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Introduction 

Increasing the amount of Renewable Energy Sources 

(RES) penetration in the utility phase has become 

necessary for utilities due to the rise in electricity 

consumption, the need to preserve the environment, and 

the depletion of fossil fuel reserves. Because of their 

nature and distribution penetration, mitigating 

environmental pollution, renewable energy can reduce 

power losses, reduce operating costs, eliminate system 

upgrades and improve voltage stability. By injecting the 

RES into the utility grid, the power quality decreases and 

generates PQ issues (Chawda et al., 2020; Basit et al., 

2020). These issues include reactive power flow, voltage 

fluctuations, excessive neutral current and harmonics etc. 

Some other problems regarding the voltage side 

distribution system and RES placement are also discussed 

by Chang and Chinh (2020). Using a Flexible AC 

Transmission System (FACTS) largely overcomes these 

PQ concerns (Khan et al., 2021). The various types of 

FACT devices mentioned in (Sindi et al., 2023), 

including Thyristor Controlled Series Compensator 

(TCSC) controllers, are utilized to improve the quantity 

of the control flow of active power and transmission lines 

in electric systems. The Static Var Compensator (SVC) is 

more effective at supporting the DC voltage and keeps 

the power supply reliable and efficient (Santika et al., 

2018). Static Synchronous Compensator (STATCOM) is 

an active shunt circuit that improves voltage regulation, 

power flow, and transmission line stability when 

connected at the midpoint (Abdelaziz et al., 2020). D-

STATCOM is another device which is used for harmonic 

mitigation and power factor improvement (Saeedinia et 
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al., 2022). The distorted voltage is reduced and thus, the 

power quality improves. The Dynamic Voltage Restorer 

(DVR) efficiently identifies and rectifies voltage sags in 

the AC power source by insulating the loads from these 

power reliability problems (Babu et al., 2021). However, 

the methods mentioned earlier mostly depend on the 

control approaches (Babu et al., 2019), which have high 

power losses. Hence, the proposed PV-UPQC efficiently 

improves the PQ and grid performance with minimized  

THD. 

The PV systems are employed to produce the 

electricity Babu et al. (2021a) to fulfil the load demand. 

Natural resources could be used to reduce energy 

consumption. However, a PV array provides a better 

result, but the output voltage is extremely low 

(Manikandan et al., 2016; Kumar et al., 2022).  Specific 

types of boost power circuits can control the output 

voltage. For low power loads, the Boost converter is 

insufficient. To beat the demerits of the Buck and Boost 

converter, the combination of Buck-Boost is introduced 

(Sathish et al., 2022). It is used in industries to step up 

and down operations. The converter achieves maximum 

efficiency depending on the conditions and operating 

modes (Babu et al., 2021b). However, a more 

comprehensive range of DC input voltage influences the 

efficiency and generates the ripples. 

Moreover, the voltage lift approach-based Luo 

converter (Reddy et al., 2022a) and SEPIC (Reddy et al., 

2022b) enhance PV outputs. However, these converter 

exhibits issues related to output gains. A non-inverting 

DC output voltage characterizes the fourth-order Zeta 

converter (Sathish et al., 2022). But still, due to the high 

switching losses, the system fails to regulate the gain. 

The suggested interleaved zeta converter (Sathish et al., 

2023) has high efficiency, low input current distortion 

and less output voltage ripple. 

MPPT methods deployed to determine the maximum 

energy possible from PV systems, have grown in 

popularity over the last decades. Traditional MPPTs, 

including incremental conductance and perturb and 

observe (P & O), are known to be more effective for 

uniform irradiance with a single peak (Balakishan et al., 

2023). Nonetheless, while the system is exposed to 

Partial Shading (PS) circumstances, it is not applicable 

and power loss occurs as a result of the algorithm being 

frequently trapped at a local peak. The Proposed ANFIS 

extracts the maximum power from PV under PS 

conditions (Quawi et al., 2023) and the parameters of 

ANFIS are tuned optimally with the help of the ICS 

algorithm. This presented approach is effective when 

compared to other metaheuristic algorithms including 

Particle Swarm Optimization (PSO) (Rudraram et al., 

2023), Whale Optimization (Thota et al., 2023) and 

Genetic Algorithm (GA) (Abdul et al., 2020). 

