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Abstract:BLDC motors find applications in 

Automotive, especially in electric vehicle (EV)), 

appliance and industries because it does not require 

mechanical commutator used in traditional motors, 

replacing it with an electronic commutator that 

commutator improves the reliability and durability 

of the motor. Three phase voltage source inverter 

feeds power to the BLDC motor. It is operated by 

energizing two of its three phase windings at a time. 

This makes efficient use of windings and develops 

higher motor torque. The energization of the stator 

windings is 

dependentonthepositionoftherotor.Hallsensorsareuse

dfordeterminingthepositionofthe rotor. Based on the 

position of the rotor the switching devices in the 

inverter are commutated 

forevery60
odegrees.Theinvertergivesdesirablevoltage

andoutputfrequencybycontrolling the switching 

times on or off using PWM techniques. In present 

work two different techniques are used for speed 

controlling, one is conventional PI controller-based 

technique and other is Bayesian regulation 

algorithm-based controller. The results clearly 

shows that Bayesian regulation algorithm-based 

controller has performed better than PI controller. 

The work is performed using MATLAB/Simulink 

software. 

Keyword: BLDC, Bayesian regulation, PI 

controller, MATLAB/Simulink, Speed control. 

1. Overview 

Brushless DC motor is a permanent magnet 

synchronous motor which is powered by dc-voltage 

through the inverter that produces the ac electric 

signal to drive the motor. The torque-speed 

characteristics of the BLDC motor are similar to 

the BRUSHED DC motor, that’s why the name 

BLDC came. The commutation is done in BLDCM 

is electronically instead of brushes. It is easily 

controlled through the rotor position sensors and 

performs well especially in speed/torque. With 

these advantages, the motor will spread to more 

applications. The applications of BLDCM are 

increased and it is competing with the induction 

motors and dc motors. The output voltage and 

output frequency of the inverter are dependent on 

the switching state of the inverter. 

Brushless dc (BLDC) motors are preferred as small 

horsepower control motors due to their high 

efficiency, silent operation, compact form, 

reliability, and low maintenance. However, the 

problems are encountered in these motors for 

variable speed operation over last decades 

continuing technology development in power 

semiconductors, microprocessors, adjustable speed 

drivers control schemes and permanent-magnet 

brushless electric motor production have been 

combined to enable reliable, cost-effective solution 

for a broad range of adjustable speed applications. 

Household appliances are expected to be one of 

fastest-growing end-product market for electronic 

motor drivers over the next five years. The major 

appliances include clothes washer’s room air 

conditioners, refrigerators, vacuum cleaners, 

freezers, etc. Household appliance have 

traditionally relied on historical classic electric 

motor technologies such as single-phase AC 

induction, including split phase, capacitor-start, 

capacitor–run types, and universal motor. These 

classic motors typically are operated at constant-

speed directly from main AC power without 

regarding the efficiency. Consumers now demand 

for lower energy costs, better performance, reduced 

acoustic noise, and more convenience features. 

Those traditional technologies cannot provide the 

solutions. 

2. Literature review 

In past many authors developed different 

techniques to control speed of BLDC motor, few of 

them has been discussed in this section: 

J. A. Prakosa, et. al. in [1] discussed that Quad 

copter drone usually uses Brushless Direct Current 

(BLDC) motor as rotor due to high efficiency and 

small volume. The BLDC motor speed control is 

very important for drone position and velocity 
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determent. The optical sensor can be used to 

measure the rotation speed of BLDC motor when 

tested in the laboratory.  

Devendra Potnuru, 

et. al. in [2] discussed the rapid control prototyping 

implementation of closed loop speed control for a 

Brushless dc (BLDC) motor drive using dSPACE 

DS1103 controller board. Generally, control 

algorithms which are developed for the motor drive 

might show good simulation results during steady 

state and transient conditions; however real-time 

performance of the drive greatly depends on 

execution of real time control software, speed and 

position measurements and data acquisition.  

H. S. Hameed in [3] discussed thatBrushless DC 

motor has many properties including high starting 

torque, high efficiency, high torque, as well less 

electrical noise. Therefore, it is widely utilized in 

industrial applications. The number of controllers is 

presented in this paper to drive the BLDC motor.  

Alejandra de la Guerra et. al. in [4] discussed that 

the design of an Active Disturbance Rejection 

Controller (ADRC) for the permanent magnet 

Brushless DC motor (BLDC) to compensate the 

load torque variations in the rotor shaft, that does 

not require the measurement of the rotor shaft 

speed.  

A. Azarudeen,D. Mary in [5] discussed that paper 

presents the performance analysis of conventional 

and digital pulse width modulation (PWM) control 

scheme for speed control of electronically 

commuted trapezoidal Brushless dc (BLDC) motor. 

Both these methods follow the PWM speed control 

strategy, only difference is in the controller part. 

One drive system consists of conventional PI 

controller and the other have digital controller.  

G. S. John,A. T. Vijayan in [6] discussed that the 

increased use of variable speed drive systems in 

small scale and large-scale applications like 

automobile industries, medical equipment and 

household appliances led to the development of 

BLDCmotor. BLDC drives have various 

advantages like higher efficiency, better speed-

torque characteristics high power density and low 

maintenance over other conventional motors.  

