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Abstract— Existing control techniques in power system do 

not allow both the modes (grid-connected or islanding). To 

be implemented and transitioned between and this requires 

the system to de-energize before re-synchronizing and 

reconnecting to the utility. Here we are developing a control 

strategy which allows continuous operation of the system 

during disturbances by transitioning the mode of control to 

reflect the change in the system mode. This method is an 

improvement over other methods because it eliminates the 

need to purposely distort the outputs to sense a disturbance 

and this allows for DGs to continuously supply power to the 

system without having to shut down. 
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I. INTRODUCTION 

As the demand for more reliable and secure power systems 

with greater power quality steadily increases, the concepts 

of Distributed Generation (DG) have become progressively 

more popular especially with the decreasing costs of fuel-

cell technologies and other clean, alternative energy 

resources (such as wind-turbine, bio-mass, micro-turbine 

and solar-cell systems). To effectively and efficiently 

connect any of these technologies referred to as Distributed 

Energy Resources (DERs), to the existing three-phase (3Φ) 

power systems, power electronics-based conversion systems 

need to be developed for the proper conditioning of the 

energy to be delivered. Through the control of the Power 

Conversion System (PCS), benefits such as increased 

reliability, security, and fewer downtimes can enhance the 

utility grid without having to add or replace the existing 

transmission/distribution system. 

II. WORKING 

The controller provides a constant DG output and maintains 

the voltage at the point of common coupling (PCC) before 

and after the grid is disconnected. Under normal operation, 

each DG system in the microgrid usually works in a 

constant current control mode in order to provide a preset 

power to the main grid. When the microgrid is cut off from 

the main grid, each DG inverter system detects this 

islanding situation and switch to a voltage control mode. In 

this mode, the microgrid will provide a constant voltage to 

the local load. Practically, microgrid control is achieved by 

using a DSP board. A DSP board is an electronic board with 

a digital signal processor used for experiments, evaluation 

and development. 

III. GRID CONNECTED MODE 

In grid connected mode, the controller provides a constant 

current output. The inverter operates in CSI mode of 

operation. An important aspect to consider in grid connected 

operation is synchronization with grid voltage. For UPF 

operation, it is essential that the grid current reference signal 

is in phase with the grid voltage. The controller is designed 

to supply a preset constant current to the grid. The grid 

synchronization is carried out by a PI controller, which also 

generates the voltage references for the inverter. 

 
Fig. 1: Grid Connected Mode 

IV. ISLANDING MODE 

The instant at which the microgrid is cut off from the main 

grid (intentional islanding operation) must be detected in 

order for the DG system to change between gird-connected 

and intentional islanding modes. The two parameters used 

for in the detection algorithm are frequency and voltage 

magnitude. While serving as good indications for islanding 

detection, the quick voltage and frequency variations lead to 

a serious concern: the DG would operate out of allowable 

voltage or frequency range quickly after islanding occurs. 

To avoid this, intelligent load-shedding algorithms need to 

be implemented in a DG system to make sure that the 

demand is within available generation by disconnecting 

some least important loads. 

 
Fig. 2: Islanding mode 
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V. INTELLIGENT LOAD SHEDDING 

Load shedding is defined as the process in which a part of 

the system load is disconnected according to a certain 

priority in order to steer the power system from potential 

dangers. During grid connected mode, the DG is operated to 

provide optimum power to the grid according to many 

factors such as availability of energy, energy cost and so on. 

The main grid is supplying or absorbing the power 

difference between the DG and local load demand. When 

the main power grid is out (power outage), the DG that 

continues to inject predetermined optimum power can cause 

voltage and frequency transients, depending on the degree of 

power difference. The power difference makes the voltage 

and frequency values drift away from nominal values. When 

the drifts have reached certain values, it is deemed that an 

islanding is occurring. This is the method that has been used 

to detect islanding. This methodology is enough for 

islanding detection. However, it is not enough for 

intentional islanding operations, because often the local DG 

is either less or greater than the local load demand, and 

intelligent load-shedding is required. Therefore it is essential 

to have voltage and frequency transients locally for the DG 

to have information and to make decisions and for 

intelligent load-shedding to secure energy delivery to 

sensitive loads. 
When the voltage at PCC reaches either less than 

0.88 pu or beyond 1.1pu, the main power grid is deemed as 
an outage of service according to IEEE std. 

