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Abstract—In Vector Control there are two stator current settings, d-
axis and g-axis. The d-axis and g-axis stator currents have an impact
on the performance of the induction motor. Controlling the d-axis
and g-axis can use the PID controller, but it is difficult to determine
the values of Kp, Ki, and Kd. The Particle Swarm Optimization
algorithm can find the optimal value from several groups. In this
paper, a method for controlling the performance of an induction
motor with the d-axis stator current method will be given using a PID
controller that is optimized with the Particle Swarm Optimization
(PSO) algorithm based on LabView as system validation. The
evaluation that will be observed is the performance of the induction
motor with a varying load testing scheme at nominal speed. From the
two tests of d-axis stator current controller using PSO algorithm PID
and PID without PSO algorithm, PID-PSO produces good speed
performance and is able to reduce phase current consumption, d-axis
stator current ripple and phase current THD compared without PID-
PSO. Thus, PID-PSO obtained an efficiency of 89.02% at nominal
speed and a load of 5 Nm.
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. INTRODUCTION

Controlling the speed of an induction motor according to the
needs is very difficult because the induction motor is designed
to work at a nominal speed, thereby changing the construction
of the motor. Induction motor control is divided into two
methods: scalar control and vector control. Scalar control was
used in several study literature because it has many
advantages, one of which is that it is easier to design and
implement (Apriyanto et al. 2020). In this method, the
significant advantage is that induction motors do not require
parameters (Reza, Islam, and Mekhilef 2014; Suetake, Da
Silva, and Goedtel 2011).

Vector control has advantages: good efficiency and high
dynamic performance (Braslavsky et al. 2006; Ferdiansyah et
al. 2018). Flux and torque are important components in vector
control because they are able to adjust separately like separate
amplifier direct current motors (Purwanto et al. 2014).

Reasonable speed performance at vector control is
generated by controlling current, speed, flux, and torque.
There are two settings on vector control, i.e., the dg-axis stator
current setting (Briz et al. 2001). Stator current setting d-
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control variable axis for rotor flux, and stator current setting g-
variable axis control for torque. Vectors of current, flux, and
voltage dg-axis will form a model of stator phase currents in
induction motors (Quang et al. 2015). The correlation of stator
current setting performance dq-axis will affect the trend of
speed response and phase current performance in induction
motors. Especially in current settings, the d-axis affects the
speed efficiency of induction motors. (Bazzi et al. 2010)

Particle Swarm Optimization (PSO) is the newest method
discovered in 1995 by Eberhart and Kennedy. PSO is inspired
by the way birds flock. This method promises an
uncomplicated implementation but is reliable (Ramli et al.
2015). The working principle of this algorithm is to look for
PID parameters that pass from the local group. After that,
from the results that pass from the local group, the most
optimal is selected to make the optimal locale. Then, local
optimal from many groups will be filtered to global optimal
(Salem, Awadallah, and Bayoumi 2015).

LabView is a supported virtual instrument monitoring
regular real-time data acquisition. LabView excels at building
user interfaces with easy graphical programming (A 2016;
Nhizanth and Gopalakrishnan 2015). LabView supports
hardware such as a National Instrument product called MyRIO
in its implementation. By using MyRIO, it will be easy to
implement motor speed data acquisition automatically in real-
time due to the reliability and FPGA-based signal processing
capabilities that MyRIO has.

This paper discusses the performance of induction motors
with the method vector control stator current setting d-axis
that uses a PID controller, where the parameter values of Kp,
Ki, and Kd are obtained from automatic tuning of the PSO
algorithm. The PSO algorithm PID controller will conduct the
testing mechanism, namely testing the load varies with
nominal speed. The validation of this paper is carried out
through a LabView simulation.

