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Abstract— In recent years, facial emotional expression
recognition attracts several researchers for developing
intelligent human-machine interface (HMI) system. This
present work classify six different facial expressions
(happiness, sadness, anger, fear, disgust, and surprise) using
two classifiers namely, K Nearest Neighbor (KNN) and
Decision Tree (DT) classifiers. Fifty-five undergraduate
university students (35 male and 20 female) with a mean age of
23.9 years voluntarily participated in the experiment to acquire
six facial emotional expressions using ten virtual markers
called Facial Action Units (FAUs). Firstly, Haar-like features
are used for detecting the face and eyes in a video-frame using
Viola-Jones adaboost classification method. These FAUs are
placed on specific location on the subject’s face based on facial
action coding system (FACS) using a mathematical model.
Lucas-Kande optical flow algorithm is used to continuously
track the markers positions. Here, the distance between the
FAU at the center of the subject face to other markers are
calculated and used as a feature for facial expression
classification. The one-way analysis of variance with a
significance level of p<0.01 is used to validate the extracted
features and fivefold cross-validation is performed. Finally,
these cross-validated features are used to map six different
facial emotional expression using KNN and DT classifiers. In
KNN, four distance measures are used to compare the
performance of KNN classifier in emotion classification. The
mean emotion classification accuracy of 98.03%, 97.21%, is
achieved using KNN and DT, respectively. This accuracy of
emotional expression detection using an optical flow algorithm
give way for designing real-time systems for variety of
applications.

Keywords—Face emotion recognition, Virtual Markers, K
Nearest Neighbor, Decision Tree

I. INTRODUCTION

Emotions are the key elements in establishing a
communication channel between humans and humans and
machines. In recent years, machine learning and artificial
intelligence method utilize the field of emotion recognition
in the design of human-machine interface devices and
intelligent robotics. In the literature, different approaches
based on physiological signals, speech, gestures, facial
expressions are mostly utilized in emotion classification.
Conventionally, human emotions can be recognized by many
modalities such as biosignals, facial expressions, gestures,
and speech. Among these methods, facial expressions are the
most common and widely used in several applications, which
include mobile phones, animations, biometric systems,
affective computing, clinical diagnosis systems, forensic, etc.
[1-5, 15-17]. The primary reason behind the success of facial
expression recognition is due to the less complicated
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analysis, cost-effective, and simple
requirement compared to other modalities.

system design

Facial expression recognition is more prevalent over
several decades, and several international standard databases
developed for assisting the researchers in benchmarking their
methods on facial expression recognition. Some of the most
common types of a database used by researchers are
Japanese Female Facial Expressions (JAFFE), Extended
Cohn-Kanade database (CK+), Cohn-Kanade database (CK),
MMI, Multimedia Understanding Group (MUG), Indian
Spontaneous Expression Database, Facial Expression
Research Database (FERG), etc. Most of these databases
utilize static images/pictures of different emotional
expressions and could not comply with our requirement on
using virtual markers based facial emotional expression
system. Hence, a novel and international standard database
are required for this present work. The local region and
Webber local descriptor features are used for classifying six
basic emotions using three facial image databases (CK+,
MMLI, and Static Face in the Wild (SFEW), and achieved a
maximum recognition rate of 98.62%, 95.58%, and 50%,
respectively [5]. The generalized supervised learning model
is utilized on two international standard databases (CK+ and
MMI) to classify the facial emotional expressions using the
Extreme Learning Machine (ELM) classifier. They achieved
a maximum emotion recognition rate of 82.44%, 97.72% in
CK+, and MMI databases, respectively [6]. A complete
review of emotion recognition databases can found the detail
in [7].

Researchers have developed several algorithms for
emotion recognition based on static facial images, facial
images with fixed reflective markers, and virtual markers. A
systematic review of different methodologies in facial
emotion recognition using facial images can be found in [8].
Some of the most common issues in facial image method is,
computationally expensive — since the algorithm process all
the pixels of facial image for emotion recognition, and poor
performance — the external factors such as lighting,
background changes, significantly affects the performance on
emotion classification. Some of the most common regions in
a face such as lips, eyes, and chicks are mostly considered
for geometric feature extraction in facial emotional
expression analysis. These geometric features-based
approaches are computationally efficient (required lesser
computation time and memory) and reliable compared to
static facial images based facial emotion classification.
Thereby, most of the research are focused on developing
different types of geometric feature extraction algorithms for
facial emotion classification.

