
Journal of Theoretical and Applied Information Technology 
31st July 2022. Vol.100. No 14 
© 2022 Little Lion Scientific  

 

ISSN: 1992-8645                                                                    www.jatit.org                                                    E-ISSN: 1817-3195 

 
5201 

 

COMPARATIVE ANALYSIS OF MAXIMUM POWER POINT 
TRACKING METHOD USING SLIDING MODE AND P&O 

CONTROLLERS 

 SANA MOUSLIM1, M’HAND OUBELLA1, MOHAMED AJAAMOUM1, EL MAHFOUD 
BOULAOUTAQ1, MOHAMED BENYDIR1, KAOUTAR DAHMANE1  

 
1Laboratory of engineering sciences and energy management (LASIME), Electrical engineering 

department, ESTA Ibnzohr University, Agadir, Morocco  

E-mail:  1sana.mouslim@uiz.ac.ma  
 
 

ABSTRACT 
 

The power delivered by a solar photovoltaic generator (PVG) strongly depends on the level of irradiance G, 
temperature T of cells, total or partial shading but also the nature of the fueled load. The PPV-VPV power 
characteristic of the PVG has a maximum power point (MPP) corresponding to the optimal operating point. 
Since the position of the MPP depends on the level of irradiance and the temperature of the cells, it is never 
constant over time. Therefore, a control strategy is requisite to extract maximum power from solar panels 
under all operating conditions. The objective of this work is to design a MPPT controller based on sliding 
mode controller (SMC) that is applied to a buck-boost converter in order to achieve an optimal PV module 
output voltage. The proposed MPPT controller using SMC has been developed so that the operating point 
converges to the optimum operating point. The validation of the proposed controller is shown by 
MATLAB/SIMULINK simulation. The results confirm the effectiveness of the sliding mode control MPPT 
under the parameter variation environments. Moreover, a comparison analysis of the proposed SM controller 
and classical MPPT algorithm using Perturb-and-Observe method has been designed for the same PV power 
system in order to evaluate the robustness and stability against parameter uncertainties for the two proposed 
controllers. 

Keywords: Photovoltaic; Buck-Boost converter; MPPT; P&O; Sliding mode control; MATLAB/Simulink. 

 
 
1. INTRODUCTION  
 

DC-DC converters constitute an important class of 
static converters. They are used to supply a load with 
an adjustable DC continuous voltage source. These 
converters are widely used in computers, electronic 
device... to adapt input voltage of a system with the 
desired output voltage. In the literature, to analyze 
the behavior of DC-DC converters the state space 
average (SSA) model is adopted in order to design 
the appropriate controller [1].  

Several techniques are used to control these 
converters, like the non-linear sliding mode control 
(SMC), which has been mainly developed for the 
control of variable structure systems [2][3], and it 
has two modes of operation. The first mode is called 
the approaching mode [4], means that the system 
state converges to a predefined manifold named 
sliding function. The second mode is called the 

sliding mode [5][6], where the system state is 
confined on the sliding surface and is driven to the 
origin.  

The sliding MPPT controller converter is a power 
conversion system with a suitable control algorithm 
for extracting the maximum power that the PVG can 
provide. Several approach to track the MPP has been 
discussed in many literatures. Among these 
algorithms, perturbation methods [7], incremental 
conductance [8] [9], hill-climbing [10] [11]. All 
these algorithms share the same concept by 
perturbing the duty cycle (or PV voltage) and 
observing the output power, which provides useful 
data for tuning duty cycle [12]. These tracking 
methods have been widely reported. The P&O 
MPPT method tends to oscillate around the MPP, 
which causes power loss and the system efficiency 
becomes low. The conventional MPPT methods 
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such as P&O, IC…. have a slow transient response 
during rapidly changing environmental conditions.  

Therefore,  contrary to the classic method used in 
some literature [ ] to find the slip surface based on 
the calculation of the slip coefficients, the sliding 
mode control concept modeled in this study is 
designed to require the system to operate in the 
maximum power point, otherwise the choice 
of the sliding surface is equal to the MPP condition. 

The objective of the MPPT controller based on 
SMC, in order to achieve an optimal PV array output 
voltage, is that the sliding surface set to be the MPP 
condition, so that the operating point converges to 
the optimum operating point. The main advantage of 
the sliding technique is the simplicity of 
implementation, robustness, and high performance 
in different fields. 

In this paper, the interest was focused in the use of 
SMC in the photovoltaic fields by maximizing the 
power generated from the PV panel. The sliding 
MPPT controller is designed on the characteristics of 
PV modules. Which are defined for the slip surface 
as MPP condition in order to operate the PV system 
near the MPP. 

