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Abstract—Micro Grid with multiple sources are emerging rapidly in the distribution network and it is operated at both 

grid connected mode and islanded mode. The standard methodologies to control such systems uses a technique known as 

feedback linearization to decouple and linearize the equations followed by usage of PI controllers. This approach, 

though efficient, has a drawback in that the information about the grid connected points is not always readily available 

as the grid may be located far away from the converter. The method being proposed does not require any islanding 

detection mechanism, to change the control from the grid connected mode to the islanded mode. The DG unit is 

regulated with the frequency of the micro grid while the inverter used in the PV system regulates the voltage at the point 

of common coupling. The proposed work is Sliding mode Control strategy for a Grid Connected and Isolated 

Photovoltaic (PV) -Diesel generator (DG) Micro grid to control the voltage source converter of the PV source whose set 

points have been generated by PI controllers. The Simulation of the system will be carried out in MATLAB/SIMULINK. 

Keywords—PV, DG, SMC, PCC, PI 

I. INTRODUCTION 

A second order sliding mode control method has been implemented in the Grid Connected and Isolated PV-Diesel Micro 

grid. This sliding mode control used to control the VSI of the PV source whose set points have been generated by PI controllers. 

It does not require any islanding detection mechanism, to change the control from the grid connected mode to the islanded 

mode. The technique has been tested with various DG generations Levels, multiple load power levels and multiple solar 

irradiation levels both in the grid connected mode and in the isolated mode. The total power produced by these two sources is 

then consumed in part by the local load and the surplus is injected into the grid. The DG unit is regulated with the frequency of 

the micro grid while the inverter used in the PV system regulates the voltage at the point of common coupling. The MPPT 

algorithm for the PV system has been augmented with an auxiliary signal obtained using the electrical power output of the DG. 

Further the PV system is added with an auxiliary signal based on the frequency deviation to maintain frequency stability. The 

method to design a control system for a three-phase voltage source converter (VSC) that connects a renewable energy source to 

the grid through an output –L type or –LCL type filter [1]. To derive the decoupling terms for real and reactive power loops, 

using FBL method. The drawback of this system is cannot be derive the coupling terms in this filter. The Voltage-source 

inverter is used for grid interfacing of DG systems [2]. It normally requires another power electronic converter stage to step up 
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the voltage, the drawback is voltage boosting capability ,which allows integration of  PV panels of  lower output voltages and  

to  reduce  the  requirements  of   the step- up  interface transformer. An effective control method for a single-stage three-phase 

Photovoltaic system, supplying local load and integrated with the grid and to improve the performance under grid frequency 

variations [3]. The feedback linearized algorithm is only to solve the nonlinearity coupled nature of VSC based systems. A new 

maximum power point tracker (MPPT) for a grid-connected photovoltaic system without solar array current sensor is proposed 

[4]. The parameter of capacitances can be changed up to 50% from their nominal values. A control scheme is proposed for 

three-phase isolated PV diesel Micro grid without energy storage. The scheme aims to track maximum power from the PVA [5], 

the size of the battery is selected to store sufficient energy from the PVA. The drawback of this system is to share the load with 

the DDG mainly at the night time. The micro turbine system which is used to improve the related controls and analysis, to 

operate at both grid connected and islanding mode [6]. The peak-load shaving, voltage regulation, reserve margin and black-

start capability are the important issue in developing DG. The energy sector is moving into the DG and MG stability and the 

operation aspects of converter and the stabilizer based on the ABS and SPWM technique is used [7]. Many challenges in this 

paper are absence of physical inertia, comparable size of power converters, and islanding detection. The new control of WECS 

based on Grid connected PMSG [8]. The control algorithm based on sliding mode strategy and the conditions for the existence 

of the (SM) are determined by using the stability conditions of Lyapunov method. The dynamics performance and stability of 

current control loops of three phase, PWM and VSI in grid-connected operating mode [9]. State feedback-based controller 

implement the current control problem in grid-connected mode and the decoupling artifices are the drawbacks of this system. A 

seamless control methodology has been proposed for a photo voltaic (PV)-diesel generator (DG) micro grid to operate both in 

the grid connected and islanded mode [10]. System uses a feedback linearization algorithm to decouple and linearize the 

equations followed by usage of PI controllers. 

