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Abstract 

This study examines, the solar power and battery energy storage associated diode clamped five-level unified Power quality 

conditioner (5L-UPQC) to handle the PQ related problems. To eliminate the requirement of the complex transformations like abc, 

dq0, αβ , the ANN based control scheme with LMBP training method is adopted for the 5L-UPQC to produce the necessary reference 

signals for the voltage source converters (VSC’s). The prime goal of the proposed scheme is to maintain stable DLCV during load 

shifting, reduction of THD. In addition, the grid voltage distortions like sag, disturbance and swell were eliminated. The suggested 

method was demonstrated on two cases with several permutations of loads. However, to reveal the performance of the developed 

method, the comparison is carried out with the PIC and SMC.  

 

Keywords: Unified Power Quality Conditioner, Power Quality, DC Link voltage balancing, and Artificial neural network  

 

Nomenclature: 

UPQC Unified Power Quality Conditioner 

Five-level-UPQC
 

5L-UPQC 

PV Photovoltaic 

BES
 

Battery Energy  

PQ
 

Power Quality 

SRF
 

SynchronousReference  

p-q InstantaneousReactive  

ANN
 

Artificial Neural Network 

PWM Pulsewidth Modulation 

LMBP
 

Levenberg- Marquardt Back Propagation 

DLCV
 

DC Voltage across capacitor 

THD
 

Total Harmonic Distortion 

PF PowerFactor 

PIC ProportionalIntegral Controller 

SMC Sliding Mode Control 

FLC Fuzzy Logic Controller 

VSC Voltage Source Converter 

BC Boost Converter 

SHAPF Shunt Active Power Filter 
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BBC Buck Boost Converter 

MSE Meansquare Error 

SEAF Series Active Power Filter 

ACO Ant Colony Algorithm 

FOPID Fractional Order Proportional Integral Derivate 

MSF Membership Function 

ANFIS
 

Artificial Neuro Fuzzy Interface System 

VLL Line To Line RMS Voltage 

CE Change In Error 

OL
 

Output Layer of ANN 

IL Input Layer of ANN 

HL Hidden Layer of ANN 

E Error 

m
 

Modulation Index 

ppcrV ,  
Peak To Peak Voltage Ripple 

Δilmax
 

Peak Ripple Current 

Vm Peak Voltage Of The System 

fa
 

Over Loading Factor 

shf sef
 

Switching Frequency 

seL  SEAF Inductance 

abcSV _
 Source Voltage For ABC Phases 

SR
, SL  Grid Resistance and Inductance 

abclV _
 Phase voltage across load  

dcC  DC Link Capacitance 

abcseV _  
Compensated phase voltage 

abcse
ref

V _
 

Reference Series Injected phase Voltage  

dcV  DC Link Voltage 

abcSi _
 Source phase Current  

abcli _  
Load phase Current  

shR  SHAPF Resistance 

dc
ref

V  Reference DLCV 

abcshi _
 SHAPF Injected Current In Abc Phases 

abcsh
refi _

 
Reference SHAPF Injected Current In Abc Phases 

dc
ref

i
 

Reference DC Current 

seR  SEAF Resistance 

errdcV ,  
DLCV Error 

BS
ref

i
 

Reference current of the battery 

shL  SHAPF Inductance 

dci  DC error output  

iph
 

Photocurrent Source 
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         id  
 

Forward Diode Current 

Rs,PV, Rsh,PV &iPV, ish,PV
 

Series & Parallel Cell Resistances And Their Currents 

Ki
 

Short-Circuited Current of the ith Cell 

errBSi ,  
Error current of the battery 

iSC
 

Short Circuit Current 

q
 

Charge of an Electron 

α
 

Diode Ideality Factor 

k
 

Boltzmann's Constant 

*

erBSi ,  

Reference error current of the battery 

T
 

Temperature of the Cell 

G
 

Solar Irradiation 

Voc
 

Open-Circuit Voltage 

Ns and Np
 

PV Cells Connected in Series and Parallel 

Tn
 

Nominal Temperature 

Eg Band Gap of Semi Conductor 

edischbechbV arg_,arg_
 Battery Charge and Discharge Voltage 

R Internal Battery Resistance 

ib Battery Current 

E0 Constant Voltage 

Q Battery Capacity 

K Polarization Constant 

 

