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Abstract: The article presents the effectiveness of a Binary
Dragonfly Algorithm (BDA) based 3-DOF controller for robust
frequency control in an islanded AC micro-grid system under
different uncertainties. A micro-grid is incorporated with the
integration of various renewable energy based distributed
generations (DG). The proposed micro-grid system is structured
with wind turbine generator (WTG), Photo voltaic (PV) system,
Diesel engine generator (DEG), Micro-turbines (MT), Aqua
electrolyzer based Fuel Cells(FC) and with few energy storage
devices i.e Battery energy storage (BES) and Flywheel energy
storage (FES). Moreover a chargeable plug in electric vehicle is
effected as load side demand while obtaining frequency control
mechanism in micro-grid system. However large dynamics, low
inertia and incurred uncertainties of most DG system affects
system performance especially on system frequency serioudly. In
view of this to obtain robust control mechanism in isanded
micro-grid system the article proposes a novel Binary Dragonfly
Algorithm based 3-DOF controller to ensure servicing of good
quality power to remote consumers. The performances of
proposed BDA optimized 3-DOF controller is compared with
conventional PSO, GA technique based PID and PI controller in
order to justify supremacy of proposed approaches. Finally it has
been suggested that the proposed BDA optimized 3-DOF
controller is more effectiveness over other optimized controllers.

Keywords :Micro-grid; Binary Dragonfly Algorithm (BDA);
Diesel engine generator (DEG); Micro-turbines (MT); 3-DOF
Controller; Plugin Electric Vehicle (EV)

I. INTRODUCTION

The scarcity of fossil fuels put adverse effect over most
of conventional generating stations in the power system. In
order to overcome deficiency in electrical power, the concept
of micro-grid and renewable energy sources (RES) has been
introduced in the power system. Micro-grids are usualy
small digital grid where verities of distributed generators
(DG) are penetrated [1-2]. DG systems are specialy referred
as micro sources whose power generation mostly depends on
renewable energy sources. In economic point of view the
distant and remote areas are electrically served by different
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micro sources but use of combustiblefuelsemit high CO and
furthermore it costs more to transport to the isolated areas.
Motivating from these disadvantages the alternative
renewable energy sources (RES) are now taken in to
consideration for generation of electrical power. The
sustainable sources such as wind energy, solar energy, bio
mass, tidal energy, geo thermal etc. have been penetrating
with micro-grid system for electrifying the system. The
considerable advantages like eco-friendly, low transmission
losses of this substitutes has been received with growing
interest and are favored to be used in power system. Wind
and solar are the broadly used power sources and again the
entry of fuel cell (FC) in power system ensures a carbon free
society [3-4]. Co-ordinate power systems that are in isolated
mode can’t supply constant power due to the ever changing
parameters and operating condition of wind generator system
and photovoltaic cells [5]. This fluctuant sources result
instability in power. In a purpose to maintain uninterrupted
power supply different energy storage systems (ESS) are
acting as power backup sources [6] in the micro grid system.
It stores back up of excess generated electricity and supplies
it when there is insufficient power. Now-a-days fly wheel
(FES) and battery energy storage system (BES) are used as
energy storage systems [7-8]. Undesirable supply and
demand imbalance is also arisen due to this renewabl e energy
source oscillation, which also causes voltage and frequency
to deviate highly. In operationa point of view micro-grid
structure may be two basic modes i.e. grid-connected mode
and off-grid or islanded mode [9-10]. The impact of different
uncertainties arisen in micro-grid system does not affect to
the micro-grid in grid connected mode, however different
uncertainties associated with renewable sources largely affect
to the micro-grid control in off-grid or islanded situations. So
micro-grid control under idanded condition creates huge
challengesfor power engineers. Apart from thisif micro-grid
system is associated with large plug in electric vehicles (EV),
such nonlinear electrical load largely affect the system
frequency [11-12]. Hence, an effective control scheme is
always needed for controlling of the power supplied from the
swinging power sources. In this regard the aspects of
micro-grid control mechanism have been demonstrated

through different research articles. In view of this
Selvam et.a. [13] proposed spider monkey optimization
algorithm for frequency control of an islanded micro-grid
system. Bevrani et al. [14] proposed PSO based fuzzy
controller for secondary frequency control in an AC
micro-grid system..
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Conventional controllers are not proved to be the
optimal to solve these difficulties. Influenced from these
problems, researchers are putting their concerns to robust
controller design for frequency balance which in turn will
minimize the difference in electrical supply and demand. In
view of thisto avoid few limitations of above techniques the
present article proposes Binary Dragonfly Algorithm (BDA)
[15] based 3-degree of freedom based (3-DOF) controller for
frequency control of an electric vehicle operated AC off-grid
micro-grid system.

