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EDITORIAL

l-rmanager's Journal on Pattern Recognition (JPR), (January — June 2023: Volume - 10, Issue - 1) has five peer
reviewedresearch papers that capfivate distinct themes on many characteristics associated with Pattern Recognition.

Sulaimon proposed a novel approach for anomaly detection using Fast Fourier Transform (FFT) and Long Short-
Term Memory (LSTM)-Autoencoder [AE). A data processing approach based on FFT was developed fo pre-process the
raw sensor data. This helped to reduce noise and improve the Signal-to-Noise Ratio (SNR). Additionally, an anomaly
detection model based on LSTM-Aufoencoder was developed and frained on the pre-processed data. The proposed
approachwas able to defect anomalies at a low threshold and achieved a high accuracy score.

Srujan et al. proposed a method to solve the major problem of fraffic congestion at parking places. To solve this
issue, the navigation of empty parking slofts is used. In this research, live information is displayed before drivers enter the
parking area. With the help of the display and website, drivers can save a significant amount of fime finding an empty
parking slot to park their vehicle. The system is based on camera sensors and soffware, where image processing is used
fo process the image.

Bhavika et al. proposed a system that uses an integrated and cenfralized dafabase of missing persons using
Aadhar card deftails. The facial recognition system used for this approach is the Deepface which improves the efficiency
of locating missing individuals. The system matches the facial features with the data stored in Aadhar cards, providing
reliable means of identification. The infegration of technology and dafa provides quick and more accurate
identification, increasing the chances of locating missing persons promptly.

Mayank et al. proposed a novel Wavelength-Division Mulfiplexing (WDM)-based photonics link for a radar
demonstrator. The proposed system uses a single pulsed laser as a source fo design a fransceiver for high-speed data
fransmission and reception which can generate tuneable radar signals and their echoes, avoiding the up/down
conversion of radio frequency and ensuring both high resolution and simulation-based operation. The system is scalable
and can be easily adaptedto different radar applications.

Harsh et al. proposed a system which is capable of identifying the user's emaotions and moods and suggesting a
list of appropriate songs fo improve their mood. Incorporating mood defection offers significant benefits to customers'
mental health and personal satisfaction. The objective of this system is to capture the user's image, detect their mood
and create a music player system that recommends music based on the user's real-time mood, ufilizing a web camera
and deep learning algorithms.

We thank the authors for their research and the reviewers for their efforts in reviewing the papers and bringing this
issue tfo fruition. Our special thanks to the Editor-in-Chief Dr. G. R. Sinha for his constant support and efforts in further
enhancing the quality of the Journal.

Hope this issue imparts an enlightening reading experience! Enjoy Reading!
Warm regards,
Dr. Jeya Shobana S.
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DEVELOPMENT OF ANOMALY DETECTOR FOR MOTOR BEARING
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ABSTRACT

Date Accepted: 05/06/2023

Anomaly detection in motor bearings is a critical fask for preventing downtime and ensuring efficient operation. This
paper proposes anovel approach for anomaly detection using Fast Fourier Transform (FFT) and Long Short-Term Memory
(LSTM))-Autoencoder (AE). A data processing approach based on FFT was developed fo pre-process the raw sensor dara.
This helped to reduce noise and improve the Signal-to-Noise Ratio (SNR). Addifionally, an anomaly detection model
based on LSTM-Autoencoder was developed and trained on the pre-processed data. The proposed approach was able
to detect anomailies at alow threshold and achieved a high accuracy score.

Keywords: Motor Bearing, Anomaly Detection, Deep Learning, Fast Fourier Transform, Long Short Term Memory,

Autoencoder.

INTRODUCTION

In recent times, Artificial Inteligence (Al) has been
employed in the detection of anomalies in machines.
Some techniques used include the Support Vector
Machine (SVM) (Lee et al.,, 2020), Bayesian Classifier,
Neural Networks, and Deep Learning (DL) methods (Jiang
et al., 2019). However, the imbalanced nature of the
dataset generated from sensors poses challenges in
accurate anomaly detection.

According tfo Chalapathy and Chawla (2019), Artificial
Intelligence (Al), including Machine Leamning and Deep
Learning, is preferred over traditional anomaly detection
methods because it can detect anomalies using datfa
that may not be available in fraditional methods. This
allows for earlier detection of anomalies, which can help

h
l—manageﬁ

Publications

This paper has objectives related fo SDGs

Member of:

to prevent breakdowns.

Among Al approaches, Deep Learning (DL) has been
shown to outperform fraditional Machine Learning
because of its flexibility in leamning and representing data
in a hierarchical form in a Neural Network. This allows for
better performance in anomaly detection.

As a result, Deep Learmning has been used in a variety of
applications, including, financial fraud detection
(Adewumi & Akinyelu, 2017), Infrusion Detection in
cyberspace (Kwon et al., 2019), Big data anomaly
detectionin the Intfernet of Things (loT) (Mohammadiet al.,
2018), and Medicallmage Analysis (Litiens et al., 2017).

According to Lee et al. (2018a, 2018b), the use of deep
leamning for anomaly detection has been increasing
because of its ability to receive signal data and
automatically pre-process it before extracting the
features needed foranomaly detection.

Generally, deep learning techniques for anomaly
detection require huge amounts of data. Itisimportant to

i-manager’s Journal on Pattern Recognition, Vol. 10 ¢ No. 1 e January - June 2023 1
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note that the data generated from sensors is often
characterized by electrical noise and a low Signal-to-
Noise ratio (SNR). This noise can make it difficult for deep
learning models to accurately detect anomalies (Ahmad
etal., 2020).

Recently, a lot of researchers have done extensive work
on anomaly detection. Researchers have observed that
large thresholds are often used in anomaly detection
systems that use sensor data. This is because sensor data
is often characterized by noise and low Signal-to-Noise
Ratio (SNR), regardless of the technigue used. This low SNR
can often lead to false alerts or no alerts of anomalies,
and the inability of deep learning models to detect weak
signails.

The generation of weak signals by some sensors can
make it difficult fo detect anomalies. This is because the
threshold for detecting anomalies is often set based on
the error margin of normalcy. If the threshold is set too
high, it may not be possible to detect weak signals, even if
they are outside the range of normalcy.

Another challenge in detecting anomalies is the use of
fime-stamped data. Time-stamped data can be large
and difficult to process. This can make it difficult o identify
anomaliesin atimely manner.

To improve the detection of anomalies, it is important to
clean up the data using Digital Signal Processing
techniques such as Fast Fourier Transform (FFT) (Jalbbczynski
& Szczesniak, 1995; Vo et al., 2017). This will allow
anomalies to be detected at lower thresholds, which
indicates improved sensitivity. FFTis a robust technique for
data characterized by low Signal-to-Noise Ratio (SNR),
and it helps to convert sequence data from the time
domain to the frequency domain. This makes feature
extraction easier, even for data with low SNR. Additionally,
using FFT can aid anomaly detection faster by reducing
computational time and acting as a filter fo clean up the
data.

Therefore, this research proposes the use of Fast Fourier
Transform and LSTM-Autoencoder for the faster, more
sensitive, and more accurate detection of anomalies in
motor bearings.

1. Related Work

Khadersab and Shivakumar (2018) presented how FFT
and Inverse Fast Fourier Transform (IFFT) were used to
analyze bearing failure. They compared healthy vibration
data and faulty vibration data using these techniques to
accurately assess the bearing failure. In their experiment,
a piezoelectric accelerometer sensor was used to collect
vibration data. The acquired data was connected to an
FFT algorithm called EL-Calc. The FFT signal was then used
to generate IFFT and a spectrogram. At the end of the
experiment, defects were effectively identified.

According to Sulka et al. (2019), the causes of unwanted
vibration and the extent of a fault can be estimated. They
used FFT and Short-Time Fourier Transform (STFT) to identify
defects in bearings. The difference between these two
techniques is that FFT does not use a time window, while
STFT uses a time window to analyze a particular vibration
signal. After using both techniques, it was observed that
FFT shows a larger amplitude in the vibration signal that
was analyzed. The amplitude also depends on the
severity of the damage.

Abouelanouar et al. (2018) used Wavelet Transform (WT) o
detect faults in gears and bearings. They found that WT
was a powerful tool for fault detection, even with non-
periodic vibrational signals (Hruntovich etal., 2019).

Kanwal et al. (2019) presented a method for detecting
tfampering in images that used a combination of the Fast
Fourier Transform (FFT), local texture descriptors, and a
Support Vector Machine (SVM) classifier. The results of their
research showed that this method was able to increase
the accuracy of tampering detection.

Barot and Kulkarni (2021) reviewed different techniques
for detecting anomalies in machines. The research
emphasized the need for Digital Signal Processing (DSP)
tfechniques, such as the Fast Fourier Transform (FFT),
Wavelet Transform (WT), Discrete Wavelet Transform (DWT),
and Wavelet Packet Transform (WPT). They also stressed
the importance of denoising and extracting weak signals,
which can be done using wavelet-based signal
denoising. It also reviewed Arificial Inteligence (Al
methods for diagnosing faults in bearings.

2 i-manager’s Journal on Pattern Recognition, Vol. 10 e No. 1 e January - June 2023
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To reduce downtime in industries, Jin et al. (2019)
proposed a data-driven approach for bearing
prognostics based on the Kolmogorov-Smimnov test, self-
organizing map, and unscented Kalman filter, as shown in
Figure 1. The first step in their approach is to detect
bearing degradation, also known as anomaly detection,
by learning from historical data generated by vibration
sensors. The second step is to predict the Remaining
Useful Life (RUL) of the bearing using a degradation model
and anunscented Kalman filter.

Zhang et al. (2019) emphasized the use of the Internet of
Things (loT) for data gathering for detecting anomalies in
bearings. This research work aims to ensure adequate
maintenance before a complete machine breakdown,
exposes different techniques used to frack the
degradation of the system. These techniques involve the
use of signal processing for better performance in
degradation tracking. Cyclic Spectral Correlation (CSC)
and Cyclic Spectral Coherence (CSCoh) have been
proven to be powerful tools for signal processing. Due 1o
the difficulty of obtaining labeled data from the
experimental setup in Figure 2, fault detfection was
performed using semi-supervised learning and Support
Data Description (SDD).

Wang et al. (2019) presented a case study that utilized
Conditional Based Maintenance (CBM) for centrifugal
pumps as part of a safety program for critical water
systems used to mitigate fire hazards. This was done to
monitor the operational condition of centrifugal pumps.
Vibration data was gathered to investigate if CBM could
identify different faults in the centrifugal pump.

Figure 3 shows the workflow of the research, which
involved determining the best practices or approaches

* Feature calculation *
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': Kolmogorov— data
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Figure 2. Experimental Set Up for Data Gathering
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Figure 3. Work Flow of the Research

for CBM in the lab compared to the CBM approach in
industry.

The advent of smart meters and the Interet of Things (10T)
has improved the gathering of data, which is instrumental
to the detection of anomalies in industrial machines.
According to Pittino et al. (2020), Machine Learning has
been used fo extract information from datasets, the
important aspect of anomaly detectionis that it aidsinthe
detection of bearing faults. This helps to detect
malfunctioning bearings before the machines

completely break down.

Degradation

. MOE- model Bt
Self- bn?cd construction R
organizing=* - ith L
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Kalman filter »

algorithm
RUL Prediction

Figure 1. Data Driven Approach for Bearing Prognostic
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Saeki et al. (2019) used visualization techniques,
specifically Convolutional Neural Networks (CNNSs), for the
detection of motor bearing anomalies. In this work, a
vibration dataset was captured and predictions were
made to state the health status of the bearings. These
predictions were compared with the analysis done by
experts. Results showed that the technigque is helpful in
providing useful information about the health status of
motor bearings.

Schmidt and Heyns (2019) state that anomaly detection
can be used to identify localized faults in gears, even
when historical fault data is not available. Discrepancy
Analysis, Contfinuous Wavelet Transform (CWT), and
Principal Component Analysis (PCA) are used ftfo
determine the divergence of the gear. Bayesian Data
Analysis is then used to infer the presence of a localized
anomaly. By identifying localized faults early, preventive
maintenance can be performed to extend the life of the
machine and avoid costly downtime.

Asakura et al. (2020) used Mahalanobis-Taguchi System
(MTS), a method for quantifying the extent of damage in
logical systems, 1o detect anomalies in those systems.
They applied the technique to a large-scale vertical
fransfer system and developed calculations to achieve
proper values for the technique based on simple
excitation using a shaker.

Cooper et al. (2020) worked on anomaly detection in
milling tools using Generative Adversarial Networks (GAN)
and acoustic data. It uses K-Nearest Neighbors (KNN) to
detectanomaliesin machineries.

Nath (2020) disclosed that abrupt changes in sequential
data are a major problem in anomaly detection. To solve
this problem, low latency anomaly detection based on
Quick Change Detection (QCD) is needed for effective
detection. QCD minimizes the delay in detecting
anomalies observed in sequential data. This is useful
because in most models, the post-change distribution
model may not be available. However, QCD has been
used forbearing fault detection in turbines.

Sohaib and Kim (201 8) proposed a method for detecting
faults in bearings using bi-spectrum analysis and

Convolutional Neural Networks (CNNSs). First, the bi-
spectrum of the vibrational signal was extracted. Next, a
CNN based on a stochastic optimization function was
used to extract the inferclass of the bi-spectra. The
proposed method was able to detect faults more
accurately than the previous work.

Pandarakone et al. (2018) proposed an online bearing
fault detection method based on deep leamning. Fast
Fourier transform (FFT) was used to perform spectral
analysis on data generated from the load current of the
stator coil. This helped to extract features from the data,
which were then used to train a convolutional neural
network (CNN). The CNN was able to classify different
types of bearing faults, including single scratch (SS) and
full scratch (FS). The average accuracy of the system was
88.17%. Abid et al. (2019) presented a technique to aid
the detection of faults in bearings and the extent of the
damage.

The technique Optimized Stationary Wavelet Packet
Transform (OP-SWPT), is an advanced form of the Digital
Signal Processing Technique Wavelet Transform. The
authors used Fast Fourier Transform (FFT) fo analyze the
signal in the frequency domain, Short Time Fourier
Transform (STFT) is used to identify the locatfion of the
extracted features, and Wavelet Transform (WT) for non-
stationary signals. The results showed that the technique
was effective in detecting different types of bearing faults.
It was also reported that the technique detected faults
fasterthan othermethods.

Egqiji et al. (2020) emphasized the need to use available
data, usually vibration data, to avoid downtime in
industries. It suggests that Digital Signal Processing
methods such as FFT could be used to improve the oufput
of the data, which is often noisy due to sensor inefficiency.

In Boniol et al. (2020), features were extracted from the
data. These features were then used to frain a Neural
Network. To make detection easier, Principal Component
Analysis (PCA) was used to reduce the dimension of the
data from 24 to 1-dimensional space. The output from
PCA was then used as input to a regression model, which
reconstructs the input. The error between the input and the

4 i-manager’s Journal on Pattern Recognition, Vol. 10 e No. 1 e January - June 2023
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reconstructed output reveals anomaly detection. The
regression models used in this research were Support
Vector Machine (SVM), Random Forest (RF), and K-Nearest
Neighbors (KNN].