First, the modelling and the sizing of a buck-boost 
converter in continuous conduction mode (CCM) is 
presented. The converter was assumed to operate in 
environment, submitted to disturbances such as the 
input voltage variation and load variation, which 
causes the fluctuation of operating point of DC-DC 
converter. A converter ensuring the MPPT function 
must be used to follow these changes. 

In the second part, the structural analysis of the 
concept of approaching mode for the sliding surface 

is introduced, which is defined by  
ௗ௉೛ೡ

ௗ௏೛ೡ
 =0, (where 

Ppv and Vpv are the power delivered by the PV 
panel and the output voltage of the photovoltaic 

panel). The expression 
ௗ௉೛ೡ

ௗ௏೛ೡ
 =0 is the condition of the 

maximum power point PPM. The main role of this 
controller is to force the system to work at the MPP. 

Additionally, The MPPT based on Perturb and 
Observe method is adopted to our system to 
maximize the output power and compared to sliding 
MPPT controller regarding the convergence toward 
PPM. The robustness of the two proposed MPPT 
controllers is investigated in the presence of load 
variations and environment changes due to 
meteorological conditions. 

The paper is organized as follow: Modeling of the 
photovoltaic PV module is given in the second 

section. The third section is dedicated to modelling 
and the sizing of a buck-boost converter. MPPT 
tracking controller based on P&O method is 
presented in the fourth section. The proposed MPPT 
sliding mode control approach is described in the 
fifth section. The implementation and simulation 
results are presented in the sixth section. 
The final section is dedicated to concluding remarks 
and discusses avenues for further research. 

 
2. MODELING THE PV MODULE 

Solar cell is a diode, or electronic junction PN, of 
large surface, exposed to light (photons), and 
generates a potential difference, this physical 
phenomenon called photovoltaic effect [13]. 
Various mathematical models are commonly 
developed to represent the behavior of photovoltaic 
cell. These mathematical models are generally 
differentiated by the number of parameters and the 
mathematical procedures involved in the calculation 
of the photovoltaic module [14]. 
The photovoltaic cell model of one diode exposed in 
figure 1, takes into account not only the voltage 
losses expressed by the Rs series resistor, but also the 
current leaks expressed by a parallel resistor Rp [12]. 

 

Figure 1: Photovoltaic cell model of one diode   

The equivalent circuit can be modeled by the 
equations below, basing on Kirchhoff ‘s low [14]: 
 

I = I୮୦ − Iୢ ቀexp ቀ
୯

୩ౘ୘୅
 Vቁ − 1ቁ                       (1)                                                                                                             

I୮୦ = S[Iୱୡ୰ + k୧(T − T୰)]                                    (2)                                                                                                                      

 Iୢ = I୰୰ ቂ
୘

୘౨
ቃ

ଷ

exp ቀ
୯୉ౝ

୩୕୅
ቂ

ଵ

୘౨
−

ଵ

୘
ቃቁ                         (3) 

                                                                                                    
I: output current (A). 
V: output voltage (V).  
T: cell temperature (K).  
S: solar irradiance (W/m2). 
 Iph : light-generated current (A). 
 Id : PV saturation current (A).  
Irr : saturation current at Tr (A).  
Iscr : short-circuit current at reference condition (A).  
Tr : reference temperature (K).  
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Ki : short-circuit temperature coefficient (A/K).  
q : charge of an electron (C).  
kb : Boltzmann’s constant (J.K-1). 
 Eg : band-gap energy of the material.  
Q: total electron charge (C).  
A : ideality factor. 

The electrical characteristics of solar PV that 
used in this work is shown in table 1.  

Table 1: Solar panel parameters type PYS240 
Parameters Value 

Imp 3.66 A 

Vmp 17.5 V 
Pmax,e 64 W 

Isc 4.0144 A 

Voc 21.3 V 
A 1.2 

NS 36 
 
3. BUCK-BOOST CONVERTER SIZING AND 

MODELLING 

The buck-boost converter is the simplest and 
most commonly used converter for power 
regulation. The primary function of the buck-boost 
converter is that the voltage can be increased or 
decreased according to the switching mode. 
However, the output voltage Vout have opposite sign 
to the input voltage Vin. There are two operating 
modes for the buck-boost converter, namely, the 
CCM and the discontinuous conduction mode [15]. 

Figure 2 shows the modeling of buck-boost 
converter on the MATLAB Simulink environment. 

