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ABSTRACT 

The BLDC Motor (BLDCM) is used as a drive because of its features which are far better than other motors. 

The BLDCM controlled through electronic commutation with reference to rotor position using hall sensors. But 

hall sensors are unreliable in harsh environment. So the sensorless technique is good choice in these harsh 

situations as rotor position estimated using only quantities measured from supply terminals. In the closed loop 

sensorless techniques, reduced order observers are much simpler in which an internal correction mechanism in 

motor model is used for position estimation. One of above techniques is, sliding mode observer (SMO). The 

control scheme design for BLDC Motor mainly focussed to control the inverter i.e. by electronic commutation. 

In practice, the design of the BLDCM drive involves modelling, devise of control scheme, simulation and 

parameter tuning. The hysteresis controller is one of efficient control schemes due to its ease in design and 

simple structure. This paper proposes a control technique using hysteresis current controller in conjunction 

with SMO. 
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I. INTRODUCTION 

 

BLDCM in recent years widely preferred due to possession of characteristics like energy efficiency, less power 

consumption and simple control and being a cheaper solution for a wide range of applications. The BLDCM is 

consists of armature winding that placed in stator and permanent magnets placed in rotor. For the motor control, 

electronic commutation through the inverter is used which eliminates the brush and the commutator 

arrangement. Armature winding on the stator has the benefit of dissipating the heat from windings easily with 

effective cooling arrangement [1]. In poly phase BLDCM, to conduct a phase, exact location of the rotor poles 

needed. And the switching sequence must have a phase difference of 90
0
 between stator and rotor fluxes to get 

maximum torque [2]. The phase winding will be given excitation only if a rotor pole is in its vicinity. In 

BLDCM, it is easy to sense the position of rotor as the armature is concentrated winding in nature. In a three 

phase BLDCM, two out of three phases are in conduction at any time which explains firing sequence changes 

for every 60
0
 electrical and the need of position of rotor sensing at discrete intervals [3]. 
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Hall sensors or variable reluctance (VR) sensors are useful for sensing of position of rotor. The hall sensor 

which is placed on non-rotating part of motor transmits signal based on proximity of a pole as the magnetic field 

of rotor induces emf in it. In case of a three phase BLDCM, three sensors are placed with a phase shift 120
0
 to 

get that information [3].  A VR sensor contains an iron tooth gear attached to the rotor shaft. As the rotor rotates, 

there will be a change in flux due to uneven air gap which induces an emf in the coil of the sensor. This tooth 

gear consist a gap in outer portion to provide discontinuity in the generated waveform. This signal transmitted to 

the controller to generate switching sequence [4]. 

For the position sensing, position sensors are mounted on the motor and need separate electronic circuitry and a 

cabling system for signal transmission [5]. These arrangements are costly and decrease reliability. So these 

schemes cannot be used where high reliability required in harsh environment. One solution is to estimate the 

position with the help of measured electrical quantities and that’s why called as sensorless control. It is also 

useful as a backup scheme. Sensorless control uses terminal voltages and currents information for position 

estimation using sensorless algorithms [5]. These signals may be injected either at fundamental frequency or 

high frequency [6]. In some of the fundamental excitation methods, position and speed information is estimated 

using back emf voltages. The principle of direct emf sensing is, whenever only two of the three phases are 

conducting, non-conducting phase carry only the back emf which is useful for position sensing. As this 

information contains noise, filters are essential in reducing harmonics. The zero crossing of the back emf does 

not directly useful for commutation and there must be a phase shift in switching signals. These limitations not 

present in case of indirect back emf sensing methods like voltage integration method or terminal current sensing 

method [7]. 

