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Abstract - Permanent Magnet Synchronous Motors
(PMSMs) have become one of the most preferred motor
technologies in modern industrial automation, electric
vehicle systems, robotics, aerospace applications, and
renewable energy systems because of their high
efficiency, fast dynamic response, compact structure, and
improved power density. Conventional motor control
techniques are unable to provide precise speed regulation
and torque control under varying load conditions. To
overcome these limitations, advanced vector control
techniques such as Field Oriented Control (FOC) are

widely implemented in PMSM drive systems.

This paper presents the performance analysis of Field
Oriented Control of PMSM using Hall sensors and Space
Vector Pulse Width Modulation (SVPWM) implemented
in MATLAB/Simulink environment. The proposed drive
system utilizes Clarke and Park transformations for
converting three-phase stator currents into rotating
reference frame components. A Proportional-Integral (PI)
controller is used for speed regulation and current control.
Hall sensors are integrated for rotor position estimation
and synchronization of inverter switching pulses.
SVPWM is employed for efficient inverter operation and
improved DC bus voltage utilization.

Keywords: PMSM, Field Oriented Control, Hall Sensors,
SVPWM, MATLAB/Simulink, PI Controller

1.INTRODUCTION

Permanent Magnet Synchronous Motors are widely used
in modern electrical drive applications because of their
superior operational efficiency, excellent torque
characteristics, high power density, and compact size. The
increasing demand for energy-efficient motor drive
systems has significantly increased the use of PMSMs in
industrial automation, electric vehicles, robotic systems,
CNC machines, aerospace technology, and renewable
energy applications.

Conventional scalar control methods such as Volts/Hertz
control are unable to provide accurate torque regulation
and fast transient response under dynamic operating
conditions. These limitations reduce the performance
capability of PMSM drive systems in advanced industrial
applications. Therefore, vector control techniques such as
Field Oriented Control have become one of the most
effective solutions for achieving precise speed regulation
and independent torque-flux control.

The accurate operation of FOC requires proper rotor
position estimation. High-resolution encoders and
resolvers provide accurate position information but
increase overall system complexity and cost.

Hall sensors provide a low-cost and reliable alternative for
rotor position detection in industrial PMSM drive systems.
Space Vector Pulse Width Modulation is another
important component of high-performance PMSM drives.
SVPWM improves inverter DC-link voltage utilization
and reduces distortion to
sinusoidal PWM  techniques. The
combination of FOC and SVPWM significantly improves
speed response,
efficiency.

harmonic compared

conventional
torque smoothness, and inverter
This research work focuses on the implementation and
performance analysis of PMSM drive control using Hall
sensors and SVPWM MATLAB/Simulink

environment. The developed model is evaluated under

in

different operating conditions to analyze dynamic
performance, inverter switching characteristics, torque
response, and current waveforms.
2. OBJECTIVES OF THE RESEARCH
The major objectives of this research work are listed
below:

1. To develop a complete PMSM drive model using

MATLAB/Simulink.

2. To implement Field Oriented Control for
independent torque and flux regulation.

3. To integrate Hall sensors for rotor position

estimation.
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4. To implement Space Vector Pulse Width
Modulation for inverter switching.

5. To analyze speed response and
performance.

6. To evaluate current characteristics and Hall

torque

sensor waveforms.

7. To compare the performance of SVPWM-based
inverter operation.

8. To improve overall PMSM drive efficiency and
stability.

3. LITERATURE REVIEW

Several researchers have investigated advanced vector
control techniques for PMSM drives. The rapid growth of
industrial automation and electric mobility applications
has increased research interest in efficient motor control
strategies.

B. K. Bose explained the importance of vector control
methods in improving AC motor drive performance. The
research highlighted that Field Oriented Control provides
superior transient response and better torque control
compared to scalar control methods.

P. Pillay and R. Krishnan developed mathematical models
for PMSM drives and analyzed the dynamic behavior of
systems.  Their
demonstrated that independent control of torque and flux

vector-controlled  motor work
significantly improves motor stability.