1. Introduction 

Next, the PSO in association with the grey wolf based 

optimization algorithm was chosen to obtain the suitable 

FOPIDC controller parameters of SHAPF for compensating 

the reactive power while minimizing THD for the balance and 

unbalanced loads as the case studies with an experimental 

investigation [1]. However, to reduce the complexity the 

ANN was considered for UPQC reference signal generation 

to solve PQ issues [2]. An intelligent fuzzy-tuned PIC was 

developed for hybrid shunt active and passive filters with the 

specific aim of efficiently reducing current THD. To assess 

its performance, an analysis was conducted across different 

load conditions, employing Clarke's transformation [3].   

Further, to regulate and to handle DLCV feed forward ANN 

has been suggested for PV in combination with wind was 

associated to UPQC [4]. A Biogeography based optimization 

(BBO) algorithm was selected to obtain optimal gain values 

of PIC and for fast action in fault identification with higher 

accuracy with a motive of stabilizing DLCV fluctuations [5]. 

The Improved bat and Moth Flame metaheuristic 

optimization methods were hybridized to solve the PQ issues 

by optimal selecting the gain values of PIC [6]. The fuzzy 

logic controller (FLC) was developed for SEAF of 

distribution network to minimize the current and voltage 

related PQ problems [7]. Besides, to address PQ problems 

effectively the Soccer match optimization was chosen for the 

ANN controller (ANNC) bias and weights selection for the 

PV/battery linked UPQC [8]. Ant colony optimization (ACA) 

was chosen for selecting of gain parameters of PI controller 

for the SHAPF in order to reduce THD under several 

conditions of loading [9].  

The ANN based method was suggested for 5L-UPQC to 

minimize THD and suppress voltage distortions [10]. The 

metaherustic firefly nature inspired algorithm was used to 

train ANNC was developed for the shunt VSC for the 

PV/battery UPQC with an aim of reducing the MSE thereby 

minimizing THD [11]. A hybrid control approach, combining 

the features of FLC and ANN, was suggested for the UPQC. 

This approach aimed to mitigate imperfections and 

distortions in grid voltage and source current while 

maintaining dynamic load balance in the DLCV [12]. The 

LMBP trained ANN controller was adopted for UPQC to 

solve the grid voltage and current problems successfully [13]. 

A Soccer-league optimization technique was put forward to 

optimize the selection of gain parameters for the PIC in the 

UPQC. This method was designed to effectively address both 

voltage fluctuations and current distortions [14].  

Many literature article have primarily concentrated on 

different controllers using traditional control methods for 

UPQC, often involving difficult Park and Clarke's 
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transformations. In contrast, this manuscript introduces an 

ANN based approach for generating reference signals in a 

PV/battery-connected DC link UPQC. The prime 

contribution is as follows: 

• LMBP trained ANN scheme is proposed to solar PV 

and battery systems are coupled to the DC link of 

5L-UPQC to produce the effective reference signals 

to avoid the requirement of traditional abc-dq0-αβ0 

conversions. 

• The prime aim of developed scheme is to diminish 

the source current THD, and eliminating of grid 

voltage side troubles like (disturbance, swell, sag 

etc) 

In addition, the designed method is examined on two test 

cases for different loading conditions to show it’s superior 

performance with respect to the minimization of current 

waveform THD, and voltage waveform fluctuations. The 

performance was tested by comparing it with PIC and SMC 

techniques. Table 1 gives the literature review. 

This article is organized in the following manner: Section2 

presents the modeling of 5L-UPVBES, Section3 provides the 

proposed ANN controller, Section4 showcases the results and 

discussion, and, lastly, Section5 provides the concluding 

remarks for the manuscript. 