Authorized licensed use limited to: Univ of Calif Santa Barbara. Downloaded on May 17,2021 at 17:50:14 UTC from IEEE Xplore. Restrictions apply.



2020 4th International Conference on Computer, Communication and Signal Processing (ICCCSP)

To overcome these limitations, researchers started using
manual markers -reflecting stickers placed on specific
locations on subject’s face to identify the emotions through
marker movements. However, these methods are not reliable
and do not produces good accuracy in emotion detection.
The main issues of this method are, subjects feel
uncomfortable in placing the markers, and movement of
subjects affects marker placement location, and these lead to
achieving a lower recognition rate. Virtual markers attract
most of the researchers over the recent years, and these
markers are placed on a specific location on the subjects face
on some type of algorithms, and the marker movements are
continuously tracked by the system to detect the
corresponding emotion.

Facial expression recognition studies usually involved
FACS for facial emotional expressions. According to FACS,
there are 40 muscle locations in the human face have been
identified as fiducial points for identifying six basic
emotional emotions such as happiness, anger, fear, sadness,
surprise, and disgust. These fiducial points can be used as
markers and called action units (AUs). Thereby, this method
provides a way for developing intelligent real-time facial
emotion recognition system based on AUs [11]. The number
of action units used to detect the facial expression varies on
different research works in the literature. A minimum of 4
AUs to a maximum of 512 AUs are used in the literature.

The facial emotion expression recognition algorithms
proposed in the literature is mostly focusses on “offline”
applications and very few research works have been reported
about real-time facial emotion classification algorithms. In a
real-time application, the optical flow algorithm is most
successful in detecting the facial expressions under uneven
lighting, facial rotation or movement, and changes in the
background. Because, optical flow algorithm-based method
works on the principle of marker information (x,y) rather
than all image pixels. Thereby, the time required for
detecting different facial emotional expression using optical
flow algorithms is less compared to conventional facial
images-based emotion recognition methods. In [2], six basic
emotions are detected using Lucas-Kande Optical Flow
algorithm and achieved a maximum emotion recognition rate
0f 83.33%.

The applications of different types of machine learning,
and deep learning algorithms perform gained a major
attention over recent years in emotional expression
recognition. Artificial Neural Networks are used for
classifying six basic emotions of the subjects using eleven
physical markers achieved a maximum mean emotional
expression recognition rate of 96% in [2]. Researchers have
achieved a maximum mean emotion expression recognition
rate of 69.17% using facial image features and Convolutional
Neural Network (CNN) in classifying four basic emotions
[4]. Besides, Long Short Term Memory (LSTM) based deep
learning network is used to classify the facial expressions
using conventional features [6, 9]. Recently, a maximum
recognition rate of 99.73 is achieved for classifying six
emotions using Spatio-temporal features in Long Short Term
Memory (LSTM) networks [9].

The main aim of this present work is to design and
develop an intelligent real-time facial emotion expression
recognition system to classify six expressions using simple
statistical features and with ten virtual markers. Thereby, the
computation requirement of a system for virtual marker
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placement, feature calculation, and decision making could be
significantly reduced compared to conventional methods.
Besides, this work also aims to retain the marker positions of
neutral state to a maximum of + 25° rotation with different
backgrounds and skin colors. Lastly, the distance features
computed for different emotional expressions are used to
map to the corresponding emotions using two non-linear
classifiers such as K Nearest Neighbor (KNN) and Decision
Tress (DT).

II. METHODS AND MATERIALS

The complete research methodology of the present work
is shown in Fig 1.

