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Abstract — This paper presents maximum power point tracking 
(MPPT) and decoupled power control for single phase grid-tied 
photovoltaic (PV) systems. Model predictive control (MPC) 
technique is used to extract the maximum power from the PV 
array and feed it to grid. The stochastic behavior of solar energy 
necessitates MPPT of PV system to operate at maximum power 
point and make the system economical. Power control of grid-tied 
inverters are commonly based on synchronous reference frame 
transformation, this methodology requires the phase angle 
information by phase-looked loop (PLL). In this paper MPC 
technique is used for decoupled active and reactive power control 
of the single phase grid-tied inverter. The proposed technique 
does not need PLL, modulation module and synchronization 
transform, which makes the control algorithm simple for digital 
implementation. Comparing the developed technique to the 
conventional perturb & observe (P&O) method indicates 
significant improvement in PV system performance. The 
simulation result is validated by implementing the control 
algorithm experimentally using dSPACE 1007. 

I. INTRODUCTION 
The reduction in the cost of photovoltaic (PV) cells has 

increased interest in this renewable energy source with 
installed PV capacity growing at an annual rate of 60% from 
2004 to 2009, and 80% recently [1]. However the low 
conversion efficiency of PV cells remain a significant obstacle 
to their wide spread use [2]. Due to the high variability of the 
solar energy resource [3, 4], maximum power point tracking 
(MPPT) is required to ensure continuous operation at the 
maximum power point [5-9] and harvest maximum energy. 

Several MPPT techniques have been investigated over the 
past couple of decades; the relative merits of these various 
methods are explored in [6]. The critical operating regime is 
low solar irradiance level. Harvesting all of the available solar 
energy during low solar irradiance periods can substantially 
improve system performance. An effective MPPT controller 
and converter can use available energy to significantly reduce 
the amount of installed PV.  

Considering the MPPT methods discussed in [6], candidate 
techniques considered include Incremental Conductance (INC) 
[5], Perturb-and-Observe (P&O) [10], fractional Open-Circuit 
Voltage (Voc) [11], and Best Fixed Voltage (BFV) [3]. Each 

approach has certain advantages and disadvantages. P&O is a 
well-known technique with relatively good performance; 
however, P&O method cannot always converge to the true 
maximum power point.  Also, P&O is relatively slow, which 
limits its ability to track transient solar irradiance conditions. 
One of the contributions of this paper is to improve the P&O 
method performance by predicting the error one step ahead in 
horizon through model predictive control technique for grid 
connected PV system. The proposed method has faster 
response than conventional P&O under rapidly changing 
atmospheric conditions. 

The PV array can feed power to the grid through a DC/DC 
converter boosting the output voltage and a grid connected 
inverter. A flyback converter is chosen as a DC/DC converter 
in this paper. The output power of the flyback converter is fed 
to ac grid through an inverter controlled by predictive model 
based decoupled power control.  

Many power control strategies for the single-phase inverter 
have been proposed over the past few decades [12-15]. In 
general, the control process requires the amplitude and phase 
angle information of the AC mains voltage captured by the 
phase-looked loop (PLL). However, the PLL module, as a 
nonlinear part, usually degrades the output performance of 
system [16]. In addition, some other modules are necessary for 
this application such as: properly tuned synchronous reference 
frame (SRF) based PI controller, pulse width modulation 
(PWM), and dc-link capacitor voltage control. Designs of these 
modules are challengeable to get the desired performance. 
Consequently, it will be good if a new control method is 
proposed to implement without these modules, which can 
make the control algorithm simpler and reduce cost of the 
design. 
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Fig. 1: Output power of a PV arrays during a partially cloudy day. 
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The proposed method based on MPC is straightforward and 
completely eliminates the need for PI controllers and a 
modulation stage. In this paper, the MPC concept is extended 
for decoupled real and reactive power control of single-phase 
grid-tied inverter. In the proposed controller, active power and 
reactive power of inverter are considered to be controlled 
independently and flexibly. In the proposed controller, the 
synchronization function is embedded into the power control 
process; therefore, the PLL unit is not required. Modulation 
module is not needed in the proposed approach by MPC which 
reduce the complexity of designing the system. The results 
show that the proposed controller has good steady-state and 
dynamic performance. Fig. 2 illustrates the general schematic 
of the complete grid connected PV system controlled by 
predictive methods. 

