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Abstract: 

          The recent advances in renewable energy technologies and changes in the electric utility 

infrastructures have increased the interest of the power utilities in theutilization of distributed 

generation (DG) resources to generate electricity. Although their deployment is rapidly growing, there 

are still many challenges to efficient design, control and operate micro-grids when connected to the 

grid, and also when in islanded mode, where extensive research activities are underway to tackle these 

issues.  Islanding describes the condition in which a microgrid or a portion of the power grid, which 

consists of a load and a distributed generation (DG) system, is isolated from the remainder of the 

utility system. In this situation, it is important for the microgrid to continue to provide adequate power 

to the load. In this study, a power control algorithm is introduced to control the active and reactive 

power in grid-connected mode and also the active power and voltage in the islanded mode operation. 

A robust controller is introduced to achieve the control objective in grid connected mode and island 

mode operation. The stability analysis of optimal controller for DG system is also proposed to analyze 

the stability with singular value based. The seamless transition between the grid connected and 

islanded mode has been proposed by using islanding detection, synchronization algorithm, and load 

shedding, current and voltage control methods. One of the most challenging problems in 

thedistribution network is island detection since it causes serious problems for equipment connected 

to the network, especially distributed generators (DG). An advanced island detection with signal 

processing technique is proposed to achieve the efficient island detection. The robust and optimal 

power controller with an LMI approach for control of ACmicrogrid is proposed and it explains the 

centralized control system for power management among the distributed generation sources in grid 

connected and island mode operation. 
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1. Introduction: 

Nowadays, one of the main goals of utilities is to enhance their networks by various distributed 

generation (DG) systems with capacities in the range of several kW to hundreds of MW. Distributed 

Generation (DG) can provide significant benefits, including reduced transmission and distribution 

costs, reduced emissions, and enhanced reliability. The fuel-cell, wind-turbine, biomass, microturbine, 

and solar-cellare the sources of distributed generation (DG) system. The island operation is the 

separation of distributed generation system from the utility grid and operates in island mode to supply 

the quality power for thecritical load when the grid failure condition. The seamless transition between 

grid connected mode and island mode, island detection and the control in grid connected mode and 

island modearethemore challenging tasks for DG system. The use of power converters allows an 

independent active and reactive power control. In most of the literature, the control of DG power is 

explained by current and voltage control and the control design algorithm uses observer-based state 

feedback controller along with PI or modified Repetitive control (MRC). Under current control 

strategies, the PI controllers find major applications. A PI controller is employed for the grid-

connected inverter to command the output current to follow a certain reference current, thus 

establishing required power transfer to the grid. The PI controllers are generally designed in 

synchronously rotating reference frame to acquire the benefits of individual control of active and 

reactive power components of the grid.The LQR method assures robustness but does not allow pole 

placement in specific regions. Therefore, it may not be possible to use this method to attain both 

robustness and desired pole placement. Hence, stability analysis, the robustness of a controller and 

state feedback synthesis via Lyapunov functions can be reduced to a standard convex problem 

involving LMI algorithms. The stability analysis also the challenging task of the distributed 

generation system. The efficient islanding detection and immediate disconnection of DGR are critical 

in order to avoid equipment damage, grid protection interference, and personnel safety hazards. 

Islanding detection techniques are mainly categorized into remote, local, and signal processing based. 

These methods are further classified into different techniques on the basis of different parameters, 

such as detection speed, error detection rate, power quality, non-detection zone (NDZ), and efficacy. 

2. Motivation &Problem Definition:  

The use of the renewable energy is increasing rapidly at a growing rate. The growth in renewable 

generation is expected to be 26% of the total generation growth from 2009 to 2035 in U.S, and India 

aims to increase the amount of electric power from clean energy resources to 40% by 2030 [1]. 

