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Abstract— The solar resource is an unlimited source to 

generate energy, however, specific features such as irradiance 

and temperature, as well as the panel construction affect the 

system performance, thus, also changing the maximum power 

deliverable for the photovoltaic system. In this sense, a 

controller designed for Maximum Power Point Tracking 

(MPPT) is required to seek the operation voltage (Vmpp) and 

current (Impp), therefore, increasing the system efficiency. In 

this paper traditional MPPT control techniques, Perturb and 

observes (P&O) and incremental conductance (INC), are 

compared to advanced control techniques Fuzzy Logic 

Controller (FCL) and Finite Control Set - Model Predict 

Control (FCS-MPC). The simulations, implemented in 

Matlab/Simulink, take the two-step ahead FCS MPC as the 

best controller for a photovoltaic system.  

Keywords— DC/DC boost converter, MPPT, P&O, INC, 

FLC, FCS MPC. 

I. INTRODUCTION  

In recent decades, the efficient use of alternative energy 
compared to conventional power has increased 
unquestionably [1]. The fossil resource decrease,  added to  a 
highly polluting process, can be contrasted unstoppable 
interest  in clean energies applications, contribute to reducing 
CO2 emissions is essential [2],[3]; according statistics shown 
by the International Renewable Energy Agency (IRENA) 
[4].  

The regulations help to regulate the use of this type 
energy established around the world, simultaneously 
promoting self-consumption and the installation of modern 
solar applications both in Europa [5] and Latin America 
[6],[7],[8]; thus, through the creation of new conformity 
assessment systems for renewable energies, humanity hopes 
overcome the zero net carbon emissions plan by the year 
2050 [9],[10].  

The sun is a powerful renewable energy resources which 
is constantly changing according to weather (irradiance, 
temperature, clouds, etc.). Although these changes, studies 
have been shown that using the Maximum Power Point 
Tracking (MPPT) technique, power extraction is maximized 
[11],[12]. Perturb and observe (P&O), and Incremental 
Conductance (INC) algorithms have been widely reported in 
literature. Both techniques disturb operation voltages and/or 

currents, then measure its impact in order to identify the 
MPP [13],[14]. Their main advantage is the direct 
computation of the duty cycle used for switching 
semiconductors on DC-DC power converters. A detailed 
description of these algorithms will be presented in section 
III. 

  Advanced control strategies such as Fuzzy Logic 
Controller (FLC), Artificial Neural Networks (ANN), and 
Model based Predictive Control (MPC) have been also 
reported for MPPT applications, FLC present a robustness 
feature when information about the system inputs is 
imprecise, non-linearities are considered or operator 
expertise will be integrated [16]. In [17], [18]  MPPTs based 
on artificial neural networks (ANN) are report. Those 
schemes use at least three layers to obtain the duty cycle 
required to control the output voltage at the MPP. Another 
implementation of an ANN composed of four layers, 
reported in [19] is to estimate the variable step-size VSS for 
the perturbation in the INC MPPT algorithm with an 
adaptive scale factor. In this case, the optimal scaling factor 
(OSF) is entered in MPPT to obtain a fast and accurate 
tracking response.  Because of advances in microelectronics, 
processing capacity is increasing, allowing the integration of 
MPC in real-time control tasks, such as power electronics. 
Finite Control Set MPC (FCS-MPC) and Continuous Control 
Set MPC (CCS-MPC), are the main two trends in MPC 
applications.  FCS MPC applies intuitive concepts to non-
linear systems such as power converters, by using multiple 
control objectives with multiple inputs, a significant 
advantage of this scheme is the finite number of solution 
states, providing more deployability for real-time 
applications [20],[21],[22]. In contrast, because of the 
continuous solution space of CCS-MPC, a modulation 
scheme such as Pulse Width Modulation (PWM) is required 
to compute the duty cycle of semiconductors switches. An 
application of this technique is shown in [23] which uses the 
MPPT INC algorithm with a two-step prediction with two 
control objectives in panel photovoltaic (PV) voltage and 
current (Vpv, Ipv). 

