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Abstract

Human Face expression Recognition is one of the most powerful and
challenging tasks in social communication. Generally, face expressions are
natural and direct means for human beings to communicate their emotions and
intentions. Face expressions are the key characteristics of non-verbal
communication. The performance of various FER techniques is compared
based on the number of expressions recognized and complexity of algorithms.
Databases like JAFFE, CK, and some other variety of facial expression databases
are discussed in this survey. The study on classifiers gather from recent papers
reveals a more powerful and reliable understanding of the peculiar
characteristics of classifiers for research fellows.

Emotion recognition is one of the trending research fields. It is involved in
several applications. Its most interesting applications include robotic vision
and interactive robotic communication.. Facial expressions can be considered
as ideal means for detecting the persons' emotions. The proposed approach
consists of four phases: pre-processing, key point generation, key point
selection and angular encoding, and classification. The main idea is to generate
key points using Media Pipe face mesh algorithm, which is based on real-time
deep learning. In addition, the generated key points are encoded using a
sequence of carefully designed mesh generator and angular encoding modules,
Furthermore, feature decomposition is performed using Principal Component
Analysis (PCA). This phase is deployed to enhance the accuracy of emotion
detection. Finally, the decomposed features are enrolled into a Machine
Learning (ML) technique that depends ona Suppc.)rt.Vector M:-achine (SVM), k-
Nearest Neighbour (KNN), Naive Bayes (NB), Logistic Regr(.essmn (LR), or
Random Forest (RF) classifier. Moreover, we deploy a Multilayer Perceptron
(MLP) as an efficient deep neural network technique, The presented techniques
are evaluated on different datasets wnt'h different e-valuatlon metrics. The
simulation results reveal that they achieve a superior performan(.:e \_/vith a
human emotion detection accuracy of 97%, which ensures Superiority among

the efforts in this field. |

age
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Introduction

1.1 Introduction:

E:;‘;Li'::g?:;tshl‘lil ;2‘;‘::2:“;fﬂct0rs il.l h~uman communication thqt help us understand t'he
sadness, and anger, using f1c;1i DGOple l.l]lcr S e e il alsites Uf. other RQOPIC' such as Joy.
o Components. ane : . ex!).rtssmns and vocal tone. According to different surveys,

: y one-third of human communication, and nonverbal components
convey tWO-tl}n'ds. Among several nonverbal components, by carrying emotional meaning,
facial expressions are one of the main information channels in interpersonal communication.
Therefore, it is natural that research of facial emotion has been gaining lot of attention over
Fhe past‘decades with applications not only in the perceptual and cognitive sciences, but also
in affective computing and computer animations. Interest in automatic facial emotion
recognition (FER) (Expanded form of the acronym FER is different in every paper, such as
facial emotion recognition and facial expression recognition. In this project, the term FER
refers to facial emotion recognition as this study deals with the general aspects of recognition
of facial emotion expression.) has also been increasing recently with the rapid development
of artificial intelligent techniques, including in human-computer interaction (HCI), virtual
reality (VR) , augment reality (AR), advanced driver assistant systems (ADASs) , and
entertainment. Although various sensors such as an electromyograph (EMG),
electrocardiogram (ECG), electroencephalograph (EEG), and camera can be used for FER
inputs, a camera is the most promising type of sensor because it provides the most
informative clues for FER and does not need to be worn. The proposed approach consists of
four phases: pre-processing, feature extraction and selection, feature decomposition, and
classification. Feature extraction and selection is carried out by MediaPipe face mesh
algorithm. *is algorithm is based on real-time deep learning. In addition, the feature
decomposition phase is performed by PCA. This phase is deployed to enhance the accuracy of
emotion detection. It is required to decompose the extracted features using the Singular
Value Decomposition (SVD). Finally, the obtained features are enrolled into a selected
classifier. In addition, an MLP deep neural network is utilized. The introduced techniques are

assessed on different datasets with the help of different evaluation metrics. Moreover, this
lementation of the proposed models.