[I. SYSTEM UNDER STUDY

A. Microgrid Model

The proposed micro-grid system is configured with Diesel
engine generator (DEG), Photovoltaic (PV) system, Wind
Turbine Generator (WTG), Micro-Turbing(MT) [16] and an
Aqua Electrolizer based Fuel Cells (FC). The above
micro-sources are primarily responsible for generation of
necessary electrical power in micro-grid system. However to
improve system response time and to provide uninterrupted
power supply some energy storage devices (ESD) like
Battery Energy Storage (BES) and Flywheel Energy Storage
(FES) devices has been penetrated with micro-grid system. A
chargeable Electric Vehicle (EV) is associated with
micro-grid system to study frequency control mechanism in
micro-grid system. In this regard the configuration of
micro-grid system isillustrated in Fig.1 and to examine the
system model in MATLAB software the related transfer
function model of micro-grid system is depicted in Fig.2. In
transfer function model a positive sign (+) is assigned for
delivering power to micro-grid and negative sign (-) is
associated for receiving power from micro-grid system. In
view of this to study dynamic performance especialy
frequency control in amicro-grid system, both stochastic and
random based uncertainties of PV, WTG and applied load are
taken in to consideration.

B. Wind Turbine Generator (WTG)

The wind velocity largely affects the output power of a
WTG system. The mechanical power available in turbine
rotor which has been converted from wind velocity is
represented by Pw and is expressed as

PW=%><CP><V3><,0><A (@)

Here Cp = Co-efficient of aerodynamic power; V =
Velocity of wind ; p = Density of air; A = Swept area of
rotor.

The coefficient Cp islargely influenced by tip-speed ratio
(M) and pitch angle of blade (B) and is illustrated through
equation (2) [17]

C, =(0.44-0.0167)S r{M] -00184(1-3)5 (@
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Fig.1 Configuration of an Isanded Micro-grid System

However the tip-speed ratio (A) may be computed as
_ Rxw

Y

Where R = Radius of blades, @ = Angular Velocity.

A

C. Photo Voltaic (PV) System
The power generated in PV system may be equated as
P,y =7x Sx®x(1-0.005(T, + 25)) 3

Here, 17 = Efficiency of array (9%-12%); S= Effective areaof
array. ¢ = Solar radiation; Ta = Ambient temperature.

Due to wide variation of solar irradiation power () the
output of PV system largely depends on this factor (¢). To
conduct realistic smulation in dynamic characteristic of
system the integrated micro-sources may be assigned with
non-linearity constraints. However to study dynamic
performance of complex system the simplified model will be
derived which

holds all the dynamic behaviour of system. Inregard to this
the micro-grid system is represented through first order
transfer function model and isillustrated in Fig.2

D. Electric Vehicle (EV)

A chargeable €electric vehicle has been connected with the
micro-grid system to examine dynamic performance
especially frequency control mechanism of an islanded
micro-grid system. In this regard the EV system is modelled
with its equivalent transfer function and is expressed through
equation (4)

GEV (S) = APEV (S) = A

AP.(s) 1+sT,

©)

E. Deviationsin Power and Frequency

The output power of weather dependent micro-sourceslike
PV and WTG are fluctuated with the variation of solar
irradiation power (¢) and wind velocity (Vw) respectively. In
view of thisto maintain stable operation of micro-grid system,
it is required to control generation irrespective of load
demand. So the net supply error (APe) which comes
whenever a mismatch occurs between generation and
demand and may be controlled to keep system stable.
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Fig.2 Transfer function Model of Isanded Micro-grid System

APeis expressed through equation (5)
APe= P, +Ryc + P, + Byt + Pc £ Pas

iPFES_R__PEV

In micro-grid system variation in generated power results
fluctuations in system frequency and is expressed as

APe
AF = —— | whereK ;isaconstant.

f
However the actua time delay between power variation
and frequency deviation creates modification in the
frequency deviation expression and is expressed through
equation (6)
_ APe  APe
K,1+Tg) Mg +D

Here T = Frequency characteristic time constant; M = Inertia
constant; D = Damping Constant.

Apart from this a set of state-space equations are required
to model dynamic behaviour of system.

