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Abstract: This article describes the process of developing a MS-SVPWM controls BLDC motor rotational speed. This innovative 

control approach improves BLDC efficiency at a variety of speeds and loads. Construction of the prototype around a brushless DC motor 

with 400 W of output power, 30 V of voltage, and 3000 rpm of rotational speed. The drive's unregulated rectifier supplies the necessary 

DC current to the inverter. The desired drive control is an MS-SVPWM scheme with ANFIS control. By contrasting the operation of 

conventional space vector PWM& with that of a multi-sector SV-PWM system, ANFIS controllers can choose the best drive sector & 

detect mismatched pulses. This unique switching control mechanism not only improves the efficiency of the BLDC system but also 

reduces the switching losses experienced by the inverter. This MS-SVPWM effectively reduces undesired distortions like THD, torque, 

& DC voltage ripple. To check the feasibility of the proposed system, MATLAB Simulink simulations are run. System simulation and 

experimental findings for the RP2040-controlled MS-hardware SVPWM are presented. 

Keywords: BLDC drive, MS-SVPWM, ANFIS control, MATLAB Simulink, RP2040 controller.  

1. Introduction 

There is less electrical noise, higher efficiency, and more 

usable torque at low speeds with a brushless DC motor 

compared to a conventional one. Because of this, it has 

found significant application in manufacturing. In 

DC/AC power conversion, Voltage Source Inverters 

(VSI) are employed for their versatility in power 

production across a wide variety of voltages and 

frequencies. An inverter's output can be changed with a 

high fundamental component and minimal harmonic 

distortion by employing a modulation approach [1]. 

Several scholarly descriptions of various PWM 

techniques can be found in the scholarly literature. Some 

research suggests that the performance of a drive can be 

greatly improved by employing a PWM technique [2]. 

This includes the reduction of EMI, torque ripple, 

induction motor noise, and voltage and current 

harmonics. The drawbacks were mitigated by several 

PWM strategies. Various pulse width modulation 

methods exist Sine-triangle PWM, SHE PWM, SVM, 

and Random PWM. Methods of pulse width modulation 

include. 

Square Wave Modulation (SVM) is replacing Pulse 

Width Modulation (PWM) as the standard PWM for 

voltage supplied converter AC drives [3, 4]. In the 

context of SVM, it is feasible to use either a continuous 

or discontinuous modulation mode. When comparing 

discontinuous modulation to continuous modulation, 

switching losses are reduced by 33%.There are a wide 

range of space vector discontinuous modulation types to 

choose from. It all comes down to which sectors house 

the switches. Using the 0-, 30-, 60-, and 90-degree axes, 

you may rotate these regions through a whole 360 

degrees [4]. Each sampling period returns a single '0' 

state. The constant switching and sampling rates suggest 

that these modulations belong to the deterministic pulse 

width modulation family. In all cycles, the order of the 

switches remains the same. 

Methods utilising randomised phase-wise modulation 

(RPWM) switch between high- and low-frequency 

intervals at random. The fundamental flaw of the RPWM 

method is its inconsistent switching frequency. For the 

RPWM to work in a digital setting, an additional control 

algorithm is needed. Variable frequency drive is gaining 

support in industrial control. Controlling and estimating 

AC drives is harder than DC drives [5]. This intricacy 

grew as the drive's performance elevated. In scalar 

control, just the absolute value of the control variables is 

modified. However, flux and torque are regulated by 

other parameters, such as magnitude and frequency [6]. 
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Therefore, vector control is more common in industrial 

settings than scalar control. Vector control employs the 

Field Oriented Control (FOC) strategy, which is inspired 

by the concept of the separately stimulated dc motor. The 

control algorithm for both flux and torque can be 

implemented with straightforward regulators using this 

method. Field-oriented control relies heavily on 

coordinate transformation. However, the correct rotor 

flux angle is required for transformations. Both direct 

and indirect FOC methods rely on the calculation of 

angles [7]. While mechanical speed is the key 

requirement of the Indirect FOC approach, a rotor flux 

estimator is the fundamental necessity of the Direct FOC 

method. In order for this technique to work, current 

controllers must be used. By shifting the relative position 

of the two flux vectors, DTC controls torque. Flux & 

torque control loops are essential to DTC systems. [8]. 

