bf\i International Journal of Advances in Engineering and Management (IJJAEM)

S—

JAEM

Volume 4, Issue 12 Dec. 2022, pp: 604-614 www.ijaem.net

The five-level Cascaded H-bridge unified
power flow controller is optimised using ant
colony to reduce power variations.

R. Jayachandra®, Prof. G. Tulasi Ram Das*
Research Scholar, Jawaharlal Nehru Technological University, Hyderabad, Telangana 500085*
M.E.fromOsmania University and Ph. D from IIT Madras,

Prof. JNTU, Hyderabad, Telangana 5000852

Submitted: 10-12-2022

Accepted: 23-12-2022

ABSTRACT: The beginnings of strength markets
with transmission accessibility have progressed the
importance and focus of Flexible AC Transmission
Systems (FACTS) devicesfor reinforcing line
strength flows to alleviate congestion and decorate
time-venerated grid functionality. The unified
powergo with the flow controller (UPFC) is the
excellent one and multi-variable flexible ac
transmission (FACTS) device. It can intelligently
or concurrentlyadjusteverydifficulty affecting how
unexpectedly a transmission line goes with a go
along with the drift (i.e., voltage, impedance, and
segment angle). The Ant Colony Optimization
(ACO) approach is used in thisartworkto build up
the qualitystrengthalter parameters for the five-
diploma cascaded H-bridge UPFC. The shunt
converter manages the dc-hyperlink voltage and the
go along with the drift of the transmission-line
reactive  strengthregular ~ with  the clean
manipulation approach. The series converter
regulates the UPFC bus voltage together with the
go along with the drift and energeticpoweron the
transmission line. The five-diploma cascaded H-
bridge UPFC alter converter's energetic/reactive
powermanage using (ACQO) techniquescan
alsomoreoveracquirespecificusualoverall
performance in every susceptible and strong
circumstances.

Keywords: Five level cascaded H-bridge Unified
Power Flow Controller(UPFC)., Ant Colony
Optimization (ACO), Particle Swarm Optimization
(PSO), Flexible AC Transmission Systems
(FACTS).

l. INTRODUCTION
Flexible AC Transmission Systems
(FACTS) offer the transmission grid's strength
electronics assistso youmay alsomoreoverbeautify

the grid's performance. The device's operator has
some have an effect on on the other's devices [1].
The FACTS device with the most adaptability is a
unified strengthglide controller (UPFC). The use of
the transmission grid for all parallel strength flows
may be especially appropriate since a transmission
line with a UPFC may be able to manage how little
strength is transferred along parallel lines. The
unified strength glide controller is the second
technology of the flexible ac transmission systems
(FACTS) devices that would provide series and
shunt compensations in transmission systems
(UPFC) [2]. The immoderate-voltage (HV)
capabilities and espresso harmonic content
materialfabric voltage waveforms that multilevel
converters offer are appealing qualities. In the
triumphing system, the studies of UPFC is
speciallytargetedon theprogressed topologies, its
characteristic of strengthglideregulation and fault
performance [3-5]. In [6-9], a completely
unigueform is proposed to put off the cumbersome
transformer. The research in [10-12] shows that
UPFC can resolve the trouble of strengthglide
congestion of transmission system. The researches
above are all with the concept of balanced grid
condition. Additionally, decoupling Pl controllers
with a predictive internal control loop has been
researched [13] as a way to lessen the impact of
harmonics inside the current measurement. A
hybrid Pl controller with direct coupling and
throughmanner of manner of pass coupling has
been suggested [14] to lessenthe faststrength
fluctuation imposed on throughmanner of manner
of the controller's method. A now no
longeronusualplacehassle with Pl controllers is
their loss ofcapacity to constantly produce
bestresultswhilecoping with a hugevariety of
running parts. This is a give upend result of the
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control settings' reliance on high-qualitydevice
conditions. The easiest conceivable inverter
technology capable of attaining immoderate
voltage levels without the requirement for
transformers, a good sized variety of
semiconductor devices (diodes), or a good sized
variety of capacitors is the cascade multilevel
inverter (CMI).In PI strength-controlled UPFCs,
there can betremendous cross-coupling some of
thelively and reactive strength responses [15].
Transient cross-coupling may also bedecided in
decoupled cascaded Pl voltage and present-day
controllers, or maybeneurofuzzy controllers
cannotabsolutelyput  off it [16]. Here, a
veryprecisemethod is consideredto raise UPFC
performance. Particle swarm optimization, a
population-based totally, honestly stochastic
optimization method, changed
intoinspiredthroughmanner of manner of the social
behaviour of fish swarms and flocks of birds
(PSO). PSO is related to evolutionary-
inspiredtechniques to trouble-solving, collectively
with genetic algorithms. For the controlsystems for
electromagnets and adjustable tempo drives,
respectively, the real settings for the controller's
rejection of disturbances have been obtained using
the ACO [17], [21]. The ant colony optimization
strategy, which enables you to collect the necessary
disturbance rejection in a transmission, is chosen.