II. PRINCIPLE OF MODEL PREDICTIVE CONTROL 
Application of model predictive control (MPC) in power 

electronics with low switching frequency dates back to the 
1980’s for high power applications [17, 18]. Since high 
switching frequencies for the MPC algorithm required long 
calculation time, widespread adoption was not feasible at that 
time. In the past decade, with the improvement of high speed 
microprocessors, interest in the application of MPC in power 
electronics with high switching frequency has increased 
considerably [7, 8, 19]. 

The main characteristic of MPC is predicting the future 
behavior of the desired control variables [18, 19] until a 
specific time in the horizon. The predicted control variables are 
used to obtain the optimal switching state by minimizing a cost 
function. The discrete time model of the control variables used 
for prediction can be presented as a state space model as 
follows [18]: 
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A cost function that takes into consideration the future states, 
references, and future actuations can then be defined [18]: 
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The defined cost function g should be minimized for a 

predefined length in the time horizon N; a sequence of N 
optimal actuations will be determined where the controller only 
applies the first element of sequence: 
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At each sampling time the optimization problem is solved 
again by using a new set of measured data to obtain a new 
sequence of optimal actuation.  

The general scheme of MPC for power electronics 
converters is illustrated in Fig. 3 [19]. In this block diagram 
measured variables, )(KX , are used in the model to estimate 
predictions, )1(

~
+KX , of the controlled variables for all of the n 

possible switching states. These predictions are then evaluated 
using a cost function which compares them to the reference 
values, )1(* +KX , by considering the design constraints. Finally 
the optimal actuation, S, is selected and applied to the 
converter. The general form of the cost function, g, subject to 
minimization can be formulated as 
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where λ is the value or weight factor for each objective. 

III. MAXIMUM POWER POINT TRACKING USING MODEL 
PREDICTIVE CONTROL 

A flyback converter is chosen as a DC/DC converter. P&O 
determines the reference current for the MPC which 
determines the next switching state, Fig. 4 [20]. This technique 
predicts the error of the next sampling time and based on 
optimization of the cost function g, illustrated in Fig. 5, the 
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Fig. 2: General schematic of the system and proposed model predictive control for grid connected PV system. 



switching state will be determined. The inputs to the predictive 
controller are the PV system current, voltage, and the reference 
current. By deriving the discrete time set of equations, the 
behavior of control variable can be predicted at next sampling 
time k. The proposed methodology is based on the fact that the 
slope of the PV array power curve is zero at the predicted 
MPP, positive on the left and negative on the right of the 
predicted MPP.  

The discrete time set of equations of the flyback converter 
shown in Fig. 2 is given by (2) and (3) when switch is “ON” 
and (4) and (5) when switch is “OFF” [21]:  
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Now after determination of the reference current using the 
procedure shown in Fig. 4, the cost function can be obtained as 
following 
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The objective is to minimize the cost function g. The final 
switching state for MPPT can be determined using procedure 
illustrated in Fig. 5.  

IV. MODEL PREDICTIVE DECOUPLED POWER CONTROL 
The conventional H-bridge grid tied inverter configuration 

is illustrated in Fig. 2. There are numerous examples in the 
literature of inverter topologies capable of feed power 
produced from renewable sources to the ac power grid [14, 22-
25]. Table 1 provides a list of the output voltage Vo as a 
function of switching states and the function )(tψ  which 
provides the desired polarity of the output voltage. The state of 
the switches are represented by 0 and 1, where state 0 means 
the switch is OFF, and state 1 means the switch is ON. The 
discrete-time model of inverter is derived as: 
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where: )()()()()( 3241 tStStStSt −=ψ  

In order to control the output reactive power value of 
single-phase grid-connected inverter, an extra module 
orthogonal signal generation (OSG) is needed to create 
orthogonal signal of the grid voltage current. With this process, 
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Fig. 4. MPC procedure to determine reference current using P&O  
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Fig. 5. MPC-MPPT procedure  

Table 1: switching states of the grid-tied inverter. 