Therefore, utility companies have already begun to take into account not only the conventional 

centralized power generation, transmission, and distribution, but also renewable energy-based 
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distributed generations (DGs). With increasing renewable DG, fast and stable mode transition 

technologies are substantial not only for sending power to the grid but also for protecting DGs from 

grid fault conditions. Particularly, to supply power to the critical loads under any grid condition has 

become an important issue [2], because most critical loads are sensitive to voltage variations, which 

can make the critical load's performance worse or shut down the system operation. One of the 

attractive features of distributed generation (DG) is the ability to disconnect from the utility grid and 

continue to supply local loads during grid interruptions. Switching from a grid connected mode to a 

standalone mode is also known as islanding. It is worth mentioning that if multiple DG units islanded 

at the same time as a microgrid as shown in Fig. 1, these units must be coordinated to regulate the 

voltage and frequency and maintain the power balance in the islanded micro grid.Integrating DG 

sources into the distribution system can also help to electrify rural and isolated areas, and allow 

supply utilities to provide additional power from nearby DG sources in case of a deficiency of supply 

from central generation units.  

Integration of distributed generation system with large grid does promise higher security and 

reliability in electricity supply in general. Islanding is a situation in which a distribution system 

becomes electrically isolated from the remainder of the power system, due to grid fault or any other 

disturbance, and yet continues to be energized by the DG units connected to it. Apart from improved 

reliability, islanding operation increases the revenue of DG owner by additional sale.  

For the distribution network operators, islanding operation can improve the overall security of power 

supply and they may also get additional revenue due to the improvement in the quality of supply 

indices. The control and operation of distributed generation system are the challenging tasks for grid 

connected and island modes of operation. The control and operation of amicrogridare most 

challenging task due to complex control of source converters. Without proper control, the reliability 

and security of distributed generation system can be disrupted.The some of the issues associated with 

the DG system are as fallows. 

i) The voltage and current transients during the connection and disconnection of distributed 

generation system or disconnection due to asuddenloss of grid power. 

ii)  The increase of power quality disturbances beyond the level of acceptance for customers 

especially in harmonic distortion. 

iii) Most importantly, DG system may not be able to maintain the voltage and frequency 

within desired limits in the distribution system when it is islanded. 

iv) The protection of the distributed generationa system is a challenging task. The DG 

systems have to provide enough fault current to operate the protective devices, including 

circuit breakers, fuses, and fault-protection relays.  

v) The Load changes resulting in fast transients that may exceed the capability  levels of DG 

system  
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vi) One of the most important issues of a DG system is the synchronization of DG system for 

grid. 

vii) One of the major concerns in operating DG systems connected to the grid is the 

possibility of islanding due to grid disturbances, intentional disconnect for servicing, 

accidental opening, intentional disconnect from the utility.  

To overcome the above issues a seamless transition is needed between grids connected mode and 

island mode to supply the quality power for the critical load with very less disturbance. The fast-

tracking and stable current controller is needed for grid connected mode and island mode operation to 

achieve the seamless operation of the distributed generation system. The IEEE 1547-2003 and IEC 

61727 standardsrequireislanding to be detected and the DG should bedisconnected at most within 2 

seconds.The power control and island detection are the challenging tasks for multi DG microgrid 

system. 

 

Fig 1. The schematic diagram microgrid 

3. Literature review: 

In the literature of [2]-[4], two categories of critical loads have been discussed. One is the grid-scale 

power loads requiring very high quality of power including medical equipment, semiconductor 

industry, and broadcasting facilities. The other is the auxiliary power system to supply AC power to 

the balance of power plant in renewable or energy storage power systems [5] & [6]. The DC–AC 

inverter in the current-controlled mode exchanges active and reactive power, which provides 

continuous power to the critical load. A control algorithm for fault ride through with voltage 

compensation capability for the critical load is proposed in a three-phase utility-interactive inverter 

with a critical load [5].  
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The safeties of themechanical and electrical balance of power plants are very important and 

considered for critical loads in operating fuel cell power plant systems [6]–[8]. A new voltage sag 

compensator for powering critical loads in electric distribution systems has been discussed in an AC–