Emotion
classification

Statistical
analysis

Database LEHTE

extraction

Fig. 1. Flow of facial emotional expression classification

A. Database

To develop an intelligent real-time system for facial
emotional expression detection, a quality database is highly
essential. In this study, a facial expressions of six emotions
are captured through Apple Macbook Pro HD Webcamera
with 30 fps. In total, 55 subjects (35 men; 20 women) with a
mean age of 22.9 years are voluntarily participated in the
experiment. All the experiments have been performed in a
controlled environment with a constant room temperature
(24°C), room lighting intensity (50 Lux), and with a constant
distance between the subject’s face to the camera. The
complete flow of data acquisition protocol is shown in Fig 2.
A computerized PowerPoint show is developed to guide the
subjects in an autonomous way to express their emotional
expressions. International affective picture system (IAPS) is
used to induce the subjects, and each subject is requested to
express each emotion over ten trials, and each trial lasts for
the 6-sec duration. A cessation of 10 sec in between the
emotional expression is given to the subjects to feel calm and
to prepare for the next emotional expression. Thereby, the
total time required for one subject to complete all six
emotions is seven min. All the subjects are undergraduate
students and healthy without having any issues related to

muscular or neurological disorders in perceiving or
expressing facial emotions.

Angry Fear Happiness

Sub1 Sub2 Sub3 Subd | ...eeeeeeee. Sub84 Sub85

Fig. 2. Data acquisition protocol for emotion recognition

B. Facial virtual marker placement and feature extraction

Several approaches have been proposed by different
researchers on face detection. One of the simple methods to
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face detection in real-time is proposed by Viola-Jones using
Haar-like features. In this study, the subject face is captured
by using an HD camera and converted into a greyscale
image. This conversion process applied to reduce the
computational complexity in processing facial images in
facial expression recognition. Then, the greyscale images
are used to detect the subject’s eye, and ten virtual markers
are placed on the subject’s face on defined locations using a
mathematical model which is proposed by the authors in
their earlier work. The complete methodology of the marker
placement algorithm can be found in detail in [10]. These
ten virtual markers are called FAUs in the facial action
coding system. Finally, each marker position (coordinate
information) data is transferred to Lucas-Kande optical flow
algorithm to trail the changes in marker position during
subject emotional expression. Euclidean distance measure is
used to calculate the distance between the center marker in
the face to each marker (Eqn 1). The Euclidean distance
measure is simpler and performs well in distance
computation compared to other methods. The computing
system automatically stores the marker distances in CSV
format during the data acquisition process for further
processing. The complete algorithm of face detection, RGB
to grayscale conversion, and implementation of an optical
flow algorithm is performed through the Open Computer
Vision (Open CV) library [12].

Distance Measure = [(X, - X,) + (¥, - ¥,)]"? ——--mremm- (1)

where, (X, Y,) is the coordinate of the center marker, and
(X, 1») is the coordinate of a virtual marker.

C. Statistical analysis and cross-fold validation

The distance features of different emotional expressions
are statistically tested with a significance level of p<0.01
using a one-way analysis of variance (ANOVA). As a result
of the investigation, the distance feature achieved a value of
p = 12.35 x10"% and a critical value of 4970.239 (F value).
Finally, the features are cross-validated using five-fold
cross-validation method. Here, four folds data is used for
training and the last remaining fold data is used for testing.
This procedure will be repeated for five-times to ensure all
the training data become a test data in the emotion
classification tasks. A detail results of experimental results
of statistical analysis of features, and classification of
emotional expressions using non-linear classifiers are given
in detail in Section III.

Fig. 3. A sample facial emotional expression
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D. K Nearest Neighbor classifier

KNN is a simple nonlinear classifier which is mostly
used in several applications, which includes epilepsy
detection, driver drowsiness detection, emotion recognition,
seizure detection, and many other problems. KNN is
basically a non-probabilistic learning algorithm that is used
to classify unknown test data based on most similar data
among the k-nearest neighbors that are closest to
test/unknown data. Different distance measures can be used
to measure the distance between the unknown data and each
of the trained data such as Manhattan, Euclidean,
Minkowski, and Chebyshev. The ability of classification in
KNN is mainly dependent on the type of distance measure
used [13]. A more detail review of the effect of different
measures in KNN based classification can be found in [13].
In this study, the above four different measures are used for
classifying the facial emotional expressions, and the mean
accuracy of each measure is reported in Section III. Besides
the distance measure, the value of k-nearest neighbor has
been varied from 1 and 10 with unit step increment, and the
value of k-neighbor, which gives the highest accuracy, is
listed in the results and discussion section.

