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ABSTRACT: Speed control is an important feature adopted for efficient and accurate speed and position control
operations in the field of BrushLessDirect Current (BLDC) motor drives.The accuracy of the system's mathematical
model determines the superiority of control performance. BLDC motors dominate the modern industry trend of
using highly efficient and compact permanent magnet motors for a variety of applications.BLDC motors have also
been identified by the electric vehicle industry as the most dependable and versatile motors for constantly changing
industrial needs. It improves the performance of motion control system by modeling a precision brushless DC motor
drive system. Therefore, this paper describes the brushless DC motor drive system that uses PID (proportional-
integral-derivative) fuzzy adaptive logic controller. The fuzzy control principle and its characteristics have been
introduced. The principle of fuzzy rule-based PID control has been studied. In the case of dynamic systems, the
model can be inferred adaptively in real time. This paper evaluates a BLDC motor's speed using raw data and
Kalman filter data. The experimental results show that the inferred model closely matches the dynamic system's
actual output. As a result, the described method appears to be promising for brushless DC motor control systems that
have sparse feedback patterns.
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I. INTRODUCTION

There are two types of DC motors used in industrial applications. Magnetic flux is generated in conventional Direct
Current (DC) motors by passing current through the field windings of a fixed pole structure [1]. On the other hand,
the brushless Direct Current (DC) motor replaces the winding field poles with permanent magnets to provide the
required clearance throughput. Because of their construction and ability to handle any critical situation, BLDC
motors are used in a wide range of industrial fields [2]. Because of their outstanding performance characteristics,
these motors are popular and widely used. The BLDC motor is a synchronous motor controlled by an inverter
current [3].

The motor drive system's high-precision control has received a lot of attention [4]. High-precision models are used
to build advanced control systems. The trapezoidal back Electro Motive Force (EMF) of a motor is generated by the
windings of the rotor and stator of a permanent magnet [5]. In the motion control industry, the efficiency of BLDC
motors improved with high torque and high speed response which is crucial. The motor requires a controller to
control the rotation of the rotor.
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Hall Effect sensors or encoders are commonly used to directly measure the position of the rotor. The sensor less
controller [6] measures the counter electromotive force of the fixed coil. BLDC motors have traditionally been
powered by two power converters, a rectifier and a three-phase PWM (Pulse Width Modulation) inverter. The PWM
inverter regulates the current flowing through the motor to maintain the desired torque and speed. The conventional
method inverter only drives PWM and not the rectifier, resulting in a distorted current waveform with a high amount
of harmonic distortion.

The control method of a BLDC drive has a significant impact on its efficiency [7]. Despite the fact that control
systems have improved significantly in recent years, PID controllers are still widely used in various industrial
processes. A proper PID controller will work admirably, but tuning a conventional PID controller is very difficult.
The output of the adjustable PID controller must be suitable for different working conditions. In addition, the
operating conditions must frequently change the instruction parameters of the controller [8]. The researchers have
studied the approach of PID tuning algorithm to control BLDC motor speed.

The fuzzy logic approach has been thoroughly considered by using the fuzzy interface to extract the value of the PID
parameter.FLC (Fuzzy Logic Controller) is a popular tool for controlling system parameters. In 1965, Zadeh
established the fuzzy set concept. FLC can be used as a supervisor or as part of a system control loop. The second
form, monitoring, can be used to adjust the PID controller's coefficients; this technique is known as fuzzy gain
programming.This controller has many advantages over PI controllers, including self-regulating technology that can
be manually adjusted by researchers, andability to control and precise the controller that can be used for a variety of
operating conditions.Despite these advantages, due to the large number of parameters and rules to be adjusted, FLC
has a longer design cycle.

To improve the motor's dynamic performance, fuzzy rule sets designed for this purpose were used. The system on
the other hand, is quite complicated. Furthermore, the methods for dealing with the Fuzzy system must be kept right
place with a lot of care and attention. Adaptive model references, BLDC motor speed modulation, and genetic
algorithms Adaptive control include adaptive systems and output level approximations to artificial intelligence-
based neural systems. The dynamics of BLDC motors become non-linear due to fluctuations in motor parameters
such as temperature and other disturbances.

II. LITERATURE SURVEY

Kartik Sharma et. al. [9] presents on DC motors, a modified PID control with an adaptive dimming controller.
Adaptive FLC generates real-time correction values for traditional PID controllers in response to system output.
MATLAB/ Simulink are used to simulate the entire system, including the adaptive dimmer PID controller and the
DC motor model. It compares traditional PID controllers to fuzzy compatible PID controllers for monitoring
reference speed and load noise. According to the results, the adaptive fuzzy PID controller outperforms the
competition by providing better dynamic DC motor behavior with a shorter rise time, shorter settling time, less
overshoot, and less speed error.

