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Abstract—This paper presents a model predictive based
Maximum Power Point Tracking (MPPT) method for a
photovoltaic energy harvesting system based on a single-
stage grid-tied Z-source inverter. First it provides a brief
review of Z-source inverters, MPPT methods and Model
Predictive Control (MPC). Next it introduces the proposed
model predictive based MPPT method. Finally, it provides
experimental results to verify the theoretical outcomes.

Index Terms— Impedance-Source Inverter, Model Predictive
Control, Maximum Power Point Tracking, Photovoltaic Systems

I. INTRODUCTION

Photovoltaic (PV) systems are one of the most promising
electric power generation systems due to their low
environmental impact and high availability of solar irradiation
in most geographical locations [1, 2]. The energy generated by
the PV systems is highly dependent on the environmental and
ambient conditions such as the solar irradiance level and the
module temperature. In order to ensure extraction of the
maximum available energy in any ambient condition, MPPT for
PV systems is essential [3]. The PV system efficiency can be
degraded easily if the PV module is not forced to operate at its
Maximum Power Point(MPP) at all times regardless of the
environmental conditions.

Conventional grid-tied PV systems typically use a two-stage
power conversion topology: an upstream dc/dc power
conversion stage from the PV module to a dc link energy buffer
(such as a capacitor), and a downstream dc/ac power conversion
stage from the energy buffer to the grid. Several control
techniques and analysis have been developed in literature for
each of these conversion stages [4-8]. The general schematic
of a conventional two-stage grid-tied PV system is illustrated in
Fig. 1. The use of a two-stage topology is necessitated due to
the inherent limitation of the dc/ac inverters for stepping
up/down the voltage freely. Commonly, the conventional
inverters classified as VVoltage-Source Inverters (VSI) can only
step-down the voltage while the Current-Source Inverters (CSI)
can only step-up the voltage [9, 10].

The MPP voltage of a PV module can be higher/lower than
the grid voltage based on the environmental conditions,
necessitating a power conversion system that can step up/down
the voltage freely to track the MPP accurately. Recently a new
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converter topology, denoted as the impedance-source
converter, is developed by the researchers that undermines the
limitations with the conventional VSIs and CSlIs [11-13]. In
particular, a class of dc/ac inverters designed based on the

concept of impedance-source conversion, denoted as Z-Source
Inverter (ZSI), can step up/down the voltage freely, and thus is
very well suited for designing single-stage PV harvesting
systems. Fig. 2 demonstrates a single-stage PV harvesting
system built around a ZSl.

This paper presents a new MPPT scheme for a ZSI based PV
energy harvesting system based on the concept of Model
Predictive Control (MPC). The MPC technique features
simplicity and flexibility, and can be programmed to
compensate for the inherent non linearities associated with
power electronic converters. Comparing to classical control
schemes, MPC delivers a fast dynamic response with a high
stability margin, making it well suited for MPPT of PV systems
operating under dynamic environmental conditions. A few
research works have been recently published focusing on the
MPPT for grid-tied PV system by MPC [14-17]. The work
presented by Shadmand et al [14, 17] uses a conventional
Perturb and Observe (P&OQO) algorithm for identification of
MPP. However, in the approach presented in this paper, the
MPC method is used directly to predict the power generated by
the PV panel, subsequent to possible changes to the PV voltage.
Accordingly, in this paper, the decisions on the trajectory of the
PV voltage are directly made by a MPC algorithm. This
provides advantages to the MPPT process over the conventional
methods.

Unlike the previous works, the proposed method uses a fixed
switching frequency and an adaptively predicted voltage step
that can change according to the proximity to the MPP. This
improves the tracking response causes by variations in solar
irradiance level and minimizes the oscillation around the MPP.
Thus, the proposed MPPT technique features high control
effectiveness, fast dynamic response, and small oscillations
around MPP without requiring expensive sensing devices to
measure the solar irradiance level directly. Due to nature of
MPC which predicts the system behavior in a specified time
horizon, the most significant advantage of the proposed
technique is high accuracy tracking of gradually changing solar
irradiance levels, a property absent in most well-known MPPT
techniques such as P&0O. Moreover, due to small oscillations
around MPP, the proposed technique makes it possible to use a
ZSl with small inductors/capacitors for the PV harvesting
system. This is especially important because according to [18],
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Fig. 2 Single stage impedance source grid-tied PV system
configuration.

one of the challenges of employing impedance source inverters
such as ZSls is the large size of the passive elements in the
impedance network. Consequently, by using the proposed
method, the foot print of a ZSI converter can be reduced
significantly. Although the proposed method can be used in
conjunction with other converters, its benefits will signify when
used with a ZSlI.

