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Abstract. This paper presents a novel adaptive fuzzy controller approach of brushless DC motors (BLDCM) without hall sensors. The fuzzy controller 
adopts fuzzy logic to retune the PID parameters online. Based on the mathematical model of BLDCM introduced, a novel adaptive fuzzy control 
strategies have been designed in MATLAB/SIMULINK. The results have been recorded under various operating conditions. The simulation results 
showed that the fuzzy PID controller made much better performance than the traditional PID controller in speed responses and system performance. 

 

Streszczenie. W artykule opisano nową metodę sterowania bez szczotkowym silnikiem DC bez czujnika Hall’a, z wykorzystaniem regulatora 
adaptacyjnego opartego na logice rozmytej. Algorytm na bieżąco dostraja nastawy regulatora PID. Badania symulacyjne maszyny, przeprowadzone 
w programie Matlab-Simulink, wykazały znaczne polepszenie odpowiedzi regulatora PID, dla zadanych zmian. (Adaptacyjny regulator rozmyty w 
sterowaniu bezszczotkowym silnikiem DC bez czujnika Halla) 
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1. Introduction 

Brushless DC motors have recently been widely used 
in industrial and household product for its advantages 
over other kinds in size, efficiency, structure, operating 
life, dynamic response and speed range[1][2]. Moreover, 
they require little maintenance, generate less acoustic 
noise and can be applied in hazardous operation 
environments. BLDCMs are generally controlled using a 
three-phase inverter which requires a rotor position 
sensor like Hall sensors or absolute position sensors to 
provide a proper commutation sequence. However, the 
position sensors mentioned above will increase the cost 
of the motor; making the whole equipment more 
temperature sensitive and in addition reduce the system 
reliability. So the drives of BLDCMs without Hall sensors 
and position sensors are researched deeply [3]-[13]. 

The classical method of controlling the speed of 
BLDCMs is proportional-integral-derivative (PID) control. 
This method is usually applied by tuning the PID 
parameters (Kp，KI and KD). Usually, when suffers from 
various conditions or sudden change of speed, the 
system can hardly maintain the good performance 
achieved under the original parameters without retuning 
the PID parameters. The fuzzy set theory helps a lot 
when dealing with uncertainty. A certain mathematic 
model of the non-linear dynamic BLDCM control system 
is not necessary when using a fuzzy logic controller. So, 
despite the varying loads and changing parameters, we 
can still achieve great performance by combing fuzzy 
logic control with classical PID control. One 
triple-outcome fuzzy controller has been designed to 
update the values of the proportional, integral, and 
derivative gains online with changing circumstances 
[14]-[19].  

As mentioned above, the fuzzy PID control method is 
very promising when planted into a sensorless BLDCM. 
The goal of this paper is to design an adaptive fuzzy 
controller and make a comparison between the classical 
PID control and fuzzy PID control. Both speed control 
strategies with fuzzy PID and classical PID have been 
designed in MATLAB/SIMULINK. Comparative 
simulation results in different conditions have shown that 
the proposed fuzzy PID method offers a better 
performance than the classical one. 

 
2. Mathematical Model Of BLDCM 

The mathematical models and electromagnetic torque 
of BLDC motors are formed as following mentioned. 

1) The three-phase windings are completely 
symmetrical. 

2) The influence of cogging, commutation process 
and armature reaction is ignored; the magnetic saturation 
and iron losses are disregarded. 

The loss of vortex and hysteresis is neglected and the 
magnetic circuit is unsaturated.        

 The voltage equation of BLDC motor can be so 
represented as:[11] 
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Where vas, vbs and vcs are stator winding phase 
voltages. Rs is the rotor resistance and is equal for all the 
three phases. ias, ibs, and ics are phase current. eas, ebs and 
ecs are stator winding phase back electromotive 
forces(EMF).L is winding phase self-inductance and M is 
mutual inductance per phase. p is differential operator. 

