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Abstract—The following paper describes a hybridback 

stepping-based predictive direct power control strategy for a 

solar generator and a unified power quality conditioner (UPQC) 

(GPV). The PVG-UPQC is used for improving power quality and 

integrating renewable energy at the same time. Harmonics 

brought on by nonlinear loads in both current and voltage is 

reduced and in the same time it is used for compensating reactive 

power. The solar generator's dc bus joins series and shunt active 

power filters to create the PVG-UPQC. The shunt filter decreases 

harmonic current while acting as a source of current. By acting 

as a voltage source, the series filter adjusts for voltage harmonics 

and changes like voltage sag/swell.A hybrid control approach 

based on back stepping-PDPC coupled with a SVM controller is 

developed in order to develop the performance of PVG-

UPQC.The DC capacitor voltage balancing is based on an 

energy-minimization strategy. The objectives include eliminating 

voltage and current harmonics while keeping acceptable dynamic 

response, as well as delivering compensation signals more quickly 

and accurately under a range of load circumstances. Simulation 

results from Matlab/Simulink for a nonlinear load are used to 

verify the proposed control strategy efficiency. These results 

demonstrate the superiority and potency of the BC-PDPC 

regulator when compared to those obtained with a linear PI 

controller. Index Terms—Power quality, PV generator, UPQC, 

Backsteppingcontroller, space vector modulation (SVM). 

 

NOMENCLATURE 

 

 

Abbreviation 

 

 

PDPC Predictive Direct Power Control 

BC Backstepping Controller 

PVG PhotoVoltaic Generator 

THD Total Harmonic Distortion 

I. INTRODUCTION 

 
ower quality has declined due to harmonic production as a 
result of the increased use of power electronic devices in 

recent years [1].The vocabulary and standards for power 
quality have been fully defined inIEC-555 and IEEE-519. The 
previous standards require that the permitted overall harmonic 
distortion is around 5% [2]. By using passive filters, the 
abovementioned problems can be somewhat resolved [3-6]. 

The load current and voltage waveforms' random oscillations 
would not be eliminated by this kind of filter, though. Instead, 
compensating devices such hybrid filters, parallel active filters, 
series active filters, and static variable compensators (SVC, 
PAF, SAF) are advised to guarantee the quality of power [7]. 
However, they can only solve one or two power quality 
concerns, which frequently limit their capacities.  Recent works 
has shown that unified power quality conditioners, which have 
both series and shunt active filters, can simultaneously address 
most power quality problems [8]. 

The UPQC can keep voltage sags and swells out of the 
system while maintaining a constant load end-voltage [9]. 
Furthermore, the UPQC can efficiently provide the load's 
reactive power necessities and contain generated load harmonic 
currents, avoiding them from returning to the efficacy and 
interrupting customers' voltage and current [10]. 

A variety of UPQC control procedures have been given in 
the literature review. A practical energy storage system based 
on UPQC is shown in [11] to control the oscillations of power 
under unbalanced voltage circumstances at the same time . In 
actuality, the results reported in this research do not clearly 
demonstrate the voltage's THD. The controller utilized in the  
article [12]  is a conventional PI regulator, in which  a three-
phase solar PV and battery energy storage system  integrated 
UPQC,  the results shown are insufficient, and the length of the 
simulation cannot demonstrate the flexibility of the controller. 

 The DC bus voltage as well as the active and reactive 
power variations have shown the inadequacy of the suggested 
control proposed in [13] in which authors in this paper present 
an inductive hybrid UPQC for Power quality management.  A 
system for improving power quality in solar power systems that 
are connected to the grid utilizing UPQC has been documented 
in [14]. Other than the high value of the THD, which reached 
4.66%, the system does not demonstrate the controller's 
abilities under nonlinear changes. 

       With the aim of filtering active and reactive powers within 
nonlinear load changes and improving power quality and 
fluctuations of current and voltage harmonics variations like 
voltage sag/swell compensations, a novel control procedure 
based on a BPDPC-SVM technique for the PVG-UPQC is 
presented in this paper to address the shortcomings of the 
aforementioned literature papers. Additionally, using various 
simulation results for a nonlinear load, a proposed work in 
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which conventional PI control is used to make comparative 
study in order to verify the suggested controller's strength and 
effectiveness. The suggested regulation system, which ensures 
an excellent level of power quality on the grid based on the 
Introduced BPDPC-SVM regulator, has been successfully 
shown along with the obtained decreased THD for current and 
voltage harmonic compensations as well as less fluctuations on 
the DC link. 