AC converter [9]-[10]. Usually, the DG has a DC-AC inverter-based power conditioning system, 

which is used either to deliver AC power to the grid or load.  In [10], during grid connected mode 

operation, the  inverter operates as a current source in or order to deliver preset power to the load and 

grid, and in  island mode operation, the inverter  operates as a voltage source to provide constant 

voltage to the load, and also  described an island detection algorithm, intelligent load shedding 

algorithm, and a synchronization algorithm. A static transfer switch or circuit breaker can be used as 

the mode switch [11]. The point of common coupling (PCC) switch is another protection switch. If 

the grid is under fault conditions such as over/under voltage, over/under frequency, etc., then the DG 

is disconnected from the grid for the protection of the critical load and the DG inverter. If the 

auxiliary power of the DG inverter control board supplies from the grid as a critical load, the DG 

inverter should operate in both GC and SA modes to provide uninterrupted and continuous power 

[12]. Therefore, it is important that the DG inverter controller can detect exact fault conditions and 

transfer the seamless operational mode within allowable duration to reduce voltage and current spikes. 

Seamless mode transition methods have been investigated [13]–[24].  

A seamless transfer algorithm can switch the inverter operation from the voltage control mode to the 

current control mode and vice versa with minimum interruption to the local load [19]. The mode 

switch helps in disconnecting the grid within a half-line cycle. An indirect current control algorithm 

for seamless transfer of utility-interactive voltage source inverters has been proposed [20], [21]. A 

seamless transfer of single-phase grid-interactive inverters between GC and SA modes was presented 

[22]. Four different mode combinations with two switches have been described [23].  

A flexible control strategy for an 11-kW wind turbine with a back-to-back power converter capable of 

working in both SA and GC has been proposed [24]. The proposed control loop consists of a current 

controller and a feedforward voltage controller, which are to minimize the grid overvoltage (OV). The 

feedforward voltage control loop is added to the d–q axis current control loop. The proposed control 

strategy reduces the impact of the renewable energy and the critical load under the grid fault or 

disturbance conditions.  Thetransition between two aforementioned operating modes mayresult in 

voltage spikes across the local loads and inrushcurrents into the grid due to amismatch in voltage 

frequency,phase, or amplitude [25]. Therefore, it is important for the DGinverter system to be able to 

transfer seamlessly betweenoperating modes to reduce voltage and current spikes. In orderto achieve 

grid synchronization, phase locked-loop (PLL) is commonly used [26]. PLLs are difficult to 

implement due to their nonlinear property and complex tuning for desired performance [27-29] and it 

could lead to adverse transient performance with limited distortion rejection capability in non-ideal 

grid condition [11, 30 12, 31].  
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The control methods in [27], [29], [32-34] have current and voltage control loops separately for 

different operating conditions. This increases the complexity and decreases the reliability of the 

system. Some of these controllers [35-36] only change the voltage reference amplitude, but the phase 

angle difference is not considered which may cause deviation in grid synchronization when 

reconnecting to thegrid. Some of these methods [36], [37] suffer from slow transient performance due 

to the use of nested loop structure and some methods suffers from big voltage spikes and rush grid 

current during thetransfer process. Furthermore, conventional methods based on cascaded multi-loop 

control structure in literature are difficult to implement due to their complex tuning. In order to 

overcome these design challenges. The proposed controller uses just one cost function to achieve the 

control objectives for all operation modes and thecost function is minimized using LQR optimal 

control method as in [38].  Islanding functionality requires a control strategy that can detect the 

loss/availability of the grid and switch between modes, accordingly, with minimal interruption in the 

voltage across the local load. Seamless transfer between grid connected and islanded modes have been 

extensively investigated in the literature [40], [10]. The same current control loop used in the grid 

connected mode is also used in the islanded mode as the internal current loop of the voltage 

controller. This is proposed to avoid an abrupt transient when switching between control modes. This 

transient can be noticed in [10]. It is important to emphasize that the transient during the transition 

from the grid connected mode to the islanded mode can be divided into two parts; the first part occurs 

when the grid is interrupted and lasts until the islanding is detected. During this period, the unit is still 

regulating the output current to match a given reference. The second part occurs at the moment when 

the islanding is confirmed and the control mode is switched from current control to voltage control. 

