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Abstract: Innovative and revolutionary advancements in the field of grid-connected
inverters have been described in order to improve the power quality of the DER. Both the
cuckoo search algorithm and the random forest method can be used for optimizing
power system performance, focusing on efficiency and reliability. While the cuckoo
search algorithm is inspired by the brood parasitism of some cuckoo species to find
optimal solutions, random forest applies ensemble learning techniques to improve
decision-making and prediction accuracy in managing power distribution. By
hybridizing the two can get accurate results in optimization of power systems. The
present research focused on implementing the hybrid algorithm in IEEE-33 and IEEE
57 bus systems with DG interconnected with DVR and DSTATCOM and DG
interconnected with MCUPQC. The MCUPQC system offers a unique compensation
mechanism, which is meticulously managed by the MARCFS algorithm. In the
present work we compared different fact devices with proposed algorithm and the
another algorithm of basic GA and hybrid CSAGWO algorithms. This approach
ensures optimal performance and precision by dynamically adjusting to various
operational conditions. Compare with other algorithms the proposed algorithm given
better results.

Key words: DG, DSTATCOM, DVR, MCUPQC, MACREFS algorithm, Comparison

JIntroduction

Nowadays, Power electronics-based FACTS devices allow for more precise
continuous control of power flows, which has several advantages, such as keeping
load bus voltages within acceptable ranges, managing active and reactive electrical
power flows in thermally constrained lines, enhancing safety measures, and running
electrical systems near their capacity limits, among other benefits[1]. The oscillation
in the power system consequent to disturbance, leading to oscillation in the system,
will decide the stability of the system. These oscillations should be mitigated for
stability restoration. Hence, the role of controllers in damping oscillation plays a
significant role. One of the major issues in the controller's design is the location of the
controller and its robustness. Merlin and Back [5] were the first to propose an
algorithm for distribution system reconfiguration; their method was a based-on branch
exchange search with all tie lines initially closed thus creating a arbitrarily meshed
system; subsequent switch opening was continued until radial configuration was
achieved[2]. Similarly, in a method was proposed where the network was initially
meshed, switches were ranked based on current carrying magnitude, the top-ranked
switch was opened and the power flow calculation was carried out. The process was
repeated until system was radial. The branch exchange was performed wherever a
loop had been identified. Configuration with lower power losses was kept. In [3], a
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generalized approach has been proposed in which the tie line with the highest voltage
difference is closed and the neighboring branch is opened in the loop formed, leading
to reduction of power losses.