The remainder of the paper is divided into: part II details the 
configuration of various sections of the PVG-UPQC, part III 
provides results and also their interpretations, and part IV 
reflects the conclusion of the current study. 

II. CONFIGURATION OF CONTROL  

The fundamental functioning of the recommended control 
strategy for the PVG-UPQC connected to a nonlinear load is 
shown in Figure 1. The switch control signals are generated via 
a three-level space vector modulator. The voltage references 
for the SVM are provided by the feedback linearization 
controllers. The harmonic references are established using the 
instantaneous PQ theory for currents and PQ-PLL for voltages 
[17–19]. Compensation objectives can be obtained consist of 
reactive power compensation, current and voltage harmonics 
reduction, and DC bus management for the duration of the 
exchange of bidirectional active power between two active 
filters, power grid and the PV generator.  

2.1  GPV-UPQC Mathematical Model 

 

A differential equation that is formulated in α-β stationary 

frame describes the dynamic model of the PVG-UPQC.  
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equations (1) and (3) present this model. 
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The derivative of powers is calculated using (1) and (2) and 

The Lie derivative technique as follows: 
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It may also be expressed in writing form (5). 
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Fig. 1. Back stepping- PDPC control scheme of the PVG-UPQC. 
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where: 
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The shunt filter's voltages, active power, and reactive power 
are designated as Vfpαβ, Pfpand Qfp, respectively. 

the DC-Bus is expressed as: 
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The derivative of powers is presented as follows like the 

preceding system: 
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The series filter model is:  
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Where: 

1

2

1 1

2 2

1 1
         0

( ) , ( ) , , 
1 1

0         

=

s

fs fs fs fs

s s s s s s

fs fs
s

fs fs

s s

s

s s

x
C L P V

f x g x x u
Q V

x
C L

y h
y

y h





   
   

   
   = = = =   
             
      

   
=    
   

 

The series filter's voltages, active power, and reactive 
power are designated asVfsαβ, Pfs and Qfs 

As shown in Figure 2, the solar generator's (PVG) output is 
coupled to a boost converter. 
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Fig. 2.  PV Generator boost converter. 
 

The dynamic equations below represent the state space model 
for this converter: 
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The boost's average model changes to the following model 
when D is specified as duty cycle: 

1 1
(1 )

1 1

Lpv

pv dc

pv pv

pv

pv Lpv

pv pv

di
v D v

dt L L

dv
i i

dt C C

= − −

= −

            (13) 

The following form can be used to express the equations: 
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2.2 Detection method for MPPT 
 

In solar PV systems, the PV panel voltage at a particular 
level despite maximizing power [5] is increased and also 
regulated by using the DC-DC boost converter in which it is 
controlled by an MPPT controller. 

 

The P&O detection technique is used in this work due to 
its ease of use and affordable implementation[7]. Fig. 6 shows 
the P&O detection algorithm's flowchart. 

For objective to evaluate the power of output before and 
after the  disturbance, The PV generator's operating point can 
be changed using the Perturb & Observe method by increasing 
or decreasing the boost converter's duty cycle. When the 
power increases, the algorithm disturbs the structure in the 
similar direction; otherwise, it perturbs the structure in the 
opposite way. Four potential choices are offered during the 
MPPT's tracking, as seen in Fig. 3. 
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Fig. 3. P&O detection algorithm 

2.3 Extraction of Harmonic  

Performance of the active filter is significantly impacted by 

the identification technique utilized to eliminate harmonics 

from disturbed waveforms [10], [19]. The methods used to 

extract harmonics are explained in the following sections. 

 

A. Extraction of harmonic currents using PQ hypothesis 

This study employs the instantaneous power hypothesis 
technique  as shown in Fig. 4. 

