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The paper is based on the artificial neural network based speed control of BLDC motor . The main purpose 

of this paper is to develop a low cost drive system for BLDC motor with reduced switching loss by the ANN. 

Due to the characteristics of the Brushless DC motor such as high efficiency, high power factor, high torque, 

low maintenance and ease of control, it is widely used in variable speed drives and industrial applications. 

The flexibility of the drive system can be increased by using ANN control. The BLDC motor is excited by a Four 

Switch Three Phase Inverter with minimum number of switches which in turn reduce the associated amount 

of switching losses. A simulation is carried out using MATLAB/SIMULINK. 
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I. INTRODUCTION 

DC motor is designed to run on a DC electric 

power which is used electrical energy and produce 

mechanical energy. There are two types of DC 

motor which is brushed and brushless DC motor. 

Brushless DC motor is chosen in this project 

because of brushless DC motor (BLDC) is a 

synchronous electric motor which is powered by 

DC electricity and which has an electronically 

controlled commutation system, instead of a 

mechanical commutation system based on 

brushes In such motors, current and torque, 

voltage and rpm are linearly related. Other than 

that, brushless DC motor offer several advantages 

over the brushed DC motor. The advantages that 

provided by the brushless DC motor are higher 

efficiency and reliability, reduced noise, longer 

lifetime and elimination of ionizing sparks from the 

commutator. Fuzzy Logic Controller (FLC) is 

chosen as a controller for this project because it 

consists of several advantages compared to the 

other classical controller. The advantages of FLC 

are such as simplicity of control, low cost and the 

possibility to design without knowing the exact 

mathematical model of the process. It is suitable 

for applications such as the speed control of DC 

motor which has nonlinearities. The structure of 

FLC consists of the following three major 

components which the first one is fuzzifier that 

used for measurement of the input or definition of 
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the fuzzy sets that will applied. The second one is 

fuzzy control or rule base which provides the 

system with the necessary decision making logic 

based on the rule base that determine the control 

policy. The third method is defuzzifier which 

combines the actions that have been decided and 

produce single non-fuzzy output that is the control 

signal of the systems. 

II. BLDC MOTOR 

A. Operating Principle of BLDC Motor: 

A brushless DC motor is defines as a permanent 

synchronous machine with the rotor position 

feedback. It is generally controlled using a 3 phase 

power bridge semi-conductor. This motor requires 

rotor position sensors which helps for starting and 

providing the commutation sequence. This leds to 

turn on the power devices in the inverter bridges. 

The power devices are commutated sequentially 

every 600, based on the rotor position. Due to this 

the problem associated with the brush and 

commutator is eliminated for example sparking. 

This makes BLDC motor more rugged as compared 

to a dc motor. The BLDC consists of four main 

components as Power converter, permanent 

magnet-synchronous machine sensor, and control 

algorithm.The role of power converter is to 

transform the power from source to the permanent 

magnet-synchronous machine sensor. The 

structure of control algorithm depends on the type 

of brush less dc motor, there are two classes 

voltage source based drives and current source 

based drives. 

BLDC A brush less dc motor is defined as a 

permanent synchronous machine with rotor 

position feedback. The brushless motors are 

generally controlled using a three phase power 

semiconductor bridge. The motor requires a rotor 

position sensor for starting and for providing 

proper commutation sequence to turn on the 

power devices in the inverter bridge. Based on the 

rotor position, the power devices are commutated 

sequentially every 60 degrees. Instead of 

commutating the armature current using brushes, 

electronic commutation is used for this reason it is 

an electronic motor. This eliminates the problems 

associated with the brush and the commutator 

arrangement, for example, sparking and wearing 

out of the commutator brush arrangement, 

thereby, making a BLDC more rugged as compared 

to a dc motor. 

 
Fig.1 Basic block diagram of BLDC motor 

 

The basic block diagram brushless dc motor as 

shown Fig.1 The brush less dc motor consist of 

four main parts power converter, permanent 

magnet-synchronous machine (PMSM) sensors, 

and control algorithm. The power converter 

transforms power from the source to the PMSM 

which in turn converts electrical energy to 

mechanical energy. One of the salient features of 

the brush less dc motor is the rotor position 

sensors ,based on the rotor position and command 

signals which may be a torque command ,voltage 

command ,speed command and so on the control 

algorithms determine the gate signal to each 

semiconductor in the power electronic converter.  

