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Three-phase electrical systems are commonly utilized in many
industrial applications. In particular, they are wused in
transmission and distribution lines, as well as in the operation of
asynchronous motors. Despite their widespread use, three-phase
electrical systems are challenging to model and analyze because
of the time-depending parameters. In order to overcome these
challenges, some mathematical methods such as Clarke and Park
transforms are performed. In this study, to ease the
understanding of Clarke and Park transforms, a software
application is developed. The application demonstrates the
effects of changing the voltage, frequency, and phase parameters
on the Clarke and Park transforms. In the proposed application,
users can convert 3-phase (ABC) axes to 2-phase (af) axes, 2-
phase (ap) axes to reference (dq) axes. Application can also
convert 2-phase axes to 3-phase axes with the inverse Clarke and
Park transforms. During the transformation, it visualizes three
separate sequences with a single parameter input, eliminating the
need for repeated parameter input for each axis. Mathematical
modelling and user interface development of the application are
performed in Python programming language.
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yaygin olarak kullanilmaktadir. Ozellikle iletim ve dagitim
hatlarinda ve asenkron motorlarin caligmasinda kullanilirlar.
Yaygm kullanimlarina ragmen ii¢ fazli elektrik sistemlerinin
zamana bagl parametrelerden dolayr modellenmesi ve analizi
zordur. Bu zorluklarin iistesinden gelmek i¢in Clarke ve Park
doniisiimleri gibi bazi matematiksel yontemler kullanilir. Bu
calismada, Clarke ve Park doniisiimlerinin anlagilmasini
kolaylastirmak i¢in yazilim programu gelistirilmistir. Uygulama,
voltaj, frekans ve faz parametrelerinin degistirilmesinin Clarke
ve Park doniistimleri iizerindeki etkilerini gdstermektedir.
Gelistirilen programda, kullanicilar 3 fazli (ABC) eksenden 2
fazli (0f) eksene, 2 fazli (af) eksenden referans (dq) eksenine
doniisim yapabilmektedirler. Doniisiim sirasinda, tek bir
parametre girisi ile, li¢ ayr1 dizi gorsellestirilerek, her eksen igin
tekrarlanan parametre girigi ihtiyact ortadan kaldirilmisgtir.
Uygulamanin matematiksel modellemesi ve kullanici arayiizii
Python programlama dili kullanilarak gelistirilmistir.
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1. INTRODUCTION

Electrical systems have been used in all areas, and they need to be controlled. There are many control
systems and different algorithms. Every one of them is invented for different need of use. Some electrical
systems need precise control, some of them need fast response, some of them need basic systems or
algorithms [1,2]. Every need caused the invention of different control systems. Clarke and Park transforms
are invented for modelling of electrical systems and used in these control systems. They were invented to
ease the control of three phase systems. They are used in the control of both power grids and three phase
motors [3-5].

Clarke and Park transforms used in different areas. When extracting phase information from a three-phase
disturbed signal, a phase detector which is based on Clarke transform and arctangent function is widely
used [6]. When detecting and classifying the transmission line faults, a fault identification matrix (FIM)
based on the change in the resultant current samples of a-f§ components is used [7]. For time-domain
modeling framework for three-phase unbalanced AC power systems, g-dq0 transform is derived as a
generalized variant of dq0 transformation [8]. As g-dq0 transform, Reduced Reference Frame (RRF) which
improves the performance of the classical Fortescue, Clarke and Park transformations is proposed for
unbalanced three phase four wire systems. The RRF transformation represents any unbalanced three phase
sinusoidal magnitude with just two components even if the zero-sequence component is present [5]. For
detecting the fault current from the switching currents, and other transient and loading conditions to
improve the longitudinal differential relay performance, Clarke transform is used [9].