VI. CONTROL STRATEGY TO PRODUCE INTENTIONAL 

ISLANDING 

 
Fig. 3: Control Strategy to Produce Intentional Islanding 

VII. SYNCHRONIZATION FOR GRID RECONNECTION 

 
Fig. 4: Synchronization for grid reconnection 

When the grid-disconnection cause disappears, the transition 

from islanded to grid connected mode can be started. To 

avoid hard transients in the reconnection, the DG has to be 

synchronized with the grid voltage. The DG is operated in 

the synchronous island mode until both systems are 

synchronized. Once the voltage in the DG is synchronized 

with utility voltage, the DG is reconnected to the grid, and 

the controller converts the VSI mode to CSI mode. 

VIII. SYSTEM DESIGN 

Here the conventional method of manually islanding the 

grid is replaced with an automatic detection control 

consisting of an intelligent load shedding algorithm for 

intentional islanding and an algorithm of synchronization for 

grid reconnection. Basically, we have two micro grid 

operating modes: Grid connected and Islanded mode. Under 

normal operation, each DG inverter system in the micro grid 

works in constant current control mode to provide a preset 

power to the main grid. During islanding, each DG inverter 

system must detect this islanding situation thus switching to 

a voltage control mode and stop feeding the utility lines with 

power. 

Whenever a disturbance occurs in the main grid, 

the sensor which continuously monitors the voltage and 

frequency parameters, detects these transients and the 

controller switches the inverter from CSI mode to VSI 

mode. While serving as good indication for islanding 

detection, the quick voltage and frequency variation leads to 

a serious concern: the DG would operate out of the 

allowable voltage and frequency range quickly after the 

islanding occurs. To avoid this, intelligent load shedding 

algorithms need to be implemented in DG system to make 

sure that the demand is within available generation by 

disconnecting some least important loads. 

When the grid disconnection cause disappears, the 

transition from islanded to grid connected mode can be 

started. To avoid hard transients in the reconnection, the DG 

has to be synchronized with the grid voltage. The DG is 

operated in the synchronous island mode until both systems 

are synchronized. Once the voltage in the DG is 

synchronized with utility voltage, the DG is reconnected to 

the grid, and the controller converts the VSI mode to CSI 

mode. 
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IX. SIMULATION USING MATLAB 

 
Fig. 5: Simulated System 

A. VSI Mode of operation 

The control signals to switch the inverter in VSI mode is 

generated by pulse width modulation of VSI sine wave with 

VSI carrier. The filtered inverter voltage output is fed to the 

control algorithm to generate VSI carrier wave. The 

polynomial function does the comparison of inverter output 

with the preset voltage value of voltage 120. The error 

signal is fed to modulation system after regulation of the 

error by PI controller. 

The PWM sine function is generated from a 

Discrete 3-phase Programmable Source. The polynomial 

function here used to scale up the sine wave as the carrier 

triangular wave remains in positive half cycle only. Inside 

the gate pulse generator comparison of reference sine wave 

with a triangle wave take place to produce pulse width 

modulated signals. The negated outputs also produced to 

trigger the switching devices in same arms. The pulse width 

modulated signal used to switch the inverter. 

 
Fig. 6: Simulated system: Inside Sine PWM for VSI Mode 

B. CSI Mode of Operation 

For grid-connected operation, the inverter system is 

designed to supply a constant current output. A significant 

aspect to consider in grid-connected operation is 

synchronization with the grid voltage. For unity power 

factor operation, it is necessary that the grid current 

reference signal is in phase with the grid voltage. The Sine 

wave for pulse width modulation is generated by taking the 

filtered inverter output voltage and power as feedback. In 

accordance with the deviations in output of filter the 

generated CSI sine wave changes. 