 
The electromagnetic torque equation is:   

(2)           
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The electromagnetic toque can be expressed as: 

(3)           /e l n nT T B Jd dt     
      

Where Te is the electromagnetic torque, Tl is the load 
torque, B is the damped coefficient, J is the moment of 
the inertia and ωn is the mechanical speed. 

 
The relationship between speed and position is: 

(4)                / / 2nd dt P   
                          

Where P is the number of poles in the motor and θ is 
the rotor electrical position.  

 
3. Adaptive Fuzzy Controller Design 

According to the modularization principles and 
mathematical models, the whole control system is 
divided into several functional parts which are the 
BLDCM block, the starter block, the logical inverter block, 
and the fuzzy PID controller block. The simulation 
system uses a single closed speed loop control which 
adopts two different strategies-the traditional PID control 
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and fuzzy PID control. The control strategy is realized by 
an s-function planted in the logical inverter block and the 
original PID parameters and the retuned fuzzy PID 
parameters are passed to it through a mask. Here we use 
three manual switches to change from one strategy to the 
other. 

 

A. BLDCM Block 
Refer to (1), (2), (3) and (4), we can generate a final 

form of state space. 
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where fa(θ), fb(θ) and fc(θ) are mathematic functions 
limited between 1 and -1 that express the coefficient 
relationship betweenθand back EMF. 

We implement an s-function block to solve the above 
differential equations and from this we calculate the line 
currents IA, IB, and IC, the speed ω and the rotor electrical 
position θ. The phase back EMF eas, eas and eas will be 
determined by identifying the rotor angle. The diagram of 
BLDCM is represented in fig.1. 

 
Fig1. The diagram of BLDCM 
 
B. Starter Block 

When the simulation suddenly starts, the back EMF 
has not reached up to a certain measurable value. And 
since the control strategy designed for sensorless BLDC 
is highly dependent on the value of back EMF, in order to 
maintain the initial state of the controller, the motor has 
to be ramped up open-looped by a starter block which 
generates three phase input voltage to the BLDC. When 
the back EMF reaches to a detectable point, the starter 
block will be cut and the whole system will be switched to 
closed-loop. 

C. Logical Inverter Block 
Since the back EMFs vary with the speed, the rotor 

position information can be obtained by detecting the 
zero-crossing of the line back EMFs. Thus we can 
determine the instant of commutation without a 
Hall-effect sensor. At each sample time, the present 
speed and the speed error a step time before will be read 
to calculate the required torque and it is shown as 
follows,[3] 
(5) 
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where Kp is the proportional parameter, KI is the integral 
parameter and KD is the differential parameter, e is the 
speed error, e-1 is the previous time step speed error and 
ts is the sampling time. 

 
An S-function is implemented to calculate the torque 

required, and then according to the rotor’s position, an 
approximated park’s transformation is used to calculate 
the required phase current. Then we use hysteresis 
control to define the voltage applied for each phase and 
determine the sequence and time we need for each fire 
gates. 

 
D. Fuzzy PID Block 

The fuzzy PID controller consists of the traditional 
PID controller and fuzzy logic controller. Usually when 
the parameters of the system change, we have to retune 
the PID parameters accordingly, which takes a lot of time 
and human labor. Fuzzy logic simulates human linguistic 
rules in reasoning and decision making and adopts 
human experiences when facing with uncertainty and 
imprecision. So the fuzzy logic controller can be used to 
adjust PID parameters on line. After modified, the 
parameters will be passed to the S-function of logical 
inverter block. Fig.2 shows the structure of fuzzy logic 
controller. The fuzzy logic controller consists of the 
following functions. 