Therefore, this work proposes a PV integrated with 

the UPQC system to enhance the PQ issues. The UPQC 

and series and shunt converter are used to obtain a 

stabilized output with reduced current harmonics. The 

proposed ANFIS, tuned with the assistance of ICS, 

efficiently tracks the utmost power from the PV system. 

The STATCOM-UQPC is controlled by a PI controller 

based on the d-q theory. The proposed work is verified 

using MATLAB simulation. 

Proposed System 

The control and design of PV-UQPC are suggested 

in this work. The UQPC Comprises a shunt and series 

compensator, which is represented in Figure 1. 

Figure 1. PV-UQPC system configuration 

https://www.researchgate.net/scientific-contributions/Praveen-Kumar-Thota-2250447123?_sg%5B0%5D=lB1bVOsw64OFG-Y69MpfqNsAg3v1w-jy56OnpWoqynPE72tBhBozzZal-WU1eoAKJVjASm8.GM3hCfyFnTwbVkWl69fdN-NbUaou9kA6Y_zO_AsgB0IW7x8bGBkWQo4krW8G0_eWUZu1DVEVk5XS0sNGI1k-vw&_sg%5B1%5D=OZgI-TeETlvkQXa_yQVC-1l26gaZ9UAB3lR1yU8hEeuQ5CBjzPNmHLcj2x5IvgG5upsE74Y.8lxcCjNO7w2lja0Z3OKwZrTa4oacrMJbT4Yx5cv-H4El41fTBRfdIhlqRmh3UJmI-XuqLtcyxhWS8X9JXcdy_g
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A PV-coupled UPQC's primary function is to 

compensate for PQ issues of the supply voltage, such as 

sags, unbalance, swells, flicker and harmonics, and load 

current power quality issues. The Interleaved Zeta 

converter maintains the stable DC link voltage with 

reduced ripples. To maximise energy extraction from PV, 

the PV output is fed into an ICS ANFIS-based MPPT 

approach, efficiently separating the highest power from 

PV. By generating gating pulses, the PWM generator 

regulates the operation of the converter. The converter's 

controlled outcome of the ideal voltage level is injected 

into the DC link. The dq theory-based PI controller is 

employed to control the working of the shunt and series 

converter of UPQC. As a result, the PQ issues are 

mitigated with an improved power factor. 

Proposed System Modelling 

Modelling of PV System 

The PV cells are one of the primary components of 

solar power plants, which convert solar power into 

electrical energy. Figure 2 depicts the equivalent circuit 

of a PV cell and its various components. In practical, the 

resistance Rsh and Rs are not included in the system. 

The PV cell's output current is 

IPV = IL − Ido − Ish…………………..(1) 

The diode current equation can be written as, 

Ido = Io {exp (
qVd

ηkT
) − 1}……………….(2) 

 

The P-V characteristic of the common equation is: 

IPV = IL − Io [exp (
q(VPV+IRs)

ηkT
) − 1] − [VPV +

IRs

Rsh
]……..(3) 

 
Figure 2. PV Cell 

Solar cells can be connected in series or parallel to 

obtain the desired voltage and current. Furthermore, 

different connection states result in different photovoltaic 

array topologies. The output` of PV is severely low. To 

boost the output voltage and current of PV, the 

interleaved zeta converter is introduced and it also has 

high efficiency with a wide range duty ratio. 

Modelling of Interleaved Zeta Converter 

The traditional converters are frequently used to 

decrease the DC supply with poor efficiency. However, 

the conventional Zeta converter is inappropriate for 

wider-range operations due to its lower efficacy. So, the 

Interleaved Zeta converter is presented in this work. The 

Interleaved Zeta Converter's circuit diagram is depicted 

in Figure 3. 

 
Figure 3. Interleaved Zeta converter circuit diagram 

Stage 1 [𝐭 𝟎 ≤  𝐭 ≤  𝐭 𝟏]:  

The capacitor C1 and inductor Li1store energy from the 

DC source Vdc. Switch S1 is switched on during Stage 1, 

while S2 is deactivated at the same moment. The output 

DC connection capacitor C0 transfers the inductor Lo1 

stored energy to the load. During this mode, the inductors 

Lo1 and C0 are resonating. 