Grepl R.,Ryszard Jabłoński,Tomas Brezina in [7] 

discussed that the application of Extended Kalman 

Filter to the speed control of a BLDC motor. The 

inputs to EKF are computed based on the measured 

data as well as the disturbance (an external 

mechanical load). 

 

J. Weirong,H. Haibo,L. Jianping in [8] discussed 

that the classical PID cannot adapt to the dynamic 

characteristics of the brushless DC motor, integral 

separation fuzzy control combined with classical PI 

is put forward to build up brushless DC motor 

speed current double closed-loop control system. 

Among them, the speed outer loop uses integral 

separation fuzzy PI control; the current inner loop 

uses integral separation PI control.  

S. Yaya,W. Honghua in [9] discussed that the 

increase use of variable-speed drive motors to 

reduce energy consumption will require a shift 

from PID controllers to system based on fuzzy 

logic algorithms to simplify design, reduce 

development time, and eliminate complex math 

formulas.  

Alireza Shabanian, et. Al. in [10] discussed that 

presents a method for the optimal design of a slot 

less permanent magnet brushless DC (BLDC) 

motor with surface mounted magnets using an 

improved bee algorithm (IBA). The characteristics 

of the motor are expressed as functions of motor 

geometries. The objective function is a 

combination of losses, volume and cost to be 

minimized simultaneously.  

Debjyoti Chowdhury,Madhurima 

Chattopadhyay,Priyanka Roy in [11] discussed that 

deals with a new commutation approach to achieve 

the sensorless drive of permanent magnet BLDC 

motor over the conventional six switch 

commutation circuitry. In the simulation model, we 

have introduced four switch three phase Brushless 

DC (BLDC) motor drive in which the rotor position 

is estimated using back EMF detection technique.  

Madhurima Chattopadhyay et. al. in [12] discussed 

that a simulation model has been developed in this 

paper to study the behavioral characteristic of 

Brushless DC motor and also analyses the 

harmonics present in the stator current, rotor speed 

and acceleration of the BLDC drive circuit. Hence 

in order to improve the accuracy of the motor drive 

control system, we have introduced a denoising 

module in the feedback path. 

J. Bernat,S. Stepien in [13] discussed a new 

adaptive speed controller for the brushless DC 

motor. The methodology of model reference 

adaptive control is applied to a novel model of 

BLDC motor. This novel model provides the 

possibility to compensate the torque ripples and 

load torque. The system stability is proven using 

Lapunov function. 

U. Vinatha in [14] discussed that BLDC motors 

have been gaining attention from various industrial 

and household appliance manufacturers, because of 

its high efficiency, high power density and low 

https://ieeexplore.ieee.org/author/37992378100
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maintenance cost. After many research and 

developments in the fields of magnetic materials 

and power electronics, their applications to electric 

drives have increased to a significant extent.  

P. Suganthi in [15] discussed that BLDC motors 

characterized as permanent magnet synchronous 

motors. Since it has its own unique characteristics 

such as long life, good efficiency, remarkable 

starting torque, it has gained good momentum in 

market hence it is widely used in leading 

automobile industries.  

3. Principle operation of BLDCmotor 

TheprincipaloperationofBLDCmotorandBrushedDC

motor issame.InBrushedDCmotor the feedback is 

mechanical commutator, but in BLDC motor the 

feedback is given feedback sensors which are hall 

sensors or opticalencoders. 

The principle of the hall sensors is that whenever a 

current carrying conductor is placed in the magnetic 

field it produces a force so that the emf induced on 

the two sides of the conductors. The hall sensors 

placed in the stator of the BLDC motor gives low or 

high signal when the rotor rotates and moves near to 

the sensor, which gives the position of the rotor. 

The DC voltage is applied to the motor through 

three phase voltage source inverters (VSI), so 

thatthestatorcoilsareexcitedandduethe 

interactionofstatorfluxandtherotorfluxthestarts 

rotating. To maintain this rotation the orientation of 

the magnetic field should be rotated sequentially in 

either clockwise direction or in anti-

clockwisedirection. 

4. PID Controller Design  

PID (proportional integral derivative) control is one 

of the prior control techniques. Its initial execution 

was in pneumatic gadgets, trailed by vacuum and 

solid-state analog electronics, before showing up at 

the present computerized usage of microchips. It 

has a basic control structure which was 

comprehended by plant administrators and which 

they discovered generally simple to tune. It is a 

conventional control circle input instrument and 

utilized as a criticism controller. PID's working 

guideline is that it computes a mistake an incentive 

from the handled estimated esteem and the ideal 

reference point.  
𝑛(𝑠)

𝑒(𝑠)
= 𝐺𝑐 𝑠 = 𝐾𝑝(1 +

1

𝑇𝑖𝑠
+ 𝑇𝑑𝑠) (1) 

 

Figure 1: Block Diagram of the PID controller 

5. Bayesian Regularization (BR) 

Algorithm: 

 

BRANNs are extra vigorous than usual back-

propagation networks and can lessen the necessity 

for long cross-validation. BR algorithm is a process 

that changes a nonlinear regression into a “well-

modelled” statistical problem in the means of a 

ridge regression. In this algorithm regularization is 

used to improve the network by optimizing the 

performance function (F(𝜔)). The performance 

function F(𝜔) is the sum of the squares of the errors 

of the network weights (Ew) and the sum of squares 

error of the data (𝐸D) [30]. 

