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1. Introduction
Three-phase grid connected inverters are mostly 
employed for a wide variety of sectors, such as electri-
cal drive systems, loads fed through AC-DC converters 
and distributed power generations including renewable 
energy field. Actually, distributed power generation based 
on photovoltaic energy is considered one of the world’s 
fastest increasing sources, serving to compensate the ris-
ing energy demands and reducing the environmental 
issues. Otherwise, the Photovoltaic (PV) system control 
techniques have gained increasing attention into the 
research community during the last two decades due to 
the high power electronic devices progress, on one hand, 
the microelectronic expansion as well as the digital con-
trol card architectures revolution is in the other hand. 

The control scheme of a grid-connected PV system is 
generally composed of two parts; the first one consist of 
controlling the DC/DC converter based on MPPT algo-
rithm, although the second part is adopted to control a 
three phase inverter which is required to connect the PV 
energy conversion system to the electrical grid. There are 
many approaches for evaluating PV system’s MPPT algo-
rithm presented in literature. Fuzzy Logic (FL) Controller 
applied for MPPT is investigated by1 and it is compared 
to a basic tracking algorithm Perturb and Observe 
(P&O). The Fuzzy Logic approach presents some prob-
lems such as implementation complexity and high cost. 
In2, a Maximum Power Point Tracking (MPPT) based on 
Model Predictive Controller (MPC) technique is com-
pared with P&O and classical Incremental Conductance 
(IC) algorithms under different level irradiances. Despite 
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Objectives: Due to the stochastic behavior of the climatic conditions, a comparative study of grid- connected PV inverter 
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(MPC) method is required to enhance the power quality that is affected by the weather fluctuations, and to ensure 
unremitting operation at the maximum power point in order to inject to grid the totality of the generated electrical energy. 
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their simplicity, P&O and IC methods show an unavoid-
able oscillation drawback; however, the MPC algorithm 
can present a better dynamic. Other studies given by 
3–6 showed that the MPC algorithm adopted for MPPT 
controller is employed to enhance the efficiency of PV 
energy conversion system. From all these investigations 
mentioned above, we can retain the INC-MPC method 
importance for controlling the MPPT to extract the maxi-
mum power.

Recently, researches have focused on the three phase 
grid connected inverter control which is divided into 
three steps; Firstly, the dc-link voltage regulation using 
a PI controller is intended to determine the direct cur-
rent reference. The output grid currents control is 
depicted in the second step and the Phased Locked 
Loop (PLL) is basically used to give an estimation of 
the lattice voltage edge in the last step. The current 
control loops are considered the major key tasks in the 
grid connected converter command since it consists in 
controlling the active and the reactive power injected into 
the grid. In fact, several current control techniques have 
been investigated in literature. The conventional linear 
control methods based on proportional-integral(PI) 
was presented by7 showing that the Voltage-Oriented 
Control (VOC) strategy is applied for the voltage source 
inverter (VSI) due to its simple structure with a constant 
frequency switching; other than one of the most amazing 
disadvantages is their exceptionally reliance on framework 
parameter varieties. Another study given by8 has focused 
on the non-linear hysteresis control of a grid connected 
PV system, the Direct Power Control (DPC), that is 
applied in this study, is consisting to select the inverter 
switching states from a switching table based on the 
errors between the active and reactive measured powers 
and their corresponding reference signals, however, the 
high current harmonic distortion caused by the switching 
frequency variation is the main problems of this method. 
Both9,10 showing two internal current loops controlled by 
the Sliding Mode Control (SMC) due to its robustness 
against parameters variation, but, a higher current THD 
is the major drawbacks of this technique. Actually, the 
Model Predictive Control (MPC) is the most promising 
PV inverter techniques11–14.

The raison for the considerable interest in the MPC 
application in these areas is the mathematical models 
use in order to predict the future behavior of the system 
controlled variables. Nowadays, the existence of robust 
microprocessors and powerful digital cards allow to per-
form the large number calculations needed in MPC.