Although hysteresis control for digital-to-analog 

conversion (DTC) in an analogue arrangement is 

straightforward, DTC with a hysteresis controller 

employed in a DAP behaves somewhat differently from 

the analogue approach [9]. The quick torque and 

switching frequency of the DTC method, as well as the 

decreased harmonic loss, make it preferable to vector 

control. At low sampling frequencies, switching 

frequency and torque error are usually immune to 

hysteresis. band's influence. Increases in the hysteresis 

band cause a drop in switching frequency & an increase 

in torque error when using a fast sampling rate [10]. 

Thus, the conventional DTC method has flaws, such as 

erratic switching frequencies, substantial switching 

losses, and frequent sampling. 

Closed-loop control [11] describes a system that 

maintains a constant rotational speed for a BLDC User-

input brushless DC motor. Users can set the device to run 

the motor at 25%, 50%, or 75% of top speed.  Digital 

signals of a particular type are referred to as "pulse width 

modulation" for convenience. One application of the 

pulse width modulator (PWM) is in sophisticated control 

circuits [12]. By using SV-PWM, A constant dc input 

produces a 15% more stable output voltage than pulse 

width modulation. Applied to multi-stage converters, this 

maximises dc link voltage use [13]. In comparison, it has 

lower THD and switching losses at a fixed switching 

frequency and Ma. 

If you have a three-phase, three-leg inverter, you can set 

the line voltages to Vdc, zero, or some other value by 

using the inverter's six switches in various switching 

combinations. When using SVPWM, a rotating vector is 

employed to determine if and when the switch should be 

engaged [14]. Multiple PWM techniques have been 

developed and deployed to mitigate these shortcomings. 

In electronics, pulse width modulation (PWM) takes 

many forms [15]. Some examples include sin-triangle 

PWM, SHE PWM, SVM, and random-phase PWM. 

Space vector modulation (SVM) is a popular PWM for 

voltage fed converter drives due to its improved 

harmonic quality and increased linear range. This article 

explains how PWM pulses govern adaptive networks. 

ANFIS sensor-free closed-loop controls were tested on 

BLDC DTC systems [16]. Since electrical commutation 

every 60 degrees resolves the stator flux linkage 

amplitude, BLDC-DTC cannot affect it. 

This system is called ANFIS—Adaptive Neural Fuzzy 

Inference System. The ANFIS toolbox function produces 

a FIS from an input/output data set by modifying the 

membership function values via back propagation or 

least squares. This may teach your fuzzy system anything 

about the data it represents. You can see a picture of the 

Takagi-ANFIS building down below. The rings show 

nodes that don't move, while the squares show nodes that 

do [17]. The ANFIS logic improves system performance 

in static & changing conditions. The fundamental 

network structure comprises all teachable ANFIS 

network paradigms. [18]. This controller doesn't try all of 

the rules when choosing what actions to take. Instead, it 

uses a subset of them. So, the suggested controller is 

better for real-time control than the standard ANFIS 

controller because it has more advantages, including a 

shorter execution time [19]. In an adaptive network, the 

general behaviour of inputs and outputs is set by node-

connecting tuneable parameters. 

This study shows how an ANFIS controller can control 

BLDC motor speed and torque using MS-SVPWM. 

Under penalty of higher switching losses [20], it also 

enables more accurate adjustment of the inverter's output 

voltage and enhanced drive performance. Organisation of 

the paper: an overview of the planned driving system, a 

description of the MS-SVPWM for the inverter, & 

finally, the results of the paper's simulations & hardware 

evaluations. This concludes the recommendations [21]. 

2. Proposed System 

Adjustable speed drives (ASDs) can be used for a wide 

range of purposes. Because of its inexpensive price, low 

maintenance needs, and high output, induction motor 

drives (IMDs) are gaining in popularity. Unlike standard 

DC motors, BLDC ones sync their operations to the 

magnetic field's frequency. The magnetic fields in the 

rotor and stator spin at the same frequency [11]. Unlike 

conventional DC motors, which utilise brushes for 

commutation, BLDC motors can be controlled 

electronically. Over induction & Brushed DC motors, 

BLDC motors have several advantages. The motor's 

increased size and reduced weight make it a practical 

choice for these applications. Instead of "sliding" at low 

speeds like induction motors do, BLDC motors maintain 
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constant torque. Figure 1 depicts the three-phase, two- pole brushless DC motor (BLDC) used in this piece. 

