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Abstract: This paper presents a novel approach to control the speed of BLDC motor by using PID, 
Fuzzy, Neural Network and Anti-windup Controllers. The PID controllers is set to optimize the motor 
parameters such as rise time, peak time, Maximum peak overshoot and Settling time. The fuzzy 
controller adopts fuzzy logic to retune the PID parameters. Based on the mathematical model of BLDC 
Motor, novel adaptive fuzzy control strategies and Neural Network Controller have been designed in 
MATLAB/SIMULINK. The results have been recorded under various operating conditions. The 
simulation results showed that the Neural Network Controller made much better performance than the 
traditional PID controller, fuzzy controller and Anti-windup Controller in the speed responses and 
system performance. 
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INTRODUCTION 

 
Electric motor drives have a wide range of applications such as automobiles, house hold appliances, 

railways, elevators, etc. Conventional DC motors are highly efficient and their characteristics make them 
suitable for servo applications. However, they need commutator and brushes which are subjected to wear and 
require maintenance. The functions of commutator and brushes were implemented by solid state switches, 
maintenance free motors were realized. These are known as Brushless DC motors.    

In this paper, a complete simulation model of PID, Fuzzy, neural network and Anti-windup controllers 
model for BLDC motor drive is proposed using Matlab / simulink. The developed controllers has the ability to 
learn instantaneously and adapt its own controller parameters based on external disturbance and internal 
variation of the converter with minimum steady state error, overshoot and rise time of the output voltage. 

The objectives of the present study are 
1. The scope of this work is to develop, simulate and Investigate the various controllers (PI Controller, 

Fuzzy logic controller, Neural Network controller and Model Predictive Controller) for BLDC motor to enhance 
the stability parameters of Speed and Torque (Rise time, Peak time Maximum overshoot, Settling time and  
using MATLAB simulink software and develop the module to  BLDC motor.  

2. To derive the transfer function of Brushless DC motor and implement PID Controller and analyze the 
output parameters such as rise time, peak time, maximum overshoot and settling time.  

3. To design a fuzzy logic controller, the member function is chosen and based on the member function 
rules is to be written on fuzzy rule base and analyze the output in fuzzy inference system. 

4. To design a neural network controller, the NNTOOL is to be chosen in MATLAB and the neurons are 
trained accordingly and analyze the output parameters.  

5. To design the Anti windup PID controller, the value of proportional gain and integral gain has to be 
chosen and set the PID advanced in backup calculation mode.  

6. To study the effect, finally all the controllers are compared and analyze the effect of controllers in the 
Brushless DC motor. 

 
MATERIALS AND METHODS 

 
The work is designed and tested using MATLAB 7.10 Software and model for Brushless DC Motor 

(BLDC) using Simulink model with the following specifications: Various Controllers like PID, Fuzzy Logic, 
Neural Networks and Anti wind-up PID controllers were developed and compared with Speed, Voltage, torque 
and Armature Current of the BLDC motor. 

 
Pid Controller : 

In variable speed applications of BLDC motor, the PID controller is widely used because of its simplicity 
and ease of design. The output of the PID controller in time domain is defined by the following equation (1):        
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Vc(t) =Kp e(t) + Ki ∫ 𝑒𝑒(𝑡𝑡)𝑡𝑡
𝑜𝑜  dt                   (1) 

 
Where      Vc(t) is the output of the PI controller, 
                 Kp is the proportional gain, 
                  Ki is the integral gain, and 
                  e(t) is the instantaneous error signal.  
Integrator is added to eliminate the steady state error in the control variable. 
Fig 2.1 shows the Matlab Simulation diagram of the PID controller. However it has some drawbacks: Its 

performance depends on proportional and integral gains. Therefore, when the operating condition changes and 
motor’s parameter variations, the re-tuning process of control gains is necessary.Hence, to overcome these 
drawbacks soft computation technique such as Fuzzy Logic Controller is widely used in electric Drives. Fig 3.2 
shows the matlab simulation of PID controller.  

 
 
Fig. 2.1: Matlab Simulation diagram of the PID controller 

 
Fuzzy Logic Controller: 

The main idea of FLC is to use the control ability of human beings which includes experience and intuition 
of experts. It is one of useful control techniques for uncertain and ill-defined nonlinear systems [6]. Control 
actions of a FLC are described by some linguistic rules. This property makes the control algorithm easy to 
understand. Basic structure of fuzzy logic controller is depicted in Fig.3.3.    

A fuzzy logic control consists of:  
FUZZIFICATION: This process converts the measured inputs (crisp values) into fuzzy linguistic values. 
RULE BASE: A collection of the expert rules needed to achieve the control goal.   
DEFUZZIFICATION: This is the process of converting the fuzzy outputs from the systems to crisp values.   
The main idea of FLC is to use the control ability of human beings which includes experience and intuition 

of experts. It is one of useful control techniques for uncertain and ill-defined nonlinear systems [6]. Control 
actions of a FLC are described by some linguistic rules. This property makes the control algorithm easy to 
understand. Basic structure of fuzzy logic controller is depicted in Fig.2.2.    