This research focuses on comparing the PV system 

efficiency, as well as the maximum power generated among 

different control techniques applied to the DC/DC boost 

converter.  
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Fig. 1  Controlled photovoltaic system diagram 

 

 

Fig. 2 a) Current VS Voltage performance curve, b) Power VS Voltage 

performance curve of the solar panel array 

 

The main contribution of this work is the evaluation by 

simulation, the comparison, and identification of the 

advantages and disadvantages of the control algorithms 

applied by MPPT, both for traditional control techniques 

such as Perturb and Observe (P&O) [13], Incremental 

Conductance (INC) [15],[16], as well as for advanced 

control techniques such as Fuzzy Logic [24],[25], and 

Model-Based Predictive Control, it was decided to use the 

two-step horizon FSC MPC technique in conjunction with 

the current P&O algorithm [23],[26]; in the 

MATLAB/Simulink program, determine which of these 

techniques is the most suitable for MPPT to have an optimal 

algorithm. 

II. DESCRIPTION OF THE PHOTOVOLTAIC SYSTEM 

A typical photovoltaic system, as show in Fig. 1 is 
composed of a PV array, an input capacitor (Cpv) a DC-DC 
boost converter, an MPPT control block, and a local DC 
load. The signals measurements of the photovoltaic system 
(Vpv, Ipv) and the coil current (IL), at the PV side, allow to 
compute the duty cycle signal (D), which allows the pulse 
width modulation (PWM) to transfer the switching signal to 
the DC/DC boost converter. 

A. Description-operation of PV 

The sizing of the PV array depends on the solar resource 
available and the power capacity constraints of DC-DC 
converter. In some case series/parallel arrangements are 
required to increase output voltage and current  depends on 
the available solar resource and the load to be supplied [27] 
Considering their characteristic curves, PV arrays are usually 
modeled as current sources. Fig. 2a) shows the characteristic 
curve Ipv vs. Vpv, and Fig. 2b) shows the characteristic 
curve of Power (Ppv vs. Vpv) at different values of 
irradiance, being evident how the MPP varies.  

Internal and external factors influence the PV array 
behavior, such as the shape and material of manufacture, 
facilities , humidity, environment weather, excessive dust ,  
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Fig. 3DC/DC Boost converter circuit a) On-State mode b) Off-State mode 

 
and shadows. Depending on the facilities wide, shadows over 
the PV array can cause local maximum power points, making 
it challenging to achieve the MPP, affecting the photovoltaic 
system efficiency and performance [16]. 

A. D/D Boost converter 

The boost converter shown in Fig. 3 operates according 
to the transistor (S)  state. When transitor S is open, Fig. 3a), 
the diode (D1) conducts through the capacitance (Cdc) until 
it is fully charged and through the local resistive load (R). On 
the other hand, when S is closed  Fig. 3b) the source charges 
the inductor (L), meanwhile R is fed from Cdc. 

Equations (1)- (9) define the continuous operation mode 
for the regular operation of the transistor S [28]. Having a 
variable input voltage of the photovoltaic cell (Vpv), the 
change in the value of D according to (1) is required to 
following the MPP by changing the output voltage of the 
DC/DC boost converter (Vo). Assuming a circuit without 
losses, that is, the input power is equal to the output, (2) is 
obtained, where Ipv is the input current, and Io is the output 
current. Replacing as current function, (3) is obtained.  

1

1
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pv
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V D



      (1) 
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Therefore, to find the inductor L and the capacitor Cdc, in (4) 
and (5), R of the load is required, T represents the work 
period, and ∆Vo is the variation of the output voltage. 