Industrial fans are used to aid cooling and ensure the
proper functioning of industrial machines. Gong et al.
(2018) presented an online solution to detect anomalies
in industrial fans. To achieve this, they used acoustic
signals with an infelligent prediction integrated system
that is connected to the internet. Furthermore, Glowacz
(2019) used Acoustic Signal Enhancement Filter and
Adaptive Kalman Filter for feature extraction and
detection.

Sohaib and Kim (2019) presented a method for detecting
anomalies in machine bearings using complex envelope
spectra and a Stacked Sparse Autoencoder-based Deep
Neural Network (DNN] (Liu & Gryllias, 2020). To overcome
the fluctuations in shaft speed, a fault diagnostic scheme
was developed. The use of complex envelope spectra
made the detection process easier.

The literature review shows that researchers have used
either Digital Signal Processing (DSP) or Machine Learning
(ML) to improve motor bearing detection (Vo et al., 2017,
Wei et al., 2019). However, no studies have been found
that use both the Fast Fourier fransform (FFT) and Long
Short-Term Memory (LSTM)-Autoencoders. Additionally, no
other researchers have improved the performance of
LSTM-Autoencoders for detecting motor bearing
anomalies.

2. Methodology

The proposed technigue in this research includes the use
of National Aeronautics and Space Administration (NASA)
data on motor bearings, the use of the Fast Fourier
Transform (FFT) and a Long Short-Term Memory (LSTM)-
Autoencoder to achieve anomaly detection. Python was
used as a tool to write the code. The workflow of the
proposed systemis shownin Figure 4.

In this research, the data was collected, pre-processed
with pandas, and then processed with FFT to aid anomaly
detection. The structured data characterized by
normalcy was then fed into the proposed model and

Data collection
v
Data Preprocessing using

y

Data processing using FFT
L 2

Further data preprocessing

¥

Splitting of data into test
and train data

| ]
Data transformation
K ]

Develop LSTM Autoencoder
network Model

[}

Train the model with data
L ]

Evaluation of the model

¥

Compare result with existing

Figure 4. Proposed Model Diagram

tfrained. Afterwards, the proposed model was tested with
abnormal data and the performance of the model was
then evaluated using two metrics threshold, also known as
anomaly score, and accuracy.

2.1Data Collection

The data used in this study is sensor readings obtained
from vibration sensors fastened to motor bearings by
NASA Acoustics. These data were generated from four
bearings that were run until failure under constant load.
The data, which was taken at 10-minute intervals contains
20,800 data points per bearing read at a sampling rate of
20kHz.

Figure 5 shows the part of the data collected in files
named with fime and date stamp. Figure 6 shows the
unorganized data before processing.

2.2 Data Pre-Processing

The vibration data for the four motor bearings was
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Figure 5. Raw Data Collected with Date and Time Stamp
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Figure 6. Unorganized Data Before Processing

collected. The data was tagged with dates of collection
and stored in separate files. Pandas was used to merge
the four files into a single dataset as shown in Figure 7. The
dataset was inspected to verify that there were no missing
data. The data type and shape were checked to ensure
that the data conformed to the format required by the
deep learning algorithm.

2.3 Data Pre-Processing using FFT

Fast Fourier Transform (FFT) is a fechnique that employs the
fransformation of time sequence signals 1o its frequency
domain so as to extract latent behavior of the signal
source. In other words, the FFT decomposes an N-point
fime domain signal into N-time domain signals, each
composed of a single point. Afferwards, the FFT algorithm
calculates the N-frequency spectra corresponding to the
N-tfime domain signals. Lastly, the N-spectra are then
synthesized info a single frequency spectrum. This
algorithm utilizes Equation 1.

N-1 i2mkn

n=0

Bearing1 Bearing2 Bearing3 Bearing4
2004-02-12 10:52:39 0060236 0074227 0083926 0044442
2004-02-12 11:02:39 0061455 0073344 0084457 0.0450%1
2004-02-12 11:12:39 0.061381 0.075608 0.082837 0.045118
2004-02-12 11:22:39 0.061€6S 0.073279 0.084879% 0.044172
2004-02-12 11:32:39 0.061944 0.074593 0.082626 0.044659

Figure 7. Dataset of the Motor Bearing After Pre-Processing

where N is the size of the domain, and X,=X,.X,...... Xy, 1S
converted to another sequence numberx,=x,.X;...... X1 IS
the signal. In other words, x, is a sinusoid with frequency of
k/n, which is a cross correlation sequence of X,.
Furthermore, it must be noted that the 'N' points must be in
the form of 2". This means the N-time points must be within
this range, otherwise it would not be able to capture the
whole data. During the decomposition, the levels of
decomposition is given as log,N. For example, a 16-point
signal, also represented as (2°), is broken down into x
stages where x = log,24. This results in a breakdown into 4
stages. During the breakdown, the original samples are
re-ordered via bit reversal. Table 1 shows a sample data
re-ordering.

The pseudocode for the Fast Fourier Transform is as
follows,

/IFor general case let the input G of any case have a
sequence

/1G=(a,q, .....Qy.)

//Note that N is a power of 2. Also, we want to refurn
outputvalues of H //given as:

N-1
/I H=A(x)= Zajxj

=0
/Iwhere H is a polynomial similar fo Equation 1,
evaluated at Nth root of //unity and a is the coefficient
of the polynomial.
ifN=1thenreturn(a,)

if N>1 then //calling the Fourier fransforms

recursively.

(so,sl,..--,s%,l) = FFT((ay,y,.....ay_,)W’) / this deals
with even sequence

(SgsSyseeees 5%4) = FFT((a,,as,....a, )W) //thisdeals
with an odd sequence.

6 i-manager’s Journal on Pattern Recognition, Vol. 10 e No. 1 e January - June 2023




RESEARCH PAPERS

2

forj=0to N 1

— Jg!
ro=8,+wyls)

!

S
Fow _Sj Wy SJ /[ the negative sign is from

.1'+5
the odd.
/| Note that w is the primitive Nth root of unity if
w’,....W"" [Jare root of the unity
return (7, 1,...., Ty, )

endfor

endif

endif

/[How long will it take to do this computation?

T(N)=2T(N/2)+O(N)

/IN is the size of the problem and O(N) is the order of N

assolvedinthe /[[Equation 1.

/I =O(N log,)

/Iwhich ismuch better if the system is to run for O(N’).
2.4 Further Data Pre-Processing
Further pre-processing step was done to normalize the
data. The normalization process ensures that all data
points are converted to numbers between 0 and 1. LSTM
models typically use data in a three-dimensional tensor
format, which is important to reshape the data from its
current two-dimensional format (date-time stamp,

Normal Binary Decomposed Binary

Sample Representation QOutcome Representation
0 0000 0 0000
1 0001 8 1000
2 0010 4 0100
3 0011 12 1100
4 0100 2 0010
5 0101 10 1010
6 0110 6 0110
7 0111 14 1110
8 1000 1 0001
9 1001 9 1001
10 1010 5 0101
11 1011 13 1101
12 1100 3 0011
13 1101 1 1011
14 1110 7 0111

(@]

111 15 1

Table 1. Data Re-Ordering Table

feature) to a three-dimensional format (date-sample,
fime-sample, features). Figure 8 shows the shape of the
dataset that was originally collected.

2.5 Data Splitting

To use an Autoencoder network for anomaly detection,
the data must be splitinto fraining and test data. There are
two common approacheswhich are as follows,

Labeled Data: The entire dataset can be
characterized with both normal and abnormal data.
[t can then be split into training and test data using a
fraditional ratio, such as 60% training data and 40%
testdata. Some researchers use a 70/30 split. The ratio
of the splitis based on the researcher's judgement.

e Unlabeled Dafa: Only the normal data can be used
to detect anomalies. This approach is used when the
data is unlabeled. The faulty data is used as the test
data.

In this research, the training dataset was obtained by
plotting all the data to get the percentage of both normal
and faulty signails.

2.6 Model Description
2.6.1 Autoencoder

Autoencoders are neural networks that learn to replicate
its inputs af the output. It can be used for a variety of tasks,
including dimensionality reduction, anomaly detection,
and feature extraction.

In anomaly detection, autoencoders are used to identify
data points that are significantly different from the rest of
the data. This is done by comparing the output of the
autoencoder fo the input data. If the output is significantly
different from the input, then the data point is likely 1o be
ananomaly.

The anomaly score is calculated by measuring the
difference between the output of an autoencoder and
the input data. Data points with high anomaly scores are
more likely to be anomalies.

Data points with anomaly scores that are higher than the

Dataset shape: (982, 4)

Figure 8. Shape of the Dataset Originally Collected in
Two Dimension
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threshold are flagged as anomalies.
2.6.2 Long Short-Term Memory Network (LSTM)

LSTMis a type of Recurrent Neural Network (RNN) that helps
toretain long-term dependencies between data pointsin
a sequence (Nguyen et al., 2020). This is achieved
through the use of three control gates, such as the input
gate, the output gate, and the forget gate. These gates
are implemented using Sigmoid Neural Network layers
and pointwise multiplication. LSTMs are typically
implemented as a chain of repeated modules, each of
which contains the three control gates.

LSTMs can read data sequentially as vector
S={S,.5,.S,,..... s....}, where SE K represents the vector
reading of x with x dimensions atf time 1. This Neural Network
consists of three gates that helps to store relevant
information and forget irrelevant ones. These gates are
the forget gate, input gate and output gate.

2.6.3 LSTM-Autoencoder

An autoencoder is a neural network that can be used to
detect anomalies by compressing large amounts of data
info a smaller vector space. However, using an
Autoencoder alone can be challenging for time series
data, as the data can become very large over time, and
the computation required to train and use the model can
be prohibitive.

To address this challenge, LSTM-Autoencoders can be
used. LSTMs are a type of recurrent neural network that are
well-suited for processing time series data. Autoencoders
canlearntorememberlong-term dependencies in data,
which allows it to identify the most important features to
remember. This reduces the amount of data that needs to
be processed, which can significantly improve the
performance of the model.

The architecture of an LSTM-Autoencoder is shown in
Figure 9. The input data, which is a time series data x,, X, is
first fed into the autoencoder. The autoencoder
compresses the data infto a smaller vector z. This
compressed data is then fed into the LSTM. The LSTM
learns to remember the important features of the data
and forget the irelevant features. This reduces the
amount of data that needs to be reconstructed, which

Eo. X, X X, X

u? m
Auto- - S
- LSTM —— LSTM —» LST™M
xl xZ Xon

Figure 9. Architecture of LSTM-Autoencoder

furtherimproves the performance of the model.

During reconstruction, a threshold is selected. If the error
between the reconstructed data and the original data is
above the threshold, an anomaly is detected.

1 Il I
LZEZ [|s —s x||s—s 2)
S

Equation 2 shows the LSTM-Autoencoder model. The
pseudocode forthe LSTM-Autoencoderis as follows,

LSTM-Autoencoder Algorithm
/IINPUT: the training set Xu, //Xu is the dafaset
//OUTPUT: prediction resultX.
/IPreprocess the dafa Xu to give Xuu

/ISplit Xuu to AutoEncoder fraining set XAE and XAD
validation dataset.

/linitialize the weight matrices of AufoEncoder
randomly.

//PutXAE info AutoEncoder.

ifL(X,Y) < dthen

Calculate the error L(X, Y)

Use the back propagation fo train the AutoEncoder.
else

Endthe fraining.

endif

//Generate the characteristics of the input dataset Zt.
fort= 0foepochdo

Put Ztinto the LSTM, and do for forward propagation.
Generate output

Calculate error.

8 i-manager’s Journal on Pattern Recognition, Vol. 10 e No. 1 e January - June 2023
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Use the back propagation fo update parameters.
Use forward propagation to update network status ht,
endfor

[/Add LSTM after the encoder of AutoEncoder to form
AE-LSTM.

/IFine-tuning the whole network, fraining initialization
parameters.

/llnput XAD ftest dafa in AE-LSTM fo generate the
predictedvalue X.

Return X.

2.6.4 Development of LSTM-Aufoencoder Network with
FFT

The model used in this research is the LSTM-Autoencoder
with FFT. The LSTM-Autoencoder was used to aid the
detection of anomalies in time series data. The FFT
technique was also used to extract latent features of a
signalinthe frequency spectrum. The pseudocode forthe
model algorithm is as follows,

Model Algorithm (LSTM-Autoencoder with FFT)
[IINPUT: the fraining set Xu, // Xu is the dataset
//OUTPUT: prediction result X.

/IPreprocess the data Xu to give Xuu
/lprocess the data using FFT fo give Xuu'

/1Split Xuu' to AutoEncoder training set XAE and XAD
validation //dataset.

/lInitialize the weight matrices of AutoEncoder
randomly.

/IPut XAE' into AufoEncoder.

ifL{X, Y) < dthen

Calculatetheerror L(X, Y)

Use the back propagation fo frain the AutoEncoder.
else

Endthe fraining.

endif

//Generate the characteristics of the input dataset Zt.
fort=0toepochdo

Put Ztinto the LSTM, and do forward propagation.

Generate output

Calculateerror.

Use the back propagation fo update parameters.
Use forward propagation to update network status ht,
/IINPUT: the training set Xu, // Xu is the dataset
//OUTPUT: prediction resultX.

/IPreprocess the data Xu fo give Xuu

/IProcess the data using FFT fo give Xuu'

/ISplit Xuu' to AutoEncoder training set XAE and XAD
validation //dataset.

/lInitialize the weight matrices of AufoEncoder
randomly.

[//PutXAE' into AutoEncoder.

ifL{X, Y) < dthen

Calculate the error L(X, Y)

Use the back propagation training the AutoEncoder.
else

Endthe fraining.

endif

//Generate the characteristics of the input dataset Zt.
fort = 0tfoepochdo

Put Ztinto the LSTM, and do for forward propagation.
Generate oufput

Calculate error.

Use the back propagation fo update parameters.
Use forward propagation to update network status ht,
endfor

//Add LSTM after the encoder of AutoEncoder fo form
AE-LSTM.

/IFine-tuning the whole network, fraining inifialization
parameters.
/llnput XAD' test data in AE-LSTM to generate the
predictedvalue X.
Return X.

2.6.5Training andTesting

The model was trained with normal ball bearing data

using 100 epochs and a batch size of 10. Afterwards, it
was tested with data characterized by anomalies. The

i-manager’s Journal on Pattern Recognition, Vol. 10 ¢ No. 1 e January - June 2023 9




RESEARCH PAPERS

fraining loss and loss distribution were computed and
plotted to serve as a guide for selecting a threshold. After
the threshold was selected, the bearing failure plot was
presented.

