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Preface

The acquisition and analysis of facial expression information is the key to
achieve natural communication in human computer interaction. Therefore,
research on facial expression recognition has attracted considerable attention
in recent years. Facial expression recognition, as an interdisciplinary
research field of artificial intelligence, computer vision, image processing,
psychology, cognition and so on, can realize intelligent and more natural
human-computer interaction environment, which has great application value.
Generally speaking, the process of facial expression recognition includes
image preprocessing, face detection, facial feature location, expression
feature extraction, and expression classification. Based on the existing
research achievement, this book makes an in-depth study on the key issues
of facial expression recognition in human-computer interaction. The main
research contents are as follows:

(1) Research on the constancy of color images. According to the
principle of modularity in visual information processing, a fractional-step
color constancy method for color images under complex illumination
conditions is proposed. This method overcomes the ill-posed problem of
traditional color constancy, and can maintain the color constancy of images
under complex illumination, such as partial color and low illumination, and
effectively improve the contrast and brightness of images.

(2) Research on face detection. Face detection is the preliminary work
and basis of facial expressions recognition. A face detection method based
on multi-feature fusion is proposed. This method enables multiple features
to cooperate with each other for efficient and accurate face detection.

(3) Research on facial feature location. The accurate positioning of the
facial features is the key to correct recognition. For grayscale images, an eye
location method based on multi-scale self-quotient graph and morphological
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filtering is proposed. For color images, a face key feature location method
based on face color information features is proposed. These methods have
high accuracy rate, and they are robust for the variation of the expressions
and poses.

(4) Research on facial expression image normalization. The geometrical
characteristics and optical properties of facial expression image should be
normalized before expression feature extraction. The pure expression image
after normalization has uniform size, angle, and luminance, and removes the
impact of the light and intensity of illumination.

(5) Research on expression feature extraction and expression classifi-
cation. A facial expression recognition method based on supervised ortho-
gonal locality preserving projection is proposed. According to the
characteristics of facial expressions, this method firstly combines Gabor
local statistical features with LBP (local binary patterns) texture features as
composite expression features, and then reduces the feature dimension by
applying supervised orthogonal locality preserving projection. Finally, facial
expressions can be classified by adopting nearest neighbor algorithm. The
proposed method makes use of category prior knowledge to further improve
classification performance.

At last, this book summarizes the innovation points and main research
results, and points out the problems of further research.

In recent years, the authors have been engaged in the research work in
computer vision, image processing, pattern recognition and other fields.
Combining the new achievements, new developments and trends in the field
of facial expression recognition, it is necessary to write an academic work,
in which the related theories and methods are systematically introduced. It is
expected that the publication of this book can play a certain role in
promoting the research and application in this field.

The book consists of 8 chapters, among of which Chapter 2-7 written by
Song Bin from Henan University of Science and Technology, and Chapter 1
and Chapter 8 written by Zhang Zhiyong from Henan University of Science
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and Technology. The Publication of this book was sponsored by National
Natural Science Foundation of China (Grant No.61972133 and No.12101195),
Henan Province Natural Science Fund (Grant No0.202300410146), Henan
Province Key Scientific and Technological Projects (Grant No.222102210177,
No0.222102210072, N0.212102210383, and No0.202102210162) .

During the writing process of the book, the authors refer to the books,
the application results and advanced technologies of domestic and foreign
counterparts. The authors are very grateful. Restricted by limited level of the
writers, it is unavoidable that there are mistakes in the book. The authors

urge all experts, scholars, and readers to give advice for correction.

Authors
March, 2022
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Chapter 1

Introduction

1.1 Research Background and Significance

In social life, emotion plays an important role in coordinating the relation-
ship between people. The research of emotion is more and more concerned
by the society. Facial expression is a unique form for human beings to
convey their intentions and emotional states. In interpersonal communica-
tion, facial expression is a very important way of communication besides
voice. Psychological studies indicate that whether a listener likes your speech
in human communication, 7% depends on your vocabulary, 38% depends on
your voice, and the remaining 55% depends on your facial expressions!'.
Facial expressions, as the carrier of information, reflect much human
behavior and convey the hidden information that the voice cannot dot*™.
Facial expressions are not only a natural way for people to express
emotions, but also the main symbol for people to identify emotions, which
plays a very important role in affective computing. For human-computer
interaction to achieve natural and harmonious communication, it iS neces-
sary for computers to acquire and analyze facial expression information.
Therefore, the research on facial expression recognition method needs to be
further developed. The computer vision technology is noninvasive, passive,
cheap, and natural, so it naturally becomes the key technology in the process
of facial expression recognition. While the in-depth research on such
technologies as computer vision, image analysis and pattern recognition can

contribute to the advancement of facial expression recognition methods. At
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the same time, the study of facial expression recognition incorporates many
other disciplines such as pattern recognition, image processing, analysis and
understanding, computer graphics, cognitive science, neural computing,
physiology, psychology, and so on. Therefore, the research on this issue
could greatly enhance the development of the above-mentioned disciplines.
What’s more, the technology of facial expression recognition is also the core
subject of the research of the intelligent human-computer interface that
essentially is to train the machine to capture the changes of human emotions.
With the advances in science, the computer after being trained can to a
certain extent mimic the human behavior, but still does not have the human
feelings. However, with the development of the facial expression recogni-
tion technology, the interface can be more natural to a certain extent so that
the computer can respond to humans in accordance with the changes of
human emotion. From this point, it can change people’s way of life to some
extent. In other words, the observation of the facial expression can be used
to understand psychological states. This is, as the saying goes, to take the
cue from a person’s words and facial expressions. Nevertheless, the naked
eyes cannot find some very fine changes of facial expressions, or it is easily
to draw an opposite conclusion from that fine changes. After the introduc-
tion of machine recognition of facial expressions, the results can be obtained
objectively and in real time. Therefore, we can expect facial expression
recognition to replace lie detector in the security sector in the future.