 
Figure 3. (a). Stage 1 

 

Stage 2[𝐭 𝟏  ≤  𝐭 ≤ 𝐭 𝟐]: 

While in this stage 2, the switches S 1 and S2 are in ON 

state. Through the output capacitor C0, the inductor Lo1 

releases energy to the load. Through the switch S2 the 

inductor Li2 and C2 begin charging from the DC source. 

Towards the end of this mode, the fully charged inductors 

Li1 begin to discharge. 

 
Figure 3(b). Stage 2 

Stage 3[t 2  ≤ t ≤ t3]: 

In Stage 3, S1 is switched off while S2is maintained in 

the on position. Until the switch is turned on, the inductor 

Li2 and C2 are continuously charging. Through the DC 

connection capacitor, the inductors Li1 and Lo1 start 

discharging to the load. By the end of this phase, Lo1 is 



Int. J. Exp. Res. Rev., Vol. 33: 57-70 (2023) 

DOI: https://doi.org/10.52756/ijerr.2023.v33spl.006 
60 

fully discharged, charging in the opposite direction, and 

the output capacitor and load receive the least current. 

 
Figure 3(c) Stage 3 

Stage 4[𝐭 𝟑  ≤  𝐭 ≤ 𝐭 𝟒]: 

The S 1  and S 2  switches are both switched  ON . 

Through the DC connection capacitor, the inductorsLi2 , 

Lo2 start discharging to the load. Through the switchS 1, 

the inductors Li1,Lo1 and capacitor C1 are storing energy 

from the DC  source  Vdc . TheLi2 , Lo2 inductors entirely 

discharged at the mode's end, and the cycle repeated. 

 
Figure 3(d) Stage 4 

The Interleaved Zeta converter ensures optimal power 

transfer by using an improved CS with ANFIS MPPT 

controller. The fourth coming section briefly explains 

suggested ICS-assisted ANFIS MPPT. 

Modelling of Improved Chicken Swaram Algorithm 

with ANFIS MPPT 

ANFIS-MPPT 

The ANFIS incorporates fuzzy logic with Artificial 

Neural Network (ANN). An ANN is used to train the new 

fuzzy controller to determine the variable-based 

membership function. A comprehensive foundation rule 

is created by deriving the weight of each node involved 

(Ahmad et al., 2021). The membership function and rule 

table can be easily tuned with the aid of the ANN. The 

ANFIS (Anand et al., 2018) controller's inference system 

corresponds to a collection of fitness values to optimise 

nonlinear functions. A two-input (x, y)-one output fuzzy 

rule set (z) One way to give FIS is as follows: 

The first rule states that if x and y are both A1andB1, 

then 

 f1 = p1x + q1y + r1 ………………. (4) 

The second rule states that if x and y are both 

A2andB2, then 

 f2 = p2x + q2y + r2 ……………….. (5) 

The following equation (6) represents the function of 

output: 

 f =
ω1f1+ω2f2

ω1+ω2
= ω1̅̅ ̅̅ f1 + ω2̅̅ ̅̅ f2 ……… (6) 

 
Figure 4. Figure 4. ANFIS based MPPT 

Figure 4 depicts the ANFIS's design with two inputs 

(x, y) and one output (z). 

Layer 1 

Usually, most nodes are flexible and node i and 

O1dependent on the input of the membership functions 

with corresponding node i for its output. 
O1,i=μAi(x),              For i=1,2

O1,i=μBi(y),              For i=3,4
 ……………. (7) 

Here, the inputs are x and y, and the corresponding Ai 

and Bi  fuzzy sets are parametric sets of fuzzy sets  i . 

Gaussian membership functions are used for the inputs x 

and y in this work. 

Layer 2 

Here, the nodes are unchangeable and output i is the 

outcome of its input functions. The term "neural network 

layer" refers to this layer since it multipliers. 

O2, i = ωi = μAi
(x) ∗ μBi

(x)        For i = 1,2 . …… .. (8) 

Layer 3 

The N fixes and uniquely identifies each node. The 

output of layer 3 (O3 ) i is referred to as having 

standardised firing strengths from the layer before that 

since it is the sum of the firing strengths of the rules. 