 
Fig.2 structure of fuzzy logic controller 
 
1) Fuzzification:    The fuzzy controller is a dual-input 
triple output system. By using triangular membership 
function, fuzzification converts inputs into fuzzy variables 
and outputs into crisp values. The inputs of fuzzy 
controller are divided into five linguistic values described 
as positive big (PB), positive small (PS), zero (Z), 
negative small (NS), and negative big (NB). Both the 
fuzzy domain of input and output are defined on the 
same discourse [-3, 3]. The membership of inputs and 
outputs is shown in Fig.3. 
2) Knowledge base:    As summarized below, PID 
parameters have a great influence on the stable and 
dynamic performance of controller system. 
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Kp is proportional to the steady-state error, which 
reduces as Kp increases. But when Kp gets too large, the 
overshoot will be so great and impair the steady-state 
operation instead.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 The membership of inputs and outputs 
 

The climb speed goes faster as KI increases. But if KI 
gets too large, it will affect the steady-state operation by 
causing torque ripples and a serious overshoot. 

The reduction of KD will increase the climb speed and 
reduce the torque ripple. But if it gets too small, the 
system will suffer from an overshoot and a long settling 
time. 

 

In order to achieve the control goal, the above 
knowledge and expert experience are collected and  

translated into some IF-THEN statements. The rules 
are shown in TABLE I. 

 
Table 1. Fuzzy rules 
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3) Defuzzification: The control signals real system uses 
are crisp values, so we must convert fuzzy outputs into 
them. Here we adopt the most commonly used 
defuzzification method-centroid method. The formula of 
defuzzification is given by: 

(6)             1 1

( ) / ( )
n n

x x

z u x x u x
 
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Fig.4 MATLAB/SIMULINK block diagram 

 
1、 Simulation Results 

The fuzzy PID strategy used in a BLDCM without any 
sensors has been simulated. The MATLAB/SIMULINK 
block diagram is demonstrated in Fig.4 
where Z is the defuzzified value and u(x) is the value of 
the membership. 

Drive performances of two strategies are compared 
under various conditions. The parameters of the 
simulated BLDCM are shown in Table II. 

 
 
 
 

Table II. Parameters of the simulated BLDCM 
Rated speed 3600RPM Coulomb friction 0.018N 
Rated current 20A Self inductance 2.7mH 
Rated torque 0.45N.m Static friction 0.087N 

Poles 4 Viscous friction 0.002N 

Motor inertia 
0.0002 
kg-m2 

Winding 
resistance 

0.29Ω 

Mutual 
inductance 

2.5mH 
Number of 
phases 

3 
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Fig 5 The speed response of PID controller 

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
-500

0

500

1000

1500

2000

Time(sec)

S
pe

ed
(r

ad
/m

in
)

X: 0.003104
Y: 1953

 
(a) 

0.02 0.021 0.022 0.023 0.024 0.025 0.026 0.027 0.028 0.029 0.03
800

850

900

950

1000

1050

1100

Time(sec)

S
pe

ed
(r

ad
/m

in
)

 
(b) 

 
Fig 6 The speed response of fuzzy PID controller  

A reference speed of 1800 rad/min is given at the 
beginning and a sudden fall is given at 0.02 sec to drop 
to a speed of 900 rad/s. The simulation runs for 0.1 
second. Fig.5 (a) and fig 6 (a) shows the dynamic speed 
response of two strategies respectively. We can see from 
the enlarged pictures shown in fig.5 (b) and fig.6 (b) that 
with the original PID parameters, when the speed 
reference changes, the system produces a large 
overshoot. But when we use the proposed fuzzy PID 
controller, there is no overshoot as we can see 
highlighted in the circle and the response is also smooth 
and quick. 

 

Conclusion 
In this paper, an approach towards brushless DC 

motors without sensors has been performed by using 
fuzzy PID controller. A comparison made between the 
traditional PID controller and fuzzy PID controller under 
MATLAB environment shows that fuzzy PID control 
strategy has important advantages of better dynamic 
performances and can enhance robustness to some 
extent. 

Plus, the fuzzy control strategy is very simple and 
feasible. Advance knowledge of the system is not 
needed. So by making proper adjustments to the fuzzy 
controller rule table and controller quantization factors, 
the fuzzy PID controller can be adopted to different 
systems.  
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