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Abstract— Wind energy is one of the most promising and 

developed renewable energy resources. A power electronic 

interface is needed to connect the Solar Energy Conversion 

system (SECS) to the load or grid. Control of Photo Voltaic 

(PV) Energy Conversion side and grid side converters, is 

very important. A sliding mode control technique is used in 

this proposed work for PV Energy Conversion - controlling 

grid side converter system. This work deals with the control 

of a solar energy conversion (SEC) system connected to the 

grid using DC-DC converter and grid side DC-AC 

converter. Sliding mode controller is used to regulate the PV 

panel temperature and amount of power to be generated 

from the solar power. PI controller is used to control the grid 

side DC-AC converter, which controls the DC bus voltage 

and the active and reactive powers injected into the grid.   

Key words: Sliding Mode Control, Solar Energy Conversion 

System (WECS) 

I. INTRODUCTION 

Globally, the world is trending towards renewable energy 

sources due to very high prices of fossil fuels and the 

electric energy demand globally was increasing day by day 

in modern day's perspective. In-exhaustible energy sources 

like wind, solar, hydro, biomass, geothermal etc., among 

these the small hydro system and wind energy system is 

more suitable for hybrid system. For continuous delivery of 

power according to the demand, a hybrid system with 

appropriate control is required. The solar energy conversion 

system consists of PV panel which is converting solar 

energy into electrical energy with the help of PV panel. The 

solar energy will not be of the same in all the time, it will be 

changing from day and night time at all over the world. In 

wind energy conversion system to control the PV energy 

conversion side–grid side converter using sliding mode 

control. Today, the sliding mode control (SMC) strategy, 

which have been constantly developed and improved to 

control the solar and wind power conversion. It guarantees 

high dynamics and static performance, the sliding-mode 

control technique proposed in presents fascinating features 

like robustness to near-optimal accomplishments and 

capabilities. 

II. EXISTING METHOD 

 
Fig. 1: Block diagram of SECS using MPPT controller 

In existing method solar energy conversion system to use 

some nonlinear control methods have been proposed for 

Solar Energy Conversion Systems (SECS). Fig 1 shows the 

Block diagram of SECS using MPPT Controller. This 

Include back stepping and feedback linearization controllers. 

In this existing method the PV panel was connected to the 

DC-DC boost converter and the DC load using MPPT 

controller. In addition, a bi-directional boost DC/DC 

converter is used to regulate directly the dc-link voltage and 

the load active power based on the energy balance and the 

system stability. And the same controller performs the 

MPPT (Maximum Power point Tracking), power 

management and load voltage control, regardless of the 

mode of operation. Thus, problems related to the islanding 

detection, such as poor dynamic performance poor load 

current waveform quality and inrush grid current during the 

transition of operation mode, can be avoided. The solar 

energy provides excellent opportunity to generate electricity 

in smaller or larger scale because it is pollution and 

radiation free. There is a point in wind energy characteristic 

curve at which the voltage, current and power are maximum 

respectively and the point is called Maximum Power Point 

(MPP) at which efficiency is maximum. The algorithm used 

to track this point is called MPPT. 

III. PROPOSED SYSTEM 

 
Fig. 2: Block diagram of Sliding Mode Control for Grid 

Connected Solar Energy Conversion System 

In a proposed system overcome the problems when using 

other controllers in the SECS use Sliding Mode Controller 

(SMC) to control the Grid Side Converter and Battery 

Storage System in the SECS. In our Solar Energy 

conversion System the wind generator will generate the 

power to use wind energy. Fig 2 shows the Block diagram 

of Sliding Mode Control for Grid Connected Solar Energy 

Conversion System. In our work to transmit the solar energy 

to consumers so we need grid for transmits the power and 

the wind generator is must to connect the grid. SECS first to 

generated power will boosted using Boost Converter and the 

boosted DC Power will convert to Three Phase AC source 

using Grid Side Inverter and the three phase AC source will 
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transmit via grid. In additionally we connect the battery 

storage system for voltage unbalance condition or fault in 

grid. In the battery storage system to store the energy using 

the batteries and to use boost converter. Both Grid Side 

Converter and the Battery Storage system will control using 

Sliding Mode Controller. 

IV. SLIDING MODE CONTROLLER 

All the design of controllers for switching converters are 

variable structure controllers, in the sense that the control 

action changes rapidly from one to another of, usually, two 

possible ẟ(t) values, cyclically changing converter topology. 