In this context, this study aims to extract a grid con-
nected photovoltaic converter behavior using MPC 
algorithm under different meteorological conditions. The 
thought behind MPC is to limit the cost capacity or the 
blunder between the anticipated qualities and their ref-
erences, MPC-based calculation license to choose and 
apply the ideal voltage vector. To evaluate the ability of 
this proposed method for controlling power converters, 
a comparison between MPC schemes and conventional 
techniques like VOC and SMC is carried out using com-
puter simulations. 

Thus, this work is structured as follows; the photo-
voltaic system architecture and its mathematical models 
are presented in the first section. Then, the Maximum 
Power Point Tracking (MPPT) control and the grid con-
nected converter control techniques are illustrated. In the 
third section, a comparative study of performance analy-
sis based on Psim software simulations are carried out to 
show the validity of the proposed MPC algorithm and to 
verify its effectiveness.

2. PV System Configuration 
The proposed PV grid connected system is described by 
Figure 1. It is composed of two conversion parts; the first 
one consists of PV module as energy source connected 
to DC/DC converter using a boost chopper. The MPPT 
controller based on IC-MPC algorithmic applied in this 
study to extract the maximum power. The grid side 
converter presented in the second part is equipped with 
its three phase inverter coupled to RL filter to eliminate 
the current harmonics. The inverter control system seeks 
to compare the proposed MPC method with VOC and 
SMC classical methods. The main goals of the employed 
techniques are to regulate the active and reactive power 
by controlling of the d and q grid current components 
and to improve the injected power superiority into the 
grid. The numerical models of each square are presented 
in the accompanying subsections.
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Boost        Inverter Filter PV Array
Solar irradiance
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Figure 1. PV power system structure.
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3.  The Photovoltaic System 
Modeling

3.1 The Photovoltaic Generator
By methods for the photoelectric wonders, the 
sun based cell can straightforwardly convert the 
sunlight to electric power. The photovoltaic compa-
rable circuit is depicted in Figure 2. It is made out 
of a present source in parallel  with  a  diode,  arrange-
ment opposition (RS) and a shunt obstruction (Rp).

Id

Vd
Vpv

Rs

Rp

Ipv

Isc

Figure 2. Single photovoltaic cell model.

The mathematical equation for voltage and the current of 
PV cell is stated as follows:

 I I I
V
Rpv sc d

d

p

= − −  (1)

 I I ed s

V
Vt

d

= −








1  (2)

 V nKT
qt =  (3)

 V V I Rd PV pv S= + ∗  (4)

where, Isc is the short-circuit current due to photons (A), 

Id  is the diode current, Is  is the diode opposite saturation 
current (A), n is the joint constant, q is the electron charge (q 
= 1.6 × 10-19 C), k is the Boltzmann continuous (1.3806505 
× 10-23 J/K), T  is the cell temperature (in Kelvin), I pv  is the 

valued current at extreme power point (MPP) (A),VPV  is the 

regarded voltage at extreme power point (MPP) (V).

3.2  MPPT Controller using IC-MPC 
Algorithm

The Switched DC/DC circuit is commonly used to remove 
the greatest power from the PV cluster. It has two opera-
tion modes; the first switching state, when the switch S 
is opened (S = 1); and the second one when the switch is 
closed (S = 0) as shown on Figure 3.

LIL

Cpv
CVpv Vdc

LIL

Cpv
CVpv Vdc

Figure 3. The DC/DC equivalent circuit.

The characteristic equations of this PV converter can 
be written as follows:

 
dI
dt

V
L

pv PV=  (5)

 
dI
dt

V V
L

pv PV dc=
−

 (6)

where,Vdc  and IL are, respectively, the DC-link volt-
age and the boost inductance current.

Figure 4 shows the adopted MPPT method that is 
based on model predictive control (MPC) due to its abil-
ity to improve the PV systems efficiency. 

 

IC
algorithm

L

Ipv

D
S

IL

Vpv

Cpv

PV module 

MPC
 algorithm 

Iref
Vdc

C

Figure 4.  The photovoltaic converter block diagram.