 

Table 1: Literature  

Ref Control PQ Issues Loads 

 

[No] 

Referenc

e signal 

generati

on 

method 

Control 

Techniq

ue 

THD DC Link 

stabilizatio

n 

Sag/ 

swell 

Disturba

nces 

Non-

linear 

sensitive 

load 

Un-

balance

d load 

[1] 
p-q 

theory 

FOPID 
✓ 

   ✓ ✓ 

[2] ANN ANN ✓ ✓ ✓ ✓ ✓ ✓ 

[3] 
SRF FUZZY-

PI 
✓ 

✓   ✓  

[4] ANN ANN ✓  ✓  ✓ ✓ 

[5] SRF PI-BBO ✓  ✓  ✓ ✓ 

[6] SRF ANFIS ✓    ✓ ✓ 

[7] p-q FUZZY ✓  ✓  ✓  

[8] SRF PPFFA ✓    ✓ ✓ 

[9] SRF PI-ACO ✓    ✓ ✓ 

[10] ANN ANN ✓ ✓ ✓  ✓ ✓ 

[11] SRF FF-ANN ✓ ✓ ✓ ✓ ✓ ✓ 

Proposed 

5L- 

UPVBES 

ANNC ANNC 

✓ 

✓ ✓ ✓ ✓ ✓ 

 

2. Modelling of developed 5L-UPVBES 

Figure 1 illustrates the suggested configuration of the 5L-

UPVBES, where the PV system and batteries are linked to the 

DC link of the UPQC. The UPQC serves as a unified device, 

integrating both series and shunt filters. The SAPF aims to 

tackle voltage challenges on the grid side by supplying the 

necessary Vse via the injection transformer. Likewise, the 

SHAPF injects appropriate ish to diminish THD and ensure 

the stability of the dc voltage. 
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Vs_abc

PWM voltage controller
Hysteresis current 

controller

5L- Series 

VSC

5L-Shunt 

VSC

Rs Ls

is_abc

Vabc

CdcVdc

+

-

Lse_abc

Vse_abc+ -

Lsh_abc

Vl_abc

il_abc

ish_abc

Non-

Liner 

Load

ANNC

Solar system 

Battery’s storage

 
Figure 1: Proposed 5L-UPVBES configuration 

Table 2: Switches ON/OFF for 5L diode clamped UPQC 

VAN S1 S2 S3 S4 S’1 S’2 S’3 S’4 

Vdc/2 ✓ ✓ ✓ ✓ * * * * 

Vdc/4 * ✓ ✓ ✓ ✓ * * * 

0 * * ✓ ✓ ✓ ✓ * * 

-Vdc/4 * * * ✓ ✓ ✓ ✓ * 

-Vdc/2 * * * * ✓ ✓ ✓ ✓ 

 *Note: ✓ indictes ON , * indicates OFF 

Vdc

Cdc

Vdc/4 S1

S2

S3

S4

S1'

S2'

S3'

S4'

D1

D2

D3

D’1

D’2

D’3

A

N

Vdc/2

0

-Vdc/4

-Vdc/2

 
Figure 2: 5L Diode clamped single phase  
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The most common multilevel arrangment is the 

diodeclamped inverter, whose output voltage is modulated by 

clamping the dc bus voltage using a diode clamping. Using 

diodes to reduce the voltage stress on the electrical equipment 

is the fundamental concept underlying this inverter. The 

voltage across each capacitor and switch is known as Vdc. A 

n-level converter requires (n-1)*(n-2) diodes, (n-1) voltage 

sources, and (2n-1) switching components. However, with 

the increase in the levels the distortions in the output is 

reduced thus becomes sinusoidal .A 5L diode clamped for 

single phase is shown in Figure 2. Table 2 lists the 5L diode 

clamped switching order. 

 

2.1 Selection of Cdc and Vdc  

From [29] under faulty condition, assume the shunt and  

series VSC’s power handling capacity are 0.5XkVA and 

2XkVA respectively. The kVA rating of VSC and Vdc are 

inversly proportional. By the change of 25% of Vdc, the 

equalent change in the energy across Cdc is calculated by Eq. 

(1) 

])875.0()125.1[(2/1 22

dcdcdcdc VVCE −=  

   (1) 

Assume that for the suppose the load changes from 2XkVA 

to 0.5XkVA in ‘n’ cycles in ‘T’ sec, then the corresponding 

change in the system’s energy is given by  

TnXXEs .)2/2( −=
   

 (2) 

By, equating Eq. (1) and (2), the Cdc is given by Eq. (3)  

22 )875.0()125.1(

.)2/2(2

dcdc

dc
VV

TnXX
C

−

−
=    

 (3) 

Let, Vm is the peak voltage of the system and Vdc is m times 

to Vm. Where, ‘m’ modulation index varies between 1.2 and 

2. However, %THD depends on Lsh and Vdc so the value of m 

is selected as 1.6 [29] for minimum THD.  Therefore, Vdc is 

given by Eq. (4) 

mdc VV *6.1=      (4) 

The Vdc for n level converter is evaluated by using [29] Eq. 