II. RENEWABLE ENERGY SOUGRCES 

1. SOLAR SYSTEM  

A solar cell is an electrical device that converts the energy of light directly in to electricity by the photovoltaic (PV) 

effect. It is made up of form of photoelectric cell, it can be defined as electrical device characteristics such as current, voltage, 

and resistance vary when exposed to light. Solar cells are the building blocks of PV modules, otherwise known as solar panels. 

The photovoltaic irrespective of whether the source is sunlight or an artificial light. It is used as a photo detector detect light or 

other electromagnetic radiation near the visible range, or measuring light intensity of this solar system. It can be various types of 

generations there are first, second and third generation cells. The first generations of cells are also called as conventional, 

traditional or wafer-based cells. The cell is made up of crystalline silicon, and commercially predominant PV technology it 

includes materials such as poly silicon and mono crystalline silicon. Second generation cells are thin film solar cells, that 

include amorphous silicon are commercially signification photovoltaic power stations, building integrated photo voltaic or in 

small standalone devices. The third generation of solar cells includes a number of thin-film technologies often described as 

emerging photo voltaic most of them have not yet been commercially applied and are still in the research or phase. The 

following points represent the operation of a PV cell. 

 Absorption of light, to generating either electron-hole pairs. 

 Separation of charge carriers flow in opposite types. 

 Electrons are excited from their current atomic orbital. 

 The solar cells convert solar energy into amount of DC electricity. 
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 The inverter can convert the power to alternating current (AC). 

 

Multiple solar cells are form an integrated group of devices, all oriented in one plane, constitute a solar photovoltaic 

panel or solar photovoltaic module. The PV modules often have a sheet of glass on the sun-facing side, it allows light to travel 

pass through the while protecting semiconductor wafers. Solar cells are usually connected in series types of modules, it creating 

an additive voltage. Connecting cells in parallel yields a higher current. However, the problems such as shadow effects can shut 

down the less illuminated parallel string (a number of series connected cells) causing substantial power loss and possible 

damage because of the reverse bias applied to the shadowed cells by their illuminated partners. The modules can be 

interconnected to create an array with the desired peak DC voltage and loading current capacity, using independent MPPTs 

(maximum power point trackers) is preferable. Otherwise, theshunt diodes can reduce shadowing power loss in arrays with 

series/parallel connected cells.Photo-Voltaic (PV) cells produce electricity from sun. Materials used in computer chips are similar 

to materials used in PV cells. These materials absorb sunlight, which free the electrons present in their atoms and allows them to 

generate electricity. PV cells are great because  they  don’t  require  high  maintenance, reliable,  and  don’t  produce pollutants. 

PV array is constructed by many series or parallel connected solar cells. Each solar cell is form by PN junction semiconductor, 

which can produce current by Photovoltaic effect. Solar cell parameters are given in below figure. 

 

Figure 1. Solar Cell Parameters 

The Current and voltage values of PV by using the formula given below. 

        
   ln 

   
   

    (1) 

Where,  

Isc is the light induced current,   

n is the ideality factor of p-n junction,  

Ipvo is the diode saturation current,  

K is Boltzmann constant (8.63 × 10−5 J/◦K), and 

q  is the electronic charge. 

Isc depends on the irradiance level S . 
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  (2) 

Where, 

            Irefs is the short-circuit current,  

Ipvo depends on T only,  

Sref is under the reference irradiance strength. 

 

Figure 2. Simulink Diagram for Solar (PV) System 

Typical output power characteristic curves for the PV array under different insulation are shown in Figure. 
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Figure 3.Output Power Characteristic Curves 

2. DIESEL GENERATOR SYSTEM 

        A diesel generator is the combination of a diesel engine with an electric generator  often an alternator to generate electrical 

energy. The diesel compression-ignition engine often is designed to run on fuel oil, but some types are adapted for other liquid 

fuels or natural gas. The Diesel generating sets are used in places without connection to a power station, or the emergency 

power-supply if the grid fails, as well as for more complex applications such as peak-lopping, grid support and export to the 

power grid. Sizing of diesel generators is critical to avoid low-load or a shortage of power and is complicated by 

modern electronics, specifically non-linear loads. 