The instantaneous powers of the load are calculated as 
follows: 

s s ll

ll s s

iP

iQ

v v

v v

  

 

    
=     
     

−
                            (15) 

The following is a possible way to express the powers:  
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The total reactive power along ( lQ and lQ components) with 

the oscillatory component of active power ( lP ) are chosen as 

compensatory power references for reducing harmonics and 

compensating for reactive power. 
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B. Extraction of Harmonic voltages using PQ-PLL theory 

It is comparable to PQ theory for currents and it has two parts, 
the first part is to extract voltage harmonics (17). 
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The following equation is a possible way to express the 

powers: 
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In the next second step, the voltage fall crossways the load 
must be determined. 
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The PQ-PLL theory's schematic diagram is shown in Figure 

(5). 
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Fig. 5 Extracting of harmonic voltages with PQ-PLL technique 

2.4  Synthesis of the backstepping controller (BC) 

 

The idea behind the backtracking strategy is that some 

variables can be used as virtual controls to simplify the 

original high order system. Thus, using appropriate Lyapunov 

functions that provide global stability, the final control outputs 

can be established gradually [25].All control objectives are 

achieved using Lyapunov stability tools, unlike other 

approaches, which place limitations on the types of 

nonlinearities that can be utilized [26]. 

A. Synthesis of Boost BC  

To get the most power out of the PV array, the backstepping 

control approach for the DC-DC boost converter is suggested. 

According to Fig. 3, two backstepping regulators are needed to 

regulate the PV generator's output voltage and current. By 

adjusting the voltage pvv  of the PV generator to a reference 

*

pvv provided by the Perturb and Observe (P&O) MPPT 
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Algorithm, the boost converter's voltage is controlled. The 

inner loop current regulator's current reference 

*

Lpvi
 is 

provided by the output of the voltage loop regulator and the 

PV current compensation. Therefore, the PV voltage pvv
, dcv

compensations, and the current control loop contribute to the 

converter's duty cycle. 

The decomposition of the generic model provided by (13) into 

two subsystems yields the backstepping regulators required for 

the DC-DC boost converter as follows: 

 

Subsystem 1:               

1 1pv

pv Lpv

pv pv

dv
i i

dt C C
= −                             (20) 

The PV output voltage 
pv

v  is regarded as an output 

variable and the current
Lpv

i  as a variable control in the 

first subsystem. 

 
Subsystem 2: 

 

The PV current 
Lpv

i  is regarded as an output variable and the 

duty cycle D is regarded as a variable control in the second 

subsystem covered by equation (21). 

1 1
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Based on the first subsystem, which is identified by 

equation (20), the desired backstepping regulator of the 

voltage  
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v synthesis is examined as follows: 

The formula for the variable error
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The potential Lyapunov function is : 
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The stability of the system is ensured when the 

derivative of the Lyapunov function is negative; this can 

be done by selecting the derivative of 
vpv

z as: 

vpv vpv vpv
z k z= −                              (26) 

Where, 
vpv

k is a positive constant. 

Consequently, the equation for calculating the reference 

current
Lpv

i is used (27). 
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The second subsystem, described by equation (21), provides 

the foundation for the required backstepping regulator of the 

current
Lpv

i  synthesis and is examined as follows: 

 

The expression "variable error
iLpv

z  " is defined by: 

iLpv Lpv Lpv
z i i= −                                  (28) 

 

Error dynamics 
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The potential Lyapunov function is: 

21

2
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The derivative of (30) is: 
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Selecting the derivative of 
iLpv

z as follows will assure the 

stability of the system: 

iLpv iLpv iLpv
z k z= −                              (32) 

 

Where,
iLpv

k is a positive constant. 

As a result, the equation's reference for duty cycle is 

determined (33). 
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B. Synthesis of DC voltage BC  
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In the system represented by equation (34), the instantaneous 

active power 
c

P is regarded as a control variable, while the 

voltage 
dc

v  is an output variable 

dc c

dc dc

dv P

dt v C
=                                  (34) 

A backstepping regulator is used to keep the DC-link voltage 

across the capacitor at a consistent, desired reference value. 

The tracking variable error 
dc

z is defined as follows in order to 

get the DC-link voltage follow its reference: 

dc dc dc
z v v= −                                     (35) 

Error dynamics  
dv

z is provided by: 
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The following is the candidate Lyapunov function: 

21

2
vdc dc

V z=                                        (37) 

The derivative of the function at (37) is denoted by: 

c

vdc dc dc

dc dc

P
V z v

v C





 
 

= − 
 
 

                        (38) 

 

Given that the Lyapunov function's derivative should be 

negative 0
vdc

V  , the stability of the system is ensured . 