This study aims to enrich LabView's research in Indonesia.
In particular, this study observed the effect of setting the d-
axis stator current on the performance of a 3-phase induction
motor with a PID controller, in which the values for the
parameters Kp, Ki, and Kd have been optimized using an
algorithm Particle Swarm Optimization (PSO).
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1. WRITING METHOD
A. Vector Control

Representation of a coordinate system dg-axis is the
induction motor current assembled from a complex vector.
The combination of currents can be the stator current vector,
which rotates at a specific frequency as in (1) and is illustrated

in Figure 1.
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Fig. 1. Stator current vector.
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Value combination magnitude three phases will form a
coordinate system of dg-axes that rotate synchronously.
Magnitude The three phases are divided into two components,
d and g. equality magnitude current, flux linkage and voltage
are expressed in equations (2), (3), and (4).

Ug = Uge T fllged Uy = Ugy T Jllge 2)
tg = fge + jiger iy = igr + e 3)
Ag =g +_I‘1r.'s:*1r:*1dr +.J:*1r.'r (4)

From equations (2), (3), and (4), finally, there is the
concept that an induction motor can be linearized and treated
like a separate amplifier direct current motor (Purnata et al.
2015; Purwanto et al., 2011). Figure 2 is the working principle
of vector control.

In the process of Vector control, there are four signal

feedbacks, namely the rotor speed (%) obtained from the
speed sensor installed as feedback speed control will produce

a torque reference output (T;). Control Signal as input for
g

stator current reference g-axis (igs) equation (5) plus the flux

estimation result (F‘hir) of (6) and calculation of slip velocity

(7). Stator current reference value d-axis (ifis) is very
important for a constant d-axis current scheme.
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Fig. 2. Working block
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Stator phase current sensor reading as Three other
feedback signals. Then, there was a Clark-Park
transformation, where three feedback signals were
transformed into dg-axis currents. This paper uses the scheme
of indirect vector control to determine the transformation
coordinates by equation (8) (Hussain & Bazaz, 2015).
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The Clark transformation can be expressed in equations (9)
(10) on the conversion stationary frame.

B = J‘{“-’n; + wg) dt

8)
=i 9)
1 2
ig=— i+ — i
Foy3 2" 3¢ (10)

The Park transformation is expressed in equations (11) and
(12) on the conversion rotating frame.
:-I'.'.S = I-I:.EDS':E:] +E-S.SEHI:E:I (11)

igs = —i_.sin(@) + ig.cos (F) (12)

In the input of the 2 inner loops, the control currents of the
stator are obtained by subtracting the transformed stator
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currents in the dg-axis from the reference stator currents in the ig = ige sin(B) + iz, cos(8) (14)
dg-axis. The performance of the induction motor controlled by i=i (15)
vector control relies on these inner loops (Briz et al., 2015). = 1 3
Meanwhile, the outputs of the 2 inner loops for stator current =——i + i i
1 1 _ _ BT 2 F (16)
control (*ds and “as) serve as inputs to the inverse Clark-Park 1 V3
transformation (13), (14). Equations (15), (16), (17) are for the i, = -3 ix— - i
inverse Clark transformation only. . . a7
ig = igscos(B) — iy sin(8) 13)
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Fig. 3. PID parameter tuning with PSO on LabView.

The current regulator PWM (CRPWM) inverter requires a
stator current reference obtained from the Clark-Park
transformation output. The inverter is an induction motor
control by adjusting the frequency and magnitude of the three-
phase signal.

B. PID-Particle Swarm Optimization (PID-PSO)

PSO is a recent computational technique discovered by
Ebehart and Kennedy in 1995. PSO draws inspiration from
how birds flock together (Fakhruddin et al., 2020). Each
particle's position can be considered a candidate solution for
an optimization problem. Each particle is assigned a fitness
function tailored to the corresponding problem.

Particles in PSO occupy two positions: the first position is
the best point within a group or iteration (local best). In
contrast, the second position is the best point across all
iterations (global best). The PSO algorithm relies on two
factors: velocity and position of the particles. These factors
can be updated using Equations (18) and (19).