Communityprimarily based totallyon UPFC.

Transmission Line
Model

Sending

End

In this piece of artwork, the first-
classenergymanage parameters for the five-diploma
cascaded H-bridge UPFC device are determinedthe
use of the Ant Colony Optimization (ACO)
approach. According to the essentialelementcontrol
technique, Shunt converters are used to control the
dc-link voltage and the transmission-line reactive
energy drift. The five-degree cascaded UPFC bus
voltage and the real energy drift down the
transmission line are both governed by the
accumulating converter. The five-diploma cascaded
H-bridge UPFC controldevice's real/reactive
energyalso ~ canmoreoverperform  excessively
properlybeneathneatheveryday and brief settings at
the same time asit iscontrolledthe use of (ACO)
approaches.

UPFC SYSTEM
ANALYSIS

Figure 1 depicts the analogous circuit for a
UPFC system, wherein the voltage reasserts\Vc and
Vp stand in for the collection and shunt inverters,
respectively. The actual powers given throughthe
collection and shunt voltage reassertsneed to fulfil
Eqg. (1) in any everydaynation for the same circuit
to exist, wherein Pp and Pc are the actual powers
furnishedthroughthe collection and shunt inverter,
respectively. The dc hyperlink voltage will extrude
if there may be any dynamic imbalance a number
of the powers.

P,+P.=0 1)

MODELLING AND

T Ve Ny

Fig.1. shows the UPFC system's equivalent circuit.

The resistance and inductance, r and L, are
combinedto representthe parameters rp and Lp
represent the resistance and leakage inductance of
the shunt transformer, respectively, and the
transmission line is represented as a "lumped"
collection.It isn't alwayspractical to rememberthe
gathering transformer's resistance and inductance

because of the truthit is simple. Additionally, the
analogous circuit ignores the nonlinearities
introduced on with the useful resource of the
utilisation of semiconductor device switching,
digital controller time delays, and transformer
saturation. The transmission mechanism might be
viewed as symmetrical. With the aid of Equations
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(2) and (3), it is also possible to express the
currents flowing through the transmission line (3).

digg
dt
. r .
= (L).lsq—z .lsd+E .(Ved — Vea
- Vrdg (@)
i . r . 1
dstq =— Ww.igy 1 gq +E .(vsq —Veq
- qu) (3)

in which the cutting-edge and voltage's d- and g-
components are indicated thru the subscripts d and
g. The right series inverter's dynamical houses are
determined by the transmission line's resistance (r)
and reactance (L). The benefit from the d-axis
voltage vd to the g-axis cutting-edge iq (or from the
g-axis voltage vq to the d-axis cutting-edge id) is
greater than the benefit from Vd to id by a
significant amount (or from vq to iq). As a result,
whereas the steady nation d-axis cutting-edge is
frequently controlled by the g-axis voltage vq, the
steady nation g-axis cutting-edge is proportional to
the d-axis voltage Vd. Due to a 180-degree
segment shift between them, the steady-state
modern is proportional to the terrible voltage -Vd.
For both the d and q responses, the resonance and
crossing-advantage peak at 50 Hz. increase with
lowering r/ oL ratios. In a mannersimilar to that of
Fig. 1, the shunt inverters’d-q instance is supplied
in Egs. (4) and (5).