(5) 

)1/( −= nVV dcdc
ref

     (5) 

2.2 Selection of coupling inductors for Shunt and 

series VSC 

The coupling inductors which are adopted to connect the 

series and shunt VSC’s to the source and the load are limited 

by di/dt and magnitude of currents. The ripple current peak 

value (Δilmax ) take place at m=0.5, given in Eq. (6) is 

controlled by PWM [29].   

seswdcl LfVi 6/max =
   

 (6) 

Assuming the ripple current is about 10% of maximum peak 

to peak current given by Eq. (7) 

maxmax *1.0 iil =      (7) 

Therefore, the maximum current handling by series capacitor 

in terms of power and phase voltage is given by Eq. (8). By 

using Eq. (6) and (8) Lse can be calculated. 

ph

r

V

P
i

*3

*2
max =      (8) 

By heustrically testing [29]  it has been identified that for 

m=1.6, Vref dc= 700, and Lsh= 15 mH the % THD is lower. The 

value of Lsh is given by  Eq. (9) 

max

max
..4 sw

dc

fh

V
i =      (9) 

Where, h is the hysteresis band 5-10%.  

2.3 Modeling of External support for 5L-UPQC DC 

Link 

The solar/battery fed DC link is proposed for the diode 

clamped 5L-UPQC. It consists of a hybrid energy system 

solar and battery system to regulate the DLCV during the 

variation in loads. By providing the external support, the 

converter ratings and stress can be reduced with lowering the 

demands from the utility. The equation for DC link power 

demand ( dcP ) of the suggested technique is given in equation 

(10).  

0=−+ dcBSSPV PPP
    

(10) 

2.3.1 PV system  

In this research, the photovoltaic model is obtained from the 

Matlab/Simulink library its equivalent circuit is in Figure 3. 

Rsh,PV

Rs,PV

iPV

ish,PVid

iph

VPV

+

-
 

Figure 3: PV cell model 

The PV cell effectively detects solar irradiation and 

transforms it into current. The iph for the PV module is 
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calculated using Eq. (11), while the reverse saturation current 

irs for the PV module is determined according to Eq. (12). 

1000/*)]298([ GTKii iSCph −+=
 

(11)  

]1)//[exp( −= kTNqVii socSCrs     (12) 

The module saturation current depends on cell temperature 

which is given by Eq. (13) and output current of module is 

given by Eq. (14) 

 

)]/1/1(/*exp[]/[ 3

ngnrsmo TTkEqTTii −= 

  
 (13) 

PVshtPVsPVspvmopphpPV iVRiNViNiNi ,, ]1)/)(*/[exp(*** −−+−=   

 (14) 

Where,  

PVshPVsPVspPVPVsh

t

RRiNNVi

qTkV

,,, /)*)/((*

/*

+=

=
 

(15) 

The output power is obtained by equation (16). The Figure 4 

illustrates the solar cell characteristics under conditions of 

constant temperature and varying irradiation for 10 parallel 

and 18 series cells with rated power of 214.92W. 

PVPVPV iVP =
                        (16)

 

 

 
Figure 4: Solar characteristics under constant temperature of 250c with variable irrdaiation  

 

2.3.2 Battery Energy storage (BES) 

The BES system offers assistance in regulating DLCV. 

The cells in the battery are connected in parallel or series 

depending on the requirement of the voltage. In this work Li-

ion battery is selected from simulink library because of its 

few benefits like low cost for maintenance and slower in 

discharge. The charge as well as discharge of the Li-ion type 

system is in Eq. (17) 

RiiiiVV bbtedischbechbb −= )*,,(arg_,arg_   

 (17) 

The charge and discharge of Li-ion type battery is given 

by Eq. (18). 

