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 The design of a three-phase solar PV system with the integrated UPQC, an analysis of its performance and control operations 

of UPQC byadopting an artificial intelligence(ANN) are discussed in this paper. The basic components of PV-UPQC are shunt 

and series voltage compensators that are connected in series and parallel by a single DC link. Shunt compensator is meant to 

evoke the power from PV array and also compensate the load current harmonics. Moving average filter (MAF) enhanced the 

system performance and improving synchronous reference frame control. The series voltage compensator is meant to compensate 

grid-side power quality issues like voltage sags and swells. It injects the voltage in-phase or out-of-phase of the grid 

appropriately. The main benefits due to this proposed system is to clean energy generation and improving power quality. The 

MATLAB Simulink is used to assess the system's performance in both steady state and dynamic conditions. The primary focuses 

isto implement an ANN (Artificial Neural Network) rather than a PI controller for better performance and minimize THD issues 

at various conditions of irradiance, PCC voltage sag/swell, and load unbalancing. ANN will yield the best results and enhance 

power quality. 

.   

KEYWORDS: Power quality, Solar power, Shunt compensator, Series compensator, MPPT, and ANN. 

1. INTRODUCTION 

The penetration of power electronic loads has increased 

with the development of semiconductor technology. 

These loads, which are efficient, but draw non-linear 

currents. Those non linear loads are computer power 

supplies, variable speed drives, switched mode power 

supplies, etc. At the point of common coupling (PCC) in 

distribution systems, these nonlinear currents may 

result in voltage distortion. The benefit of using PV as a 

source of energy is that small buildings and apartments 

can generate clean energy through the installation of 

rooftop and solar tree PV systems [1],[2]. The 

installation of rooftop PV systems in residential and 

small commercial buildings is done for the purpose of 

accentuating the production of clean energy. Especially 

in the ineffective distribution systemsleads to voltage 

issues such voltage sags and swells [3, 4] and will 

increase the penetration of such a system because the 

PV supply is intermittent. These voltage quality 

problems cause the electronic devices and systems to 
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frequently trip falsely, increase the temperature of the 

capacitor banks [8], [10], and snag or falsely trigger the 

electronic systems. Due to these challenges, there are 

significant power quality issues on both the load side 

and the grid side of current distribution networks.Due 

to the demand for clean energy generation and indeed 

the best quality of power needed by complex electronic 

loads, it is necessary to have a system that can execute 

many tasks simultaneously, i.e., that can produce clean 

energy while also enhancing the power quality. In 

[11],[12] explained about the uses of three phase 

multi-functional conversion of solar energy system to 

compensate for load and grid side power quality 

concerns. Even though it has the ability to regulate load 

voltage and is at the root of injecting reactive power, a 

single phase solar PV inverter with active filter 

capabilities integrates clean energy generation with 

active filtering. But it is unable to both maintain and 

manage PCC voltage and utility factor at the grid's 

current continuously. Recent proposals for series active 

filters [15],[16] have been made in response to the 

demanding power quality requirements for complex 

electronics loads. Compared to shunt active filter and 

series active power filter, unified power quality 

conditioner(UPQC) have both series and shunt 

compensators, it is performing the both load voltage 

regulation and maintaining grid current sinusoidal at 

unity power factor. A solar photovoltaic system 

integrated with the dynamic voltage restorer has been 

proposed in [17]. PV array integration with UPQC has 

been suggested in [18]–[20]. An embedded UPQC to PV 

array has various benefits over typical grid-connected 

inverters, including enhancing the grid's power 

quality.Along with improving the converter's ability,the 

ride through faults during transient conditions, it 

shields the crucial loads from grid-side disturbances. 

The generation of reference signals is a significant 

responsibility in the PV-UPQC control operation, with 

signal strategies split into time domain and frequency 

domain procedures [8]. The time domain strategy is 

more often utilized in execution because it reduces the 

processing applications. The most frequently applied 

methodologies are reactive power theory (p-q theory), 

synchronous reference frame theory (d-q theory), and 

instantaneous symmetrical component theory [23]. 

