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ABSTRACT

The power quality of microgrid during islanded operation is strongly related with the

controller performance of DGs. Therefore a new optimal control strategy for distributed

generation based inverter to connect to the generalized microgrid is proposed. This work

shows developing optimal control algorithms for the DG interface that guarantee stable and

high power quality injection under the occurrence of network disturbances. In this paper,

two typical distributed generation (DG) units are connected in parallel to configuration the

Microgrid. One of DG units has voltage- frequency (VF) controller loop and other has

active-reactive (PQ) power controller loop that based on the conventional PI regulators.

Through simulation in Matlab by selecting appropriate genetic algorithm is designed to tune

the parameters Kpi and Kii of the PI controllers, the performance of the system to

demonstrate the effectiveness of the proposed methodology.
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1. INTRODUCTION

A microgrid has on-site power generation and operates as a single controllable in parallel to

the main grid. Microgrid can enable easy penetration of renewable energy sources, reduce

greenhouse gas emissions, reduce the stress on the grid, lower the energy bills, create green

jobs, and improve the critical reliability and security of the electric grid. It can also be a part

of potential solution for greenhouse gas goals.

Microgrids are almost 85% efficient as they have very less transmission losses and use the

surplus heat to warm or cool buildings. During power outage or disturbance, Microgrids can

island themselves and retain power availability, avoiding blackouts and lost productivity.

With the power source located on-site, Microgrids are less vulnerable to cyber attacks on the

grid since they do not rely on transmission lines and have the security of redundant systems.

Microgrids have the ability to address the world’s energy crisis by reducing the power load on

our utility grid; reducing energy security risks and providing clean energy resources that are

more reliable and economical.

The microgrid standards of operation and control are significantly different from that of the

power grid [1]. Communication-based control of a microgrid system relies on sharing control

information among different generators. This technique requires a centralized microgrid

controller, which receives the terminal information of each inverter and loads to dispatch the

inverter units at different load conditions [2]. There are many drawbacks in communication-

based approach. Non-communication based control relies on the ability of individual DG

units to regulate the output voltage and frequency while sharing the active and reactive power

demands. Signal injection is used as a decentralized power sharing mechanism in paralleled

inverters system [3]. However, the complexity of signal injection and the robustness of

measuring output power variations caused by the injected signal make this scheme far from

being practical. In the context of micro-gird control, few results have been reported. In [4], [5]

- [6], a static droop controller is utilized for power sharing. In [7], an enhanced droop control

featuring a transient droop performance is proposed. To improve the active and reactive

power decoupling performance, improved droop controllers with virtual output impedance are

reported [8]. To account for nonlinear load sharing, harmonic droop controller is reported in

[9].In [10] a new control scheme for DGs using a current controlled voltage source inverter

(VSI) was proposed. Besides conditioning the power fed by the DG, power quality problems

were mitigated. Microgrid can operate in two modes, islanded mode and grid connected

mode. Islanded mode is, when during the disturbances; the microgrid disconnects itself from
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the main grid and operates autonomously maintaining high quality of service, without

harming the transmission grid’s integrity. In the islanded mode, due to unavailability of the

utility grid, two additional requirements must be fulfilled: Power balance between generation

and demand of the system and control of voltage amplitude and frequency of the installation.

Due to the non-controllable nature of renewable energy sources, controllable micro sources

such as engine generator, fuel cell and energy storage system are responsible for ensuring

power balance by absorbing or injecting the power difference between renewable generation

and local load demand. When there is sufficient energy, the energy management system has to

control the output power of controllable micro sources to maintain the frequency and voltage

of the distributed power system. In the grid connected mode, the microgrid is connected to the

main grid and enables bidirectional power flow [11], and power balance between generation

and demand as well as the frequency and voltage of the distributed power system are

guaranteed by the utility grid. Thus, the distributed power system can operate as a power

generator or as a power load, and filters active power transferring between the distributed

power system and the main distribution system. The microgrid can optimize the aggregate

distribution system by coordinating the generation and load to increase the robustness and

reliability of the system, in both the modes of operation [12]. Island detection of DG is

considered one of the most imprtant aspects regarding microgrid operation.most of the

islanding detection methods, previously developed focused on DGs that operation at unity

