
Journal of Energy and Power Engineering 9 (2015) 805-812 
doi: 10.17265/1934-8975/2015.09.007 

 

Design and Simulation of a Solar Regulator Based on 

DC-DC Converters Using a Robust Sliding Mode 

Controller 

Gaga Ahmed, Errahimi Fatima and ES-Sbai Najia 

Laboratory Renewables Energy and Intelligent Systems, Faculty of Science and Technology, University Sidi Mohamed Ben Abdellah, 

Fez BP 2202, Morocco 

 
Received: June 06, 2015 / Accepted: August 03, 2015 / Published: September 30, 2015. 

 
Abstract: The MPPT (maximum power point tracking) is one of the most important features of a regulator system that processes the 
energy produced by a photovoltaic generator. It is necessary, in fact, to design a controller that is able to set the output value of      
the voltage and ensure the working within the maximum power point. In this paper, we propose the application of the robust sliding 
mode control technique to a DC-DC buck converter which is combined with a classical P & O (perturbation and observation) 
algorithm to enhance the solar system efficiency. Dynamic equations describing the boost converter are derived and a sliding     
mode controller for a buck converter is designed. It is shown that, this control approach gives good results in terms of robustness toward 
load and input voltage variations. The effectiveness of the proposed work is verified by the simulation results under PowerSim 
environment. 
 
Key words: Photovoltaic generator, MPPT, DC-DC converter, Buck converter, sliding mode controller, P & O, PowerSim. 
 

1. Introduction 

The MPPT (maximum power point tracking) is one 

of the most important features of a system that 

processes the energy produced by a photovoltaic 

generator. It is necessary, in fact, to design a controller 

that is able to set the value of voltage or current of the 

generator and always ensure the working within its 

maximum power point. This point can substantially 

change its position during the day, essentially due to 

weather variations, then sunshine and temperature. So, 

the tracking control of the maximum power point is a 

complicated problem, to overcome these problems and 

ensure the high efficiency of the PV system, different 

solar regulators based on many MPPT strategies have 

been developed, such as FOCV (fractional open-circuit 

voltage), FSCC (fractional short-circuit current), fuzzy 
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logic, neural network, P & O (perturbation and 

observation) and incremental conductance algorithms. 

These strategies have some disadvantages such as high 

cost, difficulty, complexity and instability. 

To resolve the problems affecting the solar MPPT 

regulator, especially the stability drawback, we 

propose a new structure of regulator which is based on 

double DC-DC converter. The boost converter that 

allows the nonlinear solar generator to provide 

maximum power to the photovoltaic terminal, and the 

buck converter that ensures the voltage regulation at a 

desired reference point. 

The used switched mode DC-DC converters are 

nonlinear and time variant systems, and do not rule by 

a linear control theory. The state space averaging 

method is usually applied for the DC-DC converter 

characterization. With this approach, an equivalent 

average model is developed by circuit averaging in a 

switching case. 
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Sliding mode approach for VSS (variable structure 

systems) offers an alternative way to implement a 

control action which exploits the inherent variable 

structure nature of DC-DC converters [1, 2]. The 

converters model are presented in state space and 

controlled in such way to force the system trajectory to 

remain on a suitable selected surface on the phase 

space called the sliding surface. The most remarkable 

feature of sliding mode control is its ability to result in 

very robust control systems. 

2. DC/DC Converter Modeling 

The switching DC/DC converters are most widely 

applied in photovoltaic systems as an intermediary 

between the PV and the load to follow up the MPP 

(maximum power point). The DC-DC converters are 

hybrid dynamical systems characterized by both 

continuous and discrete dynamic behavior. In this 

section, we present a general modeling approach of 

DC-DC converters by application of the state space 

averaging technique of the buck and boost converter 

for the case of a continuous conduction mode. 

Different topologies and different design approaches 

could be used for DC/DC converters. In this part, two 

different models of converters are introduced, buck and 

boost converters. The diagrams in Figs. 1 and 2 show 

the structure of these converters with the switching 

period T and duty cycle d. 

During a period T, a switching converter has two 

working topologies. First, when the switches are closed, 

the converter model is linear. The state-space equations 

of the circuit can be written as follows: 

൜
ሶݔ ൌ ݔଵܣ ൅ ݑଵܤ
ݕ ൌ ݔଵܥ ൅  ݑଵܦ

When the switches are opened, the converters can be 

modeled by another linear state-space representation 

written as follows: 

൜
ሶݔ ൌ ݔଶܣ ൅ ݑଶܤ
ݕ ൌ ݔଶܥ ൅  ݑଶܦ

From the above equation, we can determine the 

averaged model given by the following state space 

 

Fig. 1  Equivalent circuit of a boost converter. 
 