 

Fig 1. Proposed system BLDC Drive block diagram 

With an angle of 120° conduction mode 3  BLDC 

motor, the signals of back EMF& phase current are 

shown below [22]. The analysis of BLDC motor may be 

observed in the circuit and equations below. With a 

BLDC drive, it is possible to formulate a mathematical 

model in by Solving algebraic-nonlinear differential 

equations [23]. The BLDC motor phase voltage formulae 

are below: 

 

 

 

 

In this equation, & & , are 

phase voltages, currents & back EMFs respectively, there 

are three constants in a circuit: the phase resistance, Self- 

and mutual inductances L and M. The magnetic torque 

can then be determined by using this formula. 

 

Where represents the rotor mechanical speed & 

motion is given as:  

 

For a centrifugal pump, the relationship between 

hydrodynamic load torque and rotational velocity looks 

like this: where B stands for J for driving inertia, T l for 

hydrodynamic load torque [24]. 

 

The relationship between K is the pump torque constant 

and for the motor with P poles, the electricity and 

mechanical speed. [25].  

 

 

3. MS-SVPWM architecture based on ANFIS 

PWM is often utilised to control the converter's power 

electronic changes. Converter circuit performance 

degrades in high voltage applications due to constant 

switching states. Constant switching between phases 

causes significant switching losses in the converter. In an 

effort to reduce the amount of energy wasted as heat by 

the power converter, numerous PWM techniques have 

been investigated. Power converters waste energy in the 

form of the developers created space vector pulse width 

modulation (SVPWM) to reduce switching losses. The 

SVPWM's symmetrical control means that the switching 

condition of each sector can be predicted. 

Conventional SVPWM Technique: Regular space vector 

PWM creates the reference voltage vector by activating 

one of 8 different switching patterns for a fixed period of 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(7s), 07–19 |  10 

time. See Figure 2 and consider the top half of the 

hexagon. A time-averaged amplitude space-vector (SV) 

at an angle =t from the d-axis requires the inverter to be 

at the sector border and zero. Maintain state (1,0,0) for 

T1, T2, and ZSVS for T0. In well-balanced SV 

modulation, V0 should worry about T0/2 and V7 about 

T7/2. According to Eq. (10), the inverter generates a 

time-averaged SV with amplitude Eq. (9). Carrier period 

Tz is defined as. 

 

Fig 2. SVPWM basic switching vectors 

 

To calculate & the angle (), the Clarke and Park 

transformation is employed. If you want to move from 

the a-b-c plane to the d-q plane, you can use A, B, C, D, 

Q: Clarke's transformation. According to Eqs. (11) and 

(12), the Park transformation transforms two axes into d 

and q. (12). 

 

 

Time periods T1, T2, and T0 are determined using these 

steps; 

Let's examine the first business niche. Vector states V0, 

V1, and V2 should be triggered at times T0, T1, and T2, 

accordingly. The entirety of time, denoted by Tz. Let's 

say 1 kilohertz (kHz) is the switching frequency we've 

decided upon. Tz=.00001 sec (1msec) 

This case 

 

 

 

And so, for the times that the switches in Sector 1 are on. 

To determine which vector combinations in time are 

most effective, it is sufficient to perform some relevant 

computations in each individual sector. The modulation 

index controls both the output voltage's frequency and its 

amplitude.
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Fig 3. MS-SVPWM Pseudo code  

 

Fig 4. Representation of Hexagon MS-SVPWM. 

The High-Speed Spatio-Velocity Pulse Width 

Modulation Scheme: In this research, researchers 

examine the in a VSI-based BLDC drive, Hybrid MS-

SVPWM is used to dynamically alter the switching state. 

In Figure 3, we can see the transitions that occur 

throughout the MS-SVPWM implementation. 

As a rule, 3- VSI’s a total of eight distinct switching 

losses, with states 1-6 representing active switching and 

states 0 and 7 representing idle switching. Where 

=1,2,3,4,5,6, and the number of quarters is 4, the 

asymmetric voltage vector is denoted as,, & in MS-

SVPWM. Figure 4 depicts the MS-SVPWM's sector 

count, which is 24. The MS-SVPWM 15° vector will be 

computed using the V1 and V2 are non-zero vectors, and 

V0 and V24 are zero vectors. 
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Fig 5. Structure of the ANFIS Suggested. 

The conventional methods of control have been 

surpassed in effectiveness by both FLC and ANNs. 

Improved dynamic behaviour and faster convergence can 

be found in an ANFIS (Adaptive Neuro-Fuzzy Interface 

Systems) system as compared to FLC and ANN. 

Following the FLC rules in table 1, the ANFIS controller 

forms the basis for the MS-SVPWM implementation 

depicted in figure 5. The SV product at time t0 

determines the inverter's dynamic switching behaviour. 