Several studies compared Sinusoidal PWM and SVPWM
techniques for inverter operation. The results indicated
that SVPWM provides better DC bus voltage utilization
and lower total harmonic distortion. Reduced harmonic
distortion improves current quality and motor efficiency.
Researchers also investigated Hall sensor-based rotor
position estimation techniques for low-cost industrial
applications. Hall sensors provide reliable switching
information for inverter synchronization and eliminate the
need for expensive encoders.
Recent research focuses on integrating intelligent
controllers such as fuzzy logic controllers, neural
networks, and adaptive control algorithms with PMSM
drives. These advanced control strategies improve
robustness and minimize steady-state error under varying
load conditions.

The literature review confirms that the combination of
FOC, Hall sensors, and SVPWM provides an effective

solution for high-performance PMSM drive systems.

4. FIELD ORIENTED CONTROL
Field Oriented Control is an advanced vector control
technique used for high-performance AC motor drives.

The primary objective of FOC is to independently regulate
motor torque and magnetic flux.

The complete FOC process includes:

e Measurement of stator currents

e (larke transformation

e Park transformation

e Current control using PI controllers
e Inverse Park transformation

e SVPWM pulse generation

e Inverter switching operation

The three-phase stator currents are transformed into
stationary reference frame components using Clarke
transformation. Park transformation converts stationary
frame currents into rotating frame components.

The d-axis current controls magnetic flux, whereas the
g-axis current controls motor torque. Independent
regulation of these components enables precise speed and
torque control.

The output voltages are converted back into three-
phase signals using inverse transformations. Finally,
SVPWM generates inverter switching pulses.

5. OPERATING PRINCIPLE OF PMSM
Permanent Magnet Synchronous Motors operate based on
the interaction between the rotating magnetic field
produced by stator windings and the magnetic field
generated by permanent magnets mounted on the rotor.
When three-phase AC supply is applied to the stator
windings, a rotating magnetic field is produced. The rotor
magnetic field attempts to align with the rotating stator
field, resulting in synchronous operation.
The major advantages of PMSM include:

e High operational efficiency

e Reduced copper losses

e High power density

e Compact size

e Fast dynamic response

e Low maintenance requirements

e Smooth speed regulation

However, accurate speed and torque control require
advanced control techniques such as Field Oriented
Control.

6. CLARKE AND PARK TRANSFORMATIONS

6.1 Clarke Transformation

The Clarke transformation converts three-phase currents
into two-axis stationary reference frame components.
Io=1Ia

I = (Ia + 2Ib)/\3
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The transformation reduces computational complexity and
simplifies vector control implementation.

6.2 Park Transformation
The Park transformation converts stationary reference
frame currents into rotating reference frame components.
Id = I cosB + I sinf
Iq = -la sinb + I cos6
Where:

e Id = Direct-axis current

e Iq= Quadrature-axis current

e 0= Rotor position angle
The direct-axis component controls magnetic flux, while
the quadrature-axis component controls motor torque.

7. SPACE VECTOR PWM

Space Vector Pulse Width Modulation is an advanced
inverter switching technique widely used in modern motor
drives. SVPWM inverter efficiency and
provides better DC bus voltage utilization compared to
conventional PWM methods.

The major advantages of SVPWM include:

e Reduced harmonic distortion

improves

e Improved inverter efficiency

e Better voltage utilization

e Lower switching losses

e Smooth current waveforms

e Improved motor performance
In SVPWM, the reference voltage vector is synthesized
using adjacent active vectors and zero vectors. The
generated switching pulses control the operation of the
three-phase inverter.
The implementation of SVPWM significantly reduces
torque ripple and improves current quality.

8. HALL SENSOR BASED R.P. ESTIMATION
Rotor position estimation is an important requirement for
proper FOC operation. Hall sensors provide rotor position
information based on magnetic field variation produced by
rotor magnets.

Three Hall sensors are placed electrically 120 degrees
apart. The generated digital signals identify rotor sectors
and determine inverter switching sequences.

