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Abstract— This paper presents a control of smart PV 
(Photovoltaic)-DSTATCOM (Distribution Static Compensator) 
grid tied system using an adaptive reweighted zero attracting 
(RZA) control algorithm with P & O (Perturb and Observe) 
maximum power point tracking technique for a three phase 
system to improve power quality and support the three phase AC 
grid by supplying power both to the grid and the connected loads. 
The proposed PV grid tied system is capable of working round 
the clock. During sunshine conditions, the proposed system 
performs dual functions of improving power quality by working 
as DSTATCOM and also transfers power to the load and the grid 
obtained from PV array. However, during night or cloudy 
conditions, the proposed system works as DSTATCOM 
improving power quality and the power is transferred from the 
grid to the load. The system is termed as a smart as it is able to 
perform both modes automatically sensing the PV power and is 
capable of multidirectional power flow. The experimental 
validation is carried out on a developed prototype in the 
laboratory under varying modes. 

Keywords— PV-DSTATCOM, DSTATCOM, RZA and Power 
Quality. 

I. INTRODUCTION  
HE rising concern to explore for the substitute energy 
sources which are free from greenhouse emissions and are 

climate friendly, sustainable, pollution free have emerged 
renewable energy sources as a promising alternative. The 
incentives are being provided by many countries to offset the 
conventional generation through fossil fuels and to aid the 
paradigm shift towards generation through renewable energy 
sources. To have a sustainable climate friendly environment, 
the research is taking place to integrate large number of   
renewable energy sources in range of 3-50 kW with the grid. 
The grid connected renewable energy systems have the 
potential to improve system power quality, global warming 
and are capable of multidirectional power flow at the point of 
common coupling (PCC) [1-3]. 

Renewable energy systems including solar PV 
(Photovoltaic) have gained wide acceptance because the solar 
PV energy is a free source of energy and it is readily available 
[4]. The single stage topology which directly connects the PV 
system with the grid using a converter and the double stage 
topology which connects the PV system with a converter to the 
grid using a boost converter have been widely discussed in the 
literature [5] to integrate PV system with the electrical grid. 
However, the single stage topology is favored as the 
requirement of a DC-DC boost converter is eliminated, which 
reduces cost as well as it improves the system efficiency. The  
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converter with PV array along with an active filter feature 
known as PV-DSTATCOM (PV- Distribution Static 
Compensator), is required to convert the DC voltage into AC 
and to improve the power quality by limiting harmonic 
distortions, to compensate the reactive power and to balance 
the power in all the three phases in the distribution system [6]. 
Moreover, a nonlinear relationship exists between PV voltage 
and current. Therefore, there is a particular value of voltage 
and current at which maximum power can be obtained from a 
PV array [7]. Various maximum power point tracking (MPPT) 
techniques have been reported such as hybrid fractional open-
circuit voltage- current sensorless method [8], adaptive perturb 
and observe [9], grey wolf optimization technique [10], neural 
network [11] etc. 

