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Abstract:  
In this paper a Maximum Power Point Tracking (MPPT) controller for photovoltaic (PV) system using sliding mode control 

scheme (SMC) in stand-alone configuration is proposed. Photovoltaic panels have a nonlinear voltage current characteristic with a 

unique Maximum Power Point (MPP). When their operating conditions are subjected to changes, the MPP will be changed. 

Therefore, maximum Power Point tracking (MPPT) controller is required to ensure that the maximum available power is obtained 

from the panel. A sliding mode controller is used to estimate the maximum power point as a reference for it to track that point and 
force the PV system to operate in this point. In sliding mode control, the trajectories of the system are forced to reach a sliding 

surface, where it exhibit desirable features and to stay on the surface for all future time. The proposed system with sliding mode 

control is tested using MATLAB/SIMULINK platform, using which a maximum power is tracked and delivered to the battery 

load. 
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I. INTRODUCTION 

The use of renewable energy sources is increasing and will 

play an important role in the future power systems. Increasing 

power demand is the current main concern which leads to main 
technical development to renewable energy system. Added 

value of this resource is their pollution free and inexhaustible 

nature. The major resource is the solar power due to its 

extremely unlimited availability and access. PV modules 

makes the power generation possible from small scale to large 

scale depend on the application. The main aim of this thesis is 

to construct an accurate model of a photovoltaic system with 

energy storage for power smoothing. In this paper solar power 

module with battery backup is designed and simulated with 

Sliding Mode Controller (SMC) for stable operation. The 

unpredictable and fluctuating nature of solar power leads to a 
need for MPPT and energy storage as the prevalence increases. 

The MPPT technique assures the efficient power generation by 

operating in the optimal point. 

      Sliding Mode Controller (SMC) is a nonlinear and robust 

control tool used in many applications especially in nonlinear 

systems with variable structures. The SMC is insensitivity to 

parametric uncertainty and external disturbances as the control 

law of SMC changes by defined rules depend on the state of 

the system. In the proposed system the Maximum Power Point 

Tracking is achieved using SMC. This nature makes it suitable 

for the solar power modules which are highly uncertain due to 

variable irradiance and temperature for every individual day 
cycle. Single Ended Primary Inductance Converter (SEPIC) is 

used as impedance matching device between the solar panel 

and the load. SEPICs are useful in applications where the 

voltage can be above or below the regulator output voltage. In 

recent years SEPIC become popular in battery-powered 

systems which can alter the voltage depending on the charge 

level of the battery The SEPIC converter’s capability to 

decrease or increase PV panel output improves the flexibility 

of the PV panel. Battery connected across the load terminal 
stores the power generate during day time and act as a backup 

source when the solar power is not available especially during 

night time. 

 

     
FIGURE 1 

BLOCK DIAGRAM OF PROPOSED SYSTEM 

      In section 2 discusses the PV module design and parameter 

considerations. Section 3 design of SEPIC converter is 

provided with detailed analysis on operation and converter 

modeling is done along with battery specification. In section 4 

the sliding mode control strategy is analyzed. Section 5 gives 
the simulation results with battery. 

 

II. PV MODULE 

Photovoltaic (PV) cell is a semiconductor device which 

converts light energy into electrical energy by photoelectric 

effect. When the photons of the light energy hit the PV cell, 

the electrons get releases from the electron-hole pair and 
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moves freely. This flow of free electrons causes current flow 

and hence generates power. 

 
FIGURE 2 

EQUIVALENT CIRCUIT OF SOLAR CELL 

 
     A PV module is a combination of solar cell connected in 

series and parallel fashion which generate voltage and currents. 