3. Results and Discussion

The data was pre-processed, converted from the time
domain to the frequency domain, and features were
extracted. Then, an LSTM-Autoencoder network was built
andthe loss was computed. The threshold was computed
from the loss distribution, and the anomaly was observed
graphically.

3.1DataDescription

The data used was obtained from the NASA repository. The
data contains four files, each of which contains 20,800
data points read at a sampling rate of 20 kHz. Figure 10
shows the description of the dataset. The data set has 982
rows and 4 columns. The mean of the dataset is between
0.048 and 0.081. The standard deviation is within 0.009 to
0.040. The minimum value is 0.0007. The maximum value
i50.453.

3.2 Data Pre-Processing

The first step in the pre-processing stage is to merge the
dataset. The dataset is currently stored in multiple files,
each of which is labeled with a date and time stamp.
Merging the files combines them into a single file, as
shown in Figure 11. This allows the data to be used in the
proposed model.

After the files have been merged, it is observed that the
data was captured with date and time stamps. This
means that the data is a sequence of data points, which

Bearing 1 Bearing 2 Bearing 3 Bearing 4

count 932.000000 932.000000 932.000000 ©32.000000

mean 0.080951 0.073543 0.081351 0.047830
std 0.040200 0.011789 0.011607 0.009549
min 0.001163 0.0007567 0.000716 0.001699

25% 0.060773 0.074240 0.076829 0.043951
50% 0.062021 0.075206 0.072157 0.044524
75% 0.083277 0.077453 0.080575 0.043130
max 0.453335 0.161016 0.151299 0.112047

Figure 10. Description of the Dataset

can be used for LSTM-Autoencoders. LSTM-Autoencoders
are a type of neural network that is specifically designed
tolearn from sequential data.

By merging the dataset and converting it into a sequence
of data points, it can be easier for the LSTM-Autoencoder
to learn from the data. This will improve the performance
of the model and make it more accurate.

The data was divided info training data and test data. The
fraining data is the data of the normal working bearing.
The split was done so that the validation dataset would
capture both normal and anomalous data, allowing
anyone to observe the point at which the anomaly
occurred. While the fraining data is mainly normal data, it
is not possible o observe the normal data and the point of
abnormality from the raw data. Additionally, since the
data may be characterized by noise, Fast Fourier
Transform (FFT) was employed to clean up the data and to
observe the point suspected as anomalous.

3.3 Data Transformation using FFT

Figure 12(a) shows a graphical representation of the
normal data (frain data seft) in the time domain. The time
domain is a representation of the data as a function of
fime. In this case, the data is a series of numbers that
represent the values of the signal at different points in
fime. Figure 12(a) shows that the datais relatively random,
with no clear patterns. This makes it difficult to identify any
anomaliesinthe data.

Figure 12(b) shows a graphical representation of the train
data setin the frequency domain. The frequency domain
is a representation of the data as a function of frequency.
In this case, the data is a series of numbers that represent
the amplitudes of the different frequencies that are
present in the signal. Figure 12(b) shows that the data is

Bearing1 Bearing2 Bearing3 Bearing 4

2004-02-1210:52:39 0060236 0.074227 0083826 0.044443
2004-02-1211:02:39  0.061455 0073844 0084457 0.0450%1
2004-02-1211:12:39  0.061361 0.075608 0.082837 0.045118
2004-02-1211:22:39 0061865 0073279 0034379 0044172
2004-02-12 11:32:39 0.061944 0074593 0082626 0.044659

Figure 11. Data Representation of the Four Bearings Merged into
One File
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Normal Bearing Data set in time domain
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Figure 12. Graphical Representation of the Normal Data
(@) in Time Domain (b) in Frequency Domain

less random in the frequency domain, with a few clear
peaks. These peaks correspond to the frequencies that
are most present in the signal. This makes it easier to
identify any anomalies in the data, as they will stand out
fromtherest of the data.

Figures 13(a)and 13(b) show the graphical representation
of the abnormal datain both time domain and frequency
domain.

3.4 Further Pre-Processing

The LSTM-Autoencoder requires three-dimensional data
as input. Therefore, the two-dimensional data shown in
Figure 8 needs to be converted into three dimensions. This
was done in time domain by repeating each data point
three times, as shownin Figure 14.

3.5 LSTM-Autoencoder Network Used

After the data was reshaped as required by the LSTM-
Autoencoder, the model was built and the data was fed
into it. The summary of the LSTM-Autoencoder network is
shownin Figure 15.

The LSTM network has 200 nodes in the first layer, 25 nodes
in the second layer, and 200 nodes in the third layer. This

Abnormal Bearing Data set in time domain
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Abnormal Bearning Data set in frequency domain
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Figure 13. Graphical Representation of the Abnormal Data
(a) in Time Domain (b) Frequency Domain

Training data shape: (445, 1, 4)
Test data shape: (538, 1, 4)

Figure 14. Shape of the Data Converted into Three-Dimension

Model: "model_ 3"

Layer (type) Output Shape Param #
;:put_B (InputlLayer) (None, 1, 4) 2
1stm_11 (LSTM) (None, 1, 200) 164200
1stm_12 (LSTM) (None, 25) 22600
repeat_vector_3 (RepeatVecto (None, 1, 25) (*]
1stm_13 (LSTM) (None, 1, 25) 5100
1stm_14 (LSTM) (None, 1, 200) 180800
time_distributed_3 (TimeDist (None, 1, 4) 804

Total params: 373,304
Trainable params: 373,304
Non-trainable params: @

Figure 15. The Summary of the LSTM-Autoencoder Model

configuration was chosen to achieve alower threshold.
3.6 Loss Model

To evaluate the performance of the model, the loss is
calculated. This was done when the network was trained
for 100 epochs. Figure 16 represents the loss model and
shows how much the fraining data differs from the
validation data.
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3.7 Loss Distribution

This parameter is needed to calculate the threshold.
Figure 17 shows that the threshold can be below 0.126.

3.8 Anomaly Detection

Figure 18 shows that the model was able to detect
anomalies at the selected threshold. The red line
represents the threshold, and any signal above the red
line is considered an anomaly.

3.9 Comparison of Results

In this paper, a new method for anomaly detection using
FFT and LSTM-Autoencoder was proposed. The proposed
method was compared to existing methods, such as
Virtual Spectrum Imaging (VSI), Artificial Neural Network

Model loss
02 — Tam
e

« ® m 00
Epoch

Figure 16. Loss Model

Loss Disinbution

615 o oz ax
Loss_mas

Figure 17. Loss Distribution

Figure 18. Anomaly Detection

(ANN), and Stacked Denoising Autoencoder. The results
showed that the proposed method was able to detect
weak signals more accurately than the existing methods.
Additionally, the proposed method was able to achieve a
higher accuracy than the existing methods.

The researchers analyzed each dataset (RM2, RM3, RM4,
and RMS) separately and observed different anomaly
scores. For example, the anomaly score for RM2 was
significantly higher than the anomaly scores for RM3,
RM4, and RMS. This suggests that the proposed method is
more sensitive to anomalies in some datasets than the
others. Figures 19 and 20 show the anomaly and
accuracy scores of the proposed system.

Conclusion and Recommendations

This research focuses on detecting anomalies in motor
bearings. Although several research studies have been
conducted to find techniques that would better assist in
anomaly detection, the goal of this research is to detect
anomalies in weak signals. To achieve this, the Long Short-
Term Memory (LSTM)-Autoencoder (AE) with Fast Fourier
Transform (FFT) was used. FFT was used to clean up and
fransform the data to reduce complex multiplications,
speed up computation, and identify if an anomaly exists,

ANOMALY SCORE

RM2 RM3 RM4 RMS5

LSTM-AE with
FFT

Figure 19. Anomaly Score of Bearing Data
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100 > 87 913
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40
20
0
Vst ANN SDA SSAE LSTM-AE with
FFT

Figure 20. Accuracy Score
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while the LSTM-Autoencoder was used to validate and
detect the anomaly before it occurs. As a result of using
Fast Fourier Transform (FFT), the LSTM-Autoencoder
tfechnique was able to detect anomalies at a low
threshold of 0.126, compared to all other techniques that
have been used. The research has been able to improve
the sensitivity of detecting anomalies in motor bearings.
Better sensitivity was achieved with the use of FFT and
LSTM-Autoencoder. Sparse Stack Autoencoder with FFT
canimprove early detection of anomalies by lowering the
threshold andimproving accuracy.

Future Work

Inthe future, in addition to detection anomaly localization
can be achieved through the use of Machine Learning
and statistical models. This will help to expedite the
maintenance process.
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ABSTRACT
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Navigation of empty parking slofs has been proposed to solve the major problem of fraffic congestion arf parking places,
such as malls and theatres. In other words, it can also reduce time consumption and costs. When there is no information
about free parking slofs, drivers face the issue of spending fime to find a suitable parking spoft. In multi-story buildings or
maills, it is even more difficult to find an available parking. To solve this issue, the navigation of empty parking slots is used.
In many parking areas, there is only an automated enfrance to enter the vehicle into the parking areaq, but there is no
software that can display live video fo consumers to show whether there is an available space. Additionally, there is no
websife or application that can show live footage of the parking areq, indicating whether it is empty or occupied. In this
research live information is displayed before drivers enter the parking area. With the help of the display and website,
drivers can save a significant amount of time finding an emplty parking slof to park their vehicle. The system is based on
camera sensors and soffware, where image processing is used to process the image.

Keywords: Sensor, Parking, Slot, Open CV, Image Processing.

INTRODUCTION

The main goal of this paper is to alleviate the stress of
finding a free parking slot. Highly rushed areas like cinema
halls often experience heavy fraffic in the parking areas.
Year by year, the population is increasing along with the
number of cars purchased. For example, in large cities
like Hyderabad and Mumbai, the number of cars are
increasing rapidly, leading to a significant fraffic.
Research shows that cars are no longer a luxury item in
daily life, and people often face the same issue of finding
free parking slofs while going to functions or malls.
Nowadays, finding a free parking slot is a fough task. Our

h
l—managef

Publications

This paper has objectives related fo SDGs

Member of:
v,

system is a state-of-the-art approach that aims to assist
drivers in efficiently locating vacant parking slots in busy
parking areas. With the rapid expansion of urban areas
and the increasing number of vehicles on the road,
finding a convenient parking spot can be a daunting task
(Alsafery et al., 2018). This system utilizes the power of
image processing to accurately detect and analyze
parking slots in real-time, making the process of locating
an empty spot quicker and more convenient. In this way,
the system not only saves time for drivers but also
opfimizes the utilization of available parking spaces
(Jeffrey et al., 2012). This technology holds a great
promise forimproving the overall parking experience and
reducing the environmental impact of urban
fransportation.

1. Navigation of Empty Parking Slots

There have been numerous technological advancements
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that have saved time and made people's lives easier.
However, the parking management system sfill remains
fraditional, manual, and fime-consuming. It requires
human effort to find a vacant parking spoft by searching
the entire parking area. This is because early arrivals have
the advantage of parking wherever they want without any
restrictions, leading to a lack of discipline and order
(Faroogietal., 2019).

This has become a significant problem for end-users, who
do not want to spend a lot of time searching for parking
spots. Furthermore, with the rapid population growth and
increasing use of private vehicles, the demand for
parking spaces has skyrocketed, and a more organized
parking system can provide a solution to this issue (Suhr &
Jung, 2016). Even though governments are trying to
improve transport systems and infrastructure, there is
currently a shortage of available parking spaces in public
places like stadiums, markets, hospitals, shopping maills,
and airports. The number of cars on the road is expected
to increase significantly from 841 million cars in 2008 to
more than 1.6 billion cars in 2035, reflecting the rapid
industrial growth worldwide (Thangam et al., 2018). The
slow development of urban planning has worsened the
problem of finding vacant parking spaces in modermn
cities, especially during peak periods and festivals (Abel
etal., 2021; Guptaetal., 2020).

According to the 2022 survey, the number of cars in India
has increased from 2012 to 2022, as shown in Figure 1.
Based on this data, it can be inferred that the number of
vehicles will confinue to grow in the coming years.

India Car Sales- Last 10 Years
(2012 - 2022)
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Figure 1. Number of Cars Increased in India (2012- 2022)

However, the number of parking slots available af
universities, malls, and other public places remains
limited. This lack of information about parking areas
makes it difficult for drivers to find an empty parking slof.
This problem becomes more pronounced in multi-story
buildings where aftendants may not be present to guide
drivers fowards an empty slot. As aresult, drivers may face
difficulties finding a free parking slot, which can cause
tfraffic jams or accidentsin parking areas.

2. Literature Review

Alsafery et al. (2018) proposed a smart car parking system
that will assist users in solving the issue of finding a parking
space and minimize the time spent searching for the
nearest available car park. In addition, it provides users
with road ftraffic congestion status. Moreover, the
proposed system collects the raw data locally and
extracts features by applying data filtering and fusion
techniques to reduce the transmitted data over the
network. After that, the transformed data is sent to the
cloud for processing and evaluation using machine
learning algorithms.

Kaarthik et al. (2017) proposed an intelligent parking
system through image processing. In this systematic
approach, the image processing technique can be used
to identify the free, empty parking area where we can
park our vehicles. In the proposed process, the parking
area can be marked with a specific number and a sensor,
and with the help of these sensors, the empty space can
be identified to park the vehicle. The image processing
display consists of seven segments displayed in real time.
In addition to the display, an audio system has been
interfaced in order to provide oral information about the
parking system.

Yusnita et al. (2012) proposed an intelligent system for
parking space detection based on image processing
techniques that capture and process the brown rounded
image drawn at the parking lot and produce information
on the empty car parking spaces. It will be displayed on
the display unit, which consists of seven segments, in real
fime. The seven-segment display shows the number of
current available parking lots in the parking area. This
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proposed system has been developed on a software and
hardware platform.

Abel et al. (2021) proposed to make the car parking
process more efficient in terms of time and cost. The
absence of information on the position of the parking lot
makes the car driver takes a long time to find it. In mulfi-
story parking lofts, officers cannot constantly monitor the
available parking conditions directly, so prospective
parking users do not know the position of the open parking
space. In addition, many parking lots use automatic door
latches but have no parking space information display.
Parking system automation can be based on hardware,
software, or a combination of hardware and software.

Jeffrey et al. (2012) implemented an energy- and cost-
efficient smart parking system for a multi-floor parking
facility using WSN. The system monitors the availability of
free parking slots and guides the vehicle to the nearest
free slot. Additional information, such as the amount of
time the vehicle has been parked, is also monitored for
billing purposes, along with the status of each meter. Cost
is minimized by keeping the number of sensors lower
maintaining reliability.

3. Problem Definition

It is generally very difficult for people to search for
available parking spaces. The process is time-consuming
and involves a lot of manual work, resulting in high
frustration and stress levels among drivers (Pham et al.,
2015). This often leads to traffic congestion and a waste
of parking spaces, as some vehicles may be parked in
such a way that others cannot access the empty
parking slots.

