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Abstract— An artificial Neural Network (ANN) is a simple 

network that has input, output, and hidden layers with a set of 

nodes. Implementation of ANN algorithms in electrical, and 

electronics engineering always satisfies the expected results as 

ANN handles binary data more accurately. Brushless Direct 

Current Motor (BLDC motor) uses electronic closed-loop 

controllers to switch DC current to the motor windings and 

produces magnetic fields. The BLDC motor finds more 

applications because of its high speed, less maintenance, and 

adequate torque capability. This motor is preferred to other 

motors due to its better performance and it is very easy to control 

its speed by Power Converters. The main contribution in this 

paper is applying ANN techniques for effective speed regulation 

of BLDCM in the absence and presence of external load. To give 

an inborn PFC at supply ac mains a converter based on buck 

boost type is intended to work in broken inductor current mode 

(DICM). The execution of the proposed system simulated in 

MATLAB/Simulink environment 

 

Index Terms— Back EMF sensing technique, 

commutation instant, Permanent Magnet Brushless DC 

motor (PMBLDCM), sensor less operation, speed 

independent commutation function, virtual Hall signals, 

ANN. 

 

I. INTRODUCTION 

The sensor less operation of a PMBLDCM (Permanent 

Magnet Brushless DC Motor), is always an interesting 

research area among the researchers in past three decades. 

As the use of electronic Hall-Effect sensors for rotor 

position estimation needs extra wiring and circuitry, making 

the system costly and complex. Moreover, the Hall-Effect 

sensors are fragile and operate satisfactorily over limited 

range of temperature variation. Thus, these reasons have 

restricted the use of PMBLDC motor in low-cost industrial 

as well in home appliances. In the literature, many efforts 

have been made to overcome these demerits. The simple 

technique of position estimation of PMBLDCM is back 

EMF sensing technique [1-5]. In this technique, the 

commutation instants are decided by sensing the zero 

crossing of phase voltage with respect to virtual ground. 

However, the zero-crossing instant of the phase voltage is 

not the exact commutation instant. To achieve exact 

commutation instant, the zero-crossing instant needs to be 

phase shifted. Another method in this category, is based on 

the sensing of zero crossing of line voltages. Damodharan et 

al. [6-7] have shown that the difference in line voltages can 

be approximated as twice the –ve of phase back EMF. 

However, zero crossing of phase back EMF also gives the 

phase shifted commutation instant. The major drawback of 

these methods, is the poor performance at low speeds. As at 

low-speed, phase back EMF is too low to be sensed 

accurately, the effectiveness of the above-mentioned 

method is not good. In another method proposed by Becerra 

et al. [8] and Jahns et al. [9], the sensed back emf of silent 

phase is integrated till it reaches a prefixed threshold value. 