 

Fig. 2  Equivalent circuit of a buck converter. 
 

equation for an entire switching cycle T: 

൜ݔ෤ሶ ൌ ෤ݔௗܣ ൅ ෤ݑௗܤ
෤ݕ ൌ ෤ݔௗܥ ൅ ෤ݑௗܦ

 

where, the matrices ܣௗ, ,ௗܤ ,ௗܥ ௗܦ  are defined as 

follows: 

൜
ௗܣ ൌ ଵܣ݀ ൅ ሺ1 െ ݀ሻܣଵ

ௗܤ ൌ ଵܤ݀ ൅ ሺ1 െ ݀ሻܤଶ
 

൜
ௗܥ ൌ ଵܥ݀ ൅ ሺ1 െ ݀ሻܥଵ

ௗܦ ൌ ଵܦ݀ ൅ ሺ1 െ ݀ሻܦଶ
 

And ݔ෤ , ݕ෤ and ݑ ෥ are, respectively the average of x, 

y and u during the switching period T. The state space 

representation can be expressed for these converters as 

follows: 

൜ ෤ሶݔ ൌ ෤ݔௗܣ ൅ ෤ݑௗܤ
଴ܸ ൌ ෤ݔௗܥ ൅ ෤ݑௗܦ

 

where: 

෤ݔ ൌ ቀ௜ಽ
௏బ

ቁ and ܥௗ ൌ ൫଴
ଵ൯

ିଵ
 

2.1 Buck Converter 

The buck converter is known as the voltage step 

down and current step up converter [3]. This gives a 

hint of its typical application of converting its input 

voltage into a lower output voltage, where the 

conversion ratio M ൌ  ௢ܸ௨௧ ௜ܸ௡⁄  varies with the duty 

ratio D of the switch [3, 4]. The state space equation of 

buck converter is as follows: 

ௗܣ ൌ ൮
0 െ

1
ܮ

1
ܥ

െ
1

ܥܴ

൲ ; ௗܤ ൌ ൭
݀
ܮ
0

൱ 

V0 

V0 Vi 

Vi 

VD 

VL 
IL 

VS IS 

IL 
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so: 

dܫ௅

dݐ
ൌ െ

1
ܮ

൉ ଴ܸ ൅
݀
ܮ

൉ ௣ܸ௩ 

2.2 Boost ConverterThe boost converter is also known 

as the step-up converter. The name implies it is 

typically application of converting a low input-voltage 

to a high output voltage, essentially functioning like a 

reversed buck converter [3, 4]. The state space 

equation of boost converter is as follows:  

ௗܣ ൌ ቌ
1 െ

ଵିௗ

௅
ଵିௗ

஼
െ

ଵ

ோ஼

ቍ; ܤௗ ൌ ቆ
ଵ

௅
0

ቇ 

So: 

dܫ௅

dݐ
ൌ െ

1 െ ݀
ܮ

൉ ଴ܸ ൅
1
ܮ

൉ ௣ܸ௩ 

3. MPPT Technique 

MPPT algorithms are necessary in PV applications 

because the MPP of a solar panel varies with the 

irradiation and temperature, so, the use of MPPT 

algorithm is required in order to obtain the maximum 

power from a solar array. 

The P & O method is one of the most commonly 

used methods in practice, it is operate by periodically 

perturbing, i.e., incrementing or decrementing, the 

array terminal voltage and comparing the PV output 

power with that of the previous perturbation cycle. If 

the PV array operating voltage changes and power 

increases, the control system moves the PV array 

operating point in that direction. Otherwise, the 

operating point is moved in the opposite direction, Fig. 3 

demonstrates the principle of the P & O algorithm. 

The P & O algorithm is based on the “hill-climbing” 

principle, which consists of moving the operation point 

of the PV array in the direction in which the power 

increases [5, 6]. Hill-climbing techniques are the most 

popular  MPPT  methods  thanks  to  their  ease  of 

implementation  and  good  performance  when  the 

irradiation is constant [6]. The advantages of P & O 

 
PV array voltage (V) 

Fig. 3  Principle of P & O algorithm. 
 

method are the simplicity and low computational 

power they need. The drawbacks of this technique are 

mainly two, the main one is that they can easily lose 

track of the MPP if the irradiation changes rapidly [6-8]. 

The other handicaps of P & O method are the 

oscillations of the voltage and current around the MPP 

in the steady state [7, 9-11]. 

The Fig. 4 shows the flowchart of the P & O 

technique. 