This paper is structured as follows: Section Il provides a
review of the impedance-source converters, the MPPT methods
and the MPC techniques. Section Il presents the proposed
model predictive based MPPT technique and the new PV
harvesting system built around the ZSI. Section IV provides
experimental results to validate the operation of the proposed
system. Section V concludes this paper.

Il. GROUNDWORK
A. Impedance-Source Converters

The impedance networks can be utilized in a wide range of
power conversion applications to provide a flexible means of
conversion between different types of sources and loads [19-
22]. A simple impedance-source converter, denoted as a Z-
Source Inverter (ZSI) in the literature [9, 12, 13, 23, 24] is
utilized as the PV harvesting interface in this paper. A
distinctive characteristic of a ZSl is its capability to leverage
shoot-through switching states for boosting the output voltage
[11]. In shoot-through states both switches in one leg of the
inverter are turned ON simultaneously. Due to inclusion of the
shoot-through states, controlling ZSls requires innovative
modulation strategies. Several novel modulation strategies
based on Pulse Width Modulation (PWM) method, have been
proposed for ZSls in the literature lately [9, 25, 26]. Three
notable modulation strategies for ZSls are simple-boost [11],
maximum-boost [23], and constant-boost [24] techniques. In
this paper, the simple boost strategy is chosen for generating the
switching signals for the ZSI of Fig. 3.

The simple boost modulation strategy operates similar to a
traditional carrier based PWM [27] and it’s voltage gain is
given by [11],

G=MB= =— Q)

where M is the modulation index, B is the boosting factor of the
impedance-network, V,. is the amplitude of the output voltage
of the inverter (equivalent to grid peak phase voltage when grid-

tied), and V, is the dc-link voltage. The boosting factor B is
given by [26],
1
B=—"— 2
1-2D @

where D is the shoot through duty ratio.
B. MPPT Techniques

Fast convergence, small power ripple at MPP, accurate and
robust tracking of MPP are the key desired properties of a
MPPT technique. Several algorithms, architectures, and
mechanisms for tracking the MPP of a PV module have been
proposed in the literature in the past two decades. Some of the
very well-known MPPT methods include: hill-climbing
algorithm [28], power-matching scheme [29], curve-fitting
technique [30, 31], P&O algorithm [32, 33], incremental
conductance algorithm [34], and fractional open-circuit voltage
(V,.) control [35]. In this work, the idea behind the P&O
algorithm is used as grounds to develop the new model
predictive based MPPT technique that features better energy
harvesting efficacy can more effectively hedge against dynamic
environmental conditions.

C. MPC for Power Electronic Converters

Power electronic converters are nonlinear systems with finite
number of switching devices that need to be controlled
according to stringent operational goals and constraints.
Controlling  power electronic  converters  with  the
aforementioned characteristics demands for elaborate control
schemes. As such, the MPC technique has been emerging lately
as a promising new control strategy for control of power
electronic systems [36, 37]. Comparing to classical control
schemes, MPC techniques deliver a fast dynamic response with
a high stability margin, making them well suited for MPPT of
PV systems operating under dynamic environmental
conditions.

The MPC techniques use the discrete-time model of the
system to evaluate the predicted value of system states and use
the predictions to determine an optimal switching schedule for
the future steps that will minimize a pre-defined cost function.
Designing an MPC scheme involves the following steps [36]:
(a) Identifying all possible switching configurations of the
converter and deriving the discrete-time model of the converter
for each configuration. The derived models allow to predict
future values of the system such as output voltage or current;
(b) Defining a cost function that upon minimization leads to the
desired behavior of the system; (c) Predicting the behavior of
the system states for all possible switching configurations; (d)
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Fig. 3. The grid-tied ZSI and the block diagram of the proposed control system

Evaluating the cost function for each possible switching
configuration and selecting the switching configuration for the
next step that minimizes the cost function.

I1l.  PROPOSED MODEL PREDICTIVE BASED MPPT
The grid-tied ZSI and the block diagram of the proposed
MPPT system for this converter are illustrated in Fig. 3. The
overall control system is comprised of two parts: the PV side
model predictive based MPPT and the grid side ZSI power
injection control.