power factor. With the increasing penetration and reliance of the distributin systems on DGs,

new interface control strategies are being proposed for inverter based DGs due to their

flexibility. In [13] the interface control was designed to supply active power and improve the

power factor at the point of interconnection of the DG.In [14] the proposed interface control

takes into account DG islanding protection by proposing a control scheme that supplies active

power improves power factor and provides active islanding detection. In [15] the interface

control was designed to provide voltage support by supplying active and reactive power,

especially during the peak load time. The reduction of unbalance in voltage and harmonics

using the interface control of DG was proposed in [16]. In [17] control techniques of inverter

based DGs that focus on improving the power quality ensuring continuity of supply were

discussed. In [18] proposed method for microgrid operation is the master-slave approach. The

scheme of microgrid operation combines a voltage controlled inverter and current controlled

inverters. In addition, in the past decade, many researchers have attempted to combine

conventional PID controllers with fuzzy logic to improve controller performance [19,
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20].large controllers for the inverter based DGs are presented in reference [21]. A small-signal

state-space model of autonomous operation of inverter-based microgrid is presented [22].

Each distributed generation inverter has an outer power loop, based on the droop control, to

share the real and reactive powers with other distributed generations.

In this paper, the ultimate aim is to provide conditions for stable operation of isolated power

systems. This requires a satisfactory control of active and reactive power flow in the system.

In other words the balance for generation and demand and consequently voltage and

frequency in the system should be kept constant. This work is concerned with the generation

control in microgrid systems consisting of inverter interfaced generation systems. Two DGs

units considerate that one of them included VF controller and other included controller

scheme PQ. In paper used from genetic algorithm for optimized coefficents two types

controller scheme based on the conventional PI regulators.

This paper is organized as follow; basic structure of VSI controller in Section 2, Control

Strategies for Microgrid during Islanded Mode in Section 3, Solution Methodology   in

Section 4, Configuration of a Test System in Section 5, application study and numerical

results in Section 6 and the conclusion in Section 7.

2. BASIC STRUCTURE OF THE VSI CONTROLLER

The VSI controller works like an exciter and governor synchronous machine, controlling the

voltage and frequency. The VSI acts as a voltage source, with the magnitude and frequency of

the output voltage controlled through droops. In a standalone AC system, the VSI acts as

voltage source with magnitude and frequency of the output voltage set according to its active

and reactive power output. In terms of standalone AC system operation, this control principle

allows the VSI to react to system disturbances (e.g., load or generation changes) based on

information available at its terminals [23, 24]. The entire control of the inverter is performed

in the stationary d-q reference frame and is essentially vector control. The transformation

from the physical abc reference frame to the stationary dqn reference frame is performed by

the Clarke transformation and is described by the following equations (1).
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In these equations, the quantity f denotes a physical quantity, such as a voltage or a current.

For a six-pulse VSI, the inverter output voltage space vector can take any of seven positions

in the plane specified by the q d - coordinates. These are shown in Fig.1as the vectors 0-6.

Fig.1. a) Inverter output voltage vectors; b) Inverter switch positions [7]

The magnitude of Vm is:

2 2
m d qV V V 

(2)

The angle of  with respect to q axis is:

1tan q

d

V

V
   
   

  (3)

3. CONTROL STRATEGIES FOR MICROGRID DURING ISLANDED MODE

Three control techniques for interfacing DGs to the distribution system were reviewed in this

section. The DG is operated either to control the DG output current, active power, output

frequency and voltage at the common coupling or active and reactive output power of the DG.

In this work, we used from two models PQ and VF controllers.

