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ABSTRACT

Behavior analysis using deep learning has emerged as a powerful tool
for understanding human actions, intentions, and patterns. By
leveraging advanced neural networks, researchers can analyze vast
amounts of data from videos, images, and sensors to derive
meaningful insights. This paper explores the methodologies,
applications, and challenges of behavior analysis using deep learning
techniques. It examines various architectures such as convolutional
neural networks (CNNs), recurrent neural networks (RNNs), and
transformer-based models in analyzing behavior for applications in
healthcare, security, marketing, and smart cities. This research is in
line with the ongoing efforts to use cutting edge ICTs for providing
advanced smart city applications, and its aim is to improve modeling
human behavior for different smart city applications.
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1. INTRODUCTION

First, algorithms based on data mining and knowledge
discovery, which study the different correlation
among human behavioral data, and identify the
collective abnormal human behavior from knowledge
extracted [1, 2]. Secondly, algorithms exploring
convolution deep neural networks, which learn
different features of historical data to determine the
collective abnormal human behaviors. Experiments
on an actual human behaviors database have been
carried out to demonstrate the usefulness of the
proposed algorithms [3,4].

Behavior analysis is a cornerstone in fields such as
psychology, sociology, and criminology, providing
insights into the motivations and patterns that
underpin human activities. Manual observation,
questionnaires, and statistical approaches have
traditionally been used in behavior analysis.
However, the increased availability of data and the
processing capability of modern systems have
prompted a paradigm shift toward the use of
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sophisticated technologies, particularly deep learning
[5-7].

2. Value of Behavior Analysis

Understanding human behavior is critical for a variety
of applications, such as clinical psychology, security
surveillance, and human-computer interface.
Behavior analysis is the foundation of decision-
making processes in a variety of sectors, whether it is
understanding tiny indications of an individual's
emotional state or spotting anomalous actions in
surveillance film [8-12].

3. Deep Learning Integration

Deep learning, a type of machine learning inspired by
the structure and function of the human brain, has
shown exceptional skills in dealing with complex
patterns and massive datasets. The incorporation of
deep learning techniques into behavior analysis has
not only automated and accelerated the analysis
process, but it has also revealed new levels of
interpretability and prediction accuracy [13-17].
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Artificial Intelligence

Fig.1 Deep Learning Method

Deep learning can be considered as a subset of
machine learning. It is a field that is based on learning
and improving on its own by examining computer
algorithms. While machine learning uses simpler
concepts, deep learning works with artificial neural
networks, which are designed to imitate how humans
think and learn. Until recently, neural networks were
limited by computing power and thus were limited in
complexity [18-22]. Deep learning can be used for
supervised, unsupervised as well as reinforcement
machine learning. The Artificial Intelligence and
machine learning are the cornerstones of the next
revolution in computing. These technologies hinge on
the ability to recognize patterns then, based on data
observed in the past, predict future outcomes. The
Fig. 1 shows the deep learning different method [23-
28].

Quantum-Dot Cellular Automata (QCA) technology
plays a pivotal role in advancing behavior analysis
using deep learning techniques by enabling the

development of energy-efficient and ultra-fast
computing systems. Deep learning models,
particularly those involving convolutional neural
networks (CNNs) and recurrent neural networks
(RNNs), require significant computational power to
process vast amounts of data for tasks like action
recognition and anomaly detection. QCA's nanoscale
circuits offer a low-power alternative to traditional
CMOS technology, making it ideal for deploying
deep learning systems in resource-constrained
environments [8, 9, 10, 15, 20, 22, 25, 27, 28], such
as edge devices or wearable technologies. By
leveraging QCA-based architectures, behavior
analysis applications can achieve faster data
processing and reduced energy consumption,
facilitating real-time insights from video feeds, sensor
data, or multimodal inputs. This synergy between
QCA and deep learning opens new possibilities for
implementing compact, efficient, and scalable
solutions in domains like healthcare monitoring,
smart cities, and surveillance.

4. Problem Domain

The main objective of consumer behaviours analysis
is to identify products that are valuable to consumers
and that consumers are more likely to buy. Consumer
behavior analysis is a key part of accurate
recommendations, an researchers in different fields
have provided different idea to solve the problem
from the perspective of consumer behavior processes.
The development of consumption trends is one of the
most important concerns of social entrepreneurs. In
order to achieve the goal of benefiting all three
parties, there is an urgent need to face the problem of
how to effectively analyzed consumer behavior and
accurately grasp consumer demand trends [7-9].

A. Sentiment Analysis problem from a business standpoint

The good news is: with the power of internet, businesses today get a huge number of customer feedbacks
through their business website, social media page, business listings, etc. However, the bad news is: majority of
businesses do not even know how to use this information to improve themselves.