O3, i = ωi̅̅ ̅ =
ωi

ω1+ω2
,              For i = 1,2……………… (9) 

Layer 4 

The parameters follow naturally from the changeable 

node features. This fuzzy logic node has the parameter 

values pi,qi and ri equation displays the node's output 

(10) 

O4, i = ωi̅̅ ̅fi = ωi̅̅ ̅( pix + qiy + ri), For i = 1,2… (10) 



Int. J. Exp. Res. Rev., Vol. 33: 57-70 (2023) 

DOI: https://doi.org/10.52756/ijerr.2023.v33spl.006 
61 

Layer 5 

It only has one static node, and the sum of all 

incoming signals is used to calculate its output. Equation 

illustrates this node's output function (11). 

O4, i = ∑ ωi̅̅ ̅fii = ∑
ωifi

∑ ωii
,i For i = 1,2……………… ..(11) 

An ANFIS's architecture is not a particularly 

distinctive one; depending on the needs of the 

application, many levels may be mixed. Through the 

ANFIS training algorithm, the alterable parameters of the 

adaptive layers are tuned to match the training dataset 

results. The solar PV array was simulated in various 

weather scenarios in the datasets with random 

temperature and solar irradiance changes. The irradiance 

G (W/m2) and temperature T (°C) are thus regarded as 

the ANFIS controller's inputs. The output, which is fed 

into a duty generator, is the maximum voltage ( Vm ) 

produced at any particular time. With the implementation 

of an efficient improved CS algorithm, the parameters of 

ANFIS tuned optimally. 

Improved CS Algorithm 

Initial Selection 

The traditional algorithm suffered because the 

population described in the CS optimisation is not 

initialised. Additionally, there is no assurance that the 

algorithm's optimal solution will evenly distribute the 

search space, which reduces the algorithm's performance 

and efficiency. The initialization of the algorithm 

included the chaos method and reverse learning 

technique. By using the reverse learning strategy, the 

algorithm's blindness is reduced by making the state non-

repetitive and ergodic using the chaotic method. In order 

to prevent falling into local optimum, the algorithm's 

ability to detect globally is ensured. The procedure began 

with the following.  

(1) Select the population of chicken swarm 

optimization NP1 = {x1(t), x2(t), … xN(t)} , and the 

population of every individuals is xi(t) =

xi,1(t), xi,2(t),… xi,D(t)), i ∈ N. 

(2) The model iterations produce chaotic and logistic 

mapping of the equation is described in following 

equation (12)NP2 = {x1(t) ∗, x2(t) ∗, … xN(t) ∗}: 

x1(t) ∗= μ ∗ xi(t) ∗ (1 − xi(t)), ……….. (12) 

(3) Equation: Determine the inverse solution 

corresponding to NP2 individual (13) 

xi,D(t) = K ∗ (̃ xi + yi) − xi,D(t), …………. (13) 

(4) NP2  ⋃ NPop and select the best fitness for xbest , 

then compute xmean (x1  + x2  + x2N)/2N to obtain the 

inverse optimum solution as shown below. 

xopbest {
xbest,   (xbest) <  𝑓(xmean)
xmean,   (xbest) ≥  f(xmean)

……… (14) 

The chicken swarm optimisation might locate the 

ideal solution in a bigger search space by incorporating 

chaos and reverse learning strategies. It can also direct 

the individual to develop the ideal solution, improving 

total convergence speed. 

Chicken Location update 

It used PSO to determine the position of the particles 

globally, locally, and locally to optimise the chicks' 

location update. It chooses the best position for the entire 

cock-guided group. The particle swarm optimisation 

algorithm's inertia weight value and learning factor were 

employed in this study to enhance the chick position 

updating. 

 xi,j (t + 1) =  ω(t) ∗ xi,j(t) + φ1 ∗

 (xm,j (t) − xi,j(t)) + φ2 (xr,j (t) − xi,j(t))……… (15) 

Wherem is the subgroup member and the person who 

corresponds to the hen; r is the cock member who 

corresponds to the chick in the subgroup; φ1 and φ2  are 

earning factors, which, taken together, indicate the extent 

to which the chick has learned about the hen and the 

cock; and (t) is weight value. 