2. Literature review

The random forest algorithm offers several advantages in power systems, such as
improved accuracy in predicting power demand and system behavior. It can handle
large datasets efficiently and provides robustness against over-fitting, making it ideal
for analyzing complex power networks. It can efficiently manage the variability and
complexity of power grid data, leading to enhanced decision-making and predictive
capabilities for system stability and reliability. The cuckoo search algorithm offers
several advantages in power systems, such as enhanced optimization capabilities for
better voltage stability and reduced power losses. It efficiently handles the complex,
non-linear nature of the system, resulting in improved overall performance and
reliability. Jayaraman et al. (2018), describe about the design of passive filters for
harmonic reduction. Power elements such as resistors, inductors, and capacitors are
combined to create passive harmonic filters. Simple passive filters for power systems
are often built using capacitors and inductors and tuned for a particular frequency. If
more than one frequency needs to be removed, multiple filters may be employed, or at
higher voltages, double tuned filters may be used to reduce the number of components
needed. The drawback of these passive filters is that they offer an incredibly
affordable solution to harmonic issues at all voltage levels. Never apply passive
filters without taking into account how they will affect the entire network. M T L
Gayatri et al. (2018), used an active power filter to improve the power quality of the
PV-WECS microgrid in real-time. Active harmonic filters are power-electronic
components that create harmonic currents that are out of phase with the undesirable
harmonic currents to be removed from electrical networks. These active harmonic
filters were very popular in the 20th century in power electronics. Generally, there are
two types of active harmonic filters: a shunt active filter that provides current
harmonic compensation and a series active filter that provides voltage harmonic
compensation. The disadvantage of these active filters is that they are suitable for low
and moderate frequency compensation; they cannot handle large amounts of power,
require a complex control system, and are expensive. Vijeta Barathe et al. (2018),
implemented a design and simulation study of a hybrid filter for improving the power
quality of a PV-Wind hybrid system. To reduce the disadvantages of both passive and
active filters, the development came as a hybrid filter, which is a combination of
passive and active technology, and is called the foundation for flexible AC
transmission system (FACTS) devices. Most FACTS devices generally consist of
shunts and series converters. Agarwal R.K. et al. (2017). A DSTATCOM is to
compensate for voltage flicker/imbalance, reactive power, negative-sequence current
and total harmonic distortion (THD). In other words, the DSTATCOM has the
capability of improving power quality at the point of installation in power distribution
29 systems or industrial power systems. It also discusses the control strategy of the
DSTATCOM to minimize the power quality problems during power delivery. As the
operational circumstances of the PV system. Santanu Kumar Dash et al. (2018),
created a control approach that may provide a quick and reliable solution. To
concurrently correct for the load current and harmonics of the supply voltage, the
active series and shunt filters are used. The name of this apparatus is unified power
quality conditioner (UPQC). The suggested system works as a power supply and a
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harmonic and reactive power compensator, increasing conversion efficiency while
also offering important functionality at any time. Devi et al. (2021), proposed a
dynamic voltage restorer (DVR) for power-quality improvement. DVR are a class of
custom power devices that provide reliable distribution of power quality. They
employed a series of voltage boost technologies using solid-state switches to
compensate for voltage sags and swells. A series-connected solid-state device is
proposed that injects voltage into the system to regulate the load-side voltage, which
provides line voltage harmonics compensation such as THD improvement, reduction
of transients in voltage, and fault current limitations.

3. Need of Hybridization

Both the cuckoo search algorithm and the random forest method can be used for
optimizing power system performance, focusing on efficiency and reliability. While
the cuckoo search algorithm is inspired by the brood parasitism of some cuckoo
species to find optimal solutions, random forest applies ensemble learning techniques
to improve decision-making and prediction accuracy in managing power
distribution.By hybridizing the two can get accurate results in optimization of power
systems. The present research focused on implementing the hybrid algorithm in IEEE-
33 and IEEE 57 bus systems with DG interconnected with DVR and DSTATCOM
and DG interconnected with MCUPQC. The Multi-Converter Unified Power Quality
Conditioner (MCUPQC) with DVR and DSTATCOM represents a significant
advancement in power quality management. By integrating DVR and DSTATCOM
functionalities into a single system, MCUPQC offers enhanced reliability, efficiency,
and cost-effectiveness in mitigating voltage sags, swells, harmonics, and improving
power factor.

26027 28 29 30 31 32 33

1 2 g8 9 10 11 12 13 14 15 16 17 18
Substation | | | |
| }_\| 19 20 21 22 | |
PV(DG)+DVR
+ DSTATCOM

Figure:1 Sample line diagram for IEEE bus system connected to PV based DG inter
connected to DVR and DSTATCOM
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Figure : 2 PV based DG connected with DSTATCOM and DVR

The MCUPQC operates by controlling the switching of the individual converter
modules. The control system monitors the power quality parameters (voltage, current,
etc.) and generates appropriate switching signals to compensate for any deviations
from the desired values, the connected MCUPQC system shown in the figure5.5.
Figure 5.6 shows the inter connectivity of MCUPQC controlled with proposed
algorithm has been shown. For IEEE33 and IEEE 57 bus systems.
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Figure 3: MCUPQC inter connection( at 18™) for IEEE 33 bus system
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Figure 5: DG MCUPQC inter connection( at 30'™") for IEEE 57 bus system

3.1 Problem formulation

Voltage constraints: The optimization process must stay within the specified
boundaries; furthermore, the voltage limitations must not be exceeded. The expression
must be expressed as