F ω =  αEW +  βED (2) 
Were, 

ED =  ek
2

n

k=1

(3) 

Ew =  wi
2

n

i=1

(4) 

where 𝛼and 𝛽denotes objective function values. 

Bayesian Regularization is a training algorithm that 

updates the values of weights and bias according to 

LM optimization [31]. In Bayesian Regularized 

training algorithm, the weights of the models are 

considered as random initially, and then the value 

of the network weights and training set are 

reproduced using Gaussian distribution. The 𝛼and 

𝛽parameters are calculated using the Bayes’ 

theorem, 

𝛼 =
Υ

2 𝐸𝑊

(5) 

β =  
ND − Υ

2 ED

(6) 

Υ =   
λ𝑖

λ𝑖 + 𝛼

N𝑤

𝑖=1

(7) 

ND is the number of data points, Nw is number of 

weights, λi is eigen values of the data Hessian and 
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Υ is the effective number of parameters necessary 

for the model. 

6. Result and Discussion 

6.1 Speed control of BLDC motor using PI 

controller 

In the previous section, a detailed discussion about 

proposed methodology is done. In present section 

those methods are implemented and results are 

obtained after simulation. This section will deal 

with speed torque response using PI controller for 

BLDC motor. 

 

Fig 2 speed torque reference value 

Figure 2 shows the reference value of speed and 

torque take into consideration.  The response of 

drive will be noted based on this value. 

Fig 3 shows the Simulink model of speed control of 

BLDC motor using PI controller. The model is 

mainly comprised of speed controller, voltage 

controller, BLDC motor, DC-DC converter and 

3phase inverter. 

 
Fig 3 Simulink model of speed control of BLDC 

motor using PI controller 

 
Fig 4 Three phase current response from Invertor 

for PI controller 

 
Fig 5 Measured torque response for PI controller 

Figure 4 shows the output waveform of phase 

currents using PI controller. Figure 5.4 shows the 

torque response of discussed model for PI 

controller. 
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Fig 6 reference and measured DC-link Voltage for 

PI controller 

 
Fig 7 Measured and reference Speed vs. Time of a 

BLDC motor for PI controller 

Figure 6 shows a comparative plot of reference and 

measure DC link voltage for PI controller. Figure 7 

presents a comparative plot of reference and 

measured speed with the help of conventional 

controllers for dissed reference input speed and 

torque requirement. 

5.2 Speed control of BLDC motor using 

Bayesian regulation controller 

 

Fig 8 Simulink model of speed control of BLDC 

motor using Bayesian Regulation based controller 

 

Fig 9 Three phase current response from Invertor 

for BR based controller 
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Fig 10 Measured torque response for BR based 

controller 

Figure 9 shows the output waveform of phase 

currents using BR based controller. Figure 10 

shows the torque response of discussed model for 

BR based controller. 

 

Fig 11 reference and measured DC-link Voltage for 

BR based controller 

 

Fig 12 Measured and reference Speed response of a 

BLDC motor for Bayesian Regulation based 

controller 

 

Fig13 Comparison of speed response with PI 

controller and BR based controller 

Figure 11 shows a comparative plot of reference 

and measure DC link voltage for Bayesian 

Regulation based controller. Figure 12 presents a 

comparative plot of reference and measured speed 

with the help of conventional controllers for dissed 

reference input speed and torque requirement using 

Bayesian Regulation based controller 

Figure 13 shows the comparative plot of 3 signals. 

Red colour line is response signal for speed. Blue 

colour line is for speed response using PI 

controller. Green colour line is for BR algorithm-

based controller. The figure clearly shows the BR 

based follow reference line in far better manner 

than the conventional PI controller 

7. Conclusion  

In this thesis a closed loop speed control of BLDC 

motor drive BR algorithm-based controller is 

carried out and it is compared with PI controller fed 

BLDC drive. Simulation results show that current 

ripple and torque ripple are minimized which 

enhance the performance of the drive. By 

comparing the performances of Permanent magnet 

brushless dc motor with BR and PI controller, it is 

concluded that applying the load torque to the 

motor with conventional controller, motor speed 

will be decreased and it should regain its speed 

quickly. The Rise time of BR controller is better 

than PI controller. With BR controller, BLDC 

motor has low steady state error while with PI 

controller; there is some steady state error. Hence 

BR based controller gives high efficiency. The 

results show that the dynamic performance of the 

motor is quite satisfactory for various loading 

conditions. The actual tuning of the controller only 

involves minimal effort. The motor displays good 

tracking performance for different speed 

trajectories. The robustness of the controller is 

positively established by evaluating its 
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performance under noisy loading conditions. The 

controller remains stable for a wide range of 

sampling frequencies. 
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