This may be done by using the derivative of  
dc

z as follows: 

 

dc dc dcz k z= −                                  (39) 

kdc is a positive constant where. 
The control law is then attained by: 

c dc dc dc dc dc
P v C v k z  

= + 
 

                      (40) 

2.5 Predictive Direct Power Control (PDPC) 

 
A. Synthesis of Parallel Powers PDPC  

Using a predictive control technique, the PVG-UPQC average 
voltage vector is calculated, with instantaneous active and 
reactive powers being identical to their reference values at 
each sampling interval. This is the foundation of the proposed 
predictive DPC scheme. Instantaneous active and reactive 
power measurements and orders are therefore used as given 
input parameters in the block of predictive control technique. 

as seen in figure (1). The PVG-UPQC average voltage vector  

fpV  is computed at the start of each sampling period Te in 

order to allow cancellation of the instantaneous active and 
reactive power tracking errors at the end of the sampling 
period. 

 The control aim is then achieved with a constant switching 
frequency by creating a series of switching states using a space 
vector modulation approach. 

The steps that must be taken to develop the predictive 
model that is needed for PDPC are illustrated below. 

If the fundamental period is indefinitely short relative to the 
sample period Te . The result of discretizing equations (3 and 
9) is: 

 

( 1) ( ) ( ( ) ( ))

( 1) ( ) ( ( ) ( ))

e
fp fp fp fp fp

fp

e
fp fp fp fp fp

fp

T
P k P k R P k V k

L

T
Q k Q k R Q k V k

L





+ − −

+ − −

= +

= +

    (41) 

Equation (41) may be rewritten as follows as the control goal 
is to make the values of references  equal to real powers 
during the following sampling period: 

( 1) ( 1) ( ( ) ( )) ( )

( 1) ( 1) ( ( ) ( )) ( )

e
fp fp fp fp fp fp

fp

e
fp fp fp fp fp fp

fp

T
P k P k R P k V k P k

L

T
Q k Q k R Q k V k Q k

L





+ + −

+ + −

*

*

= = + +

= = + +

(42) 

The necessary PVG-UPQC average voltage vector is 

expressed using (42), as follows: 

( ) ( ) ( 1) ( )

( ) ( ) ( 1) ( )

fp

fp fp fp fp fp
e

fp

fp fp fp fp fp
e

L
V k R P k P k P k

T

L
V k R Q k Q k Q k

T





+ −

+ −

*

*

= + ( )

= + ( )

         (43) 

From figure (6), a linear extrapolation may be employed to 

approximate the references of power at the next sampling time 

(k+1). 

 

Qfp(k-1)
*

Qfp(k+1)
*Qfp

*

Pfp(k-1)
*

Pfp(k+1)
*Pfp

*

 
Fig. 6.Predictive reference powers evaluation 

The references of the expected power: 

( 1) ( ) ( 1)

( 1) ( ) ( 1)

fp fp fp

fp fp fp

P k P k P k

Q k Q k Q k

+ − −

+ − −

* * *

* * *

=2

=2
                     (44) 

For the duration of the period of each sampling, equation (45) 
gives the digital PDPC control rule that produces the 
necessary SAPF average voltage vector: 

*

*

( ) ( ) ( ( ) ( ))

( ) ( ) ( ( ) ( ))

fp

fp

fp

fp fp fp fp P
e

fp

fp fp fp fp Q
e

L
V k R P k P k e k

T

L
V k R Q k Q k e k

T









*

*

= + +

= + +

           (45)                                       
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The tracking errors of power are ( )
fpPe k  and ( )

fpQe k : 

( ) ( ) ( )

( ) ( ) ( )

fp

fp

P fp fp

Q fp fp

e k P k P k

e k Q k Q k

−

−

*

*

=

=
                                (46) 

 

The real change in both powers is represented by the 

references ( )fpP k *
 and ( )fpQ k *

: 

( ) ( ) ( 1)

( ) ( ) ( 1)

fp fp fp

fp fp fp

P k P k P k

Q k Q k Q k

 − −

 − −

* * *

* * *

=

=
                             (47) 

The reference voltages 
*
fpv   and 

*
fpv  may be computed using 

formula (4) as shown below previously the voltages 
*
fpV  and 

*
fpV   have been acquired. 

