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ABSTRACT

Motor speed control plays a crucial role in modern industrial automation, electric vehicles, and robotics where
precision, efficiency, and reliability are essential. Traditionally, Proportional-Integral-Derivative (PID) controllers
have been widely used due to their simple structure, ease of implementation, and satisfactory performance in linear
systems. However, the increasing complexity of industrial processes and the presence of nonlinearities, parameter
variations, and external disturbances often limit the effectiveness of conventional PID control. This study presents a
comparative analysis between classical PID controllers and intelligent control techniques for motor speed
regulation. Intelligent controllers, including fuzzy logic and neural network-based approaches, offer adaptive and
self-tuning capabilities that enable improved handling of system uncertainties and nonlinear dynamics. The research
evaluates controller performance using key parameters such as rise time, settling time, overshoot, steady-state error,
and robustness under varying load conditions. The findings of this work highlight the trade-offs between simplicity
and adaptability in motor control strategies and suggest that hybrid control frameworks combining PID and
intelligent techniques can offer a practical solution for achieving high-performance motor speed control in advanced
applications.
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INTRODUCTION

Precise motor speed control is a fundamental requirement in many engineering applications, including industrial
automation, electric transportation, robotics, and process industries. The ability to maintain stable speed under varying load
conditions directly influences system efficiency, productivity, and operational safety. As industrial systems become more
complex and demand higher performance, the selection of an appropriate control strategy has become a critical research
concern.

Among conventional control methods, the Proportional—Integral-Derivative (PID) controller has remained the most widely
adopted technique for motor speed regulation. Its popularity is primarily due to its simple structure, ease of tuning, and
satisfactory performance in linear and well-defined systems. PID controllers effectively reduce steady-state error and
improve transient response; however, their performance can deteriorate when the controlled system exhibits nonlinear
behaviour, parameter variations, and external disturbances, which are common in practical motor drive environments.

To address these limitations, intelligent control techniques have gained significant attention in recent years. Approaches
such as fuzzy logic control and neural network-based control provide adaptive and learning capabilities that allow the
controller to respond effectively to uncertainties and dynamic operating conditions. Unlike traditional PID control,
intelligent controllers do not rely heavily on precise mathematical models, making them suitable for complex and nonlinear
motor systems.

Despite these advantages, intelligent controllers often involve increased computational complexity and design effort, which
may restrict their implementation in resource-constrained applications. Consequently, a comparative evaluation of
conventional PID and intelligent control methods is necessary to understand their respective strengths, limitations, and
suitability for different operating scenarios.
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This research aims to analyze and compare the performance of PID and intelligent controllers for motor speed control using
key dynamic and steady-state parameters. The study also explores the trade-off between controller simplicity and
adaptability, providing insights into the development of hybrid control strategies capable of achieving improved speed
regulation in modern motor drive systems.

LITRETURE REVIEW

Motor speed control has been extensively studied due to its importance in industrial automation, electric vehicles, and
robotic systems. Conventional Proportional-Integral-Derivative (PID) controllers have been widely used because of their
simple structure and ease of implementation. Previous studies report that PID controllers provide satisfactory performance
under linear and steady operating conditions; however, their effectiveness decreases in the presence of nonlinearities,
parameter variations, and external disturbances.

To address these limitations, intelligent control techniques such as Fuzzy Logic Controllers (FLC) and Artificial Neural
Networks (ANN) have been introduced. Research findings indicate that fuzzy logic-based control improves transient
response and disturbance rejection without requiring an accurate mathematical model. Similarly, ANN-based controllers
demonstrate adaptive learning capability and enhanced robustness under varying load conditions. Despite these advantages,
intelligent controllers often involve higher computational complexity and design effort. Recent studies have also explored
hybrid control approaches that combine PID with intelligent techniques to achieve improved stability and dynamic
performance. These methods aim to balance simplicity and adaptability in motor speed regulation. Overall, existing
literature highlights the need for comparative analysis to evaluate the practical suitability of PID and intelligent controllers
in modern motor drive applications.

METHODOLOGY

This research adopts a systematic approach to evaluate and compare the performance of conventional PID and intelligent
controllers for motor speed control. The methodology consists of system modeling, controller design, simulation, and
performance analysis.

1. Motor Modelling

A mathematical model of the motor is developed to represent its electrical and mechanical dynamics. The model includes
armature voltage, current, torque generation, and load disturbance effects, enabling accurate analysis of speed response
under varying operating conditions.