4. Methodology
Figure 2 gives a detailed overview of the methodology.

The proposed methodology aims to address this issue by
providing drivers with real-time information about the
availability of parking spaces. Before entering the parking
areq, drivers can view the entire parking area on a screen
located at the entrance or through a web application
that displays the status of parking slots. This makes it more
convenient for drivers to avoid traffic congestion at the
parking area, as the live parking area status will be

start/car enters [
area l:llck on parking button |

image
acquiring

RGB o
grayscale

Parking slot
Segmentation

green color
is displayed

red color
is

displayed

displayed

Figure 2. Overview of Existing Methodology

displayed, including the number of free slofs available,
allowing them to save time. An overview of the proposed
systemis shownin Figure 3.

The proposed methodology involves converting RGB
images info grayscale images and then into binary
images to detect free parking slofts.

4.1 System Architecture

The system architecture defines the entire flow of the
parking system which includes various components, One
of the critical components of the system is the image
processing module that analyzes the images captured
by the cameras installed in the parking slots (Rane et al.,
2017). The module uses several image processing
tfechniques such as contour detection, edge detection,
and object recognition to detect and identify the vacant

start/enter

|

Click on —( Cicing \— Click on
Start parking button Start parking button

|

Display the parking
system

Exit

Figure 3. Overview of Proposed System
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parking slots. To provide a visual representation of the
parking areq, the system has a user interface that displays
a map of the parking lot with the location and status of
eachparkingslot, i.e., whetheritis occupied orempty. The
user interface also provides various functionalities to
interact with the system, such as selecting a parking slot
and viewing ifs details. Figure 4 provides an overview of
the majorcomponents of the system.

Moreover, the system includes a classifier module that
uses machine leaming algorithms to enhance the
accuracy of parking slot detection. The classifier module
is frained on a dataset of images of parking slots, both
empty and occupied. The user interface displays the
status of the classifier, indicating whether it is currently
active or not. To ensure the system's accuracy, the parking
slot status is periodically updated by re-analyzing the
parking lotimages. The user interface also displays the last
update time to ensure system security and user privacy
protection.

4.2 |dentifying the Parking Slot

This research paper focuses on the identification of
parking slofs using computer vision techniques. The
algorithm used involves extracting one frame from a
recorded video to label the image where the slof is
present, asshownin Figure 5.

The process of identifying a parking slotin a frame involves
using various computer vision techniques, such as
segmentation, edge detection, and object recognition.
The image captured by a sensor, such as a camera, may
need to be preprocessed to remove noise or adjust for
lighting conditions. Figure 6 shows the process of
identifying a parking slotin animage after preprocessing.

Accurate identification of parking slofs is essential for the

Figure 4. Overview of the Major Component

Frame extracted
from video

Recorded video

Proceed with Algorithm Identify the parking

N | slot from the image

Displayed as green
if it is empty

Diplayed as red
if it is filled

A

Figure 6. Identifying the Slot

system to provide reliable information about parking
availability and occupancy. The system must differentiate
between occupied and unoccupied parking slots and
accurately track the status of each slot over time. To
achieve this, the image processing algorithms used to
identify the parking slot must be highly accurate.

5. System Module

The proposed image processing module is implemented
in the Python language. This module consists of five
phases that work together to make parking management
easier. A block diagram can be used to represent the
processing phases (Yusnitaetal., 2012).

5.1 Initialization of the System

During the system initialization process, the procedure of
drawing is performed (Kaarthik et al., 2017). A picture or
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frame can be extracted using the Park slot member
function to help identify a vacant parking space. The
main purpose of this procedure is to determine a vacant
parking slot without requiring any physical intervention.
The drawn rectangle should be detectable, clear, and
easy to recognize, and contain all the details about the
parking area to ensure proper initialization (Kaarthik et al.,
2017). The sensors and cameras should be stationary
during the system architecture initialization process.

5.2Image Acquisition

Once the system initialization is complete, the second
step involves activating another processing module in
known as the Image Acquisition module. The Image
Acquisition module allows the use of cameras to capture
images of the parking lot (Kaarthik et al., 2017). High-
resolution cameras that are already present in the parking
lot can be used to capture images for processing.

5.3Image Segmentation

Image segmentation is an image processing technique
which can be used to recognise and examine the picture
at a glance. Each part of the image is obtained by the
image segmentation process (Yusnita et al., 2012). By
considering the number of pixels that are present in the
frame or captured image, visual characteristics are
obtained. The obtained image after sesgmentation will be
a higher-quality image as output. Figure 7 shows the
flowchart of the system module inimage segmentation.

The set of pixels that are in the result can collectively
provide the entire image after the result. The outline
recognizes the empty parking lot (Yusnita et al., 2012). The
process included in the image segmentation and
clustering process divides the image into several clusters.
The particulars of the image segmentation process are

--»--»-
B — -

Figure 7. Overview of System Module

showninFigure 8.
5.4Image Enhancement Module

The image segmentation method provides individual
parts of the image, and the specific attributes of each
part can be obtained by analyzing the number of pixelsin
the captured image. The resulting segmented image is of
higher quality and can be used to identify vacant parking
slots. However, undesirable noise may occur during the
image binarization process, and it may be necessary to
frack down the confours of the recognized image.
Additionally, since the cameras take pictures from
different locations, the images may contain noise that
needsto beremoved (Kaarthiketal., 2017).

The resulting disturbance in the picture can be eliminated
using a method called morphology. Morphology is a
special method used to ignore defects detected during
image segmentation. The morphological mechanism
goes through the following processes: stretfching, tension,
and opening and closing processes, and between these
four processes, the morphological opening and closing
process is the most commonly used denoising process.

5.5Image Detection Module

The Image Recognition Engine accurately identifies edge
and contour boundaries in images, which are obtained
through the Image Enhancement module. To obtain the
exact shape of the image, area and perimeter
parameters are taken intfo consideration (Kaarthik et al.,
2017). A correct representation of the image format is
necessary to provide information for the driver to park the
carinan open parking slot. The shape of animage canbe
obtained using the following formula, as given in
Equation 1,

Figure 8. Image Segmentation Process
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Shape = (4 xpixareq)/ (perimeter ™ 2) m

This formula is often used as a feature descriptor inimage
detection, which is a mathematical representation of a
shape used for object recognition or classification. The
"shape factor" described by this formula measures how
circular or compact a shape is, based on the ratio of its
area to its perimeter. A perfect circle has the maximum
possible value for this shape factor, and as a shape
becomes more elongated or irregular, the value of the
shape factor approaches zero.

6. Proposed System

A general design of the proposed system is illustrated in
Figure 3. Initially, the image is converted to grayscale to
simplify the calculation and determination of its intensity.
Next, the grayscale image is converted to a binary image
using thresholding. Morphological operations such as
closing, opening, dilation, and erosion are then applied
to modify the binary pixels of an object in the original
image. The final stage of processing involves object
detection and the calculation of parked objects. The
information viewer displays the availability of parking
spaces and theirlocations. Figure 8 provides details of the
image processing algorithm used in the proposed
system. Captured images are RGB images that have
three channels, including red, green, and blue. The color
channels are separated, and each channel is converted
to a gray image with varying intensity. Each gray image is
then thresholded to obtain three binary images, which
are merged to obtain a single binary image. The resulting
binary image is processed using dilation to extend the
object or structure, followed by erosion to reduce the
area. The dilated and eroded image is then post-
processed with hole-filling and closing fo remove
unwanted items. The parking space is marked with a
colored rectangle in the final binary image of the empty
parking slot for vehicles, as shownin Figure 9.

This binary image has been created by applying various
image processing techniques to the original image
captured by the camera, such as thresholding, edge
detection, and morphological operations. These
techniques are used to isolate and extract the parking

Figure 9. Final Binary Image

slots from the background and other objects in the scene,
as well as to identify the boundaries and contours of each
parking slot. The resulting binary image is a black and
white image where the parking slots are shown as white
regions, and the background is black. This binary image is
used to determine which parking slots are available for
use and which ones are currently occupied by analyzing
the position, size, and shape of each white region.

When vehicles are parked in the parking space, they
cover the sign. Picture processing is then used to detect
the yellow tag as an available parking place. Object
detection is performed by dividing the image based on
each parking space to retrieve data using specific
formulas. The obtained data is processed in such a way
that information about the availability of parking spaces is
gained. This information is displayed as a system output,
asshowninFigure 10.

According to Figure 10, the red color indicates a filled
parking space, while the green color indicates an
available parking space. The available parking space is
displayed outside the mall and can also be accessed
through a welb page that provides real-time information.

7.Results and Discussion

Vehicle parking can be efficiently and accurately
managed using image processing fechniques without
the need for manual intervention. The proposed system
displays the parking lot area with available parking
spaces. Empty parking spaces can be easily identified
based on athreshold value and the display, which can be
aslarge as an LED screen. Additionally, a web application
is available for people to view parking availability from any
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location using their mobile devices or computers. Figure
11 shows a web page designed for navigating available
parking slots. The proposed architecture can greatly
benefit parking management by reducing fime
consumption and maximizing the use of parking spaces,
making itideal forthe unbiased parking of vehicles.

7.1 Working

When a user enters the web page, they are presented with
an interface that offers two options: they can either view
the parking cameras or the parking spofts, where they can
obtain information about available parking slots. This
enablesthemto find a free slot to park their vehicle before
entering the parking areaq, saving them time and energy. It
can also help reduce fraffic and lower the risk of
accidentsinthe parking area.

7.2 Accuracy

Figure 12 demonstrates that the accuracy of the system
varies based on the color of the car. The system has higher
accuracy for light colored cars, such as white, gray, and
silver, as these colors reflect more light and have higher
confrast, making it easier for the system to detect the
edges and contours of the cars and distinguish them from
the background and other objectsin the scene. However,
the accuracy of the systemn may be lower for darker
colored cars, such as black and dark blue, as these colors
absorb more light and have low contrast, particularly in
low light or shadowy conditions, making it more difficult for
the system to detect the edges and contours of the cars.

RESEARCH PAPERS

Figure 11. Web Page for the Navigation of Empty Parking Slots

Coloﬁ Prediction (%) Accuracy (%)
Red 99% 98%
Violet 99% 98%
Ash 98% 95%
Black 98% 90%
White 98% 90%

Figure 12. Accuracy
Conclusion

Once the suggested design is executed in everyday life,
parking a vehicle will become effortless. The process of
picking out parking spaces and identifying the numiber of
vacant parking spaces can be done using image
processing techniques. The parking lot is easily
recognizable with no waiting period. The proposal will be
put into action for large parking spaces and the parking
issue is resolved using image processing, loT and Wi-Fi.
Image processing plays a vital role in calculating the free
slots in the parking area of the vehicle to obtain
information quickly. By using this proposed system, the
availability of free slots are shown on the web application
as live or real-fime. The main advantage of this system is
that it reduces the time spent searching for free slots, and
the user can access the website effectively and reduce
fraffic congestion. The Python language is used, making it
easy to compile and rectify any errors or modifications to
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the original code. This study proposes a system that
enhances the performance of saving users time to locate
an appropriate parking space and reduces the general
costs of moving to the chosen parking space. The most
obvious finding to emerge from this study is that the
proposed smart car parking system ensures the reduction
of transmitted data through the network and saved
energy in the perception layer. On the application layer
side, the goal is to save the user time, avoid fraffic
congestion, find available parking spaces, and reduce
caremissions while searching forempty parking spaces.
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ABSTRACT

Date Accepted: 10/05/2023

Finding missing people is a time-critical and labor-infensive fask and the longer it fakes fo locate the person, the lower the
likelihood of a successful outfcome. To address this challenge, an infegrated and centralized database of missing
persons using Aadhar card details was developed. The approach incorporates facial recognition technology,
specifically the deep face algorithm, which has shown high accuracy in identifying individuals. While facial recognition
has been in use for several years, recent advancements have made it easier to identify individuals accurately. By
leveraging Artificial Intelligence (Al) powered facial recognition technology, officials can enhance and streamline the
process of finding, fracking, and refrieving missing persons. The system matches facial features with the data stored in
Aadhar cards, providing a reliable means of identification. This research presents a system that cenfralizes data,
improving the efficiency of locating missing individuals. By utilizing facial recognition and cenfralizing data, the system
offers an efficient approach fo find missing people. The integration of fechnology and data allows quick and more

accurate identification, increasing the chances of locating missing persons promptly.

Keywords: Face Recognition, Face Detection, Deep Face, Tracking and Retrieving.

INTRODUCTION

Human frafficking remains one of the most harrowing
issues plaguing the world today. It involves the
fransportation and transfer of individuals for the purpose
of exploitation and financial gain. This heinous crime
aoffects people of all genders, ages, and ethnicities,
spanning various historical periods. Unfortunately, India
continues to grapple with the prevalence of human
frafficking, making it the second-largest organized crime
inthe country.

To combat this issue, a cenfralized database within a
dedicated portal for missing people was developed. This
portal serves as a repository where information about
missing people can be uploaded by their families or law
enforcement officials. By including the missing person's

h
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Aadhar card details, facial recognition technology can
be employed to match their Aadhar card image with the
individual's physical appearance, utilizihg accurate
models. The missing people portal, as depicted in
Figure 1, provides a comprehensive solution by
centralizing the data, allowing easy access, fracking, and
refrieval of information in one place. The integration of
facial recognition significantly reduces the need for
extensive manpower, expedites the search process, and

enhancesthe overall efficiency.

By leveraging the power of tfechnology and centralizing
crucial data, this portal offers a vital tool in the fight against
human frafficking. It streamlines the process of locating
missing individuals, enabling prompt action and
increasing the likelihood of their safe recovery.

1. The Issue of Missing Personsin India

In India, the number of reported cases of missing adults,
women, and children has reached unprecedented
levels. The country grapples with a significant challenge
concerning missing persons. Every year, a number of
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Figure 1. Portal of Missing People

individuals from diverse age groups and backgrounds
vanish without a frace. This issue casts a shadow of
concermn over families, communities, and society as a
whole, emphasizing the urgent need for effective
solutions.

One of the major factors contributing to the problem of
missing persons in India is the absence of a robust and
coordinated system for reporting and fracking such
cases. Delays often occur in registering missing person
reports, impeding crucial initial hours of investigation. The
lack of a centralized database hinders efforts to match
missing persons with unidentified bodies or locate
individuals who have been found but remain unidentified.
Another contributing factor is the prevalence of human
frafficking networks. Regrettably, India serves as a source,
fransit, and destination country for human trafficking, with
individuals frequently being abducted or deceived with
false promises. Many missing persons are believed to
have become victims of this abhorrent crime,
exacerbating an already grave issue. Addressing the
problem of missing persons in India requires
comprehensive measures. It involves establishing a
robust reporting and tracking system, improving
coordination among law enforcement agencies,
implementing a centralized database, and intensifying
efforts to combat human trafficking. By tackling these
challenges head-on, India can take significant strides
tfowards mitigating the problem and ensuring the safety
and well-being of its citizens.