RiAei
dtiQ

Q
Ki

iQ

Q
KEE

RiAei
dtiQ

Q
Ki

iQ

Q
KEE

b
t
ib

t

tt

edischb

b
t
ib

t

tt

echb

*)(*)(

*)(*)
1.0

(

*

0arg_

*

0arg_

−+
−

−
+

−=

−+
−

−
+

−=

−

−




 

 (18) 

The SOCOB is calculated by Eq (19).  

)1(50 dtQiSOCOB BSS+=  (19) 

The PV will determine whether to charge or discharge the 

battery while adhering to the constraints specified in Eq. 20. 

The discharge of battery is shown in Fig. 5 for a nominal 

voltage of 650V with a rated capacity of 25Ah. The rating 
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selected for solar and battery systems are listed in Table 3. 

The control system of external power fed sources is given in 

Fig. 6.  

maxmin SOCOBSOCOBSOCOB 

(20) 

 
Figure 5: Characteristics of battery 

 

3 ANN BASED PROPOSED SYSTEM 

Changes generally occur at the distribution during 

frequent load variation. Moverover, within a short span of 

period, the system should be restored to its previous value in 

order to function normally. In this instance, the PWM method 

generates firing signal for the series VSC using the proposed 

ANNC. 

3.1 SHAPF 

The key task of shunt filter is to inject compensatory 

current to control DLCV under faults as well as dynamic 

loading circumstances and to suppress flaws in the current 

waveforms. An input, output and hidden layers make up the 

ANN structure. The IL passes the data it receives as input to 

the HL. When linked between the IL and HL, it is next 

multiplied by the appropriate weights on the connected links. 

Here, calculations are performed with a chosen bias on HL, 

and the outcomes are gathered in OL.  

 

+

B-C

S1

.

+

-PV panel

LSolar 

Irradiation

IPV

VPV

.

.

VBS

iBS

S3 S2

idc
L

Battery Storage

To

DC

Bus

 
Figure 6: Control system for external supply sources 
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Here, the LMBP trained ANN controller is chosen.  To get 

the desired output, the weights of the link are adjusted during 

training by analyzing the mistake. For training the 

performance function is MSE is selected. The LMBP 

algorithm updates the weight using the generated derivatives, 

which have the advantages of rapid convergence and 

effective learning [32]. The ANN controller built for this 

DLCV balancing includes a single HL with 100 neurons and 

one input and output, as illustrated in Fig. 7. 

 

 
Figure 7:  Structure of ANNC for DClink balancing 

 

K1

K100

w1,1

I1

W1

W50

W100

O1

β0

IL HL OL

K50Vref
dc

+

-

Vdc

Δidc
w1,50

w1,100

β50

β100

w1,1

 
Figure 8:  MLP for ANNC for DC link balancing 

 

In multilayer perceptron networks, each neuron 

poses of a summation and activation functions. However, 

these neurons among the layers are interconnected with some 

numerical weights. The role of summation function is to add 

the bias with the multiplication of inputs with weights as 

given in Eq. (21). Where, k  is a bias, 
pkw is the weight 

joining p to k neuron, and m is inputs. In general, for 

nonlinearity the sigmoid function is considered as activation 

function shown by Eq. (22). Hence, the k neuron output is 

exhibited [24] in Eq. (23).  


=

+=
m

p
IwS kpkpk

1
  (21) 

x
e

xf
−

+
=

1

1
)(  (22) 

)
1

( 
=

+=
m

p
IwfO kpkpkk   (23) 

Mean square error is calculated by Eq. (24). However, 

O  is the obtained output and O  is expected, and n is the total 

number of instances. 


=

−=
m

p
OO

n
MSE pp

1

2
)(

1
 (24) 

The ANN is trained to produce reference current signals 

and to keep the DLCV constant. To keep the DLCV stable, 
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Vref
dc and Vdc are compared; the difference in error is selected 

as input, and idc is the target for ANN, as illustrated in figure 

8. As illustrated in figure 9, the reference currents 

signals (iref
sh_abc) are regarded the target data while the load 

currents (il_abc) and DC error component (Δidc) are considered 

the input. 