Clarke and Park transforms simplify the analysis and control of the 3-phase systems by converting them
into 2-phase reference frames. This conversion facilities the design of control algorithms such as field-
oriented control (FOC), direct torque control (DTC) and field weakening control (FWC), enhances the
understanding of system behavior under different operating conditions, and makes the modelling and
analysis easier [10,11].

Field oriented control is one of the most used motor control algorithms. In FOC not only magnitude and
frequency are adjusted, but also the instantaneous values of voltage, current, and flux space vectors, which
allows transient operation. FOC uses Clark-Park transforms to control motor. For example, 3-phase
amplitudes and phase values can be controlled via d and q sequences, so 4 parameters can be controlled by
2 parameters [12,13]. This conversion proceeds like this: When V,; is 100V and V; is 0V, 3-phase amplitudes
become 100V and phase becomes 0°, when Vy is -100V and V is 0V, 3-phase amplitudes become 100V
and phase becomes 180°, when V; is OV and V; is 100V, 3-phase amplitudes become 100V and phase
becomes 270°, when V; is OV and V; is -100V, 3-phase amplitudes become 100V and phase becomes 90°.
Phase angle not only becomes the multiples of 90. It can be modified by changing the V,; and V;; parameters
as the users wish. For example, if V; is 90V and I, is 45V, 3-phase amplitudes become approximately 100V
and phase angle becomes approximately 26.6° [4,14].

Although practical applications and visualizations of Clarke and Park transforms are important, it is also
hard to understand for the students and practitioners who are new to the field. Conventional teaching
methods generally use static diagrams and equations, that maybe not fully convey the dynamic relationship
between reference frames to students. Therefore, there is a need for an application to fill the gap between
theoretical concepts and real-world implementations.

In return to this need, this article provides the development of user-friendly software application to calculate
and visualize the Clarke and Park transforms. The application comes with a graphical user interface (GUI)
that allows users to enter the system parameters, perform the transformations, and observe the resulting
waveforms and vector diagrams in real time. The application does all the calculations that are needed to
visualize waveforms of all three sequences, so users can see waveforms and reference frame vectors of all
three sequences by only entering one of the sequence values. With the real time process, users can see how
the difference in parameters can affect the three sequences in time and vector domain. By enabling practical
experimentation, the tool serves as both an educational resource and practical aid for students and engineers
who are working with 3-phase systems.
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2. MATERIALS AND METHODS

2.1. Motor Control

Motor control methods can be categorized as two groups: vector and scalar control [12,13]. Scalar control
consists of SWC (square-wave control), voltage control, frequency control and V/f control (Volts per Hertz)
method [13,15]. SWC mainly used to drive BLDC (brushless DC) motors. In this algorithm, the angle
between the stator magnetic field and rotor magnetic field fluctuates from 60 to 120. The rotor of the motor
needs to commutate six times per turn. Every commutation cause torque ripple. These ripples do not only
affect speed accuracy, and they also cause vibration that affects the system stability. Instead of SWC, using
FOC algorithm provides better speed response and torque stability. In a study while driving BLDC motors,
the average overshoot, average rise time, and average settling time of FOC algorithm (10.43%, 0.44 s,
0.43 s) is less than SWC algorithm (15.68%, 0.67 s, 0.95 s) [1].

In V/f control algorithm, voltage, current, frequency, pole and flux are the main parameters. By changing
the amplitude of these parameters, V/f control can be achieved. While the frequency is constant, by
changing the pole, the speed of the motor can be controlled, but after manufacturing, the pole cannot be
changed. Similarly, by changing the frequency, synchronous speed can be controlled. If the frequency
increases, speed will increase but starting and maximum torques reduce. To maintain the flux constant, the
ratio of voltage and frequency must be constant. If the flux is constant, maximum torque is constant, but
starting torque will reduce [12,13].