The structure of the control algorithms determines 

the type of the brush less dc motor of which there 

are two main classes voltage source based drives 

and current source based drives. Both voltage 

source and current source based drive used with 

permanent magnet synchronous machine with 

either sinusoidal or non-sinusoidal back emf 

waveforms .Machine with sinusoidal back emf 

(Fig.2) may be controlled so as to achieve nearly 

constant torque. However, machine with a 

non-sinusoidal back emf (Fig.3) offer reduces 

inverter sizes and reduces losses for the same 

power level. 

 
Fig.2 Trapezoidal back emf of three phase BLDC motor 
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Fig.3 Sinusoidal phase back emf of BLDC motor 

 

III. METHODOLOGY 

A. PI controller with Fuzzy compensation 

A PI is control loop feedback mechanism used in 

industrial control system. In industrial process, 

the function of a PI controller is to correct the error 

between a measured process variable and desired 

reference value by calculating error and then 

generating corrective action that can minimize the 

error. The PI controller‟s output calculation occurs 

in three separate modes – the proportional mode, 

integral mode and the derivative mode. The 

proportional mode accounts for the present values 

of the error, the integral mode accounts for past 

values of the error and the derivative action 

accounts for possible future values of the error, 

based on its current rate of change. The weighted 

sum of the three modes outputs is given as 

corrective action to the control element. PI 

controller is widely used in industries due to its 

ease of design and simple structure. PI control 

algorithm can be implemented as 

 
Conventionalproportional-integral-derivative 

(PI) controllers, however, may not perform well for 

the complex processes, such as the high-order and 

time delay systems, nonlinear systems, complex 

and vague systems without precise mathematical 

models, and systems with uncertainties. Therefore, 

for such applications, compensation may be 

required for the PI controller to give better results 

[12-13]. Fuzzy plus PI controller has two nonlinear 

terms. One plays as an equivalent control and the 

other acts as a switching control. Fig.4 describes 

the basic block for PI controller with fuzzy 

compensation. It basically consists of a PI 

controller with Fuzzy logic controller in feedback. 

The reference value and the output of the process 

serve as the inputs to the FLC. The output of this 

FLC is added to the reference value set by the user 

and both, in combination, serves as the new 

reference for the PI controller. The error between 

this reference value and the actual output of the 

process serves as the input for the PI controller to 

control the process. 

 
Fig. 4 Block diagram of a PID controller with fuzzy 

compensation 

 

B. Fuzzy Logic controller 

Fuzzy logic has rapidly become one of the most 

successful of today‟s technology for developing 

sophisticated control system. In the past few years, 

the number and variety of applications of fuzzy 

logic control has grown rapidly [14]. The 

application area ranges from consumer products 

such as cameras, camcorder, washing machines 

and microwave ovens to industrial process control, 

medical instrumentation, and decision support 

system. Many decision-making and problem 

solving tasks are too complex to be understood 

quantitatively. However, people succeed by using 

imprecise knowledge. Fuzzy logic is all about the 

relative importance of precision. Fuzzy logic has 

two different meanings. In a narrow sense, fuzzy 

logic is a logical system which is an extension of 

multi valued logic. But, in wider sense, fuzzy logic 

is synonymous with the theory of fuzzy sets. Fuzzy 

logic expresses operational laws in linguistics 

terms instead of mathematical equations [15]. 

Many systems are too complex that they cannot be 

modeled accurately, even using complex 

mathematical equations; therefore traditional 

methods become inappropriate in these systems. 

However, the linguistic terms used in Fuzzy logic 

provide a feasible method for defining the 

operational characteristics of such systems. Fuzzy 

logic controller can be considered as a special class 

of symbolic controller. The configuration of fuzzy 

logic controller block diagram is shown in Fig.5. 
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Fig.5 Structure of a Fuzzy Logic Controller 

 

IV. ARTIFICIAL NEURAL NETWORK 

Artificial Neural Networks, also known as 

“Artificial neural nets”, “neural nets”, or ANN  for 

short, are a computational tool modeled on the 

interconnection of the neuron in the nervous 

systems of the human brain and that of other 

organisms. Biological Neural Nets (BNN) are the 

naturally occurring equivalent of the ANN. Both 

BNN and ANN are network systems constructed 

from atomic components known as “neurons”. 

Artificial neural networks are very different from 

biological networks, although many of the concepts 

and characteristics of biological systems are 

faithfully reproduced in the artificial systems. 