A. PV Side Model Predictive Based MPPT

The proposed model predictive based MPPT algorithm
tracks the MPP of the PV module by shifting the PV voltage to
the voltage at MPP through the following steps,

Step 1 — Atany given sample time K (referred to as the “current
sample time” hereinafter) during the operation, the ZSI can be
commanded to either increase or decrease the PV voltage
V,, (k) . Asaresult, there are two possible values for the future
PV voltage v, (k +1)at sample time k+1 (referred to as
“next sample time” hereinafter). In the first step, the algorithm
calculates the two possible future PV voltage values,

V,, (k+1) =V, (k)+AV

2 (4)
va (k +1) :VPV (k)_AV

where AV is a voltage step which is an adaptively predicted
value that can change according to the proximity to the MPP.
In this work, the following update law for AV is proposed,

AV =2 (k+1)-V,, (k)\ )

where \7pavve (k+1) is the predicted average PV voltage for the
next sample time (k +1) . The procedure of finding V" (k+1)
is explained at the end of this section.

Step 2 — In this step the algorithm calculates (predicts) the
power that would be drawn from the PV module if the PV To
predict the generated power, the algorithm requires the
knowledge of the local P-V characteristic of the module around
the operating point of v_ (k).

In this work a digital observer is designed to generate the
required knowledge for the predictions. The digital observer
models the PV module with the Thevenin circuit of Fig. 4. The
elements of this circuit, the equivalent voltage (v,,)and
equivalent resistance (R,,) of the module, are functions of the
P-V characteristic of the PV module and subject to local

0885-8993 (c) 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TPEL.2016.2537814, IEEE

Transactions on Power Electronics

estimation by the digital observer. The employed estimator
equations are,

1y (K) =15, (k=1) ©6)

Ve (K) =i (k) +Reg (k) 1y (K)
where v (k—-1) and 1 (k-1) are the values of the PV

module voltage and current from the previous sampling time.
Estimating the equivalent resistance and voltage of the PV
module, the two possible values for the generated power in the
next sampling time can be easily predicted from

P, (k+1) =V, (k+1) x1, (k+1) @)
where,
v Ve (k)-V,, (k+1)
I, (k+1) = (8)
p ( ) Req (k)
and,
P, (k+1)" =V, (k+1) x 1, (k+1)° ©)
where,
| (k1p = s (k) Vo, (k+1) (10)

Ra (K)
Step 3 — In this step the predicted power for the two cases will
be used to evaluate the following cost function,

1% =p (k+1)"?-P, (k) (12)

To increase the generated power in each step, the predicted

F’pv(k+1)l or va(k+1)2 , that will result in a larger value of
J from (11), will be selected as the desirable trajectory for the
next step. For instance,lif J' > J? then the algorithm chooses
to generate P, (k+1) in the next sampling time, which
correspondinlgly means the PV voltage will need to be shifted
to Vi, (k+1) by proper adjustment of the inverter gain. The
desirable value of the PV voltage for the next step is denoted as
Vv, Ek +l;* hereinafter. In order to regulate the PV voltage to
V,, (k+1) , the inverter gain needs to be adjusted. The ZSI
power injection control system described in the next section is
responsible for accomplishing this task.

al

Procedure of finding vave(k+1) — In order to find the

predicted average PV voltage for the next sample time, the
discretized average value model of the ZSI needs to be
developed. The discretized equations for the ZSI in a shoot
through and a non-shoot-through state can be used to develop
the average value model. The discretized equations for a non-
shoot through state are found in the literature as [38, 39],

eq

eq

Fig. 4. The equivalent circuit model of the PV module

T
Lk +1) =1, (k) +—= (Ve (k) =R, 1, (k)
L
T (12)
Vc:1(k +1) :VC1(k) _ES ILl(k +1)
1
where T, is the sampling time and,
L, (k+2) =S x 1, (K)+S, xI,(K)+S; xI.(k) (13)

The discretized equations for the shoot through state are found
similarly from [38, 39],

ILl(k +1) = ILl(k) + T_S (Vc1(k) - RLII Ll(k))

L

T (14)

Vc1(k +1) :V(:1(k) _ES ILl(k +1)
1

The V,, (k +1) isassumed to be approximately equal to V., (k)
since the change is minor for sufficiently small sampling time
T, [38, 39]. The average current going through the C, and
C, should be zero, thus the I, is the same as the ZSI inductor
current . Therefore the predicted average PV current can be
formulated using (12) and (14) as,