Vector control consists of FWC (field weakening control), DTC (direct torque control), sliding mode
control, adaptive control, fuzzy control, MPC (model predictive control) and FOC (field-oriented control)
[2,16]. Induction motor field weakening control uses traditional 1/w, method. Reference motor flux and
above base speed is inversely proportional to the actual speed of the rotor. In this method, excitation current
is given without considering voltage influence current regulation, so to achieve the optimal field weakening
area is difficult. In this control strategy, it is required to set up a complex model and it is strongly dependent
on the motor parameters, so it has poor robustness. FWC limits the voltage, reduces the magnetic field
intensity, arranges enough torque current to improve speed and torque output capacity. Maximum torque
mainly depends on the current limitation and magnetic flux level, so the reasonable distribution of current
is the key to achieving torque increase [11].

The objective of DTC is to maintain torque and stator flux vector within two hysteresis bands. When the
stator flux vector modulus is kept constant, the value of the rotor flux decreases as the load on the motor
increases. The motor can produce any torque the dc- link voltage allows it. Unlike FOC, DTC does not
require coordinate transformation, current control loop and separate pulse width modulator. The structure
of DTC is simple, and it directly obtains PWM from hysteresis comparator to control the motor. Because it
uses hysteresis, DTC has high torque, current, flux ripples, vibration and noise [2,16,17].

MPC is used control various motors [2,18]. If it is used to control permanent magnet synchronous motors
(PMSM) is mainly divided into two: MPCC (model predictive current control) and MPTC (model
predictive torque control). For MPCC, generally the predictive model is derived based on control increment
and construct the cost function in the form of control increment, while in some applications, control quantity
is directly used for the design. Control Increment-Based MPC controller can only limit the output control
quantity indirectly, whilst Romberg type Control Quantity-Based MPC controller can directly limit the
output control quantity. In MPCC, the increment of control quantity is controlled to eliminate unknown
disturbance [2].

Field oriented control first proposed in 1972, with the objective of competing against the separately excited
DC machines which have independent control of current and flux. FOC motor driver control unit is mainly
composed of main controller circuit, a three-phase full-bridge inverter circuit, a three-phase current
sampling circuit, an overcurrent protection circuit, a bus voltage sampling circuit, a Hall sensor signal
sampling circuit, and a power supply circuit. FOC can be implemented in a direct way and indirect way.
For a direct version, the angle of flux space vector is sensed directly and in an indirect version estimated
slip and rotor speed are used to calculate the angle of the flux. To obtain the maximum torque, stator flux
must be orthogonal or at 90 to rotor flux. Alternative names of these fluxes are currents of the quadrative
axis and direct axis. Quadrative axis is aligned with torque compenent and direct axis is aligned with flux
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compenent. If the angle between them is 0, motor does not spin. As the angle starts to increase so the so
does the torque. FOC seeks to maintain the angle between them at 90. To obtain the stator flux (quadrative
axis current — torque compenent) and rotor flux (direct axis current — flux compenent) clarke and park
transforms are used [10,19,20].

2.2. Clarke-Park Transforms

Before implementation of any electrical system, it will be modelled, studied, analyzed and tested in
simulation programs. For these actions and control of the electrical systems, accurate modelling is an
important factor [21]. For modelling and control, many transform formulas have proposed such as Clarke,
Park, Concordia, Kimbark and Boyajyan, Koga, Rama Rao, Fourier, Wavelet and S. Each of these
coordinate’s systems are defined by its own transformation matrix [22-25]. For this article, Clarke and Park
transforms are chosen for their simplicity and global usage.

Both Clarke and Park transforms are invented with the intention of to ease the control of three-phase
systems. During 1920, Park generalized Blondel’s Two-Reaction Theory of Synchronous Machines. This
method solves the armature fluxes in a salient machine along the two axes: quadrative and direct axes. In
the 1930s, Clarke made a series of modifications to symmetrical components. These modifications ease the
calculation of the unbalanced three-phase systems as they do not require the o operator (1/120°) or complex
numbers [4]. “dg0” based transforms used on wide variety of applications for solving objectives of
Electrical Engineering and Power Electronics such as control of electric machines and drives, multimachine
modelling, multi-inverter modelling, microgrid simulation, phase-locked loops (PLL), active power filters,
VSI as a supply for standalone loads with the renewable energy sources, doubly fed induction motor
dynamic model, fault-detection operation mode for an induction motor, three-phase power circuit analysis,
three-phase voltages estimation, coordinates transformation of three-phase quantities, AC-DC converter
theory and power quality [4,14,22,25].