In open loop sensorless methods, the position information is attained by terminal voltages sensing without any 

correction mechanism and this method is sensitive to variations in parameters [8]. In close loop methods, 

observers are preferable because they use internal correction mechanism for accuracy. Observers may be a full 

order or reduced order observer. Full order observers contain both electrical and mechanical models thus 

complex in nature whereas reduced order observer have only electrical model is required for position estimation 

which is much simpler than former [9]. Reduced order observers categorised as flux observers and current 

observers. In flux observer, a magnetic model is used as the reference model and in reduced order current 

observer uses electrical model in which the rotor position attained by estimating the back emf voltages [5]. One 

of reduced order current observer techniques is sliding mode observer (SMO) which estimates the rotor speed 

and its integration gives rotor position [10]. 

BLDCM as a drive is easy to control with negligible maintenance.  This motor controlled with electronic 

commutation using a controller to get optimal performance. In such, current controlled voltage source inverters 

are preferred for their faster response and accuracy. One option is to use hysteresis current controller. 

Hysteresis-band PWM is basically an instantaneous feedback current control method of PWM where the actual 

current continually tracks the command current within hysteresis-band. The control circuit generates a reference 

signal using the error in input and it is compared with the actual signal. If the actual signal exceeds or drops 

below the hysteresis band limit, the switching sequence is generated to limit the actual current within the band 

limit [14].   
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This paper deals with a sensorless speed control scheme of BLDC with rotor position estimated with SMO. In 

this paper, based on the mathematical modelling of BLDC motor, SMO is designed to estimate the rotor position 

and speed. Then hysteresis controller is implemented to control the inverter for the optimum performance of 

motor. The model is simulated using MATLAB/SIMULINK and the simulation results have been validated to 

prove its effectiveness. 

The mathematical modelling of BLDC motor is presented in section 2. The SMO for the following motor is 

designed in the section 3. Hysteresis current controller for the same drive is implemented in the section 4.  The 

control scheme using hysteresis current controller in conjunction with SMO is and the simulation results of the 

proposed scheme are presented in section 5. Finally the proposed scheme is concluded in section 6. 

 

II. MATHEMATICAL MODEL OF PM BLDC MOTOR 

 

The electrical circuit modelling equations for a three phase BLDCM are derived in terms of phase variables 

denoted with the sequence abc [11].  

The KVL equation for the phase a is: 

a
a s a a

di
V R i L e

dt
  

     
(1) 

The state equation for above expression is:  

1 1a s
a a a

di R
V i e

dt L L L
        (2) 

Where sL L M   is the phase stator inductance, R is phase stator resistance, ae  is induced back emf, aV  is 

the phase voltage and ai is the state variable for the phase a. 

The induced back emf is: 

 a b a r re k f        (3) 

Where bk is back emf constant,  a rf  is a unit function generator as a function of rotor position for the phase 

a, r  is the rotor electrical position and r is the rotor electrical speed. 

And  a rf   is given by:  
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    (4) 

The unit function generators and the voltage equations for other phases for the other phases are equal but only 

differ in phase shift of 120
0 
with each. 
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The electromechanical equation with the load torque is: 

m
m e l

d
J B T T

dt


        (5) 

Where J is moment of inertia, B is frictional coefficient, lT  is load torque and eT  is electromagnetic torque. 

The state equation for the speed with rotor speed as state variable is given by: 

1 1m
e l m

d B
T T

dt J J J


        (6) 

The rotor position calculated from the rotor speed as: 

2

r
m

d p

dt


       (7) 

Where p  is the number of poles. 

The electromagnetic torque is obtained as: 

(e ) /e a a b b c c mT i e i e i        (8) 

Fig. 1 shows the complete mathematical model of BLDC motor with open loop control where the firing 

sequence is generated with the rotor position obtained directly from motor. 
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Fig. 1. Mathematical model of BLDC motor with open loop control 

 

III. SLIDING MODE OBSERVER 

Sliding mode observer is a reduced order current observer in which the terminal currents are the reference 

outputs and the adaptive model estimates motor currents. The error between estimated and actual currents is sent 

to the adaptive model to estimate the back emf [13].     