Figure shows the equivalent circuit of PV cell where V and I 

represent the panel voltage and current respectively. In figure 2 

the essential parameter of a PV cell are open circuit voltage 

Voc, short circuit current    , maximum voltage      and 

maximum current     . The product of       and       gives 

the maximum power      which is the optimal operating point 

of the system.  Efficiency of the PV cell can be calculated 
using the equation 1 

  in

scoc

P
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Where FF is the fill factor which can be found by 
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mpmp

IV

IV
FF 

   (2) 

 
FIGURE 3  

 I-V AND P-V CURVE OF SOLAR CELL 

 

      The photovoltaic current is proportional to the solar 

illumination. The mathematical equation can be given by 

             
        

   
     

     

  
           (3)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

The PV panel generated current in the PV module consisting 

of    cells connected in parallel in the module.  

 

Where, 

                     
   - reverse saturation current 

A =1.0~1.5 - ideality factor of the diode 

k =        J/K - Boltzmann’s constant,  
q =1.602e-19 C - electronic charge and  

T - Temperature of the array in Kelvin.  

  &   - series and shunt resistance. 

 
FIGURE 4 

P-V AND I-V CHARACTERISTICS UNDER DIFFERENT 
IRRADIANCE. 

 

The diode saturation current can be given as the dependence of 

the temperature as shown in figure 4. 
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Here     is the cell saturation current at   (variable 

temperature) and    is the band gap energy. The photovoltaic 

generated current can be given by 

                   

   = {     +     (T−25)}  lambda                        (5) 

Where,      is equal to the short circuit current of the cell and 

    is the temperature coefficient at the nominal temperature. 

Output current I is given by,      
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In this paper solar panel of 30 W is used with the specification 

as mentioned in table 1. 

Table 1 

PANEL SPECIFICATION 

Parameter Specification 

Open circuit voltage (     22.2V 

Short current (   ) 1.73A 

Power(P) 30W 

Voltage at MPP (    ) 18.85V  

Current at MPP (    ) 1.673A 

Current temp-coefficient(    -0.123A/K 

Voltage temp-coefficient(    0.0032V/K 
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III. DC- DC CONVERTER AND BATTERY 

A. SEPIC converter 

SEPIC is a buck – boost converter with non- inverted output 
and reduced current ripple, it is constructed using the boost 

converter topology and by inserting a capacitor    between the 

inductor    and the diode D. This capacitor blocks any DC 

current. The amount of energy exchanged is controlled by 

switch Q. Input voltage represented as     and the output 

voltage represented as    which can be increased or decreased 

by varying the duty cycle of the switch [2]. 

 
FIGURE 5 

SEPIC CONVERTER 

     When switch turned on      is approximately equals to      

and      is -   . Switch is short circuited and the diode is 

reverse biased. The current across the inductor   (   ) 

increases in positive direction while the current in the inductor  

   (   ) increases in the negative direction as shown in the 

figure 6. Current through the inductor     is due to the input 

power. Therefore, the capacitor     supplies the energy to 

increase the current in inductor     and thus the energy stored 

across the inductor increases.  

 
FIGURE 6 

SEPIC CONVERTER WHEN SWITCH CLOSED 

 

      When switch Q is turned off, diode is forward biased and 

works as short circuit as shown in figure 3. The current along 

the capacitor    becomes the same as the current in the 

inductor   . The current along the inductor    will continue in 
the negative direction, in fact it never reverses direction. It can 

be seen from the figure 7 that both the inductor current added 

and delivered to the load. However, as the inductor current 

never falls to zero, it continues to supply the circuit. 

 
FIGURE 7 

SEPIC CONVERTER WHEN SWITCH OPEN 

Average voltage across the inductor is zero, combine the 

equations (2) and (4) to obtain the average output voltage. 

     
       

     
                             (7) 

Duty cycle d can be given as 

 

 d   
  

            
                              (8) 

 

The variation in     when the switch is closed is found from 

                  =     =    ( 
    

  
)                             (9) 

 

Using Kirchhoff’s voltage law around the path of the closed 

switch,   , and    with the voltage across    assumed to be a 

constant    , Solving for Δ   and Δ   , 

 

 Δ   = Δ    = 
    

   
                               (10) 

The ripple current is equal for both the inductor    and   . 