The shocking reality is that in 2020, when India was
grappling with the Covid-19 outbreak, a staggering
6,701,145 individuals were still listed as missing
nationwide. The inefficiency stems from inconsistent
databases and poor communication among officials.
The traditional methods of finding missing people prove
tedious and lack technological advancements.
Moreover, rescued victims may suffer from trauma and
struggle to identify themselves, further complicating the
recognition process. This issue becomes even more
challenging whenitinvolves children, who may struggle to
provide personal details for identification purposes. To
address these challenges, the proposed portal allows the
families of victims to file missing complaints online,
streamlining the process. After 24 hours, police officials
launch First Information Reports (FIRs) for the reported
cases. Facial recognition technology is employed to
match the concerned person's face with available
records, enabling authorities fo report the individual's
whereabouts to their family members. This approach
significantly improves efficiency and expedites the
overall process. The research work also highlights the
significance of face alignment and feature extraction in
the facial recognition process. The proposed technique is
evaluated for accuracy and False Acceptance Rate
(FAR), demonstrating superior performance compared to
other state-of-the-art approaches. The computational
analysis conducted on the Face Recognition Grand
Challenge (FRGC) dataset showcases an impressive
accuracy rate of 96% with a FAR of 0.1. By ufilizing
advanced facial recognition technology and
emphasizing the importance of precise face alignment,
the system offers an efficient and reliable solution for
recognizing missing individuals.

2. Literature Survey

Facial recognition is a popular application of arfificial
intelligence. It has been found that facial matching can
be done toidentify a person. But earlier, the accuracy that
was observed was less. Sharma et al. (2016) described
the processes involved in face recognition, like face
alignment and feature extraction. It also emphasizes the
importance of the face alignment; thus, the accuracy
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and False Acceptance Rate (FAR) are observed by using
the proposed technique. The computational analysis
shows better performance than other state-of-the-art
approaches. The work has been done on the Face
Recognition Grand Challenge (FRGC) dataset and gives
anaccuracy of 96% with aFAR of 0.1.

Ren et al. (2017) explains how a random forest model is
applied to each feature point by pixel difference and the
regression estimation of forest model to estimate the
shape of training samples for linear least squares fitting.
The model is then used to test the sample feature point
location regression estimation and shape optimization,
SO astorealize the automatic localization of facial feature
points. Though the Random Forest algorithm is 95%
accurate, the problem with this method is that it is quite a
fime-consuming process.

The Cam Shift algorithm is quite expensive and also fime-
consuming (Goyal et al., 2017). The intention of the paper
is a deep study of face detection using open CV. Atabular
comparison is performed in order to better understand
the algorithms. It talks about various algorithms like
Adaboost and Haar cascades. This paper aims to help
understand the best prerequisites for face detection.

The concept of multi-view face detection using
Convolutional Neural Networks (CNN) is extended to
provide a tagging system for the detected faces (Mehta
et al., 2018). For face detection, we use the Deep Dense
Face Detector, which uses a single model based on deep
convolutional neural networks. All the detected faces are
recognized using the Local Binary Pattern Histograms
(LBPH) method. Precision, recall, and F-measure are the
parameters used to measure the performance of the
algorithm. An accuracy of 85% is achieved for tagging
the faces that are successfully detected. It will be used
with CCTV footage to identify people in cases of theft, But
the accuracy observed was 85%.

Zhao et al. (2020) proposed a joint Bayesian framework in
order to evaluate the similarity of feature vectors and
achieve highly competitive face classification accuracy.
Comprehensive experiments were conducted on our
compiled Chinese Academy of Sciences' Pose,

Expression, Accessory and Lighting (CAS-PEAL) dataset
and achieved a 98.52% face recognition performance.
Moreover, our proposed face recognition system can
robustly handle various face recognition attacks in various
contexts.

There are more such papers describing a lot of problems
that are observed related to the accuracy or detection of
faces and the algorithm used. So there is a need to solve
the problems using efficient algorithms to speed up the
process.

3. Methodology

To combat human trafficking, especially child trafficking,
an app or government portal linked with the Aadhaar
information system may be conceptualized for the
integration of information. All state and district-level police
authorities have access to the missing person's
information, including their photo and age, through the
dedicated portal. This information may be used by the
designated authorities for the search of missing personsin
the locality under their jurisdiction. This would help the
police authorities find missing persons in their localities
with authenticated and integrated information systems
(Gholape et al.,, 2021). In a similar vein, the Aadhar-
enabled integrated information system can be used to
locate the address and contact information of parents or
other relatives. So created for the person found by the
police authorities or civil society, especially for the
children who do not have proper or adequate
information fortheiraddress or parents.

On the user side, individuals can submit photos of their
missing loved ones through a user-friendly inferface. The
application will then use facial recognition fechnology to
compare these images with a database of known faces,
aiding in the search and recovery processes. Figure 2
shows the user-side application flow.

For users, family members need to log in fo the
application and provide all the necessary details about
the missing individuals.

Onthe police side, the application flow is equipped with a
specialized interface tailored for law enforcement
officials. They have access to the facial recognition
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Report the missing Person
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Enter Details of

missing person —» Submit the Form

Figure 2. User Side Application Flow

systemm and database, where they can input missing
person reports along with associated images. The
application utilizes advanced algorithms to analyze the
facial features of the missing person and compare them
with the database. When a potential match is identified,
the application generates alerts, enabling law
enforcement officers to conduct further investigations
and take appropriate action. This streamlined process
empowers the police to efficiently frack and locate
missing persons using facial recognition technology,
augmenting their capabilities in solving such cases. The
police side application flowisillustrated in Figure 3.

The data filled out by the family members of missing
persons is reflected on the dashboard of the respective
police station.

After 24 hours, when the family members register a First
Information Report (FIR), the filled-in data is verified
alongside the FIR. Upon verification, the information is
shared with the centfral database. Consequently, the
specific details of the missing person become accessible
to the police stations nationwide. If a similar or lost person
is found, their identity can be verified using this portal,
leveraging facial recognition algorithms for verification
purposes.

3.1 Proposed Methodology

Figure 4 provides an overview of the proposed system
and visualizes its various components. The proposed
system aims to address the issue of missing persons by
incorporating several features and functionalities to
streamline the process. The "Person Missing Notification"
component allows individuals or families to report a
missing person through a dedicated platform. They can

Dashboard

Login —_—

After 24 hrs family After registration
can visit police the datais then
station and register shared with the
aFIR central database

filled data is
available on police —
dashboard

Figure 3. Police Side Application Flow

L
O

i
_is_ |

=
I | | |
l | | |
Fre— ~ | |
10 hearDy
I L I ] s"':: b;::r::.‘ |
| ™~ | | L=~ meses i
| =1 | =1 L
| = | | s |
(Sl B ] RIS RO IS Fol )

Figure 4. Proposed System

provide crucial details such as the person's name,
photograph, physical attributes, and last known location.
Once a missing person report is filed, the system
generates a comprehensive police report. This report
encompasses all relevant information provided by the
reporting party, ensuring that the law enforcement
agencies have accurate and up-to-date data. The
system enables law enforcement agencies to access
and manage the reported cases. They can assign
officers, track progress, and communicate with the
reporting party through the platform. This fosters effective
coordination and facilitates timely action on missing
person cases.

The system incorporates mobile tracking capabilities,
enabling authorized personnel to track the location of the
missing person through their mobile devices. This feature
proves invaluable in narrowing down search areas and
expediting the search process. Furthermore, the system
integrates facial recognition technology with surveillance
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systems at railway stations. When a missing person's
photograph is uploaded, the system compares it with live
or recorded video feeds from railway stations. If a
potential match is detected, authorities are alerted,
enabling them to take prompt action.

In cases where a missing person is found or identified, the
system facilitates communication between law
enforcement agencies and the concemed family. The
family is promptly notified of the person's recovery, and
the relevant details are shared to ensure a smooth
reunification process. Overall, the proposed system
leverages various components and functionalities fo
enhance the efficiency and effectiveness of locating
missing persons, improve coordination among law
enforcement agencies, and helps in timely reunification
with their families.

4. Existing Methodologiesin Deep Face

Facial Recognition (FR) has been widely adopted as the
most popular biometric method for verifying an
individual's identity. It has found extensive applications in
various domains, including the military, business,
government, and daily life. The emergence of the Eigen
face technigque in the early 1990s marked a significant
milestone in FRresearch (Wang & Deng, 2021).

Deep Face is a simple face recognition and facial
aftribute analysis framework for Python that considers
age, gender, emotion, and race (Patil et al., 2021).
Several processing layers are used in deep learning to
learn data representations using various levels of feature
extraction. State-of-the-art performance has been
significantly enhanced by the deep learning technigque,
which is distinguished by using a hierarchical structure to
combine pixels info an invariant face representation
(Wang &Deng, 2021).

It is a hybrid face recognition framework that encases
cutting-edge models like VGG-Face, Google FaceNet
and OpenFace. On the Labeled Faces in the Wild (LFW)
benchmark, OpenFace achieves near-human accuracy
and introduces a brand-new categorization benchmark
for mobile contexts (Zhao et al., 2020). DeepFace can
outperform existing systems with very litfle adaptation

because it was frained on a sizable collection of face
images from a population that is quite different from the
one used to create the assessment benchmarks. Also, the
system creates a very compact representation of the
face, in contrast to other previous systems and move
towards tens of thousands of appearance features.
Taigman et al. (2014) states that DeeplD id the
benchmarkin the field of Deep Feature Regression (DFR).
This model's purpose is to recognize frontal faces
(Shahsavarani et al.,, 2020. ArcFace has a clear
geometric inferpretation to geodesic distance on a
hypersphere. It routinely exceeds the current state of the
art and is simple to deploy with little additional
computation (Deng et al., 2019). Dlib is a C+ +-written
open-source software library that runs on all platforms. Its
layout is significantly influenced by concepts from
component-based software engineering and contract
design. This indicates a collection of separate software
components, each of which is supported by excellent
documentation (King, 2009) and SFace.

According to experiments, humans can recognize faces
with an accuracy of 97.53%, whereas those models have
already attained and surpassed that mark. Deep Face
frained a 9-layer model on 4 million facial photosin 2014
to attain SOTA accuracy on the renowned LFW
benchmark was close to human performance under
unrestricted conditions (Deep Face: 97.35% vs. Human:
97.53%) (Wang & Deng, 2021). Comparison table for
different models with respect to LFW score and YTF score is
giveninFigure 5.

They have access 1o several features if deep face-to-face
recognitionis used.

4.1 Face Verification

Comparing two faces to see if they match ornot is the task
of face verification. Consequently, face verification is
frequently utilized to assess a candidate's face to another.
This can be used to verify whether a face on a physical
document matches the one on an ID Finding a face in an
image database is the goal of the task known as "face
recognition”. Running face verification repeatedly is
necessary for face recognition (Dass et al., 2012).
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4.2 Facial Attribute Analysis

Describing the visual characteristics of face images is a
key aspect of face recognition. Facial attribute analysis
can be employed to determine various attributes such as
age, gender, emotions, and potentially race or ethnicity.

4.3 Real-Time Face Analysis

By utilizing the live video feed from a webcam, users can
perform face identification and facial feature analysis
using Deep Face. This feature allows for practical testing

Model [ LFW Score YTF Score
Facenet512 99.65%

SFace 99.60%

ArcFace V 99.41%

Dlib 99.38%

Facenet 99.20%

VGG-Face 98.78% 97.40%
Human-beings 97.53%

OpenFace 93.80%

DeeplD V 97.05%

Figure 5. Comparison Table for Different Models with
Respect To LFW Score and YTF Score

of deep face recognition tasks.

The evaluation results demonstrate that the SFace model,
which employs deep face techniques, achieves an
impressive score of 99.60%, as stated in the official
documentation. The accuracy of different techniques
assessed onthe LFW datasetis depictedin Figure 6.

Regular convolutional neural networks are used in face

recognition models, and they are in charge of
representing faces as vectors. A face pair of the same
person should be more similar than a face pair of two
different people, according to our expectations. Different
metrics, including cosine similarity, Euclidean distance,
and L2 form, can be used to calculate similarity. In the
default setting, cosine similarity is used. Based on
experiments, the Euclidean and L2 form appears to be
more stable than the cosine and regular Euclidean

distances.
4.4 Triplet Loss

The embedding is shown as in a d-dimensional Euclidean
space, itembeds animage xi.e., df(x) e R. It also constrain
this embedding to exist on the d-dimensional

THE ACCURACY OF DIFFERENT METHODS EVALUATED ON THE LFW DATAS T

Method :J:: Loss Architecture :::::r;:) Training Set Accuracy +Sud(%)
DeepFace [20] 2014 soltmax Alexnet 3 Facebook (4.4M 4K) 97.351+0.25
DeeplD2 [21]) 2014 | contrastive loss Alexnet 25 CelebFaces+ (0.2M, 10K ) 99.1540.13
DeeplD3 [36] 2015 | contrasbve boss | VGGNet-10 S0 CelebFaces+ (0.2M, 10K ) 9534010
FaceNet [38] 2015 tnplet loss GoogleNet-24 [ Google (S00M.10M) W63 L0009

Baidu [58] 2015 inplet loss CNN-9 10 Badu (1.2M,18K) 977
VGGiace [37) 2015 tnplet loss VGGNer-16 1 VGGlace (2.6M.2.6K) 98.95
light-CNN [85] | 2015 softmax light CNN 1 MS-Celeb- IM (8.4M. 100K) 98 8

Center Loss [101] | 2016 center loss Lenet+-7 | fi\lftls:l::c::):";hc‘l. S:("DI()(!). 99.28
L-softmax [ 104] 2016 L-sof tmax VGGNer- 18 1 CASIA-Webkace (0.49M,10K) 98.71
MS-Celeb- 1M, CASIA-WebFace
Range Loss [82] | 2016 range loss VGGNet- 16 1 (SM. 100K) 99.52
L2-sofimax [109] | 2017 L.2-softmax ResNet-101 1 MS-Celeb-1M (3, 7M.58K) 99,78
Nomface [110] | 2017 | contrastuve oss ResNet-28 I CASIA-WebFace (0.49M,10K) 99.19
CoCo loss [112] | 2017 CoCo loss - 1 MS-Celeb- IM (3M 80K ) 99 86
vMF loss [115] | 2017 vMF loss ResNet-27 1 MS-Celeb-1M (4 6M.60K ) 99.58
Marginal Loss [116]] 2017 marginal loss ResNet-27 | MS-Celeb- 1M (4M.ROK ) 99 4%
SpherckFace [84] | 2017 A-soltmax ResNet-6d 1 CASIA-WebFace (0.49M,10K) 942

CCL [113) 2018 |center invariant loss| ResNet-27 | CASIA-WebFace (0.49M,10K) 99.12
AMS loss [105] | 2018 AMS loss ResNet-20 1 CASIA-WebFace (0.49M,10K) 99.12
Cosface [107) 2018 cos face ResNet-64 1 CASIA-WebFace (0.49M,10K) 9933
Arctace [106] 2018 arcface ResNet-100 1 MS-Celeb-1M (3. 8M 85K ) 9981
Ring loss (117] | 2018 Ring loss ResNet-64 [ MS-Celeb-1M (3.5M31K) 99.50

Figure 6. Accuracy of Various Techniques Evaluated on the LFW dataset (Wang & Deng, 2021)
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hypersphere, | |f{X)|| =1.