 

LMBP-

ANNC

Vref
dc

iref
sh_b

+
-

Δidc

Vdc

iref
sh_c

iref
sh_a

Sa1

Sa2
Sb1

Sb2
Sc1

Sc2

ish_a
ish_b

ish_c

Shunt 

VSC

PWM

Hysterisis 

Current

Controller

PWM

Hysterisis 

Current

Controller

DC-Link Voltage Regulator

il_a LMBP-

ANNCil_b

il_c

 
Figure 9: Shunt VSC Controller  

. 

Figure 10: ANNC for SEAPF 

 

3.2 Series VSC 

The prominent role of SAPF is to suppress the voltage at 

grid distortions by injecting the proper Vse in order to 

maintain load voltage constant. The suggested series VSC 

reference signal generating strategy is exhibited in Fig 11, 

and the arrangement of an ANN with an HIL of 200 neurons 

is illustrated in Figure 12. To generate the Vref
se_abc the supply 

voltages (Vs_abc,) are treated as input, whereas reference 

selected voltage as target to ANN.  

Vs_a

Vse_a Vse_b
Vse_c

Vref
se_a

Vref
se_c

Vref
se_b

sa1a

sa2a

sb2a

sb1a

sc1a
sc2a

Series VSCPWM 

voltage

Controller

PWM 

voltage

Controller

LMBP-

ANNC
Vs_b

Vs_c

 
Figure 11: Series-VSC controller 
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Figure 12: ANNC based reference signal generation for series VSC. 

 

4 Results and Discussion  

The recommended 5L-UPVBES in association of ANNC 

was created in Matlab. Figure 13 depicts the simulation 

model of the proposed model. The 5Level diode clamped 

model for UPQC is illustrated in Figure (13) with the 

proposed ANNC control strategy used for converters of 

UPQC. Table 3 displays the chosen system and the UPQC 

device settings. Here, two test studies with various 

permutations of voltage issues like sag, disturbance, swell, 

balanced and unbalanced loads with constant G and 

temperature of 250c were selected to revel the working of 

developed ANNC on 5L-UPVBES is given in Table 4. Both 

case-1 and case-2 take into account voltage sag, voltage 

swell, and voltage disturbance problems. However, in this 

work the reduction of current THD is considered as objective 

which is obtained by developed ANN for reference signal 

generation, and optimal selection of shunt and series 

controller parameters for diode clamped 5L-UPQC. To reveal 

the performance of the projected ANN, a comparison is 

carried out with PIC and SMC methods at DLCV balancing. 

The THD is evaluated by Eq. (25). 

1

2
3

2
2

2 ).....(

I

III
THD

n++
=   (25) 

Where,  

In= individual harmonic current distortion values in amps 

I1= individual harmonic current distortion values in amps 

I2= 2nd harmonic current distortion values in amps 

The voltage sag/ swell (
swellsagV /

) is evaluated by Eq. (26) 

l

se

l

Sl
swellsag

V

V

V

VV
V =

−
=/

   

(26) 

The injected voltage by series filter is calculated by Eq. (27)  

Slse VVV −=    (27)  

The injected shunt filter current is calculated by Eq. (28) 

Sish iii −=
   

 (28)  

 

 
(a) Simulink model of total system 
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(a) Diode clamped 5-level VSC 

 

 
(b) Proposed ANN based reference signal generation controller scheme  

Figure 13: Simulink model of the proposed system  
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Table 3: System parameters 

Grid Supply  
sR : 0.1ohm ; sV : 415Volts ; sL : 0.15 mH; f : 50Hertz 

DLCV & inductors 
dcC : 2200μF; Lse= 6 mH, Lsh=15 mH  

 

Loads 

1. Balanced3 nonlinear load: PL=3kW, QL=0.5 kVAR  

2. Un-balanced load: PLa=3kW, QLa=9 kVAR; PLb=4kW, QLb=10 

kVAR;  PLc=4kW, QLc=10 kVAR 

 

Table 4: Test Cases studies considered for different loads 

Condition Case1 Case2 

Source voltage
 SagV ,

SwellV , disturbance  ✓ ✓ 

Current ✓ ✓ 

Constant Irradiation 1000W/m2 and 250c temperature ✓ ✓ 

THD (both V and I) ✓ ✓ 

Load1  ✓  

Load 2 ✓ ✓ 

 

During case 1, the supply voltage is disturbed for periods of 0.2 to 0.3, 0.4 to 0.5, and 0.6 to 0.7 seconds, respectively, as shown 

in Fig. 14(a). This case also exhibits 30% sag/swell. The suggested ANN approach effectively detects voltage sags, swells, and 

disturbances; it then supplies an appropriate correcting voltage via the interface transformer for keeping the load voltage stable. 

