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Abstract

A facial expression is like a gesture which is executed with the facial muscles, and it conveys
the emotional state of the subject to the observer. As technology is progressingit is important for
the robots to understand human emotions for better communication. We investigate the field of
facial expression recognition with deep learning by using Convolutional Neural Network (CNN)
algorithm. The proposed framework is trained with FER2013 dataset and tested in real time.
Several pooling layers are used in the training part for extracting the features out of the images and
haarcascade classifier is used to identify the presence of face in the frame. Our system can
recognize five universal emotions of the Facial Action Coding System (FACS) i.e., happy, sad,
neutral, surprise and angry which can be identified by the face of a person. It can detect the
expressions of multiple faces at the same time. The training accuracy obtained by the system is

73.12%. The real time experiment showed an excellent result.
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I.INTRODUCTION

Facial Expression is something that
conveys our thoughts, ideas and emotions
without communicating to others. Facial
Expression is a form of non-verbal
communication. When wetravel around the
world and found that different people with
different native languages, our expressions
and gestures playa major role in connecting
us. Creating an automatic Facial
Expression Recognition System (FERS)
for facial action analysis is constant
motivation for exploring the field of image
processing. Nowadays, Machine Learning
becomes a core of Artificial Intelligence
and the current leading application of Al is
Emotion Recognition in photos andvideos.
As Technology is progressing the robots
need to understand human emotions for
better communication. Since,applications of
emotion recognition are increasing from
the past decade it has invited a lot of
research in the region of image processing.

This research paper mainly focuses on
the deep learning concept to recognize the
emotions of a person in real time by using
Keras. There are three key steps that
constitute the traditional Facial Expression
Recognition (FER) and they are
preprocessing of image, feature extraction
out of the image and the expression
characterization. In face detection we
consider the location of the face regions.
The number of resources in the feature
extraction needed for the processing gets
reduced and output must be important and
relevantinformation for the further analysis
which increases the accuracy of the learned
model. There are some key facial elements
which constantly changes when observer
express his\her emotions. Subsequently,
similar features in various pictures of
emotions have various positions which
helps in classifying the emotions
accurately.

Il. LITERATURE REVIEW

Facial Expression Recognition using
face-regions In this paper they have used
an Interface algorithm for detecting the
facial landmarks of the face based on the
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basic states of emotion recognition.
Then, in the preprocessing stage before
performing the feature extraction the
ROI's are resized and partitioned into the
blocks, to build a face feature as
multiclass Support VVector Machine which
is used for emotion detection. Here,
database used is CK and the accuracy
obtained is 89.85%.

A New Approach for Automatic Face
Expression Recognition and
Classification based on Deep Networks .
In this they have used a CNN network of
three layers for recognition of emotions
followed by max pooling and RelLU.
They have trained their network on
FER2013 dataset and testing is
performed on the RaFD dataset. The
accuracy obtained by the model is 68%.
Online Facial Expression Recognition
based on Personalized Galleries [3]. In
this paper they have utilized an online
facial  expression  acknowledgment
framework which depends on the
customized display. Personalized Gallery
of 9 persons has been used to train the
network and the accuracy obtained for
familiar persons is 85% and that of
unfamiliar persons is 65%. An Approach
to Face Detection and Recognition .

Face Detection and Facial Expression
Recognition System . In this they identify
face appearance utilizing facial expression
recognition framework with a brief
clarification of three phases of facial
identification. They have utilized their own
dataset and it gives a recognition rate of
90 - 95%.Artificial Neuro-Fuzzy Inference
System has been utilized as a further
improvement because of its vagueness for
real time or robust images. Automatic
facial expression recognition based on deep
convolutional neural network structure . In
this paper they have used Convolutional
Neural Network algorithm containing two
convolutional layer and two subsampling
layers to achieve the facial expression
detection system. Firstly, Haar-like feature
and histogram equalization are used by
them to implement a facedetection. Then a
4-layer CNN architecture which includes
two convolutional layer and two
subsampling layers has been constructed.
The database used is JAFFE and CK+ and
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accuracy obtained is 76.7442% and
80.303%.

Facial Expression Classification System
based on Active Shape Model and Support
Vector Machine This paper used facial
segments to find dynamic facial texture, for
example, grimace lines, nose wrinkles, and
nasolabial folds to distinguish changes in
expression. They have utilized AdaBoost
utilizing haar-like  elements and
furthermore Active Shape Model to
precisely identify the facial expressions.
The Database used is Cohn-Kanade and the
accuracy is 91.7%. Facial expression
detection using Six Facial Expressions
Hexagon (SFEH) Model . In this they
proposed a model which gives an overall
portrayal of six facial expressions on six
edges of surface hexagon which is at the
external boundary of face in this analysis
all about 900 points are utilized for the
entire face and coordinating is finished by
taking the contrast between the relating
pixels. The database used is AR and
grammatical facial expression and accuracy
is 81% with AR and 95% with grammatical
facial expression dataset.