project report introduces a hardware imp
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1.2 Motivation:
Two studies examined an unexplored motiy

recognition: observer regulatory focus. It was predicted that a promotion focus would
enhance facial emotion recognition relative to g prevention focus because the attentional
strategies associated with Promotion focus enhance performance on well-learned or innate
tasks - such as facial emotion recognition. In Study 1, a promotion or a prevention focus was
experimentally induced and better facial emotion recognition was observed in a promotion
focus compared to a prevention focus. In Study 2, individual differences in chronic regulatory
focus were assessed and attention allocation was measured using eye tracking during the
facial emotion recognition task. Results indicated that the positive relation between a
promotion focus and facial emotion recognition is mediated by shorter fixation duration on
the face which reflects a pattern of attention allocation matched to the eager strategy in a
promotion focus (i.e., striving to make hits). A prevention focus did not have an impact
neither on perceptual processing nor on facial emotion recognition. Taken together, these
findings demonstrate important mechanisms and consequences of observer motivational
orientation for facial emotion recognition. FER systems have broad applications in various
areas, such as computer interactions, health-care systems and social marketing. However,
facial expression analysis is incredibly challenging due to subtle and transient movements of
the foreground people and complex, noisy environment of the background in the real-world
images/videos . here are three main challenges caused by illumination variation, subject-
dependence, and head pose-changing; these widely affect the performance of the FER system.
The state-of-the-art techniques in FER systems are effective for use in control
environments but not for applications in real-world situations.

ational determinant of facial emotion

led laboratory
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1.3 Problem Statement & Objective:

Problem Statement:

Facial Emotion Recognition (FER) is the
static images and videos in orde
complexity of facial expre
involvement of new te

technology that analyses faclal expressions from both
P to reveal information on one's emotlonal state. The
ssions, the potential use of the technology I any context, and the
chnologies such as artificial intelligence ratse significant privaey riske,

Objective:
The main idea of this approach is to deploy dee
using MediaPipe technique. Hence
the generated key points into
learning techniques are imple

p learning as an automatic key polnt generator
» @ sensitive mathematical process Is performaed to encodo
a sct of distinguishable features. In addition, different maching

mented on the extracted features to perform the classiication
task. The proposed approach consists of four main phases. The first phase s himago pre-

processing in which a super-resolution task is carried out using SRGAN, In the second phago,
we deploy MediaPipe to generate key landmarks on the face Images. Furthermore, wo prosont
a key landmark analysis and an angular encoding module. ‘This module contalng three
subphases (key landmark selection, emotional mesh generation, and mesh angular encoding),
The main idea of this module is to generate an emotional mesh that connects the selected key
landmarks. Hence, the obtained mesh is encoded into angular values to penerate o feature map
The recorded reactions were subsequently compared to the reaction of the Imapge that way
expected. The results of the experiment have shown several Imperfections of the fnce analysis
system. The system has difficulties classifying expressions and cannot detect and Identity Innor
emotions that a person may experience when shown the image, Face analysis systems can only

detect emotions that are expressed externally on a face by physiological chinpes In certaln
parts of the face..

apao
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LITERATURE SURVEY

2.1 Literature Survey:

[1] Mehrabian A., "Communication without wo
[2] Ekman, P and Friesen, W, "Facial Action Co
Facial Movement”, Consulting Psychologists p
[3] Samad, Rosdiyana, and Hideyuki Sawada.
parameters for the recognition of natural fa
(2011) Springer: pp. 21-31.

[4] Meher, Sukanya Sagarika, and Pallavi Mab
using PCA." In Advance Computing Conferenc

rds", Psychology Today, Vol. 2, No. 4, 1968, pp. 53-56.
ding System: A Technique for the Measurement of
ress, Palo Alto, 1978 pp. 10-11.

"Extraction of the minimum number of Gabor wavelet
cial expressions.” Artificial Life and Robotics 16, no. 1

en. "Face recognition and facial expression identification
e, 2014 IEEE International, pp. 1093-1098. IEEE, 2014.
[5] Samad, Rosdiyana, and Hideyuki Sawada. "Edge-based Facial Feature Extraction Using Gabor
Wavelet and Convolution Filters."” In MVA, pp. 430-433. 2011.