The differential equations in (6) and (9) represent the 
system; for previously found data of L and Cdc, with the 
variability of the current and voltage present [26]. In (6) and 
(7) are when S is open, as shown in Fig. 3a) 

1 1LdI
Vo Vpv

dt L L
      (6) 

1 1
L

dVo
I Vo

dt Cdc R Cdc
   


 

 

(7) 
 

In (8) and (9) represent the system when S is closed, as in 
Fig. 3b) 
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III. DESIGN OF MPPT CONTROL STRATEGIES FOR THE 

DC/DC BOOST CONVERTER 

In this section, traditional MPPT control techniques: 
disturbs and observe, and incremental conductance are 
described. In addition, two advanced control strategies, the 
first based on fuzzy logic and the second based on model-
based predictive control are also presented.  

A. Control Algorithm Perturb and Observe 

Perturb and observe (P&O) algorithm has been reported 
to achieve the MPPT, by disturbing the system voltage in 
k+1, since voltage and currents captured in instant k. Power 
computation is compared to the power of the photovoltaic 
output at the previous cycle (k-1) [13]. The main drawback is 
that when it reaches the Maximum Power Point (MPP), it 
oscillates, which causes losses of photovoltaic energy. The 
large size of the disturbance causes the oscillations since if it 
is small, it will slow down the MPPT. The reference voltage 
(Vpv*) at the instant k determines the direction of the next 
disturbance [14]. Fig. 4 shows the flow diagram of the P&O 
algorithm, where the increase or decrease of PV power and 
voltage modifies Vpv* is utilized for the PI control loop for 
the generation of D. 

B. Control algorithm Incremental Conductance 

In [14], the incremental conductance technique (INC) is 
reported. In this case, voltage and current measurements 
(Vpv, Ipv) are captured at k, then are compared to the 
measurements of the previous cycle k-1 in order to compute 
the incremental conductance. Fig. 5 shows the flow chart of 
this algorithm. When the voltage and current coincide at 
zero, the MPP is achieved, therefore no changes in D are 
required. Otherwise, the value of D is computed as a function 
of the interpretation of the conductance (∆IL/∆Vpv) and 
current variation (∆IL). This algorithm identifies when the 
MPP has been reached, so fast action gets over than P&O, 
though increases in complexity compared to the previous 
algorithm [15]. 
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Fig. 4 Perturb-and-observe algorithm flowchart 
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Fig. 5 Incremental conductance algorithm flowchart 

 

C. Controller-based on Fuzzy Logic 

The application of this control algorithm is simplified 
since Mamdanis inference is used, thus a mathematical 
model is not required. The controller consists of four 
essential parts: fuzzification, the rule base, the inference 
machine, and defuzzification. Although computational 
burden of this type of controllers increase according to P&O 
and INC, the integration of operator expertise, as well as to 
avoiding a precise non-linear model are clear advantages 
[16]. Fig. 6 shows the fuzzy logic (FL) based control design, 
where the selected inputs E(k) and CE(k), obtained in (10) 
and (11), are represented respectively [29]. 

Where E(k) is the voltage variation and CE(k) is E 
variation. A well-known fuzzy inference method is 
Mamdani's method with the maximum-minimum operation 
fuzzy combination law. The defuzzification stage uses the 
centroid method. The five fuzzy sets represented in the 
trapezoidal membership functions are Negative Big (NB) 
and Positive Big (PB) for the two inputs. Negative Big (NB) 
and Positive Big (PB) for the two inputs. In contrast, the 
triangular functions are Negative Small (NS), Zero (ZE), and 
Positive Small (PS) fuzzy sets. (See Fig. 7 a)) and Fig. 7 b)). 
The output variable uses five fuzzy sets with the same 
linguistic variables as the inputs and with fuzzy sets of 
central triangular functions and trapezoidal functions at the 
ends (See Fig. 7 c)) [16]. Combining the fuzzy sets of the 
inputs results in twenty-five rules, shown in TABLE  I [24]. 