An efficient approach for recognizing
and  tracking spontaneous Facial
Expressions . The fundamental target of
this research is to track and detect the facial
expression for a given video, which later
can be utilized to foresee a humanconduct.
The database used is Cohn-kanade and
accuracy is 89%. Facial Expression
Detection using Facial Expression Model .
In this paper they discuss about different
types technique of facial expression
recognition. FACS system is used for all
different technique. (1) 1-D Techniques:
Independent Component Analysis, Linear
Discriminant Analysis, Principal
Component Analysis. 2-D Technique:
2dimensional Principal Component
Analysis, Sub pattern extended 2-
dimensional PCA, Global Eigen Method
(3) Multi-linear Image Examination and
Color Subspace Linear Discriminant
analysis. Recognizing emotions from an
ensemble of features [11]. In this paper they
initially  perform preprocessing, then
extracted the features that incorporate
SIFT, HG and MFs. The database used is
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GEMEP-FERA and overall accuracy
obtained is  80%Fully  automatic
recognition of the temporal phases of facial
actions . In this research paper they have
proposed that both AU activation detection
based on geometric features as well as
detection of four temporary phases is
possible with high precision. The database
used is CK and MMI and the accuracy
obtained is 95.3%

Automatic facial expression
recognition using features of salient
facial patches They proposed a
framework in which they have selected
facial patches with the help of
appearance feature for the facial
expression detection. A programmed
learning facial landmark detection
strategy has been used by them that
performs well in dissimilar resolutions
and it provides a solution for the
recognition of expressions in less
resolution images. The database used is
CK+ and JAFFE and significant accuracy
obtained is 89.64% and 85.06%. Facial
Expression Recognition Using Facial
Movement Features . This paper
investigates the issue of recognition of
face  expressions utilizing  facial
movement feature (Gabor). The point of
the paper is to check the working of FER
via automatically catching facial
development features in static pictures.
By JAFFE the proposed method gives
the best result with an accuracy of
92.93% utilizing DL2 and direct SVM.
By using CK dataset the proposed
approach gets the most elevated
accuracy of 94.48% utilizing DL2 and
RBF SVM.

Image Ratio Features for Facial
Expression Recognition Application . In
this journal the main concern was to
improve texture feature. In the system
the Cohn—Kanade, JAFFE and Custom
database used and SVM is used for
classification of expressions. The
average accuracy of imageratio feature is
89.7%,90.8% and 91.2% where as old
texture feature high gradient component
features 83.3%, 88.3% and 90.4%
respectively to databases. Identifying
Human Emotions  from Facial
Expressions with Deep Learning [16].
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Dataset containing mixed set of facial
expressions has been used by them for
training the model. Three layered CNN
is used as a classifier, as CNN neural
networks give highest accuracy rate
when compare to another neural network-
based classifier. The database used is
FER2013 and the accuracy obtained is
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with the FER2013 dataset which
contains 5 categories of emotions
(Happy, Sad, Anger, Neutral and
Surprise) and around 27,182 images.
While training in the pre-processing
stage, several pooling layers along with
the Elu and Softmax activation functions
are used for the feature extraction. After

79.8%. training the model it is wused for
m METHODOLOGY predicting the emotions in real time by

using the webcam.
Figure (1) explains the proposed
method. Firstly, the system is trained

Fig. (1) Architecture of the model
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A. Dataset

Facial Expression recognition (FER2013)
dataset is used to train the model. It is an
open-source dataset containing 35,687 gray
scaled images of 48*48 pixels of seven
different categories. We used 27,182
images i.e., five emotions to train our

Angry Disgusted Fear

Happv
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Neutral

Fig. (2) FER2013 Dataset

B. Convolutional Neural Network

Convolutional Neural Network (CNN)
algorithm is used in the model as CNN
yields maximum accuracy as compared to
other neural networks. CNNs are widely
utilize in the field ofimage detection, object
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model. Our model can recognize five
emotions and they are Happy, Sad, Angry,
Surprise and Neutral. Out of the 27,182
images 24,176 images are utilized as
training data and 3006 images are utilized
as validation data. fig. (2) shows some
example images of FER2013 dataset.

H"dﬂ

Sad Surprised

detection, images recognition, face
recognition etc. Computer sees Input image
as an array of pixels. CNN takes the input
image it will do the resolution and
preprocess the image and classify it on the
basis of the data

used during the training of the model. fig. (3) clarifies the architecture of CNN neural network.
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Fig. (3) Architecture of CNN

V. EXPERIMENTAL RESULT

The proposed model is trained with a
learning pace of 0.001 for 450 epochs in
the last run of the model. Our model has
been trained with 27,182 images out of
which 24,176 images were used for
training the model and 3006 were used
for the validation. Live emotion
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recognition from the webcam was
performed by the model with the help of
OpenCV and Haar-cascade classifier at
the testing stage to classify the emotions.
Our model can recognize five emotions
i.e. Happy, Sad, Angry, Surprise and
Neutral. The accuracy obtained while
training the model is 73.12%. We have
run the Convolutional Neural Network for
several times to determine the exactness
of the model and performed our final run
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on a device powered by Nvidia GeForce RAM.

GTX MX130 GPU of 2GB with 8GB of

Fig.6(a) One face is detected in the frame showing Sademaotion.

M| Emotion Detector = 8] x

No. of Time Accuracy
Epochs Taken (%)

25 5hr. 55.14%
100 16hr. 65.25%
250 54hr. 68.80%
450 102hr. 73.12%

Tablel: Accuracy of training result

| Emotion Detector =

Fig.6(b) Two faces are detected in the rame showing happyand neutral emotions.
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B ! Emotion Detector = o x

Fig.6(c) Two faces are detected in the frame showing neutraland surprise emotions.

B! Emotion Detector =] b3

Fig.6(d) One face is detected in the frame showing happyemotion.

8 ! Emotion Detector . o X

Fig.6(e) One face is detected in the frame showing angryemotion.
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Fig.6(f) one face detected in the execution window of ourmodel with neutral emotion

#_! Emotion Detector 22

V. CONCLUSION AND FUTURE
WORK

Automatic Facial Expression Recognition
System (FERS) has enormous amount of uses
from security purpose to connecting with
different people with different languages. The
proposed model can detect multiple faces in
webcam it is not limited to a single face
detection. Due to the unbalanced dataset the
accuracy obtained by training the model is less
but the proposed system showed excellent
result while testing. Infuture, we will apply this
algorithm on larger datasets and will also use
different neural networks to obtain the high
accuracy.
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