When the reference frame theory is employed in an 

unbalanced condition, a double periodic element is 

introduced in the d-axis current. As a reason, use a low 

pass filter with a very low cutoff frequency to remove 

the double harmonic currents [24]. In this procedure, 

the d-axis current is filtered to produce the primary 

load active current. It will provide the converter with 

optimal attenuation, and without diminishing 

bandwidth [25]. In [26],[27], moving average filter 

(MAF) was employed to boost the efficiency of DC-link 

controllers as well as revised utilizing phase locked 

loop (PLL). The great benefit of using ANN to drive 

PV-UPQC instead of pi controllers is that it reduces 

THD (total harmonic distortion) and grid current 

fluctuations.The entire research will address the 

design and performance analysis of three phase 

PV-UPQC utilizing an ANN controller. To boost 

performance characteristics during load active current 

recovery, a MAF-based d-q theory-based control was 

adopted.  

 

2. SYSTEM CONFIGURATION AND DESIGN 

Figure 1 illustrates the three-phase PV-UPQC 

configuration. The PV-UPQC is constituted of a shunt 

and a series compensator linked by a single DC-link. 

The shunt compensator is connected to load side, while 

series compensator is connected to the grid. Solar PV is 

connected directly to the UPQC DC network via a 

reverse blocking diode. The series compensator 

compensates for grid voltage sags/swells while 

operating in voltage control mode. Interfacing 

inductors interface the shunt and series compensators 

to the grid. The voltage generated by the series 

compensator is injected into the grid via a series 

injection transformer. Harmonics are generated by 

converter switching activity and filtered by 

using  Ripple filters. A bridge rectifier is composed of a 

nonlinear load and a voltage-fed load. 

 
Fig.1. System Configuration of PV-UPQC 
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A. Design of PV-UPQC 

The design techniques involve proper sizing of the PV 

array, DC link capacitor, DC link voltage level, etc. The 

shunt compensator is calibrated to withstand the peak 

output from the PV array, as well as compensates the 

load current, reactive power and current harmonics. 

The PV array is integrated directly to the DC 

connection, and it is sized so that the MPP voltage is 

identical to the required DC link voltage. Under normal 

conditions, the PV array provides load active power 

together with grid power. Other design elements 

include a series injection transformer, interface 

inductors, and series and shunt compensators. The 

PV-UPQC design is discussed below. 

1)Voltage magnitude of DC link:  The magnitude of the DC 

link voltage has always been determined by the depth 

of modulation and the system's per-phase voltage. The 

magnitude of the DC link voltage should be more than 

double peak per-phase voltage of a three-phase system 

[8] and is expressed as, 

  𝑉𝑑𝑐=
2 2𝑉𝐿𝐿

 3𝑚
(1) 

where m is the depth of modulation and .  𝑉𝐿𝐿is the grid 

line voltage. The line voltage is 415V, and the DC-bus 

voltage must be at least 677.7V. The DC bus voltage is 

around 700V, which is the same as or equal to the MPPT 

working voltage of the PV array under STC 

circumstances.  

2) DC-Bus Capacitor Rating: The rating is determined by 

the amount of power required as well as the Dc-bus 

voltage level. The DC-Bus capacitor rating of energy 

balance equation is as follows: 

𝐶𝑑𝑐=
3𝑘𝑎𝑉𝑝𝑕 𝐼𝑠𝑕

0.5×(𝑉𝑑𝑐
2 −𝑉𝑑𝑐 1

2 )
 

=
3×0.1×1.5×239.6×34.5×0.03

0.5×(700 2−677.792)
 

=9.3mF   (2) 

where 𝑉𝑑𝑐 is the average DC-bus voltage, 𝑉𝑑𝑐1 is the 

lowest required value of DC-bus voltage, a is the 

overloading factor, 𝑉𝑝𝑕 is per-phase voltage, t is the 

minimum time required for attaining steady value after 

a disturbance, Ish is per-phase current of shunt 

compensator, k factor considers variation in energy 

during dynamics. 