E. Decision Tree classifier

Decision Tree (DT) is a supervised machine learning
algorithm, and it principally works on the concept of
statistical prediction and modeling. This classifier can
understand the definitive decision making knowledge from
the training data. This classifier is mostly used in data
modeling, data mining, machine learning, and decision-
making applications. Three performance measures are used
to evaluate the classifier performance on emotional
expression recognition, namely, average recognition rate,
specificity (Spe), and Sensitivity (Sen). Sensitivity (Sen)
and Specificity (Spe) refers to the efficiency of the classifier
to detect a specific type of emotion as emotion and a
particular class of emotions as other emotion, respectively.
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Fig. 4. Analysis of distance feature over six facial expression using Box
plot.

III. RESULTS AND DISCUSSION

This section discusses the experimental results of the
proposed methodology on facial emotional expression
recognition. The proposed mathematical model-based
algorithm placed the markers on a defined location in
subjects face (Fig 3 (a)), and the optical flow algorithm
efficiently tracked the movement of the marker. Figure 3 (b)
shows the movement of the marker during happiness
expression, and Figure 3 (¢ and d) shows the movement of
markers in an optical flow algorithm. The distance feature
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TABLE L. EMOTION CLASSIFICATION RATE USING KNN AND DT CLASSIFIERS (IN %)
Parameters Fivefold cross-validation accuracy Mean Classification
Classifiers Distance Accuracy *
Measure K Value Fold 1 Fold 2 Fold 3 Fold 4 Fold 5 Standard deviation
Manhattan 2 97.88 98.13 98.18 98.04 97.95 98.0310.16
KNN Euclidean 97.44 97.34 97.87 97.22 97.44 97.45+0.09
Minkowski 3 96.92 97.76 97.13 97.27 97.01 97.2440.11
Chebyshev 10 96.82 97.35 97.13 97.21 96.88 97.02+0.20
Decision Tree 97.21 97.47 96.51 97.57 97.26 97.21+0.18
TABLE II. INDIVIDUAL EMOTION CLASSIFICATION RATE USING KNN AND DT CLASSIFIERS (IN %)
Parameters Individual Class Accuracy
Classifiers Distance K i i . Sensitivity | Specificity
Measure Value Angry | Disgust | Fear | Sadness | Happiness | Surprise
Manhattan 2 97.69 97.78 97.94 98.45 98.31 98.01 98.82 94.11
KNN Euclidean 96.95 97.15 97.27 97.84 97.95 97.51 98.46 92.35
Minkowski 3 96.71 96.93 97.04 97.63 97.81 97.34 98.34 91.74
Chebyshev 10 96.41 96.72 96.76 97.45 97.66 97.14 98.21 91.08
Decision Tree 96.75 96.79 97.22 97.74 97.64 97.14 98.32 91.65

extracted from 55 subjects is used for emotional expression
classification using KNN, and DT classifiers. The
experiment is conducted in a controlled environment with
constant lighting and room temperature with different
backgrounds. All the subjects are seated comfortably in a
chair, which is 0.9 m from the camera system to capture the
facial expressions. The proposed marker placement
algorithm was tested under different head rotation angles and
the results confirmed that, the placement of marker does not
change up to 25° rotation in either clockwise/anticlockwise
direction. However, all the subjects are instructed to restrict
their head rotation during the emotional expressions until the
end of the experiment. In this work, the subject’s faces
difficulties in perceiving and expressing disgust and sadness
emotion through visual cues compared to other emotions.
However, the box plot analysis of emotional expressions
using normalized feature value in Fig 4 shows that all the
emotions have a different mean value and could be
distinguished from the acquired samples.

The mean emotional expression recognition rate of the
KNN and DT classifier is given in Table I. The Manhattan
distance measure in KNN gives a highest emotion
recognition rate of 98.03% compared to DT classifier. In the
case of the Manhattan distance measure, the lower value of
k-neighbor gives the highest classification rate, and there is
no significant deviation in accuracy has been found in a
higher value of k-neighbors. But the accuracy of the emotion
expression recognition rate increases as the number of
neighbors increases in other three distance measures (Fig 5).
Compared to KNN classifier, DT classifiers achieved a
maximum emotion recognition rate of 97.21% and it does
not perform-well in this study. This may be due to the size of
the database. In this study, the number of features used for
classification is more than 100000, and it may root the DT
classifier in predicting the classes with higher accuracy.
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However, the KNN classifier performs well for this data size
and gives higher accuracy in lesser computation time
because DT performs faster than KNN since the DT
classifier does not have any external tuning parameters.