[6] Sisodia, Priya, Akhilesh Verma, and Sachin Kansal. "Human Facial Expression Recognition using
Gabor Filter Bank with Minimum Number of Feature Vectors.” International Journal of Applied
Information Systems, Volume 5 - No. 9, July 2013 pp. 9-13.

[7] Thai, Le Hoang, Nguyen Do Thai Nguyen, and Tran Son Hai. "A facial expression classification
system integrating canny, principal component analysis and artificial neural network.” arXiv preprint
arXiv: 1111.4052 (2011).
[8] Abdulrahman, Muzammil, Tajuddeen R. Gwadabe, Fahad J. Abdu, and Alaa Eleyan. "Gabor wavelet
transform based facial expression recognition using PCA and LBP." In Signal Processing and
Communications Applications Conference, 2014 22nd, pp. 2265-2268. IEEE, 2014.

[9] Sobia, M. Carmel, V. Brindha, and A. Abudhahir. "Facial expression recognition using PCA based
interface for wheelchair." In Electronics and Communication Systems, 2014 International Conference
on, pp. 1-6. IEEE, 2014.

[10] Poon Bruce, M. Ashraful Amin, and Hong Yan. "Performance evaluation and comparison of PCA
based human face recognition methods for distorted images.” International Journal of Machine
Learning and Cybernetics 2, no. 4 (2011): 245-259.

[11] Rahulamathavan, Yogachandran, RC-W. Phan, Jonathon A. Chambers, and David J. Parish. "Facial
expression recognition in the encrypted domain based on local fisher discriminant analysis."” Affective
Computing, IEEE Transactions on 4, no. 1 (2013): 83-92.

[12] Sarawagi, Varsha, and K. V. Arya. "Automatic facial expression recognition for image sequences.”
In Contemporary Computing, 2013 Sixth International Conference on, pp. 278-282, IEEE, 2013.

[13] Chao, Wei-Lun, Jun-Zuo Liu, Jian-Jiun Ding, and PO-Hung Wu. "Facial expression recognition
using expression-specific local binary patterns and layer denoising mechanism." In Information,
Communications and Signal Processing, 2013 9th International Conference on, pp. 1-5. IEEE, 2013,
[14] Vaibhavkumar J. Mistry, Mahesh M. Goyani, "A literature survey on Facial Expression
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2.2 Limitations of existing systems:

The emotion recognition techniques

' ' provide results in diverse models of emotion
representation. Facial expression ana

; lysis usually provide the results using Ekman’s six basic
emotions model extended with neutral state - usually a vector of seven values is provided,

each value indicating an intensiveness of: anger, joy, fear, surprise, disgust, sadness, neutral
state. EmoFlon recognition from facia] eéxpressions is susceptible to illumination conditions
and occlusions of the face parts Facial expression analysis has a major drawback - mimics

could be to some extent controlled by humans and therefore the recognition results might be
intentionally or unintentionally falsified.

Self-report on emotions, although subjective, is frequently used as a “ground truth” and this
approach will be applied in this study. The second approach from the literature is multi-
channel observation and consistency. Another approach is manual tagging by qualified
observers or physiological observations, but this approach was not used in this study. The
abovementioned results influenced decisions on the design of this study, especially use of
more than one observation channel and improving illumination conditions.

All automatic emotion recognition algorithms are susceptible to some disturbances and facial
expression analysis is not an exception - suffers from face oval partial cover, location of the
camera, insufficient or uneven illumination. When compared to a questionnaire (self-report),
all automatic emotion recognition methods are more independent on human will and
therefore might be perceived as a more reliable source of information on affective state ofa
user, however inconsistency rate is alarming
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2.3 Mini Project Contribution:
We distributed the e

FTEAM MEMBER 1;

Saheel Chavan has worked on the model training part and explored various
models to be applied on our project.

ntire project in subdivisions, mentioned below:

TEAM MEMBER 2:
Malhar Gudekar has worked on the frontend part and performed data
cleaning on the dataset used to train the model.