Hall Sensor Switching Table

o o 1
Hall sensors provide:

‘ Sector 6 ‘

e Reliable rotor position estimation
e Simple implementation

e Low-cost solution

e Accurate inverter synchronization
e Reduced system complexity

9. PROPOSED METHODOLOGY
Several researchers have investigated the implementation
of vector control methods for PMSM drives. Conventional
PWM techniques provide acceptable performance but
suffer from switching losses and harmonic distortion.
SVPWM improves voltage utilization and inverter
efficiency.
Hall sensor-based rotor position estimation offers a low-
cost and simple alternative to high-resolution encoders.
The combination of FOC and SVPWM significantly
improves motor dynamic performance, reduces torque
ripple, and enhances speed regulation.
The proposed PMSM drive system consists of:

e Three-phase inverter

e PMSM motor model

e Hall sensor subsystem

e C(Clarke transformation

e Park transformation

e Pl speed controller

e Inverse Park transformation

e SVPWM pulse generator
The Hall sensors provide rotor position feedback to the
controller. Three-phase stator currents are converted into
stationary reference frame components using Clarke
transformation. Park transformation converts these signals
into rotating reference frame components.

10. MATHEMATICAL MODELING
10.1 Clarke Transformation

la=Ia

IB = (Ia + 2Ib)/3

10.2 Park Transformation
Id =Io cos + IP sin6
Iq = -la sinB + I cos6

Hall A | Hall B | Hall C | Rotor Sector 10.3 Electromagnetic Torque Equation
1 0 1 Sector 1 Te=(3/2) x (P/2) x km % Iq
1 0 0 Sector 2 Where:
1 1 0 Sector 3 e Te = Electromagnetic torque
0 1 0 Sector 4 e P =Number of poles
0 1 1 Sector 5 e Am = Permanent magnet flux linkage
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e Ig = Quadrature-axis current

11. MATLAB/SIMULINK IMPLEMENTATION

The complete PMSM drive model was developed in

MATLAB/Simulink environment.
The simulation model includes:
e PMSM subsystem
e Inverter model
e Hall sensor logic
e Pl controller
e SVPWM generator
e Scope blocks for waveform analysis

The developed model was tested under different operating

conditions to evaluate system performance.
Important MATLAB Code Snippet

% Clarke Transformation
I alpha = Ia;
I beta = (la + 2*Ib)/sqrt(3);
% Park Transformation
Id = 1 alpha*cos(theta) + I beta*sin(theta);
Ig = -l alpha*sin(theta) + 1 beta*cos(theta);
% PI Controller
error = ref speed - actual speed;
Iq ref = Kp*error + Ki*integral(error);
% Inverse Park Transformation
Valpha = Vd*cos(theta) - Vg*sin(theta);
Vbeta = Vd*sin(theta) + Vg*cos(theta);
% SVPWM Pulse Generation
Ta = Ts*(0.5 + Valpha/Vdc);
Tb = Ts*(0.5 + Vbeta/Vdc);
Tc =Ts*(0.5 - (Valpha+Vbeta)/Vdc);
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Figure 1. Complete FOC Based PMSM Drive Model

12. Simulation Results and Discussion

The complete PMSM drive system was simulated under
different operating conditions to evaluate speed
regulation, torque characteristics, inverter performance,
and current response. MATLAB/Simulink was used to
analyze the dynamic behavior of the motor during startup
and steady-state operation.

The developed model successfully demonstrated stable
speed control and reduced torque ripple under varying
load conditions. The implementation of Hall sensors
improved rotor position estimation accuracy, while
SVPWM reduced harmonic distortion and enhanced
inverter voltage utilization.

The simulation study also confirmed that the proposed
control strategy provides better current regulation and
efficient motor operation compared to conventional
PWM-based techniques.