According to (2), the minimum needed DC-link voltage 

is 𝑉𝑑𝑐1 = 677.69 V, 𝑉𝑑𝑐  = 700 V, 𝑉𝑝𝑕= 239.60 V, 𝐼𝑠𝑕=57.5 A, 

t= 30 ms, a = 1.2, and for dynamic energy change = 10%, 

k= 0.1, the value of 𝐶𝑑𝑐= 9.3 mF. 

3) Interface Inductor for Shunt Compensator: The shunt 

compensator's interfacing inductor rating is established 

by that of the ripple current, switching frequency, and 

DC link voltage. The interfacing inductor rating is 

expressed as, 

𝐿𝑓=
 3𝑚𝑉𝑑𝑐

12𝑎𝑓𝑠𝑕 𝐼𝑐𝑟 ,𝑝𝑝
 = 

 3×1×700

12×1.2×10000 ×6.9
 

                    = 800µH ≈ 1mH            (3) 

where m is the modulation depth, a is pu value of 

maximum overload, 𝑓𝑠𝑕  is the switching frequency, 

𝐼𝑐𝑟 ,𝑝𝑝  is the ripple current of inductor which is taken as 

20% of rms phase current of shunt compensator. With 

m=1, a=1.2,𝑓𝑠𝑕=10KHz and 𝑉𝑑𝑐=700V one obtain800µH 

which is roughly at 1mH. 

4) Series Injection Transformer:-: The PV-UPQC is 

intended to compensate for a 0.3 pu sag/swell, i.e. 71.88 

V As a result, the needed voltage for injection is roughly 

71.88 V, offeringwhen the series compensator has a low 

modulation index. The voltage across the DC-link is 

700V. In order to run the series,One maintains 

modulation by using a compensator with the minimum 

harmonics.The series compensator's index is close to 

unity as a result, a series transformer with a turns ratio 

is expressed as 

                 𝐾𝑆𝐸=
𝑉𝑣𝑠𝑐

𝑉𝑆𝐸
 = 3.33 ≈ 3(4) 

𝐾𝑆𝐸  is 3.33.  the rating of series injected transformer 

rating is  

𝑆𝑆𝐸=3𝑉𝑆𝐸𝐼𝑆𝐸 𝑠𝑎𝑔  = 3× 72 × 46= 10KVA   (5) 

The current flowing through the series VSC is the same 

as the current flowing through the grid. 

The supply current is 46 A under sag conditions of 0.3 

pu, resulting in a VA rating of 10KVA for the injection 

transformer. 

5) Interfacing Inductor of Series Compensator: The series 

compensator interfacing inductor rating is depends 

upon the ripple current bat the swell condition, 

switching frequency and DC link voltage. Its rating is 

given as, 

𝐿𝑟= 
 3×𝑚𝑉𝑑𝑐𝐾𝑆𝐸

12𝑎𝑓𝑠𝑒 𝐼𝑟
 = 

 3×1×700×3

12×1.2×10000 ×7.1
 

                                                                                                             

=3.6mH             (6) 

where m is the modulation depth, a is the pu value of 

the maximum overload, 𝑓𝑠𝑒  is the switching frequency 

,𝐼𝑟  is the ripple  current of the inductor, which is taken 

as 20% of the grid current. Here m=1, a=1.2, 𝑓𝑠𝑒=10KHz, 
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𝑉𝑑𝑐  =700V and 20% ripple current, one gets 3.6mH as 

selected value 

 

3. CONTROLOF PV-UPQC 

The PV-UPQC consists of shunt and series voltage 

compensator sub systems. The shunt compensator is 

deployed as a compensate for load power quality issues 

such as load harmonic currents and load reactive 

power. The shunt compensator in the PV-UPQC 

performs an additional role in this study, which is to 

collect power from the PV-array using an MPPT 

(maximum power point tracking) algorithm. on the 

other hand, the series compensator, is used to protect 

the load from grid-side power quality concerns such as 

voltage sags/swells by injecting suitable voltage 

in-phase with the grid. 