Artificial neural nets are a type of non-linear 

processing system that is ideally suited for a wide 

range of tasks, especially tasks where there is no 

existing algorithm for task completion. ANN can be 

trained to solve certain problems using a teaching 

method and sample data. In this way, identically 

constructed ANN can be used to perform different 

tasks depending on the training received. With 

proper training, ANN are capable of generalization, 

the ability to recognize similarities among different 

input patterns, especially patterns that have been 

corrupted by noise. ANNs have been found to be 

effective systems for learning discriminates for 

patterns from a body of examples5. Activation 

signals of nodes in one layer are transmitted to the 

next layer through links which either attenuate or 

amplify the signal. ANNs are trained to emulate a 

function by presenting it with a representative set 

of input/output functional patterns. The back 

propagation training technique adjusts the weights 

in all connecting links and thresholds in the nodes 

so that the difference between the actual output 

and target output are minimized for all given 

training patterns1. In designing and training an 

ANN to emulate a function, the only fixed 

parameters are the number of inputs and outputs 

to the ANN, which are based on the input/output 

variables of the function. It is also widely accepted 

that maximum of two hidden layers are sufficient 

to learn any arbitrary nonlinearity4. However, the 

number of hidden neurons and the values of 

learning parameters, which are equally critical for 

satisfactory learning, are not supported by such 

well established selection criteria. The choice is 

usually based on experience. The ultimate 

objective is to find a combination of parameters 

which gives a total error of required tolerance a 

reasonable number of training sweeps The network 

consists of several "layers" of neurons, an input 

layer, hidden layers, and output layers. Input 

layers take the input and distribute it to the hidden 

layers (so-called hidden because the user cannot 

see the inputs or outputs for those layers). These 

hidden layers do all the necessary computation 

and output the results to the output layer, which 

(surprisingly) outputs the data to the user. 

V. SIMULATION RESULTS 

Sugeno type Fuzzy logic controller has been 

implemented for speed control of BLDC motor in 

MATLAB/Simulink©. The simulink diagram is 

shown in fig. 15. The error and the rate of change of 

error have been used as the inputs to the fuzzy 

controller. The inputs are first scaled using scaling 

factors and then fed to the controller for further 

processing. The output is again scaled to give the 

desired response. Triangular membership 

functions have been used for both the inputs. 

Output membership functions are chosen to be 

linear as shown in fig. 16 (c). The rule base consists 

of 25 rules. These rules are depicted in table 2. 

 

 
Fig.6. Simulation circuit. 
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Fig. Membership functions for (a) Input variable 

“error”, (b) Input variable “rate of change of error”, 

and (c) Output variable 

       

 
Fig.7. Output across the BLDC motor speed and EMF 

Fig.8. Stator current and electro motive force. 

 
Fig.9. Applied triggering pulses. 

 
Fig.10. Speed of the BLDC motor. 

 

EXTENSION WITH ANN controller circuit: 

 
Fig.11. ANN controller circuit with PI. 

 

The block diagram of complete simulation 

system is shown in Fig.11 Digital computer 

simulation model BLDC motor drive has been 

developed by using SIMULINK MATLAB software. 

The ANN is training is done by nftool in the 
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MATLAB software. Data for ANN training is 

collected using the workspace in MATLAB and 

trained using these value. The neural fitting tool 

(nftool) is shown in Fig.12 

 

 
Fig .12 Neural network fitting tool 

 

The outputs from the motor module are the three 

phase currents, speed and rotor position 

information. The trapezoidal back Electromotive 

force is generated using rotor position whose 

amplitude is proportional to the speed. The decoder 

block generates four PWM pulses from the 

hallsensor signals information. These pulses are 

applied to the gates of four switch three phase 

MOSFET inverter. By controlling the PWM duty 

cycle, speed of the motor can be controlled by ANN 

controller depending upon the speed error 

          

 
Fig.13. Final output across speed of the BLDC motor. 

     

 
Fig.14. BLDC motor speed 

 
Fig.14. Hall signals with PWM generators. 

 

VI. CONCLUSION 

Speed control of BLDC motor is presented in this 

paper, using PI controller, Fuzzy PI controller and 

artificial neural networks. In general the presented 

speed controller, ANN has better performance. A 

performance comparison of PI, fuzzy PI and ANN 

controller has been carried out by simulation. The 

results have shown that ANN controller is better 

than Fuzzy PI and conventional PI controller under 

variable operating conditions. A future work could 

be done to add current control function to the 

proposed speed controller, so the current can be 

kept within a certain range for a given speed, which 

will help in enhancing the motor startup current, 

reducing the motor current ripples, and enhancing 

the motor torque characteristics. Also by current 

control, the speed and torque variations can be 

reduced to minimum, by avoiding any sudden 

changes in the motor current value. 
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