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Abstract:- This research basically focuses on a technique 

to estimate speed and rotor position with enhanced 

performance. For this purpose numerous techniques 

including Sensorless methods were taken into account 

and new developments were also made. Some advanced 

methods were also introduced for this purpose along 

with their associated merits and demerits. This research 

includes detailed study of all the methods which can be 

used for the purpose of speed and rotor position 

estimation including back-EMF sensing method which 

was an obsolete technique. Some other methods which 

can be used for this purpose are position estimation by 

inductance and flux, back-EMF zero crossing and 

integration of voltage. But all these methods were 

obsolete and had disadvantages associated with them so 

in this research, the main aim is to utilize latest 

technique which can give accurate results and is also up 

to date. For this purpose Extended Kalman Filter is 

employed for the purpose of state estimation while PID 

controller is utilized to   synchronize system state 

following the reference signal. The proposed solution will 

control the harmonic generated in speed and position of 

Brushless DC motor and ultimately performance of the 

motor will get improved.  
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I. INTRODUCTION 
 

There are numerous advantages associated with 
Brushless Direct Current (BLDC) motor which includes 

reduced harmonic operation, improved torque versus speed 

features, elimination of sparking and robust construction. 

Various studies and researches were performed on proper 

commutation, enhanced speed diversity, reduction of ripples 

or disturbances generated in torque and powering the phases 

of BLDC motor [1].Previously, various sensorless 

techniques were suggested by the experts to eliminate the 

costly and feeble sensing of position of BLDC. These 

techniques include many methods such as back-EMF zero 

crossing of voltage, back-EMF integration, approximation 

of flux, and motor moderation techniques. But all these 
techniques, didn’t worked well for various operating speed 

ranges and there were some issues associated with those 

techniques including complexity and reliability problems for 

different operational speeds [2].These methods were 

inadequate to provide continuous information regarding 

estimation of rotor position and speed and for improved 

accuracy a method was required which can provide 

continuous information regarding rotor position after every 

instant of time when the motor will change its position or 

will perform switching not only after 60 electrical degrees as 

the old techniques were performing this task for limited time 

span [3]. Undoubtedly all the previous methods had quite a 

lot of benefits associated with them and also they can be 

utilized to accurately estimate rotor position. But apart from 

all these merits, all these  techniques ultimately fell short 

when it came to test the performance of motor at low 
speeds, other cons  which were associated with these 

techniques include varying ranges of speed of all these 

techniques requires  betterment.  Most of the times, 

therewere issues of disturbances and perturbations in 

mechanical control objects[4].Designing and modeling of 

motor parameters were also complicated, so considering all 

the above mentioned shortcomings these methods are not 

applied currently and frequently, as they hadnumerous 

disadvantages linked with them[5]. Because of all the above 

mentioned reasons there was a requirement to overcome 

these problems by introducing a technique which had the 
audacity to deal with these problems. An advanced method 

will be described in detail in this research article whose 

ultimate aim is to efficiently and accurately perform 

approximation of speed and rotor position with enhanced 

accuracy. The method which will perform this task with 

great accuracy is the Extended Kalman Filter. This is one of 

the latest and cost friendly method which is adopted 

currently to enhance motor performance.Estimation of 

parameters will take place by the utilization of line voltages 

of stator and phase currents [6]. Certain parameters needs 

consideration for the purpose of estimation and those 
variables are described in detail in the forthcoming 

paragraphs and some other parameters which needs 

considerationare rotor position and speed[7]. Extended 

Kalman Filter is an iterative process for non-linearized 

systems that gets disturbed by noise, in the which first step 

is to predict about system state and next step involves 

correction of predicted estimated state by utilization of a 

recent measurement process so that an estimation of the next 

state can be generated [8]. Basically this method involves 

the online estimation of state variables so that speed and 

rotor position can be approximated by utilization 

ofcalculated values of voltages and currents of permanent 
magnet 
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synchronous motor [9]  in the absence of position 

sensorExtended Kalman Filter will perform online 
estimation in which maximum steady state error between 

estimated and actual speed of motor will get reduced. 
 

II. ESTIMATION OF SPEED EMPLOYING 

EXTENDED KALMAN FILTER 
 

This is an online estimation technique that 

approximates the system state by the application of signals 

that gets disturbed by noise ripples. Extended Kalman Filter 

will approximate the unidentified variableslike stator 
resistance Rs and afterwards it will perform the task of 

parameter estimation. The deterministicobserver that has no 

noise is luenberger and that can be applied to time-invariant 

linear systems[10]. EKF considers thatthe noise sources 

have certain inaccuracies associated with them in 

measurements and modeling. Generally for linear systems 

Kalman Filter is utilized and for the systems that are 

subjected to disturbances Extended Kalman Filter is applied 

for those systems[11]. 
 