X=AX+Bu: Y=CX+Du

Here X = state (indicated in the model), u = input vector ;
Y = output vector ; A, B, C,& D = Constant matrices.
U:[¢ Pw PL],Y:[AF]

Q)

(6)

I11. PROPOSED STATEMENT

A. Three Degree of Freedom (3-DOF) PID Controller

It has been suggested through different literature article
that most of conventional controllers exhibit poor
performance under large variation of system parametric
conditions especialy in complex non-linear power system.
These conventional controllers are able to be activated only
when the system controlled variables are diverted from their
reference value significantly. This drawback creates to sense
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the error signals with respective plants before sensing by the
proposed controller. In this regard the degree of freedom
concept has been introduced in control scenario which makes
independent adjust of different control variables [18]. Based
upon the concept of degree of freedom, the present article has
proposed a three degree of freedom (3-DOF) controller for
necessary control action in frequency control of islanded
micro-grid system. The internal structure and block diagram
of proposed 3-DOF controller is depicted in Fig.3 (a) and
Fig.3(b) respectively. The improved design of 3-DOF
controller gracefully satisfies

(i)Ability to reject large disturbance.

(if) Ability to perform closed-loop stability

D(s)

Fig.3(a)3DOF-PID Controller Structure
The different notations associated with 3-DOF controller are
described as
R(s) = Input reference value
Y (s) = Output response of plant.
D(s) = Outer disturbance signal.
Gre(s) = Transfer function of reference controller.
Gce(s) = Transfer function of single degree of freedom
controller.
Grr(s) = Transfer function of feed-forward controller.
Gp(s) = Transfer function of whole plant.
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Fig.3(b) 3DOF-PID Controller Block diagram
The output of plant is computed by Fig.3(a). and is expressed
through equation (7)

GC (S) 'GP (S) R(S)
14+ G, (9).G,(9)

n Gp (S) =G (5)-Ger (9). G (S) D(s)
1+ G, (5).G(9)

Thebasic structural diagram of 3-DOF controller isillustrated
in Fig.3 (a).The important variables associated with 3-DOF
controller structure are
PW = Proportional weight.
DW = Derivative weight.
N = Filter co-efficient.

Y(s)=G
)

_U() _ Ky N.S
G.(9) = RS =K,.R, + < +KD.DW(—N+S)
_ $%(NKpDW + K, PW) + S(NK_PW + K, ) + K, N
B S(N+YS)

(8)

U _ e LK N.S
GRC(S)_Y(S) =AKp+ L+ Ko ()]

__[SZ(NKD+KP)+S(NKP+K|)+KIN]

B s(N+9)

_Ue __ K, N.S
GFF(S)_D(S)_ KFF(KP+ s +KD(N+S))

_ K [sz(NKD+KP)+s(NKP+K|)+KI|\|]

S(N+9S)

B. Basic Dragonfly algorithm (DA)

This algorithm is originated from the concept of swarming
feature of dragonflies in nature. The specia static and
dynamic swarming nature of dragonflies helpsto achieve the
exploration and exploitation phases of optimization.
Artificial dragonflies are modelled by sayedali mirjaili which
is used for optimization [19]. The process of navigation,
searching for food and distraction from enemy are modelled
in this algorithm. Random solution is created by dragonflies
to initialize the optimization. Two vectors are used to
upgrade the position and displacement of the insects. These
vectors are step (Ax), position (x). Step vector issimilar to the
velocity vector of algorithm PSO. Ax indicates the alignment
of motion of the insects. The position is renewed in each
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iteration and it continues till the objective is not achieved.
The iteration process increases the position of dragonflies to
get converged to the optimal point. Dragonflies do
optimization by covering five stagesi.e separation, alignment,
cohesion, attraction to food and distraction from enemy. This
concept makes DA differ from PSO. The step vector and
positions are started with any random values and are
expressed within lower and upper bounds. In this regard
equations (9), (10) and (11) are utilized to update the step of
each dragonfly.

AXi; =(SS +aA +cC + fF +eE)+oAX, (9

Here, s = Separation weight, S = Separation of i
individual

a= Alignment weight, A; = Alignment of i individual

¢ = Cohension weight, Ci= Cohension of i individual.

F = Food factor ,Fi= Food source of i individual.

e = Enemy factor ,E; = Position of enemy of i individual.

o = Inertiaweight, t = iteration counter

X = Xy +AX 4 (10)
X = X, + Levy(d) x X, (11)

Where t = Current iteration, d = dimension of position
vector.

