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Abstract- this paper presents a Hybrid Fuzzy Proportional 

Integral controller for the speed control of Brushless DC (BLDC) 

motor. BLDC motors have many advantages over DC motors and 

induction motors. A fuzzy controller offers better speed response 

for start-up while PI controller has good compliance over 

variation of load torque but has slow settling response. Hybrid 

controller has an advantage of integrating a superiority of these 

two controllers for better control performances. In this paper, 

the classical PI controller is integrated with Fuzzy Logic 

controller to make hybrid control system with merits of both. 

Also it presents the comparative study between PI, Fuzzy, and 

hybrid Fuzzy-PI controller for the same. The dynamic 

characteristics of BLDC Motor such as speed, torque, current 

and back EMF are analyzed for varied load torque conditions 

through simulation under MATLAB SIMULINK environment. 

Keywords- brushless DC motor; Fuzzy Logic controller; 
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I. INTRODUCTION 

Since 1980's new design concept of permanent magnet 
brushless motors has been developed [1]. BLDC motor has 
trapezoidal back EMF and quasi-rectangular current 
waveform. BLDC motors are rapidly becoming popular in 
industries such as Electrical appliances, HV AC industry, 
medical, electric traction, automotive, aircrafts, military 
equipment, hard disk drive, industrial automation equipment 
and instrumentation because of their high efficiency, high 
power factor, silent operation, compact, reliability and low 
maintenance. The rotation of the BLDC motor is based on the 
feedback of rotor position which is obtained from the hall 
sensors [2].To replace the function of commutators and 
brushes, the BLDC motor requires an inverter and a position 
sensor that detects rotor position for proper commutation of 
current. The reason why conventional controller has low 
efficiency such as PI controller because the overshoot is too 
high from the set point and it may takes delay time to get 
constant and sluggish response due to sudden change in load 
torque and the sensitivity to controller gains Ki and Kp. This 
has resulted in the increased demand of modern nonlinear 
control structures like Fuzzy logic controller which was 
presented by Zadeh in 1965.Besides that, fuzzy logic 
controller is more efficient from the other controller such as PI 
controller [3]. These controllers are inherently robust to load 
disturbances. The applications of fuzzy logic controllers are 
limited because of some drawbacks. In order to eliminate them 
fuzzy logic controller is combined with conventional PI 

controller. In this paper a hybrid fuzzy PI controller is 
proposed to improve control performances. 

II.PERMANENT MAGNET BLDC MOTOR 

BLDC motor can be modeled in the 3-phase ABC 
variables. Refer to Fig.l, the electrical part of BLDC motor 
can be represented in matrix form as follow: 

Vbn = 0 R s 0 i b + � 1 ba 1 b 
[Van] [Rs 0 0 ] [ia] [ la lab 

Ven 0 0 Rs ie dt lea leb [::]{:] 
(1) 

Where Van, Vbn and Vcn the phase winding voltages, Rs is 

the resistance per phase of the stator winding, while la ' Ib 
and 1 e are the phase currents 
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Fig. 1 Equivalent circuit for BLDC motor 

The developed electromagnetic Torque can be expressed as : 

T = 

(ea)a + eb)a + eenie) 
e (2) 

OJr 

Where e an , e bn & e en and i a , i b & i e represent induced 

electromotive forces input current to motors in a, b & c phases 

and OJ r represents angular velocity. 

III. CONTROLLER STRUCTURES 



Fig.2. shows the block diagram for BLDC motor where the 
error between the plant actual output speed and reference 
speed input is given to the controller. The controller will 
eliminate the error in speed and give the desired (reference) 
output. The output of this controller goes to Controlled voltage 
source, which is connected via a universal bridge inverter to 
the BLDC motor. 

Fig.2 Brushless dc motor block diagram 

A. Conventional PI controller 

The output of the PI controller in time domain is defined by 
the following equation: 

(3) 

Where v c(t) is the output of the PI controller, kp is the 
proportional gain, k; is the integral gain, and e(t) is the 
instantaneous error signal. The main advantage of adding the 
integral part to the proportional controller is to eliminate the 
steady state error in the controller variable. However, the 
integral controller has the serious drawback of getting 
saturated after a while if the error does not change its 
direction. This phenomenon can be avoided by introducing a 
limiter to the integral part of the controller before adding its 
output to the proportional controller. Fig.3 shows the PI 
controller block diagram. 
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Fig.3.PI controller block diagram 