Normally the machine model is shown below:  
 
dx

dt
= Ax + BVs 

 

x=[ids, iqs, Ψdr, Ψqr]T 

 

Vs=[Vds,Vqs, 0, 0] 
 

Where 

 ids, iqs= Stator current 

 Ψdr Ψqr= Rotor flux 

 vds,vqs = stator voltage 

 Vs= Input Vector 

 ωr= Rotor speed 
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Description of Variables: 

 Lm=magnetizing inductance 

 Rr=Rotor resistance 

 Rs= Resistance of Stator 

 σ = Position of Rotor 

 ωr = Rotor Speed 

 Lr= Inductance of Rotor 
 

 

 

 

 

 

III. MATHEMATICAL MODEL OF EXTENDED 

KALMAN FILTER 
 

The Extended Kalman Filter employs dynamic 

machine model which considersspeed a state as well as a 

parameter. 
 

Y = CX 
 

X=[ ids, iqs, Ψdr, Ψqr, ωr] 

 

          C =       1      0      0        0   0   

                       0      1      0        0    0    

 

                   Y=    [ids   iqs] =  is 
 

Speed ωr can be considered a state as well as a 

parameter. If there are no changings in the speed 

dωr/dt=0[12]. This is quite justified consideration because 

time of sampling is lowor inertia of the load has high value. 

If the consideration is that speed ωr is a parameter of 
constant value then nonlinear model of EKF can be 

considered linear 
 

IV. IMPLEMENTING EXTENDED KALMAN 

FILTER DIGITALLY 
 

For the implementation of Kalman filter in digital 

mode, the model should be discretized first and [13] there 

are some noise sources associated with the model  which are 

designated as V and W so in the discrete mode, the model 
can be defined in the form of following equation. 

 

 X(K+1)= AdX(k) + BdU(k)+ V(k) 

 Y(k) = Cd X(k)+ W(k) 
 

All these variables have no dependence over each 

other. For the purpose of noise and statistics measurement 

covariance matrices are employed which are denoted by P, 

Q, and R.  The process of Extended Kalman Filterinvolves 
two which are prediction and correction.In the first 

steppredicted values (k+1) are obtained on the basis of 

machine model and previous values of the estimated states. 

In the second step filtering starts from vector Q in which 

estimated state (K+1) is found from the previous prediction 

state with the addition of the factor, which is ek where eis 

basically be the variance between predicted and estimated 

state and k is Kalman gain. This gain is basically utilized to 

optimize errors in estimation. For the purpose of 

calculations of EKF, a correction term is involved which is 

designed in such a manner that it always remains close to 

zero. Following steps are involved for designing of 
Extended Kalman Filter[14]. 
 

A. Extended Kalman Filter Steps 

Step 1 Initialization of state vector and other matrices 
X(0), Qo, Ro, Po 

 

Step 2 Prediction of state vectors 

 X(k+1,K) = X(k+1) = AdX(k) + BdU(k) 
 

Step 3 Estimation of P(k+1) which is covariance 

matrix 

P(k+1)=f(k+1) P(k)fT(k+1)+Q 
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Step 4 Computation of Kalman Filter Gain 

K(k+1)= P(k+1)h(k+1)[h(k+1) P(k+1) hT (k+1)]-1 

 

Step 5 Estimation of state vectors 

X̂ (K+1)=X(k+1)+K(k+1)[Y(k+1)] 
 

Step 6 Updating P̂(K+1) of covariance matrices 

P̂(K+1)=P(K+1)-K(k+1)h(k+1)P(k+1) 
 

B. Block Diagram with Extended Kalman Filter 

Complete representation of experimental setup of 
Extended Kalman Filter is shown in the form of block 

diagram which is drawn in the form of figure below [15]. 

The blocks consists of different components including DC 

input, inverter for the purpose of switching, current sensors, 

brushless dc motor and an Extended Kalman Filter is used  

for the purpose of estimation of speed and rotor position. 

Fig. 1: Block Diagram of BLDC Motor for Position and Speed Estimation 
            

The research employs a brushless DC motor which is 
utilized in the form of synchronous motor. In order to 

energize the motor, trapezoidal input is given to the motor, 

which can be done by switching motor at proper instants of 

time by using analogy of switching. First of all, dc input is 

given to the motor and afterwards, the dc input is fed to the 

MOSFET, which will serve the purpose of inverter, and 

convert the DC input into AC and ultimately the motor will 

run. Kalman Filter will generate estimation of voltages and 

currents from the terminals of the motor. Once these values 

are obtained, they are fed to the PI controller and afterwards 

to the logic table, which will perform the function of 
switching. The controller will make electromagnetic torque 

as a reference. Sensors will provide step input to the 

MOSFET, which will work on the position of the rotor and 

stator. The sensor will take into account the position of 

stator and rotor by detection of the electromagnetic force, 
which will be obtained by the positions of the stator and 

rotor[16]. Afterwards, the stator and rotor positions will be 

fed into zero and ones and afterwards to the proportional-

integral controllers via analog to digital converters. The non-

linear system will take these values as reference and will 

perform switching of the motor. The Extended Kalman 

Filter model can be made linearized about an estimator of 

current mean and covariance. In the case of well-defined 

and transitioned model of EKF, generated values of 

estimated flux linkage of the stator andoriginal velocity of 

the rotorwill be obtained by utilizing values of voltage and 
current from the terminals of the motor. With the help of 

these values, the ripple generation in the torque will be 

controlled by the PI controller and ultimately, the ripple will 

be minimized[17]. 
 