 

 
Figure 2: Buck-boost Converter 

 
Our work is based on the modelling and 

dimensioning of the buck-boost converter in CCM. 
In this mode, there exist only two switching states in 
the converter, “S is on and D is off” and “S is off and 
D is on. In addition, the current crossing the inductor 
L never drops to zero. Therefore, the study is 
conducted in two operating modes depending on the 
state of conduction of switch S. 

3.1. The Operating Modes of Buck-Boost 
Converter 

Figure 3 shows the ON state of switch S: in this case, 
when the transistor is in the "ON" position, the 
current in the inductor increases which causes the 
storage of energy. 

 
Figure 3: Buck-boost converter when S1 is closed. 

 
The diode is used to drain the energy stored in the 
inductance when the switch is blocked. Figure 4 
shows the OFF state of the buck-boost converter.  

 
Figure 4: Buck-boost when S1 is open. 

 
When the switch changes to the "OFF" position, the 
voltage through the inductance is then reversed and 
the stored energy is transferred to the load via the 
diode. In this case, the voltage at the terminals of the 
load Vout, describing the operation in continuous 
conduction, following the expression bellow [15]: 
The duty cycle of the buck-boost converter is:  
 

β =
୚౥౫౪

୚౥౫౪ା୚౟౤
                                                   (4)                                                                                                                

The duty cycle β varies according to the applied 
input voltage in order to obtain the desired output 
voltage. For a buck-boost converter, the ripple of the 
current in the inductance can be demonstrated by 
[16]: 

ΔI୐ =  
ஒ

୐ ୤
×  V୧୬                                                   (5) 

                                                                                                               
The ripple of the current is influenced by the 

frequency f of the signal PWM, the duty cycle β and 
by the L induction coefficient. So, the inductance 
value is calculated by: 
 

L୫୧୬ =  β ×  
ଵିஒ

୼୍ై ୤
×  V୧୬  =   

ଵିஒ

ଶ ୤
×  V୭୳୲              (6)                                                                           

And: 

C =
୚౏×(ଵିஒ)

଼ ×୐ × ୤² × ୼୚౥౫౪
                                     (7)
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The use of Schottky diodes avoids recovery 
problems and therefore additional switching losses. 
The efficient value of the current in the diode will be 
adopted by: 

iୢ(ୣ୤୤) = i୮୴ඥ(1 − β)
୧౥౫౪

ඥ(ଵିஒ)
                                 (8) 

3.2. Results of Modelling of the Buck-Boost 
converter 

 
The dimensioning results of the different 
components of the buck-boost converter are shown 
in Table 2 bellow: 
 

Table 2: Buck-boost Converter Parameters 
Parameters Value 

L 275 mH 
C 470 µF 

f 15 KHz 
R 100Ω 

β 50% 

Vin 20 V 
Vout 20 V 

 
The characteristics of a PV generator depend on 
methodologic conditions (solar irradiation and 
temperature), therefore these climatic variations 
cause the fluctuation of the (MPP). 
The buck-boost converter is a vital part of 
renewable energy conversion. It is essentially used 
to achieve a regular DC voltage from DC source.it 
is used in our study as interface between load and PV 
module, serve the purpose of transferring maximum 
power from PV module to the load, by changing the 
duty cycle. 
The first part of simulation, consist on applying an 
adequate control action using the duty cycle. In order 
to obtain the desired results. Figure 5 shows the open 
loop of the buck-boost converter with fixed input 
voltage: 
 

 
Figure 5: Simulation of the open loop of buck-boost 

converter 

Figure 6 represents the behavior of the output 
voltage, which converge to 12V after overshoot and 
oscillation. 

Figure 6: Output voltage Vout of buck-boost converter 
 in Open loop 

3.3. Modelling of the Buck-Boost converter  

A mathematical modelling of DC-DC buck-boost 
converter is proposed in this section, for different 
operating states of the switch in CCM. The dynamic 
equations for the ON state of the mosfet S can be 
formalizing in the state space as [16]: 
 
Ẋ = AX + Bu                                                   (9)
                                                                              
Y = CX + Du                                    (10)   
                                                                           
Which implies: 

ୢ୧

ୢ୲
=  

୚౟౤

୐
                                                                (11)                                                                                                                             

ୢ୚ౙ

ୢ୲
=  − 

୚ౙ

ୖେ
                                                         (12)                                                                                                                 
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The representation in state space for the OFF state of 
the switch S, is transformed into: 
 
ୢ୧

ୢ୲
=  

୚ౙ

୐
                                                                (13)                                                                                                                                

ୢ୚ౙ

ୢ୲
=  −

୧ై

େ
−  

୚ౙ

ୖେ
                                                  (14)   