dlpd r . . 1
at = Ll + oo.lpq+E - (Vpa = Veq
. - Vrd) (4)
Qipg _ 0 P .1 _
gt = @ dpa Ty cdpa t T (Vpq — Veq
- qu) (5)

Egs. (6) and (7) provide the receiving end currents
ird = isd + ipd (6)
Irq = Isq Tipq @)
Eqgs can be used to determine the series and shunt
inverter currents' d-q linear form. 8 through 11 after

rearranging the equations To eliminate the
variables isd and isq, use (2) - (7).

di
drtd = —a,.iq+ w. irq + Cl'ipd +d;.veq
+ €1Vpd (8)
di
d;q = — . ird - al.irq + Cl'ipq + dl'VCq
+e,vpq (9)
di
d_ptd = —a5.ipg t W.ipg + €.V
+e5.Vpa (10)
di
ﬁ = = W.ipg —ap.1pq T €1.Vq
+e,Vpq (11)

the locations of the constants

r r r r
a =1,a, =L—p,c1 = <E_L_p>'d1
P

DC voltage modelling

The collection and shunt inverters'
maximum DC connection voltage consistency
determines the overallaverage overall performance
of the UPFC. Ansuitableversion of the capacitive
dc connection wants to be builtin case youneedto
provideanordinary voltage. A resistor Rlossmay be
utilised as a hardsame circuit wherein the losses of
a UPFC machine are simulated. This approximate
same circuit is depicted in Fig. 2. In this version,
the electricity is suppliedthruway of way of the
shunt inverter and is absorbed thruway of way of
the collection inverter in keeping with the
instantaneouslyelectricity balancing concept. With
the assist of this, as seen by the nonlinear
differential equation in Eq (12). can be used to give
a mathematical representation of the voltage in a dc
link.

e

N +

lin
Shunt —
inverter Ve =

. iout
lloss .
Series

inveretr

Fig. 2. A circuit for dc voltage
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dVdC 3

TRRETN (Vpa-Ipd + Vpg- lpg = Vedird = Veqlrq) — R (12)

In Egs. (8)-(11), The d-g variables'
descriptions are provided (12). The dc link
capacitor C is selected in order to minimise the dc
voltage ripple caused by the manner of inverter
switching and internal imbalance of the ac
machinebut it need tomoreover be sturdyenough to
keep the immediatelyactualelectricitychangesome
of the inverters for the duration of a quick period.
This is because of the wvarious dynamic
responsehomes that series and shunt inverters often
exhibit. Shunt inverters control the
realelectricityfloat from the ac machine into the
now no longeronusualplace dc connection, which
in turn controls the dc voltage level. Three
tremendoustechniques are used to keepthe whole
lotunderneathcontrol. They are the gathering
controller, the shunt controller, and the ABC to

V-bc\ 4

L (vi) 7 ABC/

Ilabc () >

[K PLL ] o

|
K78 578
|

ABC/DQO

D

Shunt Converter

DQO converter. The transformation from ABC to
DQO separates the reactive and actual components
of the ABC. It is viable to study the measured Idg
to the reference Idq with the help of the collection
controller. If a hazard to recommend an ACO
controller is available, it isadvised to the PSO
controller instead. The present-dayreplacement is
Vdgref. After comparing the voltage to the
reference voltage, the way is finished with the help
of the shunt controller, which transforms the
voltage to present day. The employment of series
and shunt converters permits for the control of the
voltage and present day, respectively. As seen in
fig.2, it iseasy that the ACO converter
performsmoreefficaciously in this situation than the
PSO technique.