TEAM MEMBER 3:

Swetha lyer has performed data pre-processing and also explored and
trained various face recognition models.
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PROPOSED SYSTEM
3.1 Introduction:

The main idea of this approach is to deploy deep learning as an automatic key point
generator using MediaPipe technique, He

nee, a sensitive mathematical process is perf(?rmed
to encode the generated key points into a set of distinguishable features. In addition, different

machine learning techniques are implemented on the extracted features to perform the
classification task, The proposed

approach consists of four main phases. The first phase is
image preprocessing in which g Super-resolution task is carried out using SRGAN. In the
second phase, we deploy MediaPipe to generate key landmarks on the face images.
andmark analysis and an angular encoding module. This
es (key landmark selection, emotional mesh generation, and

architecture, loss function, hyper-parameters adjusting, transfer learning, fine-tuning,
evaluation metrics, etc., which leads to a complex set of actions in order to develop the entire
pipeline.

The face detector was used to 1
coordinates afterwards. The CNN architecture j

two types of architecture: SSD and Faster R-C
after the backbone network, while the Faster-RCNN uses

for proposing regions in the images, which were further sent to the CN N, which was also useq
as a backbone. The classification layers of both face detectors were at the top of the
architecture and used the softmax loss function together with L2 normalization in order to
adjust the localization of the face region and to classify the image.

uxiliary CNNs
aregional proposal network (RPN)

Inception Based SSD Model _

The SSD architecture uses an Inception V_2 ;‘)ret'ramed model as
Inception model was designed for solving high var_latlon in the loc
useful for localization and object detection when is ad(?ed asb
architectures. Different types of kernels with multiple sizes (7

a backbone, The
ation ofinformation. thusis
ase network for SSD ang RPN
x7,5x5and 3 x 3) were used.
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Larger kernels can look for th
one search in the inform
used for this type of CN N,
of feature maps. The net
(or 27 layers with poolin

i ¢ lnfqrnmtion that is distributed more globally, as the smaller
ation ll}al IS Mot as sparse. There is one important filter that is also
whxcl? Is the 1 x 1 convolution for. reducing or increasing the number
work is 22 layers deep when counting only layers with parameters
8). The overal) number of layers (independent building blocks) used

about 100, The SSD architecture adds auxiliary structure
feature maps and convolutional predictors for detection.

, network generates score j .
s for the presence of each object category in
each default box and prodyces adjustments to the box to better match the object shape.

;.S.ddltlo‘nally. the network combines predictions from multiple feature maps with different
resolutions to naturally hang|e objects of various sizes

Pipeline for Deep Face Detection CNN
Transfer learning and fine-tunin

The hyperparameters for trainin

g each network are described below. The values were
obtained under experiments and

represent the best configuration in terms of accuracy,
generalization and inference speed obtained after training each model. Due to the limitations

of the graphical process unit used for training the number of operations was reduced for each

training epoch, which implied a low number of images per batch, especially for Faster R-CNN
model.

Facial Emotion Recognition CNN .

The database used for training FER CNN is a selection of uncontroll.ed images from EER2013
and laboratory controlled images from CK+, JaFFE and KDEF.. This datase.t yvas d1v1deq in
24,336 training, 6957 validation and 3479 test sets. The labelling of the trz}lnlng and tes.tmg
dataset were previously made by the authors of the data}base and, in gddltlon, were VeI.‘]ﬁe.d
by our team in order to avoid bias. A small amount of the images that did not meet our criteria
i % nnotations and distinctiveness were dropped or moved to the
s (?f " aI addition, data augmentation was used during training in order to
Sssponcing ClaSS-. nt' n of th’e model. A series of rotations, zooming, width and height
increase the gt.enerallzf" 10 tal flipping and filling were applied to the training dataset. The
shifting, shearing, horizon e o ority of the dataset, around 90% for each emation
a3 mages represe:rt; divided in seven classes: angry, disgust, fear, happy, neutral, sad

Riiacia) cxpressions W ses distribution over the dataset was angry 10%, disgust 2%, fear
as

and surprise. Training cl

¥ ———
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R BL L ) PSS valldation and test set followed ||
the same distribution.

