenvalues for classification [7]. Based on
the features extracted and the databases used by the
techniques, the performances are shown in the table1.

Table1: Comparison of major techniques of facial
expression recognition

VI. CONCLUSION

The objective of this paper is to show a survey on the
structure of analyzing the facial expression. Face
expression recognition systems have improved a lot over

the past decade. The focus has definitely shifted from
posed expression recognition to spontaneous expression
recognition. Face Expression Recognition techniques have
always been a very challenging task in real life
applications because of the variations in the illumination,
pose and occlusion. This paper has briefly overviewed the
methodology of facial expression recognition.
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