Setting the Weight Value 

The weight value setting impacts the algorithm's 

ability to do local and global searches, which in turn 

impacts the algorithm population of diversity in the long 

run. The nonlinear inertia weight value (t) introduced in 

this paper is as follows: 

ω(t) = floor ((ωmax − ωmin) ∗  exp3(−2 ∗

 (t Tmax⁄ )) + ωmin) …………………….. (16) 

Where Tmaxis the maximum number of iterations, 

floor is the rounding function, and, where ωmaxthe 

maximum inertia weight,(t)is an integerωmin is the 

minimum inertia weight.. 

 

 

Settling the learning factor 

Similar to the social and individual learning factors in 

the PSO, the 0  φ1 and φ2 in the chick position update 

show the extent of learning of chicks to cocks and hens 

derived from the PSO component. It can be inferred that 

the larger φ1 is, the higher the probability the chick has 

to search around the hen at the start of the search, and it is 

more inclined to search for the globally optimal solution; 
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the largerφ2 , the chick is more likely to find the rooster, 

which is a local search close to the optimal solution.  This 

Paper implements a nonlinear learning component, 

enabling local and global searches for chicks.  The 

equation is as follows: 

φ1 = 1.3 + 1.2 ∗ cos(tπ Tmax⁄ ),   ………… (17) 

φ2 = 2 − 1.2 ∗ cos(tπ Tmax⁄ ) ……….. (18) 

Select the Best Individual 

A differential method that consists of the three stages 

of variation, intersection, and selection is utilised to 

choose the best location for the chicken swarm 

optimisation.  The important equation is as follows: 

(1) Variation Procedure: Following a random 

selection of two identical-iteration-number bodies, 

xr1,j (t)andxr2,j(t), the mutation operation is carried out 

by the following equation. 

Vi,j(t + 1)  = xi,j(t) + F ∗ (xr1,j (t) − xr2,j(t)) …. (19) 

Where F is a random factor which regulates the extent 

of growth of the score vector and Vi,j(t + 1) is the mutant 

individual. 

(2) Cross Procedure: Indicator of cross-probability P 

is added, and the cross operation is carried out using the 

equation below: 

ki,j(t) = {
vi,j(t + 1),   P ∈  [0,1],

xi,j(t),   otherwise
} ………….. (20) 

Figure 5. Flow chart of ICS Algorithm 
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(3) Selection Procedure: Choose individuals with high 

fitness function values, crossover operations and run 

mutation and compare the new individuals with the 

previous generation to compare the fitness function 

values of two individuals. If the former exceeds the latter 

in size, move on to the next iteration; otherwise, stay the 

same. 

Figure 5 indicates the flow chart representation of the 

ICS Algorithm. The proposed ICS fine-tuned the 

parameter with the best optimal solution. 

Modelling of UPQC 

Generally, the UPQC consists of two main converters: 

shunt and dc converters. These two converters maintain a 

common DC link with a renewable energy source, which 

helps UPQC work to enhance the PQ. The UPQC serves 

as a power quality mitigation and conditioning device for 

PV integration. The shunt converter injects current to 

reduce harmonics caused by nonlinear load. In order to 

provide and inject voltage in series with line to the 

distortion-free voltage at the load terminal, the UPQC 

series converter is used in voltage control mode. Because 

of its excellent rapid performance and minimal 

computational effort, a DQ theory-based control, a time 

domain approach is adopted. 

 

Shunt Control Technique 

The improved DQ control technique is shown in 

Figure 6. The power supply current (Isa, Isb, Isc), power 

supply voltage (Vsa, Vsb, Vsc ), load current (ILa,ILb, ILc ), 

and DC link voltage (Vdc) are the first signals sensed in 

this control approach. 

Eventually, change the load current from an abc-frame 

to a dq-frame using equation (18). 

[

id
iq
io

] =
2

3

[
 
 
 
 cos∅            − sin∅

1

2

cos (∅ −
2π

3
)  − sin (∅ −

2π

3
)

1

2

cos (∅ +
2π

3
) sin (∅ −

2π

3
)

1

2 ]
 
 
 
 

[

ila
ilb
ilc

] …. (18) 

To produce a constant DC component, the filter lets 

these id  and iq  components through. The reference 

current,idref, is obtained by combining iddc with the loss 

component obtained by adjusting the DC link error 

signal. Equations (19) and (20) provide the loss 

component and the direct axis reference current. 