Praveen and Pillai et. al. [10] described Quadcopter modeling and simulation using a PID controller. To evaluate the
effectiveness of the presented controls, brushless DC motors operate in constant load, variable load, and variable
speed settings.It has been described to design and develop a remote-controlled quadcopter using the Ardupilot Mega
board and a PID (Proportional Integral Derivative) controller. The quadcopter able to fly in six directions by using
the four BLDC motors speed controlwhich all are presented in (Inertial Measurement Unit).
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M Akhila et. al. [11] based on the adaptive neural fuzzy inference system; brushless DC motor with regenerative
braking is developed. The purpose of this paper is how to use meaningful sets and fuzzy rules to create efficient
control mechanisms for these readers. In electric vehicles with regenerative braking, a regenerative brake control
strategy is essential to maintain vehicle stability and recover energy. MATLAB was used to create an adaptive fuzzy
neural inference system. According to simulation results, Adaptive Network-based Fuzzy Inference System
(ANFIS) reached the target faster and overcome the problem's complexity.

Huan Liu et. al [12] presents A dual-mode operation of an in-wheel Brushless DC motor driver with or without a
position sensor was described for a micro all-electric vehicle. The driver operates in position sensor mode under
normal conditions; however, if the position sensor fails or the signal wire becomes disconnected, the driver switches
to sensor-less mode. Sensor-less mode can be used as a backup mode for the driver. BLDC Motors' dual-mode
operation improves driver dependability in all micro electric vehicles.Experiment results are states that efficiency of
dual-mode operation of an in-wheel Brushless DC motor.

N. N. Baharudin et. al. [13] presented the SIFPIC (Single Input Fuzzy PI Controller) is a speed controller for
brushless DC motors (BLDC). Fuzzy logic controllers are alternative to traditional PI controllers, which are having
disadvantages in nonlinear systems due to their one operating point limit. A simplified FLC was created to address
the issue of long design time cycles by reducing the number of rules. SIFPIC has an easy-to-use generation and
tuning process, as well as a fast response in the event of a large signal disturbance. The simulation is carried out in
MATLAB/Simulink using the fuzzy toolbox. The speed response simulation demonstrates the result under different
conditions such as constant speed, changing speed and changing load torque.

Md. Rifat Hazari et. al. [14]presents Brush Less DC motor controller designing. A simple BLDC motor control
algorithm for use with general purpose microcontrollers in low cost motor drive applications is described.With the
described design, the user will be able to rotate the motor clockwise or counterclockwise. Based on the position of
the rotor, the sensor will provide feedback to the control circuit. The current direction with respect to the stator is
determined by the control circuit. The control circuit design is also preserved. A microcontroller circuit, logic gates,
switches (MOSFET/BJT), BLDC motors, and sensors are all part of the overall design.

Norhazilina Binti Bahari et. al [15]presents Torque Delay Controller Models (TDCM) and simulations for Brushless
DC (BLDC) motors are compact, have high torque density, are easy to control, and require less maintenance,
making them larger than other machines used in industrial applications. There are some advantages. Torque lag
control has been modified to maintain current (or torque) ripple within a predefined bandgap to control the motor.
Several simulation results were obtained using MATLAB / Simulink to ensure proper modeling and controller
functionality.

II1. ADAPTIVE PID FUZZY LOGIC CONTROLLER FOR ‘BLDC’ MOTOR DRIVE SYSTEM

The block diagram of an adaptive PID fuzzy logic controller is shown in Fig. 1. An adaptive PID fuzzy controller is
built using two inputs (e, €) andthree outputs.
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PID parameters such as the proportional constant k,,, integral constant k; and derivative constant k, are generated
by the fuzzy logic controller.The MATLAB Fuzzy Logic Toolkit can be used to design fuzzy logic controllers
directly. The fuzzy logic controller is made up of the following components:

Fuzzification is the process of converting net worth to linguistic value from input.
A knowledge base is a comprehensive set of control rules that must be followed in order to achieve a desired result.

Fuzzy Inference Mechanism: A method for performing fuzzy operations and generating outputs based on input and
knowledge.

The paradox of blur is the de-fuzzification process. It converts the result of the fuzzy inference engine into a net
value.

Create a fis. file before using the fuzzy logic toolbox. To create a fis. file and define the Mamdani rule's membership
function.