'._.fEIn < [V < 1,_,-Lr..'|1

Active power balance constraints:A simpler way to illustrate the relationship between
system power generation and total power losses is as

P + L[‘:J ky = LP:]HZ'-".I'-U“ k}

Reactive power balance constraints: The expression can be expressed as the injected
reactive power of each node within the specified constraints.
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min - e L _
Ot arcomag = Qustatcomay = Qigtarcompn k=12 .....nb

Loss sensitivity factor: To find the best spot for DG and DSTATCOM to inject power
using LSF, which can shorten the search time and narrow the search space, we can
express it as

IPLoss(kk+1 (EQHL._\” # Rpper

Ve[

LSF(k,k+1) =
*]Q:_Ir.r._-:rr_:

The objective function for optimal location of DG and DSTATCOM is as follows:

Max(fi)=wy * P; + wp * Q; — w3 [Z?n:l{(vm - vmin)z + (vm - Umax)z}] ----------- (5)
Vmin is 0.95 pu and Vmax is 1.05 pu, with wl, w2, and w3 serving as weighing
factors. The ideal spot for DG and DSTATCOM is on the bus that has the highest
value of this objective function f1.

Min({fz} = (%)*(0'001)+[ %:1{(Um - Umin)z + (Um - vmax)z}] ---- (6)

Ploss

where,

Pioss: Net real power loss of the network before the installation of DSTATCOM.
Vmin: Minimum allowable limit of voltage

Vimax: Maximum allowable limit of voltage

The voltage at the terminals has been determined to be

2
V. = \/5 (V2 V2 A V) e, (7)
the units of in-phase energy have been determined as

Va 14 Ve
Vina = 715’ Vinb = 7?, Vinc = Vt, ................................................... (8)
quadrature units have been calculated as

—VinbtVine
Vga = + ..................................................................... 9)

— (\/EVinC‘FVinb'*'Vinc
Vb = NN T T T T PP PP E PR PRPREPRTRPRRRPR (10)
_ (\/§Vina+Vinb_Vinc
Ve = N T e TP TP PP P LT PP TEPPERPPRRPORRS (11)
The following formulas determine the load current for each phase.
Lig = IoSIN(WT — @) e (12)
. 2

hy = Ipsin (@ = = Z)....oi (13)
Ilb = IbSln(wT_¢+2?T[) ...................................................... (14)
The components of actual and reactive power in DC could be expressed as
Pd = Pl - P1 ........................................................................ (15)
0 = Q= Qe (16)
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P1 represents the real power oscillating component and PI represents the active load
power. There is an oscillation component to reactive power (RP), and there is also an
instantaneous reactive load power (Ql). The final equations for load and RP are as:
Pload = Vt(IlaVina + Ileinb + IlcVinc) ........................................... (17)

Qload = Vt(Ilqua + Ileqb + IlCVqC) .............................................. (18)
Consequently, the loading injection components have been implemented. Provided by
the source, current active power modules include

2Pjoq
Tig = (BE8) (19)
sy = KyVe + Jif Vedy + Kg 3o (Ve)ovoovoeeocececceee (20)
The active component amplitude of reference source current is
Lsgmp = Lsp & Lsqueenenneni (21)
This is an inspection of an active power source's active power component.
Lsq = Lsiamp * Vi« e veeeneneneineie e (22)
5b = AS1amp By e eee e eeer e (23)
Ise = Lsiamp pjppevvvvreeereeeneenneenneti ettt (24)
RP component of reference current
lga = Isiamp Fpgg e s (25)
ab = Lsiamp K g+ (26)
Iy = Lsigmp Fpgeesssssssste s e s (27)
The final reference current is provided in
Lgpg = Igq gy e eeeneereeen et (28)
Igryy = Lsh gy eeveneeenneeiie et (29)