B. Fuzzy logic controller structure 
Fig.4 shows the basic structure of fuzzy logic controller. 

Fuzzy logic's linguistic terms are most often expressed in the 
form of logical implications, such as If-Then rules. These rules 
define a range of values known as fuzzy membership 
functions. The inputs of the fuzzy controller are expressed in 
several linguistic levels shown later in figure 7, these levels 
can be described as positive big (PB), positive small (PS), or 
in other levels. A fuzzy logic control consists of: 

a. Fuzzijication: This process converts or transforms the 
measured inputs called crisp values, into the fuzzy linguistic 
values used by the fuzzy reasoning mechanism. 
b. Knowledge Base: A collection of the expert control rules 
(knowledge) needed to achieve the control goal. 
c. Fuzzy Reasoning Mechanism: This process will perform 
fuzzy logic operations and result the control action according 
to the fuzzy inputs. 
d. Defuzzijication unit: This process converts the result of 
fuzzy reasoning mechanism into the required crisp value 

flC 

Fig.4. Fuzzy logic controller with two inputs and one output. 

TABLE 1 

FUZZY LINGUISTIC RULES 

� 
NB NS ZE PS PH 

NH NB NB NS NS ZE 

NS NB NS NS ZE PS 

ZE NS NS ZE PS PS 

PS NS ZE PS PS PS 

PB ZE PS PS PB PB 

C. Hybrid Fuzzy-PI controller 

The purpose of the hybrid control scheme is based on 
compensation for overshoots and undershoots in the transient 
response and minimizing the steady state error. A PI controller 
when used in combination with FLC such that near steady 
state operation, PI controller takes over the control eliminating 
the disadvantage of the FLC. Similarly when away from the 
operating point FLC dominates and eliminates the occurrence 
of overshoots and undershoots in drive response. The 
superiority of both fuzzy and PI controller are integrated 
together by using a switch as shown in Fig.5. 
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Fig.5 Hybrid Fuzzy-PI controller 

Fuzzy Logic 
Controller 1 

The speed error and simulation time control the switch 
such that it will be switched to fuzzy controller when the 
speed error is large and vice versa to PI controller when the 
speed error is small with appropriate time. The mode 
conversion algorithm is: 

Switch = FUZZY,{ e > E and t < T 
PI, e < E and t > T 

IV. SIMULA nON AND DISCUSSION 

To validate the control strategies as described, digital 
simulation were carried out on a brushless dc motor system by 
using MA TLAB/SIMULINK, the used parameters in these 
system are given in Table 2. 

TABLE 2 

MOTOR PARAMETERS 

Parameter 
Stator Phase Resistance 
Stator Phase Inductance 

Torque Constant 
Inertia(J) 

Friction Factor(F) 
Back EMF 

Power 
Number of pole pairs 

Value 
2 

5mH 
O.2mH 

O.OOOSkgm2 
O.OOINms 

Trapezoidal 
320w 

4 

Fig.6 shows the model of speed control of BLDC motor using 
PI/Fuzzy controller 

Fig.6.Simulink model of speed control of BLDC motor 

FLC has two inputs namely- Error (E) and change in Error 
(CE) .The output of this controller is voltage (V).Input and 
Output variables are consisting of five membership functions 
each. Triangular shape of membership function has been 
chosen because of its simplicity. Thus, 25 rules have been 
constructed to perform the desired task. 'Mamdani' type of 
Fuzzy is incorporated. 'MOM' (Middle of Maximum) method 
of Deffuzification has been used because of its faster 
response.Fig.7 below shows Fuzzy membership functions for 
inputs (E,CE) and output (V) for the fuzzy controller 

Fig.7. Input (E, CE) and output (V) membership functions of 
FLC 

Fig. 8 shows a comparison of the output speed responses 
of the three controllers with a reference of 860rpm. A sudden 
load ofO.2N-m was introduced to the system at time t=lsec.PI 
controller has initial peak overshoots and undershoots whereas 
FLC settles down without any peak shoot. When a sudden 
load was applied, PI settles down at the reference speed 
following a dip of 50rpm whereas FLC settles faster but with a 
large speed error. 