4. Sliding Mode Controller 

The SMC (sliding mode control) is naturally well 

suited for the control of variable structure system, it is 

a nonlinear control solution for VSC (variable structure 
 

 
Fig. 4  Flow chart of P & O MPPT algorithm. 
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control) derived from the variable structure system 

theory. 

DC-DC power converters are variable structure 

systems. So, it is appropriate to apply SM control on 

these power converters [12]. Moreover, SM control 

offers excellent large-signal handling capability, which 

is important for variable structure system, it is known 

to be robust against modeling inaccuracies and system 

parameters fluctuations, it was successfully applied to 

electric motors, robot manipulators, power systems and 

power converters. Since the design of conventional 

PWM (pulse-width modulation) controllers is 

small-signal based, the converters being controlled 

operate optimally only for a specific condition [13] and 

often fail to perform satisfactorily under large 

parameter or load variations (i.e., large-signal 

operating condition) [14-16]. By replacing linear PWM 

controllers with a nonlinear sliding mode controller, 

power converters can reach better regulation and high 

dynamical performance for a varied operating range. 

In this part, we will present the general principle of 

the SMC and the controller design principle. First, let 

us consider the nonlinear system represented by the 

following state equation: 

ሶݔ ൌ ݂ሺݔ, ሻݐ ൅ ݃ሺݔ,  ሻݐሺݑሻݐ

where, x is n-dimensional column state vector, f and g 

are dimensional continuous functions in x, u and t 

vector fields, u is the control input. For the considered 

system the control input is composed by two 

components a discontinuous component ܷ௡  and a 

continuous one ௘ܷ௤. 

ܷ ൌ ܷ௡ ൅ ௘ܷ௤ 

The continuous component insures the motion of the 

system on the sliding surface whenever the system is 

on the surface. The equivalent control that maintains 

the sliding mode satisfies the following condition: 

ሶܵ ൌ 0 

The equivalent control ௘ܷ௤ maybe calculated as: 

௘ܷ௤ ൌ െ ൭
∂ܵ
ݔ∂

݃ሺݔ, ሻ൱ݐ

ିଵ

൭
∂ܵ
ݐ∂

൅
∂ܵ
ݔ∂

݂ሺݔ,  ሻ൱ݐ

The nonlinear control component brings the system 

states on to the sliding surface. The nonlinear control 

component is discontinuous. It would be of the 

following general form: 

ܷ௡ ൌ ൜
,ିݑ  ܵ ൏ 0
,ାݑ ܵ ൒ 0

 

In this work, the SMC will be applied to a buck to 

ensure the voltage stabilization in the solar regulator 

terminal. 

We consider the following sliding surface where k is 

the sliding coefficient and e is the output voltage error 

defined as follows: 

ܵ ൌ ݇݁ ൅ ሶ݁ 

where: 

݁ ൌ ௢ܸ௨௧ െ ௥ܸ௘௙ 

By considering the mathematical model of the 

DC-DC Buck converter, the sliding surface can be 

expressed by the following expression: 

ܵ ൌ െ
1
ܥ

݅௅ ൅ ൬
1

ܥܴ
െ ൰ܭ ௢ܸ௨௧ ൅ ݇ ௥ܸ௘௙ 

and its derivative is given by: 

ሶܵ ൌ ൬
1 െ ܥܴ݇

ଶܥܴ ൰ ݅௅ ൅ ቆ
ܮ െ ܥܮܴ݇ െ ܴଶܥ

ܴଶܥଶܮ
ቇ ௢ܸ௨௧

െ ൬ ௜ܸ௡

ܥܮ
൰ ܷ 

Now, we consider the positive definite Lyapunov 

function V defined as follows:  

ܸ ൌ
1
2

ܵଶ 

The time derivative ሶܸ  of V must be negative 

definite ሶܸ ൏ 0 to insure the stability of the system and 

to make sure that the surface S is attractive. Such 

condition leads to the following inequality: 

ܵ ሶܵ ൌ ܵ ൬െ పܸ௡

ܥܮ
ܷ௡൰ ൏ 0

ሶ
 

To satisfy the above condition, the nonlinear control 

component can be defined as follows: 

ܷ௡ ൌ signሺܵሻ 

5. Simulations Results 

Fig. 5 shows the block diagram of the complete solar 
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              PV panel 

 
Fig. 5  Block diagram of complete solar regulator. 
 

system regulator based on double DC-DC converter 

and sliding mode controller. 