The current state equation for the phase a is: 

1 1a s
a a a

di R
V i e

dt L L L
         (10) 
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The sliding mode technique should ensure that the value of estimated parameter must slides along with that of 

actual parameter. The sliding mode equations for back emf estimation for the phase a is: 

11

ˆ 1 1ˆ ˆ sat( )a s
a a a a

di R
V i e k i

dt L L L
         (11) 

21

ˆ
sat( )a

a

de
k i

dt
         (12) 

Where ˆ
ai , ˆae are the estimated values of phase current and back emf respectively and ˆ

a a ai i i   is the sliding 

surface which represents the error between actual and estimated currents.  

The dynamic equation for ai
  is: 

11

1
ˆ ( )a a a

L

i e k sat i
L

    

  

    (13) 

The signum function for  
ai
  is: 
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The chattering effect can be eliminated using saturation function which defined as: 
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Where is the sliding surface band. 

The sliding surface becomes zero when both actual and estimated currents are equal. To ensure convergence, the 

observer gains proper selection of a1 and a2 needed which can be attained with the help of a stability theorem 

[13]. 

The candidate Lyapunov function for SMO is considered as: 

2 2 21
( ) ( )

2
a b cV i i i i            (16) 

The derivative of ( )V i  with respect to time given as: 

( ) a a b b c cV i i i i i i i                  (17) 

11 12 13

1 1 1
ˆ ˆ ˆ( ) ( ( )) ( ( )) ( ( ))a a a b b b c c c

L L L

V i i e k sat i i e k sat i i e k sat i
L L L

                   (18) 

To ensure convergence ( ) 0V i  and the observer gains should satisfy the following conditions: 

11 max

11 max

1
0;

1
0;

a a

a a

if i gain k e
L

if i gain k e
L





  

 




    (19) 

The above relations are similar for the b, c phases. So the observer gain values for all the lines chosen such that: 
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1 2max

1
0a e and a

L
       (20) 

Where 11 12 13 1k k k a    , 21 22 23 2k k k a   and maxe  is maximum value of line back emf. 

1

L

1

L

R

L

1a









 


2a

V

este

estI

este

( )esat i
( )esat i

estI

actI

ei

estdI

dt

 

Fig. 2. Sliding mode observer 

Fig. 2 represents a sliding mode observer for back emf estimation which is useful for rotor position estimation.  

The rotor speed is estimated as: 

2 2 21
ˆ ˆ ˆ ˆ( )r a b c

b

e e e
k

          (21) 

Where ˆ
r is the rotor speed and bk is the back emf constant. 

The rotor position ˆ
r is calculated as shown in Fig. 3 is: 

ˆ
ˆr

r

d

dt


        (22) 
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Fig. 3. Block diagram of speed and rotor position estimation 

 

IV. HYSTERESIS CURRENT CONTROLLER 

 

Hysteresis controller is the simple one in which a hysteresis band limit is defined for reference current and the 

phase current is ensured to follow the path of reference current in between hysteresis band. Hysteresis band 

consist of two limits i.e. Upper limit and Lower limit. The upper and lower bounds of the hysteresis band are set 
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for the motor current, and the hysteresis controller logic control can be described according to the following 

rules. In a basic implementation of the hysteresis current controller, the switching signals are derived from the 

comparison of the current error with a fixed hysteresis band [14].  

The reference current can be generated with the error in speed as: 

 
1

k i

ref p ref

t

k
i

k s
 

 
   

 
               (23) 

The reference current for each phase can be generated using the function generator as: 

   

   

   

1; 1;

1; 1;

1; 1;

a r aref ref a r aref ref

b r bref ref b r bref ref

c r cref ref c r cref ref

Quadrant I Quadrant IV

f i i f i i

f i i f i i

f i i f i i

 

 

 

 

     

     

     

            (24) 

The load currents are sensed and compared with the respective command currents using three independent 

hysteresis comparators having a hysteresis band. The output signals of the comparators are used to active the 

inverter power switches as: 

; 1

; 1
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if i i h S
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              (25) 

Where 
a refi 

is the reference current for the phase a and 
aS  is the switching logic for phase a. 