Using the live video feed from the welbbcam, this feature
allows test face identification and facial feature analysis.
Animage of a particular person, a(anchor), is closer to all
ofher photos of that same person, x° (positive), than it is to
any image of another person, x'(negative) and it is given
by Equations 1and 2,

lr = +a <[ -
Y, SO, f () eT 2)

where, the margin between pairs, both positive and

(1)

negative, is denoted by a. T has a cardinality of N and is
the collection of all feasible triplets in the training set. The
loss is then minimized and itis represented in Equation 3,

ﬁ[uf(xf)_f(xf)”z e - s oc} 3)

There would be a lot of triplets that are simple to satisfy if

one generated every feasible triplet (Schroff et al., 2015).
5. Datasets and Evaluation

Various models like VGG-Fae, Facenet, FaceNet512,
ArcFace and SFace are evaluated and compared.
Figure 7 features the dataset used for the analysis and
evaluation.

The dataset shown above is utilized for evaluating the
algorithm. This dataset comprises multiple faces, serving
as a database of citizens. Our objective isto compare the
user input with the images in this dataset and determine
whether the input face matches any of the pictures in the
database. The userinputimage is displayed in Figure 8.

The image presented above represents the user's input. It
iscompared with each picture in the dataset to verify if this
face exists in the dataset or not. The outcomes for various
models are shownin Figure 9.

According to the results obtained for the VGG-Face,
Facenet, FaceNet512, ArcFace, and SFace models, all of
them were successful in comparing and identifying the
faces in the dataset. However, there are variafions in
parameters such as distance and processing time
among these models.

The first model, VGG-Face, yielded a positive response

Figure 8. User Input Image

with a distance of 0.149036, which is lower compared to
the results obtained from other models. The time taken for
processingwas 1.965082. The Facenet model provided a
positive response with a distance of 0.185329 and a
processing time of 1.927456. The Facenet512 model
produced a positive response with a distance of
0.265612, whichis the highest among all the models, and
a processing time of 2.190437. The ArcFace model
resultedin a positive response with a distance of 0.222220
and a processing time of 1.405846. Lastly, the SFace
model yielded a positive response with a distance of
0.415969, the highest among all the models, and the
processing time was the lowest at 1.271688.
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model

VGG-Face /content/drive/MyDrive/lmages_DEMO/Copy of chr...
Facenet /content/drive/MyDrive/lmages DEMO/Copy of chr...

Facenet512 /content/drive/MyDrive/lmages_DEMO/Copy of chr...

ArcFace /content/drive/MyDrive/lmages DEMO/Copy of chr...
SFace /content/drive/MyDrive/llmages DEMO/Copy of chr...

found result distance time taken
0.149036 1.965082

0.185329 1.927456

0.265619 2.190437
0.222220 1.405846

0.415969 1.271688

Figure 9. Results using Various Models

Conclusion

By efficiently comparing the images of missing persons
with databases of known faces, including surveillance
footage and unidentified bodies, facial recognition
technology significantly expedites the identfification
process, increasing the likelihood of successful
reunification with their families. Additionally, the
integration of biometric face matching and real-time
fracking capabilities empowers authorities to locate
missing persons more effectively, even at railway stations
or other high-traffic areas. However, it is crucial to address
concerns related to privacy, data security, and the
responsible use of facial recognition technology. Striking
the right balance between public safety and individual
rights is essential, ensuring that the system isimplemented
ethically and transparently. Emibracing this technology-
driven solution allows us to strive for a future where the
anguish and uncertainty faced by families of missing
persons are significantly reduced, fostering a society
where no one is left behind. The proposed portal
addresses the issues of centralization, fracking, and
retrieving missing persons. By sharing information across
the country, the portal increases the possibility of locating
individuals and improves the speed of the process while
reducing manual work. The utilization of an accurate
model enhances the overall efficiency of the facial
recognition system.
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Current digital radar systems have limitations at higher frequencies, and a new approach is needed fo be able to
operate in different environments and at higher frequencies. Photonics offers a solution to these limitations. It has Ulfra-
Wide Bandwidth (UWB) and high precision, which allows for the flexible generation of highly consistent Radio Frequencies
(RF) signals and the accurate direct digitization of signals without down-conversion. This research proposes a novel
Wavelength-Division Multiplexing (WDM)-based photonics link for a radar demonstrafor. The proposed system uses a
single pulsed laser as a source to design a fransceiver for high-speed data fransmission and reception. The system can
generate tunable radar signals and their echoes, avoiding the up/down conversion of radio frequency and ensuring
both high resolution and simulation-based operation. The proposed system has the potential fo revolutionize radar
technology by enabling high resolution that can operate at higher frequencies. The system is also scalable and can be
easily adaptedto different radar applications.

Keywords.: Radar, Photonics, OptiSystem, Laser, Resolution, Banawidth, Carrier Frequencies, WDM.

INTRODUCTION

In the last few decades, photonic techniques have
become increasingly popular for the processing and
development of Radio Frequency (RF) signals in wireless
communications and radar applications. This is driven by
the need for more accurate and efficient electronic
models. Such systems have the potential to directly
generate, process, and digitize signals with large
pbandwidths and high central frequencies while
maintaining signal fidelity (low noise levels and minimal
spurious signal content). This is likely to remain a challenge
as the focus on higher signal agility and higher center
frequencies for simulation-based frameworks increases.
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In this system, the desired signal can be rapidly changed
under software contfrol. Signal agility can provide
improved radar resolution (Ragheb et al., 2020).
Coherent radar models use both the frequency (phase)
and amplitude of the radar signal reflected from a given
target to provide velocity/range data (Branddo et al.,
2019). This system offers a novel design for a radar
waveform with a low center frequency. The selected
bandwidth provides the desired range resolution. The
process involves shifting the waveform to a higher center
frequency by multiplying it with a continuous-wave and
stable RF carrier signal, then amplifying and transmitting it
to the target. When the waveform reaches the radar
receiver, it is shiffed to the intermediate frequency by
again multiplying it with a stable RF signal, and the target's
velocity/range is extracted.

The Electronics and Radar Development Establishment
(LRDE) has developed a state-of-the-art surveillance
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radar that is portable and battery-powered. The radar
can scan a designated area to detect and track a variety
of targets, including low-flying helicopters, combat, and
light vehicles, groups of walking men, running or walking
men, and crawling men. The radar can also detect
targets with Dopplertone.

Conventional radars use microwave or Radio Frequency
(RF) components for both the receiver and transmitter
modules. However, these components have a limitation
in only generating frequencies of a few GHz due to
inherent high levels of noise and low phase stability.

The LRDE radar overcomes these limitations by using a
new type of component called a teraherz (THz) sensor.
THz sensors can generate frequencies of up to 100 GHz,
which allows the radar to detect smaller and more distant
targets than conventional radars. The LRDE radar is a new
technology that can detect small and distant fargets. This
is used to help the Indian armed forces gather
intelligence andtargetenemies.

1. Motivation of the Study

To investigate the potential of photonics-based RF
fransceivers for high-speed data transmission, it offers
several advantages over fraditional electronic RF
fransceivers, including,

e Higher Data Rates: Photonics-based RF fransceivers
can support much higher data rates than electronic
RF tfransceivers. This is because light can travel much
fasterthan electrons, and photonic components can
be made much smaller than electronic
components.

e Longer Range: Photonics-based RF transceivers can
fransmit data over much longer distances than
electronic RF fransceivers. This is because light is not
affected by aftenuation as much as radio waves.

e [ower Power Consumption: Photonics-based RF
fransceivers consume much less power than
electronic RF transceivers.

2. Objectives

To investigate the performance of photonics-based
RF transceivers for high-speed data fransmission.

To identify the key factors that affect the performance

of photonics-based RF fransceivers.

e To develop a design methodology for photonics-
based RF transceivers that can achieve high
performance and low cost.

e Toevaluate the performance of the proposed design
methodology using simulations and experiments.

3. Photonics-Based Radar

Radars based on completely electronic techniques suffer
from a shorfage of bandwidth, slow fransmission speed,
and low resolution. These limitations make it difficult to
detect and identify small targets with low speed and at
low altitudes in a complex electromagnetic environment.
Laghezza et al. (2016) and Skolnik (2017) proposed
photonics-based technologies that can efficiently deal
with such issues. These systems have extraordinary
features such as multidimensional multiplexing, high
phase stability, very low transmission losses, high-speed
signal processing, and broad bandwidth. Microwave
photonics has emerged and proposed the opportunity of
using unlimited bandwidth with flexibility. It can also realize
the effectiveness of RF devices by covering the complete
frequency ranges from a few MHz to tens of GHz (Liu et al.,
2022).

De and Ragj (2023) focused on photonics for the
generation of RF signals and their detection forradars. The
RF signals can be generated photonically, evading the
need for microwave oscillators. This can be achieved by
heterodyning (mixing) two lasers in a photodiode or
optoelectronic oscillator. The optoelectronic oscillators
exhibit the best stability, up to 40 GHz, but their
adaptability is restricted to a few gigahertz (GHz). This can
simply be achieved by choosing any mode pair out of the
spectrum of Mode-Locked Lasers (MLLs). It is due fo the
condition of intrinsic phase locking. Furthermore,
choosing laser modes with adjustable wavelength
detuning permits adaptable RF carrier production with
tunable frequency. The heterodyne approach can
integrate an arbitrary modulation of the produced RF
signal by modulating one of the beating modes of the
laser (Cenkeramaddietal., 2020).

The radar receivers depend on simulation-based radio
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that requires Analog-to-Digital Converters (ADCs) that
receive input signals, with high-speed sampling rates, a
high signal-to-noise ratio, and are appropriate for
broadband signals (Cenkeramaddietal., 2021). Aperture
jitter can restrict the electronic ADCs of the sampling
process, i.e., the interval fluctuations period amongst two
consecutive samples that destructs the precision of the
digitized signal by integrating the noise floor. Such anissue
can be resolved by optical sampling involving a
sequence of short optical pulses. The RF signal can
modulate these short optical pulses to be digitized. It can
be further detected and digitized by each optical pulse
at its peak amplitude (Keiser, 1983). Therefore, sampling
rates of numerous GHz are attainable, where the
sampling pulses have atimingjitterlesserthan 100 fs. MLLs
are specifically appropriate pulse sources, with low
temporal jitter and narrow pulse widths (Gupta et al.,
2021).

Photonics-based radar uses photonic components to
generate, transmit, receive, and process radar signals
(Pan & Zhang, 2020; Urick et al., 2015). This can lead o
several advantages over fraditional radar systems, such
as increased bandwidth, improved performance, and
reduced cost (Raietal., 2021).

To implement a photonics-based radar system it uses a
Mach-Zehnder Modulator (MZM) to modulate opfical
pulses from a Mode-Locked Laser (MLL). The modulated
pulses are then amplified and transmitted. After reflecting
off atarget, the pulses are received by a photodiode and
converted back to an electrical signal. The electrical
signalis then processed by a Digital Signal Processor (DSP)
to extract information about the target, such as its range,
velocity, and size.

The use of photonics in radar systems is sfill in its early
stages, but it has the potential to revolutionize the way
radar is used in a variety of applications, such as
surveillance, navigation, and weather forecasting
(Brand&oetal., 2019; Serafinoetal., 2019).

3.1 StepsInvolved in Photonics-Based Radar

e RRF Production: The MLL generates opfical pulses with
a very high repetition rate (e.g., 1 GHz). These pulses

are then passed through a tunable opticalfilter, which
selects two spectrum modes of the MLL. One mode is
used to modulate the radar pulse, while the other is
used for frequency shifting.

e Sampling: The modulated pulses are then amplified
and fransmitted. After reflecting off a target, the
pulses are received by a photodiode and converted
back to an electrical signal. The electrical signal is
then passed through a serial-to-parallel converter,
which parallelizes the signal into several lower-rate
sample streams.

e Digitization: The parallel sample streams are then
digitized using several electronic ADCs with high
precision and low sampling frequency. The ADCs
digitize the pulse peak power, which is then used to
reconstruct the original signal.

e Signal Processing: The parallel digital samples are
then interleaved in the DSP. The DSP then uses a variety
of algorithms 1o process the signal and extract
information about the target, such as its range,
velocity, and size.

3.2 Transceiver of Photonic Radar System

This research discusses a photonic-based fransceiver for
radar systems. It typically consists of a pulsed baseband
signal generator that is infegrated with a photonic source,
such as a laser (for long-distance transmission) or a Light-
Emitting Diode (LED) (for short-distance data transmission),
using a Mach-Zehnder modulator (MZM). The laser source
acts as a high-frequency carrier for the message signal. It
can then be combined with a filter that eliminates
unwanted signals and noise, and the signal is passed to
an amplifier for amplification. Wavelength Division
Multiplexing (WDM) is used for optical transportation.
Researchers have integrated various laser wavelengths,
and the transmitter sends data for communication
purposes with high-speed tfransmission. Signals from
different wavelengths are combined at the transmitter
side using a multiplexer, while the demulfiplexer splits
them into different signals at the receiver end. These
merging and splitting steps are performed by a prism-like
opftical device. The antenna then transmits the signal
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through an optical fiber to the receiving end, or via Free-
Space Optics (FSO) (Ghatak, 2010). The receiver has
another filter that removes channel noise and passes the
signal to a low-noise amplifier. The photodiode then
collects the obtained signal and feeds it to a digital signal
processor for further processing.

Figure 1 shows the architecture of WDM-based photonic
radar for optical fransmission systems that involves the
efficient design of a fransceiver. A pseudorandom bit
sequence generator is infegrated with an optical laser
source. The output of both is fed info a Mach-Zehnder
interferometer with a gain of 20 dB and a noise figure of 4
dB. The novel inferface works on wavelength division
multiplexing by using three channels for data
fransmission. The data is sent in an encrypted form,
making it difficult for attackers to understand it. The optical
fiber has alength of 10 km and can operate up to 50 km,
connecting both ends. At the receiver end, a photodiode
is attached to receive the optical signal in its maximum
amount to minimize data loss. Afterward, a filter is
attachedtoremove unwanted signals.

Figure 2 shows the architecture of an optical data
fransmission system that is susceptible to noise
disruptions. The same set of inputs is used in both Figure 1
and Figure 2. In Free Space Optics (FSO), the data is
fransmitted up to arange of 100 meters without any losses
atthe same power levels. The range can be increased by
increasing the power. The final results are shown with the
help of a Bit Error Rate (BER) analyzer and an RF spectrum

analyzer.