In case of Hybrid Fuzzy-PI, the response initially follows 
the path of FLC and when Load torque was varied, it followed 
the path of PI controller. Hybrid Fuzzy-PI consist of a 'switch 
subsystem' which works such that when speed error is large 
and clock time is less than a threshold value, control will be 
switched to Fuzzy and vice-.Four major characteristics 
compared/discussed here are:-



a. Peak Overshoot/Undershoot: how much the peak level 
is higher/lower than the steady state, normalized against the 
steady state? 

b. Settling Time: the time taken by the system to converge 
to its steady state. It is expressed in seconds. 

c. Controller Score: It is calculated by multiplying 
Maximum overshoot with settling time. It should be least. 

d. Steady-state Error: the difference between the steady
state output and the desired output. Here it is expressed in rpm 
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Fig.8.Comparison of Speed response of PI, Fuzzy, Fuzzy-PI 
controller at a reference of 860rpm 

Table 3 shows a comparison between the three controllers 
based on above said parameters. 

TABLE 3 

COMPARISON OF VARIOUS CONTROLLERS 

At No-Load 
Controller PI Fuzzy Fuzzy-PI 
Peak Overshoot 23.25 0 0 
(%) 
Peak 5.81 0 0 
Undershoot (%) 
Settling time 0.6 0.5 0.4 
(sec) 
Controller Score 13.95 0 0 
(% * sec) 
Steady state 2 -5 5 
error (rpm) 

At sudden Load application 
Controller PI Fuzzy Fuzzy-PI 
Peak Overshoot 1.16 - 0 
(%) 
Peak 5.81 27.9 0 
Undershoot (%) 
Settling time 1.2 l.l 1.01 
(sec) 
Controller Score 6.97 30.69 1.01 
(% * sec) 
Steady state 2 200 6 
error (rpm) 

l 
l 
I 
l 

j 

It shows that PI controller has high Peak Overshoot/ 
Undershoot, at both no load and with load torque conditions. 
Also settling time is comparatively higher for PI controller. 
Fuzzy controller gives a smooth response, without any peak 
overshoots and has a faster response than PI controller. But 
FLC settles with large speed error upon load variation. Hybrid 
Fuzzy-PI controller shows a comparatively better response for 
all the three factors considered i.e. percentage overshoots, 
settling time, steady state error at both no load and with load 
torque considered 

V. CONCLUSION 

BLDC motors have many advantages over DC motors and 
induction motors. But it needs a speed controller for both fixed 
speed and variable speed applications. Three controllers have 
been discussed namely- PI, Fuzzy and Fuzzy-PI. Also, a 
comparative study of the these controllers have been done 
which shows that PI controller has initial Overshoot 
/undershoots, slow response but good performance under Load 
variation with less steady state error. Whereas Fuzzy 
controller has no Peak overshootslUndershoots, faster 
response but settles with large steady state error for Load 
variations. A Hybrid Fuzzy controller, incorporating the merits 
of both the above controllers (thereby eliminating the 
drawbacks associated with each of the controller) can perform 
well without any Peak overshoots/undershoots, faster response 
and least steady state error, even at sudden Load variations 

REFERENCES 

[I] R. Krishnan, Permanent magnet Synchronous and Brushless DC motor 
drives, CRC press, 20 I O. 
[2] H. K. Samitha Ransara and U. K. Mandawala ,"Low cost Brushless DC 
motor drive", IEEE conference on Industrial Electronics and 
Applicatons,20 II. 
[3] Muruganantham. N, Pal ani. S, Hybrid Fuzzy-PI controller based speed 

control for pmbldc motor using soft switching", European Journal of 
Scientific Research, June 2012. 
[4] M. V. Ramesh, 1. Amarnath, S. Kamakshaiah, G.S. Rao "Speed control of 
Brushless DC motor by using Fuzzy Logic PI controller", ARPN 
journals,20 II. 
[5] Md. Firdaus Zainal Abdin, Dahaman Ishak and Anwar Hansi Abu Hassan, 

"A comparative study of PI, Fuzzy and Hybrid PI-Fuzzy controller for speed 
control of Brushless DC motor Drive"- IEEE International Conference on 
Computer Applications and Industrial Electronics , 201 I ,Malaysia. 
[6] Tan Chee Siong, Baharuddin Ismail, Md. Fayzul Mohammed, Md. Faridun 
Nairn Tajuddin, Siti Rafidah Abd. Rahim, Zainuddin Mat Isa, "Study of fuzzy 
and PI controller for permanent-magnet brush less dc motor drive", 
IEEE International Power engineering and Optimization Conference 

(PEOCO) 2010. 
[7] Vishal Verma, V Harish, Renu Bhardwaj "Hybrid PI speed Controllers for 

Permanent Magnet Brushless DC motor", IEEE Conference, 2012,lndia. 