12.1 Speed Response Characteristics

The speed response graph demonstrates that the motor
quickly reaches reference speed with minimum overshoot
and stable steady-state operation.
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Figure 2. Speed Response Characteristics

12.2 Electromagnetic Torque Response

The torque initially  exhibits
oscillations during startup. However, the torque stabilizes
rapidly with reduced ripple.

waveform transient
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Figure 3. Electromagnetic Torque Response

12.3 Three-Phase Current Waveforms
The stator current waveforms remain balanced and
sinusoidal.
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Figure 4. Three Phase Current Waveforms

12.4 d-axis Current Characteristics
The d-axis current remains close to zero during steady-
state operation.
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Figure 5. d-axis Current Characteristics

12.5 Hall Sensor Output Characteristics
The Hall sensor waveforms successfully identify rotor
sectors

Hall Sensar Output Charactenstics of PMSM
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Figure 6. Hall Sensor Output Waveforms

12.6 SVPWM Switching Pulses
SVPWM generates efficient inverter switching sequences.
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Figure 7. SVPWM Switching Pulses
The inverter switching pulses improve DC bus voltage
utilization and reduce harmonic distortion.

13. PERFORMANCE ANALYSIS
The proposed PMSM drive system demonstrated excellent
dynamic performance during simulation.
The major performance improvements include:
e Fast speed tracking
e Reduced torque ripple
e Improved inverter efficiency
e Better current quality
e Reduced harmonic distortion
e Stable steady-state response
Reliable rotor position estimation
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Performance Comparison Table

Parameter Conventional Proposed
PWM SVPWM-FOC

Speed Stability | Moderate High
Torque Ripple | High Low
u .

?rmomc Higher Reduced
Distortion
Dynamic Slower Faster
Response
Efficiency Moderate Improved
Currc?nt Average Better
Quality

The simulation results confirm that the proposed PMSM
drive system achieves stable speed tracking, reduced
torque ripple, balanced current response, and improved
inverter utilization.

14. RESULT ANALYSIS

The obtained simulation results indicate that the proposed
Field Oriented Control strategy provides excellent
dynamic response and stable motor operation. The PMSM
drive achieved fast speed tracking with minimum steady-
state error. The electromagnetic torque response
demonstrated reduced ripple and smooth transient
characteristics during startup and load variation
conditions.

The implementation of Space Vector Pulse Width
Modulation improved inverter voltage utilization and
reduced harmonic distortion in the stator currents. The d-
axis current remained close to zero, confirming effective
decoupled control of torque and flux components.

The Hall sensor signals successfully identified rotor
sectors and provided synchronized feedback for inverter
switching operation. The developed MATLAB/Simulink
model demonstrated stable performance under different
operating conditions and validated the effectiveness of the
proposed PMSM drive control strategy.

15. ADVANTAGES OF PROPOSED SYSTEM
e Improved speed regulation
e Reduced torque ripple
e Better inverter utilization
e Enhanced dynamic performance
e Efficient rotor position detection
e Reduced harmonic distortion

16 . FUTURE SCOPE

The proposed PMSM drive system can be further
improved using intelligent control techniques such as
fuzzy logic controllers, neural networks, and adaptive

control methods. Future work may also include hardware
implementation using DSP or FPGA-based controllers for
real-time industrial applications.

Advanced sensorless control algorithms can also be
integrated to eliminate physical Hall sensors and reduce
overall system cost. The use of machine learning
techniques for fault diagnosis and predictive maintenance
can further improve PMSM drive reliability and
efficiency.
Future improvements may include:

e Sensorless PMSM drive implementation

e FPGA-based hardware realization

e DSP controller implementation

e Artificial intelligence-based controllers

e Adaptive speed regulation methods

e Predictive maintenance systems

e Fault diagnosis using machine learning

17. APPLICATIONS
o Electric vehicles
e Industrial automation
e Robotics
e CNC machines
e Renewable energy systems

18. CONCLUSIONS

This paper presented the performance analysis of Field
Oriented Control of PMSM using Hall sensors and
SVPWM MATLAB/Simulink
environment. The proposed drive system achieved stable
speed regulation, reduced torque ripple, balanced current
response, and improved inverter efficiency.

Clarke and Park transformations enabled independent

implemented  in

control of torque and flux components. Hall sensors
provided reliable rotor position estimation and
synchronized inverter operation. The implementation of
SVPWM improved DC bus voltage utilization and
minimized harmonic distortion.

Simulation results verified the effectiveness of the
proposed PMSM drive system under different operating
conditions. The developed control strategy provides an
efficient and reliable solution for modern industrial motor
drive applications.
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