2 2 2 2

ss

fp fp fp s

s s s s

vv
v V V v

v v v v



   

   

− +

+ +

* * *=               (48)                                         

2 2 2 2

s s

fp fp fp s

s s s s

v v
v V V v

v v v v

 

   

   

+

+ +

* * *= +               (49)                                    

 
B. Synthesis of Series powers PDPC  

For tracking, the control law is: 

( ) ( ) ( ( ) ( ))

( ) ( ) ( ( ) ( ))

fs

fs

fs

fs fs fs fs P
e

fs

fs fs fs fs Q
e

L
V k R P k P k e k

T

L
V k R Q k Q k e k

T









* *

* *

= + +

= + +

          (50)                                         

2 2 2 2

inj inj

fs fs fs inj

inj inj inj inj

v v
v V V v

v v v v

 

   

   

− +

+ +

* * *=        (51) 

2 2 2 2

inj inj

fs fs fs inj

inj inj inj inj

v v
v V V v

v v v v

 

   

   

+

+ +

* * *= +       (52)  

 

2.6 Modulation of Three-level Space Vector  

 

The three-level SVM technique used to generate the switch 

PWM control signals is described in this section (sa, sb and 

sc). Figure (7) depicts the space vector for a three-level 

inverter in α-β frame. There are three zero states in the centre, 

twelve inside hexagons and twelve outer hexagons , for a total 

of 27 states. The output voltage for these states can take one of 

three values: ‘ vdc/2’, ‘0’ and ‘- vdc /2’ accordingly. 
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Fig. 7.design of three-level Space-vector 

 

As seen in Figure (8), there are four triangular zones in each 

section. The space vector modulation is used in order to 

rebuild the reference voltage vector from its three neighboring 

vectors, where this vector is equivalent to the total of these 

different vectors. Finding the reference voltage vector must 

thus be the first step. It is possible to divide this process into 

two parts, the first of which determines the sector number and 

the second of which determines the triangle where the vector 

is inserted [20][24]. 

 

 

 




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N

L
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

 
Fig. 8.Configuration of Vector in initial sector 

 

The reference voltage vector's magnitude and angle are 

calculated as shown in Figure (8) as follows: 

 

                              (53) 

1tan 2
d

d

v

v









−



 
=   

 
                            (54) 

2 2

d d dv v v 

  = +
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a) First Step: Sector Determination 

The following equation contains the sector numbers: 

( ) {1,2,3,4,5,6}
/ 3

S ceil



=                               (55) 

Where ceil  is a function that increases an integer by one when 

it rounds a number 

b) Second Step: Triangle Identification  

On the two axes doing / 3 rad  between them, the reference 

vector is projected. Equations (56) and (57) standardize the 

predicted components as follows: 

 

1

1
2 cos( ( 1) ) sin( ( 1) )

3 32 / 3 3

S d

dc

v
v S S

v

 
 


  
= − − − − − 

 
   (56) 

2

2
2 sin( ( 1) )

32 / 3 3

S d

dc

v
v S

v





  
= − − 

 
              (57) 

For finding the triangles number in a sector S, it is necessary 

to define the two integers: 

( )

( )

1 1

2 2

int

int

S S

S S

l v

l v





=

=
                                     (58) 

int is a function in which a number is rounding to the nearest 

integer near zero. 

As exposed in figure (9), If the vector of reference is located 

in the parallelogram composed by the vertices G, K, H and M, 

the two integers 1

Sl and  2

Sl  should validated the condition: 

1 1Sl =  and 2 2Sl =  

To verify the reference vector situated in the triangle shaped 

by the vertices H, K, G or in that shaped by the vertices M, K, 

H, one of the situations should be confirmed: 
S

dv
is positioned in GHK triangle if: 

1 2 1 2 1S S S Sv v l l +  + +                               (59) 

S

dv
 is positioned in HKM triangle if: 

1 2 1 2 1S S S Sv v l l +  + +                               (60) 

With the similar process, the numbers of other triangles in 

every sector can be determined. 

 

c) computation of Duration Times  

If the reference vector is positioned in HKM triangle, it is 

restructured from the three neighboring vectors
S
i

xv


, 
S
i

yv
 and 

S
i

zv


 using the following relation: 

S S S S S S
i i i i i i

S S S
i i i

x x y y z z d s

x y z s

v t v t v t v T

t t t T

      

  

+ + =

+ + =
                     (61) 

Where 
S
i

xt


, 
S
i

yt
 and 

S
i

zt


 are the duration times of vectors and x

, y  and z  are the vertices of G, H and K . 