Forward Euler method as expressed by 7( )  is utilized 
to get a discrete-time condition for the future anticipated 
PV current at inspecting moment (k + 1) as shown in  
(8) and (9):

 x
x k x k

Ts

≈
+( ) − ( )1

 (7)
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k  is the current specimen instant and Ts is the  
sampling time

 I k I kpv s pv=( ) +( ) = ( )1 1  + Ts
L

V Vpv dc−( )  (8)

 I k I kpv s pv=( ) +( ) = ( )0 1  + Ts
L

Vpv  (9)

As illustrated in Figure 5, the  Incremental 
Conductance (IC) MPPT algorithm is applied to deter-
mine the PV reference current Iref for the MPC. This 
considered technique aims to forecast the error between 
the current sampling time and its reference based on the 
cost function minimization. Thus, g0 and g1 cost functions 
are the significant key parameters of the MPC calculation; 
they will be determined for both exchanging states and 
decide for the one that guarantees the closest future antic-
ipated an incentive to the reference current direction.

Start

Read Vpv(k),Ipv(k)

 dV = Vpv(k)-Vpv(k-1)  
dI = Ipv(k)-Ipv(k-1)

dV=0

No

Yes
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dI > 0

NoNo

No

 Iref=Ipv+α Iref=Ipv-Δα Iref=Ipv-Δα Iref=Ipv+Δα
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Ipv(k+1)=(Ts/L) Vpv(k)+Ipv(k)
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g1=abs(Iref-Ipv,s=1);

Return

No

S=1S=0

Yes
g0<g1

IC algorithm

Cost function 
minimization 

Switch is opened S=1

S=0Switch is closed

Discrete Equations

Figure 5. IC-MPC Flowchart.

4.  Grid Connected PV Inverter 
Control

The control system of a grid-connected photovoltaic 
inverter is habitually divided into three parts. The first 
part aims to regulate the DC-link voltage based on an 
external control loop using a PI controller. Whereas an 
internal loop controls the d-q grid current components 
employed in the second part. Finally, the grid synchroni-
zation based on the usage of Stage Locked Loop (PLL) is 
applied in the last part to calculate the grid voltage posi-
tion.

4.1 DC-link Voltage Control
To control the external loop, the DC-link volt age refer-
ence ( )Vdc_ref  is compared with DC voltage ( )Vdc  and 
the error signal is fed to a PI controller (with propor-
tional gain Gi(dc)  and integral time constant ( i dcτ ( ) ) that 
is included to maintain the DC bus voltage constant as 
illustrated in Figure 6.

Iinv

)(

)(
)( .

).1(
.

dci

dci
dci s
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G

τ
τ+

sCdc .
1

refdcV _
+

-

+
-
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Figure 6. DC_link voltage loop.

By neglecting Iinv current effect, the closed-loop transfer  
function is given by the following relation:

 FTBF s
V

V

s
C

G
s

dc
dc

dc ref

i dc

i dc dc

i dc
i dc

( ) = =
+

+

( )

( )
(

_

( )

( . )
.

.

1

2

τ

τ
τ )) +.s 1

 (10)

We can deduce the PI controller parameters by 
choosing the desired damping ratio ζ ( )dc and the natural 
oscillation frequencyωn dc( ) .

 G Ci dc dc n dc( ) ( ) ( ). . . )= 2 ζ ω  (11)

 τ
ζ

ωi dc
dc

n dc
( )

( )=
2.

( )

 (12)
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4.2 The Grid Current Control
4.2.1 VOC Method for PV Inverter

The Grid Connected PV inverter schematic used the 
Voltage Oriented Control VOC is described by Figure 7. 
Typically, this method is based on the Park transforma-
tion of the i(a,b,c) grid currents wave forms to control the 
active and reactive power indirectly by their correspond-
ing q current mechanisms. The classical controller's PI 
regulators are adopted in order to control the dqgrid 
currents where the direct grid current reference igd ref_  
is derived from the DC-link voltage loop, however, the 
quadrature grid current reference igq ref_  is set to zero to 
obtain the unity power factor process. 

PWM

DC/AC  Inverter

PLL
ScSbSa

igdigq
eqed

PI
Vdc_ref

Vdc igd_ref

PI

PI

Lfωf

Lfωf

Cdc

θ θ

igd

igq_ref

igq

Filter
Grid

v(a,b,c)i(a,b,c)

abc-to-dq
Transformation

abc-to-dq
Transformation

abc-to-dq
Transformation θ

Figure 7. VOC for Grid connected inverter.