Therefore 
 

                 =    = 
     

Δ    
                         (11)  

 

Voltage across the switch when it is open is same as the 

maximum reverse bias voltage across the diode which is given 

as,     +   .  

 

The output stage consisting of the diode,   , and the load 

resistor is the same as in the boost converter, so the output 
ripple voltage is 

Δ   = Δ    = 
   

    
                           (12) 

 

Solving for   , 

                 = 
   

 Δ    
 = 

   

Δ         
                          (13) 

 

As the thumb rule the coupling capacitor    is taken as 5μF. 

  ,   and    values calculated by the equations (11) and 

(13).The ripple current is taken is taken as 20% and ripple 

voltage as 3% of actual value. Calculated parameters values 

are indexed in table 1. 

TABLE  2 
DESIGN PARAMETERS OF SEPIC CONVERTER 

Parameters Symbols Values 

Input voltage     12 V 

Output voltage    24 V 

Power P 30 W 

Switching Frequency F 10 KHZ 

Duty cycle range d 0.42 to .66 

Load Resistance R 19.2 Ohms 

Output current    1.25 Amps 

Inductor     1.6 x     H 

Inductor     1.6 x     H 

Coupling capacitor     5 μF 

Output capacitor     347 μF 
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B. Battery 

Battery energy storage will play a major role in renewable 

energy system. The technologies are mature, easily adaptable 
for different applications and are almost completely 

independent of topology and other local conditions except 

from temperature. 

      In the battery cells, chemical energy is converted to 

electrical energy when discharging and the opposite process 

takes place when charging. Each battery cell has some 

limitations on current and voltage due to the chemistry and 

structure of the cell. There are many types of battery available, 

depend on the application a specific model will be selected. 

      In this paper Lead acid battery is used. It is the oldest and 

most mature technology and has been used for many power 

system applications. The main advantage of lead-acid battery 
is the low cost compared to other types. Specification of the 

battery is given below in table 3. 

TABLE 3 

BATTERY SPECIFICATION 

PARAMETER SPECIFICATION 

Nominal voltage 24 V 

Capacity 100 Ah 

Maximum Voltage 26.135 V 

Maximum Capacity 104.166 Ah 

 

 

IV. SLIDING MODE CONTROLLER 

Sliding Mode Controller (SMC) is a nonlinear control tool 

used in many applications especially in nonlinear systems with 

variable structures. The main advantages of SMC are the 

guarantee of stability and robustness for large variations of 

system parameters and against perturbations [5]. Fixed 
frequency PWM based SMC is discussed in this section. It is 

necessary to have the SM-controlled SEPIC operating at a 

constant switching frequency to eliminate the noise and to 

improve the regulation property in all operating conditions.  

 
 

FIGURE 8: 

SLIDING SURFACE 

 

      The principle of this method is based on using a 
discontinuous control to maintain the system evolution on a 

hyper plane, called “sliding surface”, S(x), within a finite time. 

To maintain the trajectory on the sliding surface from any 

point of the state space, we must determine the sliding motion 

range i.e. existence conditions for sliding surface. This task 

can be performed using the principle of Lyapunov, once the 

trajectories reach the sliding surface, the stability conditions 

ensure that the system slides along the sliding surface towards 

the stable equilibrium in existence regions. 

      In order to ensure sliding properties, we refer to Lyapunov 
stability theory and take the following candidate function 

which depends on the surface. 