The rising energy demand, outages, high penetration of 
nonlinear loads with aging grid have possessed serious 
challenges for the grid [1]. In order to mitigate these problems, 
a smart PV-DSTATCOM system is proposed in this work 
which acts as an active filter and is able to nullify the effect of 
nonlinear load currents, to regulate the DC-link voltage, to 
improve the power factor of the grid and it is capable of 
multidirectional power flow. The proposed system is able to 
work into two modes PV-DSTATCOM and DSTATCOM and 
automatically perform two modes sensing the PV power. An 
optimal scheduling strategy can be designed based on 
forecasting so that the generation through fossil fuels can be 
minimized [12].The PV-DSTACOM offers the advantages of 
DSTATCOM, improves current quality problems and also 
transfers power to the load reducing the generation 
requirement through the conventional sources. If the power is 
available in excess multidirectional power flow, it can take 
place and the power is fed both to the grid and the load. 
However, when the solar PV power is not available, the system 
automatically performs in DSTATCOM mode and the power is 
fed to the load from the grid and the converter system. It acts 
as DSTATCOM for improving the power quality. The 
efficiency of a DSTATCOM control algorithm depends upon 
its effectiveness in extracting the reference current signals. 
Many control techniques such as SRF (Synchronous Reference 
Frame), IRPT (Instantaneous Reactive Power Theory), hybrid 
LMS-LMF (Least Mean Square-Least Mean Fourth), and leaky 
LMS current control have been studied in the literature [13-16] 
which use filters to obtain the reference current signals from 
the load currents. Phase locked loops have also been used to 
extract the reference current signals. However, intelligent 
adaptive techniques such as Adaline based LMS, LMF and 
variable forgetting factor recursive least squares have gained 
prominence for the control of PV-DSTATCOM. They provide 
good transient response than the conventional controls as the 
parameters are automatically adjusted according to the system 
dynamics and are easy to implement with basic mathematical 
operations. Singh. et.al. [15-16] have provided a comparison 
between SRF, IRPT and Adaline based LMS algorithm and it 
is highlighted that the Adaline based adaptive algorithm has a 
good performance as the weights are calculated online and has 
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a good dynamic performance. Kumar et. al. [17] have proposed 
an alternative way to extract reference current signals using 
enhanced phase locked loop instead of unit templates. Badoni 
et. al. [18] have proposed an adaptive variable forgetting factor 
RLS (Recursive Least Square) technique and compared it with 
fixed step RLS and variable step LMS. It is highlighted that the 
proposed RLS technique offers fast convergence and 
robustness. In this paper, an adaptive reweighted zero-
attracting (RZA) control algorithm is used to extract the 
reference grid currents. The RZA control incorporates the l1 
relaxation, widely discussed in the compressive sensing to 
improve the performance of the adaptive control which 
generates a zero attractor in the adaptive iteration and reduces 
the mean square error further in comparison to the normal 
LMS control providing with a good steady state and transient 
responses. Moreover, the use of reweighted zero attractor 
improves the filtering process and provides accurate reference 
signals [19]. The performance of the experimental system is 
evaluated on a developed prototype in the laboratory. 

II. SYSTEM  TOPOLOGY AND CONTROL ARCHITECTURE 
The proposed system consists of a 5.35 kW PV array tied 

to the three phase AC grid feeding linear and nonlinear loads 
with ripple filters as shown in Fig.1. The parameters of the 
KCG200GT PV array at nominal operating conditions have 
been used to model the required PV array as reported in [20]. 
To get a solar PV array of power 5.35 kW with array voltage 
(Vpv) as 340 V, the number of PV modules in parallel and series 
are set as  2 and 13, respectively in  the solar PV array 
simulator ETS60017DPVF. 

The proposed adaptive RZA control algorithm as shown in 
Fig. 2, is used to control the PV grid tied system with 
DSTATCOM capabilities described in this section. Fig. 3 
shows flowchart for the operation of PV-DSTATCOM system. 

The sensed two PCC line voltages (vab and vbc) are used to 
calculate the phase voltages at PCC and their peak amplitude 
(Vt) [13] is expressed as, 

ab bc ab bc ab bc
a b c

2v v -v v -v 2v
v =      ;    v =      ;    v =  

3 3 3

-+ +
             (1) 

 

Fig. 1 Schematic of the proposed system topology 
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The in-phase unit and quadrature templates are evaluated as, 
a b c
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t t t
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The DC voltage error (Vde) is estimated as the difference 
between the reference DC bus voltage (Vdc

*) achieved from the 
P&O MPPT and the sensed DC voltage (Vdc). The hill 
climbing approach of P&O works on the perturbation of 
voltage and observing the sign for the power and subsequently 
decides the nature for next perturb to reach the maximum 
power point. The error at the rth sampling instant is given as, 

dc

*
de dcV (r) = V (r) - V (r)              (5) 

The active loss component (wcp) which is regulating the 
DC bus voltage (when irradiance level changes or load 
unbalancing takes place) is estimated by using Vde and a PI 
(Proportional Integral) controller gains (Kid and Kpd are 
integral and proportional gains) as, 

cp cp pd de de id dew (r +1) = w (r) +K (v (r +1) - v (r)) +K v (r +1)            (6) 
Using Bode diagram, the stability analysis of the proposed 
system is carried out for DC bus voltage control. The system 
transfer function (GS(s) is evaluated as, 

1( ) ( )* ( ) *
⎡ ⎤⎛ ⎞= = +⎢ ⎥⎜ ⎟

⎝ ⎠⎣ ⎦
id

S P C pd
dc

K
G s G s G s k

sC s
           (7) 

Where Gp(s) is the plant transfer function and GC(s) is the PI 
voltage controller transfer function.  
The Bode diagram is plotted for GS(s) as shown in Fig. 4 for 
system parameters as given in Appendix. It is seen from the 
Bode diagram of the system, the system is stable with phase 
and gain margin in the stable region.  