Controller Design

Two control strategies are implemented:

e PIDController:

The PID controller is designed using standard tuning methods to achieve acceptable transient and steady-state performance.
Controller parameters are selected to minimize steady-state error and ensure system stability.

e IntelligentController:

An intelligent control strategy, such as fuzzy logic or neural network-based control, is developed to handle nonlinear
behaviour and parameter uncertainties. The intelligent controller incorporates adaptive decision-making through rule-based
inference or learning mechanisms to improve speed regulation.

e Comparative Analysis

The results obtained from both controllers are analysed to identify differences in response characteristics, adaptability, and
implementation complexity. This comparison provides insights into the trade-offs between conventional and intelligent
control approaches.

Mathematical Modeling of Motor (DC Motor Speed Control)
The mathematical model of the motor is developed using electrical and mechanical dynamic equations that describe the
relationship between applied voltage, armature current, electromagnetic torque, and rotor speed.

Electrical Dynamics

The armature circuit equation is given by
dig (t) .
Va(t) = La T + Rala(t) + eb(t)
where

V= armature voltage
L, = armature inductance
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R,= armature resistance
i,= armature current
e, = back electromotive force (EMF)
The back EMF is proportional to motor speed:
ep(t) = K. (1)
where
K,= back EMF constant
«= angular speed
PID Control Law
The PID controller output voltage is
de(t)
dt

u(t) = Kye(t) + K;J e(t)dt + K,
where
e(t) = wrer — w(l)
Intelligent Controller Representation
For fuzzy or neural control, the controller output can be expressed as

u(t) = f(e(t), e(®)

where f(-)represents a nonlinear mapping derived from fuzzy inference rules or neural network learning.

Diagram :- For the System

PID / Intelligent
Controller

Power
Converter

Summing | junction

The block diagram represents a closed-loop motor speed control system in which the reference speed is compared with the
measured motor speed to generate an error signal. This error is processed by either a PID controller or an intelligent
controller to produce a control action. The control signal is applied through a power electronic converter that regulates the
motor input voltage. The motor acts as the plant, converting electrical energy into mechanical speed while being affected by
load disturbances. A speed sensor provides feedback to the comparator, enabling continuous error correction and accurate
speed tracking.

RESULTS AND DISCUSSION

The performance of the proposed motor speed control system was evaluated through simulation under different operating
conditions, including reference speed variation and load disturbance. The comparative analysis between the PID controller
and intelligent controller was carried out using standard dynamic and steady-state performance indices.

1. Transient Response Analysis

Simulation results indicate that the PID controller provides acceptable speed tracking with moderate rise time and settling
time under nominal conditions. However, a noticeable overshoot and slower disturbance recovery were observed when
sudden load changes were introduced. In contrast, the intelligent controller demonstrated faster rise time and reduced
overshoot due to its adaptive decision-making capability, resulting in improved transient behaviour.

Steady-State Performance

Both controllers achieved minimal steady-state error under constant load conditions. Nevertheless, the intelligent controller
maintained better speed regulation when system parameters varied, highlighting its robustness against uncertainties and
nonlinearities present in the motor dynamics.
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3. Disturbance Rejection Capability

When external load torque disturbances were applied, the PID controller exhibited temporary speed deviation and longer
recovery time. The intelligent controller showed superior disturbance rejection with quicker restoration of reference speed,
indicating improved adaptability and dynamic compensation.

4. Robustness and Stability

The comparative study revealed that while the PID controller ensures stable operation with simple implementation, its
performance is sensitive to parameter tuning. The intelligent controller demonstrated enhanced robustness and stability
under varying operating conditions, though at the cost of increased computational complexity and design effort.

CONCLUSION

This work compared PID and intelligent controllers for motor speed control under different operating conditions. The
results show that the PID controller offers simple design and reliable performance for systems with stable parameters, but
its response degrades when nonlinearities and disturbances are present. In contrast, intelligent controllers provide faster
response, better disturbance rejection, and improved robustness due to their adaptive nature, although they require higher
computational effort.

Overall, the study indicates that PID control is suitable for conventional applications, while intelligent control is more
effective in dynamic and uncertain environments. A hybrid approach combining both methods can be considered as a
practical direction for achieving improved motor speed control performance in future applications.
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