Clarke transform converts 3-phase rotational frame (A, B, C) to a 2-phase reference frame (o, ). A 3-phase
symmetrical system can be defined in Equation (1-3).

V, = Vpusin(wt) 1
Vg = Vysin (a)t + 2?71) 2)
Ve = Vpsin (wt - 2?71) (3)

The conversion is given in Eq. (4-6).

2 1 1

Ve=2(Va—3Vs—3Vc) )
2 (V3 V3

Vo =5 (5 Vs -3 Ve) ©)
2(1 1 1

VO:E(EVA +EVB +EVC) (6)

V, and Vjp represents o and B sequences. Zero sequence is represented by V, and for the balanced systems
value of it is zero. Inverse Clarke transform serves as to convert a 2-phase system to a 3-phase system, and
for a balanced system, the conversion can be seen in Equation (7-9).

V,=V, (7N
VB=(—%V;Z+73V3) ®)
Ve = (=3¥%—3V) ©)
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It can be observed that there is a 90 phase difference between V, and Vj. It means that sinusoidal signals of
a and B sequences have also 90 phase difference between each other.

Park transform is also known as direct-quadrature transform. It is used to transform a 2-phase fixed
reference frame (o, B) to 2-phase rotary reference frame (d, ¢) and the transform is in the Equation (10,11).

Vy = cos(0) V, +sin(0) Vj (10)
V, = —sin(0) V, + cos(0) Vp (11)

0 (reference angle) is obtained in terms of I, and Vj by the Eq. 12.

_ -1(Vs
0 = tan™" (3) (12)
Vg and V;, represents the direct and quadrature axes. 0, the ratio between V, and Vj, is used for calculation
of 2-phase rotary frame axes. Inverse Park transform converts 2-phase time dependent reference frame to a
2-phase fixed reference frame. Transform equations are given in Equation (13,14), the frequency of the
system used for finding the reference angle and the equation to find it is given in Equation 15.

Vo = cos(8) V4 —sin(8) (13)
Vy = sin(6) V, + cos(0) V, (14)
6 =~ —2nft (15)

Clarke-Park transform is the name of the combination of these two transforms. It combines the formulas of
these two and the equations of it are given in Equation (16-18).

Vy = g(cos(Q) V, + cos (9 - 2?”) Vg + cos (9 + 2?") VC) (16)

v, = g(sin(e) V, + sin (9 - 2?”) Vs + sin (9 + 2?”) VC) (17)
_(Va—tvg-2v

6 = tan (W) ()

Inverse Clarke-Park transform converts 2-phase rotary frame to 3-phase rotational frame and is the
combination of inverse Clarke and inverse Park transform. The conversion equations are given in Equation
(19-22).

V4 = cos(8) Vg —sin(0) 19)
Vs = cos (9 - 2?”) V, + sin (9 - 2?”) v, (20)
Ve = cos(@ +2§)Vd+sin(6 +2§)Vq (21)
0 =% 2nft (22)

3. DEVELOPMENT OF SOFTWARE

To ease the calculation and learning of Clarke-Park transforms, an application is developed. The application
visualized the conversion of 3-phase sequence to afy sequence, off sequence to 3-phase sequence, off
sequence to dq sequence, dq sequence to aff sequence, 3-phase sequence to dq sequence, dq sequence to 3-
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phase sequence. It will be a practical tool for those who want to learn Clarke and Parke transforms, and
control and modelling of the 3-phase systems. How the d and q amplitudes could affect the phase, and the
system could be observed via this application. The steps of the application algorithm could be seen as
below:

—_

Start the program

Enter the values for desired transform

Press the “Calculate” button that is under the desired transform values to see all 3 sequences on
the time domain

Before new calculation canvas can be cleared by pressing “Clear” button

Press the “Plot Reference Frames" button to see all 3 sequences on their respectable frames.
Press the “Close” button to come back to the previous window

Press the “Show Transform Formulas” button to see all transform formulas

Press the “Close” button to come back to the previous window

Exit the program

we

e B

The application is developed by python programming language, for easily making the adjustments. Tkinter
graphical python library is used for the graphical user interface and Matplotlib is used for plotting. The tool
provides the opportunity of exploring the relationships between three-phase (abc), Clarke (af),
and Park (dq) reference frames for the users in a highly intuitive manner. With the launch of the application,
users can see the three main input panels corresponding to the three-phase system, Clarke transform,
and Park transform. Each panel allows user to enter desired amplitude, frequency and phase (or dq
amplitudes) values of the respective signals. After entering the values, users can generate the waveforms
by pressing the “Calculate” button in each section and they can observe the change of the waveforms by
changing the values [26, 27]. The GUI (graphical user interface) of the application can be seen in Figure 1.

¢ Clarke-Park Transform - All Waveforms - o X

3-Phase

Amplitude (V): 100

Frequency (f): [50

100 4

50 -
Phase (Degree): 90
oA Calculate

of Parameters

Phase Voltages

-50 4
Amplitude (V): |

Frequency (): |
Phase (Degree):

Calculate

—100 -

100 4

50 dq Parameters
Amplituded (V): |

Amplitude q (V):

Frequency (): |

Clarke Transform

Calculate

Plot Reference Frames

Clear

Show Transform Formulas
=409 — vd
—|va

Park Transform

0.00 0.01 0.02 0.03 0.04 0.05 B
Time [s]

Figure 1. Software user interface

Additionally, the application provides “Plot Reference Frames” button, which opens a new window that
displays the vector diagrams for the abc, aff, and dq reference frames. This visualization aids the users to
understand the transformation of the signals onto orthogonal axes, and how the d and q amplitudes, and
phase value proportion works. This is a key concept in vector control and field-oriented control of AC
machines. For user convenience, “Exit” buttons are added both in the main window and in the reference
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frame plot window, allowing for easy closure of the application or individual plots. The reference frame
plot window can be seen in Figure 2. For the users those would like to see or want to remember or learn,
there is “Show Transform Formulas” button. If the users press on this button, all six transform formulas
will be at this window. Transform formulas window can be seen Figure 3.

The application is packaged into a standalone executable using PylInstaller, making it easily distributable
to end users. The distribution package includes the main executable file and files that the main executable
file used when working [28, 29]. This application is a useful tool for students, educators and engineers who
wish to gain deeper understanding of and are working on electric-machine control, modelling and
mathematical transformations. By allowing real-time parameter adjustment and immediate visualization,
the application fills the gap between theoretical and practical concepts. This article section provides an
overview of the application's development while remaining accessible to readers with a basic understanding
of electrical systems and software development.