 

V(x) = 
 

 
  (x)               (14) 

 

Taking the derivative 

 

                    = S(x)                    (15) 
 

      Based on the Lyapunov stability theory,       < 0 is a 
sufficient condition for the existence of a sliding mode. To 

achieve S(x)     < 0, the feedback control law has  to be 
chosen so that  

 

 
                             

                            
  

                 (16) 
Once S(x) is achieved, the resulting closed-loop system 

moving along S(x) = 0 is approximated by the smooth 

dynamics 

       = 0                        (17) 
 

The sliding surface can be given by 

 

S(x)                


        represent the sliding co-efficient    represent 

the current error,    represent the voltage co-efficient,    is the 

integral of summation of    and   ,    is the integral of   . 
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The integral term of sliding surface given by 

 

      =                                                  (20) 
 

      Substituting the SEPIC behavioral models under 

continuous conduction mode into the above mentioned 

equation gives the dynamical model of the proposed system as 
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The equivalent control law Ueq of the sliding mode can be 

found by solving equation (20) 
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    = 
 

        
                                

                                                              

            (22) 

 

Where   = 
  

  
   (K + 1),    = 

  

  
(K + 

  

  
),    = 

  

  
   ,   = 

  

  
    and K is the amplified gain of voltage error.  

   and    improves the steady state regulation.    reduces the 

steady state error.    reduces the oscillation of transient 

response and    improves the stability of the system. 

Simulation of closed loop SEPIC with Sliding mode controller 

is depicted in figure. 

 

V. SIMULATION 

 
FIGURE 9 

SIMULATION OF SEPIC CONVERTER WITH SOLAR 

PANEL INPUT AND THE BATTERY LOAD 

 

Simulation of the proposed system is shown in the figure 9 

with SMC controller and battery backup. 

 

Solar panel module and its I-V and P-V characteristic are 

shown in the figure 10, 11 and 12 respectively. For simulation 

of panel standard conditions are considered with the irradiance 

as 1KW/m2 and temperature as 250C for panel design. 
 

 
FIGURE 10 

PV MODULE MATLAB CIRCUIT 

 

    
 

FIGURE 11 

I-V CHARACTERISTICS OF DESIGNED PANEL 
 

    
 

FIGURE 12 

P-V CHARACTERISTICS OF DESIGNED PANEL 
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FIGURE 13 

SLIDING MODE CONTROLLER FOR BATTERY 

CHARGING CIRCUIT 

 

VI. RESULT AND DISCUSSION 

The output from the panel without SMC is 18.26 Volts and 

0.66 Amps which fed to the load through SEPIC converter. It 

is clear from figure 14 that the panel current is not optimum 

and oscillatory with high ripple value. The battery current 

characteristics are highly nonlinear in nature which tends to 

reduced power. The output voltage and current of the solar 

panel powered SEPIC converter is shown in figure 15. The 

voltage stables at 24 volt but the current decreases 

continuously which leads to reduced power, hence the 

efficiency of the system is also low. 

 
FIGURE 14 

OUTPUT OF THE SOLAR PANEL WITHOUT SMC. 

 

 
FIGURE 15 

OUTPUT OF THE SOLAR PANEL FED SEPIC 
CONVERTER WITHOUT SMC. 

     The panel output of the proposed system with SMC for the 

system is shown in the figure16 which has a damped current 

with reduced ripple and oscillation. Panel voltage is 18.26 V 

and the current stable at 1.66 Amps with the ripple value of 

30%. The output voltage and current of the SEPIC converter is 

shown in figure 17. It is clear that the converter output with 
SMC provide a rated stable output of 24 Volt and 1.25 Amps. 

SMC makes the output current linear and hence increases the 

efficiency of the system to 96%. 

 
 

FIGURE 16 

OUTPUT OF THE SOLAR PANEL WITH SMC. 

 
 

FIGURE 17 

OUTPUT OF THE SOLAR PANEL FED SEPIC 

CONVERTER WITH SMC. 

 

VII. CONCLUSION 

 Solar powered SEPIC converter system is simulated with the 

Sliding Mode Controller using MATLAB/SIMULINK and the 
result is presented. It is evident that using the Sliding Mode 

Controller for battery charging circuits improves the stability 

and the current character. As the control law of SMC changes 

during the control process according to some defined rules that 

depend on the state of the system, it is suitable for non-linear 

systems. The SMC controller here regulates the panel output 

character as well. 
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