[ (k+1) =

I Ll(k) +TES(va _Vc1(k) - RLllLl(k)):|(l_ D(k))

+

(15)

(k) +TES(V.:1(|<) -Ryl u(k))} D(k)

Considering that the relationship between the PV voltage and
V., can be described as [22],

2
" B+1

the average PV voltage can be predicted using (12), (14), (16)

Ve, (16)

X

V& (k+1) =
w (k+D) B+1

{vm(knl—suu(ku)—Imv(k+1»}(1—o(k>) an

1

{vu(k)—l—s Iu(k+1)} D(K)

1
where B is the boosting factor.
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Fig. 5. The g-d model of the grid tied ZSI system.

B. ZSI Power Injection Control

This part of the control system has three goals: regulating the
PV voltage to V,,, (k+1) provided by the PV side MPPT system
by properly adjusting the inverter gain, controlling the ratio of
active/reactive power injected to the grid (power factor control)
according to the specific application requirements, and
minimizing the voltage stress on the switches. The proposed
control system accomplishes the three mentioned goals by
generating M, D, and the phase angle of the inverter voltages
&, . The generated values will be used by the simple-boost
modulator to produce proper switching signals for controlling
the inverter.

As pictured in Fig. 3 the proposed system uses a
Proportional-Integral (P1) controller to regulate the PV voltage

to va(k+1) by adjusting the inverter gain. Therefore, the
output of the PI controller in Fig. 3 is the inverter gain. The
inverter gain generated by the PI controller can be used along
with the desired power factor of the operation to calculate the
phase angle of the inverter voltages ¢, . To calculate ¢, the
inverter system needs to be analyzed in a rotational g-d
reference frame. The equivalent circuits of the grid-tied ZSlI
system in the steady-state condition in a g-d reference frame
synchronized with the grid voltage is shown in Fig. 5 [40].
According to this figure, the q and d axis inverter currents, I
and 1, , can be formulated as,

@, L1 +Vy
ds —
R
v (18)
| =% Ta
qs R
where @, L, RV Vo Voge respectively represent, the grid

angular frequency, line inductances, line resistances, the d axis
inverter voltage, the q axis inverter voltage, and the g axis grid
voltage. Additionally by substituting,

_ 5;2 2
Vac - gs +Vds

in (1), the following equation between the inverter voltages and
the inverter gain is found,

2 2
_ ‘\' ;qs +Vds

C="~ (20)

pv

2

Moreover, the desired power factor (p.f.) can be associated with
the inverter currents by the following equation,

(19)

:ﬁz_tan(p.f.) (21)

as
Knowing the inverter gain and the power factor, (18), (20), (21)
can be solved to find the inverter g and d axis voltages, v, and
V- Finally, by knowing v, and V,, the phase angle of the
inverter voltages can be calculated from,

-V
¢, =tan™ (—ds J
Vis

The values of M and D are generated by the voltage stress
minimization block in Fig. 3. Using simple boost control, any

inverter gain for a ZSI can be realized using infinite
combinations of modulation indices and shoot-through duty
ratios. However, inverter gains can be realized using a unique
combination of M and D that will result in the minimum voltage
stress on the switches [11, 23, 24]. This combination can be
found from,

(22)

M=G D=0 (23)
for inverter gains less than or equal to one, and from,
M = & D=1-M (24)
2G-1

for the inverter gains more than one.

IV. EXPERIMENTAL RESULTS AND DISCUSSION

The  proposed controller is  implemented in
MATLAB/Simulink and experimentally validated using the
dSpace 1103 Hardware-in-the-Loop (HIL) emulator. The
experimental setup for this system is shown in Fig. 6. The
system parameters are given in TABLE I. A SUNTECH270S-
24-Vb PV module with I-V and P-V characteristics shown in
Fig. 7 is used as the source of energy for the system. A unity
power factor is targeted for the entire operation. The
performance of the proposed model predictive based MPPT is
evaluated by looking into three important merit criteria: the
response to a step change in the solar irradiance level, operation
in the event of gradually changing solar irradiance (aka clouds
moving in sky), and operation in steady-state to evaluate the
oscillation around MPP.