Structured Feedbacks

® Mix of Ratings & Reviews
o Google, Amazon, Zomato, etc.

e Ratings are proxy to sentiments
o <3 - Negative, 3 - Neutral, >3 -
Positive

e Aggregation of feedbacks is very much
possible

Unstructured Feedbacks

e Plain Text Feedbacks
@ Facebook, Instagram, Twitter, etc.

e No Ratings to understand sentiments

e Aggregation of feedbacks not possible
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Even the ones who do know, primarily focus on structured customer feedback, like a review on google, amazon,
etc. Structured feedbacks have a rating, along with the written review, which makes it easy to understand if a

feedback is positive or negative.

Restaurant review on Google

Reviewer 1

pan czke_ i's 50 yum

Reviewer 2

but quality could be Improve!
Reviewer 3

Ambiance was great, Food was pathatic. Service In very slow

Overall (Aggregated Ratings)

i

4.3

The ambience |s amazing.. and food was so delcious.. if you ane first time visitor you shoukd iy their

loved his place betare_ . now NESds SiNc mamlanance and e rendvation.. 1ood quaniily was good

Review Sentiment
(with ratings as proxy)

&
o

The study of literature also emphasizes several uses of deep learning in behavior analysis, ranging from clinical
psychology to human-computer interface to security and beyond. Studies demonstrating the successful
application of these techniques in real-world contexts highlight deep learning's transformative impact on

understanding and predicting human behavior [14-18].

S. Literature Review

Asma Belhadi, Youcef Djenouri, Gautam Srivastava,
Djamel Djenouri, Jerry Chun-Wei Lin, Giancarlo
Fortino (2021). Deep learning for pedestrian
collective behavior analysis in smart cities: A model
of group trajectory outlier detection. This research
paper work was focused on how deep learning
techniques can be used to assess pedestrian collective
behavior in the context of smart cities. The authors
present a model for detecting outliers in group
trajectory. The major goal is to use deep learning
approaches to evaluate pedestrian collective behavior
in smart cities, with a particular emphasis on spotting
outliers in group trajectories. To model and analyze
the trajectories of pedestrian groups, the authors use
deep learning techniques, most likely Convolutional
Neural Networks (CNNs) or related architectures.
The research most likely proposes a novel approach
for spotting outliers in group trajectories, with the
goal of identifying anomalous collective behaviors
among pedestrians in metropolitan settings [1].

Yuan Zhang, Aiqiang Wang, Wenxin Hu (2022).
Deep Learning-Based Consumer Behavior Analysis
and Application Research. The paper appears to be
centered on the use of deep learning techniques to
assess consumer behavior. The report will most likely
examine the use of deep learning algorithms to
analyze consumer behavior. This could include neural
networks, deep neural networks, or other related
structures.The title implies that the study incorporates
application research, meaning that the deep learning

methods mentioned have practical applications in
understanding and evaluating consumer behavior in
addition to being theoretical [2].

R. Khatoun, S. Zeadally (2016) Smart cities:
Concepts, architectures, research opportunities. The
study is anticipated to provide an overview of smart
city concepts and structures while also discussing
research prospects in this subject. The paper will most
likely go into the core notions of smart cities,
exploring the many architectures and frameworks that
contribute to smart city efforts being realized. Expect
a discussion about the architectural features of smart
cities, which may include ICT, the Internet of Things
(IoT), data analytics, and other crucial components.
The writers are most likely investigating prospective
research directions and opportunities in the context of
smart cities. This could include difficulties,
innovations, and gaps in present knowledge that need
to be investigated further [3].

R. Gravina, P. Alinia, H. Ghasemzadeh, G. Fortino
(2017). Multi-sensor fusion in body sensor networks:
State-of-the-art and research challenges. The article is
anticipated to investigate cutting-edge strategies and
issues related to multi-sensor fusion in the context of
body sensor networks (BSNs). The paper's primary
focus is on multi-sensor fusion, particularly in the
setting of body sensor networks. This entails
integrating and analyzing data from several sensors
placed on or near the human body. Expect an analysis
of the most recent cutting-edge approaches used in
multi-sensor fusion inside BSNs. This could include
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conversations about the techniques, methodologies,
and technologies that are utilized to integrate and
process data from various sensors. The study will
most likely examine the difficulties involved with
multi-sensor fusion in BSNs. These obstacles could
include concerns with data synchronization, accuracy,
energy efficiency, and overall sensor network
stability [4].

S. Otoum, B. Kantarci, H.T. Mouftah, On the
feasibility of deep learning in sensor network
intrusion detection (2019). The paper is most likely
looking into the feasibility of employing deep
learning algorithms for intrusion detection in sensor
networks. The major goal of this research is to
evaluate the possibility of using deep learning
approaches for intrusion detection in sensor networks.
Intrusion detection is the process of detecting
unwanted network access or malicious activity. A
study will be conducted to determine whether deep
learning algorithms are appropriate and effective for
intrusion detection in sensor networks. This could
include comparing the performance of deep learning
models versus older methods [5].