The obtained closed-loop transfer function has a form 

of a first order system with a time constantsτ f gd
f

i gd

L
G( )

( )

=  

and τ f sq
f

i gq

L
G( )

( )

=  where, Gi gd( )  is the proportional gain 

and Lf  is the filter inductance.
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The PI regulator parameters are calculated by choos-
ing the time constant tr gd( )  value ( respectively tr gq( ) )
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 (15)

4.2.2 SMC Method for PV Inverter

The sliding mode theory was commonly employed for 
the grid connected converter due to its robustness against 
parameters variations as given by Figure 8, it is essen-
tially divided into three steps. The appropriate sliding 
mode surfaces selection is achieved in the first step. The 
general equation used to choose these sliding surfaces is 
expressed by15:

 S X d
dt

X Xr d( ) = + −−( ) ( )λ 1  (16)

where, X is the state variable of the control signal; λ  
is the positive constant, r is the system degree and Xd  is 
the desired signal.

PWM
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Vdc_ref

Vdc

SMC(idg)

SMC(iqg)

C

idg

idg_ref

iqg_ref

iqg
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ic

irec

Filter
Grid

i(a,b,c)

v(a,b,c)

abc-to-dq
Transformation

abc-to-αβ
Transformation

PLL

igd

θ

igq

abc-to-dq
Transformation

Figure 8.  Sliding mode control for grid connected inverter.

In order to guarantee the convergence towards the 
sliding surface trajectory; the convergence condition 
based on Lyapunov equation is defined in the second step.

 S X S X( ) ( ) < 0  (17)

Finally, the control signal calculation is written by the 
following relation:

 U U Ueq n= +  (18)
where, Ueq  is the equivalent control and Un  is the 

switching controls term.
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Two switching surfaces are chosen S idg( )  and S iqg( )  

in order to regulate d-axis and q-axis grid current com-
ponents.

 
S

S

i i i

i i i
dg dg ref dg

qg qg ref qg

( ) = −

( ) = −







_

_

 (19)

where, idgf , iqg  are the desired current values of d 

and q axis; The current references idg ref_ and iqgref
are 

maintained constants. Therefore, the sliding surfaces 
derivatives can be written as follows:

 
S i i i i

L
v R i L i e

S i

dg dg dg dg
f

dg f dg f f qg dg

qg

ref
( ) = − = − = + − −( )

(

⋅ ⋅ ⋅ ⋅ 1
ω

)) = − = − = + −( )











⋅ ⋅ ⋅ ⋅

i i i
L

R i L i eqg qg qg
f

f qg f f dg qgref

1
ω

 (20)

The sliding surfaces and their derivatives should vali-
date the following conditions:

 S i S idg dg( ) ( ) <
⋅

0  (21)

 S i S iqg qg( ) ( ) <
⋅

0  (22)

Therefore, the d-axis controlled voltage is defined by: 

 v v vdg ref dg eq dg n_ _ _= +  (23)

With

 
v v R i L i

v k i k
dg eq dg f dg f f qg

dg n dg dg dg

_

_ ; �

= + −

= ( ) >







ω

sgnS 0
 (24)

The q-axis controlled voltage is defined by

 v v vqg ref qg eq qg n_ _ _= +  (25)

With

 

v R i L i

v k i

qg f qg f f dg

qg n qg qg

eq
= +

= ( ) >










ω

_ ;sgnS q 0

 (26)

5.  The Proposed MPC Method for 
PV Inverter

The MPC algorithm is based on the mathematical model 
of three-phase inverter to predict the future grid cur-
rent behavior for each seven voltage vectors (Table 1)  
distributed by the grid converter with two combi-
nations ( V V0 7= ) that produce zero voltage vector.  

So as to limit a predefined cost work that characterize 
a diminished blunder between the anticipated frame-
work flows and their references, MPC-based calculation 
grant to choose and apply an ideal voltage vector.