A) Control of Shunt Compensator 

By utilizing an MPP, the shunt compensator obtains the 

maximum power from the solar PV-array. The reference 

voltage was established by the MPPT algorithm for the 

PV-UPQC DC-link. MPPT algorithms that are regularly 

used [28] include the Perturb and Observe (P& O) 

algorithm and the incremental conductance algorithm 

(INC). The (P& O) algorithm is applied in this study to 

implement MPPT. A PI-controller is used to keep the 

DC-link voltage at the generated reference.  For getting 

better compensation and reducing the load currents an 

ANN controller is used instead of a PI controller this 

paper.An ANN controller which is the find out errors 

through weight adjustment.The shunt compensator 

collects the active fundamental component of the load 

current to perform load current compensation. The 

shunt compensator is managed in this paper by 

extracting the fundamental active component of the 

load current using the SRF methodology. Figure 2 

illustrates the shunt compensator's control structure 

with the ANN.The voltages at the load is compared 

with reference voltages is given as input layer of ANN. 

The designed ANN controller has 3 layers composed of 

2 input layers. 2 hidden layers and 1 output layer. After 

complete training of ANN the output produced in real 

and reactive. Using the phase and frequency 

information collected from the PLL, the load currents 

are switched to the d-q-0 domain. The PCC voltage is 

fed into the PLL. The load current's d-component (ILd) 

is filtered to isolate the DC component (ILdf), which 

constitutes the basic component in the abc reference 

frame. A moving average filter (MAF) is used to recover 

the DC component without deteriorating the dynamic 

performance. The moving average filter's transfer 

function is expressed as, 

               MAF(s)=
1−𝑒−𝑇𝑤 𝑠

𝑇𝑤 𝑠
 (7) 

here 𝑇𝑤  is the moving average filter window length. As 

the lowest harmonic present in the d-axis current is 

double harmonic component, 𝑇𝑤  is kept at half of 

fundamental time period. The MAF unity gain and zero 

gain integer multiples of window length. 𝑇𝑤denotes the 

length of the moving average filter window. 𝑇𝑤 is 

preserved at half of the fundamental time period 

because the lowest harmonic present in the d-axis 

current is a double harmonic component. MAF integer 

multiples of window length with unity gain and zero 

gain.The equivalent current component due to PV array 

is, 

𝐼𝑃𝑉𝑔 =
2

3

𝑃𝑝𝑣

𝑉𝑠
(8) 

where 𝑃𝑝𝑣   power of PV-array and 𝑉𝑠  is the magnitude 

of the voltage at PCC. The reference grid current is, 

𝐼𝑠𝑑
∗ =𝐼𝐿𝑑𝑓 + 𝐼𝑙𝑜𝑠𝑠 − 𝐼𝑝𝑣𝑔    (9) 

                       Here 𝐼𝑠𝑑
∗  is converted to the abc domain 

reference grid currents. In a hysteresis current 

controller the reference grid currents are compared with 

sensed grid currents to generate the gating pulses for 

shunt converter. 

 

Fig.2. Control Structure of Shunt Compensator 

 

B. Control of Series Compensator: 

Pre-sag compensation, in-phase compensation, 

and energy optimal compensation are the series 

compensator control techniques. [29],[30] provide a full 

overview of series compensator control techniques. The 

series compensator injects voltage into the grid 
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in-phase, resulting in the minimal voltage injected by 

the compensator. Figure 3depicts the control structure 

of a series compensator with the controllers of PI and 

also ANN. The reference load voltage is generated by 

PCC utilizing the phase and frequency information 

provided from PLL. PLL is used to extract the 

fundamental component of PCC voltage, and this PLL 

generates the reference axis in the d-q-0 domain.PCC 

and load voltages are changed as the d-q-o domain. The 

reference load voltage is in phase with the PCC 

voltages; the peak reference load voltage is the load 

reference voltage's d-axis element value. The q-axis 

component remains at zero. The difference between the 

load reference voltage and the PCC voltage is used to 

compute the reference voltage for the series 

compensator. The actual series compensator voltages 

are determined by subtracting the load voltage from the 

PCC voltages. The ANN controllers use the difference 

between the actual series compensator and reference 

voltages to produce the required reference signals.The 

output of ANN controller is the reference variable for 

the PWM generator. Therefore, the output of ANN with 

varying amplitude and phase passes through a 

comparator and is compared with a carrier signal. 