 S1 S2 S3 S4 ψ Vo 
State 1 0 0 1 1 0 0 
State 2 1 1 0 0 0 0 
State 3 1 0 0 1 1 Vdc 
State 4 0 1 1 0 -1 -Vdc 
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Fig. 3. MPC general schematic for power electronics converters.



the grid reactive power values can be calculated based on 
instantaneous power theory as 
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where Vg-α and Vg-β  are the output signals of the OSG module 
with Vg input, and Ig-α  and Ig-β  are the output signals of the 
OSG module with Ig input.  
The cost function g subject to minimization which include 
active and reactive power can be formed as 
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The detail algorithm of the control is illustrated in Fig. 6. The 
reference reactive power is provided by the grid operator. The 
determined maximum power point by MPPT from the PV array 
is the command for active power.  

V. RESULTS AND DISCUSSION 
The proposed controller for the PV system is modeled in 

MATLAB-Simulink, and implemented in dSPACE ds1007. 
The I-V and P-V characteristic of the PV systems used in this 
paper for different irradiance levels are illustrated in Fig. 7. 
The SUNPOWER SPR-305-WHT is used as PV module type. 
The sampling time, Ts, is 10 µs. In this paper the model 
predictive control for MPPT is compared to the commonly 
used P&O method. Figs. 8-11 illustrate the simulation results 
of the proposed MPC-MPPT. The system is tested under two 
irradiance level changes, at time 2 s, the irradiance level 
changed from 1000 W/m2 to 1250 W/m2. The proposed MPC-
MPPT has faster dynamic performance when comparing to the 
conventional P&O method as illustrated in Figs. 12 and 13. By 
considering continuous operation of the PV systems over the 
year, the extra amount of energy captured by the proposed 
MPPT technique is significant, particularly under the cloudy 
sky condition. 
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Fig. 6. MPC procedure for decoupled power control. 

 

 
Fig. 7. I-V and P-V characteristics of the array. 
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Fig. 8. PV side voltage by proposed MPC-MPPT 
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Fig. 9. PV side current by proposed MPC-MPPT. 
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Fig. 10. PV voltage ripple at 1000 W/m^2 irradiance. 
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Fig. 11. PV current ripple at 1000 W/m^2 irradiance. 



The simulation results of the grid side voltage, current, and 
power using MPC decoupled power control are illustrated in 

Figs. 14-17, for step change in solar irradiance level from 1000 
W/m2 to 1250 W/m2. The reference reactive power is zero and 
the reference active power determined based on the MPP at PV 
side, as illustrated, unity power factor is achieved. The THD of 
the grid side current is about 1.98% which is within the IEEE-
519 standard [26], Fig. 18.  The simulation results are validated 
experimentally by real-time implementation of the control 
strategy with dSPACE ds1007, Figs. 19 and 20. The 
experimental FFT analysis illustrated in Fig. 21 to validate the 
simulation results. 

VI. CONCLUSION 
This paper presents a MPPT technique that uses MPC to 

predict the error at the next sampling time, before applying the 

 
Fig. 18. Spectrum analysis of grid side current. 

 
Fig. 19. PV side voltage and current by MPC-MPPT. 

 
Fig. 20. Grid and PV side voltage and current at 1000 W/m2 irradiance. 

1.98 1.99 2 2.01 2.02 2.03 2.04
600

650

700

750

800

time(s)

Pp
v(

W
)

Fig. 12. PV side power by proposed P&O-MPPT 
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Fig. 13. PV side power by proposed MPC-MPPT 
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Fig. 14. Output reactive power (grid side). 
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Fig. 15. Output real power (grid side). 
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switching signal. MPC is also used for ac output power control 
of a single-phase grid-tied inverter and is implemented without 
needing a PLL for synchronization. The proposed predictive 
MPPT technique is compared to the P&O method and shows 
the benefits and improvements in the speed and efficiency of 
the MPPT. The results show that for the same steady state 
error, the MPP is tracked much faster by using the MPC 
technique than P&O method. The dSpace ds1007 is used for 
experimental demonstration the control techniques. 
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