C. Binary Dragonfly Algorithm (BDA)

This binary dragonfly agorithm is different from the
ordinary DA. Unlike continuous dragonfly algorithm the
binary dragonfly algorithm does not add step vector to
position vectors to update the search agent position because
the position vector value is either 0 or 1[20]. A transfer
function is used to convert Sl techniques to binary technique.
The function of transfer function isto receive step value and
in return it gives either 0 or 1. It indicates the probability of
changing position. It is proportional to the velocity vector. If
the velocity vector value of search agent is large then the
position gets updated. The sudden changes in particles are
simulated by this technique with the help of large velocity
vector value. The transfer functions used are of two types.
These are s-shaped and v-shaped. In regard to the concept of
Sharmi, v-shaped is more helpful than the other. V shaped
has advantages that it doesn’t force particles to receive values
either Oor 1.

The transfer function generally used to solve BDA is

T(AX)=

AX
[Ay2
AX® +1 (12)
Thistransfer function first does counting of the probability
of changing position of all dragonflies.

Xt+l :{_Xt T ST(AXHJ)
Xt+1 :{ Xt,r 2 T(Axt+l) (14)

The above two formulas are used to update the position of
search agent in binary search space. Here ’r’ is the number in
binary interval. With the help of the transfer function as well
as position updating formula binary problems are solved by
BDA efficiently.

(13)
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Table.1 Pseudo-code of Binary Dragonfly Algorithm.

Initialization of Population X; (i=1, 2, 3........ n)
Initialization of AX; (i=1, 2, 3......n)

Whilefinal criteriaisnot satisfied

Estimate objective valuesif each individual dragonfly
Modify food source and enemy

Modify a, ¢, g f, sand w

Estimate A, C,E,Fand S

M odify step vector (AX) by equation (9)

Estimate Probabilities by equation (12)

M odify position vector by equation (13-14)

IV. RESULTSAND ANALYSIS
A. Stochastic analysisto generate solar and wind power
Fluctuations

The dynamic behavior of the proposed model has been
studied under stochastic method generated load demand,
wind power and solar irradiation power. The generated power
responses of applied load, wind power and solar irradiation
power are demonstrated through Fig.4(a), 5(a) and 6(a)
respectively using under empirical equation.

P=((¢m/BA-G(9+p) Jpr=¢T 1s)
Here P =Output power in wind, solar or load system

¢ =Stochastic component of power

J =Mean value of power

G(S) = Low passtransfer function

n. 0 = Constants help to normalize power

& = Factor to match p.u

I' = Switching signal helps to dictate quick fluctuation of
power.

In thisregard dueto variation in applied load the deviation
in system frequency is depicted in Fig.4(b). Like this
deviation in frequency response due to fluctuation in wind
power and solar power are depicted in Fig.5(b) and Fig.6(b)
respectively. All the simulated dynamic responses are
obtained due to proposed Binary Dragonfly algorithm (BDA)
based 3-DOF, 2-DOF and PID controllers.

1.3 1 ! ! ' ! i m"w

1.25

12}
1.15 it pivmremiui

111

PL1(Load demand)

1.05

.
1l —

0 20 40 60 80 100 120 140
Time in Sec.

Fig.4(a) Variation of load (APL)
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Fig. 4(b) Variation of frequency due to APL
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Fig. 5(b) Variation of frequency due to APw
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Fig. 6(a) Variation of solar irradiation power (APg)
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Fig. 6(b) Variation of frequency due to APy
Finally it has been noticed that our proposed BDA
optimized3-DOF  controller significantly improves all
dynamic responses in regards to peak overshoot, peak
undershoot and settling time of the resulted dynamic
responses.

B. Controller Level

The dynamic behavior of an electric vehicle operated
off-grid AC micro-grid system has been demonstrated under
stochastic generated different uncertainty responses as well
as generalized randomly generated uncertainty signals. This
section specialy highlights to the proposed optima 3-DOF
controller for micro-grid frequency control under randomly
generated different uncertainty responses (APL, APw and Pg)

Scenario-1: Variation of only load (APL)

To begin with the system performance is studied under
randomly generated load perturbation which is shown in
Fig.7(a). In this regard he deviation in frequency response of
micro-grid system due to BDA optimized &l three
implemented controllers under such random load is depicted
in Fig.7 (b) which reveals more effectiveness of proposed
3-DOF controller over 2-DOF and PID controllers.

0.06 [

0 10 20 30 40 50 60

Time in Sec.
Fig.7(a) Variation of load (APL)

====2_.DOF controller
== 3-DOF controller

........ PID
0.05 1
0 S 5!,,—
-0.05 : : : 2 :
0 10 20 30 40 50

Time in sec
Fig. 7(b) Variation of frequency due to APL
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Scenario-2: Fluctuation in wind power only (APw),
APL=0, AP4=0

A randomly generated wind power shown in Fig.8 (a) is
effected in micro-grid system to investigate frequency
response of an islanded micro-grid system. In this regard the
deviation in frequency response due to BDA optimized all
implemented controllers under such uncertainty isillustrated
in Fig.8 (b). The frequency response depicts improved
performance of BDA optimized 3-DOF controller over
2-DOF and PID controllers.