VAt + D) = Wi +¢yr, (B — X00)
+cpr (BA® — XA @)
¥MiE+1) = ¥FR+VIiR+ D

(18)

19)
Where €1 and €z are the respective rates of social change;

T and "2 are random values between 0 and 1; V' is the
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individual's velocity factor [ at iteration li; £ is the current

iteration; is the inertia weight; and X is the position factor.

PSO has the advantage of converging to central patterns
and the ability to solve complex optimization problems in
various domains. The limitation of PSO is its susceptibility to
getting trapped in local optima, and if there are errors in
selecting parameters, the results will not be satisfactory (Chao
et al., 2015).

The PID method is a conventional method with perfect
results. PID is a combination of gain Proportional (P), Integral
(1), and Derivative (D). This combination serves to cover
deficiencies and maintain the advantages of each character.
The PID method is an equation sensitive to system transfer
function changes.

Therefore, the PID method is often combined with other
methods to tune automatically (Ali et al., 2014). In this
research, PID parameters will be tuned offline using PSO. So,
equations 2 and 3 apply to each value of Kp, Ki, and Kd, as
shown in Figure 3 on LabView. After that, parameters Kp, Ki,
and Kd optimization continued, as in Figure 3, to find the
Global Best.

A. Simulation Design in LabView
LabView is used in this paper for a simulation project
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aimed at automating PID tuning using PSO. In the simulation
project, the user interface is designed as depicted in Figure 4,
with each panel serving various functions.

The green-colored panel, indicated by circle 1, represents
the initial settings of PSO. This green-colored panel includes
the range of values for Kp, Ki, and Kd (referred to as swarm
position), the range of changes for Kp, Ki, and Kd (referred to
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as swarm velocity), the number of birds in one group (referred
to as number of birds), the number of groups in one population
(referred to as Bird Step), C1 and C2 are the rate of social
change, inertia weight value or w, dimension value or dim.
The automatic tuning method with PSO can be used by
activating the PSO switch to ON.
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Fig. 4. Display of the PID algorithm

Circle 2 stores the rules/systematic performance of the system
to be achieved. It is declared passed when the PID parameter
produces maximum system performance (red line) running on
the white line. Rules/systematic performance consists of error
steady maximum when the reference speed (written UpSteady
in percent), overshoot maximum (written Overshoot in
percent), error steady maximum when the speed is slowed
down to 20% of the reference (write down the Middle in
percent), error steady maximum when the speed is slowed
down to 0 Rpm (written DownSteady in percent), undershoot
maximum when the reference speed is reduced by 20% from
its initial value (written Undershoot in percent), and how
many percent decrease in reference speed (write down Falling
in percent).
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Fig. 4. The position of the A-K variable timing in the simulation.

As for the letters A-K in circle 3 are performance rules in
time (in milliseconds). This timing is related to determining
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PID simulation results.

several rules, such as determining the maximum dead time,
rise time, steady time, and falling time. More details, details of
the timing scheme are in Figure 5.

TABLE I. PSO Parameter Value Criteria

No. Description Value
1. Time =100ms
2. Discrete Time (dy) =5e-6s
3. Dead Time (tq) <=10ms
4. Rise Time Deadtime+10ms
- <=15ms,
5 Middle <=Setpoint-20%
6. Overshoot <=Setpoint+2%
7. Steadystate(sy) <=Setpoint+2%

The blue-colored panel within circle 4 represents a table
containing values of particles resulting from automated PSO-
PID analysis that passes the learning phase. Particles that pass
in a group of parameters are recorded in the "best swarm"
table, the recorded parameters include serial number, iteration,
dead time, Kp, Ki, and Kd. The "local best fitness" table stores
the best individuals from each respective group. The "global
best fitness" table represents the best individuals from the
whole group in the population. The parameters of the global
best fitness represent the PID parameters that have been
optimized using the PSO algorithm. The determination of the
best individual is based on the largest dead time parameter,
which is grounded in the response during loading. When the
shortest dead time is used, there can be a delay in the motor's
starting time when a load is applied. This inconsistent delay
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must be avoided when designing motor control that prioritizes
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comfort, such as electric vehicles.
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Fig. 6. LabView simulation