V. SIMULINK MODEL WITHOUT EXTENDED KALMAN FILTER 
 

The motor model to obtain estimation of motor speed without involving Extended Kalman Filter is depicted below. 
 

 
Fig. 2: Simulation of BLDC Motor withoutExtended Kalman Filter 
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VI. PROPOSED SIMULINK MODEL EMPLOYING EXTENDED KALMAN FILTER 
 

The motor model to obtain speed and rotor estimation applying Extended Kalman Filter is shown below: 
 

 
Fig. 3: Simulation of BLDC Motor with Extended Kalman Filter 

 

VII. COMPARISON OF RESULTS 
 

Comparison of motor speeds with and without 

Extended Kalman Filter are shown in the below results. 
Constant and steady-state speed cannot be obtained as the 

ripple generation in the toque is quite high. In this scenario, 

reference speed is kept close to 1000 rpm. In the first case as 

no estimation technique is present so the value of speed 

slightly increase from the reference speed of 1000 rpm and 

there is also ripple generation in this case. Whereas, in the 

second case motor runs smoothly without torque generation 

in speed as estimation technique of Extended Kalman Filter 

is used. 

 

A. Motor Speed Without Extended Kalman 
Motor speed without application of Extended Kalman Filter is shown in the below diagram 

 

 
Fig. 4: Motor Speed without Extended Kalman Filter 
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B. Motor Speed With an Extended Kalman Filter 

Torque ripple generated in motor speed is much improved after employing Extended Kalman Filter as shown in the below 
figure 

 

 
Fig 5.Motor Speed with Extended Kalman Filter 

 

VIII. TORQUE RIPPLE IN BLDC MOTOR AND ITS 

IMPROVEMENT 
 

Ripple generated in torque is due to various problems 

in the motor including cogging of torque, the interaction of 

flux in the air gap, magneto motive force and disturbances, 

which ultimately cause mechanical imbalance. As 
consequence of thesereasons motor speed usually gets 

reduced. So Extended Kalman Filter technique will be used 

to getan estimation. This technique is specially designed to 

control torque ripple generated in the motor, and utilizing 

the application of this technique, ripple can get managed in 

the system and by controlling torque, ripple generation in 

speedcan be reduced. Torque ripple reduces of motor rated 

speed. The torque ripple can be obtained by many ways, 

including varying input voltage, current control algorithm, 

and control of frequency, unipolar and bipolar method. In 

this research, an Extended Kalman Filter will be employed 
to minimize ripple in the torque and speed. A comparison 

between the results of torque ripple generated in a BLDC 

motor is drawn and it can be clearly viewed from the results 

that the torque ripple is controlled significantly after the 

application of Extended Kalman Filter which ultimately lead 

to better performance of BLDC motor and problems of noise 

in the motor were also reduced after the utilization of 

Extended Kalman Filter. 
 

A. Torque Ripple without Extended Kalman Filter: 

Motor shows high torque without an Extended Kalman 

Filter as there was no estimation technique to control torque 

ripple generated in the motor. This can be shown in the 

figure below: 
 

 
Fig 6: Torque Ripple in BLDC Motor without Extended Kalman Filter 
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B. Improvement in Motor Torque after applying Extended Kalman Filter 

Motor Performance shows significant improvement after application of Extended Kalman Filter as it can also be viewed from 
the below figure. 
 

 
Fig. 7: Torque Ripple with Extended Kalman Filter 

 

C. Stator Currents and Back-EMF in a BLDC Motor 

Switching is generated in the motor at the instant when stator currents and back-EMFchanges there Position from one instant 

of time to another switching positions are shown in the below figure 
 

 
Fig. 8: Stator Currents and back-EMF of BLDC motor with  Extended Kalman Filter 

 

IX. CONCLUSION 
 

Undoubtedly, Extended Kalman Filter is widely 
applied in various fields and is the most accurate methods 

for position estimation of the BLDC motor. But there are 

also some limitations of this technique, which include 

properinitialization of machine model parameters, the 

complexity of computation difficulty in the calculation of 

parameters, and modeling errors. Due to these reasons, the 

usage of EKF is limited on a larger scale. Still, if these 

shortcomings can be overcome then it has quite a lot of 

benefits and applications, including accurate estimation of 

rotor speed and due to reason, it is applied in this research. 
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