The use of structure is used with error (e) and variation in error (€) as inputs and controlled output as output, a one-
output, two-input fuzzy logic controller is used (y). A PID controller is a type of traditional controller that
manipulates error signals and generates output based on the following equation:

y(©) = kpe(t) + kife(t) Tk, dz(tt)

The PID fuzzy controller's output is received by the BLDC-driven system. Belt gears are frequently used in motor
drive systems to transmit torque and speed. In most cases, multiple spring or damper-linked mass objects can be
used. In the controller calculations, the motor speed ‘m’ is also taken into account. As a result, the research
presented in this paper is based on 4th order system outputs such as motor speed and DC voltage. To design a
controller, only the parameters of a four-tier system must be defined.
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Depending on the position of the North pole of the rotor magnet, the Hall effect sensor produces either high or low
power. However, a controller is required to power the stator windings based on the rotor positionand Control logic
must be designed in such a way that the Hall Effect output can be used to send the gate signal to the transformer.The
correct frequency sequence was required by the stator windings from supply power and the motor to rotate. A BLDC
motor's rotor position is determined using traditional Hall sensor-based logic. The current through the stator is
controlled by this controller, but speed control requires a different feedback system.PID and Fuzzy logic are the
controllers which are used in this paper. To control the speed of a motor, a speed regulator, such as a PID controller,
is usually used to control this width.

This tool has been described that combines data processing with the Kalman filter and parameter estimation with
recursive least squares. The Kalman filter is essentially a set of mathematical equations that reduce the estimated
coverage by implementing the predictor-corrector type estimator when certain assumptions are coincided.The motor
control characteristics are expressed in the following equation when the brushless DC motor is stationary and the
electromagnetic torque is constant:

Xy = kscu — kT;

kscis the speed constant. The load factor is denoted by the symbolk;. X(k|k — 1)is the ‘k’ time estimation result
based on the data before‘k’time. X(k|k)Is an estimation of time based on ‘k’ time data and data prior to k' time,
which is also the output of the Kalman filter. P(k|k — 1)is the minimum predicted mean squared error
matrix.P (k|k)denotes modified minimum mean squared error matrix. The ratio of the predicted mean square error
to the total current error is defined as kj, error; the higher density, if the measured value is closer to true vale then
probability is high.

IV. RESULT ANALYSIS
Consider the performance of the BLDC motor fuzzy PID controller and adaptive fuzzy PID controller.With a no-
load speed and torque reference speed of 3000 rpm. The Simulink model used by the system to obtain responses is
depicted in the figure below.

Time

Fig.2:FUZZY CONTROLLER FOR SPEED RESPONSE
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A brushless DC motor, drive belt, gearbox, and load comprise the experimental platform. The Keruiyuan KA3005D
Linear is powered by a programmable DC power supply motor drive system. The threephase bridge circuit drives
the brushless DC motor as shown in Fig. 6. The onboard hardware environment of the test platform is
STM8S105K6T6, which contains 2KB(Kilo Bytes) of RAM, 32KB of ROM, and a 16MHz core frequency
generated by an inbuilt RC oscillator. To process and verify the data, a PC with 6GB RAM, 500GB ROM, and a
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clock speed of 2GHz is used. Figure 6 depicts the following numbers: 1 brushless DC motor, 2 reducers, 3
tensioners, 4 belts, 5 truck wheels, 6 balancers, 7 human-computer interactions, and 8 hall sensors are all included.

Fig. 6: MOTOR DRIVE SYSTEM

To make the model more visual, Fig. 7 and 8 show the model output as well as the system output. The first model is
built on raw data, whereas the second is built on Kalman filter-estimated data.
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This Kalman filterbased data processing method obviously has a significant impact.

V. CONCLUSION

The modern industry trend towards the use of compact and highly efficient permanent magnet motors for a variety
of applications are being dominated by BLDC motors. This paper describes modeling an adaptive PID fuzzy logic
controller for a brushless DC motor drive system.When fuzzy logic control and a traditional PID controller are
combined, an intelligent control is created that adjusts the control parameters in response to the error. This tool is
described to get better results by combining the kalman filter for data processing with repeated minimum squares for
parameter estimation.The BLDC motor's performance is evaluated using its speed and torque characteristics. The
motor controller works very effectively during dynamic speed variation because motor quickly adapts new varied
speed. This paper evaluates a BLDC motor with raw data and Kalman filter data in terms of speed. Based on the
results of the previous analysis, itconcludes that the model generated after processing the data is more accurate than
the original data.
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