X Reference Frame - o X

ABC Reference Frame af Reference Frame dq Reference Frame

xo.m - Ve 100 -0° - Vo - Vvd
100 - b - VB 100 . Vq
Ve

i 135.0°

50 \
50 50

0 / [(REE | 0
T -25
/ 330,0°
-50 X A 5o -50 /

-100 -100
-100
-100 =50 o 50 100 -100 =50 0 50 100 -100 =50 ] 50 100
AHED PQ=
Figure 2. Reference frame window
V Transform Formulas - a X
3-phase Symmetrical System Park Transform Clarke-Park Transform
Vy = Vpsin(wt) Vy = cos(8) V, +sin(6) Vg v, = é(cos(g) V, + cos (9 _z_:) V, + cos (9 +ZTH) Vc)
2 .
= i e V, = —sin(@) V, + cos(0) V,
Vo = Vnsin (0t — %) q “ £ Vy = 2(sin(8) Vs + sin (0 — Z) v, +sin (8 + ) ;)
_ ¥ 2 = tan—1! ﬂ
Ve = Vpsin (Mt +?) @:=itan (Vg) 6 = tan-1 V,:—;VB:LVC
PERSEN,
2z 2
Clarke Transform Inverse Park Transform Inverse Clarke-Park Transform
V, = E(VA _ivs — %Vc) V, = cos(0) V4 — sin(8) Va = cos(0) Vg — sin(0) Vg
2S5 Vy = sin(8) V4 + cos(8) V, Ve = cos (8 — Z) v, +sin (6 - )y,
Ve=3(TVe -3 V) .
e _ 21 . 2m
v, —E(lv +1y, +lv) A VC_COS(B+T)V“+S'“(B+T)VQ
o ~— 3\2 A 2 B 2 C N
4= = 21{[1‘

Inverse Clarke Transform

Va=V,

Close

Figure 3. Transform formulas window
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4. CONCLUSION

In this study, information related to motor control, Clarke and Park transforms has been given alongside
the development of a user-friendly software tool that visualizes and calculates these transforms. Motor
control methods can be examined in two groups: vector and scalar control. As its name suggests scalar
control methods use scalar parameters such as voltage, current, frequency, pole and flux to control motor.
By changing the frequency, motor speed can be controlled. Changing the frequency affects the motor
torque. While voltage is constant and frequency increased, motor torque decreases. Scalar control finds
optimum values for these parameters. FWC, DTC and FOC are mostly used vector control methods, but
the most popular control method is FOC. It uses Clarke and Park transform to simplify the control of motor.
To acquire the maximum torque, rotor flux must be orthogonal to stator flux. To achieve this state, FOC
converts 3-phase amplitudes and phase to two sequence vectors (dq). This conversion has been made by
using Clarke and Park transforms.

Clarke transform converts 3-phase rotational frame into 2-phase stationary frame. Park transform 2-phase
stationary frame into dq referance frame. With the inverse clarke and park transforms, all three frames can
be converted into each other. In the proposed application, with its interactive and dynamic plotting
capabilities, understanding of how changes in system paramaters could effect the 3-phase system is
enhanced. The forward and inverse transform features not only support learning but also assist the engineers
in calculating clarke and park transform.

This tool provides valuable resources both educational and practical for students, educators and engineers
by simplifying complex concepts through visualization. The software contributes to better understanding
and more effective application for Clarke and Park transforms into 3-phase control systems and promotes
deeper insight and more intuitive learning in the field of electric machine control. For the later studies, the
application can be further expanded with real time data acquisition and hardware integration. These new
features make it a more powerful tool for both simulation and practical implementation for 3-phase systems.

To conclude, in this study, the implementation of Clarke-Park transforms software that calculates,
visualizes and converts 3 different sequences into each other is carried out. With this article and software,
understanding of Clarke and Park transforms will be easier and they will be a reference point for the ones
who are interested in these subjects. In order to obtain the application, it is recommended to contact the
corresponding author via e-mail.

5. REFERENCES

1. Du, Z., Yang, L., Zhang, D., Cui, T., He, X., Xiao, T., Xing, S., Xie, C. & Li, H. (2023). Development
and testing of a motor drive and control unit based on the ficld-oriented control algorithm for the seed-
metering device. Elsevier: Computers and Electronics in Agriculture, 211, 108024.

2. Ling, L., Huang, S. D., Cao, G. Z. & Qiu, H. (2023). Comparison analysis on control-increment-based
and control-quantity-based predictive controls of permanent magnet synchronous motors. /nternational
Conference on Predictive Control of Electrical Drives and Power Electronics (PRECEDE), Wuhan,
China, 1-6.