When the ANN output’s magnitude is more than 

carrier signal’s magnitude, the PWM circuit generates 

high output and when the ANN output’s magnitude is 

less than carrier signal’s magnitude, the PWM circuit 

produces low output.These reference signals are turned 

into the abc domain and fed via the pulse width 

modulation (PWM) voltage controller, to provide 

appropriate gating signals for the series compensators 

VSC. 

Fig.3. Control Structure of Series Compensator. 

4. SIMULATION STUDIES 

The steady-state and dynamic performances of 

PV-UPQC are evaluated by using Matlab-Simulink 

software.  As a three phase non linear load with R load, 

a three phase bridge rectifier is employed. For the 

simulation, the solver step size is 1e-6s. The system is 

exposed to a wide range of dynamic circumstances, 

including sag and swell variations in PCC voltage load 

unbalancing condition and PV irradiation.  

A).Performance of PV-UPQC at PCC Voltage Fluctuations 

Figure 4(a,b) demonstrates the dynamic performance of 

PV-UPQC in situations of PCC voltage sags/swells. The 

irradiance (G) is kept constant at 1000W/m2. PCC 

voltages (𝑉𝑠 ), load voltages (𝑉𝐿 ), series compensator 

voltages (𝑉𝑆𝐸 ), DC-link voltage (𝑉𝑑𝑐 ), solar PV array 

current (𝐼𝑝𝑣 ), solar PV array power (𝑃𝑝𝑣 , grid currents 

( 𝐼𝑠 ), load currents ( 𝐼𝐿𝑎 , 𝐼𝐿𝑏 , 𝐼𝐿𝑐 ), shunt compensator 

currents include the several observed signals (𝐼𝑆𝐻𝑎 ,𝐼𝑆𝐻𝑏  

,𝐼𝑆𝐻𝑐 ).𝑉𝑆𝑎𝑏 falls to 170 V and increases to 270 V during 

PCC voltage sag. To keep𝑉𝐿𝑎𝑏  at 220 V, the series 

compensator injects voltage that is in phase or out of 

phase with respect to the PCC voltage. 𝐼𝑆𝑎  Increases 

during voltage sag conditions.While 𝐼𝑆𝑎  drops during 

voltage swell conditions, to preserve the system's 

power balance.Voltage sag is 0.3pu between 0.7s and 

0.75s, and voltage swell is 0.3pu between 0.8s and 0.85s. 

Under these instances, the series compensator 

compensated for the grid voltage by injecting a suitable 

voltage𝑉𝑆𝐸  in reverse polarity with the grid voltage 

disturbance to sustain the load voltage at the maximum 

voltage condition. 
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Fig.4(a,). Performance of PV-UPQC under Voltage 

sag/swell condition.with PI controller 

 

Fig.4(b). Performance of PV-UPQC under Voltage 

sag/swell condition.with ANN controller 

 

B. Performance of PV-UPQC at Load Unbalancing Condition 

Figure 5(a,b) illustrates the dynamic performance of 

PV-UPQC during load imbalanced conditions. The 

load's phase 'b' is disconnected at t=0.8s. It can be seen 

that the grid current is sinusoidal and has a 

unity  power factor . The current delivered into the grid 

increases as the total effective loadfalls. The DC-link 

voltage is similarly stable, remaining close to the ideal 

regulated value of 700 V. Even when the load is 

asymmetrical, the grid current remains sinusoidal. The 

current of the shunt compensator combination of active 

current from PV array and load current harmonics. The 

DC-link voltage 𝑉𝑑𝑐 is set to the desired value. Because 

there is more surplus PV power available to be fed into 

PCC due to the general drop in load power under 

unbalanced load conditions, 𝐼𝑆𝑎𝑏 increases. 

