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Abstract

The rapid development of autonomous vehicles (AVs) demands robust
and adaptive Al systems capable of handling complex real-world
environments. Traditional optimization and learning algorithms often
struggle with dynamic and uncertain conditions, leading to suboptimal
decision-making. Swarm intelligence, particularly Hawk Fire
Optimization (HFO), offers a promising solution by simulating
cooperative behaviors seen in nature, like hawks in hunting, to optimize
decision-making processes. Coupled with advanced deep learning
techniques like Federated Dropout Learning (FDL), this hybrid
approach can enhance the adaptability, scalability, and efficiency of Al
systems. This paper addresses the challenge of improving decision-
making and learning in autonomous vehicles by integrating HFO with
FDL. HFO optimizes parameters in real-time, allowing AVs to adapt
rapidly to changing environments. Federated Dropout Learning, a
variant of federated learning, further improves system resilience by
sharing learning across distributed nodes while minimizing
communication overhead and enhancing privacy. By combining these
methods, the proposed system ensures robust performance in
unpredictable scenarios. Experimental results show that the hybrid
model outperforms traditional methods in terms of decision accuracy,
response time, and energy efficiency. Specifically, the system achieved
a 12% improvement in decision accuracy, reduced processing time by
18%, and cut energy consumption by 22%, compared to standard
algorithms. These findings suggest that the combination of HFO and
FDL can significantly improve the performance of autonomous
vehicles, providing safer and more efficient Al-driven navigation.
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1. INTRODUCTION

Autonomous vehicles (AVs) represent a revolutionary
advancement in transportation, promising improved safety,
efficiency, and accessibility. By integrating Al-driven decision-
making with sensors and communication technologies, AVs aim
to reduce human error, traffic congestion, and environmental
impacts. According to market projections, the global autonomous
vehicle market is expected to grow from $54.23 billion in 2019 to
$556.67 billion by 2026, with an annual growth rate of 39.47%
during this period [1]. This surge is driven by technological
advances in Al, sensors, and connectivity, as well as increasing
demand for smart mobility solutions [2]. Companies such as
Tesla, Waymo, and Uber have made significant strides in AV
development, positioning the technology as a cornerstone for
future smart cities [3].
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However, the road to fully autonomous driving is fraught with
challenges. The unpredictable nature of real-world environments
poses significant obstacles for AVs. The Al systems within AVs
must continuously learn and adapt to dynamic conditions, such as
changing weather, road conditions, and human behavior [4]. One
major challenge is the ability of AV systems to make decisions in
real time with limited computational resources while ensuring
safety [5]. Another pressing issue is data privacy, as AVs rely on
massive amounts of data from distributed sources. Federated
learning has been introduced as a solution, but it faces challenges
related to communication overhead, latency, and energy
consumption [6]. Additionally, existing optimization techniques
struggle to handle large-scale, dynamic environments, leading to
slower learning and less effective decision-making [7].

Existing AV systems predominantly rely on deep learning
algorithms for perception and decision-making. While effective,
these algorithms often face difficulties in adapting to real-time
environmental changes. The problem lies in developing an Al
system that can optimize decision-making in dynamic
environments while managing computational, energy, and
communication constraints [8]. Moreover, there is a need for a
robust framework that ensures both data privacy and system
efficiency without compromising performance [9].

The primary objective of this research is to enhance the
adaptive decision-making capabilities of AVs by integrating
swarm intelligence techniques, specifically Hawk Fire
Optimization (HFO), with advanced deep learning methods like
Federated Dropout Learning (FDL). This study aims to address
the limitations of traditional optimization and learning
frameworks by developing a hybrid model that can rapidly adapt
to changing conditions while maintaining low computational
costs and ensuring data privacy. Additionally, we aim to evaluate
the performance of the hybrid model in terms of decision
accuracy, processing speed, and energy efficiency.

The novelty of this work lies in the combination of Hawk Fire
Optimization (HFO) with Federated Dropout Learning (FDL) to
enhance the decision-making and learning processes of AVs.
HFO is inspired by the cooperative hunting strategies of hawks,
providing a swarm-based optimization framework that allows for
faster, more efficient decision-making in real-time environments.
Federated Dropout Learning, an advanced form of federated
learning, reduces communication overhead by selectively
dropping certain neurons during training, thereby enhancing
privacy and computational efficiency.