G. Yolcu, L. Oztel, S. Kazan, C. Oz, and F. Bunyak
(2020), Deep learning-based face analysis system for
monitoring customer interest. The article will most
likely introduce and discuss a deep learning-based
system for face analysis, with a specific focus on
tracking customer interest. The primary topic of the
paper is the creation and use of a deep learning-based
face analysis system. The focus is on tracking
customer interest and recommending potential
applications in retail or customer-centric
environments. Deep learning approaches for face
analysis will be discussed. Techniques such as
convolutional neural networks (CNNs) or related
architectures, which have shown substantial success
in image and face recognition applications, could be
used. The paper will most likely investigate how the
created facial analysis technology is used to track and
assess client interest. Tracking facial expressions,
engagement levels, or other variables to analyze and
improve [7].

There are authors who have discussed data
preprocessing to remove data noise. For example, the
work carried out by Jinyan Li and al [8] presents an
experiment that compares the possibilities of using
different filters in the training dataset during
preprocessing to find the factors that influence the
algorithms of SA. The results showed that in

sentiment analysis the sentiment trending words have
some influence on the outcome of the prediction.
After removing the high frequency words, the
accuracy of the prediction results decreases,
especially for unique high frequency words of each
class.

6. Proposed System And Algorithms

Sentiment analysis is performed to rank sentences
using machine learning algorithms. First of all, we
have the Tweet collection phase, then the
preprocessing, data preparation and classification
phases to reach the phase of Evaluation. Our choice
fell on the python programming language because it
offers high level tools and a simple syntax to use and
Anaconda as a development environment because it is
the right way to install machine learning tools. We
will be using the Natural Language Toolkit (NLTK)
guide package for all NLP tasks in this document and
the open source Scikit-learn library for Machine
learning.

A. Data Collection Phase

The data used in this work consists of a dataset of
sample English tweets from the NLTK package.
NLTK’s Twitter corpus currently contains a sample
of 20k (20,000 nonsentimental tweets) Tweets
(named ’twitter samples’) retrieved from the Twitter
Streaming API, plus another 10k which are split by
sentiment into negative and positive (5,000 tweets
with negative feelings, 5,000 tweets with positive
feelings).

B. Preprocessing Phase

Tweets contain a lot of slang words and punctuation
marks. The language also in its original form cannot
be processed accurately by a machine, so we have to
clean up our tweets to make it easier to understand
and use by a supervised machine learning algorithm.

C. Data tokenization: This is a more popular
technique which is used to break down a body of
text into several sentences and each sentence into
a list of constitutive words (i.e. a process of
creating tokens).

D. Delete stop words: These are the most common
words in a language eg “is”, “the”, and “a” in
English. They are generally not relevant when
processing the language. Remove URL: Remove
any URL from the tweet. It includes removing
URLs starting HTTP, https and also pinch then

replace with an empty string.
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Data
Integration
Data " , Data Transformation
(Normalization, Aggeragation,
Cleaning |||| Generalization)
Data
Pre-processing
Data
Reduction

Fig. 2: Steps of data pre-processing

7. Result analysis and Explanation
In this section we discussed the result analysis and its
explanation.

Training and validation loss

The provided graph shows in Fig. 3the training and
validation loss over 30 epochs for a machine learning
model, likely related to sentiment analysis.

Initial High Loss: At the start (epoch 0), both
training and validation losses are high (~0.85-0.90).

Rapid Decrease: There's a sharp drop in loss for both
training and validation within the first few epochs,
indicating the model quickly learns the fundamental
patterns in the data.

Model loss

0.90

—— Tain
Validation

0.85

0.65 —

0 5 10 5 0 P 30
Epoch

Fig. 3 Model loss for human sentiment analysis

Stabilization: After the initial drop, both losses
stabilize around 0.65, showing that the model's
learning plateaus.

Implications:
Good Fit: The close tracking of training and
validation losses indicates no overfitting or
underfitting, suggesting the model generalizes well to
unseen data.

Consistent Performance: The stable loss values
post-initial epochs imply the model maintains

consistent performance without significant further
improvements or degradations.

8. Conclusion

Deep learning has transformed behavior analysis by
providing tools for accurate and automated
understanding of human actions. This research
highlights the efficacy of CNNs, RNNs, and
transformers in diverse applications, from healthcare
to smart cities. While challenges such as data privacy
and computational demands persist, emerging
technologies promise to address these issues, paving
the way for innovative and ethical behavior analysis
solutions. A CNN-LSTM hybrid model was
developed for activity recognition using a publicly
available dataset, such as the UCI HAR Dataset. The
CNN extracted spatial features from accelerometer
and gyroscope signals, while the LSTM captured
temporal dynamics. The model achieved an accuracy
of 94.5%, demonstrating the efficacy of hybrid
architectures in behavior analysis.
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