 

 

Fig. 5(a).. Performance PV-UPQC during Load 

Unbalance Condition with Pi Controller. 
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Fig. 5(b).. Performance PV-UPQC during Load 

Unbalance Condition with ANN Controller. 

 

C. Performance of PV-UPQC under Varying 

Irradiation:-The dynamic performance of PV-UPQC at 

solar irradiation is demonstrated in Fig.6. The 

irradiance is increased gradually from 500W/m2 at 0.8s 

to 1000W/m2 at 0.85s. It is observedthat as irradiation 

rises, so does the output of the PV array as a result of 

the PV array feeding power into the grid, grid current 

increasesinside the grid .An  MPPT is regulated by the 

shunt compensator iscompensating for harmonics 

caused by load current.Compensating for harmonics 

caused by load current.  Figures.7 demonstrate 

harmonic spectrum, load current, and grid current. It 

has been discovered that the load current THD is 

29.49%, and the grid current THD is 2.04%.. The 

controller PI demonstrates the THD. The PV-UPQC 

reaction during a change in solar irradiation intensity is 

depicted in Fig.6 𝑉𝑝𝑣 , 𝐼𝑝𝑣 , 𝐼𝑆𝐻𝑏 , and𝐼𝑆𝑏  waveforms were 

collected. The photovoltaic (PV) irradiation is raised 

from 500W/m2 to 1000W/m2. It can be seen that when 

irradiation grows, also the available  the PV array 

power, which raises the shunt compensator current 

and, as a result, the current sent into the 

grid.   Table.1  illustrates the  during the other 

intermediate irradiation circumstances, It shows the 

MPPT efficiency as well as other parameters. The 

system can track MPPT with an effectiveness of more 

than 99% under all irradiation conditions. 

 

Fig. 6(a). Performance PV-UPQC at Varying Irradiation 

Condition with PI controller 
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Fig. 6(b). Performance PV-UPQC at Varying Irradiation 

Condition with ANN controller. 

Figures 7(a,b) demonstrate harmonic spectrum, load 

current, and grid current. It has been discovered that 

the load current THD is 29.44%, and the grid THD is 

0.38%.. The controller ANN demonstrates the THD. An 

ANN compared to PI controller THD value of grid 

current is decreased That is illustrated in fig 8(a,b). and 

it gave better results in the irradiance conditions also 

fastest response at the fault conditions. The main benefit 

by adapting the ANN controller to minimizes the THD 

as much as possible with non linear currents are present 

in the load side. 

 

Fig. 7(a). Load Current Harmonic Spectrum and THD 

with PI controller 

 

Fig. 7(b). Grid  Current Harmonic Spectrum and THD 

with PI controller 

 

Fig. 8(a). Load Current Harmonic Spectrum and THD 

with ANN controller 

 
Fig. 8(b) Grid Current Harmonic Spectrum and THD 

with ANN controller 

 

5.  CONCLUSION 

Considering irregular irradiation and grid voltage 

sags/swells, the design and dynamic performance of 

three-phase PVUPQC were evaluated. The system's 

performance has been proven through experimentation 

on a scaled-down laboratory version. PVUPQC is 

reported to reduce harmonics induced by nonlinear 
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load andkeeps grid current THD under IEEE-519 

limitsstandard. The system is determined to be stable 

under a wide range of conditions, Irradiation, voltage 

sags/swell, and load unbalance are all factors to 

consider. The performance of d-q control, particularly 

when the load is unbalanced.has been enhanced by the 

addition of a moving average filter(MAF) can be 

performing with  PV-UPQC is an excellent modern 

option. Finally combining distributed generation and 

dissemination enhancement of power quality by 

using  ANN controller, for fast response as well as 

better results in the PV power while the dynamic 

performance.   

Table: 1 

Comparison of PI with ANN with respected to FFT 

values (THD %) 

Controller PI   controller ANN controller 

Source current (𝐼𝑆) 2.04% 0.38% 

Load current (𝐼𝐿) 29.52% 29.44% 
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