In the frame constituted of two axes in which the angle 

between them is 60o the projection of (56) gives the following:  

1 1 1 1

2 2 2 2

S S S S S S
i i i i i i

S S S S S S
i i i i i i

S S S
i i i

S

x x y y z z s

S

x x y y z z s

x y z s

v t v t v t v T

v t v t v t v T

t t t T

      

      

  

+ + =

+ + =

+ + =

              (62) 

 

The vertices coordinates M,  N , G, K, H and L are expressed 

by the equation:  

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

1 2 1 2

1 2 1 2

1 2 1 2

, 0,0 , , 1,0

, 2,0 , , 0,1

, 1,1 , , 0,2

S S S S
i i i i

S S S S
i i i i

S S S S
i i i i

G G H H

N N K K

M M L L

v v v v

v v v v

v v v v

   

   

   

= =

= =

= =

   (63) 

 

By replacement the coordinates of
xv , yv , 

zv  demonstrated in 

(63) in (62), in each triangle, the time period in sector s for 

each triangle are cited in Table (I). 

 

Table 1. Time period in sector s for each triangle  

 

Number of 

Triangle  

   

 S
i

xt


 
S
i

yt


 
S
i

zt


 

( )

( )

( )

( )

1

2

3

4

, ,

, ,

, ,

, ,

S

S

S

S

G H K

M K H

H N M

K M L









 

S S
i i

S S
i i

S S
i i

S S
i i

s y z

s y z

s y z

s y z

T t t

T t t

T t t

T t t

 

 

 

 

− −

− −

− −

− −

 
( )

( )

1

1

1

1

1

1

S

s

S

s

S

s

S

s

v T

v T

v T

v T









−

−
 

( )

( )

2

2

2

2

1

1

S

s

S

s

S

s

S

s

v T

v T

v T

v T









−

−

 

 

 

In the second triangle, the vectors appliance times are givenin 

equation (64) when the vector coordinates
s s
i i

x Gv v
 
= , 

s s
i i

x Hv v
 
= and 

s s
i i

x Kv v
 
=  are substituted in equation (62). 

2

1

2

( 1)

( 1)

( )

s
i

s

s s s
i i i

s

y s

s

z s

x s y z

t v T

t v T

t T t t

 

 

  

= −

= −

= − −

                               (64) 

d) Energy Minimization Based Balancing DC Capacitor 

Voltages  

The combined energy of the two capacitors in a three-level 

diode-clamped converter is provided in [9]: 
2

2

1

1

2
i ci

i

E C v
=

=                                          (65) 

Period of time  
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Fig. 9.Three-level diode-clamped inverter cell. 

 

The total energy E decreases to its lowest value ( minE ) when 

the voltages of the two capacitors are balanced, providing that 

the two capacitors have equal capacitances, C1 = C2 = C. 

Following is the minimal total energy: 
2

min
2 2

dcvC
E =                                          (66) 

The ability to minimize energy can be utilized to balance 

capacitor voltages. Due to this, the following cost function J is 

established using the quadratic sum of the voltages civ  and 

reference value differences: 
21

2

1

2 2

n
dc

ci

i

v
J C v

−

=

 
= − 

 
                                     (67) 

The function J may be decreased to zero based on an 

appropriate selection of redundant vectors, maintaining the 

capacitor voltages at their reference levels. The formula that 

guarantees that the cost function J will converge to its smallest 

value is as follows: 
2

1

0ci ci

i

dJ
v i

dt =

=                              (68) 

where 
cii  represents the capacitor's current

iC , 1,2i =  

The currents of DC-side intermediary section
0di and 

1di  have 

an impact on these DC-capacitor currents. Equation (68) can 

be expressed by
0di .

1di .
cii  and it can be written as follows: 

1 1

2 1 0

c d

c d d

i i

i i i

= −

= − −
                                  (69) 

The requirement to attain the balancing of voltage is 

determined in (70) by substituting the values of 
1ci  and 

2ci  

from equation (68) in (69): 

 

( )1 1 2 0 1 0c d c d dv i v i i− −  +                            (70) 

The following condition is confirmed when the continuous 

connection voltages 
1cv , 

2cv  are near to dcv
: 

1 2 0c cv v +  =                                        (71) 

Equation (70) may be used to represent equation (69) as 

follows: 

2 0 0c dv i                                                    (72) 

Equation (72) gives the following results when the averaging 

operator is applied over a single sampling period: 

( )
( )1

2 0

1
0

k T

c d

kT

v i dt
T

+

                                   (73) 

 

Assuming the sampling period T, as contrasted to the time 

interval associated with the dynamics of capacitor voltages, is 

appropriately small, the capacitor voltages may be considered 

to remain constant across one sample period; accordingly, the 

equation (73) is reduced to: 

( )2 0 0c dv k i                                     (74) 

Where 0di  is the averaged value of the
0di , and ( )2cv k  is 

the drift voltage at the sampling period. Therefore, just one 

DC capacitor voltage has to be detected in order to manage 

DC-capacitor voltages. Control is made incredibly easy and 

dependable by this function. The optimal combination that 

optimizes equation (74) should be chosen after computing the 

current 0di  for various combinations of nearby redundant 

switching states throughout a sampling interval. 