ISSN: 2229-6956 (ONLINE)
DOI: 10.21917/ijsc.2023.0424

ICTACT JOURNAL ON SOFT COMPUTING, JULY 2023, VOLUME: 13, ISSUE: 04

HYBRID NEURO-FUZZY-GENETIC ALGORITHMS FOR OPTIMAL CONTROL OF
AUTONOMOUS SYSTEMS

Veeranan Arunprasad?, Brijendra Gupta?, T. Karthikeyan® and Muruganantham Ponnusamy*
!Department of Mechanical Engineering, Theni Kammavar Sangam College of Technology, India
2Department of Information Technology, Siddhant College of Engineering, India
3Department of Information Technology, University College of Technology and Applied Sciences - Salalah, Sultanate of Oman
“Indian Institute of Information Technology Kalyani, India

Abstract

In recent years, there has been an increasing demand for efficient and
robust control algorithms to optimize the performance of autonomous
systems. Traditional control techniques often struggle to handle the
complexity and uncertainty associated with such systems. To address
these challenges, hybrid neuro-fuzzy-genetic algorithms have emerged
as a promising approach. This paper presents a comprehensive review
of the application of hybrid neuro-fuzzy-genetic algorithms for optimal
control of autonomous systems. The proposed algorithms combine the
strengths of neural networks, fuzzy logic, and genetic algorithms to
achieve adaptive and optimal control in real-time scenarios. The neuro-
fuzzy component provides the ability to model and handle complex and
uncertain systems, while the genetic algorithm component facilitates
the optimization of control parameters. The combination of these
techniques enables autonomous systems to adapt and optimize their
control strategies based on changing environments and objectives. The
paper discusses the underlying principles of hybrid neuro-fuzzy-genetic
algorithms, their advantages, and challenges. It also provides a review
of the state-of-the-art research in this field, highlighting successful
applications and potential future directions. Overall, the integration of
neuro-fuzzy-genetic algorithms in autonomous systems holds great
promise for achieving optimal control in various domains, including
robotics, aerospace, and autonomous vehicles.

Keywords:

Hybrid Algorithms, Neuro-Fuzzy-Genetic Algorithms, Optimal
Control, Autonomous Systems, Neural Networks, Fuzzy Logic, Genetic
Algorithms, Real-Time Control, Adaptive Control, Uncertainty,
Robotics, Aerospace, Autonomous Vehicles

1. INTRODUCTION

Autonomous systems, such as robotics, aerospace vehicles,
and autonomous vehicles, have gained significant attention in
recent years due to their potential to revolutionize various
industries [1]. However, controlling these systems in an optimal
and efficient manner remains a challenging task [2]. Traditional
control techniques often struggle to handle the complexity, non-
linearity, and uncertainty associated with autonomous systems.
As a result, there is a growing need for advanced control
algorithms that can adapt and optimize control strategies in real-
time scenarios [3].

In response to this challenge, hybrid neuro-fuzzy-genetic
algorithms have emerged as a promising approach for optimal
control of autonomous systems [4]. These algorithms combine the
strengths of neural networks, fuzzy logic, and genetic algorithms
to overcome the limitations of traditional control techniques.
Neuro-fuzzy systems provide a powerful means to model and
handle complex and uncertain systems, while genetic algorithms
facilitate the optimization of control parameters. By integrating
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these techniques, hybrid algorithms enable autonomous systems
to adapt and optimize their control strategies based on changing
environments and objectives [5].

The primary problem addressed in this work is to develop
efficient and robust control algorithms for autonomous systems.
The aim is to optimize the performance of these systems by
overcoming the challenges posed by their complexity and
uncertainty. Traditional control techniques often fail to achieve
satisfactory results due to the lack of adaptability and optimization
capabilities. Therefore, the goal is to design a control algorithm
that can dynamically adapt to changing conditions and optimize
control parameters to achieve optimal system performance.

The novelty of this work lies in the utilization of hybrid neuro-
fuzzy-genetic algorithms for optimal control of autonomous
systems. While individual components of these algorithms, such
as neural networks, fuzzy logic, and genetic algorithms, have been
extensively studied, their integration in a hybrid framework
specifically tailored for autonomous systems represents a novel
approach. This work contributes by providing a comprehensive
review of the application of hybrid neuro-fuzzy-genetic
algorithms in the field of autonomous systems' control.