Fig. 4 represents diagrammatic representation of the hysteresis current controller used for a three phase inverter 

for BLDC motor. 
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Fig. 4. Hysteresis current controller 

In Fig. 4, load currents Ia, Ib and Ic are respectively forced to follow reference currents Ia-ref, Ib-ref and Ic-ref within 

a hysteresis band by the switching action of the inverter. 

 

V. SIMULATION RESULTS 

 

BLDCM is simulated using MATLAB/SIMULINK with the specifications represented in the Table 1. The 

pictorial representation of speed control of BLDCM with SMO and hysteresis current controller shown in Fig. 5. 
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The proposed scheme is simulated using MATLAB/SIMULINK with the sliding mode parameters represented 

in Table 2.  
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Fig. 5. Block diagram of sensorless control of BLDC motor with hysteresis controller with SMO 

Table 1. BLDC motor parameters 

 Parameters Symbol Numerical value 

Poles P 4 

Stator resistance (phase) Rs 0.7 ohm 

Stator self-inductance (phase) Ls 1.72 mH 

Mutual inductance (phase) M 1.5 mH 

Back emf constant kb 0.5128 V/(rad/sec) 

Torque constant kt 0.049 N-m/A 

Moment of inertia J 0.0002 kg-m/s
2
 

Friction coefficient B 0.002 N-m/rad/sec 

DC link voltage Vdc 160 V 

Speed (base) N 4000 rpm 

 

Table 2. Sliding mode parameters 

Gain Numerical value 

kp 1 

ki 0.7 

a1 132000 

a2 -91000 

  0.01 

     Fig. 6 represents the comparison of actual and estimated rotor positions and actual and estimated rotor speeds 

using SMO and hysteresis controller. 
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(a)        (b) 

Fig. 6. (a) Actual and estimated rotor positions (b) Actual and estimated rotor speeds 

It is observed that the estimated rotor position has an error of 2
0
 electrical from actual which is due to the delay 

because of filters. The sliding mode observer estimated the rotor speed with an initial delay of 0.01 sec and has 

an error of 1 rpm. 

The proposed scheme is simulated under different speeds with a load torque of 0.3 N-m and 0.6 N-m applied at 

1 sec and 2 sec respectively the results are shown in Fig. 7, Fig. 8 respectively. 

At 400 rpm 

Fig. 7 represents speed and torque curves obtained by the control of conventional hysteresis controller in 

conjunction with sliding mode observer with reference speed of 400 rpm respectively. 

 

(a)              (b)  

Fig. 7.  (a) Speed of Motor (b) Electromagnetic torque of Motor with SMO and hysteresis controller 
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The no-load torque is 0.11 N-m and the torque increased to 0.41 N-m at the load of  0.3 N-m at 1 sec and  

changed to 0.71 N-m at the load of  0.6 N-m applied at 2 sec. 

At 2000 rpm 

Fig. 9 represents speed and torque curves obtained by the control of conventional hysteresis controller in 

conjunction with sliding mode observer with reference speed of 2000 rpm respectively. 

 

      (a)         (b) 

Fig. 8. (a) Speed of Motor (b) Electromagnetic torque of Motor with SMO and hysteresis controller 

     The no-load torque is 0.42 N-m and the torque increased to 0.72 N-m once the load of 0.3 N-m applied at 1 

sec and to 1.1 N-m at 2 sec. From above graphs, we observed that the speed curve is smooth with a deviation of 

0.1 rpm and torque ripple is well below 0.01 N-m. 

 

VI. CONCLUSION 

 

In this paper, a sensorless control of BLDCM using hysteresis current controller with SMO is proposed. The 

SMO is designed to estimate the rotor position without the help of the sensors. The estimated speed and rotor 

position using SMO compared with actual parameters of BLDCM and the results are accurate. The hysteresis 

current controller is implemented to control the inverter for better performance of the motor with the help of 

terminal currents, speed and rotor position. The proposed scheme accurately controlled the motor at desired 

speeds with lower torque ripple. 
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