Likewise, to regulate the PCC voltages (when irradiance 
level changes or load unbalancing takes place), the voltage 
error (Vte(n)) is fed to another PI controller. The error and 
reactive loss component (wcq) at the rth sampling instant is 
evaluated as, 

te t
*
tV (r) = V (r) - V (r)                (8) 

cq cq pt te te it tew (r +1) = w (r) +K (v (r +1) - v (r)) +K v (r +1)            (9) 
Where, Kit and Kpt are integral and proportional gains used in 
this PI controller. 
For an improved performance as irradiance level changes, the 
PV feed forward term from the solar PV array is estimated as, 

pv pv tw (r) = 2P (r) / (3V )             (10) 
Where, Ppv is the extracted PV power. 
The weight of fundamental active component of the load 
current of phase ‘a’ under steady state and dynamic conditions 
(when load unbalancing takes place) is evaluated as, 

sgn(

|1 |+
pa

pa pa

pa
pa pa

w (r))
w (r + 1) = w (r) -  +  e (r) u

w (r)

ρ
μ

ε
        (11) 
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Fig. 2 Control architecture of the adaptive RZA based control with MPPT 

 
 

Fig. 3 Flowchart showing operation of PV-DSTATCOM System 

 
Fig. 4 Stability analysis of the proposed system using Bode diagram 

Where, pa La pa pae (r) = i (r) -u (r) w (r)× ,           (12) 
epa is the active error in the load component, ρ is a constant to 
control strength of zero attractor, ka is the reweighted zero 
attractor term, μ is the convergence factor, sgn is the signum 
function, ɛ is a constant, wpa(r), iLa(r) and upa(r) are the weight 
of reference active component, load current and in-phase unit 
template of phase ‘a’ at the rth instant. This relation (11) is 
similar to LMS control with an extra term ka which improves 
convergence, and the steady state and transient responses of 
the adaptive control [19]. 

Likewise, the weights of fundamental active components 
(wpb(r), wpc(r)) of the nonlinear load currents and adaptive 
component errors of other two phases ‘b’ and ‘c’ under steady 
state and dynamic conditions (when load unbalancing takes 
place) are expressed as, 

sgn(

|1 |+
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pb pb
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pb pb

w (r))
w (r + 1) = w (r) - +  e (r) u

w (r)

ρ
μ

ε
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pb Lb pb pbe (r) = i (r) - u (r) w (r)×             (14) 

sgn(

|1 |+
pc

pc pc

pc
pc pc
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ρ
μ

ε
         (15) 

pc Lc pc pce (r) = i (r) - u (r) w (r)×            (16) 
Likewise, the weight of the fundamental reactive part of the 
nonlinear load current of phase ‘a’ under steady state and 
dynamic conditions (when load unbalancing takes place) is 
expressed as, 

 qa
sgn(

|1 |
ρ

μ
+ ε

qa

qa qa

qa
qa

w (r))
w (r + 1) = w (r) - +  e (r) u

w (r)
         (17) 

qa La qa qae (r) = i (r) -u (r) w (r)×  is the reactive error. 
Where, wqa(r), iLa(r) and uqa(r) are the weight of reference 

reactive component, load current and quadrature unit template 
of phase ‘a’ at the rth instant. 

Likewise, the weights of the fundamental reactive 
components ((wqb(r), wqc(r)) of the nonlinear load currents and 
adaptive component errors of other two phases ‘b’ and ‘c’ 
under steady state and dynamic conditions (when load 
unbalancing takes place) are written as, 
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qc Lc qc qce (r) = i (r) -u (r) w (r)×             (21) 
The active weight component (wsp) of reference grid 

currents under steady state and dynamic conditions (when 
irradiance level changes or load unbalancing takes place) is 
expressed as, 

sp LpA cp pvw = w + w - w             (22) 

Where, LpA pa pb pcw w w w= ( + + ) /3           (23) 
Moreover, the reference active grid currents under steady 

state and dynamic conditions (when irradiance level changes or 
load unbalancing takes place) are evaluated as, 

* * *

pa sp pa pb sp pb pc sp pci = w .u      ;     i = w .u     ;     i = w .u          (24) 
Likewise, the total reactive weight component (wsq) of 

reference grid currents under steady state and dynamic 
conditions (when irradiance level changes or load unbalancing 
takes place) is expressed as, 

sq cq LqAw = w w-              (25) 