                                                                                                        
Using equations (9) to (14) and applying the SSA 
method translated into equations (15) to (17), the 
state matrix is obtained as follow: 
 
A=A1 β +A2(1- β)                                   (15)
                                                                                           
B=B1 β +B2(1- β)                                    (16)
                                                               
C=C1β+C2(1-β)                                                     (17)                                                                                                              
 

  ൤
ẋଵ

ẋଶ
൨ = ቎

0
ଵିஒ

୐
ଵିஒ

େ

ିଵ

ୖେ

቏ ቂ
xଵ

xଶ
ቃ + ቈ

 ஒ

୐

0
቉  V୧୬                    (18)                                                                                                              

4. MPPT TRACKING CONTROLLER 
BASED ON P&O METHOD 

  The algorithm of MPPT tracking controller based 
on P&O method works by a disturbance of the 
system, which mean by increasing or decreasing 
the operating voltage of the photovoltaic module 
and observing its effect on the output power [17]. 
The principle of this controller method is to 
calculate the voltage and the current Vpv and Ipv, in 
order to find the current output power Ppv (k) of the 
PV module. This value Ppv (k) is compared to the 
value Ppv (k-1) of the last measurement. If the 
output power has increased, the disturbance will 
continue in the same direction. If the power has 
decreased since the last measurement, the 
disturbance of the output voltage will be reversed 
in the opposite direction of the last cycle. When the 
MPP is reached, Vpv will oscillate around the ideal 
operating voltage. The algorithm shown in Figure 
7 illustrates the P&O method [17]. 

 

 
Figure 7: MPPT Tracking Controller based on P&O 

method 

5. SYNTHESIS OF CONTROL LAWS BY 
SMC FOR BUCK-BOOST CONVERTER 

  Sliding Mode Control (SMC) is a non-linear type 
of control, which was originally introduced for the 
control of variable structural systems. Its main 
advantages are the guarantee of stability and 
robustness for wide variations in system parameters, 
input and disruptions on the system. The technique 
consists of two modes. One is the approaching mode 
in which the trajectory moves towards the sliding 
line from any initial point.  
  The other is the sliding mode in which, the state 
trajectory moves to origin along the switching line 
and the states never leave the switching line. In this 
study, we introduce the concept of the approaching 
mode. 
  The synthesis of a SMC can be summarized into 
several steps: The choice of the sliding surface, 
checking the attractiveness of the sliding surface, the 
demonstration of the existence of the sliding mode 
and the study of the stability of the control on the 
sliding surface.  
  The first step in the design of the control is the 
choice of the switching surface, which can be 
selected as follows: 
ୢ୔౦౬

ୢ୍౦౬
=

ୢ୍౦౬  
మ ୖ౦౬

୍౦౬
= I୮୴ ൬2R୮୴ +  I୮୴

ୢୖ౦౬

ୢ୍౦౬
൰ = 0     (19)                                                                               

  Knowing that the condition of the maximum power 
point PPM is given by: 

N
o

N Y 

Y N
o

Vpv(k)-Vpv(k-1) > 0 

Vpv = Vpv - ∆V Vpv = Vpv + ∆V 

Measureme
nt: V(k), I(k) 

Ppv(k) = Vpv(k) Ipv(k) 

k = k + 1 

Vpv = Vpv + ∆V 

Measurement: Vpv(k), Ipv(k) 

Ppv(k) = Vpv(k) Ipv(k) 

Vpv(k)-Vpv(k-1) > 0 

Vpv = Vpv - ∆V 

Ppv(k)-Ppv(k-1) > 0 
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ୢ୔౦౬

ୢ୚౦౬
= 0                                                              (20)                                                                                                         

  where RPV = Vpv  ∕ Ipv is the equivalent load connect 
to the PV, and IPV is the PV current, which is equal 
to iL .The non-trivial solution of the equation (19) is 

2𝑅௣௩ +  𝐼௣௩
ௗோ೛ೡ

ௗூ೛ೡ
 . Hence, the sliding surface is 

defined as: 
 

 γ = 2R୮୴ +  I୮୴
ୢୖ౦౬

ୢ୍౦౬
                                          (21)                                                                                                                    

If we take the P-V characteristics of the PVG for 
given meteorological conditions. Depending on the 
slope of the curve, we can divide the figure into two 
zones separated by the point PPM (γ=0). Zone 1 for 
which the slope is positive γ < 0, and zone 2 for 
which the slope is negative γ > 0. If, for example, the 
working point is to the left of the MPP, the control 
must move towards the sliding surface by increasing 
the voltage Vpv and if, on the contrary, the working 
point is located to the right of the PPM, the control  
must move it towards the sliding surface by 
decreasing the voltage Vpv.  