The integration starts at the zero crossing of the phase back 

emf and resets at the threshold value. The threshold value is 

decided at the value where virtual commutation instant 

exactly overlaps with exact commutation instant. This 

method also proves inefficient and less effective at lower 

speeds. Moriera et al. [4] and Shen et al. [10] have reported 

a novel method for sensor less technique in which three star 

connected resistor with neutral point nʹ is connected to three 

phase balanced star connected windings with common node 

n. The frequency of the voltage between the two neutral 

points (Vnnʹ) is three times the frequency of trapezoidal 

back emf. That is why this method is reported as a third 

harmonic back EMF sensing technique. The Vnnʹ waveform 

is integrated and the zero-crossing instant of it, decides the 

commutation instant. The zero crossing of Vnnʹ is phase 

shifted by 300 from the exact commutation instant, 

however, an integration of this waveform exactly 

corresponds to the commutation instant. This technique 

needs the neutral point of the motor which is rarely 

available. In another technique [11], the current through the 

freewheeling diode of silent phase is sensed for 

commutation instant. Due to inductive winding of the motor, 

the current of silent phase freewheels through a diode. By 

sensing this current, the commutation instant is decided. The 

major drawback of this method is that it requires 6 current 

sensing circuits, which makes the system complex, costly 

and bulky. Kim et.al [1] have introduced a speed 

independent function for highly accurate commutation 

instant prediction. As the commutation instant is 

independent of speed, the authors have shown the sensor less 

operation of PMBLDC motor from very low speed to rated 

speed. In this technique, the control is divided into different 

modes of operation. However, for deciding the present mode 

of operation, an information about the previous mode is 

required. In the proposed technique, three speed 

independent H functions are generated to decide the 

commutation instant. These H functions are calculated by 
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sensing line voltages; hence, the neutral point is not 

required. As the PMBLDCM has three phase balanced 

windings, only two-line voltages are sensed and the third 

one is calculated using the other two. Due to the speed 

independency of the H functions, the proposed technique is 

used from zero speed to full rated speed. The three H 

functions independently control the commutation of each 

phase. The commutation instant and the switching pulse of 

three phase voltage source inverter (VSI) completely depend 

on the present value of the H functions. Therefore, this 

technique is used in increasing the reliability on the 

PMBLDC motor drive when operating with Hall sensors.  

The major advantages of the proposed control technique are 

as follows.  

1. Highly accurate and reliable operation of the drive over 

wide speed range.  

2. It doesn’t require any information of past states for 

deciding the commutation instant and switching pulses of 

VSI.  

3. Only two-line voltages are required to sense and calculate 

H functions.  

4. Digital filters are used for eliminating the commutation 

ripple and digital phase compensators are used to 

compensate for phase delay due to low pass filter. Therefore, 

no extra analogy filter or compensator circuit is required. 

This makes the system compact and cost effective.  

5. This technique does not require huge computation. Thus 

it can be easily implemented on a low-cost DSP.  

Main differences between the proposed method and the 

method [1] is listed here  

1. In the proposed method, the rotor position is categorized 

in 6 intervals, and each interval is analysed separately for 

deciding the commutation instant. During the analysis of 

each interval, the symmetry in the waveform of phase back 

EMF and phase currents are used for simplified H function. 

However, Kim et.al [1] have proposed the commutation 

function, which are same for each and every rotor position.  

2. Kim et.al [1] have proposed the G function to identify the 

commutation instant. The frequency of the G function is 

twice the frequency of the phase currents and the phase line 

voltage waveforms, whereas, the frequency of the proposed 

H function is same as that of the phase currents and the line 

voltage.  

3. The implementation of the method proposed by Kim et.al 

[1] requires, two current sensors and one voltage sensor, 

whereas, the proposed method requires only two voltage 

sensors.  

4. The proposed H functions are only the function of 

difference of the line voltages, whereas, the method 

proposed by Kim et.al [1] is a function of three phase 

currents as well as three-line voltages.  

5. The estimation of the position of the rotor by the proposed 

method at any instant, only requires the present magnitude 

of the line voltage. However, the method proposed by Kim 

et.al [1] requires dc link voltage and three phase currents at 

present instant and the information of the phase current at 

previous instant. As the frequency of the G function is 

double the frequency of the phase current the waveform of 

the G function is same for positive as well as negative half 

of the phase currents. Therefore, information of the previous 

instant of the phase current is required to decide the 

commutation instant the waveform of the G function is same 

for positive as well as negative half of the phase currents. 

Therefore, information of the previous instant of the phase 

current is required to decide the commutation instant.  

6. In the proposed method, the phase delay during sensing 

of the waveform has been taken care off. 

II. PROPOSED SENSORLESS TECHNIQUE  

Fig.1 shows the overall PMBLDC motor drive system. A 

three phase PMBLDC motor is fed through a three phase 

VSI. For external commutation of PMBLDC motor, line 

voltages are sensed and the Hall signals are generated using 

a DSP. The DSP is programmed through a personal 

computer. 

 

Fig. 1 Block diagram of proposed BLDC motor drive. 