Besides, to exhibit the behavior of shunt filter with ANNC, Load 1 and 2 were chosen. From the Fig. 14(b) it has been identified 

that the load current waveform is unbalanced and nonsinusoidal. The developed method suppresses the distortions in the current 

waveform, with a view of reducing THD to 2.65% and load voltage to 0.37% which is much lesser than other techniques.. In 

addition, it regulates DLCV stable as highlighted in Fig 14(c) for fixed G and 250c of temperature. 

At case 2, similar to case 1 the 30% of swell along with sag & the disturbance is inserted. Yet, proposed system identifies it 

successfully and suppresses it by introducing the required compensating voltage, as illustrated in Figure 15(a). The il waveform was 

found to be sinusoidal with unbalance in phases as given in Figure 15(b) due to unbalanced load 2. However, the developed technique 

reduces the THD of grid current to 3.83% and load voltage to 0.36%, which is lesser than other techniques. However, the developed 

method maintains constant DLCV, as Figure 15(c) shows. 

Table 5 compares the THD of the proposed method with those of other standard techniques like PIC and SMC, and others exits 

in the literature survey. It exhibits that the projected system has lower THD while comparing with other techniques. However, Fig 

16 represent the Current and Voltage FFT analysis of the current proposed system.  

Table 5: THD comparison 

Case-1 

Method 

THD 

Source Current  Load Voltage 

Phase-a Phase-b Phase-c Phase-a Phase-b Phase-c 

Proposed method 
2.65 2.81 2.80 0.37 0.67 0.75 

PIC 3.06 3.05 3.06 4.05 3.54 2.55 

SMC 2.84 2.84 2.82 4.07 4.39 4.01 

2L-UPQC [10] 5.42 5.43 5.61 4.03 3.86 4.04 

3L-UPQC [10] 4.72 4.45 4.86 3.37 3.27 3.36 

5L- UPQC [10] 3.85 4.09 4.40 3.02 2.97 3.03 

2L-UPQC-SRF [10] 5.47 6.07 5.95 4.45 4.76 4.99 
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3L-UPQC-SRF [10] 5.55 6.06 4.94 4.22 4.24 4.43 

5L-UPQC-SRF [10] 4.55 5.45 4.32 3.83 3.98 4.22 

Case-2 

Proposed method 3.83 3.89 3.90 0.36 0.66 0.75 

PIC 4.06 4.12 4.02 4.05 3.54 2.55 

SMC 3.98 3.98 3.99 2.89 4.12 3.47 

 

 
(a) VS, Vse, VL 

 
(b) IS, Ish,  IL 
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(c) DC Link Capacitor Voltage 

Figure 14: Waveforms of the developed method for case1  

 
(a) VS, Vse, VL 
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(b) IS, Ish,  IL 

 
(C) DC Link Capacitor Voltage 

Figure 15: Waveforms of the developed method for case 2. 
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Case1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case 2 

Figure 16(a): Current THD spectrum for phase-a 
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Case1 

 

 
Case2 

Figure 16(b): Voltage THD spectrum for phase-a 

 

6. Conclusion 

In this paper, a novel approach is introduced for a PV battery 

associated to a diode clamped five level UPQC utilizing an 

ANNC. In order to avoid the conventional abc-dq0-αβ 

conversions, the LMBP trained ANN controller is given to 

generate the necessary reference signals for shunt, series 

VSCs. However, the developed 5L-UPVBES maintains 

constant DLCV during loads variations, suppresses the 

current and voltage harmonics and improves the current and 

voltage waveform's shape, and eliminates the fluctuations of 

supply voltage (disturbance, sag and swell).  To show the 

performance of the suggested system the comparison is done 

with PIC and SMC controllers for DLCV balancing and other 

methods available in literature. By, monitoring the results of 

the two cases it shows the developed system provides much 

lower THD compared with other techniques within the 

acceptable levels. The suggested method can be carried out 

using ANFIS control scheme in the future.  
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