Figure 8: The characteristics P-V of the solar panel 
 
  For this, the switching control law adopted is that 
presented by the equation: 

u = ൜
β + Δβ         for       γ > 0
β − Δβ        for        γ < 0

                           (22) 

                                                                                             
  Consider a nonlinear time-dependent switching 
system defined by the following equation [13]: 
 
𝑥 ̇ (𝑡) = 𝑔൫𝑥(𝑡)൯ +  ϕ൫x(t)൯. u(t)                       (23) 
                                           
  where x(t) is the state-variable vector in an n-
dimensional space Rn; g(.) and ϕ(.) are smooth vector 
fields in the same space; and u(t) is the discontinuous 
control action. The replacement of the discontinuous 
control action u(t) by a continuous control action 

ueq(t) into (23) converts the switching SM system 
into an average continuous SM system given as: 
 
𝑥 ̇ (𝑡) = 𝑔൫𝑥(𝑡)൯ +  ϕ൫x(t)൯. 𝑢௘௤(t)                   (24) 
                                                                                            
  The equivalent control is determined from the 
following condition: 

 

γ̇ = [
ୢஓ

ୢଡ଼
]୘Ẋ = [

ୢஓ

ୢଡ଼
]୘(f(X) + g(X)uୣ୯) = 0          (25)  

                                                                                                
  The equivalent control can be obtained by the 
following expression: 

 

  out

in
T

T

eq V

V

Xg
dX

d

Xf
dX

d

u 













 1




     (26)                                                                                                                   
 The positive LYAPUNOV function is defined as 

𝑉 =  
ଵ

ଶ
𝛾ଶ, so that the surface γ=0 is attractive, it is 

enough that the derivative compared at the time of V 
either negative (condition called: attractiveness 
condition or reachability): 
 
𝑉̇ = 𝛾̇𝛾 < 0 ,    ∀ 𝛾 ≠ 0                                         (27) 
                                                                                                                                
  To prove this theorem of the existence of the sliding 
mode, we calculate the derivative of the surface γ: 

γ̇ =  [
ୢஓ

ୢଡ଼
]୘Ẋ = (2R୮୴ +  I୮୴

ୢୖ౦౬

ୢ୍౦౬
)′ ቀ−

ଵିஒ

୐
V୭୳୲ +

ஒ

୐
V୧୬ቁ                                                                          (28)     

γ̇ =  [
ୢஓ

ୢଡ଼
]୘Ẋ = ൬3

ୢୖ౦౬

ୢ୍౦౬
+  I୮୴

ୢమୖ౦౬

ୢ୍౦౬
మ ൰ ቀ−

ଵିஒ

୐
V୭୳୲ +

 
ஒ

୐
V୧୬ቁ                                                                     (29) 

Replacing RPV by the definition RPV = V PV  ∕ IPV 

we found: 
 

ୢୖ౦౬

ୢ୍౦౬
=

ୢ൤
౒౦౬

౟౦౬
൨

ୢ୧౦౬
=

ଵ

୧౦౬

ୢ୚౦౬

ୢ୧౦౬
−

୚౦౬

୧౦౬
మ                               (30)                                                                                                                        

 

ୢమୖ౦౬

ୢ୍౦౬
మ =

ଵ

୧౦౬

ୢమ୚౦౬

ୢ୍౦౬
మ −

ଶ

୧౦౬
మ

ୢ୚౦౬

ୢ୧౦౬
+

ଶ୚౦౬

୧౦౬
య                          (31)                                                         

   
  The mathematical form of the equivalent model can 
be given as (1)–(3). Where Rs is relatively small and 
Rsh is relatively large, which are neglected in the 
equation in order to simplify the simulation. The PV 
voltage VPV can be rewritten as function of PV 
current IPV : 
 

V୮୴ =
୩ౘ୘୅

୯
ln ቀ

୍౦౞ ା ୍ౚି୍౦౬

୍ౚ
ቁ                                     (32)   
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ୢ୚౦౬

ୢ୍౦౬
= −

୩ౘ୘୅

୯

୍బ

୍౦౞ ା ୍బି୍౦౬
< 0                                  (33) 

                                                                                                                       
ୢమ୚౦౬

ୢ୍౦౬
మ = −

 ୩ౘ୘୅

୯

୍బ

൫୍౦౞ ା ୍బି୍౦౬൯
మ < 0                       (34)  