The initial voltage sector actively switching weights on 

the voltagevector are w1, w2, w3, w4, w5, and w6. 

Voltage vectors v0 and v7 are inactive partners for w0 

and w7. Here, we employ the expected values of the 

hexagonal voltage magnitudes as weights. 

Table 1. FLC’s instructions 

Outputs 
 

 
-NM -NS -Z -PS -PM -PB  

E -NB -NB -NB -NB -NB -NM -NS -Z 

-NM -NB -NB -NB -NM -NS -Z -PS 

-NS -NB -NB -NM -NS -Z -PS -PM 

-Z -NB -NM -NS -Z -PS -PM -PB 

-PS -NM -NS -Z -PS -PM -PB -PB 

-PM -NS -Z -PS -PM -PB -PB -PB 

-PB -Z -PS -PM -PB -PB -PB -PB 

 

 

Fig 6.  input/output functions before ANFIS training. 
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The vector and angle nearest the origin are given the 

most priority for generating MS-SVPWM based on their 

magnitude and divergence from the sector angle. The 

reference voltage vectors (14) will be calculated using 

equations (9), (10), and (11), respectively. We compare 

the performance of MS-continuous SVPWMs to that of 

their discontinuous counterparts over a wide range of 

loads, using both Simulink and experimental approaches. 

The MS-SVPWM control based on ANFIS works very 

well as a VSI power supply for a BLDC motor drive. As 

can be observed in Figure6, the ANFIS controller design 

and training improves the system-wide stability. 

ANFIS Controller: Setting up an ANFIS: The ANFIS 

controller & teaching it to fine-tune its initial fuzzy 

settings in order to perform the required control action in 

a variety of operational contexts is detailed. 

Initialization: Input load vector & is to determine 

error (e) & change in error ( ) 

 

 

 

 

Fig 7. Proposed system power circuit with RP2040 controller. 

Figure 7 shows an RP2040 Controller used to govern a 

BLDC and MS-SVPWM. The three-phase BLDC 

voltage waveform is shown. Rapidly changing load 

conditions have skewed the system's output voltage, as 

shown in Figure 6. 

 

Select membership function from Ai=1 to 7 

 

 

Forward pass: Here, we employ a rule inference layer. 

All interactions at this level are labelled, fixed nodes that 

multiply incoming signals and return the product. The 

activation of a fuzzy rule is proportional to each neuron's 

output. 

 

Backward pass: This layer's focus is on achieving data 

normalisation. There are N nodes in this layer, and each 

one is a circle with the label "N" at its middle. The rule's 

efficacy is calculated as a percentage of all rules by the i-

th node. 

 

 

The properties of this node are denoted by pi, qi, and ri, 

whereas ANFIS stands for the average normalised firing 

intensity. 

 

 

Training data: Multiplication of rate of change (e2) & 

input signals error (e) by the k1 & k2 coefficients.  

 

The proposed fuzzy structure requires value estimates for 

21 premise and 14 consequence parameters. Here is the 
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process followed to compile the database used to teach 

the ANFIS the optimal I/O pattern: 

i. The design process occurs in a wide range of 

configurations within the switching business, i. 

ii. Second, repeat the first procedure using a 

variety of switching angles and loads. 

iii. The resulting training pairs (Vd, Vq) are then 

utilised to design the fuzzy controller.

 

Fig 8. Curve between Torque & Speed. 

Figure8 demonstrates that the speed response using the 

proposed speed controller is practically the same with 

and without the load disturbance. As a result, the 

proposed controller ensures the steadiness of the system. 

4. Results and Discussions 

A three-phase, three-direct current (BLDC) motor rated 

at 400 watts was used for this task. Several situations are 

simulated, such as starting up, running smoothly, 

experiencing a sudden change in load, and switching the 

direction the motor is spinning in. The torque, flux, and 

ripple in Figure 9(a)-(f) are also indicative of a more 

steady state-like condition. In this study, we propose 

employing Discontinuous MSSVPWM methods to 

reduce steady-state ripple. Hybrid vector control 

technique proposed greatly reduces the steady-state 

torque ripple, flux, and current compared to conventional 

methods. 

 

Table 2. Parameters of BLDC motor drive. 