Table 1. Converter voltage vectors

Switching states Ssa Ssb Ssc Voltage vector
1 0 0 0 V0

2 1 0 0 V1

3 1 1 0 V2

4 0 1 0 V3

5 0 1 1 V4

6 0 0 1 V5

7 1 0 1 V6

8 1 1 1 V7

As shown in the Figure 9, the output inverter voltage vectors 

v kcα ( )  and v kcβ ( )  are determined in stationary (αβ) refer-

ence outline. They are reliant on the dc-connect voltage Vdc

and the converter switching signals S k S k S ka b c( ) ( ) ( ), .and
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Figure 9. MPC-based algorithm for grid connected 
inverter.

The yield converter voltage vectors v kcd ( ) and v kcq ( )
are stated in dq reference frame:

 
v k
v k

cos k sin k
sin k cos k

vcd

cq

c( )
( )












=

( ) ( )
− ( ) ( )










θ θ
θ θ

αα

β

k
v kc

( )
( )













 (28)

Equations (29) and (30) can be expressed as follows 
in order to describe the predictive current controller  
algorithm:
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di
dt

v
L

gd gd

f

= - R
i
L

v
Ls

gd

f
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f

-  (29)

 
di
dt

v
L

gq gq
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= - R
i
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v
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gq

f
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f
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The obtained system equations discretization for the 
predicted grid currents at sampling instant (k + 1) for 
each switching possibility as shown in (31) and (32):

 i k T
R
L

i k
T
L

v k v kgd
p

s
f

f
gd

s

f
gd cd+( ) = −









 ( ) + ( ) − ( )1 1 [ ] (31)

 i k T
R
L

i k
T
L

v k v kgq
p

s
f

f
gq

s

f
gq cq+( ) = −









 ( ) + ( ) − ( )1 1 [ ]  (32)

where, Rf  is the filter resistance and Lf is the filter 
inductance.

The cost capacity g is the blunder between the future 
anticipated current worth and its reference as written in 
condition (27), it will be determined for every one of the 
seven conceivable voltage vectors created by the three 
stages inverter and pick the one with the anticipated cur-
rent worth closer to the ideal worth.

 g i i k i i kref gd
p

ref gq
p= − +( ) + − +( )1 1  (33)

6. Grid Synchronization
The renewable energy sources output has generally 
a random behaviour due of the random variations in 
weather conditions. So, to achieve a precise synchro-
nization between the photovoltaic energy source and 
the grid, a Phase Locked Loop (PLL) is required in 
order to compute the grid voltage position theta. A PI 
controller is applied to reduce to zero the difference 
between the grid phase angle and the inverter phase 
angle as shown in Figure 10. Psim environment is 
utilized for the re-enactment of single stage inverter 
to synchronize it with the framework,  as  far  as  volt-
age, recurrence and stage.

abc-to-αβ
Transformation

αβ-to-dq
Transformation

v(a,b,c) PI Modulo (2*pi) theta

0

PLL  

Figure10. Structure of a single phase PLL.

7. Results and Discussion 
As a perspective to validate the photovoltaic system 
model and prove the proposed MPC algorithm effective-
ness, simulation examinations are built on PSIM Software 
considering the specification system parameters given in 
Table 2. 

Table 2. Photovoltaic panel parameters

PARAMETER Value
Maximum Power Point 200 W
Maximum Power Point Voltage 26.3 V
Maximum Power Point Current 7.61 A
Open Circuit Voltage 32.9 V
Short Circuit Current 8.21 A

Simulation results and energy performance analysis of 
7.5 kW grid-connected PV system are based on irradia-
tion condition levels as shown in Figure 11 (a). At t = 0.5s,  
solar irradiance is increased from 700 to l000 W/m2 and 
decreased from l000 W/m2 to 400 W/m2 at t = 1s. The 
photovoltaic system with twelve panels in series and three 
arrangements working in parallel at constant temperature 
T at 25°C. 

It can be seen in Figure 11 (b) that the produced power 
Ppv utilizing a prescient controller pursues the reference 
control Pmax with great precision.
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Figure 11. (a) Solar irradiance levels, (b) Ppv output power 
and its Pmax reference.