A. constant power (PQ) controlled inverter

The interface control shown in Fig. 2 was designed to supply constant active and reactive

power. The output active and reactive powers of the DG are measured and are compared to

reference values. The errors are applied to a PI controller to determine Idref and Iqref of the

inverter output current. These values are then compared with the inverter Id and Iq current

components and the error is passed to another PI controller. Similarly the outputs of the PI

controllers (Vdref and Vqref) are then further processed as shown in Fig 1 to obtain the

modulation signal amplitude and phase angle. Active and reactive power flowing through a

line can be given as [25]:
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The vector relationship between the inverter voltage (V) and the local microgrid voltage along

with the inductor’s reactance and resistance determines the flow of active and reactive power

from the power system to the microgrid. The corresponding mathematical relations for P & Q

magnitudes are the following:

1 ( ( cos ) sin ) (6)1 2 22 2

1 ( sin ( cos )) (7)2 1 22 2
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     


Where V1 is Voltage of recived buse,V2 is voltage end bus,X is reactance,  is power angle

.From the above equations, it can be seen that voltage depends on the active power P, while

the power angle and frequency depends on the reactive power Q. However, this is contrary to

the function of a high voltage network. Hence the traditional frequency droop control through

active power and voltage droop control through reactive power may not function very well on

low voltage network based microgrid. Instead, the voltage control should be implemented

through active power and frequency control through reactive power generated in an inverter.

The Microgrid can be based just on mainly resistive low voltage distribution systems lines.

Thus the above mentioned control principles of voltage and frequency in high voltage

network are not functional in low voltage systems based Microgrid [26].
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Fig.2. Inverter PQ control scheme

Based on the given set points for the active and reactive power Pref and Qref, the power

injected by the microgrid into the AC system can be controlled by a method that controls the

time integral of the inverter output voltage space vector.

B. constant power- voltage (PV) controlled inverter

The block diagram shown in Fig. 3 presents a DG interface control where the DG provides

voltage support. The voltage at the point of common coupling (PCC) is measured and is

compared with a voltage reference value and is then applied to a PI controller to determine the

modulation index amplitude value. In order to control the active power, the output active

power of DG is measured and compared with the power reference value and the output is

applied to a PI controller to determine the phase angle of the modulating waveform.

C. constant current controlled inverter

The block diagram shown in Fig 4 is designed to supply constant current output. A phase

locked loop (PLL) is used to determine the frequency and angle reference  of the PCC

voltage. The abc current comonents are transformed  using  Park transformation to their dq

components. The errors are applied to a PI controller to determine Idref and  Iqref of the inverter

output current.

The Id current component controls the active power supplied by the DG, while Iq controls the

reactive power out of the DG. the output is applied to a PI controllers are then further

processed as shown in fig. 3 to determine the phase angle of the modulating waveform.
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D. Voltage-Frequency (VF) Control Scheme

As its name suggests, in order developing a model for voltage-frequency controlled DG or in

other words a reference DG, two control loops are needed. Voltage control loop is more or

less the same as the one which previously developed for PV controlled DGS. Frequency

controller can also be a PI controller which is driven by subtraction of system frequency from

50 [Hz]. As shown in Fig. 5, frequency of the system can be measured by a PLL, and in order

to get a better performance, a feed- forward controller can be implemented.
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4. SOLUTION METHODOLOGY

In the next part shows the proposed scheme controller of a three phase grid connected voltage

source inverter system. Fig. 6 shows the controller scheme topology consists of three main

sections, GA algorithm, power controller and current controller for tuning of the controller

coefficients. For more details, the following describe the operation of each section.
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Fig.6. The proposed scheme controller

Details of the models proposed shown in Fig 6. This model combined from power control

loop scheme and current control loop. The first section is power controller and other section

shown current controller, that frequency of the system can be measured by a phase-locked

loop (PLL). The PLL estimates the fundamental frequency and the phase angle based on the

PCC voltage. This control strategy provides control over the inverter grid-side currents

expressed in a local grid-side dq frame, which is defined at the PCC and rotates at the

constant grid frequency. With respect to a stationary a/3 frame, the local grid-side dq frame

has a phase-angle difference of  , which is the estimated phase angle from the grid-side PLL

unit. In this study, a genetic algorithm was proposed to improve the input control performance

of the Microgrid, as presented in Fig 6. This optimization work consists of conventional PI

controller, connected in series. In each of DGs used from this method, the DG1 controller has

two input signals, namely, x and y that are voltage and frequency system respectively and

other DG2 unit has two input signals that are active and reactive power.
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A. Microgrid Voltage Control

In a Microgrid, as the electrical distances are relatively small, the reactive power can be an

sported from generators to the loads without a significant drop in the voltage. In any system

the voltage at a bus is an important operating parameter which is required to be within certain

limits. Various disturbances like line outages, load switching, line faults etc., leads to a drop

in voltage at buses. The goal of Microgrid voltage control is to ensure that the voltage remains

within the reference values by adjusting reactive power consumed or generated. A voltage

controller is designed with the terminal voltages as input and compared with the reference

voltage. The error voltage is filtered using a PI controller. The output of the voltage regulation

control block gives the current that needs to be injected to maintain the terminal voltage

according to droop set value.