 

2.7 Configuration of Comparative PI controller  

 

To demonstrate the effectiveness of the proposed BC-PDPC, 

its performance is compared to that of the PI regulator.  

By regulating the active power flow between the PCC and the 

DC bus, the DCPI regulator's function is to enable tracking the 

reference. 

The following transfer function is calculated from equation 

(8): 
2 ( ) 2

( )

dc

c dc

v s

P s C s
=                                (75) 

+
-

idc
pdc

k
k

s
+

* 2

dcv cP
2

dcv2

dcC s

 
Fig. 10.Regulation of continuous voltage. 

The closed loop transfer function is illustrated in: 

 

 

2

* 2
2

2 2

( )
( )

2 2( )

pdc idc

dc dc dc

pdc idcdc

dc dc

k k
s

v s C C
G s

k kv s
s s

C C

+

= =

+ +

              (76) 

From (76), at ransfer function (77) can be obtained: 
2

2 2

2
( )

2

n n

n n

s
H s

s s

 

 

+
=

+ +
                          (77) 

It can be found: 
2 / 2idc dc n

pdc n dc

k C

k C





=

=
                             (78) 
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2
n n

f = is the Natural pulsatance of the regulator and

0 1  is the damping factor for a good dynamic and 

acceptable oscillations, 25
n

f Hz= 0.7 = are choosen. 

The PI coefficients of currents, voltages, and Boost controllers 
may also be obtained using the same procedure and are listed 
below. 

TABLEII 
PI PARAMETERS 

Coefficients Value 

Kipv 4.60 
Kidc 0.1 

Kppv 0,45 102 

kpfs 0.30 
Kifs 10.0 

kpfp 3.50 

Kifp 3,55 102 

kpdc 0,088 10-2 

III. DISCUSSION OF RESULTS 

In order to improve the efficacy of the proposed control for 

ThePVG-UPQC performance assessment, the voltage filtering 

and harmonic current and finally the compensation of reactive 

power, MATLAB/Simulink is used to install a model includes 

all parameters cited in the following table.  
TABLEIII 

SYSTEM PARAMETERS 

Parameter value 

  

Rd , Ld 15.0 Ω, 2 mH 
Rfp, Lfp 20.0 mΩ, 2.50 mH 

kdc 250.0 

Rfs, Lfs,Cfs 
1.50 Ω, 3 mH, 0.10 

mF 

Lpv,Cpv 5.0 mH, 55.0 mF 

the source voltage RMS value  220.0 V 
fs 12.0 kHz 

Rl, Ll 10.0 mΩ, 0.30 μH 

kp1= kp2 1120.0 
Vdc

* 900.0 V 

Rs, Ls 3.0mΩ, 2.60 μH 

PV array Ppv, Vmp,Imp, Isc,Voc 
150W,34.50V,4.35A.

4.75A, 43.50V 

ks1= ks2 1150.0 

Kb1= kb2 1450.0 
Cdc 8.0 mF 

 

 

 
Fig. 11. Different results during conditions variation of the proposed regulator 

The profile of the irradiation chosen is shown in Fig. 11.a at 25 
°C. Initial irradiation is absent (t<0.5s), and the PVG-UPQC is 
only regulated to filter harmonics and make up for reactive 
power, whereas the load is supplied by the network (17.5 kW). 
When the irradiation is attuned to 1000 W/m2, the maximum 
power that can be injected is around 21 kW. the generated 
power is greater corresponding to that needed by the load,so in 
this situation, the GPV-UPQC control is injecting power to the 
network from the moment 0.50s to 1.250s for first 
compensating reactive power, second for filtering harmonics, 
and finally is to supply the load as illustrated in  Fig. 11(b) and 
(c). It is noticed that from these results, the consumption of 
active power is about 17.5 kW and reactive one is around 400 
VAR is equivalent to the total of the GPV-UPQC and grid 
power supplies.  