In terms of medical care, for some mental patients, the expression
analysis can be used as an auxiliary treatment. The analysis of patient’s
expression can help doctors analyze the patient’s mental state, predict what
would happen when the patient is in the face of diverse outside stimuli and
thus take some responding precautionary measures, so that many incidences
of accidents can be avoided. Facial expressions can also be used to supple-
ment the lip language to help those having hearing problem communicate
with the world they live in.

On the commercial side, the devices that can keep track of user’s facial



Chapter 1  Introduction +3-

expressions will certainly come into being in the near future. The applica-
tion of such technology in videophone or teleconferencing is undoubtedly of
great significance for strengthening domestic and international business
cooperation. If the technology is applied to the automotive, the machine
vision equipment can detect the driver’s fatigued state and then alert the
drive. This equipment can analyze the real-time mental state of the driver
and judge whether the driver’s fatigue will exert negative effect on the
driver or the fatigue will make the driver sleep while driving, it then will
take the necessary measures such as alarming or playing exciting music to
prevent potential traffic accidents.

In addition, if the existing recreational machines that have no
emotions can recognize the human emotions, and adjust the strategy in
accordance with the users’ emotional changes, it can provide individualized
services and greatly enhance the user’s entertainment interest. Moreover, an
intelligent toy with personality and the ability to understand and express
emotions (such as an electronic pet that can communicate with its owner)
is sure to be more popular with children and even adults. Furthermore, in
the process of educational research on children, we observe the behavior
and expression change reaction of children in specific scenes by setting up
a series of specific scenes, and then we accordingly analyze some quality
elements such as personality temperament, and understand the advantages
and defects of their personality and enlarge and guide them. This will have
a profound impact on the cultivation of mental health for the next
generation of our nation.

Therefore, facial expression recognition has important applications in
linguistics, medicine, business, children’s education, and so on. As far as
computer science is concerned, the study of facial expression recognition
is of great significance for realizing natural human-computer interaction
and automatic image understanding. Therefore, the study of facial
expression automatic recognition is of great theoretical significance and
practical value.
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1.2 Overview of Facial Expression Recognition

The facial expressions and the changes of expressions are quite complex.
Ekman and Friesen defined six basic expressions, including surprise, fear,
disgust, anger, happiness and sadness, which are widely used in the
academic studies'. Because different reasons or motivations will result in
different expressions, or some mixed and complicated expressions, the types
and the level of the expression vary accordingly. Thus, the manifestations
and characteristics of the expressions will also vary. For example, fear may
be accompanied by sadness, anger, disgust, etc. In order to have a better
understanding of the expressions, the characteristics of each basic facial

expressions are summarized in Table 1-1.

Table 1-1 The characteristics of basic facial expressions

Expressions | Forehead/Eyebrows Eyes Lower Part of the Face
eyebrows raise, eyesly(;fldep, up pzr
the skin under the eye the leoy\fzelr Zriisdesagroo mandible loweres and mouth
Surprise brows stretch, and the the white (})/f the eve 1.5 > | opens, lip and teeth separate,
wrinkles (may) cut exposed at the u yer or but mouth remains relaxed
across the forehead P pper ¢
lower edge of the pupils
eyebrows raise and raise upper evelids. tense mouth opens and lips either
Fear pull together, the 15 Sv or ey oli ds’ slightly tenses and pull back
nose wrinkles Y or stretch horizontally back
upper lip raises, the lower lip
wrinkles appear in the and the upper lip clench,
Disaust lowered eyebrows lower part of the eyelids, | upper lip pulls up, the slight
& and upper eyelids pull up the cheeks but | pulling down of lip corners, lip
not tense slightly raises, nose wrinkling
appeares, pushes up cheeks
lower eyelids tense, raise . . o
eyebrows down and or not raise, upper ctl‘())vsoet;?écs1?;itliol?§rif;é$§lsl.
Anger together, vertical nose | eyelids tense, eyebrows . . Y
wrinkles lower, eyes glare or pull down; open, as if to cry,
pron;inent eyes ’ the nostrils may open wide
wrinkles may appear lip corner pulls back and
evebrows slichtl under the lower eyelids | raises, mouth may open, teeth
Happiness Y bend gty which may be prominent may be exposed, a wrinkle
but not tense, crow’s feet | stretches from nose to mouth,
wrinkle and cheeks push up
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Continued
Expressions | Forehead/Eyebrows Eyes Lower Part of the Face
the inner eyelids
Sadness pull together, raise | upper eyelids of the inner lip corners pull down, lip
and pull the skin eye raise corners may tremble
under the eyebrows

The process of facial expression recognition mainly includes image
preprocessing, face detection, facial features location, facial expression
features extraction, and facial expressions classification. Figure 1-1 shows
the flow chart of facial expression recognition. In order to realize facial
expression recognition automatically, computer needs to detect human face
from given static image or video sequence image firstly. Then position facial
features. Next extract expression features, and compare them with the

existing ones. Finally determine facial expression classification in the image.

Figure 1-1 The flow chart of facial expression recognition

As shown in Figure 1-1, the key steps for facial expression recognition
are as follows:

(1) Image preprocessing. Firstly, image preprocessing is necessary
before face detection. The color deviation and uneven illumination should
be eliminated effectively so that human face can be detected correctly.