Therefore, using the same current loop as in [40] may still result in a noticeable transient in the load 

voltage if the mismatch is significant between the output current in the grid connected mode and the 

load current in the islanded mode. An outer voltage control loop is used to generate the current 

references in the grid connected mode and regulating the load voltage in the islanded mode. The only 

drawback of this technique is that the output voltage is always regulated at the extreme limit of the 

allowed voltage range during the standalone operation. Instead of switching between current control 

and voltage control modes as commonly proposed in the literature of [41], only voltage control is used 

for both grid connected and islanded modes. In the grid connected mode, the output voltage and 

frequency of the VSC are used to control the reactive and real power flow, respectively. In other 

words, droop control or so called integral control is used to inject the required real power into the grid 

[41], [42]. In the standalone mode, the output voltage and frequency are regulated at their nominal 

values. Therefore, when the grid is interrupted, the DG unit supplies only the load power 

autonomously, even before the islanding is detected, due to the use of voltage control. This will 

achieve a seamless transfer in operation modes without causing any abrupt transient in the load 

voltage and current, despite transients in the grid current. In the recent past, there is an increase in the 

distributed power generation due to its low environmental impact and technical advantages [43]. 
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Theuse of power converters allows an independent active and reactive power control. In most of the 

literature, the control of DG power is explained by current and voltage control and the control design 

algorithm uses observer-based state feedback controller along with  PI or modified Repetitive control 

(MRC) [43]-[47]&[54]. However, these works did not consider the output feedback error as a state for 

controller design. Under current control strategies, the PI controllers find major applications. A PI 

controller is employed for the grid-connected inverter to command the output current to follow a 

certain reference current, thus establishing required power transfer to the grid [49]. The PI controllers 

are generally designed in synchronously rotating reference frame to acquire the benefits of individual 

control of active and reactive power components of the grid [49].The LCL filter designed including 

resonance damping as in [50]-[52], the control of active and reactive power using PQ theory in grid 

connected mode and V-f theory island mode were explained in [54]-[56]. 

The stability androbustness of the system with the controller developed will be investigated using 

structured singular values or a µ-framework. Specifically, perturbations due to load variations and 

parameters uncertainties of the system components are considered. A linear quadratic cost function 

with separate weighting scalars for plant states and servocompensator states have been used to find 

solutions.The stability robustness and transient response of the resulting control system will be 

investigated for different choices of these weighting scalars. The transient performance of the system 

is evaluated by performing moving window RMS calculations of the three-phase output voltages 

under transient load change from zero to 100% resistive load [57]. 

The efficient islanding detection and immediate disconnection of DGR are critical in order to avoid 

equipment damage, grid protection interference, and personnel safety hazards. Islanding detection 

techniques are mainly classified into remote, passive, active, and hybrid techniques. From these, 

passive techniques are more advantageous due to lower power quality degradation, lower cost, and 

widespread usage by power utilities. However, the main limitations of these techniques are that they 

possess a large on detection zones and require threshold setting. Various signal processing techniques 

and intelligent classifiers have been used to overcome the limitations of passive islanding [58]. 

In [59], a dc micro-grid is considered, in which an optimization-based PMS is designed to satisfy the 

power demand, limit the battery charge current, and set the wind subsystem as the primary resource. 

In [60] several static converters connect the distributed resources, such as generation and storage 

systems, to the AC or DC sections of microgrid; also, AC and DC sections are interconnected through 

further AC/DC converters. Optimization strategies are required to perform the optimal control of the 

static converters. Such strategies are aimed at efficiently operating the AC microgrid. 

4. Research objective: 

This research aims at broadly developing new robust control algorithm with stability analysis and 

island detection algorithm for the DG interface that guarantee stable and supply the quality power for 

the critical load in grid connected mode, island mode and transition mode of the distributed 
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generation. To be fulfilled, the above objective needs to evolve and builds upon a number of tasks. 