]

Series Converter

Fig.3. UPFC of ACO

ANT COLONY OPTIMIZATION (ACO)
ALGORITHM

The ACO is a present day stochastic
combinatorial optimization metaheuristic
technique. This techniqueattracts its suggestion
from the manner ants in a colony pick the shortest
pathamong their nest and a meals source. When
ants move, pheromones are left in the back ofat the
path. The probability of a mealsdeliver is
betterwhilst pheromone attention is better, and ants
observe that higher track. The different ants might
beattracted tothe questareavia way of means of the
pheromone path that has been left in the back of. If
extra pheromone isn't set down, the pheromone
path will ultimately vanish with time and
pressurelook foran extra promising area.

Ant colony optimization's fundamental method
consists of these four crucial steps:

1) Initialization

2) Ants behave probabilistically.

3) Update on pheromones

4. Final Condition

Step.1: Initialization

The purpose is to become aware of the
shortest directionamongcitieswhich can
bepositionedon the vertices of the answerarea after
an ant colony is to start with generated at random.
Initialization takes under consideration the
pheromone attentionon the edges, the heuristic, and
the ant's choice.
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Step.2: Ants Move in a Probabilistic Way

Ants make decisions in a probabilistic
manner, relying entirely on statistical data and
pheromone value, to find a pleasing solution at
every stage of the process. As a result, there is a
chance that the kth ant will move from metropolis |
to metropolis j.

[z3j(©)]%[n;;1P

.pk —

'Pij ©= TkeatlowedklTik ()N @

WhichPijk is the danger The normal parameters
that regulate the comparative relevance of
pheromone instead of heuristic charge at the ant's
decision are and amongtownsi and j, where is a
pheromone, is a heuristic charge (inverse of
distance amongsttowns), and is a set of normal
parameters. After visiting all the nodes in
accordance with risk, the choice of the next tour or
era begins (1).

Step.3:Pheromone Update

Each ant places a pheromone(Az;;)on the
trail once all the ants have found a solution. The
pheromone is modified at this point in accordance
with (2).

i (0 = 1 - PO + At O (3)

Here, the pheromone evaporation rate is given (0,
1, 1, 1). Evaporation is utilised to avoid bad
convergence and bad judgments. Also, _ij (t) is
provided by (4).

NA
— k
RCEDWLIONC
K=1
Where NA is the overall number of ants and Atij(t)

represents the quantity of pheromone left by k ants
at edge | j), it is calculated as follows:

Q
A‘r% ®=19L/
0, otherwise
if kth ant uses edge (i, j)in its tour 5)

where Q is a constant and LK is the duration of the
tour completed by the kth ant.

Step.4: Ending Condition

Ants observeevery way, and after that,
every tour's viability and value are taken into
account. The programme terminates if the

minimumfinishingsituation is satisfied; if not, it
returns to step 2 and searches for the high-
qualityanswerwithout taking the range of iterations
into account.

OBJECTIVE FUNCTION of ACO with UPFC
Ant colony optimization's majorgoal is to
discover the high-quality tour (LK) with the
bottompricewithinside theseek space.
Angoalcharacteristicthat offers a quantitative
illustration of the gadgetoverall performancedegree
is regularlywished for parameter optimization. A
closed loop manipulategadget's dynamic overall
performance is regularly measured in phrases of
stability, regularkingdom error, and brief
responsiveness. In this study, angoal (fitness)
characteristic is used to lowerthe mistakeeven as
tracing the gadget's output along a path. Because
it's milesextra discriminating in its rejection of
disturbances and prolongedperiod transients, the
proposed goal characteristic is primarily based
entirely on performance metrics for Integral Time
Absolute Error (ITAE). It stands out in that it:

T
L=[ tle(t)| dt (6)

Where | e | is the exact errors of the
control variables, t is the period of the implemented
disturbance, and T is the finite duration, which is
typically the same as the settling time (e.g., DC and
AC voltages, energeticenergy and reactive energy).
Here is the discrete form of (6):

N

L= Y kTlekT)| (7)

N stands for the computation
factorswithinside the simulation, and T for the
simulation time step. To maximise controller
benefits, The dynamic reaction will be validated
using the Integral Time Absolute Error (ITAE)
overall performance index.