The circuit of the complete photovoltaic system is 

simulated under PowerSim environment, the PV system 

is modeled using solar panel bloc, the MPPT algorithm 

is modeled using microcontroller bloc and a SMC is 

modeled using embedded function bloc. Fig. 6 shows 

that, the PV is connected to a resistive load without 

MPPT system. The load imposes its own characteristic 

which is generally different from maximum power point. 

The simulation result of the circuit in Fig. 6 shows 

that, the load cannot extract the available power of the 

PV terminal (Fig. 7). To overcome this problem, we 

insert a DC-DC boost converter with variable duty 

cycle, the interest of this addition is to change the load 

characteristic which becomes a function of the duty 

cycle D and allows to move on the solar panel 

characteristic regardless of the load value. The boost 

converter is used to raise the input DC voltage to a 

higher output DC voltage. 
 

 
Fig. 6  PV panel without MPPT system. 
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Fig. 7  PV-output power without MPPT system. 
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Now, when we can control the output characteristic 

by varying the duty cycle of the DC-DC boost 

converter which inserted between the PV panel and 

load, we need to make this duty cycle automatic, to do 

this, we must add a microcontroller as a digital 

processing bloc in which we must implement our 

MPPT algorithm. Fig. 8 shows the complete circuit 

diagram based on a PV panel, DC-DC boost converter, 

load, voltage and current sensors and MPPT controller. 

The algorithm shown in Fig. 4 is implemented in the 

MPPT controller bloc shown in Fig. 8. The following 

result demonstrates the performance of the MPPT 

algorithm implementation under irradiance step of 500, 

1,000 and 1,500 W mଶ⁄ . The MPP values are shown in 

blue, whereas the real values are shown in red. Fig. 9 

illustrates the results of the simulation. 

For the SMC voltage regulator which based on a 

DC-DC converter, we consider the analysis given in 

the preview part, the proposed SMC was applied to a 

buck converter characterized by the parameters given 

in Table 1. 

Fig. 10 presents the simulated output voltage by 

application of a PWM control signal of 50% duty cycle. 

The voltage response corresponds to a second order 

damped system response with an overshoot. 

We can notice also that, the load variation affect 

directly the voltage in the load terminal using open loop 

control for our buck converter as shown in Fig. 11. 
 

 
Fig. 8  PV panel with MPPT system. 
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Fig. 9  PV-output power with MPPT system. 
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Table 1  Studied buck converter parameters. 

Vin 17 V 

C 22 µF 

L 3 mH 

R 50 ohm 
 

 
0          0.005       0.010      0.015       0.020 

Time (s) 
Fig. 10  Open loop responses of the buck converter. 
 

 
0          0.05       0.10         0.15       0.20 

Time (s) 
Fig. 11  Open loop responses with load variation. 
 
 

To resolve this problem, we propose a complete 

SMC presented in Fig. 12. 

Fig. 13 presents the obtained result by application of 

the proposed SMC to the studied controller for a 7.5 V 

for voltage reference. We can see clearly that, the 

observed voltage overshoot obtained on the open-loop 

response disappeared by application of the SMC. 

The SMC is tested also for the case of the load and 

input voltage variation. Fig. 14 presents the obtained 

results for the case of the variation of the load 

resistance from 100 Ω to 500 Ω at 0.1 s and also three 

steps of input voltage variation. It is clear that, this 

perturbation is quickly rejected because the output 

voltage attends rapidly to the reference voltage. 

Fig. 14 shows the robustness, accuracy and stability 

of the applied SMC. 

6. Conclusions 

This paper presents the MPPT voltage regulator for 

solar systems, the simulation of both, MPPT P & O 

algorithm and sliding mode controlled DC-DC buck 

converter are presented in this study. The proposed 

control schemes are robust with respect to load and 

 
Fig. 12  SMC for buck converter. 
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0       1        2        3        4         5 

Time (ms) 
Fig. 13  Application of the SMC to the studied buck 
converter. 
 

0    0.5   1.0   1.5   2.0 0   0.5    1.0   1.5   2.0 
Time (s) 

Fig. 14  Output voltage evolution by application of the SMC 
for the variation of the input voltage (Vref = 2.5 V, Vref = 8.5 V). 
 

input voltage step variations. The simulation results 

show the validity of the sliding mode controller for 

buck converter model and the robustness of this control 

technique against change in load and supply parameter. 

The proposed system offers a powerful ability which 

has several advantages such as stability even supply 

and load variation, robustness and good dynamic 

behavior. 

With additional development, the proposed 

integrated system will be widely applied to intelligent 

solar system control. Experimental control projects 

using FPGA (field programmable gate array) for 

hardware implementation is our next research effort. 
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