  

WORKING PRINCIPLE 

 

A diesel generator generally works in two parts. The first part is the diesel engine which works the same as any normal 

internal combustion piston engine, it has an output shaft attached to the crank which is connected to the actual generator. The 

generator is just a large alternator- the shaft of the alternator is driven by the diesel engine (usually no clutch is used).The 

governor is used between the alternator and the diesel engine so that when load is placed on the alternator for example the 

engine reverse pickup to spin the shaft fast enough to produce sufficient electric energy. The diesel generators operating without 

a connection to an electrical grid are referred to as operating in Island mode. The Islanded power plant intended for primary 

power source of an isolated community will often have at least three diesel generators, any two of which are rated to carry the 

required load. A diesel generator generally works in two parts. The first part is the diesel engine which works the same as any 

normal internal combustion piston engine. It has an output shaft attached to the crank which is connected to the actual generator, 

and it regulates the load voltage, to compensate the load unbalance viewed by the diesel generator, and to control the diesel-

engine speed. 
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Figure 4. Simulink Diagram for Diesel Generator System 

Operating Conditions for a Diesel Generator 

 Minimize load fluctuations. 

 Ensure steady load conditions. 

 Ensure balanced loading. 

 Minimize load harmonic distortions. 

 Ensure optimum loading (>70%). 

Load Characteristics of a Diesel Generator 

(i) Power factor 

 Increased current demand, 

 Increased winding losses, 

 Increased capital expenditure, and lower efficiency. 

 

(ii) Load unbalance 

 Unbalanced output voltages, 

 Heating in alternator windings, 

 Underutilization of capacity. 

 

(iii)Non-linear loads 

 Overstressing of generators, 

 Distorted voltage profile, 
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III. PROPOSED MODEL OF THE SYSTEM 

 

Solar and the diesel generator are the main sources of power which produce power to the grid and they are connected to the 

point of common coupling. Their operation is classified into two modes they are, 

1. Grid Connected Mode 

2. Isolated Mode 

In the grid connected mode the maximum power is extracted from the PV array as it operates at its   maximum power 

point. The power produced by the diesel generator depends on the total amount of power on the IPP. In the isolated mode, which 

is brought about by the isolator switch, the total power produced depends on the local load level. In the islanded mode, the 

controller ensures that maximum power is extracted from the PV array while operating the diesel generator at its minimum 

power level. If required the diesel generator is capable of increasing its power output to meet the local load demand. The 

controller has been tested for two levels of DG power, changes in incident solar irradiation and also changes in load the DG then 

operates within the minimum and maximum level with the PV array supplying the remaining power and the sources of power 

are connected to the grid through a transformer. This voltage level can be obtained by implement with suitable MPPT algorithm 

and thus maximum power can be extracted from the PV array at the same time the diesel generator is capable of increasing its 

power output to meet the local load demand , the voltage and the frequency are maintained in the micro grid. 
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IV. CONTROL STURCTURE 

 

4. SLIDING MODE CONTROL 

           A Sliding Mode Control does not require a disturbance waveform characterization to implement the control law. The 

main advantage of SMC is the robustness to unknown disturbances. Required knowledge of the disturbance is limited to the 

disturbance boundary.  Traditional SMC was, however, limited by a discontinuous control law. These are the techniques to limit 

and eliminate the high-frequency switching associated with traditional SMC. It is the intent of this paper to look at several SMC 

techniques utilizing an aircraft model with bounded external disturbances. SMC theory was founded and advanced in the former 

Soviet Union as a variable structure control system. 

 Sliding Modes are a usual behavior in switching system. It is useful tool for controlling uncertain dynamical systems. 

 It is a simple way of applying the Internal Model Principle by resorting to the Equivalent Control to retrieve some 

information about an uncertain system by low-pass filters. 

 Higher Order Sliding Modes generalize the concept of sliding modes to integral manifolds. 

  To improve the accuracy and attenuate the chattering effect. 

 

4.1 Actual Conditions for sliding mode 

 System is stable confined to s=0 

 Control moves states towards this stable sliding surface    

4.2 SMC Design Methodology 

0s

ds

ds 
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 Design a sliding manifold or sliding surface in state space. 

 Design a controller to reach the sliding surface in finite time. 

 Design a control law to confine the desired state variables to the sliding manifold. 