2. RELATED WORKS

Autonomous systems, ranging from autonomous vehicles and
robotics to aerospace systems, have gained significant attention in
recent years. These systems aim to operate and make decisions
independently, without human intervention, in order to achieve
specific objectives or perform tasks efficiently and effectively.
Optimal control plays a crucial role in ensuring that these
autonomous systems operate safely, accurately, and adaptively in
real-time scenarios [6].

Traditional control methods, such as Proportional-Integral-
Derivative (PID) controllers, have been widely used for control in
various applications. However, these methods often struggle to
handle complex and uncertain environments, limiting their
performance in autonomous systems. As a result, researchers have
been exploring novel approaches that can address these
challenges and provide better control strategies [7].

Neuro-fuzzy systems and genetic algorithms have emerged as
powerful tools for addressing the limitations of traditional control
methods. Neural networks, a key component of neuro-fuzzy
systems, are capable of learning complex system dynamics from
data and making intelligent decisions based on trained models.
Fuzzy logic provides a framework for handling uncertainty and
imprecision by using linguistic variables and fuzzy rules to
capture human-like reasoning. Genetic algorithms, inspired by
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Abstract

Composite paraphernalia are now a day vastly used in the
engineering field. The general characteristics held by the
conflation paraphernalia are set up to be the reason for using it
in the automotive operations. The connecting rod is a major link
inside of combustion machine. It connects the piston) to the
crankshaft and is responsible for transferring power from the
piston to the crankshaft. It has to workonhighr.p.m. because of
which it has to bear severe stresses which make its design vital
for internal combustion machine. In this design, design,
analysis of the 2-wheeler connecting rod will be perform. The
CATIA V5 R20 software has been used for designing the
connecting rod 3D model and also the designed connecting rod
model is imported into the ANSYS software in which the
design is meshed and anatomized by using the Finite Element
Method (FEM) and the result is manipulated. Modal analysis
of being and conflation connecting rod will be performed.
Results of the analysis are also validated by using UTM.

1. Introduction

The connecting rod is a major link inside a combustion engine.
It connects the piston to the crankshaft and is responsible for
transferring power from the piston to the crankshaft and
sending it to the transmission. The objective of C.R. is to
transmit push & pull from the piston pin to the crank pin and
then converts reciprocating motion of the piston into the rotary
motion of crank. The components are big shank, a small end
and a big end. The cross section of shank may be rectangular,
circular, tubular, I- Section, + -section or ellipsoidal-Section. It
sustains force generated by mass & fuel combustion. The
resulting bending stresses appear due to eccentricities, crank
shaft, case wall deformation & rotational mass.

Fig. 1.1Connecting rod

There are different types of accoutrements and product styles
used in the creation of connecting rods. The most common
types of Connecting rods are sword and aluminum. The most
common types of manufacturing processes are casting, forging
and powdered metallurgy. Connecting rods are extensively
used in variety of machines similar as, in- line machines, V-
machine, opposed cylinder machines, radial machines and
opposed- piston machines. A connecting rod consists of a leg-
end, a cutter section, and a coil- end. Leg- end and coil- end
perforations at the upper and lower ends are machined to permit
accurate fitting of comportments. The function of connecting
rod is to transmit the thrust of the piston to the crankshaft.
Figure shows the part of connecting rod in the conversion of
repaying stir into rotary stir. A four- stroke machine is the most
common type. The four strokes are input, contraction, power,
and exhaust. Each stroke requires roughly 180 degrees of
crankshaft gyration, so the complete cycle would take 720
degrees. Each stroke plays a veritably important part in the
combustion process. In the input cycle, while the piston moves
over, one of the faucets open. This creates a vacuum, and an
air- energy admixture is smelled into the chamber (Figure 1).
During the alternate stroke contraction occurs. In contraction
both faucets are closed, and the piston moves overhead and
therefore creates a pressure on the piston, see Figure 2. The
coming stroke is power. During this process the compressed
air- energy admixture is burned with a spark, causing a
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Abstract - Right now, car part planning is totally grounded
on strength and lightweight according to as portability is
worried for execution improvement. Thus, for saving of cost
in item styles of the hall of the machine and with thought of
the heaviness of passage in which a district can be
concentrated having lower stresses will be cut inside figure of
the hallway. The fundamental motivation behind a machine
mounting type is to help the power - train framework in a
machine in all states of street shells including for sure,
lopsided street shells. It's authentically sensitive to change the
supporting areas and the kinds of help after the machine is
raised, the mounting classes should be justified in the plan
stage. This plan contains the investigation of streamlining of a
machine mounting type and correlation among being and
upgraded machine mounting type. Improve model will
fabricate utilizing aluminum material with the supporting of
glass fiber subcaste. Computer aided design model has been
created through back designing. The sort of Mahindra Scorpio
Motor is to be taken for study. Subsequent to examining the
machine mounting sort of 4-wheeler, Improvement is finished.
Trial testing will perform with assistance of UTM and strain
check.