3. Lin, H.,, Hu, B, Li, F., Chen, J., Si, L., Zhou, X., Li, Y., Chen, J., Yan, M. & Dong, Y. (2018). A fault-
tolerant two-permanent magnet synchronous motor drive with field-oriented control scheme. 2nd
Advanced Information Management, Communicates, Electronic and Automation Control Conference
(IMCEC), Xi'an, China, 1029-1033.

4. O’Rourke, C.J., Qasim, M.M., Overlin, M.R. & Kirtley, J.L. (2019). A geometric interpretation of
reference frames and transformations: dq0, Clarke, and Park. Transactions on Energy Conversion,
34(4), 2070-2083.

5. Casado-Machado, F., Martinez-Ramos, J.L., Barragan-Villarejo, M., Maza-Ortega J.M. & Rosendo-
Macias, J.A. (2020). Reduced reference frame transform: Deconstructing three-phase four-wire
systems. In IEEE Access, 8, 143021-143032.

6. Carugatia, I., Orallo, C.M., Maestri, S., Donato, P.G. & Carrica, D. (2015). Error analysis of phase
detector based on Clarke transform and arctangent function in polluted grids. Elsevier: Electric Power
Systems Research, 127, 160-164.

C.U. Miih. Fak. Dergisi, 40(3), Eyliil 2025




Oguzhan TIMUR, Kadir Sami POYRAZ

7. Velpula, R., Nagarajan, M. & Pitchaimuthu, R. (2024). An alternate method to detect and classify the
transmission line faults using Clarke’s transformed currents. Elsevier: Electric Power Systems
Research, 236, 110899.

8. Tayyebi, A., Zhang, W., Huang, X., Jiang, W., Bormann, D. & Mats Larsson, M. (2024). A generalized
time-domain framework for modeling and analysis of the unbalanced three-phase systems. Elsevier:
Electric Power Systems Research, 235, 110809.

9. Dashti, R., Daisy, M., Javadi, S. & Aliabadi, M.H. (2021). Proposing a new method to improve the
longitudinal differential relay performance using the Clarke transformation: Theory, simulation, and
experiment. Elsevier: Measurement, 168, 108450.

10. Nustes, J.C., Pau, D.P. & Gruosso, G. (2023). Field oriented control dataset of a 3-phase permanent
magnet synchronous motor. Elsevier: Data in Brief, 47, 109002.

11. Xie, P., Li, G., Xie, F., Hu, C. & Qi, X., (2015). Research on field-weakening control of induction motor
based on torque current component of the voltage closed-loop. 10th Conference on Industrial
Electronics and Applications (ICIEA), Auckland, New Zealand, 1618-1621.

12. Goswami, V.M. & Vakharia, K. (2019). High performance induction machine drive using rotor field
oriented control. International Conference on Intelligent Sustainable Systems (ICISS), Palladam, India,
559-564.

13. Ghassani, R., Kader, Z., Fadel, M., Combes, P. & Koteich, M. (2023). Comparison study of rotor field-
oriented control and stator field-oriented control in permanent magnet synchronous motors.
International Electric Machines & Drives Conference (IEMDC), San Francisco, CA, USA, 1-7.

14. Xie, P., Li, G., Xie, F., Hu, C. & Qi, X. (2015). Research on field-weakening control of induction motor
based on torque current component of the voltage closed-loop. /0th Conference on Industrial
Electronics and Applications (ICIEA), Auckland, New Zealand, 1618-1621.

15. Megrini, M., Gaga, A., Mehdaoui, Y. & Khyat, J. (2024). Design and PIL test of extended Kalman filter
for PMSM field-oriented control. Elsevier: Results in Engineering, 24, 102843.

16. Wang, J. & He, J. (2008). Torque and flux direct backstepping control of induction motor. 7th World
Congress on Intelligent Control and Automation, Chongqing, China, 6407-6410.