 

4.3 SMC Simulink Diagram 

 

4.4 Smc Block Diagram 

 

 

The control structure is capable of operating the PV array at its maximum power point level while operating the diesel 

generator at any level specified. The total power produced by these two sources is then consumed in part by the local load and 

the surplus is injected into the grid. Without the necessity of an islanding detection mechanism, the same controller is capable of 

meeting the local load demand when the micro grid gets isolated from the main grid. The control loops have been constructed in 

order to generate the required reference values for the main control loop. In the islanded mode, the controller ensures that 

maximum power is extracted from the PV array while operating the diesel generator at its minimum power level. If required the 

diesel generator is capable of increasing its power output to meet the local load demand. The voltage and the frequency are 

maintained in the micro grid. The PV control loop is responsible for the generation of the firing pulses for the switches in the 

VSC while the secondary set point control loops are responsible for generating the set points or the reference values of the PV 

control loop. In order to observe the capability of the VSC to meet the reactive power demand. The PV array converter is 

controlled using a second order sliding mode controller. In these set of equations, the active power is controlled by the voltage 

level of the dc bus capacitor while the reactive power is controlled by quadrature axis current. Thus Vdc and  iQ are the output 
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variables.  
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Using Lyapaunov’s stability condition the equation will be represented as, 

 
 
 
 
 
 
 
 
 
 
 
 
     

   

   

   
 
 
 
 
 
 
 
 
 
 
 

    

 
 
 
 
 
 
                  

    

  
 

            
 
 
 
 
 

 

Finally the output equation will be expressed as, 

   
   

     =   A(x) + B (x) u   

V. SIMULATION RESULTS AND DISCUSSION 
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Fig 5. Overall Simulation Diagram of the Proposed System 

 

 In the overall simulation diagram, the PV and diesel generator system are the two main sources of power which produce 

power to the grid and they are connected to the point of common coupling. The system is connected as two types of modes, the 

first operating region is grid connected mode and second operating region is isolated mode. In the grid connected mode, 

maximum power is extracted from the PV array as it operates at its maximum power point. In the isolated mode, which is 

brought about by the isolator switch, the total power produced depends on the local load level. The sliding mode controller is 

used to control the inverter block and this block extracts current from renewable energy resources. It is mainly used for to avoid 

the islanding detecting mechanisms.The controller ensures that maximum power is extracted from the PV array while operating 

the diesel generator at its minimum power level. If required the diesel generator is capable of increasing its power output to 

meet the local load demand. The voltage and the frequency are maintained in the micro grid. The MPPT algorithm for the PV 

system has been augmented with an auxiliary signal obtained using the electrical power output of the DG. The PV system is 

added with an auxiliary signal based on the frequency deviation to maintain frequency stability on the system.  

 

5.1 Three Phase Voltage Wave Form 

 

In these figure 5.1 shows both (PV and Diesel Generator) output three phase voltage wave form with the value is 410V. 

 

5.2 Three Phase Current Wave Form 



International Journal on Research Innovations in Engineering Science and Technology(IJRIEST)  
 
Website:www.ijriest.com      Email:ijriestchiefeditor@gmail.com                Volume 5,Issue 8, August-2021 
 

51 
 

 

In these figure 5.2 shows both (PV and Diesel Generator) output three phase current wave form with the value is 65 A. 

 

5.3 Real Power Wave Form 

 

In this figure 5.3 shows both (PV and Diesel Generator) output real power wave form with the value is 16kw. 

5.4 Reactive Power Wave Form 

 

 

In this figure 5.4 shows both (PV and Diesel Generator) output reactive power wave form with the value is 7kvar. 

 

5.5 Grid Wave Form 

 



International Journal on Research Innovations in Engineering Science and Technology(IJRIEST)  
 
Website:www.ijriest.com      Email:ijriestchiefeditor@gmail.com                Volume 5,Issue 8, August-2021 
 

52 
 

 

                     In this figure 5.5 shows both (PV and Diesel Generator) output grid voltage and current wave form. 

CONCLUSION 

In this paper, a sliding mode control strategy for a PV-Diesel micro grid it has been proposed to operate both in the 

grid connected mode and in the isolated mode. The control structure is capable of operating the PV array at its maximum power 

point level while operating the diesel generator at any level specified. The total power produced by these two sources is then 

consumed in part by the local load and the surplus is injected into the grid. Without the necessity of an islanding detection 

mechanism, the same controller is capable of meeting the local load demand. To Control the VSI of the PV source whose set 

points are generated by PI controllers using MPPT algorithm. The MPPT algorithm for the PV system has been augmented with 

an auxiliary signal obtained using the electrical power output of the DG. The control strategy is presented with a comprehensive 

analysis and simulation is done using MATLAB/SIMULINK. From the simulation results, the real power is increased as 16 kw 

and the reactive power is increased as 7 kvar. Further the PV system is added with an auxiliary signal based on the frequency 

deviation to maintain frequency stability on the system. 
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