B. Microgrid Frequency Control

The purpose of microgrid frequency control is to keep the frequency of the microgrid around

the reference value. In a large power system, the generators have storage in their inertia. So,

when a new load comes into the system, the frequency decreases slightly and the generator

supports the load during the dynamic state. Whereas distributed generators have slow

response and are almost inertia-less. So, it is important to design a microgrid along with the

frequency controllers to provide some storage. Power versus frequency droop characteristics

vary depending on the nature of the DG, and it is one of the critical microgrid performance

curves. At the instant of islanding, the voltage phase angles at DG buses change, resulting in

an apparent reduction in local frequency. This drop in frequencies of the DGs forces them to

raise their power output and share the load proportionally.

C. Objective Function

For design of the genetic PI controller, we select controller gains (Kp, Ki) from power

controller as optimized control variables in the genetic algorithm. Fig. 7 the chromosome

architecture of the GA for the gain tuning. In the evaluation procedure of GA algorithm, the

integral of time absolute error of the basic value deviation of the Microgrid during islanded

operation is selected as the performance index. Accordingly, the objective function J is set by:

Minimize ( )0
tJ t e t dt  (8)
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Where t is simulation time and Δe is the difference between the controlled signal and the

reference value.

D. GA Algorithm

In a genetic algorithm, a population of candidate solutions (called individuals, creatures, or

phenotypes) to an optimization problem is evolved toward better solutions. Each candidate

solution has a set of properties (its chromosomes or genotype) which can be mutated and

altered; traditionally, solutions are represented in binary as strings of 0s and 1s, but other

encodings are also possible. The evolution usually starts from a population of randomly

generated individuals and happens in generations. In each generation, the fitness of every

individual in the population is evaluated, the more fit individuals are stochastically selected

from the current population, and each individual's genome is modified (recombined and

possibly randomly mutated) to form a new population. The new population is then used in the

next iteration of the algorithm.

Commonly, the algorithm terminates when either a maximum number of generations has been

produced, or a satisfactory fitness level has been reached for the population.

The main property that makes these genetic representations convenient is that their parts are

easily aligned due to their fixed size, which facilitates simple crossover operations [27]. The

algorithm as shown in Fig.8 goes as follows.

Step 1: Represent the problem variable domain as a chromosome of fixed length; choose the

size of the chromosome population N, the simple Xover crossover and the mutation

probability Pm.

Step 2: Define a fitness function to measure the performance of an individual chromosome in

the problem domain (J). The fitness function establishes the basis for selecting chromosomes

that will be mated during reproduction.
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Step 3: Randomly generate an initial population of size N that represent N initial candidate

value of  PI controller DG.

Step 4: Calculate the fitness of each individual chromosome.

Step 5: Select a pair of chromosomes for mating from the current population. Parent

chromosomes are selected with a probability related to their fitness. High fit chromosomes

have a higher probability of being selected for mating than less fit chromosomes.

Step 6: Create a pair of offspring chromosomes by applying the genetic operators.

Step 7: Place the created offspring chromosomes in the new population.

Step 8: Repeat Step 5 until the size of the new population equals that of initial population, N.

Step 9: Replace the initial (parent) chromosome population with the new (offspring)

population.

Step 10: Go to Step 4, and repeat the process until the termination criterion is satisfied.

5. CONFIGURATION OF A TEST SYSTEM

Fig. 9 shows the configuration of a microgrid system for simulation. The test system consists

of two DG units, electronic device, two distribution lines, and loads. The details of the test

system are given in Table 2. A simulation platform under the Matlab environment was

developed to evaluate the dynamic behavior of the microgrid. The upstream grid was modeled

as an equivalent voltage source with the Thevenin impedance, and the load and distribution

line were represented by constant impedance model, i.e., R and X. the current control

parameters are set to Kp = 8.34 and Ki = 0.043. The parameters of GA used for solving the

problem presented in this work are furnished in Table 1 and the mutation probability is 0.01.