Table II shows the individual emotional expression
recognition rate of two classifiers namely KNN, and DT.
Among the four different distance measures, Manhattan
distance measure gives the highest sensitivity of 98.82% and
with a specificity of 94.11, compared to other distance
measured. The Chebyshev distance measure gives the lowest
mean sensitivity of 98.21%, and with a specificity of
91.08%. However, it’s interesting to note that all the four-
distance measure gives a higher sensitivity. Here, negative
emotions such as angry, disgust, and fear emotions gives
lower accuracy compared to positive emotions (happiness,
and surprise).
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Fig. 5. Mean accuracy of KNN classifier over four distance measures
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TABLE III. COMPARISON OF EMOTIONAL EXPRESSION RECOGNITION RATE WITH EARLIER WORK

Ref Classifier | Network parameter | Angry | Disgust | Fear | Sadness | Happiness | Surprise | Sensitivity | Specificity
PNN o= 0.01 92 90 89 88 96 94 98 90
[14] prm | MEPrandom ol g0 88 85 84 92 91 97 86
layer
Present -
work KNN Manhattan K=2 | 97.69 97.78 | 97.94 | 9845 98.31 98.01 98.82 94.11

In KNN, the accuracy of emotions also depends on the
value of K. Here, the lowest value of K gives a higher
emotion recognition rate. The main reason behind is lower
accuracy is due to perceptional ability and expressiveness of
the subject during the experiment. Most of the subjects could
not accurately and naturally express these emotions as like
other emotions (happiness, and surprise). The performance
of the proposed facial emotion expression recognition system
is comparable to the earlier works in the literature. In our
previous work, we used PNN and ELM classifiers for
classifying facial emotional expression using distance
features and achieved a maximum mean classification rate of
94% and 92%, respectively [14]. But in the present study
using KNN, and DT classifiers, the maximum mean accuracy
is >97%, and comparable with state-of-the-art methods in the
literature. However, the work aims to analyze different types
of features besides distance features, and diverse machine
learning, and deep learning algorithms (CNN and LSTM) for
emotional expression classification in the future.

The distance features based facial expression recognition
achieved a maximum sensitivity, and specificity of 98.82%
and 94.11% using KNN classifier with Manhattan distance
measure. However, the accuracy of the facial expression
recognition using the proposed methodology could be
improved in the future through the following works: (a) the
proposed facial emotion recognition algorithm is only tested
with our facial expression database. In future, the proposed
methodology on facial emotion recognition could consider
the international standard facial expression databases for
improving its efficiency and robustness in facial emotion
recognition. (b) different types of facial geometric features
based on FAUs movements over six emotions could be
investigated in the future for improving the accuracy of facial
emotion recognition besides a simple distance measure used
in the present work. (c) different types of nonlinear
classifiers such as ensemble classifiers, Support Vector
Machine (SVM), Neuro-fuzzy classifiers, and Random forest
classifiers could be investigated in the future for improving
the accuracy of emotion classification using facial geometric
features.

IV. CONCLUSION

In this work, ten facial action units are used to classify
six basic emotional expressions. The distance between each
FAUs to the center of the face marker is used as features to
classify the emotional expression using two classifiers
namely, Decision Tree (DT), and K Nearest Neighbor
(KNN). The FAUs are placed on the subject’s face at a
defined location using the proposed mathematical model,
and movement of markers during the emotional expressions
is computed through Euclidean distance measure. The
distance features extracted from six emotions are tested for
its significance using one-way analysis of variance
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(ANOVA) with a significant level of p<0.01. The
experimental results confirm that the distance feature is
highly significant in classifying facial expressions. In a
KNN classifier, the value of closes neighbor (k) is varied

between 1 and 15, and the performance of the classifier is
assessed through a grid search method, and default
parameters are used in a DT classifier for emotional
expression classification. The proposed methodology
achieved a maximum mean emotional expression rate of
98.03% and 97.21% using KNN, and DT classifiers,
respectively, using a fivefold cross-validation method. The
accuracy of emotional expression achieved on this work is
high compare to the state of the artworks in the literature,
and the computational complexity analysis (execution time
and memory requirement) is less. Besides, the proposed
system also facilitate the user to develop a real-time
emotional expression detection system for different
applications such as biometric, bipolar disorder assessment,
smart home design, etc.
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