The CNN models used for FER were pretraineg on the ImageNet database and could recognize
objects from 1000 classes. We did not need g SSD or RPN nrchiieclurc as the face localization
was already achieved with face detection CNN, ImageNet did not provide a class related to
face or humans but there were some other classes ’(c-p., t-shirt or bowtie) that helped the
network to extract these kinds of features during the D;clc;n'ning process. This is related to
the fact that the network needs these features in order to classify emotions related to classes.
Taking into account that only some bottleneck layers will be trained, we would use transfer
learning and fine-tuning, as follows: in the first phase the fully connected layers of the
pretrained model were replaced with two new randomly initialized FC layers that were able
to classily the inputimages according to our dataset and classes. During this warm-up training
all the convolutional layers were frozen allowing the gradient to back-propagate only through
the new FC layers. In the second stage the last layers of the convolutional networks were
unfrozen, where high-level representations were learned allowing the gradient to back- ||

propagate through these layers but with a very small learning rate in order to allow small
changes to the weights.

Yo, sad 11% and sy rprise 13%. T'he

Data-Base description
Cohn-Kanade [CK+]

The CK+ dataset consists of 593 video sequences from 123 participants. Each sequence H
contains images beginning from onset (neutral frame) and progressing to the peak expression
(last frame). The label associated with each sequence is depicted from the peak expression.
The dataset contains images for seven different expressions: anger, contempt, fear, disgust,
happiness, surprise, and sadness. The images have a resolution of 640 x 480 pixels. In this
work, the images are cropped into 48 x 48 pixels to focus on the subject face.

Japanese Female Facial Expression (JAFFE)

The JAFFE dataset has 213 photos of ten different female actors posing for seven different
facial expressions. There are six primary expressions: happiness, sadness, surprise, anger,
disgust, and fear, plus one neutral expression. The images have a resolution of 256 x 256

pixels.
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Real-World Affective Face Databage (RAE-DB)
RAF-DB lel_-'linh‘ 15,339 l'n‘cinlﬂim.'u;cs with uncontrolled poses and illumination from
thousands of individuals of different ages and races, The images within the RAF-DB are
labelled by approximately 40 annotators, The database includes six basic expressions plus a
neutral expression.

3.2 Architecture /Framework:

This module contains three subphases (key landmark selection, emotional mesh generation,
and mesh angular encoding). The main idea of this module is to generate an emotional mesh
that connects the selected key landmarks. Hence, the obtained mesh is encoded into angular
values to generate a feature map. Moreover, the generated feature map is enrolled into a
classifier to be discriminated into six categories.

Prvgemd Koy Lominact At st Al Pomeming.
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Presprocessing

Ganteraliy the iages that are aptuved by
0 the handwvare lmitations of camer
avathable datasets for human: emotion rreognition are downssized because of the storage
mitations, Theretor, the st wmodule i the proposed i\l‘t\l\\;;k‘l\ is the Qu‘pm\wsoh:ticm. n
:\\idit\ion‘ the propasad approach Wvolves angular feature extracti ou‘ l‘mu;thi\ scametri ol e
tee e, which requires a clarified tepresentation of the landmarks and lu?umlarit:s of the
faoe mages to allow proper facial tmation recoguition, SRGAN |, a Generative Adversavial
Network (GAN) tor image SuperResolution (SR), is employed in the current research to
nermase the perceptual Quality of images prior to 't‘m‘ther pl\\‘(\\\‘.\‘(‘& \With SRGAN, the images
At superstesolved with a 4y upsealing factor, while wmininizing the Mean SquareBrror (MSE)
l“““\‘\.‘\“ the superresolved and original images and maximizing the Peak Signal-to-Noise
Ratio (PSNR). )

vobotic vision devices hav

. ¢ alimited resolution due
W mvolved in sye

hsystens, Furthermore, most of the

Blaure § illustrates the breprocessing step by emplaying the SRGAN, The figure displays an
oviginal image selected from the CR+ dataset

and the corresponding super-resolved image
P Q@ ~ (TR e ) - \ i Nemen Mo A r N N N
after SRGAN, The oviginal MARe Size 18 48 x 48 pixels, and the supersresolved image size is
192 % 192 pixels,