TABLE  I   CONTROLLER RULES BASED ON FUZZY LOGIC 

CE/E NB NS ZE PS PB 

NB NB NB NB NS ZE 

NS NB NB NS ZE PS 

ZE NB NS ZE PS PB 

PS NS ZE PS PB PB 

PB ZE PS PB PB PB 
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Fig. 6 Diagram of the fuzzy logic-based control algorithm for MPPT 

 

 

Fig. 7 Fuzzy set of the variables, a) Fuzzy set of the input E, b) Fuzzy set of 

the input CE, c) Fuzzy sets of the output  

 

D. FCS-MPC for MPPT 

The FCS-MPC scheme computes and compare the all 
possible output states based on a discrete time model of 
power converter, choosing the output which represents the 
lower cost according to a cost function related to the control 
objectives [20]. As shown in Fig. 8 the propoed scheme uses 
a modified P&O algorithm (See Fig. 9) to compute the 
current reference (IL*) used by the MPC cost function J for 
optimizing output voltage and current as well as the 
compensation term E. The cost function requires the 
prediction model of IL and Vo at two steps of the prediction 
horizon [26]. 

The aforementioned modified P&O algorithm is based on 
[21], and disturbs output current, instead of voltage, as the 
one presented in section III A. Two current increments are 
stated (Id1, Id2).The modification that is in the two 
increment values in question (Id1, Id2), that as consequently 
(Id) will change depending on the ∆Ipv and (Is) of ∆IPV (k) 
in one iteration. When irradiance varies a little, (Ps)  take a 
predefined value of ∆Ppv (k) in one iteration; the significant 
difference in irradiance will detect sudden changes based on 
the variation of power (∆Ppv), where Ps influences the flow 
of the algorithm, besides optimal scale factor (KopT)  with 
range [0.8; 0.92], see Fig. 9. The cost function requires the 
prediction model of IL and Vo at two steps of the prediction 
horizon.  

Because of FCS-MPC requires a discred time model, 
equations (6) to (9) are transformed by using Euler 
discretization  (12),  where Ts is the sampling period [23], 
[26].  

     1dz k z k z k

dt Ts

 
  

 

(12) 

 Now to be able to predict in two or more steps, (13) and 
(14) are used, which indicate n-sampling of instants needed 
in the future for optimal control, where (1-s) indicates the 
possible switching states [0 1], without causing alteration in 
the calculation of IL and Vo [23].  
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 Considering two steps ahead, the state space 
representation is presented in (15). IL(k+1) and Vo(k+1) are 
calculated with n=1 in (19) and for Vpv(k+1), it is calculated 
by using LaGrange interpolation method of (16) with a=1 
specified in [23], Then (17) is stated. 
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(15) 

The cost function (18) controls IL and Vo, with a 
regulation factor Es=n, where α and β are weighting factors in 
a range of [0-1]. Es=n is the prediction error of the value of 
Vpv(k+1)-Vpv(k). 

     
1

0

1
1 1 1

a
a

l

a
Vpv k Vpv k a

l





 
      

 


 
(16) 

     1 2 1Vpv k Vpv k Vpv k     (17) 

   0,1& 0,1 * *
, ,2 2n m

s n L s m L o s m o s nJ I k I V k V E  
           

 

(18) 

Boost converter

Po

Vo
Cdc R

L
D1

SCpv

Io

IL

PV Array

Ipv

Ppv

Vpv

P&O 

current

Minimization of 

cost functionX
FCS MPC

   0,1& 0,1 * *
, ,2 2n m

s n L s m L o s m o s nJ I k I V k V E  
           

 

 

 

 

 

 
 

1 1
2 1

1
2 1

01 1

L L
pv

o o

Ts
Tss

I k I kL
V kL

V k V kTs Ts
s

Cdc R Cdc

 
         

         
            

Vpv Ipv

*
LI

 2LI k  2oV k *
oV

 oV k

 LI k
 

Fig. 8 FCS-MPC Control Algorithm Diagram 
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IV. RESULTS 

TABLE  II PV MODULES SET PARAMETE 

PV Model 1Soltech STH-215-P 

Open circuit voltage Voc (V) 36,3 

Short circuit current Isc (A) 7,84 

Temperature coefficient of Voc (%/deg. 