Where, LqA qa qb qcw w w w= ( + + ) / 3            (26) 
Likewise, the reference reactive grid currents under steady 

state and dynamic conditions (when irradiance level changes or 
load unbalancing takes place) are evaluated as, 

* * *

qa sq qa qb sq qb qc sq qci = w .u      ;     i = w .u     ;     i = w .u          (27) 
So, the total reference three-phase grid currents under 

steady state and dynamic conditions (when irradiance level 
changes or load unbalancing takes place) are evaluated as, 

* * * * * * * * *

sa pa qa sb pb qb sc pc qci = i + i i = i + i  ; i = i + i  ;            (28) 
For generation of the gate pulses for switching of VSC 

(Voltage Source Converter), the difference of the reference 
grid currents and the sensed grid currents is passed through the 
hysteresis regulator to generate pulses for the converter. 

III. RESULTS AND DISCUSSION 
A prototype of a grid tied PV system with the 

DSTATCOM capabilities using a RZA adaptive control 
algorithm is implemented. An AMETEK make photovoltaic 
array simulator (ETS60017DPVF) is used to emulate the 
characteristics of the PV array. The control algorithm 
discussed in Section II is realized using a DSP (dSPACE-
1202), Hall-effect voltage sensors (LV25P) and current sensors 
(LA55P). The opto-coupler circuits (6N136) are used to 
provide necessary optical isolation between the VSC and the 
DSP signals. Test results have been recorded using four 
channel an Agilent make DSO (DSO7014A) and a power 
analyzer (Fluke make, model: 43B). The detailed data of 
experimental system are given in Appendix. 

A. Performance of PV-DSTATCOM System under Linear 
Loads 
The steady state behaviour of the proposed PV grid tied 

system under linear loads, a combination of resistance and 
inductance is depicted in Figs. 5 (a-l). Figs. 5 (a-c) show the 
waveforms of PCC line voltage (vab) with grid currents (ic, ia 

and ib) of each phase, respectively. Fig. 5 (d) shows the grid 
power along with the power factor. The negative notation for 
the grid power depicts that the PV-DSTATCOM system is in 
operation and the power is being fed to the grid. Moreover, it is 
observed that the power factor of the grid is maintained at 
unity. Figs. 5 (e-g) show the waveforms of PCC line voltage 
(vab) with load currents (iLc, iLa and iLb) of each phase, 
respectively. Fig. 5 (h) shows the load power along with power 
factor. It is observed that the PV-DSTATCOM system is able 
to improve the power factor from 0.72 to unity. Figs. 5 (i-k) 
show the waveforms of vab with PV-VSC currents (iinvc, iinva 
and iinvb) of each phase, respectively. Fig. 5 (l) shows the PV-
VSC power. The positive notation for VSC power indicates 
that the PV-VSC is supplying power to both the load and the 
grid.   

B. Response of PV-DSTATCOM System under Nonlinear 
Loads 
The response of the proposed PV-DSTATCOM grid tied 

system under nonlinear loads is depicted in Figs. 6 (a-h) and 
Figs. 7 (a-b). Fig. 6 (a) shows the waveforms of vab and ic. Fig. 
6 (b) depicts the THD (Total Harmonic Distortion) of ic which 
is 2.7 % and within limits of an IEEE-519 standard [21]. Fig. 6 
(c) shows the waveforms of vab and iLc. Fig. 6 (d) depicts the 
THD of the load current (iLc) which is 26.8 %. Fig. 6 (e) shows 
the waveforms of PCC line voltage (vab) and VSC current 
(iinvc). Finally, Figs. 6 (f-g) depict the grid power, load power  

          
(a)                                        (b)                                   (c) 

   
(d)                                       (e)                                   (f) 

   
(g)                                      (h)                                  (i) 

   
(j)                                      (k)                                   (l) 

Fig. 5 Steady state response of the PV-DSTATCOM grid tied system with 
linear loads (a) vab with ic (b) vab with ia (c) vab with ib (d) Grid Power with ic 

(e) vab with iLc (f) vab with iLa (g) vab with iLb (h) Load Power with iLc (i) vab with 
iinvc (j) vab with iinva (k) vab with iinvb (l) Converter Power with iinvc 
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(a)                                    (b)                                 (c) 

   
(d)                                     (e)                                         (f) 

  
               (g)                                        (h) 

Fig. 6 Steady state responses of the PV-DSTATCOM grid tied system under 
nonlinear loads (a) vab with ic  (b) THD of ic  (c) vab with iLc  (d) THD of iLc vab 
with iinvc  (e-g) grid power, (h) load power and PV-VSC power. 