Rey Landmark Generation

The process of key laindmark generation is performed using deep Mediabipe technique.
MediaPipe is an openssource MU framework developed by Google and devoted to building
real-life computer vision applications, MediaPipe capabilities allow developers to focus on
algorithm or model development, while using Medialipe o iteratively improve their
application with results that ave consistent across different devices and platforms . Solutions
that ae currently implemented with Mediabipe include face detection, face mesh annotation,
irfy localivation, hand detection, pose estimation, hair seguentation, object detection and
tracking, and 3D abject detection (Objectron), ‘l‘hx\\‘\\‘ solutions ave released i different
platforms: maobile (Android and 108), G, Python, and |8,

Proposed Key Landmark Analysis and Angular Encoding

This project roport presents a key landmark analysis :m_&\ m\‘ :\l\@:}\l:\}‘lx\;}x“o‘dinfq\;m\u\ml\.:? '1i‘ms
module containg three subphases (key ladmark selection, ‘\,mm‘\:m:\‘ 1\1\\.’«- u\\\\x \\n\: n\z‘mt.\o\;\.
and mesh angular encoding), The main tden ot this module :s l\; R l\\:\\\i\\“w\\“‘l\: Iu\“l h:ll\‘f“:\‘“; \s‘
which connects the selected key landmarks, Henee, the obtained meshis encaded nto anguka

\ subhsections, a diseussion for each step in
‘ . A featuee maps I the following subse
values Lo generate a feataee wmap,

this module is presented,

M a ne
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Key Landmark Selection

angles between edges reflects facial muscle contr

action and relaxation, which will be used to
identify facial emotions.

Mesh Angular Encoding

After acquiring the key landmarks and establishing the emotion face mesh, we use the mesh to
extract the relevant features for emotion classification. The relevant features employed are
geometric features, since most emotions can be detected from geometric changes. Ten features
are extracted, defining angles between specific edges of the emotion face mesh. The angles are
represented in degrees in the range of (0°, 360°). These features are then fed to the ML
classifiers to learn from them to identify each emotion. The low dimensionality of features (10
features) makes them more resistant to local facial changes. In addition, the classifiers can be
trained in a much shorter time. Moreover, the overall complexity of the proposed framework
is significantly reduced.
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-

The angle between the three vertjces can be computed as follows

@ @ @

@

The angle @ between the linc (edge) connectir

& Py and Py und the line (cd 5
the points P, and P, is unknown. 3 c (edge) connecting

The angle Bbetween the line Py-Py and the Xaxis can be computed as

B= 'm"(y’“_—yi)- M

Xy - x,
Similarly, the angle @between the line P2~P1 and the X-axis can be computed as
o tan-l(yl —)'z)_
X —x, @
Hence, the angle 8 will be
6=F-a= tan"(———y’_y)—tan"(——y'—yz), 3)
X3 =X, X - x,

Using the above procedure, ten angles between prescribed edges in the emotion face
mesh are computed, and then used for classification. Angle values are all positive, where

negative values can be avoided by adding 360° 10 the values. Furthermore, the generated
feature maps are redistributed using PCA 10 enhance their distribution.

Classification

In this work, we develop an automated facial expression identifier to recognize human
emotions for robotic vision applications. Discriminant features extracted from a face are fed
to classifiers to recognize the emotion in the given face. DT, KNN, a multiclass SVM , Gaussian
NB, MLP with backpropagation, QDA, RF, and LR classifiers are used for classification. The
trial-and-error method and grid-search are conducted to identify the optimal structure and
hyperparameters of classifiers. In addition, 10-fold cross-validation is employed to estimate
the optimal hyperparameter combinations to avoid overfitting. The images in the dataset are
divided into two parts: training part and testing part. The training part is used to
train/validate the classifier, and the testing part is used to test the performance of the
classifier. The 10-fold cross-validation adopted in the current model employs further
splitting of the training part into ten folds (subsets). After that, nine folds are used to train
the classifier, while the remaining fold is used to validate the training. This process continues
until each of the ten folds is used exactly once for validation. The optimal configurations
identified in the training stage are then applied in the testing stage.
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Detailed example on

https://www.hindawi.com/journals/cin/z022/8032673/

3.3 Algorithm & Process Design:
Algorithm

Surprise
Extraction P

P
Classification ;= -
Vel Tee.