iln = i1(n−1) + kpd(Vde(n)  − Vde(n−1)  + kidVde(n))…. (19) 

 id 
∗ = i1 + iddc …………………………….(20) 

The reference current iqref  is obtained similarly by 

combining iqdc  with the tuning power supply voltage 

error signal, as illustrated in equation (21). The final 

reference currents provided by equation are these 

reference idref and iqrefcurrents are converted back to the 

abc-reference system via the inverse Park Transformation 

(22). 

iqrn = iqr(n−1) + kpq (Vte(n) − Vte(n−1) + kidVte(n)) ...(21) 

Figure 6. Shunt control approach 
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iq
∗ = iqr + iqdc  ………………………………..….. (22) 

The PWM controller generates gate pulses based on 

the difference between the reference source current and 

the actual source current. Using the flash pulse as a basis, 

the current injects into the PCC to reduce harmonics and 

compensate for the necessary reactive power. 

Series Control Technique 

The series controller aims to lessen voltage sags, 

surges, and interruptions. Moreover, voltage harmonics 

are compensated appropriately. In Figure 7, the suggested 

series voltage controller is displayed. First, transform the 

source voltage into the synchronous dq0 reference frame 

using the following equation. 

Vs1
dq0

= Ts ∗ Vs1
abc = VS1p + VS1n + VS10 + VS1h …. (23) 

It comprises positive, negative, zero sequence, and 

harmonic components, respectively, designated 

as  VS1p , VS1n , VS10  and  VS1h . The load voltage's dq0 

reference system is developed to obtain the sinusoidal 

voltage. 

VL1
dq0

= Ts  ∗  Vs1
abc = [

Um

0
0

] ……………………….. (24) 

Where Ts =

[
 
 
 
 cos∅  −  sin∅

1

2

cos (∅ − 
2π

3
) − sin (∅ −

2π

3
)

1

2

cos (∅  +
2π

3
) sin (∅ −

2π

3
)

1

2 ]
 
 
 
 

 …….(25) 

 
Figure 7. Series control approach 

This formula yields the compensation dq0 reference 

frame voltage: 

Vdq0
ref = Vs1

dp0
− VL1

dp0
 ……………………….. (26) 

The abc-reference frame continues to be converted 

from this compensating voltage. Produce gate pulses 

using PWM to produce compensation for load voltage 

fluctuations. As a result, an effective ICS with ANFIS 

MPPT for PV-UPQC system using an Interleaved Zeta 

converter achieves improved PQ issues. 

Results and Discussion 

An effective Improved CS optimization is introduced 

for the PV-UQPC system using the interleaved zeta 

converter discussed in this work. To deliver the power 

required by the shunt and series compensation, the PV 

system is connected to the DC link of UPQC. This part 

validates the suggested control approach with MATLAB 

and discusses the outcomes in-depth. Table 1 displays the 

parameters used to develop the suggested work. 

Table 1. Parameter Specification 

Parameter Specification 

Solar PV System 

Series connected solar 

PV cells 
36 

Open Circuit Voltage 12V 

Short Circuit Current 8.33A 

Peak Power  10KW, 10 Panels 

Interleaved Zeta Converter 

L1, L2, L3&L4 2 ∗ (350uH − 6A) +  2
∗ (350uH
− 2A)  

C1, C2, C3&C4 47uF 

Co1&Co2 180u 

Cin 470 uF 

 

 

 
Figure 8. Solar panel (a) Temperature (b) Irradiation 

To verify the functionality of the interleaved Zeta 

converter, a PV system powered by renewable energy is 

linked to the interleaved converter. It is obvious from the 

waveform observation in Figure 8(a) that the temperature 
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remained constant at 35°C, and this information may be 

used to analyse the effectiveness of the suggested 

technique in addressing the intermittent nature of the PV 

system. Similarly, Figure 8 (b) demonstrates that an 

irradiation of 1000 W/Sq.m PV system is attained. 

 

 
Figure 9. Solar panel (a) Voltage (b) Current 

Figure 8 indicates the waveform representation for 

Voltage and irradiation of PV system. From the graph, it 

is noted that the constant voltage 60V is maintained. 

Similarly, the current obtains a peak value and after 0.2 

sec it maintains a constant value of 12 A. 