The fuzzy variable “change in speed error” has seven sets: negative large(NL), negative medium(NM), 
negative small (NS), zero (Z), positive small (PS),positive medium(PM), positive large(PL).   

Fig 2.3 (a) and (b) Shows the membership functions of speed error e, change in speed error ce and output 
variables.     

 

 
 

Fig. 2.3: (a) Speed error membership function (e) 
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Fig. 2.3: (b) Speed error membership function (Ce) 
 
The Matlab simulation of BLDC motor with Fuzzy logic controller is shown in Fig 2.4. 
 

 
 

Fig. 2.4: Matlab simulation block of Fuzzy controller 
 

Neural Network Controller: 
The term neural network was traditionally used to refer to a network or circuit of biological neurons. The 

modern usage of the term often refers to artificial neural networks, which are composed of artificial neurons or 
nodes. Artificial neural networks are composed of interconnecting artificial neurons (programming constructs 
that mimic the properties of biological neurons). 

Artificial neural networks may either be used to gain an understanding of biological neural networks, or for 
solving artificial intelligence problems without necessarily creating a model of a real biological system. Good 
performance (e.g. as measured by good predictive ability, low generalization error), or performance mimicking 
animal or human error patterns, can then be used as one source of evidence towards supporting the hypothesis 
that the abstraction really captured something important from the point of view of information processing in the 
brain.  

Another incentive for these abstractions is to reduce the amount of computation required to simulate 
artificial neural networks, so as to allow one to experiment with larger networks and train them on larger data 
sets. Fig: 2.5 shows the perceptron network with three layers. 

 
 
Fig.  2.5: A perceptron network with three layers 
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INPUT LAYER — A vector of predictor variable values (x1...xp) is presented to the input layer. The input 
layer (or processing before the input layer) standardizes these values so that the range of each variable is -1 to 1. 
The input layer distributes the values to each of the neurons in the hidden layer. In addition to the predictor 
variables, there is a constant input of 1.0, called the bias that is fed to each of the hidden layers; the bias is 
multiplied by a weight and added to the sum going into the neuron.  

HIDDEN LAYER — Arriving at a neuron in the hidden layer, the value from each input neuron is 
multiplied by a weight (wji), and the resulting weighted values are added together producing a combined value 
uj. The weighted sum (uj) is fed into a transfer function, σ, which outputs a value hj. The outputs from the hidden 
layer are distributed to the output layer.  

OUTPUT LAYER — Arriving at a neuron in the output layer, the value from each hidden layer neuron is 
multiplied by a weight (wkj), and the resulting weighted values are added together producing a combined value 
vj. The weighted sum (vj) is fed into a transfer function, σ, which outputs a value yk. The y values are the outputs 
of the network. The Fig 2.6. Shows the Block diagram of BLDC motor 

 
Fig. 2.6: General Block Diagram of BLDC motor 

 
Anti-windup PID controller: 

The block features two built-in anti-windup methods, back-calculation and clamping, as well as a tracking 
mode to handle more complex scenarios. The BLDC motor is to be controlled is a saturated Third-order process 
with dead-time. The matlab simulation of Anti-windup controller is shown in Fig:2.7 

 

 
 
Fig. 2.7: Matlab simulation block of Anti-windup controller 

 
RESULTS AND DISCUSSIONS 

 
As the performance of the BLDC drive schemes are sensitive to parameter variation, so different new 

control techniques like the PID control, fuzzy logic, neural network and Anti-windup PID controllers are 
becoming interesting perspective for the future research which are robust to parameter variation SIMULINK 
model trained position control system. 

 
PID controller: 

The Output shown in Fig 3.1 Shows that the stator current, Rotor speed, Electromagnetic Torque and DC 
bus voltage of Brushless DC motor is controlled by using PID controller. 
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Fig. 3.1: Output of Brushless DC motor with PID controller 
 

Fuzzy logic Controller: 
The Output shown in Fig 3.2  Shows that the stator current, Rotor speed, Electromagnetic Torque and DC 

bus voltage of Brushless DC motor is controlled by using Fuzzy logic controller. 
 

 
 
Fig. 3.2: Output of Brushless DC motor with Fuzzy logic controller 

 
Anti-windup PID controller: 

 The stator current, Electromagnetic Torque, DC bus voltage and Rotor speed of the BLDC motor using 
Anti-windup controller is shown in Fig: 3.3 

 

 
 
Fig. 3.3: Output of Brushless DC motor with Fuzzy logic controller 
 
Comparison of PID, Fuzzy logic, Neural Network controllers & Anti-windup controller: 
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Table 1: Comparison of PID, Fuzzy, Neural and Anti-Windup Controllers 

Controller 
Peak  
Overshoot 
% 

Steady state error 
% 

Speed drop during 
load 
% 

Settling time 
 after load 
Sec 

PID 7.2 0.05 8.4 0.9 
Fuzzy PI 5.9 0.05 6.9 1 
Anti-Windup PID 3.5 0.05 5.4 0.8 
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