 

 

 

 
Fig. 12. Simulation results under conditions and load variation a):DC-link 
voltage vdc with B-PDPC, b):DC-link voltage vdcwith PI regulator, c):DC 
capacitors voltages with B-PDPC, d):DC capacitors voltages with PI regulator.  
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Figs. 12 show DC-link voltage vdc, and DC capacitors voltages 
respectively. The DC-link voltage is little impacted by load 
change (approximately 2V), and it recovers in about 0.08s (see 
Fig. 12(a) and (c)). As further evidence of the success of the 
three-level SVM based on a balancing method, it can also be 
seen that the DC capacitor voltages are balancing at their 
reference levels (450 V) with minimal ripple around the 
balance point. 

 

 

 

 
Fig. 13Simulation results under load variation. 

Figs. 12 and 13 show the dynamic behavior under a sudden 
change in load caused by introducing a second load at the 
moment t =1.25s for 1 s. It is obvious that after introducing the 
control, the current of grid is very well sinusoidal, and even in 
this transient situation, the aim of unity power factor is 
effectively attained. Figs. 13(a) and (b) show the phase source 
voltage with source current with B-PDPC before and after 
compensation and Figs. 13(d) and (e) present  source current 
harmonic spectrum before and after compensation with B-
PDPC and finally Fig . 13(f) illustrate after compensation 
source current harmonic spectrum with PI regulator. Figs. 13 
(d), (e), and (f) display the spectrum analysis of the voltage of 
the load and the AC grid current with and without 
compensation for the current.  it is noticed that from these 
results, the proposed control present perfect effectiveness to 
obtain the wanted  objectives.  

 

 

 

 

 
Fig. 14. Simulation results under source voltage perturbation.  

Figs. 14. (a), (b), and (c) present Voltage of the load before 
compensation, after compensation with PI regulator and with 
B-PDPC respectively. Figs. 14. (d), (e), and (f) display the 
spectrum analysis of the voltage for both controllers. It 
demonstrates that the THD in the grid currents is reduced by 
the PVG-UPQC from 28.11% to 3.87% using the conventional 
PI regulator. A backstepping-based PDPC regulator, however, 
reduces the present THD to 1.45%. The THD of load voltage 
falls to 3.20% from 24.58% with PI, and further drops with B-
PDPC to 1.63%, demonstrating the effectiveness of the created 
nonlinear regulator. 
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Fig. 15.Examination of voltage (sag and swell) with B-PDPC. 

 

Figs. 15.a and 15.b present the profile of disturbed source 
voltage and the voltage of compensation during perturbation 
respectively.  From these examinations, in sag voltage 
situation, the PVG-UPQC swiftly injects components of equal 
positive voltage that are phase-locked to the grid voltage, and 
in voltage swell situation, the PVG-UPQC injects negative 
voltage components in the opposite phase of the grid voltage to 
obtain the voltage of the load near to its regular value, as 
shown in Fig. 15.c. 

The load voltage is once again rapidly determined to be 

extremely near to a sinusoidal voltage when the PVG-UPQC 

is experienced with sag and swell in the voltage of network. 

To maintain a constant load voltage, the PVG-UPQC can 

therefore give the necessary compensating voltage 

components. 
Rapidity and minimal THD with the lack of an overshoot in the 
response of continuous bus voltage throughout fluctuation of 
load, demonstrate the superiority and efficacy of the 
backstepping-based PDPC regulator over the more 
conventional linear PI regulator shown in the following table: 

TABLEIII 
COMPARISONOF PI CONTROLLER WITH SLIDING MODE CONTROLLER 

Factor PI controller 
BC-PDPC 

controller 

THDv (%) 3.2 1.63 

Overshoot + - 

THDi (%) 3.87 1.45 

DC link charging (s) 0.110 0.08 

 

IV. CONCLUSION 

In this present study, a PVG-UPQC control plan is 

implemented, which includes techniques for harmonic 

extraction for both currents and voltages and also its 

mathematical model. To reduce current and voltage 

harmonics, a backstepping-PDPC regulator is developed. 

Because of its advantages in terms of implementation at a 

fixed frequency, a three-level SVM with energy minimization 

based balancing DC capacitor voltages is utilized for the 

closing power switches management. The simulation's 

findings show that the source side currents and load side 

voltages exhibit a sinusoidal form throughout the whole 

system's operation. These findings unequivocally demonstrate 

that PVG-UPQC controlled by backstepping-PDPC performs 

far better than traditional regulators. 
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