Key Words: CAD/CAM, Ansys, Engine Mounting Bracket.

1.INTRODUCTION

In this auto period the requirement for light weight
underlying gear is adding as there's a further focus on energy
utilization decrease and improvement in lessening the
migration. The greatness of item volumes has customarily put
extreme circumstances on the power of cycle utilized in
assembling. The producers have solid importance on the
expense has the interest for the component to improve the

material exhibition and to convey this gear for minimal price is
the interest. In machine area the very serious auto business
needs producers to give a great deal of consideration to
voyaging solace. resonant vibration is from shaky millions live
inside the machine body, this is making the contrivers guide
their focus toward the occasion of top quality machine
mounting classes to affirm that there's upgrade in riding solace.
The interest for cutting edge playacting machine mount classes
ought not be Kkilled by emerge inside the item costs or
potentially improvement process duration. In diesel machine,
the machine mounting type is the serious issue as there's
unthrottled condition and high level compression rate and for
sure there are further speed anomalies at low speed and low
weight when contrasted with fuel machines. So because of this
there are more vibration excitation. By this vibration machine
mount type might come up short, so by streamlining the shape
and thickness of machine mount type we can enhance the
exhibition at unique plan stages. By certain investigations it's
seen that classes saved 38 of mass. Primary improvement is a
significant device for an ideal plan; correlation as far as weight
and component execution underlying streamlining ways is a
viable apparatus to create progressed quality items at lower
cost.

ENGINE MOUNTING BRACKET:

Engine mounts themselves are little parts that are intended to
settle, as well as appropriately adjust, a vehicle's motor. Thus,
despite the fact that these mounts are little, they assume an
enormous part in the general usefulness of the core of your
vehicle. Also, when these apparently little and minor parts of
the vehicle turn sour. A car motor body-case framework is
regularly exposed to unequal motor powers, lopsided
terminating powers particularly at the sitting rates, shaking
powers and forces due to responding parts, dynamic
excitations from gearboxes and embellishments, and street
excitation. These propensities bring about undesired
vibrations which lead to an awkward ride and furthermore
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Abstract

Because of their high energy capacity and power density, lithium-ion batteries

are an essential component of electric and hybrid vehicles; however, they fre-

quently experience excessive temperature rise because of heat creation inside
the batteries. The charge state and charge/discharge rate play a major role in
this heat generation. Due to its high latent heat, compact design and light-
weight nature without requiring any external power, passive techniques like
phase change material (PCM) and heat pipe (HP) cooling have gained wide-
spread popularity. Therefore, this work focussed on hybrid BTMS integrating
Heat Pipe with PCM for better thermal inanagement of battery pack supported
by a heat pipe that is used to analyse the thermal performance of a battery
module having three and four lithium-ion batteries placed in series and paral-
lel. The objective of maintaining temperature gradient of less than 5°C

between the adjacent cells and maintaining the overall battery temperature in

the range of 25°C-45°C has been successfully achieved. The results of experi-
ments at various discharge rates shuwed that a heat pipe was crucial to quickly
transferring heat and maintaining temperature homogeneity for PCM-based
battery modules. It can be concluded that the data presented above can offer
views for creating and improving battery heat management systems.