A. Mathematical Model for PMBLDC motor  

A substantial literature has discussed about mathematical 

modelling of the PMBLDC motor [21-23]. The PMBLDC 

motor has concentrated windings on its stator and permanent 

magnets on the rotor and hence it operates in 1200 mode of 

VSI. Therefore, at any instant, the current enters one phase, 

exits from second and the third phase is open. Hence, only 

two phases are active at any instant and the third phase is 

silent. The phase to neutral voltage equation of phase ‘a’ is 

expressed as, 

 

where, ia is phase ‘a’ current, R and L are phase resistance 

and phase inductance and, λaf(θ) is the rotor flux linking 

phase ‘a’ winding. The rate of change of rotor flux linking 

the phase windings is termed as the induced back EMF. 

Therefore, (1) is modified as, 

 

where, Ean is induced phase back EMF. Similarly, the 

voltage equations for other phases are expressed as, 

 

 

As the neutral point is not accessible, therefore, line voltages 

are expressed as, 
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Similarly, 

 

 

These line voltages are accessed by sensing voltage at motor 

terminals. The difference in vab and vbc gives, 

 

 

Similarly differences between vbc and vca, and vbc and vca 

are as follows, 

 

 

B. Mathematical Model of Proposed Method  

Fig.2 shows the induced back emf and phase current of each 

winding. These waveforms are shown against the rotor 

position. From the figure it can be comprehended that the 

winding current depends on rotor position. Hence for 

excitation of the motor, the rotor position is inevitable. Each 

winding is excited for 1200. Therefore, based on the rotor 

position, the figure is divided in 6 different intervals. For 

any interval, only two phases conduct, and the third one 

remains open. Consider a interval I, current enters phase ‘a’ 

and returns from phase ‘c’, and the current in phase ‘b’ is 

zero. The back emf of phase ‘a’ is constant and positive 

whereas, back emf of phase ‘c’ is negative. Similarly in an 

interval II, current enters phase ‘c’ and returns form phase 

‘a’, and the current in phase ‘b’ is zero. 

For intervals I and II, 

 

Hence, (10 - 12) are modified as, 

 

 

 

From (18 - 20), 

 

 

 

 

 

Similarly, for intervals V and VI, 

 

Hence, (10 - 12) are rewritten as, 

 

 

 

 

 

 

 

 

From (17, 24 and 31), commutation instant of any phase is 

estimated. However, these signals are symmetric about Y-

axis and they have the frequency twice the frequency of 

phase voltage and current. For deciding commutation 

instant, these functions require information about previous 

commutation instant. To make the commutation instant 

independent of the previous states an extra term is added to 

the H-functions. These three signals are further modified as 

follows: 

 

 

 

 

this difference is clearly illustrated in Fig.3. This figure 

shows the comparison between the two terms at 1300 rpm. 

From this figure, it can easily be comprehended that the first 

term is approximately equal to zero, and it has peaks at the 

instant of commutation. These peaks are reflected in the H 

functions, which may further cause false commutation. For 
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detection of proper commutation instant, the first term is 

neglected from the H function. As the H functions are 

independent of the speed, the above assumptions work well 

for wide range of speed variation. This has been clearly 

demonstrated in section IV. However, the assumption is a 

function of the phase currents. The waveform of H functions 

depends on the phase currents. Therefore, the waveform of 

the H functions changes with variation in phase currents. 

This variation is self-explanatory from Fig.15 (a-b). 

As therefore, (32) is 

approximated as, 

 

Similarly, (33-34) can be modified as, 

 

 

 

 

Fig. 2 Comparison between 6iaRa+6La(dia/dt) and 

(2vbcca+vabbc) clearly shows that first term is very small 

as compared to the second term at 1300 rpm. 

Few assumptions are made while deriving the H functions 

and they are summarized as follows. 1. The permeability of 

the core material is neglected.  