Key tasks are: 

i) Developing the photovoltaic distributed generation system with MPPT and boost 

converter. 

ii) Developing the DG interfacing inverter to act as acurrent source in grid connected mode 

and voltage source in island mode. 

iii) Design LCL filter to attain the pure sinusoidal wave from the distributed generation 

system. 

iv) The design of the full order state observer to estimate the states of the distribution 

generation system. 

v) Design and performance evaluation of robust and optimal controller with an LMI 

approach to achieve fast tracking and stable control in grid connected and island mode 

operation of the DG system. 

vi) Developing the robust stability analysis of optimal controller for distributed generation 

system. 

vii) Developing the advanced island detection method with signal processing technique. 

viii) Developing the robust and optimal power controller with an LMI approach to achieve fast 

tracking and stable control in grid connected and island mode operation of a microgrid 

with photovoltaic, battery bank and wind energy sources. 

5. Methodology: 

The methods explained in the literature for the control of distribution system introduces observer 

based the conventional PI controller and modified Repetitive control (MRC).However, these 

works did not consider the robust stability for controller design. 

i) Design and performance evaluation of robust and optimal controller with an LMI 

approach to achieve fast tracking and stable control in grid connected and island mode 

operation of the DG system. 

The robust and optimal controller can be  designed using the method which will minimize the 

cost function. The linear quadratic regulator (LQR)is the best method for optimization of 

thecost function. The selection of Q and R matrix for LQR is based on trial and error method. 

It is best practice to select these matrices to be diagonal and the diagonal elements are 

adjusted such that state variables can be controlled to desired values. Therefore, first select 

the Q matrix and then select the R matrix which is an identity matrix. More weight is given 

for diagonal entry for good performance (small rise time and low overshoot). After 

appropriating good value of Q, the feedback gain matrix (K) is attained using. Any system 

with only LQR controller has a percentage of error and overshoots which are undesirable. The 

LQR method assures robustness but does not allow pole placement in specific regions. 
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Therefore, it may not be possible to use this method to attain both robustness and desired pole 

placement. Hence, stability, the robustness of a controller and state feedback synthesis via 

Lyapunov functions can be reduced to a standard convex problem involving LMI algorithms. 

The various constraints such as Lyapunov and Riccati-inequalities, Linear inequalities, 

convex quadratic inequalities, matrix norm inequalities can all be written as LMIs. 

 

Fig 2. The schematic diagram for control in Grid connected and Islanded mode DG inverter. 

Active and Reactive Power Control in Grid Connected Mode:  The active power and 

reactive power  from PCC is given as fallows: 

P = 3/2 (v
d
i
d
+ v
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i
q
) 
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q
i
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 − v

d
i
q
) 

Assuming the grid current vector is in phase with grid voltage than the v
q
=0. Therefore, the 

active and reactive power respectively as fallows  

P = 3/2 (v
d
i
d
) 

Q = 3/2 (−v
d
i
q
) 

The current requirement for reactive power compensation is the Ir. The maximum apparent 

power  |S|=(|v
a|rms

+|v
b|rms

+|v
c|rms)  

Imax. Where Imax is the maximum current limit then the 

reference reactive power (Qref ) can be expressed as                                                                    

Q
ref

 = |S|I
r
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Active power and Voltage Control in Island Mode:  The active power reference (Pref) is  

used to generate the Id−ref for the controller. The Pref is given by                                  

Pref = |S|(1 − Ir) 

The q-axis current from the inverter given by  

Iq = −(v
d
wL

L
)/(1.5(R

L

2 
 + (wL

L

2
)) 

This suggest that q-axis current of the inverter is proportional to the d-axis voltage.  

 

ii) Developing the robust stability analysis of optimal controller for distributed 

generation system. 

The robust stability analysis of optimal controller for DG system uses the singular 

value based methods. The stability and robustness of the system and its transient 

performance can be investigated under various tuning parameters of the controller. 

The analyses demonstrate that the controller parameters can be tuned and verified to 

satisfy a certain transient performance requirement and at the same time guarantee 

robust stability under system parameter uncertainties and load variations.Structured 

singular value µ can be used to analyze and evaluate the stability robustness of a 

multi-input multi-output (MIMO) linear system under structured perturbations. In 

order to use the µ-framework to analyze the robust stability of a linear system under 

perturbation, the problem needs to be recast into a feedback loop diagram. 

iii) Developing the advanced island detection method with signal processing 

technique. 