6. SIMULATION RESULTS

Matlab simulation runs were made to validate the proposed genetic algorithm PI controller.

The gain of conventional PI controller was determined by the GA algorithm under the island

operating conditions. The optimization parameters of the GA algorithm are shown in Table 1.

After tuning by GA algorithm, both controllers have optimized controller gains. The

conventional PI controller applied to stabilize the frequency during transition mode under the

condition with initial power flow of 50 kW from utility grid. A disconnect from the utility

grid occurred at t = 0.01 s and the active load increased from 50 kW to 40 kW at t = 0.5 s. The

frequency and power output of the microgrid after islanding are shown in Figure 10. The
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fuzzy PI controller greatly improved the control performance. The rising and settling time

were reduced considerably.

Table 1. GA paramaters

30

Selction.Pop size cross over Mutation minTer ation

Nomalized

Geometric

Selection

Simple Xover Binary

Mutation

Maximum

Number of

generation

Table 2. Details of the test microgrid system
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Fig.16. Reactive power generated by DG1 unit Fig.17. Active power

generated by DG1 unit
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Fig.18. Active power generated by DG2 unit Fig.19. Fitness values of the frequency

control objective

In figures 11 - 19  ,show the results of the simulation of islanding operation. Fig. 10 and

Fig.13 show, the VF controller which is adopted by the DG1 unit offers a good behavior and

maintains the microgrid voltage even to 0.94(p.u.) and the frequency around 60, the frequency

deviation was reduced considerably by the PI controller in comparison. Fig. 12 shows that at

time step t=0.02 the grid power is restricted. The DG units provide the required increase in

generation while the controllable loads also participate also at time step t=0.5, 0.33 percent

from load disconnected as a result of which the PQ controller DG reduces its Production to an

acceptable maximum limit. Fig. 11 shows that, the reactive power compensation for both the

DGs decrease to support the new reactive load at time 0.5 second also the reactive power had

drawn from DGs at time 0.02 second the increases.Fig.14 shows the sudden drop in voltage at

the instant of load switching at the PQ controller DG2 but the sudden increase voltage at the

VF controller DG1 in the Fig.13. But the voltage recovers after total time of simulation is less

0.1second. The behavior of the microgrid during the islanded mode with varying loads and

power outputs of the DGs based inverter was evaluated. During the test period, the loads and

power outputs of DGs were varied with time as shown in Fig 15, Fig 16, Fig 17 and Fig 18.

the output active and reactive power of the DG2 unit almost are decreased to 0.28 p.u. and

0.091 p.u., respectively, while the output active and reactive power of the DG1 unit almost are

decreased to 0.154 p.u. and 0.025 p.u., respectively. Both of the DGs unit good answered to

disturbance load and tracked reference power that its show at Fig.11 and Fig.12.the PQ

controller after disturbance reduced active and reactive power to make the balance between

generation and demand.
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The VF controller voltage and frequency after disturbance regulated. As shown in Fig 19, the

result is related to the difference between set point and the computed value of controlled

signal. The results show the populations finish their movement above the best positions, and

the control parameters converge at optimum values which are shown in Table 3.

Table 3. Values control parameters

7. CONCLUSION

The voltage and frequency of a microgrid may change quickly due to power unbalance

between demand and supply during islanded operation. The power quality of microgrid

during islanded operation is strongly related with the controller performance of DGs.

Therefore a new optimal control strategy for distributed generation based inverter to connect

to the generalized microgrid is proposed. In this paper GA is proposed for optimal coefficient

PI controller problem on microgrid. The proposed method reduces the variety of the grid

voltage along with the proper grid active as well as reactive power control. In this paper, two

power control method were used for two DGs units. Models for voltage source inverter, its

fundamental control schemes (PQ & VF), were developed. These models that titled “PQ

Controller DG”, “VF Controller DG” after verification of their performance were utilized for

modeling an isolated power system. The gains of two controllers were tuned by the GA

algorithm. As shown in the simulation results, the frequency and voltage deviations in

islanded operation were reduced by the effective control action of the proposed PI controller.
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