To begin the analysis, the operation of the system in steady-
state with solar irradiance of 1250 W/m? is explored. The PV
side and grid side voltages and currents are shown in the scope
shots of Figs. 8 and 9. As pictured in Fig. 8, the PV side
waveforms have negligible ripple of less than 2% and the ZSI
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input voltage is a pulsating high frequency waveform with
constant peak at steady state. The grid side current and voltage
waveforms verify the targeted unity power factor requirement
and the calculated Total Harmonic Distortion (THD) of 2.32%
from these waveforms is within the IEEE-519 standards for
grid-tied systems [41].

In the first experiment the solar irradiance level is stepped
down from 1250 W/m? to 750 W/m? to analyze the dynamic
response of the proposed MPPT system. The expected 1, and
V,, from the I-V characteristics of the PV modules are
respectively 24.5 A and 345 V at 1250 W/m? and 17 A and 323
V at 750 W/m?. Fig. 10 illustrates the response of the PV
voltage and current to this step change. The results demonstrate
fast and accurate dynamic tracking performance with

i

Fig. 6. The experimental setup.

TABLE |: SYSTEM PARAMETERS

Parameter Value
C1 1000 pF
Cc2 1000 pF
L1 0.7 mH
L2 0.7 mH
Sampling time 60 us
Switching frequency 10 kHz
Cpv 470 pF
Lgrid 1 mH
30 T T
- 1250 W/m~2
25+ i 1000 W/m"2 "
_ 20~ 750 W/mn2 ®
<
£ 15k soowimrz - ®
S 10}
250 W/m"2
st
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I 1000WimN2
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Fig. 7. The P-V and I-V characteristic curves of the employed PV

module for experimental verification.

convergence time of less than 10 ms for the proposed model
predictive MPPT. The actual measured values of the 1 , and
V,, are 24 A and 342 V at 1250 W/m? and 16. 7 A and 319 V
at 750 W/m?, indicating good agreement between the
experimental results and the expected outcomes. To analyze the
level of voltage and current oscillations around MPP, the
waveforms of Fig. 10 are shown in a larger scale (zoomed in)
in Fig. 11. According to this figure the oscillations around MPP
are negligible at steady-state. The grid side current and voltage
of phase ‘a’ for this experiment are illustrated in Fig. 12. As
pictured, the grid side voltage and current are completely in
phase (unity power factor) with fast dynamic response to the
step change in solar irradiance level. The individual harmonic
components of the grid current are listed in TABLE Il and its
fast-fourier-transform (FFT) spectrum analysis is illustrated in

Fig. 14.

In the second scenario, to evaluate the system performance
under more realistic dynamic environmental conditions, a
gradually changing solar irradiance test is performed. For this
experiment, the solar irradiance was gradually decreased at a
rate of 0.85 W/m?/ms from 1250 W/m?to 750 W/m?in course
of 600 ms. The PV voltage, ZSI input voltage, and PV current
waveforms for this experiment are shown in Fig. 13. As
pictured, the PV voltage and current are gradually tracking
MPP with high accuracy. According to Fig. 13, the ZSI input
voltage V,, is a high frequency pulsed waveform with a

constant peak value when the solar irradiance is constant and a
slightly decaying peak value when the solar irradiance
gradually decreases.

The control efficacy of the proposed model predictive MPPT is
calculated for several solar irradiance levels (from low to high)
experimentally and compared to the conventional P&O method
(presented in TABLE I11). To calculate the control efficacy, the
actual captured power at the PV side for each solar irradiance
level is measured and divided by the maximum available power
at MPP determined from the P-V curves of the utilized PV
module shown in Fig. 7. According to TABLE IlI, for low to
high solar irradiance level, the proposed technique has smaller
oscillation (AP, ) around MPP and more power capture, thus

resulting to MPPT efficacy of more than 99% for all scenarios.
Although the P&O exhibits relatively good performance at high
solar irradiance levels but the performance degrades
significantly for medium to low solar irradiance levels.

The dynamic performance of the proposed model predictive
based MPPT is also compared to the well-known P&O MPPT
technique for comparative analysis. The results are shown in
Figs. 15and 16. To accurately compare the results side-by-side,
the raw data from oscilloscope for the conventional P&O and
the proposed method are exported to MATLAB and plotted on
the same time axis. As pictured, the proposed technique exhibits
better response to a 1250 W/m? to 750 W/m? step change in
solar irradiance level both in terms of convergence time and low
oscillations around MPP. According to Figs. 15 and 16, the
convergence time of the P&O technique is 35 ms while the
convergence time of the proposed technique is only 10 ms.
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Moreover, the proposed model predictive based MPPT has
significantly lower oscillations around MPP comparing to the
P&O technique thus eliminating the need of large passive
elements in the impedance network.