In circle 5, "SetRPM" is the reference speed input (in
RPM) that the PID parameters aim to achieve. According to
this test, the load is kept constant at 0 Nm (no load), and the
simulation duration being discussed/analyzed for tuning is 95
milliseconds (Finish Time). In circles 6 & 7, "PID Id" and
"PID Iq" are parameters in vector control.

Figure 6 represents a block diagram of the simulation in
LabView. The diagram above has several sections: 1. FOC
Block, 2. 3-Phase Inverter Control Block, 3. 3-Phase Induction
Motor Subprogram, 4. Measurement Device Subprogram.

TABLE Il. Parameters of 3-Phase Induction Motor

No. Parameter Value Unit
1 Rstator 5.27 Ohm
2. Rrotor 3.40 Ohm
3. Lstator 4.33 mH
4. Lrotor 4.46 mH
5. Lmagnetization 270 mH
6. Pn 15 HP
7. Vi 220 Volt
8. frekuensi 50 Hz
9. Pole 4 Unit
10. RPMnominal 1500 Rpm

B. Determination of PSO parameters

PSO is a search algorithm fast in convergence but prone to
getting stuck at optimal locales. Therefore, determining
appropriate ranges for Kp, Ki, and Kd values before starting
the automatic tuning process is essential. The procedure
involves setting arbitrary ranges for parameter values and then
executing automatic tuning using PSO in the simulation
program. Run the tuning with varying reference speeds to
observe the convergence patterns of parameter values. This
research tested PID tuning with the Kp 0-50, Ki 0-50, and Kd
0-0.05. This vyielded the results of the PSO-free parameter
testing.

The data obtained from the PSO-free parameter testing
represents all individuals who passed the speed
characterization test using PSO. This data reveals that the
convergent PID range is Kp = 5-15, Ki = 7-15, and Kd = 2m-
15m, with each reference speed having over 50% of data

passing (green color) within that range. This range will then be
used to establish the PID tuning range to avoid the local
optima of the PSO method.

C. LabView Simulation Results

Based on the LabView simulation program, the results of
tuning the PID algorithm PID values are shown in Figure 4 in
the Global Best blue panel. PID parameter values of the PSO
algorithm at a reference speed of 1500 Rpm without load are
Kp = 13, Ki = 11, and Kd = 8.4m, as shown in Figure 7(a).
The speed response from the simulation results recorded a
reference speed value of 1500 Rpm, which represents the
nominal speed, the maximum speed of 1500 Rpm, no-load
testing, 2.8 ms dead time, 3.31 ms rise time, and 0% steady
error. Figure 7(b) shows the speed response of the PID results
without the PSO algorithm.
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Fig. 5. PID-PSO tuning result mold speed 1500 RPM, 0 Nm.
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Fig. 6. PID-PSO tuning result mold speed 1500 RPM, 3 Nm

Furthermore, the parameter values at the reference speed
of 1500 Rpm with a load of 3 Nm obtained the PID parameter
values of the PSO algorithm, namely Kp = 11, Ki = 14, and
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Kd = 9m, as shown in Figure 8(a). The speed response from
the simulation results recorded a reference speed value of
1500 Rpm, which represents the nominal speed, the maximum
speed of 1497 Rpm, testing with a load of 3 Nm, dead time of
4.97ms, rise time of 2.33 ms and steady error of 0.2%. The
PID parameter values without the PSO algorithm at a
reference speed of 1500 Rpm with a load of 3 Nm are Kp =
18, Ki = 22, and Kd = 11m, as shown in Figure 8(b). The
speed response from the simulation results recorded a
reference speed value of 1500 Rpm, which represents the
nominal speed, a maximum speed of 1497 Rpm, testing with a
load of 3 Nm, dead time of 7.69 ms, rise time of 3.05 ms, and
steady error of 0.2%. The value of the PID parameter without
the PSO algorithm at a reference speed of 1500 Rpm with a
load of 3 Nm is Kp =18, Ki = 22, and Kd = 11m, as in Figure
8(b). The speed response from the simulation results recorded
a reference speed value of 1500 Rpm, which represents the
nominal speed, the maximum speed of 1497 Rpm, testing with
3 Nm load, 7.69 ms dead time, 3.05 ms rise time, and 0.2%
steady error.