Parameter Quantity Parameter Quantity 

Friction 0.005N m-s I/P phase-phase voltage (AC) @220 V 

L (Inductance) 08.50  H Diode ON state resistance 01.0  

Torque constant 104 N-M IGBT’s forward voltage 00.8 V 

Flux linkage 0.175 Breaking chopper resistance 8 ohms 

V constant (V peak) 147.00 V Inverter’s IGBT’s ON state resistance  01  ohms 

Equivalent circuit resistance  0.2 ohm Snubber capacitance 20  

Snubber resistance 10  ohm Power 3 HP 

Inertia 0.089kg*sq. m Chopper frequency 4000Hz 

Back EMF flat area 120 Forward voltage 1.3V 

Poles pair 4 Speed 1650 rpm 
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Simulation results: MATLAB Research into Simulation 

of BLDC motor drive using Simulink. The simulation 

inquiry parameters are in Table2. Parameter under load 

fluctuations when there is uncertainty further improves 

speed performance. 

 

(a)                                                                             (b) 

 

(b)                                                                                            (d) 

 

(e)                                                                                                  (f) 

Fig 9. MS-SVPWM current, torque, speed, and DC voltage for the stator of a clockwise-rotating BLDC drive direction. 

Rated load of (a) 20% (b) 50% (c) 100% and with anticlockwise direction (d) 20% (e) 50% (f) 100%. 

Experimental results: Parameters describing the BLDC 

drive's presentation are shown in Figure 9. The authors 

utilised an RP2040 Controller to manage a BLDC and 

MS-SVPWM. The research revealed BLDC generated a 

three-phase voltage waveform like this. Rapid load 

changes distort the system's output voltage. Regulation 

of transient distortion in a VSI's output voltage is made 

possible by implementing MS-SVPWM in a digital 

signal processor controller. 
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Fig 10. BLDC drive’s output waveforms with clockwise & anticlockwise direction.  

As can be seen in Figure 10, The BLDC motor drive 

delivers electromagnetic torque identical to the TL and 

has little torque ripple. While changing directions and 

loads. Use FLUKE power quality analyzer and Power 

log software, you can determine the number of 

harmonics present in the VSI's three-phase output 

current. Figure 11(a) and Figure 11(b) depict the results 

of measurements taken of THD(b) is the Total Harmonic 

Distortion measured at the load current. 

 

(a)                                                                                        (b) 

 

(c) 

Fig 11. MS-SVPWM’s THD% of rated load (a) 20% (b) 50% (c) 100%. 

Figure12 shows how the output reference voltage is 

modified by the MS-SVPWM controller in response to 

load changes and speed reversals. As can be seen in 

figures 13 and 14, the proposed ANFIS based 

MSSVPWM system effectively decreased distortion of 

current& widened the current rebuilding range of 3-

phase Inverter, with the latter being a function of the size 

of the DC-link voltage. 
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Fig 12.  MS-SVPWM’s output waveforms with 100% of rated load.  

 

Fig 13. BLDC drive’s current waveforms.  

 

Fig 14. proposed system output waveforms. 

The suggested MS-SVPWM, which utilises ANFIS 

control, has a superior time response in speed settling, 

with a delay of around 10 seconds, observed in both the 

positive and negative speed segments of the speed curve. 

The system successfully attains a speed of 994 rpm, 

which is in close proximity to the desired target speed of 

1000 rpm. The Total Harmonic Distortion (THD) has 

greater significance for average operating speeds, 

wherein its magnitude reaches a minimum threshold of 

2.1%. The utilisation of Modified Sine Space Vector 

Pulse Width Modulation (MS-SVPWM) results in a 

reduction of approximately 5% in ripple within its rated 

torque when compared to standard Pulse Width 

Modulation (PWM) controllers. 
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5. Conclusion 

Standard BLDCs are simple to use and respond quickly. 

Still, when it is in a steady state, torque, flux, and current 

all show a wave. This study shows a new mixed 

asymmetrical SVPWM method for driving BLDC 

motors. In this combination method, the best voltage 

vectors to use are chosen with the help of an ANFIS 

control system. A sample hardware version using an 

RP2040 controller has been made that can drive a 400 

WBLDC motor. With the help of ANFIS, Controller 

sector selection is complete. Optimisation of switching 

losses, torque ripples, stator current fluctuations, and 

Driven system settle time is possible. Modelling shows 

that the suggested strategy reduces torque steady-state 

ripples, flux, and current. Comparisons show that 

ANFIS-based BLDC has a lower time to steady-state 

than fuzzy-based. The recommended strategy could 

reduce inverter switching losses. Speed performance is 

improved via a hybrid vector controller. Parameter errors 

and load force changes are handled. Simulations and 

hardware experiments show that the proposed approach 

works effectively at many speeds. 
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