C) 
-0,36099 

Temperature coefficient of Isc (%/deg. 

C) 
0,102 

Pmpp (W) 213,15 

Vmpp(V) 29 

Impp(A) 7,35 

Efficiency (η) 13,7% 

 

The configuration of the simulated PV array is shown in 

TABLE  II with twenty solar panels in parallel that increase 

the system current from 7.84 A to 156 A and ten solar 

panels in series, which increase the voltage from 36.3 V to 

363 V. In TABLE  III shows the parameters of the DC/DC 

boost converter. 

TABLE  III  DC/DC BOOST CONVERTER DESIGN PARAMETERS 

Description Symbol Value Unit 

Inductor L 4,56 [mH] 

Input capacitor Cpv 519 [μF] 

Output capacitor Cdc 519 [μF] 

Load resistance R 30 [Ω] 

Sampling time Ts 200 [μs] 

Input Voltage Vpv 250 [V] 

Power Ppv 42,630 [kW] 

Frecuency switching fs 5 [kHz] 

 

 

The proposed techniques successfully calculate the ideal 

Ppv shown in Fig. 2, fulfilling the objective of improving 

the efficiency of the photovoltaic system. For Case a two-

step irradiance profile (Fig. 12a)) and the powers generated 

with the different control strategies evaluated are obtained 

as shown in Fig. 13; where ideally, the powers at these 

operating points correspond to 42, 5 [kW], and 34.33 [kW]. 

The FCS-MPC algorithm in steady state is closer to the 

ideal value calculated with an approximation of 99.68%, 

while the FLC control the deviations are more extensive. 

The approximation is 79.30%, and the rest algorithms also  

 
Fig. 10 Irradiance profiles 

 

 
Fig. 11 Results of Case a 

approach the ideal value; however, they present oscillations. 

The transitory state is also analyzed in the boxes of 

maximized Fig. 13, showing a better performance with the 

FCS MPC due to less overshoot and undershoot. The 

powers with P&O and INC show oscillations. 

 

The different types of irradiance tests for case b are 

prominent (See Fig. 12), in which the profile from 0 to 3[s] 

is of the ascending step type from 500 to 1000[W/m2]. 

Applying the different control algorithms in simulation, with 

an objective of 42.5 [kW] and 34.33 [kW] of ideal power; 

Fig. 14 shows the FLC controller contains an approximation 

of 73.56%, so its deviation is more significant; while FCS 

maintains the station state close to the ideal value with an 

approximation of 99.99%. During the simulation, the 

oscillations in the output powers of the other controllers are 

notorious. However, they are pretty similar to the ideal 

value, which shows that FCS MPC shows low overshoot 

and undershoot, so its performance stands out among the 

other algorithms. 

. 

 
Fig. 12 Results of Case b 

V. CONCLUSIONS 

In this work, four MPPT-based control algorithms are 

compared with each other so that the PV array captures the 

greatest energy. The algorithms evaluated are Perturb and 

Observe, Incremental Conductance, Fuzzy Logic Control, 

And Predictive Control Based On Finite Control Set Model 

in different irradiance scenarios. The FCS MPC control 

algorithm has shown better performance concerning a 

degree of similarity to the ideal value of 99.99%, which is 



higher than the other controllers. However, this controller 

presents a higher computational burden than other 

controllers; it is about 327.82μs and 259.31μs in both cases 

of the irradiance profile tested, P&O has 0.81μs, and the 

computational burden of INC is 0.46μs. Traditional 

algorithms like P&O have a degree of similarity to the ideal 

of 99,85%, and INC shows a degree of similarity to the ideal 

of 99,89%. FLC controller offers a lower efficiency than the 

different algorithms; however, it improves the photovoltaic 

system's stability and its time computational is not far from 

conventional algorithms. 
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