Figure 9 (a) shows the phase current performance of the
motor using the PID parameter value generated from the PSO
algorithm, (b) shows the phase current performance of the
motor using the PID parameter value generated without the
PSO algorithm when operated at a speed of 1500 rpm 3 Nm.
In measuring the value of the RMS phase current, the PID
without the PSO Id current regulator consumes 2.44 A while
the PID-PSO consumes 2.41 A. Meanwhile, the performance
of the phase current after the FFT for this speed reference is
shown in Figure 10 (a) PID-PSO and ( b) PID without PSO.
PID-PSO produces a THD of 19.41%, while PID without PSO
produces a THD of 20.59%. Power consumption from a
reference speed of 1500 rpm with a 3 Nm load on the PID-
PSO is 828.6 Watts, while for PIDs without PSO, it is 878.2
Watts. The PID-PSO fundamental current is 1.8 A, and the
PID fundamental current without PSO is 1.85 A. At 1500 rpm
the load is 3 Nm.
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Fig. 7. (9a) Motor phase current performance PID-PSO parameter reference
speed 1500 RPM, 3 Nm. (9b) PID parameter motor phase current performance
without PSO reference speed 1500 RPM, 3 Nm
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Fig. 8. (10a) Phase current performance after parameter FFT PID-PSO
reference speed 1500 RPM, 3 Nm. (10b) Phase current performance after
parameter FFT without PSO reference speed 1500 RPM, 3 Nm
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Furthermore, the parameter values at the reference speed
of 1500 Rpm with a load of 5 Nm obtained the results of the
PID parameter values of the PSO algorithm, namely Kp = 14,
Ki =10, and Kd = 8.3m, as shown in Figure 11(a). The speed
response from the simulation results recorded a reference
speed value of 1500 Rpm, which represents the nominal
speed, a maximum speed of 1495 Rpm, testing with a load of
5 Nm, dead time of 9.32ms, rise time of 3.27 ms and steady
error of 0.2%. The PID parameter values without the PSO
algorithm at a reference speed of 1500 Rpm with a load of 5
Nm are Kp = 5.6, Ki = 6, and Kd = 9.5m, as shown in Figure
11(b). The speed response from the simulation results
recorded a reference speed value of 1500 Rpm, which
represents the nominal speed, the maximum speed of 1493
Rpm, testing with a load of 3 Nm, dead time of 9.72 ms, rise
time of 2.56 ms, and steady error of 0.2%.
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Fig. 9. PID-PSO tuning result mold speed 1500 RPM, 5 Nm

40ms

Figure 12 (a) shows the phase current performance of the
motor using the PID parameter value generated from the PSO
algorithm, (b) shows the phase current performance of the
motor using the PID parameter value generated without the
PSO algorithm when operated at a speed of 1500 rpm 5 Nm.
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In the measurement of the RMS phase current value, PID
without the PSO Id current regulator consumes 3.52 A while
the PID-PSO consumes 3.49 A. While the phase current
performance after FFT for this speed reference is shown in
Figure 13 (a) PID-PSO and (b) PID without PSO. PID-PSO
produces a THD of 22.71%, while PID without PSO produces
a THD of 24.02%. Power consumption from a reference speed
of 1500 rpm with a 5 Nm load on the PID-PSO is 1,050 Watts,
while for PIDs without PSO is 1,059 Watts. The PID-PSO
fundamental current is 2.67 A, and the PID fundamental
current without PSO is 2.8 A. At a speed 1500 rpm the load is
5Nm.
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Fig. 10. (12a) Motor phase current performance PID-PSO parameter reference
speed 1500 RPM, 5 Nm. (12b) Motor phase current performance PID
parameter without PSO reference speed 1500 RPM, 5 Nm
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Fig. 11. (13a) Phase current performance after parameter FFT PID-PSO