 

 

 

In Figure 9(a), the waveforms for the Interleaved Zeta 

converter's voltage output are displayed. The converter's 

output voltage of 600V is reached in 0.15 seconds, even 

with some initial variations. The output current is also 

dynamic in Figure 7(b) until 0.5s, at which point a 

constant value of 2A is maintained. 

Case 1: FOR STEP MAGNITUDE (-0.3) 

 

 

Figure 10. Output of Interleaved Zeta converter 

(a) Voltage (b) Current 
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Figure 11. Simulation results for voltage sag condition 

Case 1 assesses the feasibility and effectiveness of the 

proposed PV-UPQC under voltage sag conditions. The 

source voltage is initially 400V, and between the 

intervals of 0.1 and 0.2 seconds, a voltage sag of 

magnitude -0.3 p.u is induced. The input current 

increases to 55A during this time, as seen in Figure 10. 

The resulting waveform also shows the analysis of the 

source current and source voltage under voltage sag by 

considering into reference a single phase. Moreover, at 

0.05 seconds a unity power factor is attained. Due to the 

robust compensation abilities of the series compensator, 

the stability of the load side voltage is maintained over 

the voltage sag in the grid side. The suggested method 

also successfully reduces reactive power. 
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Figure 12. The waveform of shunt and series 

compensator for voltage sag condition 

Figure 11 shows the reference current signal for the 

shunt compensator that is produced using the PI 

controller-assisted dq theory. Similarly, the reference 

voltage for the series compensator signal is produced 

with the aid of the dq theory. The waveform also shows 

the actual voltage and current waveforms for the shunt 

and series compensators. As a result of using the 

designed PV-UPQC, the system's current and voltage 

quality issues are rectified. 

 

 

 

 
 

 

 

 

 

 

 
Figure 13. Simulation results for voltage swell 

condition 

Case 2 evaluates the PV-UPQC's dynamic operation 

in the presence of voltage swell, and Figure 12 shows the 

relevant waveforms. In case 2, between 0.1 and 0.2 

seconds, a voltage swell of magnitude 0.3p.u is seen in 

the source voltage waveform. The next waveform shows 

the corresponding input current waveform, in which 

magnitude decreases in response to the voltage swell. The 

waveforms for a single phase of the source voltage and 

current under the voltage swell condition are also 

considered. Similar to case 1, case 2 a unity power factor 

is achieved. The excellent compensating capability of the 

series and shunt compensators of the proposed UPQC 

enables the maintenance of a constant and stable voltage 
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and current on the load side. Figure 12 also displays the 

real and reactive power waveforms. Figure 13 shows the 

reference voltage and current waveforms that are used to 

rectify PQ concerns. 

 

 

 
 

 
Figure 14. Waveform of shunt and series compensator 

for voltage swell condition 

Figure 15 shows the comparison graphs used to 

evaluate the effectiveness of DC-DC converters in terms 

of voltage gain, efficiency, and tracking efficiency. The 

suggested ICS with ANFIS MPPT has the best efficiency, 

approximately 96%, compared to other methods. 

Similarly the THD waveform is seen in Figure 14. The 

Interleaved Zeta values' voltage gain, efficiency and THD 

are 1:10, 97.2% and 2.01%, respectively. 

 

 

Figure 15. THD Waveform 

 

 

 

Conclusion 

The RES are crucial to producing the electrical power 

in grid-coordinated PV systems. Because of the RES 

connection with the grid, the PQ problems show a drastic 

increase. Due to this poor power quality, the grid has to 

deal with load shedding, fluctuations in harmonics, 

voltage swell & sag and other difficulties that impact the 
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system. The PV integrated UPQC is proposed in this 

work to overcome the issues mentioned earlier. With the 

help of Interleaved Zeta converter the high ripples are 

eliminated. In order to track the maximized power from 

PV, the ANFIS MPPT is introduced, which is effectively 

tuned by the employment of the improved CS algorithm. 

The UQPC's series and shunt compensators lessen 

voltage sag, swell, and harmonics. The coordinated dq 

theory and PI controller are introduced to enhance the 

performance of the UPQC system. The proposed PV-

UPQC is evaluated and the simulation results are 

obtained in MATLAB platform. According to the results, 

the interleaved zeta converter has an 

outstanding efficiency of 97.2% with minimized THD 

value of 2.01%. 
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