 

 
(a)                                                    (b) 

Fig. 7 (a-b) Steady state response of PV-DSTATCOM system at solar intensity 
of 1000 W/m2 

with negative notation showing that the PV array power is fed 
to the loads and the grid. Fig. 6 (h) shows PV-VSC power. 
Figs. 7 (a-b) show the waveforms of vab, ic, iLc, iinvc and ka (the 
reweighted zero attractor term), upa (the unit template for phase 
a), epa (the active error in the load component for phase a) and 
wpa (the weight for reference active component for phase a) at a 
solar insolation of 1000 W/m2. 

C. Performance of PV-DSTATCOM System under Unbalanced 
Nonlinear Loads 
Figs. 8 (a-b) depict the dynamic behaviour and the response 

of internal signals of the proposed system under an unbalanced 
load.  When the load of phase ‘a’ is suddenly disconnected the 
response of vab, ia, iLa and iinva is shown in Fig. 8 (a). Similarly, 
Fig. 8 (b) shows the waveforms on sudden load addition in 
phase a. It is observed that even when the load is unbalanced, 
the grid current, ia remains sinusoidal. Figs. 8 (c-d) show the 
response of phase b waveform when the load is suddenly 
disconnected and added in phase a, respectively where Vdc 
shows the DC-link voltage, ib shows the grid current in phase 
b, iLb shows the load current waveform for phase b and iinvb is 
the converter current of phase b. Figs. 8 (e-f) show the internal 
signals of the proposed algorithm when the load of phase ‘a’ is 
suddenly disconnected and reconnected, respectively in the 

system. In these figures, waveforms of the active power loss 
component (wcp), the component of feed forward term (wpv), 
the weight of load component (wLpa), the total active weight 
component (wsp), ka, upa, epa and wpa are shown. It is observed 
that on load disconnection, the error and the weight component 
for phase are reduced to zero. Similarly, Figs. 8 (g-h) show the 
waveforms for load addition in phase a. 

D. Performance of PV-DSTATCOM System under Variable 
Solar Insolation 

Figs. 9 (a-b) show the dynamic behaviour of PV-DSTATCOM 
grid tied system under varying solar irradiance. Fig. 9 (a) 
shows the variation in DC-link voltage (Vdc), PV array current 
(Ipv), converter current of phase a (iinva) and grid current of 
phase a (ia) on changing the solar insolation (1000 W/m2 to 
600 W/m2). It is observed that with a decrease in the solar 
intensity, there is a decrease in Ipv, iinvc and ic. However, Vdc 
remains constant with minor fluctuation during an insolation 
change and regains its value after few cycles.   

  
                      (a)                          (b)    

  
 (c)                                                         (d) 

  
     (e)                                                         (f) 

   
(g)                                                                                     (h) 

Fig. 8 (a-b) Dynamic responses of the PV-DSTATCOM grid tied system under 
unbalanced nonlinear load in phase a (c-d) Dynamic responses of the PV-
DSTATCOM grid tied system under unbalanced nonlinear load in phase a on 
phase c (e-h) Response of internal signals of control under unbalanced 
nonlinear load. 
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               (a)                                                     (b) 

Fig. 9 Dynamic performance of the PV-DSTATCOM grid tied system (a) 
decrease in solar intensity (b) increase in solar intensity. 

Similarly, Fig. 9 (b) shows the similar waveforms for an 
increase in solar irradiance (600 W/m2 to 1000 W/m2). Figs. 10 
(a-b) show the MPPT performance of the PV array which is 
nearly 100% at solar intensity level of 600 W/m2 and 1000 
W/m2 respectively.   

E. Performance under Change from PV-DSTATCOM mode to 
DSTATCOM Mode and Vice Versa 
Fig. 11 (a) shows the behaviour of the PV-DSTATCOM 

system on the shifting from PV-DSTATCOM to DSTATCOM 
mode which occurs during less solar intensity or at night 
conditions when the PV array is not functioning. It is observed 
that after transition, Vdc remains constant and tracks the set 
reference DC-link voltage for DSTATCOM mode which 
earlier has been tracking the reference voltage, Vdc

* obtained 
from the MPPT controller. Ipv gets zero and the converter 
current waveform is changed as the active current provided by 
PV array is no longer available. However, the grid current (ic) 
remains sinusoidal with the reversal in the grid current 
direction during transition because in PV-DSTATCOM mode 
and the PV system has been supplying the power to both the 
load and the grid. However, in DSTATCOM mode, the grid 
supplies the power to loads. Fig. 11 (b) shows the internal 
signals for a change from PV-DSTATCOM to DSTATCOM 
mode, where wcp is the waveform of the active loss component, 
wpv the component of feed forward term, wLpa the weight of 
load component and wsp the total active weight component. 