‘
o Lopt

D T B ]

Figure 1. Optical Transmission Architecture for WDM Photonic Radar
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Figure 2. WDM Photonic Radar with Free Space
Optics (FSO) Interface

4, Results and Discussions

OptiSystem software was used to develop an
experimental setup and to obtain analytical results. The
main components of the fransceiver are shown in Figures
1 and 2. The operating band is in the THz range due to the
use of a laser light source operating at 1550 nm. A pulse
generator is infegrated with the laser source to transmit
encrypted data. The final results were obtained using a Bit
Error Rate (BER) analyzer. The analyzer showed clear results
without any noise or distortion, indicating that the
obtained signal was minimally corrupted by the
environment or other factors. BER is one of the key metrics
to assess the quality of a data interface. Different data
fransmission models can be compared based on their
BER. It is represented by the following mathematical
expression,

BER = N
N,

t

The Bit Error Rate (BER) is defined as the number of bits
received in error divided by the total number of bits

received in a defined inferval of fime. For contemporary
data fransmission systems, data is transmitted in larger
blocks called packets. Each packet contains a fixed
numiber of bits, which is determined by the type of
network. The presence of a single bit error in a packet
causes the entire packet to be corrupted. This canresultin
the loss of alarge amount of data.
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4.1Q-factor

Q-factoris a measure of the quality of a digital signal from
an analog perspective. It is calculated as the Signal-to-
Noise Ratio (SNR). The SNR can be estimated
experimentally by measuring the difference between the
signal level and the noise level. The Q-factor and the error
rate canthen be usedto assess the quality of the signal.

Q-factoris a key metric for evaluating the performance of
Wavelength Division Multiplexing (WDM) systems. WDM
systems fransmit multiple data streams over a single
optical fiber by using different wavelengths of light. The Q-
factor is used to ensure that the data streams are
tfransmitted reliably with a low error rate,

The optical hierarchy is a set of standards for optical
networks. The goal of the optical hierarchy is to create a
common platform for different network types to support
advanced services.

BER and Q-factor are closely related. BER is a measure of
the number of errors in a data stream, while the Q-factor s
a measure of the quality of the signal. A high Q-factor
correspondsto alow BER.

Q-factor is a good choice for monitoring WDM systems
because it is easy to measure, independent of the digital
signal format, and can be used to measure a wide range
of transmitted speeds.

Figure 3 shows that the Q factor of a BER analyzeris 4.478,
which indicates that the communication channel is of
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4.2 Minimum BER

The quality of fransmission in telecommunication models
can be directly analyzed by computing how well the
output signal matches the input. Bit Error Rate (BER) is the
signal quality metric used for digital communication
models. Signal-to-Noise Ratio (SNR) is also used for analog
communication systems.

Figure 4 represents the minimum Bit Error Rate (BER) of the
BER Analyzer. The BER is a measure of the number of bits
that are incorrectly received in data fransmission. A lower
BER indicates a higher quality of data fransmission. In this
case, the BER of 2.60548e-006 is very low, which means
that the BER Analyzer is performing well and is capable of
fransmitting data with a high degree of accuracy.

4.3 Threshold

The BER threshold value is calculated as 1.0E-n, where nis
a positive intfeger from 1 to 10. The BER-threshold-signal-
degrade value should be set below the Forward Error
Correction (FEC) limit, which is the maximum BER that can
be tolerated before the FEC mechanism can no longer
correct all errors. This will ensure that proactive protection
is initiatfed before the FEC mechanism is overwhelmed
and packetloss occurs.

A high BER threshold value or a long interval between BER
measurements may saturate the internal bit error counter
register. This is because the bit error counter register can
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Figure 4. Output of Min BER on BER Analyzer having the Value
2.60548e-006
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only store a limited number of errors before it overflows. If
the BER threshold value is too high or the interval between
BER measurements is too long, the bit error counter
register may overflow before it can record all of the errors
that have occurred. This can lead to inaccurate BER
measurements and may prevent the system from
detecting and responding fo signal degradation. Figure 5
represents the output of threshold on BER analyzer having
the value 0.0284675.

To analyze the performance of the designed WDM
photonics-based transceiver, several parameters were
considered and compared with the existing X-band
surveillance radar. The operating band of photonicsis THz,
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Figure. 5 Output of Threshold on BER Analyzer having the
Value 0.0284675

which means license-free operation with unlimited band
access. While the surveillance radar operates on C-band
or X-band, which has a narrow bandwidth and is more
susceptible to attack. WDM-based photonic systems can
fransmit data at much faster rates than X-band radar. The
fransmission range of photonic-based systems is up to
100 metersin free-space opfics (up to 50 kilometers using
optical fiber), while the transmission range of surveillance
radar is 15-20 kilometers. In both cases, the RF carrier
center frequency and RF bandwidth are the same, and
Table 1 shows the
comparative analysis between the ftechnical

the polarization is equivalent.
specifications of X-band surveillance radar with designed
WDM-based Photonic radar.

To further improve performance, semiconductor lasers,
which are widely used in direct-modulation analog
interfaces, can be replaced with solid-state lasers in
microwave photonics. Solid-state lasers have lower gain
dynamics than semiconductor lasers, which leads to
enhanced high-frequency Relative Intensity Noise (RIN)
performance and narrower line widths. By narrowing the
line width, phase noise in the optical domain can be

reduced.

Conclusion

This research entails the successful simulation of a
photonics-based fransceiver. The architecture discussed

in this research is combined with the complete radar

Characteristic

WDM-based Photonic Radar

X-band Surveillance Radar

Operating Frequency
Number of channels
Channel Spacing
Transmitter power

IF

Instrumental Range
Angle Resolution

RF carrier Center frequency
RF Bandwidth
Polarization

Display

Processor

Memory
Display Monitor
Pointing Device

Photonic (193.1 THz or 1550 nm)
3 (can be increased based on utilization)
20 MHz

50 mW (Used in setup)

120 MHz (used the same as BFSR)
Up fo 50 km (optical fiber)

> 2 degrees

10.3 GHz (used the same as BFSR)
400 MHz

Linear, Vertical

Simulation results on Laptop

17 core processor

4 GB RAM
14-inch laptop display
Cursor

X-Band or C-band

21

20 MHz

5 W (peak power)

120 MHz

15-20 km

> 4 degrees

10.3 GHz

400 MHz

Linear, Vertical

Plan Position Indicator (PPI) with zoom, B-scope
Pentium MMX

Processor

CPU @266

MHz

64 MB RAM

10.4-inch color Liquid Crystal Display (LCD) Thin-Film Transistor (TFT)
Mini Joystick

Table 1. Specifications of X-band Surveillance Radar and WDM-based Photonic Radar
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system fo check the final output and ascertain the
characteristics of existing radars. The size of the radar will
considerably reduce due to the utilization of photonics, as
well asimproved resolution and fewer distortions.

Photonics-based radars are the future of radars, as they
have inherent characteristics of large bandwidth,
reduced fransmission loss, suitable and flat response, very
high signal processing speed, and immunity to
Electromagnetic Interference (EMI) environments.
Photonics techniques have a broad range of new and
upcoming applications, such as quantum information
processing, water purification, Visible Light
Communication (VLC), Light-Emitting Diodes (LEDs)/next-
generationlasers, optical computers, sensors, and more.
In the defense/military, lasers are used for navigation
purposes, providing information on the range of targets
and missiles/guns. Lasers are also used in several
freatment/diagnostic processes in the healthcare and
medical field. For example, they can perform delicate
surgical processes on the eye and other body parts of a
human being.
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Facial expressions convey a lot of information about the emotional sfate of a person and even a small change in it can
help to detect changes in an individual's mood. Researchers have conducted numerous studies in the fields of machine
learning and computer vision, fraining ML models fo detect various human emotions or moods based on captured
facial features. In this research, a system was proposed which is capable of identifying the user's emotions and moods
and suggesting a list of appropriate songs to improve their mood. Incorporating mood detection offers significant
benefits fo customers' mental health and personal satisfaction. The objective of this system is fo capture the user's image,
detect their mood and create a music player system thatr recommends music based on the user's real-fime mood,
utilizing aweb camera and deep learning algorithms.
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INTRODUCTION

The easiest way to understand a person in a conversation
is by observing their facial expressions and body
language. Facial expressions are fundamental to human
communication and can be considered a form of non-
verbal communication (Raut, 2018). In recent research
areas such as digital imaging, pattern recognition, and
computer vision, face recognition and emotion
recognition have garnered significant attention (Raut,
2018). Face recognition involves a two-step process of
locating faces in photos or videos, regardless of whether
the face is personal or not. Emaotion recognition is widely
used in applications like smart card systems, surveillance,
image database research, crime prevention, video
indexing, civil applications, security, adaptive human-
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computerinterfaces, and multimedia contexts.

Hence, the primary objective of this researchis to develop
a system capable of identifying various user emotions,
ranging from joy to sadness and from calmness to shock.
Once the user's emotion is evaluated, the proposed
system presents them with a music playlist containing
music clips from different genres that can enhance their
mood. For instance, if the users facial expression is
categorized as happy, the most suitable playlist, such asa
classical music playlist, is activated, offering a variety of
music clips for the user to choose from. The main aim of
this research is to address user needs and create a music
player system that recommends music based on the
user's real-time mood, utilizing a welbb camera and deep
learning algorithms.

1. Bridging the Gap: Personalized Emotion-Based Music
Recommendation System

Nowadays, music platforms have made it incredibly easy
to access a vast library of music. These platforms
continuously work on enhancing music organization and
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search management, addressing the issue of choice,
and facilitating the discovery of new music pieces.
Recommendation systems have gained popularity,
assisting users in selecting suitable music for various
occasions. However, there is stil a gap between
personalization and emotion-based recommendations.
Music holds a significant influence over humans and is
widely used for relaxation, mood regulation, stress
reduction, and maintaining mental and physical well-
being (Donald, 2014). Music therapy encompasses a
broad range of clinical seftings and methodologies to
support overall well-being (Hemanth et al., 2018). This
research aims to present a personalized music
recommendation system that takes into account the
listener's emotions. By combining artificial intelligence
technologies and generalized music therapy
approaches, a recommendation system is being
developed to help individuals select music suitable for
different life situations while promoting their mental and
physicalhealth.

Traditional music players require users to manually browse
through their playlists and select songs that align with their
mood and emotional state. Although these features fulfill
basic user needs, they still necessitate manual searching
and song selection based on the user's current mood and
behavior. Users often feel the need and desire 1o browse
their playlists sporadically, depending on their mood and
emotions.

2. Literature Review

Mahadik et al. (2021) mentioned that the implementation
was done in two parts. First was mood detection, and
second was the song recommendation system. Mood
detection was further divided intfo two modules, the first
being face detection and the second being mood
detection. For face detection, the Java face detector
class was chosen over the OpenCV library of Python since
OpenCV is computationally expensive and challenging
to integrate with the Android app. For mood detection,
Mobile Net and Keras were used, and again, Keras is
computationally heavy and slow on Android, so Mobile
Net was also used. For the facial expression dataset, two
datasets from Kaggle were used: the FER 2013 dataset

and the MMA facial expression recognition dataset. For
the second part of the implementation, i.e., the song
recommendation system, the dataset is downloaded
from Kaggle, which is labeled with different moods, and
Firebaseis chosento be the dataset.

Li et al. (2020) suggested copying a few data points and
extracting only useful features from images, proposed a
new face cropping and rotatfion strategies and a
simplification of the convolutional neural network (CNN) to
make data more abundant so that only useful facial
features can be extracted. Experiments to evaluate the
proposed method were performed on the CK and JAFFE
databases. The experiments recorded high accuracy of
97.38% and 97.18% for 7-class experiments on the CK+
and JAFFE databases, respectively. The results show that
the proposed FER approach achieved competitive
results in terms of fraining time, testing fime, and
recognition accuracy. Furthermore, the proposed
method can be implemented on an ordinary computer
without GPU acceleration.

Gilda et al. (2017) divided the overall problem into three
sections. The first one is emotion detection. CNN was
used, and the dataset used was FER2013. The final
network was trained on 20K images and tested against 5K
images. This emotion detection model was recorded with
an accuracy of 90%. The second section was to apply
deep leaming and claossify the songs in the song
database into different emotions. Again, CNN was used
for that. The model achieved a classification accuracy of
97.6%. The third section is to recommend songs. Once
the mood is detected, the user was provided with a
playlist of allthe songs classified as being in that mood.

James et al. (2019) proposed an intelligent agent that
sorts amusic collection based on the emotions conveyed
by each song and then suggests an appropriate playlist
fo the user based on his or her current mood. The user's
local music collection is initially clustered and supported
by the emotion of the song, i.e., the mood of the song. This
is often calculated by taking intfo consideration the lyrics
of the song. Whenever the user wishes to get a mood-
based playlist, the user takes an image of themselves at
that instant. This image is subjected to facial detection
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and emotion recognition techniques were used to
recognize the emotion of the user. The best-matched
music for this emotionis thenrecommended to the user.

3. Proposed Work

Our proposed system is an automatic emotion-based
music controller. As shown in Figure 1, a cameraiis used fo
capture photos, which serve as input for the system. These
photos are then passed to the facial emotion detection
model, which classifies them into categories such as
happy, neutral, sad, or surprised.

Based on the identified expression or emotion, the user is
presented with a music playlist containing a selection of
music clips. For instance, if the user's expression is
classified as happy, they can choose music clips from a
playlist curated with joyful songs. A freely available
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dataset is utilized from the intemet consisting of 182
photos representing four different emotions: joyful,
neutral, surprised, and sad. The system architecture, as
depicted in Figure 2, encompasses face detection
algorithms integrated with mood detection, leading to
the selection of a playlist based on the detected mood.

The first component of the architecture is the face
detection module, which utilizes advanced computer
vision algorithms to accurately detect and track the user's
face in real-time. By analyzing facial features and
expressions, the system gathers valuable information
regarding the user's emotional cues (Rusia & Singh, 2021).
Once the users face is detected, mood detection
algorithms come into play, interpreting the user's
emotional state. These algorithms analyze facial
expressions and assign a specific mood label, such as
happy, sad, angry, or calm, accurately reflecting the
user's current emotional state.

Based on the detected mood, the system proceeds to
the next step, which involves selecting a suitable playlist of
songs from a website or music platform. The system
architecture considers a vast collection of songs along

Mood Detecbon
(CNN Classification aigorithm]

Mocd Detected

ubiis.fer dataset would be used

Happy song playlist  Sad song playlist
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According to the mood of the user
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Figure 2. Proposed System Architecture
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with their associated mood tags or metadata. By
employing machine learning and artificial intelligence
technigues, the systemn matches the user's detected
mood with appropriate songs known o evoke similar
emotions. This personalized song selection ensures that
the user is presented with music that resonates with their
current emotional state. The recommended playlist of
songs is then played through the integrated welbsite or
music platform, allowing the user to enjoy carefully
curafed music that enhances theirmood, relaxation, and
overallwell-being.