reference speed 1500 RPM, 5 Nm. (13b) Phase current performance after
parameter FFT PID without PSO reference speed 1500 RPM, 5 Nm

TABLE Il Simulation results of induction motor current performance

39

Speed Current (A) Fundamental (At) THD (%?
(Load) PSO Without PSSO PSO W;g‘g“t PSO W;g‘g“t
30000) 0,899 A 0911A  058A 059A  428% 4,;21
300 (3) 224 A 2,26 A 17A  175A  1782% 1%)4
300(5)  328A 3:A  255A  26A  2128% o0
800(0)  0911A 0982A  0S8A 059A  T75%
800(3)  226A 2,26 A L75A  L75A  1812% 1o
800(5)  332A 352 A 26A  28A  200% 5%
1500 (0) 0985 A 100A  062A 08A  1233% 1%f2
1500(3)  241A 2,44 A 18A 185A 19,41% 22}5’9
1500(5)  349A 352 A 267A  28A  2271% 2‘,‘)):))2
Based on Table 3 displays a current performance

evaluation simulation using the implementation induction
motor parameters with the PID parameter values obtained in
Table 3. It can be seen that, in fact, the current performance
results of the PSO algorithm and without PSO are not much
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different; it's just that the simulation to get the PID value,
without PSO is relatively long compared to using PSO.

TABLE Ill. Evaluation of power and efficiency of induction motors

Speed Pin (WV?R1 " Pout (V\\Il\?tttg . Efficien%_go) .
Ithou Ithou Ithou
(Load)  PSO PSO PSO PSO PSO PSO
300(0) 249 255 2055 2082  825%  81,64%
300 (3) 785 823 6743 6803  858%  82,66%
300(5) 1063 1150 9873 999,42 928%  86,90%
800(0) 249,43 2742 2082 2245  834%  81,88%
800(3) 781,41 81845 6803 6803 870% 83,12%
800(5) 1130,7 12179 9994 10596 884%  87,04%
1500 (0) 2645 2763 2252 2286  851%  82,71%
1500 (3) 8286 8782 7254 7345  87,5%  83,63%
1500(5) 11805  1201,3 10506  1059,6  89,0%  88,25%
Based on Table 4 displays power and efficiency

simulations using implementation induction motor parameters
with PID parameter values that have been obtained in Table 4.
There is a difference in the output power between the PSO
algorithm and without PSO, but not too significant. PSO
algorithm efficiency and random PID above 80% can be
categorized as good.

IV. CONCLUSION

Based on the research that we have carried out in the field,
the results of the PID tuning simulation using the Particle
Swarm Optimization (PSO) algorithm in LabView for
regulation of d-axis stator currents that focus on the
performance of induction motor control whose entire system is
validated through LabView. PID tuning results of the PSO
algorithm can be ascertained to have good results because of
the determination of the correct parameter values. The range
of PID parameter values in tuning using the PSO algorithm are
Kp = 5-15, Ki = 7-15, and Kd = 2-15m. Each change in the
speed reference will change the value of Global Best from
PSO tuning. Rise time and dead time at speeds of 100 RPM
and 1500 RPM do not differ much. At a speed of 1500 RPM,
it produces a steady error of 0.5%. Stator current setting d-axis
resulting in good speed and efficiency performance.
Therefore, in the future, the authors are optimistic that the
simulation results of the PID parameter values of the PSO
results can be implemented in hardware.
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