Fig. 11 (c) shows the transition from DSTATCOM to PV-
DSTATCOM mode. It is observed that Vdc is maintained at its  
set value. There is a ramp increase in the PV array current and 
the steady state condition is obtained and the converter current 
(iinva) and grid current are increased (ia) as an active current 
component is provided by the PV array. Fig. 11 (d) shows the 
internal signals for a change from DSTATCOM to PV-
DSTATCOM mode. 

F. Performance of Comparison of Adaptive RZA Control 
Algorithm with Existing Control Algorithms 
The performance comparison of proposed adaptive RZA 

control algorithm with existing SRF and LMS control 
algorithms are given in Table I. The adaptive RZA control 
algorithm has low complexity and high DSP speed than SRF 
control algorithm due to less number of computations of the 
control. The proposed control algorithm has better accuracy, 
low oscillations and reduced mean square error (MSE) than 
LMS control algorithm. Due to less MSE, the system 
converges fast and has better performance under 
dynamicconditions. Due to low oscillations, the system has 
less THD in the grid current and voltage. 

  
                            (a)                   (b) 

Fig. 10 MPPT performance of PV array at solar intensity of (a) 600 W/m2 (b) 
1000  

     
                            (a)                                 (b) 

  
(c)                       (d) 

Fig. 11 Response of the PV-DSTATCOM grid tied system (a-b) Change from 
PV-DSTATCOM to DSTATCOM mode (c-d) Change from DSTATCOM to 
PV-DSTATCOM mode 

TABLE I 
COMPARISON OF PROPOSED ADAPTIVE RZA CONTROL ALGORITHM WITH 

EXISTING CONTROL ALGORITHMS 

Parameter 
Conventional control algorithms Proposed control 

(RZA) SRF LMS 

Filter type Time-domain 
PLL-based Adaptive filter Adaptive filter 

Complexity High Low Low 
Accuracy Better Good Better 
Static error NA More Less 
DSP speed Low High High 
Oscillations Medium High Low 
MSE NA 37.6 27.24 
Number of 
computations More Less Less 

Sampling time (Ts) 40 μs 30 μs 30 μs 
Settling time 0.15 s 0.1 s 0.091 s 

 

IV. CONCLUSION 
The proposed grid tied smart PV-DSTATCOM system has 

been implemented in the laboratory using an adaptive RZA 
control algorithm with P & O based MPPT technique for a 
three phase system to improve power quality and to support the 
three phase AC grid by supplying the power both to the grid 
and the connected loads. The control strategy has been 
presented for the three-phase grid-tied single stage PV system 
with DSTATCOM capabilities using adaptive RZA technique 
for extracting reference grid currents and an P&O-MPPT 
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control is used to tack maximum power at all instants. The use 
of RZA strategy has presented the good steady state and 
transient responses and the experimental results have justified 
the dual capability of the system to work in PV-DSTATCOM 
and DSTATCOM modes. The proposed system has worked 
well under load unbalance and it has maintained the power 
quality. Moreover, the presented system has conformed to an 
IEEE-519 standard for harmonics and IEEE-1547 standard for 
PV system interfaced to the grid. 
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APPENDICES 
Experimental System Parameters: PV simulator array OC 

voltage, VOCN = 394.80 V; array SC current, ISCN = 16.62 A; 
array power, PMPP = 5.35 kW; DC Bus Voltage, VRef = 380 V; 
Interfacing inductor, Lf = 2.9 mH; DC Bus Capacitor, Cdc = 
2350 μF; sampling time, Ts = 30 µs; grid voltage, VLL = 220V 
(rms) ; ripple filter, Rf = 5 Ω and Cf = 10 µF, DC PI controller, 
Kpd = 0.1 and Kid = 0.01; Nonlinear load: 3-phase diode bridge 
with a 1.10 kW load, Control parameters : μ=0.054, ɛ=10.2, 
ρ=0.004. 
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