The Figures 12 (a) and (b) showed respectively the 
maximum output current Ipv and the maximum output 
voltage at the boost converter output which are highly 
reliant on climatic circumstances to have a good track to 
the optimal power value.
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Figure 12. (a) PV generator current, (b) PV generator voltage.
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Figures 13 and 14 show the simulation tests of grid con-
nected photovoltaic inverter using the VOC method. It can 
be noted in Figure 13 that the injected grid currents have 
a sinusoidal waveforms with a continuous grid frequency 
value equal to 50 Hz, however, a large overshoot occurs 
during a climatic condition changes and the obtained grid 
current THD is equal to 5.6%. Overshoots are seen also in 
the active power signal as shown in Figure 14.
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Figure 13. Grid currents waveforms using VOC.

0 0.5 1 1.5 2
Time (s)

0K

-5K

-10K

5K

10K

Pact_pi Pmax Qrec_pi

1 1.1
Time (s)

0K

5K

10K

Pact_pi Pmax Qrec_pi

Pact_pi=9.89kW

Figure 14. Active and reactive power using VOC.

The simulation results of the SMC strategy are illus-
trated respectively in Figures 15 and 16. It can be seen in 
Figure 15 that the grid currents contain several harmon-
ics which is lead to generate a larger current THD 7.8%. 
The active and reactive power depicted in Figure 16, fol-
low the desired powers but they have a high harmonic 
distortion.
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Figure 15. Grid currents waveforms using SMC.
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Figure 16. Active and reactive power using SMC.

Simulation results conducted to verify the proposed 
MPC-algorithm performances are shown in the graphs 
below. It can be noticed in Figure 17 that the sinusoidal 
grid currents wave forms dependent on weather con-
ditions, increase and decrease when solar irradiance 
changes. The current quality is evaluated by calculating 
the current THD value which is equal to 3.7%. Figure 
18 illustrates respectively the injected active and reactive 
power into the grid. It is clear that the improved active 
power signal follows perfectly its reference power (Pmax) 
according to solar irradiance. The reactive power injected 
to the grid is set at zero in order to achieve the unity 
power factor condition.
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Figure 17. Grid currents waveforms using MPC.
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Figure 18. Active and reactive power using MPC.

The DC-link voltage is maintained constant over 
the time period of 2 secs as shown in Figure 19; it  
follows correctly its reference value Vdc_ref = 750V. It can 
be observed that the DC voltage over shoots are signifi-
cantly small due to the climatic condition variations. The 
synchronization signal is shown in Figure 20.
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Figure 19. DC link voltage control.
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Figure 20. Grid voltage position.

8. Comparative Study
For a good evaluation of the proposed MPC-algorithm 
applied for a grid connected inverter, a comparison of its 
performances with others VOC and SMC conventional 
methods is required. Several key criteria for the compari-
son between these control schemes are considered such 
as the current THD, the overshoots, the switching fre-
quency, the power distortion and the robustness against 
parameter variations.

The simulation tests show that the MPC technique 
offers a minimum grid current THD 3.7% compared to 
the two others standard strategies. It is remarkable also 
how the overshoots appear in the current and power 
curves due the sudden variation of meteorological condi-
tions, the control scheme using VOC algorithm provide 
a larger undesirable overshoot rates than SMC and MPC 
behaviors as shown in Figure 13 and Figure 14. The active 
and reactive power distortion generated by the proposed 
MPC-algorithm is lower compared to the linear control-
ler and sliding mode controller (Figure 18). It can be 
deduced that the VOC method present a fixe switching 
frequency, besides, in the case of the SMC and model 
predictive control the switching frequency is variable 
depending on the operating point.

9. Conclusion
In this work, comparative investigation between the VOC 
linear controller, the non-linear SMC technique and the 
Model Predictive Control (MPC) is presented to control 
the grid connected photovoltaic inverter. Compared to 
the classical VOC and sliding mode control, the proposed 
MPC algorithm offered lower grid currents THD and 

allowed a minimum active and reactive power distortion. 
The obtained Psim simulations validate the effectiveness 
of the proposed MPC method against parameter varia-
tions. As a future step, an implementation of these different 
algorithms will be designed. An experimental testing plat-
form is intended by using the STM32F4 microcontroller 
as a digital target support, the SEMITEACH-IGBT as a 
power inverter and the measurement board which used 
to give current and voltage measures. The experimental 
techniques comparison will be discussed and their per-
formance parameters will be tested and evaluated.
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