The passive techniques are more advantageous due to lower power quality degradation, lower 

cost, and widespread usage by power utilities. However, the main limitations of these 

techniques are that they possess large Non-detection zone and require threshold setting. 

Various signal processing techniques and intelligent classifiers have been used to overcome 

the limitations of passive islanding. The  Hilbert transform based island detection is 

introduced to overcome the limitations of passive detection method in zero power mismatch 

condition.The positive sequence voltages obtained at the point of common coupling (PCC) 

and the DGs location are utilized for the detection of islanding situation in the system. The 

positive sequence voltages are used to islanding detection algorithm based on the Hilbert 

transform. This technique can efficiently discriminate the system stress conditions from the 

islanding condition and hence reducing the probability of nuisance tripping of the system. 
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iv) Developing the robust and optimal power controller with an LMI approach to achieve 

fast tracking and stable control in grid connected and island mode operation of a 

microgrid with photovoltaic, battery bank and wind energy sources. 

The control of a microgrid is acentralized control system (CCS), and the CCS system 

provides the referencesignalsforthe controller of different distributed inverters of the micro-

grid.  The robust and optimal power control can be developed for a hybrid ACmicrogrid, 

where the power flow in the microgrid is supervised based on solving an optimization 

problem. The optimization of therobust and optimal controller is achieved by using LQR 

method and this problem can be reduced to a standard convex problem involving LMI 

algorithms. 

 

6. Research Work Plan (WP):  

The design method of robust control is to be verified through various test scenarios to demonstrate the 

operational capability of the proposed DG system, and the obtained results are to be discussed. The 

different Island detection techniques need tobe analyzed and aHilbert transform based Island detection 

technique need to implement using Matlab simulation. The robust control algorithm and island 

detection algorithm for the DGsystem needs to be developed in the time period of research work plan 

as follows.  

WP1: Developing the photovoltaic distributed generation system with MPPT and boost converter. 

WP2: Developing the DG interfacing inverter to act as acurrent source in grid connected mode and 

voltage source in island mode. 

WP 3: Design LCL filter to attain the pure sinusoidal wave from the distributed generation system. 

WP 4: Design of the full order state observer to estimate the states of the distributed generation 

system. 

WP 5: Design and performance evaluation of robust and optimal controller with an LMI approach to 

achieve fast tracking and stable control in grid connected and island mode operation of the DG 

system. 

WP 6: Developing the robust stability analysis of optimal controller for DG system. 

WP 7: Developing the advanced island detection method with signal processing technique. 

WP 8: Developing the robust and optimal power controller with an LMI approach to achieve fast 

tracking and stable control in grid connected and island mode operation of a microgrid with 

photovoltaic, battery bank and wind energy sources. 

WP 9: Documentation of thesis writing. 
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Table 1. Time Schedule for the entire work plan: 

Sl No Activity Time in Months 

1 WP1& WP2 6 months 

2 WP3, WP4 &WP5 1 year 

3 WP6 ,WP7&WP8 1 year 

4 WP9 6 months 

 

 

 

Table 2. The Time Schedule for Research Work Plan through bar diagram: 

Work 

Package 

1
st
 Year (July-2016 to 

July-2017) 

2
nd

 Year (July-2017 to 

July-2018) 

3
rd

 Year (July-2018 to 

July-2019) 

WP1       

WP2       

WP3       

WP4       

WP5       

WP6       

WP7       

WP8       

WP9       

 

7. Conclusion: 

The robust and optimal control technique has been introduced for the operation of grid-connected and 

islanded DG system. The robust and optimal control design is proposed using LQR method with an 

LMI approach of DG system.  The design concept is to be verified through various test scenarios to 

demonstrate the operational capability of the proposed micro grid.The stability analysis of robust and 

optimal controller is proposed for DG system in grid connected and island modes of operation. The 

different Island detection techniques are explained and Hilbert transform based island detection 

technique is introduced for implementation. The robust and optimal power control strategy for 

amicrogrid is proposed for implementation in grid connected and island modes of operation.   
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