The control signals to switch the inverter in CSI 

mode is generated by pulse width modulation of CSI sine 

wave with CSI carrier. The filtered inverter power output is 

fed to the control algorithm to generate CSI sine wave. The 

polynomial function does the comparison of inverter power 

output with the preset voltage value of voltage 10KW for 

active power and0KW for reactive power. The error signals 

are fed to modulation system after regulation of the error by 

PI controller. 

The output of PID controllers along with sin & cos 

of phase sequence of grid voltage is fed to dqo to abc 

transformation block for park’s transformation. The output 

abc signal is fed to a polynomial function. The polynomial 

function here used to scale up the sine wave as the carrier 

triangular wave remains in positive half cycle only. 

The PWM carrier function is generated from a 

triangular wave source. Inside the gate pulse generator 

comparison of reference sine wave with a triangle wave take 

place to produce pulse width modulated signals. The 

negated outputs also produced to trigger the switching 

devices in same arms. The pulse width modulated signal 

used to switch the inverter.  

 
Fig. 7: Simulated system: Inside Sine PWM for CSI Mode 

 
Fig. 8: Gate Pulse Generator 

Inside the gate pulse generator comparison of 

reference sine wave with a triangle wave take place to 

produce pulse width modulated signals. The negated outputs 

also produced to trigger the switching devices in same arms. 

The pulse width modulated signal used to switch the 

inverter. 

C. Auto Detection of Grid Failure and Switching in 

between VSI & CSI Mode 

The instant at which the microgrid is cut off from the main 

grid (intentional-islanding operation) must be detected in 

order for the DG system to change between grid-connected 

and intentional-islanding modes. These two parameters, 

namely, frequency and voltage magnitude, are used in the 

islanding detection algorithm to detect the grid condition. 

Then, the algorithm sends a signal that switches the inverter 

to the suitable interface control. 
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The grid voltage and frequency is continuously 

measured through 3 phase PLL. The measured signal is then 

undergoing an interval test to monitor whether the voltage 

and frequency is within the threshold limit. When the 

voltage at the PCC has reached either less than 0.88 p.u. or 

beyond 1.1 p.u., the main power grid is deemed as an outage 

of service according to the IEEE Std. 1547. Same way the 

Frequency transients is also measured for detecting power 

outage. During power outage, the outputs of interval test 

become zero and corresponding output of AND gate become 

zero, so the ‘Detect’ goto become zero. 

 
Fig. 9: Auto-Detection of grid failure 

Under healthiest grid condition ‘Detect’ become 1 

and so output of NOT gate become 0. So both the switch 

select first input that corresponds to CSI carrier and CSI 

Sine. 

Under grid failure ‘Detect’ become 0 and so output 

of NOT gate become 1. So both the switch selects third 

input that corresponds to VSI carrier and VSI Sine 

 
Fig. 10: Auto-switching in between VSI & CSI Mode. 

X. OUTPUT WAVEFORMS 

A. VSI Mode Output Waveforms 

The output active power of Inverter output is equal to the 

power need of critical loads i.e. 8000KW (1st and 3rd Graph). 

The non-critical loads are disconnected from the 

system so that the output power measured across them is 

zero in value (2nd Graph)  

 
Fig. 11: Simulated Scope view of Output Active & Reactive 

Power – VSI Mode 

B. CSI Mode Output Waveforms 

The output active power of Inverter output is equal to 

10000KW and Reactive Power is set to zero. 

The Inverter voltage is in phase with grid voltage. 

Inverter output current also in phase with the grid voltage 

results in unity power factor. 

 
Fig. 12: Simulated Scope view of Output Active & Reactive 

Power – CSI Mode 

 
Fig. 13: Full Output 
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