I = Isc *
Controlling the DVR in the filtering and transformer circuits will offer a lesser
number of conversion circuit losses at the typical level of the supply voltage.
Whenever the installed DVR detects a voltage imbalance or distortion in the system, it
supplies the injected voltages needed by the test system. A reference voltage (Vref)
and a current supply voltage (Vsupply) form the basis of the feedback loop that
controls the system. The control algorithm retrieves the reference voltages (Vref)
from the supply and load voltages when the gate pulses supply the VSI to regulate the
load voltage at the control algorithm's reference voltage.
The ability of the current solution to reduce the system's Total Harmonic Distortion,
as indicated in equation 4.7, is the first parameter in the fitness function description.

| o, EEem
min(f;) = min JoL [ (31)
in which case the signal's Total Harmonic Distortion (xjn) is being examined. Reduce
the Voltage Drop (f4) as Much as Possible. The amplitude of each phase's sag is the
second parameter under the fitness function description throughout the fault period.
Since the load terminal housing the voltage sensitive load must operate precisely at
1.0 pu, the aim function is designed to minimize the variation from the operational
voltage. The goal can be expressed mathematically as equation 4.8 if the fault timing
falls between t0 and tf.

min(f,) = min{ =1 (1 — max (xj (tl-))>} to<ts<ty - (32)
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3.1 Multi-agent ensemble method of learning for Cuckoo search algorithm

Algorithm implementation ( MARCFSA implementation)

Begin
% Initialization

1 Generate randomly population of host nests Xi withi- 1,2 ,............... N

2 Find the fitness function of population Fi

3 While (current iteration < iterationmax) or (Stop criterion)

4 % generation new solutions by Levy flights

5 From the current population (Called k) Generate randomly a new
population (Called I)by Levy flights and evaluate their fitness

6 Update the current population by comparing the fitness of each solution in
to population:(Fj; is better than the Fi;) Replace nestii:end if

7 % generation new solutions Random Walk

8 From the current population (Called k) Generate a new population (Called
I) by Random Walk

9 K-rand(N,D)>Pa

10 For i=1:N

11 X" Xbest; + rand X (i,:) ® (Xbest; — Xbest;)

12 End for i

13 Update the current population by comparing the fitness of each solution in
two population: If(Fj is better than the Fi ;) replace nestk,I by nestl,I; end
if

14 Find the best solution by ranking the current population

15 % update the best solution by local search

16 Calculate RI based on the best fitness in two iterations by (17)

17 If RI<toll

18 K=eye(D,D);

19 For j=1:D

20 Xinew,j= K, X dmaxXrand+ Xbes (i)
21 Xonew,j= K, X dminXrand+ Xbes (i)
22 End for j

23 If D> Pr,Kr = rand (D,D)>0.8

24 For j=1:D

25 X3new,j= K,y X dmaxXrandX Xbes (i)
26 Xanew,j= k(i) X dminXrandX Xbes (i)
27 End for j

28 End if

29 Update the current best solution by comparing the fitness of each solution
with the new solutions

Cuckoo random forest search algorithm for MCUPQC

An integrated random cuckoo forest search algorithm implemented for optimizing
the power quality in selected bus systems.

Stepl: As before discussed the cuckoos search very randomly the bus power in and
out.
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Step 2: Optimal finding and communicate the UPQC system to compensate.
Step3: Checking the fitness of each bus very randomly once compensation done.
Step 4: Continuous checking of harmonics.

StepS: Feed back mechanism once the issue solved.

ime (sec) = 1199

I
ES)

Figure 6: Random forest cuckoo search for optimal power and voltage loss in bus
system.
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Figure 7 : Flow chart for Algorithm
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4. Results and Discussions

Two different fact devices DVR and DSTATCOM interconnected with DG in both
IEEE 33 and 57 bus systems. The unique algorithm divided into cuckoo search
controlled DSTATCOM and random forest algorithm controlled DVR hybridized at
unique command status controller with multi agent random cuckoo forest search
algorithm. The voltage compensations with a unique controller are given in the
following figures. The settling time is discussed for the voltage compensation of SAG
and Swell.

v valagm iy

e

Figure 8: SAG compensation for DG interconnected DSTATCOM and DVR
voltage profiles in 33 bus system

Voltage SAG settling time has been observed in the figure 5.10, the settling time is
0.15 seconds with the proposed algorithm. Voltage swell observed in the 33 bus
system in figure 5.8 and the settling time is 0.13 seconds. The hybrid algorithm gives
better voltage profiles compared with individual algorithms.