DOI: 10.35629/5252-0412604614

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 608



\_)hk International Journal of Advances in Engineering and Management (IJAEM)

—

IJAEM

Volume 4, Issue 12 Dec. 2022, pp: 604-614 www.ijaem.net

e

-,

Preliminary
Generation of ant

1<

Fitness ewvaluation

~L

Generation of

Distribution of ant

new ant

L

Local updating

K<=hrs

MNo

wes

Global updating

MNo

Termination
condition

Figure 4:Flowchart ofAnt Colony Algorithm

SIMULATION RESULTS

The effectiveness of the advised ACO to
manipulate the Five stage CMC-UPFC
belowdistinctiverunning circumstances (V1, V2,
and X are 1 p.u. and Xsh=0.15 p.u.). The examples
that observereveal how the UPFC can also
additionally independently manipulate the waft of
each electricity inside the transmission line that is

=
s

both reactive and active. Every time the advised
ACO method is evaluated, a PWM controller is
employed. The PWM manipulate is designed to
restrictinterplayamong reactive and
realelectricitycontrol loops and to cap the best
overshot all through the briefsegment and the
simulation diagram as proven in fig. 5.
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filter
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B
3]
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| Non Linear
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i

Disorete,
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Fig.5. simulation diagram
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In this approach, the
possiblemanagequarterusuallycarrieseach the
proposed set and the real operational points. As
may bevisible in Figs. 6(a) and 6(b), the machine is
evaluated for 2awesomebrief-circuit ranges at
intervals t=0.5sec and t=1sec. The machine is
regulated to step-alternate the reactive strengtheven
asretaining a constantdegree of energeticstrength.
The reactive strengthstaysregulareven as the
energeticstrength is adjusted incrementally. The

simulation effectsdefinitelyshow that even ifcoping
with the reactive and realstrengthfloat in specific
ways, the counselled controller  operates
successfully. Voltage regulation, energetic and
reactive strength compensation, dynamic response,
and machine disturbances are all below themanages
of the 5degree CMC-UPFC. High brief circuit
degree of the transmission line is visible in fig.
6(a).
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Fig.6. indicates how the device reacts to 2
short-circuit levels. (a) The response of the device
to an excessive short-circuit stage and 5stage
CMC-UPFC converter output voltage. (b) The
response of the device to a low short-circuit stage.
In this proposed device, the overall performance of
the 5-stage cascaded H-bridge UPFC for energy
oscillation repayment and DC hyperlink voltage
lawis classedthe wuse of the Ant Colony
Optimization (ACO) approach. The voltage
injection is completedthe use of the 5stage CMC-
UPFC. The ACO set of rulesplayshigher and

0.8 T

givesextra active/reactive energy adjustment
whilstas compared to the PSO set of rules. Fig. four
of the glide chart for Ant Colony optimization
shows the preferred and realdeviceworkingfactors
taken under considerationon this case. Pheromone
awarenesswill increase the opportunity of a meals
supply, and ants comply with that higher track. The
pheromone path that has been left in the back of
will appeal tothe opposite ants to the huntlocation.
The pheromone path will in the end disappear over
the  years and compel look  foran
extraappealinglocation if new pheromone isn't set
down.
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Fig.7. depicts the response of the system to violations of limits. (a) The response of the system to PSO and PI
that is not optimised. (b) The response of the system in the presence of PSO and optimised PI.

1. CONCLUSION thiscounselled  gadgetto assess the overall

The bestera is a multi-variable bendy ac performance of the 5-stage cascaded H-bridge
transmission gadget, or UPFC for short. It is able to UPFC for electricity oscillation repayment and DC
intelligently or hyperlink voltage control. The 5stage CMC-UPFC
concurrentlyconvertingeachcomponent influencing is used for the voltage injection. When in
how a transmission cable drifts quickly (i.e., comparison to the PSO set of rules, the ACO set of
voltage, impedance, and phase angle). Using the rulesplayshigher and givesgreaterlively/reactive
Ant Colony Optimization (ACO) method, this electricity adjustment.
study collects the fineenergyalter parameters for the
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