One of the main drawbacks of the model predictive control
is the effect of model parameters error on the controller
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Fig. 11. PV voltage and current ripple at MPP.
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Fig. 12. The grid side voltage and current of phase ‘a’ in case
of a step change in the solar irradiance level.
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Fig. 13 The PV voltage, the ZSI input voltage, and PV
current when solar irradiance is gradually decreased from
1250 W/ m? to 750 W/m?2,

performance. In this paper, the robustness and performance of
the proposed model predictive MPPT is analyzed for +40%
error in the impedance network model at the PV side of the
system, the control efficacy at solar irradiance level of 1000
W/m? is calculated and plotted in Fig. 17 for up to +40% error
in the L, as well as C, where 0% error is the nominal
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inductor and capacitor values (Table I). In Fig. 17, the error in
the models are assumed to be not simultaneously. As it is

TABLE II: HARMONICS DISTORTION OF GRID-SIDE CURRENT

depicted in Fig. 17, the MPPT efficacy with 0% error is 99.24% Harmonics Order Distortion (%)
and for the worst case scenarios (+40% or —40% error in the 3rd 0.7%
models of C, and L, ), the proposed MPPT efficacy is more Sth 0.37%
than 97.5% which still has acceptable performance. It is also 7th 0.18%
. . . - - 0,
interesting to see the MPPT efficacy when multiple errors in the oth 0.13%
. . . . 11th 0.12%
model are happening simultaneously. For this scenario, the
13th 0.05%
15th 0.06%
0 17th 0.01%
= Fundamental
e 8 component
£
g o |«
2 TABLE Ill: THE EFFICACY COMPARISON FOR THE PROPOSED MPC
54 BASED MPPT VS. P&0O METHOD
2 Odl[muu" la Solar Conventional P&O Proposed model
0 100 200 300 400 500 600 700 800 900 1000 Irradiance method predictive MPPT
Freaueney () Level APpy (%)  Efficacy (%) APpy (%)  Efficacy (%
. . . Icac Icac
Fig. 14. The FFT spectrum analysis of the phase ‘a’ of the grid A L) A D)
; 1250 4.21% 98.58% 1.52% 99.03%
side current.
1000 4.14% 98.24% 2.41% 99.24%
10 A 2 750 3.94% 98.12% 1.77% 99.07%
<3 Solar irradiance: 500 3.91% 97.43% 2.3% 99.68%
2 750 W/mA2
T Solar irradiance: 250 3.56% 95.19% 1.65% 99.58%
(<5}
2 1250 W/m”2 e
£ 4 ", ol
W errors inthe C; and L, are assumed to be happened at the
2 L - . .
146 147 148 149 15 151 152 153 154 same time, thus the worst case scenario is when there +40%
10 T T - .
ey p—" ] b) error in the models of C, and L, atthe sametime. The MPPT
s°® S°'75‘5'0'(;,"}21ir2‘°e: efficacies for this analysis at solar irradiance level of 1000
< o Solar irradiance: W/m?are depicted in Fig. 18. As it is shown in this figure, even
E 250 Wim"2 w - for the worst case scenario the controller has acceptable
& efficacy of 94%.
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Time () . ] o
Fig. 15. The PV side response to a 1250 W/m2 to 750 W/m2 step This paper prgsents a highly efficient control scheme for a
change in solar irradiance (a) conventional P&O technique (b) 2! based grid-tied PV system. The presented control system

proposed model predictive MPPT has two components: the proposed model predictive based
MPPT, and the grid side power injection controller. The
95 @ experimental results demonstrate low THD of the grid side
NW ‘WW\ ﬂ f current that is within the IEEE 519 standards, fast dynamic
s ARRAY AL AT response to a step change in solar irradiance level, and
P | | ‘ l l | ! ] negligible oscillations around MPP under dynamically
g us changing sky condition.
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Fig. 17. Effect of the impedance network model error on the MPPT
efficacy of the proposed system.
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Fig. 18. Effect of the error in the impedance network elements
C1 and L1 model simultaneously on the MPPT efficacy of the
proposed system.
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