                                                                                       
  So, the first term of the surface derivative becomes: 
 

ቂ
ௗఊ

ௗ௑
ቃ

்

= 3
ௗோ೛ೡ

ௗூ೛ೡ
+  𝐼௣௩

ௗమோ೛ೡ

ௗ୍೛ೡ
మ =

ଵ

௜೛ೡ

ௗ௏೛ೡ

ௗ௜೛ೡ
−

௏೛ೡ

௜೛ೡ
మ +

ௗమ௏೛ೡ

ௗ୍೛ೡ
మ < 0                                                                        (35) 

 
  Based on the results of equation (33) and (34) and 

according to the sign of the expression  
௏೛ೡ

௜೛ೡ
మ > 0 , the 

sign of the equation (35) is clearly negative. The 
condition of 𝛾 = 0 will be fulfilled if only if  𝛾𝛾̇ < 0 
for all β cases discussed as follows: 
 
For  0 < 𝜷 < 1 
  

𝑋̇ = −
ଵିఉ

௅
𝑉௢௨௧ +  

ఉ

௅
𝑉௜௡                                       (36) 

                                                                                                                                  

𝑋̇ = −
ଵି(௎೐೜ା௄ఊ)

௅
𝑉௢௨௧ +  

(௎೐೜ା௄ఊ)

௅
𝑉௜௡                 (37)   

                                                                                                     
  since the range of duty cycle must be between0 <
𝑈௘௤ < 1 , the control signal proposed is: 
 
𝛽 = 1       𝑓𝑜𝑟        𝑢௘௤ + 𝑘𝛾 ≥ 1                           (38) 
                                                                                                                    
𝛽 = 𝑢௘௤  + 𝑘𝛾      𝑓𝑜𝑟     0 < 𝑢௘௤ + 𝑘𝛾 < 1       (39)                                                                                  
 

   𝛽 = 0      𝑓𝑜𝑟      𝑢௘௤ + 𝑘𝛾 ≤ 0                           (40)  
                                                                                                                        

In this case of the duty cycle: 
 

𝑋̇ =
௞ఊ

௅
൫𝑉௢௨௧ + 𝑉௣௩൯ −

௏೛ೡ
మ

௏೚ೠ೟
                                 (41) 

                                                                                                                              
  It is necessary to prove that 𝛾̇𝛾 < 0   whatever the 
sign of the sliding surface 𝛾 for 0 < 𝛽 < 1 . 
For 𝜸 < 0 : 
 

𝑋̇ =
௞ఊ

௅
൫𝑉௢௨௧ + 𝑉௣௩൯ −

௏೛ೡ
మ

௏೚ೠ೟
< 0                            (42)  

                                                                                                             
  In addition, we have: 

ቂ
ௗఊ

ௗ௑
ቃ

்

< 0                                                             (43) 

                                                                                                                                                                   
So: 
 

𝛾̇ =  [
ௗఊ

ௗ௑
]்𝑋̇ > 0                                                   (44) 

                                                                                                                             
For  γ < 0 
 
  The product of the surface and its derivative is 
negative 𝛾̇𝛾 < 0    
For 𝜸 > 0 : 
  To have 𝛾̇𝛾 < 0   it is necessary to prove that 𝑋̇ >
0 for the two possible cases of Vout   and Vpv 
For Vpv> Vout : 
 

𝑋̇ =
௞ఊ

௅
ቀ1 +

௏೛ೡ

௏೚ೠ೟
ቁ −

௏೛ೡ
మ

௏೚ೠ೟
మ                                        (45)                                                                        

 
With: 
 
௏೛ೡ

మ

௏೚ೠ೟
మ > 1  and    1 +

௏೛ೡ

௏೚ೠ೟
> 2                               (46)  

                                                                                                                
So: 

ቀ1 +
௏೛ೡ

௏೚ೠ೟
ቁ −

௏೛ೡ
మ

௏೚ೠ೟
మ > 1                                           (47) 

                                                                                                                             
  Since we have a positive sliding surface therefore: 
 
௞ఊ

௅
ቀ1 +

௏೛ೡ

௏೚ೠ೟
ቁ >

௏೛ೡ
మ

௏೚ೠ೟
మ                                              (48) 

                                                                                                                             
  Which implied that the product 𝛾𝛾̇ is negative for 
Vpv> Vout. 
For Vpv<Vout : 
 
௏೛ೡ

మ

௏೚ೠ೟
మ < 1         and          1 +

௏೛ೡ

௏೚ೠ೟
< 2                  (49) 

                                                                                                              
So: 
 