This is accomplished by the modular, which creates the 

switching variables ẟ(t) imposing ẟ(t)=1 or ẟ(t)=0 to turn on 

turn off the power semiconductors. As a consequence of this 

discontinuous control action, indispensable for efficiency 

reasons, state trajectories move back and forth around a 

certain average surface in the state space, and the state 

variables present some ripple. To avoid this effects of this 

ripple in the modeling and to apply linear control 

methodologies to time-variant systems, average values of 

state variables and state-space averaged models or circuits 

were presented. However, a nonlinear approach to the 

inherent ripple and variables structure behavior of switching 

power converters instead of just to live with them would be 

desirable, especially if enhanced performances could be 

attained. Sliding mode control of variable structure system 

such as switching power converters, is particularly 

interesting because of the inherent robustness, capability of 

system order reduction, and appropriateness to the on/off 

switching of power semiconductors. The control action, 

being the control equivalent of the management paradigm 

“Just In Time” (JIT).  

Provide timely and precise control actions, 

determined by the control law and allowed ripple. Therefore 

the switching frequency is not constant overall operating 

region of the converter. This section considers the 

derivations of the control (sliding surface) and switching 

laws, robustness, stability, constant frequency operation and 

steady-state error elimination necessary for sliding-mode 

control switching power converters. 

Sliding mode control is a control technique based 

on Variable system structure, defined as system where the 

circuit topology is intentionally changed, following certain 

rules, to improve the system behavior in terms of speed of 

response, stability, and robustness. To introduce sliding 

mode control a simple example of a second order system is 

analyzed. Two different substructures are introduced and 

combined action, which defines a sliding mode, is presented.  

X ֯1=X2                                                                      (1) 

X ֯1= -K X1                                                                (2) 

The control law of sliding mode controller is 

required closed-loop dynamics for the subsystem output 

vector Y=X can be chosen to verify     Eq. (3) with selected 

ki values. This is a model reference adaptive control 

approach to impose a state trajectory that advantageously 

reduces the system order (j-h+1). 
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 ℎ( )=Functions 

 ℎ( )=External disturbances 

 ℎ( )=control input 

e=error vector 

e= [𝑒 𝑛….( 𝑗−1) 𝑒 𝑗] 

S( 𝑖, )= sliding surface. 

S( 𝑖, )= 0 to obtain the control input to obtain the control 

input  ℎ( ). 
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Control law of the sliding mode controller is, 
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The sliding surface depends on the variables ẟ(t) 

which should be precisely the result of the application of a 

switching law. Assuming an ideal up-down converter and 

slow variations, the variables ẟ(t) can be averaged to       ẟ1= 

v0(v0+ VDC). The control law shows that the power supply 

voltage VDC must be measured, as well as the output voltage 

v0 and current i0 and iL.  

ẟ(t)=1 for S( 𝑖, ) > +e                                        (8) 

ẟ(t)=0 for S( 𝑖, ) > -e                                         (9) 

The same switching law could be obtained from 

knowing the dynamic behavior of this no minimum-phase  

up-down converter: to increase (decrease) the output 

voltage, a previous increase (decrease) of the iL current is 

mandatory.  

SPECIFICATIONS VALUES 

Input DC Voltage 320 V 

Input DC Current 45A 

Output DC Voltage 650V 

Output DC Current 16.5A 

Output AC Voltage 320V 

Output AC Current 22A 

Temperature 25֯ c 

Solar Irradance 1000 W/m
2 

Table 1: Design Parameters 

Type of 

controller 

Rise 

time(sec) 

Peak 

time(sec) 

Settling 

time(sec) 

MPPT 0.01 1.2 1.4 

SMC 0.01 0.2 1.0 

Table 2: Comparison between Two Controllers 

V. RESULTS AND DISCUSSION 

 
Fig. 3: Output Current of Boost Converter (Idc) 
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Fig. 4: Output voltage of Boost Converter (Vdc) 

 
Fig. 5: Output Voltage Vabc 

 
Fig. 6: Output current Iabc 

Fig.5 shows the output voltage of Grid after the 

DC-AC conversion In compare to the proposed system to 

the voltage of grid side is to reduce the ripples and the 

battery connected to the grid side for the voltage unbalance 

conditions so the output of the battery will be included. In 

future use soft computing in my controller to improve our 

performance and to reduce my ripple compare to this 

method. 

VI. CONCUSSION 

In a rapid growth of population and industrialization, it has 

been well noted that need for alternate source of energy is of 

prime concern. At this juncture, it is required to analyze and 

develop Solar Energy Conversion System with sliding mode 

controller. This is the one of the method to control the grid 

side converter and battery storage system in the SECS. And 

showing the require output and waveforms in the MATLAB. 

All the proposed system follows its own mechanism for 

exploring and exploiting the search space and proposed 

machine learning approaches follows its own methods of 

training and achieving better solution. Simulation results are 

more intelligent and robust in nature providing better 

solutions in comparison with that of the existing 

conventional controllers. 
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