T (i)

Figure 9: Swell compensation for DG interconnected DSTATCOM and DVR
voltage profiles in 33 bus system
Sag disturbances are found to be more in IEEE 57 bus system and the compensated
time for settling is same as other bus system as shown in figures9 and figure 10 and
the swell compensated in the same settling time (0.15 seconds) can conclude that
hybrid algorithm is more efficient than others.
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Figure 10: SAG compensation for DG interconnected DSTATCOM and DVR
voltage profiles in 57 bus system
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Figurell: Swell compensation for DG interconnected DSTATCOM and DVR
voltage profiles in 57 bus system
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Figurel2: THD Sag for DG interconnected DSTATCOM and DVR voltage
profiles in 33 bus system

Fundamental (50Hz) 318, THD 1.4%: This indicates that the fundamental
frequency of the signal is 50 Hz, and the Total Harmonic Distortion (THD) is 1.4%.
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THD is a measure of the harmonic content in the signal, and a lower THD indicates a
cleaner signal.
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Figure 13:THD Swell for DG interconnected DSTATCOM and DVR voltage
profiles in 33 bus system
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Figurel4: THD Sag for DG interconnected DSTATCOM and DVR voltage
profiles in 57 bus system
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Figure 15: THD Sag for DG interconnected DSTATCOM and DVR voltage
profiles in 57 bus system
4.1 Unique compensation with MCUPQC controlled by MARCEFS algorithm

Figure 16: Unique compensation for voltage profiles in MC-UPQC 33 bus
Figure 5.11, which depict the compensation for voltage profiles in a 33-bus system
using a Unified Power Quality Conditioner (UPQC). The voltage waveform also
shows some distortions, indicating voltage fluctuations or sags/swells. Further, the
injected voltage waveform from the UPQC appears distorted as well. Thus, this
indicates that, in fact, the UPQC injects compensation signals to mitigate some power
quality problems.

e

|

R

Voltage

" s 7 0
SEREE R

oz o3 ae as as ar
Time

Figure 17: Sag and swell compensation for voltage and current profiles 57 bus
system

The voltage and current compensation profiles for the 57-bus are shown in above
Figure 17 Injecting a voltage waveform with both positive and negative pulses is
typical of power compensation quality devices. The gadget is actively injecting
voltage on two fronts because it increases voltages during sags and reduces voltages
during swells. The MCUPQC manages system disturbances, as illustrated in Figure18
The injected voltage waveform clearly indicates that the MCUPQC is effectively
addressing these disturbances and improving the power quality for the load. Even
when the injected voltage waveform is interrupted, it demonstrates that the MCUPQC
is actively injecting compensation signals to counteract the disturbances.
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Figure 18: Unique compensation for profiles MCUPQC
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Figure 19: THD for 33 bus system with MCUPQC

1000

Above Figure 5.14, wave forms and FFT analysis indicate that the MCUPQC is
effectively reducing harmonic distortion in the 33-bus system. Low THD value
indicates improved power quality, which benefits the overall system performance.FFT
analysis plots the magnitude spectrum of the signal in terms of percentage of the
fundamental frequency, which is 50 Hz. The fundamental frequency appears as the
dominant peak at 50 Hz while the other peaks are harmonic components. The THD
value has been reported to be 0.63%. It hence indicates that the harmonic distortion in
the system is low.
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Figure 20: THD for 57 bus system with MCUPQC
The waveform and FFT analysis in Figure20 indicate that the MCUPQC is reducing
harmonic distortion in the 57-bus system. This is because the low THD value
indicates improved power quality, which benefits the overall system performance. An
FFT analysis displaying the magnitude spectrum of a signal, plotted in terms of
percentage of fundamental frequency (50 Hz), which shows peaks at 50 Hz
corresponding to the fundamental whereas other peaks consist of harmonic
components. The THD value reported is 0.56%. This implies that the distortion
caused by harmonics in the system is minimal.
Table: 1 Comparison of different FACT with Hybrid algorithm for IEEE 33 and 57
bus systems