௞ఊ

௅
ቀ1 +

௏೛ೡ

௏೚ೠ೟
ቁ −

௏೛ೡ
మ

௏೚ೠ೟
మ > 1                                      (50) 

                                                                                                                             
  The stability condition 𝛾𝛾̇ < 0 is verified for the 
different cases of the sliding surface 𝛾, the input and 
output voltage. 
For  𝜷 = 1  
 

𝑋̇ =  
ଵ

௅
𝑉௜௡ > 0                                                      (51)                                                                                                                             

 
  By the equation (35) and (51), the sign of  𝛾̇ is 
negative. 
  With 𝛃 = 1 two cases should be discussed for the 
accomplishment of  𝛾𝛾̇ < 0 : 

 The first case when 𝑢௘௤ = 1 which implies 
that the input voltage is equal to 0, and the 
system works in the left part of the figure, 
which means that the sliding surface is 
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negative. Therefore 𝑢௘௤ + 𝑘𝛾 must be less 
than 1. 

 The second case when 𝑢௘௤ < 1  and 𝑢௘௤ +

𝑘𝛾 ≥ 1 it implies that the surface is positive 
𝛾 > 0 so 𝛾𝛾̇ < 0. 

For 𝛃 = 1  the stability condition is verified 
𝛾𝛾̇ < 0. 

For 𝛃 = 0 we have 𝑋̇ = −
ଵ

௅
𝑉௢௨௧ it results that 

𝛾̇ > 0, two cases should be discussed as follow: 
 The first case when 𝑢௘௤ = 0 which implies 

that the input voltage equal to the output 
voltage. and based on the figure 8 the 
system is operating in the region 𝛾 > 0. 

 The second case when 𝑢௘௤ > 0  and 𝑢௘௤ +

𝑘𝛾 ≤ 0 which means that 𝛾 < 0 and 𝛾̇𝛾 <
0. 

For 𝛃 = 0   the stability condition is verified 
𝛾𝛾̇ < 0. 

6. SIMULATION AND RESULTS  

  This section presents the simulation results of the 
MPPT method based on SMC. In order to test the 
robustness and speed of the controller, the 
simulation consists in varying the input voltage by 
changing the environment conditions of the PV 
panel and by changing different value of the load 
during a period of 1s. The results obtained are 
presented in figure 9 to figure 12. The proposed 
MPPT is evaluated from two aspects: robustness to 
variable input voltage (due to meteorological 
conditions) and variable load, in order to evaluate the 
efficiency of the controller against parameters 
uncertainties. 

In figure 9, sliding MPPT controller is tested 
under fixed input voltage of 12V and variable load 
from 80Ωto 100Ω. As shown in figure bellow, the 
SMC is able to maintain the output voltage at 
optimum point and it is robust to the uncertainties 
parameters (variation of the external conditions). 

 
Figure 9: Simulation of the output voltage Vout with (Vin 
=21V for (T=25˚C and G =800 W/m²), RL=100Ω, RL= 

90 Ω and RL=80 Ω) 

 
  Figure 10 and figure 11 represent the response and 
the behavior of the buck-boost converter for the 
proposed input voltage changes and load change 
with MPPT method based on SMC controller.  
  From the interpretation of the two figures we can 
clearly conclude that the proposed MPPT controller 
follow the reference voltage regardless the input 
voltage variation and load variation. The proposed 
MPPT controller system attempts to correct the input 
voltage variation by changing automatically the duty 
cycle, and by following the desired output voltage. 
The main advantage of MPPT system with SMC as 
shown in figure 10 and figure 11 is that it has 
guaranteed stability and robustness against external 
variations 

 

 
 

Figure 10: Simulation of the output voltage Vout with 
(T=25˚C  40˚C, RL=100Ω) 

 
Figure 11: Simulation of output voltage Vout with 

(T=25˚C  40˚C, RL=80Ω) 
 

In order to evaluate the robustness and the 
efficiency of each MPPT controller method, 
concerning the convergence toward the MPP, figure 
12 represent the behavior of the two MPPT 
controller (P&O method and SMC) for different 
input voltage changing. we compare through 
simulations, the convergence towards the MPP 
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concerning the output voltage of the PV module by 
using the two MPPT proposed controllers P&O and 
SMC: 

 The settling time of the MPPT controller 
based on SMC method is around 12ms 
which is faster than the one of the MPPT 
based on P&O that is around 28ms.  

 The MPPT based on P&O method shows 
lot of oscillations around the MPP, which 
causes power loss whereas the SMC remain 
quite stable. 

 The main advantage of the MPPT 
controller based on SM as shown in figure 
12 is the stability and robustness against the 
input variation and load variation.  