N
Face Image Preprocessing Extraction

Image ocessing

—————

/!




N i

T

—/’—-_—-—7

ATHARvVA EDUCATIONAL TRUST'S
k\&g ATHARVA COLLEGE OF ENGINEERING
———Vv——% (Appl‘OVEd bY
ATHARVA

AICTE, Recognized by Government of Maharashtra &
ATHARVA Affiliated to University of Mumbal - Est. 1999-2000)
Department of Computer Engineering

Academic Year 2021-22

e _ e
4 _ — " SRR AT T T I T —"
T I s o
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3.4 Details of Hardware & Software:

PYTHON:

Python is a high-level, general-purpose programming Janguage. Its design
philosophy emphasizes code readability with the use of significant

indentation. Its language constructs and objectoriented approach aim to

help programmers write clear, logical code for small- and large-scale
projects.

Python is d‘ynamicallv-tvned and garbage-collected. It supports multiple
programming paradigms, including structured (particularly procedural),

object-oriented and functiona] programming. It is often described as a
batteries included” language due to its comprehensive standard library.

Python's large standard library, commonly cited as one of its greatest
strengths, provides tools suited to many tasks. For Internet-facing
applications, many standard formats and protocols such as MIME and
HTTP are supported. It includes modules for creating graphical user
interfaces, connecting to relational databases, generating pseudorandom
numbers, arithmetic with arbitrary-precision decimals, manipulating
regular expressions, and unit testing.

Python is meant to be an easily readable language. Its formatting is_visually
uncluttered, and often uses English keywords where other languages use
punctuation. Unlike many other languages, it does not use curly brackets to
delimit blocks, and semicolons after statements are allowed but rarely
used. It has fewer syntactic exceptions and special cases than C or Pascal.

Python consistently ranks as one of the most popular programming
languages.

JUPYTER NOTEBOOK:
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Jupyter Notebook (formerly IPython Notebooks) is a web-based interactive
computational environment

for Creating notebook documents.

ending with the ".ipynb" extension,
Jupyter Notebook can conn

s allow execution of only a single language,

but there are a couple of exceptions.[citation needed] By default Jupyter
Notebook ships with the IPython kernel.

A Jupyter Notebook can be converte
formats (HTML, presentation slides,

Markdown, Python) through "Download As" in the web interface, via the
nbconvert library or "jupyter nbconvert” command line interface in a shell.
To simplify visualisation of Jupyter notebook documents on the web, the
nbconvert library is provided as a service through NbViewer which can
take a URL to any publicly available notebook document, convert it to
HTML on the fly and display it to the user.

d to a number of open standard output
LaTeX, PDF, ReStructuredText,

OpencV:

OpenCV (Open Source Computer Vision Library) is an open source computer vision and
mgchine learning software library. OpenCV was built to provide a common infrastructure for
computer vision applications and to accelerate the use of machine perception in the
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February of 2010. In addition (o offe
debugger

« Anintegrated unit tester

. 1}1tegr;\tion support for version control systems (VCSs)
Support for data science with Anaconda

ring code analysis, PyCharm features: A graphical

The main reason Pycharm for the creat
operate across multiple platforms like
analysis tools, debugger, testing tools

ion of this IDE was for Python programming, and to
Windows, Linux, and mac0S. The IDE comprises code

in building Python plugins with th

» and also version control options. It also assists developers
¢ help of various APIs available. The IDE allows us to work

with several databases directly without potting it | i iti
. etting it . ls. Although it is
specially designed for Python, HTML ng ng itintegrated with other tools 24

! . 4 S, and Javascript files can also be created with this IDE. It
also comes with a beautiful user interface that can be customized according to the needs using
plugins.

Numpy:

NumP_y isa ‘Python library used for working with arrays.It also has functions for working in
domain of linear algebra, fourier transform, and matrices.NumPy was created in 2005 by Travis

gli;;hant. Itis an open source project and you can use it freely.NumPy stands for Numerical
ython.