S. No. Compensator Settl112§eg?e Vtup Itap
DG+DVR+ 1 4.
1 DSTATCOM 0.05-0.2(0.15) 1 '5% 1.20%
Sag Swell-33 bus )
DG+MCUPQC
2 Sag, Swell 0.3-0.4 (0.1) 0.63% 0.51%
33 bus
DG+DVR+
3 DSTATCOM 005-0.2 (0.15) 1.4-1.2% 1.02%
Sag Swell-(57)
4 DGTMCUPQC (57) 0.28-0.4(0.12) 0.56% 0.48%

The chapter compares the two fact controllers the first one is DG with DSTATCOM
and DVR and another is DG with MCUPQC controlled with MARCFSA algorithm.
In both MCUPQC given better results compare with other controller. The MCUPQC
system offers a unique compensation mechanism that is precisely controlled by the
MARCEFS algorithm, ensuring optimal performance and stability. This allows for
efficient adjustments in real-time, enhancing the overall functionality of the system.
The table 5.4 comparison made with advanced hybrid algorithm the settling time
decreased to 0.12 seconds with a less THD of 0.56%.

5. Comparisons

Algorithms and FACTS (Flexible AC Transmission Systems) are both critical
elements in the improvement of power efficiency and control in the power system.
While FACTS devices provide solutions in terms of physical devices, algorithms
are also provided to facilitate the optimization of system performance. This
comparison emphasizes the key possibilities and the interdependence of the two
methods.

5.1 FACTS Devices

Physical components: FACTS devices are implemented in the power system as
tangible devices. Some of them are STATCOM, SVC, TCSC, UPQC etc. Direct
control: FACTS devices directly manipulate the electrical characteristics of the
transmission line, such as voltage, reactive power, or impedance. Real-time response:
Due to their location in the grid, they can react swiftly to changes in system
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conditions. Investment costs: Installation and maintenance of FACTS devices can be
quite expensive.

5.2 Algorithms

Software-based solutions that operate on digital controllers or computers are known
as algorithms. They analyze and control the power system by utilizing mathematical
models and optimization techniques. The delivery of control signals to FACTS
devices or other system components is frequently carried out by algorithms. The
availability of real-time data and system limitations enables them to make informed
decisions. The ability to adapt algorithms can change subject to system requirements
and control objectives. When optimization issues arise, one evolutionary approach
that can be employed is the GA algorithm. Complex optimization problems can be
solved using the hierarchical CSAGWO method. One machine learning approach that
can be used for data classification is the Multi agent Random Cuckoo forest search
algorithm. Comparison of voltage improvements for IEEE 33 and 57 bus systems as
shown in figures 21 and 22.

DG+DSTACOM+DVR :ggAGWO
1.000 —— MARCFSA

0.985 4

Voltage(PU)

0.980

0.975 +

0.970

T T T T T T T T
o 5 10 15 20 25 30 35
Bus no

Figure 21: Algorithm comparison for IEEE-33 bus system

The graph presents the voltage profile across different buses in a power system,
comparing three different optimization algorithms: GA, CSAGWO, and MARCFSA.
The voltage is expressed in per unit (PU) values, and the x-axis represents the bus
number. All three algorithms exhibit a similar overall voltage profile, with voltage
values fluctuating around 0.985 PU. This indicates that all three methods are effective
in maintaining voltage stability within the system. In the initial iterations (lower bus
numbers), there are significant fluctuations in the voltage profiles, especially for the
GA algorithm. This suggests that the GA algorithm takes more iterations to converge
to a stable solution compared to the other two algorithms. As the number of iterations
increases (higher bus numbers), the voltage profiles of all three algorithms tend to
converge towards a more stable and consistent pattern. This indicates that all three
algorithms are able to find solutions that maintain voltage stability.
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Figure 22: Algorithm comparison for IEEE-57 us system

All three algorithms exhibit a similar overall voltage profile, with voltage values
fluctuating around 0.985 PU. This indicates that all three methods are effective in
maintaining voltage stability within the system.