17. Ludtke, 1. & Jayne, M.G., (1995). Direct torque control of induction motors. Colloquium on Vector
Control and Direct Torque Control of Induction Motors, London, UK, 6/1-6/6.

18. Ozgiir, H.E., Ozbek, N.S. & Sarigecili, M.I. (2022). Noise and disturbance rejection performance
evaluation on explicit model predictive control technique applied to inverted pendulum with various
test scenarios. Cukurova Universitesi Miihendislik Falkiiltesi Dergisi, 37(3), 643-652.

19. Kumar, M., Tiwari, S., Kumar, V., Sampathi S.J. & Jarial, R.K. (2024). Implementation of field-oriented
control (FOC) algorithm for brushless DC (BLDC) motor speed regulation. Second International
Conference on Measurement, Instrumentation, Control and Automation (ICMICA), Kurukshetra, India,
1-6.

20. Tahmaz, O., Ekim, M.N. & Yildiz, A.B. (2020). Vector control of permanent magnet synchronous
motor by a two-level SPWM inverter. 4th International Symposium on Multidisciplinary Studies and
Innovative Technologies (ISMSIT), Istanbul, Turkey, 1-7.

21. Alruim Alhasan, H. ve Gilines, M. (2017). Yeni bir adaptif parcacik siirli optimizasyon algoritmasi
kullanarak DC motor i¢in mz ayarlamali PID kontroldr tasarimi. Cukurova Universitesi Miihendislik-
Mimarhk Fakiiltesi Dergisi, 32(3), 243-250.

22.Nos, O.V. & Nos, N.I. (2023). Clarke-Park coordinates transformation in the quaternion domain. /EEE
XVI International Scientific and Technical Conference Actual Problems of Electronic Instrument
Engineering (APEIE), Novosibirsk, Russian Federation, 420-423.

23.Liu, H., Tang, Y., Feng, Y. & Ma, X. (2008). A power quality disturbance classification method based
on Park transform and Clarke transform analysis. 3rd International Conference on Innovative
Computing Information and Control, Dalian, China, 524-524.

24.Hoang, T.T. & Nair, N.-K.C. (2023). Advanced approach for stability assessment of PHIL setups
coupled by Clarke-Park transform. Power & Energy Society General Meeting (PESGM), Orlando, FL,
USA, 1-5.

25. Dell'Olmo, J., Gatta, F., Geri, A., Graziani, M., Lauria, S. & Maccioni, M. (2022). Clarke transform
based fast assessment of switching overvoltages in an MV distribution network. Elsevier: Electric
Power Systems Research, 212, 108255.

26. Vasavi, S., Nikhita Sri, P.D.L. & Sai Krishna, P.V. (2024). GUI-enabled boundary regularization system
for urban buildings using the tkinter. 2nd International Conference on Device Intelligence, Computing
and Communication Technologies (DICCT), Dehradun, India, 424-429.

C.U. Miih. Fak. Dergisi, 40(3), Eyliil 2025




Development of Clarke and Park Transforms Visualization Software Using Python

27.Charan Sai, P., Karthik, K., Bhargav Prasad, K., Pranav, C.V.S. & Divya, K.V. (2024). Real-time task
manager: A python-based approach using psutil and tkinter. 8th International Conference on
Computational System and Information Technology for Sustainable Solutions (CSITSS), Bengaluru,
India, 1-6.

28. Spencer, M., Sheiati, S. & Chen, X. (2023). AQUADAGUI: A graphical user interface for automated
quantification of damages in composite structures under fatigue loading using computer vision and
thermography. Elsevier: SoftwareX, 22, 101392.

29. Yoon, G. & Rho, J. (2021). MAXIM: Metasurfaces-oriented electromagnetic wave simulation software
with intuitive graphical user interfaces. Elsevier: Computer Physics Communications, 264, 107846.

C.U. Miih. Fak. Dergisi, 40(3), Eyliil 2025