2. The permittivity of magnets are considered equal to the 

air. Therefore, phase inductance is independent of rotor 

positions.  

3. The phase windings of the motor are considered balanced 

and identical.  

4. Leakage flux and fringing effect are neglected. 

III. BLDC SPEED CONTROLLERS  

There are several controllers available nowadays like 

proportional integral (PI), proportional integral derivative 

(PID) ANN or the combination between them: Artificial-

Neural Networks, Fuzzy Genetic Algorithm, Fuzzy-Ants 

Colony, Fuzzy-Swarm. But as within the scope of this paper 

the discussion on the PI and ANN Controller will be 

discussed as below. A. PI Speed Controller a Proportional 

Integral (PI) is a feedback control loop mechanism used in 

electrical control system. PI Controller finds its applications 

in many industrial processes where a controller attempts to 

correct the error between a measured process variable and 

reference set point. The algorithm involves a calculation and 

outputting of a corrective action which is done in order to 

adjust the process accordingly. The PI controller, as the 

name indicates, involves two separate modes that are: the 

proportional mode and integral mode. The proportional 

mode determines the reaction to the current error whereas 

the integral mode determines the reaction based recent error 

[6]. Due to its simple structure and ease of use; PI controller 

is widely used in industry. Fig. 3. describes the PI Controller 

based PMBLDC drive. The drive consists of speed 

controller, reference current generator, PWM current 

controller, position sensor, the motor and IGBT based 

current controlled voltage source inverter (VSI). 

 

Fig. 3: Block Diagram of a BLDC Motor with Controller 

Scheme  

The speed of the motor is compared with its reference value 

and the speed error is processed in proportional-integral (PI) 

speed controller. The flowchart in Fig. 3 shows the speed 

control algorithm of a BLDC Motor. The speed loop of the 

typical BLDC motor is generalized in this flowchart and is 

common for any type of controllers used [16]. 

SIMULATION RESULTS 

The Simulink model of the BLDC motor [13]. The 

closed loop controller for a three phase brushless DC motor 

is modelled using MATLAB/Simulink [14] and [15] is 

shown in Fig. 7.1. Permanent Magnet Synchronous motor 

with trapezoidal back EMF is modelled as a Brushless DC 

Motor.  
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Fig4: Simulink model of the PFC based BLDC drive. 

 

Fig 5: Modelling of the controller. 

The model of the controller shown in Fig. 5, receives the 

Hall signals as its input, and converts it into appropriate 

voltage signals. 

 

Fig 6. Output model of the Simulink: stator current, back 

emf, actual speed. 

 

Fig: 7. Reference speed and actual speed in rpm. 

The simulation results shown in Fig. 6 indicates 

that, when a negative torque is applied at time 0.6s, there is 

a peak overshoot in the actual speed, which means it aids the 

motor to run. At other times the speed is stabilized with the 

reference speed. The reference speed is 1500 rpm. The speed 

comparison between the actual speed and the reference 

speed is shown in Fig. 7. 

 

Fig: (a) 

Fig:(b) 

Fig:8 after connecting the cuk converter at the rectifier end 

(a) input voltage and current (b) dc output voltage 

The capacitor is connected at the rectifier end. The 

input voltage and current waveforms as shown in fig 8(a) in 

the currents the ripples will appear and the voltage and 

currents are not maintained unity power factor so the output 

voltage at the rectifier end is not pure DC as shown in fig 

8(b).  
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Fig:(a) 

Fig: (b) 

Fig: 9: Before connecting the cuk converter at the rectifier 

end: (a) input voltage and current (b) dc output voltage. 

We are using cuk converter in the place of 

capacitor then the input side power factor maintained unity 

as shown in fig 9(a) and get the pure DC at the rectifier end 

the waveform as shown in fig 9(b) 

 

Fig: 10. Hall signals and stator current. 

The hall signals and stator current are as shown in fig. 10. 

The hall signals are converted into emf signals then these 

signals are decided to activate the switches.  
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