KEYWORDS
heat pipe, hybrid cooling, phase change niaterial

environment and battery is a superior place to stock the

Transpurt iy the main factor that influence the green-
house gases. Reduction in CO, emission is the main goal
of developed countries, which is why world is focusing
on non-conventional energy sources. So, electric vehicle
is the most encouraging option  for  pollution-free
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consistent energy from these sources. The core of an EV
is its power batlery, and the primary problem for EVs is
to discover an appropriate energy storage device capable
of sustaining long mileage, fast charging and efficient
driving.! Because of their advantages, lithium-ion batte-
ries (LIBs) are vegarded as the enormous viable source of
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Abstract

Many nations have committed to becoming carbon
neutral by 2050 as a means of addressing the global
warming challenge. To achieve carbon neutrality,
transportation is one of the most essential and impor-
tant tasks. Energy-efficient pure electric vehicles (EVs)
and hybrid electric vehicles (HEVs) with green energy
power are being developed in response to the world-
wide energy and environmental crises, as the potential
replacements for the current generation of combustion-
engine automobiles. EVs require batteries more than
ever before. In this perspective, lithium-ion batteries
(LIBs) stand out as remarkable energy storage tech-
nologies and have been widely used due to their
numerous impressive benefits. Owing to LIBs sensi-
tivity to temperature, EVs typically use the battery
thermal management system (BTMS). The working
temperature span of a lithium-ion battery in an electric
car is 15°C-35°C, which is achieved by the use of a
BTMS. The production of internal heat during charging
and discharging also affects how well lithium-ion bat-
teries work. A battery heat control system is therefore
required. The temperature of the LIB pack might be
efficiently controlled by liquid-cooled systems in

Heat Transfer, 2024;1-24.
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Abstract: Objective: The exhaust pipe is subjected to several stresses, most of which a{'e due to v‘b,m”a;f' ‘1:(;’:'[:":); ”Z::" I &
should be given to gas forces which will induce vibration. These vibrations will then I"(Iu'(-'(r" ﬂ.f“”é’ ue life 1 b pesppse-oF
therefore necessary to study the fatigue behavior of the exhaust pipe by analyzing the vibration modes an P
vibrations by its sources. at
Methods: 1:;10 vibrations of silencer are affceiing the performance of silencer and it is uncomfortable l? oper “"0’: 5. So, "1'5
necessary to analyze the vibrations which would further help to minimize cracks, improving life and efficiency of -”l‘-""""e" ! _’e
main goal of this project will be to design a new automobile exhanst piper muffier (silencer) is to increase the durability oj: its
life. Decrease the weight, and reduce the manufucturing cost with efficient working condition. design, analyzf_ the """’le_l psing
ANSYS workbench static structural and model analysis for vibration study. If muffler or silencer part impacts high vibrations, or
stress then topology will be conducted to solve the high stress concentration and vibrational impacts.
Keywords: Automobile exhaust system; muffler; noise; vibration and modal analpxyis.

L INTRODUCTION
One of the objectives when designing a new automobile exhaust pipe is to lengthen its durability period, which can be measured in
terms of its life span and mileage. The exhaust pipe is subjected 10 several stresses, most of which are due o vibration. Particular
attention should be given to gas forces which will induce vibration. These vibrations will then induce a fatigue life to the system. It
is therefore necessary to study the fatigue behavior of the exhaust pipe by analyzing the vibration modes and the response of

vibrations by its sources.
The vibration of a system involves the transfer of its potential energy to kinetic encrgy and of kinetic energy to potential energy,

alternately. If the system is damped, some energy is dissipated in each cycle of vibration and must be replaced by an external source

if a state of steady vibration is to be maintained.

A. Overview
The main goal of this project is to study the vibrational impact caused due to the vehicle moving on irregular road surface and also

due to exhaust gas pressure variations in two-wheeler muffler. Mufflers is an important component in vehicle, without muffler or

silencer one can’t assume an engine.
After expansion in the engine exhaust gas produced containing harmful gases is exhausted in a long hollow pipe called muffier at

back side of the vehicle.

For time being these mufflers have been optimized in different shape, size, and material ete. the main goal of this project will be to
design a new aumomubile exhaust piper mufiler (silencer) is to increase the durability o1 us life. Decrease the weight, and reduce the
manufaciuring cost with efficient waorking condition.

In this project I’m going to design, analyze the model using ANSYS workbench static structural and model analysis for vibration
study. If muffler or silencer part impacts high vibrations, or stress then topology will be conducted to solve the high stress
concentration and vibrational impacts. )
Vibrations are measured in 3 different phases which are classified as: Frequency, amplitude and Phase are the three maijor
characteristics which are used to describe a oscillation in the part or component (or vibrations). ‘J

There are 3 types of Vibration:
s Free or Natural,

+  Forced and.

«  Damped Vibration,
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