 
Figure 12: Comparison Of Convergence Towards The    

PPM Using MPPT Based On P&O Method And Sliding 
MPPT Controller With Variable Input 

 
  In order to check the quality of each model, 
statistical analysis is performed using the mean 
absolute percentage error (MAPE).it is a static 
assessment tool that helps in terms of percentage to 
measure the size of the error. In order to calculate 
this index, we start by calculating the relative error, 
which is equal the absolute error between the 
simulated and real voltage, divided by the absolute 
value of the actual voltage as shown in the equation 
(52) and (53): 
 

𝑒 =  
௏ಲି௏ಷ

௏ಲ
                                                           (52) 

                                                                                                                                                  

𝑀𝐴𝑃𝐸 = ቀ
ଵ

ே
 ∑ |𝑒௜|ே

௜ୀଵ ቁ × 100                            (53)  

                                                                                                                        
  where 𝑉஺ is the actual value and 𝑉ி is the forecast 
value. 
  Table 3 show the results of the mean absolute 
percentage error for the two MPPT controllers. 
 
 
 

Table 3: Mean Absolute Percentage Error For The Two 
MPPT Controllers 

    Controller 
Sliding 
MPPT 

P&O 
algorithm  

 
MAPE 

 
3,9124% 

 
10.6541% 

 
  The results of the statistical analysis confirmed that 
sliding MPPT controller is better performed than the 
P&O algorithm controller (MAPE = 10.6541% for 
the P&O algorithm and MAPE= 3,9124 % for the 
sliding MPPT controller). 
  In order to measure the efficiency of each MPPT 
controller, the percentage of power losses of the 
controller system is calculated compared to the 
maximum power that a PV system could produce. 
 This efficiency ηMPPT is defined as follows: 

𝜂ெ௉௉் =
∫ ௉೘(௧) ௗ௧

೟
బ

∫ ௉೘ೌೣ(௧) ௗ௧
೟

బ

                                           (54)                                                         

  Table 4 show the efficiency of the two MPPT 
controllers. 

Table 4: The Efficiency Of The Two MPPT controllers. 

Controller 
Sliding 
MPPT 

P&O 
algorithm  

 
ηMPPT 

 
99.21% 

 
94.63% 

In order to improve the performance criteria of the 
two MPPT controllers, the hybrid technique is 
proposed as a prospect that includes the P&O based 
sliding mode MPPT controller, using an improved 
fast slip surface. In addition, the proposed controller 
is implemented in a PV system, so that the control 
system can track all operating points in normal 
situations and uncertain conditions. The 
experimental application of this comparative study 
designed to maximize the output power of the static 
DC-DC converter is also proposed as a perspective 
for this work in order to validate and enhance the 
statistical analysis of the two controllers 

7. CONCLUSION 

An ideal SM control operates theoretically at an 
infinite switching frequency so that the trajectory 
follows exactly the reference track. This requirement 
for operating at infinite switching frequency may 
result in switching losses and may be a source of 
noise in the system. Hence, for SM control to be 
applicable to practical systems, the switching 
frequency of the control implementation must be 
confined within a practical range. The conventional 
sliding mode has a defect named the chattering 
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phenomenon. Plenty of research papers focuses on 
elimination chattering by using different methods. 
Including this methods the design of high order 
sliding mode control, which can eliminate chattering 
fundamentally 

  This paper presents the sizing and the modelling of 
a buck-boost converter in continuous conduction 
mode. The state space average model was settled and 
simulated in MATLAB/Simulink environment. The 
converter was operating in disturbances 
environment including the input voltage changing 
(due to meteorological conditions) and load 
variation. 
  The MPPT based on the SMC is applied to the PV 
model and compared to the MPPT based on P&O 
method. The results show that the dynamic behavior 
of the two systems is very much different. The 
MPPT controller with SM method is more efficient 
based on the response time, which is around 12 ms, 
against 28 ms for MPPT based on P&O method. 
however, the modeling of our system with P&O 
MPPT controller method leads to overshoot with 
every input voltage changing and oscillations around 
the reference point. While the MPPT SMC controller 
has less oscillations once the reference point is 
reached, which make the system stable and robust 
against parameter uncertainties. Moreover, to check 
and measure the size of the error of each model, 
statistical analysis is performed using the mean 
absolute percentage error (MAPE) which confirmed 
that sliding MPPT controller is more performed than 
the MPPT controller based on P&O algorithm 
(MAPE = 3,9124% for the SMC and MAPE= 
10.6541% for the P&O algorithm). 
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