Figure 3 illustrates the proposed methodology and the
flow of options used to obtain the optimal approach,
resulting in the desired outcomes. The methodology
begins with implementing a face detfection algorithm
using Python. This can be achieved by utilizing libraries
such as OpenCV or Dlib, which provide pre-frained
models and functions for accurate face detection. These
algorithms analyze images or video streams, accurately
detecting and locating human faces within them. Once
the face is detected, the methodology incorporates a
recommendation engine for mood detection. This
engine utilizes machine learning tfechniques o analyze
the facial expressions captured by the face detection
algorithm. To support mood-based music recommendations,
a comprehensive song database is integrated info the
methodology. This database comprises a wide range of
songs, each associated with specific mood tags or
metadata.

Face detecting

The recommendation engine leverages this database to
select suitable songs that align with the user's detected
mood. This ensures that the recommended songs
resonate with the user's emotional experience, providing
animmersive and personalized music listening journey. By
combining face detection algorithms, a recommendation
engine for mood detection, and a diverse song
database, this proposed methodology enables a music
recommendation system that can understand and
respond 1o the user's emotional state. It offers a unique
and failored music selection, enhancing relaxation,
mood regulation, and overall well-being.

The stages involved in this research include image
acquisition, face acquisition, emotion detection,
enabling the corresponding playlist, dataset creation,
feature description, playlist generation, playlist
adaptation based on mood, and end-of-day analysis.

3.1Image Acquisition

In facial feature recognition, image acquisition refers 1o
the process of capturing images or video frames that
contain human faces. It involves using cameras or other
imaging devices to obtain high-quality and well-posed
facial images for subsequent analysis and detection of
specific facial features or expressions (Fung-Lung et al.,
2019). Nowadays, music platforms have made it simple
to access a vast library of music. They continuously work
on improving music organization and search
management to address the issue of choice and make it
easier forusers to discover new music pieces.

Mood detection

algorithm (Python)
IMAGE =g
Open CV (python kbrary)

(Python) MOOD
® | oerecteo

FACE DETECTED

Classifier (ML model)

Classifying songs as
per moods(Python)

>

SONG DATASET

Recommendation
Engine (Python)

>

Song Database

Figure 3. Proposed Methodology
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3.2 Face Detection

Once the image is obtained, the system initiates the face
detection process. The algorithm employs a sub-window
approach to scan the image and identify facial features.
By systematically examining different regions of the
photo, the algorithm searches for patterns and
characteristics indicative of a face. To optimize the
system's performance, the image is cropped or fimmed
to solely encompass the detected face (Meena &
Sharan, 2016). This cropping step allows for improved
accuracy and efficiency in subsequent facial feature
recognition tasks. By isolating the face within the image,
the algorithm can solely focus on analyzing the relevant
facial features, thereby enhancing the overall
performance and effectiveness of the proposed system.

3.3 Emotion Detection

Next, fo determine the user's sentiment, the methodology
utilizes the Principal Component Analysis (PCA) method,
which is widely recognized for its effectiveness in facial
expression detection. Firstly, a face space is constructed
using PCA, where the eigenvectors with the highest
eigenvalues are selected to represent the most
significant facial features. The acquired image is then
projected onto this face space. To detect the user's
emotion, scores for each emotion are computed based
on the projected image (Giri et al., 2022). These scores
reflect the likelihood or intensity of different emotions
being expressed in the user's facial expression. The
emotion corresponding to the highest score among the
calculated emotion scores is chosen as the detected
emotion for the image. By employing the PCA method
and constructing a face space, the methodology
effectively captures and analyzes the users facial
expressions, enabling the detection of their underlying
emotions. This approach provides a reliable means to
determine the user's sentiment and facilitates
personalized music recommendations based on their
emotional state.

3.4 Enabling the Corresponding Playlist

The proposed system incorporates the display of an
appropriate  music playlist based on the identified

emotion of the user. Considering the four emotions-
pleasant, natural, surprise, and sadness-the system
prepares four distinct playlists, each carefully curated with
music samples that align with the corresponding
emotion. For pleasant emaotions, the system activates a
classical music playlist, offering soothing and melodic
compositions that promote relaxation and enjoyment. In
the case of natural emotions, the system triggers a new-
age music playlist featuring calming and serene fracks
that evoke a sense of franquility and peacefulness.

To address unpleasant emotions such as surprise and
sadness, the system enables a designer music playlist. This
playlist is specifically designed to uplift the user's mood by
providing emotionally uplifing and motivational fracks
that help alleviate negative feelings and restore a more
positive state. By tailoring the music playlists to specific
emotions, the proposed system ensures that users are
presented with music that complements and enhances
their emotional experiences. This personalized approach
to music selection contributes to a more engaging and
therapeutic music listening experience.

3.5 Dataset

The dataset contains 48x48 grayscale images of faces
displaying different emotions. The faces have been
automatically registered so that they are centered and
occupy a consistent amount of space in each image.
The task is to categorize each face based on the
expressions info the following four categories: angry,
disgusted, afraid, happy, sad, surprised, and neutral. The
fraining set consists of 28,709 examples, and the public
test set consists of 3,589 examples. The song data consists
of 686 different English songs with features such as name,
album, artist, length, popularity, and other key afttributes.

3.6 Feature Description

The user begins by opening the app and initiating the
music recommendation process. As the app opens, the
user'simage is captured through the webbcam or camera.
The app utilizes face detection algorithms to identify and
locate the user's face within the image. Once the face is
detected, the app proceeds to identify the user's mood
based on facial expressions. Using techniques like PCA or
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other facial recognition methods, the app analyzes the
capturedimage to determine the user's emotional state.

Based on the identified mood, the app suggests a
selection of songs that align with the user's emaotional
state. These song suggestions are tailored to match the
user's mood and provide an immersive music
experience. However, if the user does not prefer the
suggested song, the app provides a button for the user to
explore more options. Clicking the button will display
additional songs from which the user can choose a song
of their preference, ensuring a personalized music
selection that suits theirmood and taste.

3.7 Generating the Playlist

The first task in the music recommendation process is to
generate a playlist based on the user's preferences. To
beqin, a random song is suggested to the user from the
available music library. A threshold duration is set,
specifying the minimum amount of time the user should
listen to the suggested song before making a decision. If
the user listens to the first song for a duration exceeding
the threshold, it indicates a positive response. In this case,
20 similar songs are selected based on the characteristics
of the initially suggested song, and a playlist is generated.

However, if the user chooses to skip the suggested song
before the threshold duration is reached, the system
proceeds to suggest a new random song. This process
continues until the user listens to a song for a duration
longer than the threshold, indicating their preference. By
employing this iterative approach, the system aims to
understand the user's music preferences based on their
engagement with the suggested songs. It allows for the
creation of aplaylist that aligns more closely with the user's
taste, enhancing their music experience and increasing
the likelihood of finding songs they enjoy.

3.8 Altering the Playlist Based on the Mood

Now the playlist is generated, for the user to enjoy music.
However, there could be two reasons for the user 1o skip a
song. The first reason could be that they no longer want to
listen to the song, either because they dislike it orbecause
their mood has changed. The second reason could be
that the user's mood has changed, and the playlist needs

to be adjusted accordingly. To address this, the user can
click their picture again when they skip or change the
song, andtheirmood can be identified once more.

If the newly identified mood matches the previous one, it
can be concluded that the user's mood has not
changed, but they simply no longer enjoy the current
song. In this case, the song can be removed from the
playlist. However, if the newly detected mood is different
from the previous one, the playlist needs to be altered in a
slightly different manner. A random song of the newly
classified mood can be added to the playlist, and it will be
recommended as the next song after the user skips the
previous one. Again, the threshold can be checked, and if
it is cleared, around 60%—-70% of the songs in the current
playlist can be replaced with songs that match the newly
identified mood.

3.9 Analysis

During the user's sleeping hours, valuable analysis can be
conducted to gain insights into their music listening habits
and emotional patterns. One analysis involves
calculating the average duration (in seconds) of the
songs that effectively changed the user's mood. By
assessing the time spent listening o songs that had a
noticeable impact on the users emotional state, it
becomes possible to understand the duration required for
music to significantly influence their mood. Another
analysis focuses on observing specific moods and
determining which arfists' songs the user listens the most.
By analyzing the frequency of songs from particular artists
associated with particular moods, patfterns emerge,
providing valuable information about the user's musical
preferences and the connection between certain artists
and specific emotional states. Additionally, calculating
the average duration of the songs listened by the user can
provide insights into their preference for shorter or longer
music tracks, influencing the recommendations by
understanding their preferred song duration.

3.10 Deployment

The deployment phase focuses on making the system
available and accessible to users. This involves setffing up
the necessary infrastructure, including servers,
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databases, and hosting environments, to ensure efficient
handling of user requests and delivery of recommendations.
Rigorous testing and optimization are also performed o
ensure reliable and secure system performance. Front-
end development is responsible for designing and
creating the user interface through which users interact
with the system (Ma et al., 2018). This includes designing
intuitive and visually appealing interfaces that allow users
to input preferences, view recommended playlists, and
confrol music playback. It also involves integrating user
feedback mechanisms and features 1o enhance the user
experience and engagement. Together, deployment
and front-end development ensure the effective delivery
of the personalized music recommendation system to
users, providing a seamless and enjoyable music
discovery and listening experience.

4, Results and Discussions

As the first model created, fer 1.h5, encountered the
issue of overfitting. This occurred due to an excessive
number of consecutive conv2D layers without max-
pooling. Max-pooling layers were removed, because the
image size was already small, and applying max-pooling
reduced it further to a dimension where training the
modelbecame impossible (20 epochs)

An improved model has been created. Max-pooling
layers were added again and using padding in the
conv2D layers to address the aforementioned issue.
Additionally, a batch normalizer has been included. The
model was frained on this improved architecture for 20
epochs, but the problem of overfitting still persists. The
results of the model, including the highest accuracy
achieved andthe loss history, are depictedin Figure 4.

The third training model exhibited slight improvements
compared to the second model. The issue of overfitting
was addressed by eliminating half of the convolutional
layers and making adjustments to the number of filters
and filter sizes. Despite these modifications, overfitting still
persisted. In the fourth model, transfer leaming was
employed using the pre-trained ResNetb0 model, which
was inifially trained on ImageNet. After 55 epochs of
tfraining, the model achieved an accuracy of 37% on the

History of Accuracy History of Loss
— ftraining 0 — ftraining
095 - — validation —— \alidation

Loss

085

Accuracy

080 -

srj_l

0 10 20 320 4 50 0 10 20 30 4 50
Epochs Epochs

Figure 4. Results of the Model with the Highest Accuracy
(92% Accuracy on Test Data)

test data. However, signs of overfitting emerged after the
40th epoch, asindicated by a widening gap between the
fraining and validation lines. Even after training over 50
epochs, the accuracy of the test data remained stagnant
at 37%. with an exacerbation of the overfitting issue. The
fiffth model adopted transfer learning by utilizing the pre-
frained VGG16 model from ImageNet for the first 55
epochs. This model achieved an accuracy of 46.6% on
the test data; however, overfitting persisted as a problem.

In the sixth model, improvements were made over the
third model. Data augmentation was infroduced to
mitigate overfitting, and a dropout layer was added just
before the flattened layer. This approach effectively
addressed the overfitting problem. After 60 epochs, the
accuracy of the test data reached approximately 51%,
with similar accuracies for the tfraining and validation
data. The seventh model involved transfer learning using
the pre-trained VGG16 model, along with data
augmentation, dropout layers, and regularization
techniques to combat overfitting. However, this model
ended up suffering from underfitting. In an effort to
reduce undeirfitting, the dropout layer and regularization
were removed in the eighth model, aiming fo lean
towards overfitting in search of the optimal line.
Nevertheless, the model continued to underfit,
suggesting that the combination of data augmentation
and transfer learning contfributed to the underfitting.
Nonetheless, the accuracy of this model was slightly
better than the previous one. For the ninth model, the
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data augmentation employed in the seventh model was
removed, resulting in a performance similar to that of the
eighthmodel.

The tenth model was unsuccessful as the sole utilization of
the VGG 16 architecture without fransfer learning did not
yield favorable results. In the 11" model, transfer leaming
was employed in conjunction with data augmentation.
Additionally, Gaussian noise, batch normalization, and L2
regularization were added to specific layers affer the pre-
frained model. This configuration resulted in a training
accuracy of 36% and a validation accuracy of 35%.

The 12" model was an improvement over the sixth model.
It involved doubling the number of Conv2D and max-
pooling layers and incorporating regularization
techniques. The tfraining accuracy achieved was 46%,
while the validation accuracy reached 39%. In the 13"
model, a conventional CNN architecture was employed,
consisting of a Conv2D layer followed by a batch
normalization layer. Data augmentation was utilized
without relying on transfer leaming. This model achieved a
fraining accuracy of 60% and a validation accuracy of
52%.

The 14" model combined transfer learning, data
augmentation, regularization, and batch normalization.
With this approach, a training accuracy of 60% and a
validation accuracy of 59% were attained. For the 15"
model, the top 10 layers of the pre-trained VGG 16 model
was frozen, and several dense layers with different
regularizers were added. This model performed the best,
achieving a fraining accuracy of 96.6% and a validation
accuracy of 90%. The predictions from this model, which
demonstrated the highest accuracy, can be observed in
Figure 5.

Figure 6 presents a summary and performance
evaluation of all the models used in the personalized
music recommendation system. The evaluation is based
on several metrics, including the model description,
number of epochs, training accuracy, and validation
accuracy. Each model is characterized by its specific
architecture and parameters. The number of epochs
represent the number of iterations the model undergoes
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Predicted surpnse
Confidence 98.88%

Actual happy.
Predicted: happy
Confidence: 98 51%

Figure 5. Predictions by the Model with the Most Accuracy
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Figure 6. Summary and Performance of All the Models

during training. The training accuracy reflects the model's
performance on the fraining data, while the validation
accuracy assesses its performance on unseen validation
data.

Throughout the evaluation process, potential challenges

and problems encountered by each model are
identified. This may include issues such as overfitting,
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underfitting, convergence problems, or difficulties in
handling large datasets. By analyzing the model
descriptions and perforrmmance metrics, adjustments and
optimizations can be implemented to enhance the
overall accuracy and effectiveness of the personalized
music recommendation system.

Conclusion

The method used in this research work has approaches for
emotion detection and successfully distinguishes
between happy, sad, natural, and astonished emaotions.
Based on the assessed emotion, the system generates a
playlist for the user containing music that aligns with their
mood. Extensive research has demonstrated the ability to
leverage facial expressions for emotion detection and
provide personalized music recommendations. The
research highlights the potential of facial feature
recognition technology for creating more immersive and
tailored music recommendation systems. With further
advancements and optimizations, this technology can
revolutionize the way people discover and engage with
music, opening up new avenues for emotional
connection and enjoyment through personalized music
selections.
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