In Python we have lists that serve the purpose of arrays, but they are slow to process.NumPy
aims to provide an array object that is up to 50x faster than traditional Python lists.The array
object in NumPy is called ndarray, it provides a lot of supporting functions that make working

with ndarray very easy.Arrays are very frequently used in data science, where speed and
resources are very important. I

Mediapipe:

MediaPipe Face Detection is an ultrafast face detection solution that comes with 6 landmarks
and multi-face support. It is based on BlazeFace, a lightweight and well-performing face detector
tailored for mobile GPU inference. The detector’s super-realtime performance enables it to be q
applied to any live viewfinder experience that requires an accurate facial region of interest as an
input for other task-specific models, such as 3D facial keypoint_ estimation (e.g., MediaPipe Face |
Mesh), facial features or expression classification, and face region segmentation. BlazeFace uses

a lightweight feature extraction network inspired by, but distinct from MobileNetV1/v2, a Gpy-
friendly anchor scheme modified from Single Shot MultiBo tect D), and an improved tie

Page |
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resolution stratepy alternative 1o non-m

aximum suppression, For more [nformation about
BlazeFace, please see the Resonyees section,

Naming style and availability may differ slightly across platforms/languages.

MODEL_SELECTION:An integer indey 0 or 1. Use

works best for faces within 2 meters from the came
faces within 5 meters. For the fyl]-p
inference speed. Please refer to the

0 toselect a short-range model that

ra, and 1 fora full-range model best for
Ange option, a sparse model is used for its improved
model cards for details, Default to 0 if not specified.

MIN_DETECTION_ CONFIDENCE: Minimum confidence value ( [0.0, 1.0] ) from the

face detection mode} for the detection to be considered successful. Default to 0.5.

Live perception of simultaneous human pose, face landmarks, and hand tracking in real-time

on mobile devices can enable various modern life applications: fitness and sport analysis,
gesture control and sign language recognition, augmented reality try-on and effects.
MediaPipe already offers fast and accurate, yet S€parate, solutions for these tasks. Combining
them all in real-time into a semantically consistent end-to-end solution is a uniquely difficult
problem requiring simultaneous inference of multiple, dependent neural networks. The

ntegrates separate models for pose, face and hand components,

»and employ a re-crop model to improve the ROI. We th
frame to these ROIs and apply task-specific face and hand
corresponding landmarks, Finally,
yield the full 540+ landmarks.

en crop the full-resolution input
models to estimate their
we merge all landmarks with those of the pose model to

3.5 Experiment & Result:

Experiment:
1. Collection File
2. Training File
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3. Inference File

Result:
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3.7 Conclusion:

The issue of Human- S
project presemec‘nal?ob"ztl l'lll;e)ll-acl']o“ (“Rl)lhas been discussed in this project. As a solution, the
consists of four phases wmc‘ﬁ iroacj..ﬁ)r facial expression recognition. This proposed approach
time algorithm (MEdi;lPipe) tF e_CI'!l 1‘|ecl out to extract key points from facial images using a real-
<aleBilon, niedh generator m-d urthermore, L;hese key points are enrolled into a sequence of
are classified using SeVer;l( : an.g.ulall- encoding modules. Moreover, the generated feature maps
and MLP. The novelty ofthec zrssxﬂcauon algorithms, including SVM, KNN, RF, QDA, NB, LR, DT,
and angular encoding algoritl? Opr;)ls‘ed aPPF‘OHCh.lS high.lighted in the proposed key point analysis
(angular values), which are df"- . s algonthm is efficient, because it generates only ten features
ronosed a ’ y iscriminative for different emotional classification categories. The
prop pproac has been evaluated on CK+, JAFEE, and RAF-DB datasets. It reveals a superior
performance in terms of accuracy of detection and processing time evaluation metrics.
Furthermorg, the low dimensionality of extracted features enables the ML-based approaches to
reach an optimum performance in a short time with much lower computational cost than those of
the DL-based approaches, which require more time for convergence and need much

computational cost.

In addition, the future work that can be deduced from this Project is introducing a method for
s, spoken words, and written text.

h trend, which we

and

emotion detection from other modalities such as video
Furthermore, hardware implementation of the proposed approach is a researc
are working on. Moreover, further machine learning techniques such as dictionary learning

semi-supervised learning can be performed to solve this issue

/2022/8032673/
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