5.2.1 Algorithm Comparison:

The use of different hybrid algorithms in the IEEE bus system can significantly
enhance the performance and reliability of power systems. By combining techniques
like Cuckoo Search with other optimization methods, these hybrid algorithms can
more effectively navigate complex solution spaces, leading to better handling of
power quality issues and more robust system configurations. This approach ensures
that power systems are both adaptable and efficient in real-world scenarios.

GA: The GA algorithm shows a higher degree of fluctuation in the initial iterations
but converges to a stable solution in the later iterations. This suggests that GA may
require more computational effort to find optimal solutions.

CSAGWO: The CSAGWO algorithm exhibits a smoother voltage profile compared
to GA, especially in the initial iterations. This indicates that CSAGWO may converge
faster to a stable solution.

MARCFSA: The MARCFSA algorithm shows a relatively stable voltage profile
throughout the iterations, suggesting that it may be the most efficient algorithm in
terms of convergence speed and solution quality.

5.3 FACTS comparison

MARCFESA- Comparison —  DG+DSTATCOM+DVR)|
—— DG+ MCUPQGC
1.000 —

0998
0998

O Do

Volage(PU)

0992 <

0.990 —

0 988

Figure 23: Integrated FACTS comparison for IEEE-33 bus system
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The graph presents the voltage profile across different buses in a power system,
comparing two different power quality improvement devices:
DG+DSTATCOM+DVR and DG+MCUPQC in figures 6.3 and 6.4. The voltage is
expressed in per unit (PU) values, and the x-axis represents the bus number. Both
devices exhibit a similar overall voltage profile, with voltage values fluctuating
around 0.995 PU.
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Figure 24: Integrated FACTS comparison for IEEE-57 bus system

Device Comparison: DG+DSTATCOM-+DVR: This device shows a slightly higher
degree of fluctuation in the initial iterations but converges to a stable solution in the
later iterations. This suggests that this device may require more computational effort
to find optimal solutions.

MCUPQC: The MCUPQC device exhibits a smoother voltage profile compared to
DG+DSTATCOM+DVR, especially in the initial iterations. This indicates that
MCUPQC may converge faster to a stable solution.

Table 2: Comparison of FACTS devices and Algorithms

Method Max | Vmax | Vmin | Power loss | Compensation | Injected
voltage | (PU) | (PU) time voltage
(THD)
GA (DG+DS+DVR) 19% 1 0.1 3.78 MW 0.5 sec 20%
AGWO(DG+DS+DVR) | <2% 1 0.6 | 3.07MW 0.2 sec 80%
MCUPQC <1% 1 0.8 | 2.17 MW 0.1 sec 99%
( MARCFSA)

The above table compares and contrasts three methods for controlling voltage and
minimizing power loss in a power system. Those are the ways:

1. GA (DG+DS+DVR): A genetic algorithm that incorporates a dynamic voltage
restorer, a dynamic stabiliser, and a distributed generator.
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2. AGWO (DG+DS+DVR): Array of grey wolf optimisers, dynamic voltage restorer,
and dynamic stabilisers with distributed generation.

3. MCUPQC (MARCFSA): A reactive power flow method with multiple converters
and a multi-objective coordinated unified power quality conditioner.

6. Conclusions

The MCUPQC approach outperforms all others according to the table, boasting the
quickest compensation time, lowest power loss, and lowest max voltage THD.
Although it takes somewhat longer to compensate than the MCUPQC approach, the
AGWO method likewise works effectively, with minimal maximum voltage THD and
power loss. Maximum voltage total harmonic distortion (THD), power loss, and
compensation time are better when compare with the GA technique.
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