0.3

0.2 I 1

0.1 1

= L 4
a o

-0.1 1

-0.2 i

-0.3 b

-0.4

o 10 20 30 40 50 60
Time in Sec.

Fig. 8(a) Variation of wind power (APw)

-0.05 ====2.DOF controller| £
0.1 === 3-DOF controller g .
o 10 20 30 40 50 60

Time in Sec.
Fig. 8(b) Variation of frequency due to APw

The performance index values like peak overshoot, peak
undershoot and settling time of dynamic frequency response
shown in Fig.8(b) are gathered in table3 aong with
respective ITAE values. A significant improvement in all
performance values due to BAD optimized 3-DOF controller
has been noticed in the table.3.

Scenario-3: Fluctuation in solar irradiation power only
(APg), APL=0, APL=0

This section specialy aims to justify the viability of
optimal 3-DOF controller over 2-DOF and PID controllers
under variation of solar irradiation power which isdepicted in
Fig.9 (). The time domain simulated frequency response is
depicted in Fig.9 (b) which reveals supremacy of proposed
BDA optimized 3-DOF controller.

0.6

(] 10 20 30 40 50 60
Time in Sec.
Fig. 9(a) Variation of solar irradiation power (APg)
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Fig. 9(b) Variation of frequency due to AP

Scenario-4: Effectiveness of all three uncertainties
simultaneously (APL + APw+ APg)
Finally the dynamic performance of system is investigated
under effectivenessof all three uncertaintiesi.e. APL, APw and
APg simultaneously and the combined response is illustrated
in Fig.10 (a). Under such uncertainties the resulted deviation
in frequency response is depicted in Fig.10 (b) which again
confers supremacy of proposed 3-DOF controller in response
to frequency control of an islanded micro-grid system

T T I o e o o o ow
0.2 ............................ ! b
-------- ]
g ! 5
Zor | |
o
o = A PL
Y S AP -
- = APW
-0-4 Il 1 1 1 1
0 10 20 30 40 50 60
Time in Sec.
Fig. 10(a) Variation of three uncertainties (APL + APw +
APg)
0.02} % 1
L
4 0
-0.02
i == 3-DOF controller
-0.04 -é ====2.DOF controller
-0.06 -2 : £ :
0 10 20 30 40 50 60

Time in Sec.
Fig. 10(b) frequency deviation

C. TechniqueLevel

The viability of proposed Binary Dragonfly Algorithm
(BDA) isjustified through suitable comparative study among
all implemented algorithms for this study. So this section
specially focuses the effectiveness of proposed BDA
technique over conventional PSO and GA techniquesthrough
simulated dynamic responses. In this regard for micro-grid
control only proposed 3-DOF controller has been
implemented to obtain respective dynamic responses of the
system. To begin with all the three uncertaintiesi.e. variation

Retrieval Number: B2351129219/20190BEIESP
DOI: 10.35940/ijeat.B2351.129219
Journal Website: www.ijeat.org

1695

International Journal of Engineering and Advanced Technology (IJEAT)
I SSN: 2249-8958 (Online), Volume-9 I ssue-2, December, 2019

in load (AP.), fluctuation in wind power (APw) and solar
power (AP$) shown in Fig.7(a), Fig.8(a), and Fig.9(a)
respectively are effected individually to investigate dynamic
behaviour of an islanded AC micro-grid system.

0.15 Binary Dragonfly(BD)| |
u —-=-PSO
< 0.1 |
0.05 |
0 r
-0.05 H ]
0 10 20 30 40 50 60

Time in Sec.
Fig. 11(a) Variation of frequency due to APL

0.2 :; I T T T T
i —-=-PSO
0.1 == Binary Dragonfly (BDA) | |
w e GA
<
0 F
J
§
-0.1 ' ' ' ' '
0 10 20 30 40 50 60
Time in Sec
Fig. 11(b) Variation of frequency due to APw
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0 10 20, 30 40 50 60
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Fig. 12(a) Variation of tie-line power due to APy
1500 T T '
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o
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Fig. 12(b) Convergence curve
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Table.2 Optimal gain values of BDA optimized 3

-DOF controller under different uncertainties

Area Uncertainties Proposed 3-DOF controller.
Ke Ki ) N Pw Dw Grr
EV based APL -1.9516 -0.9692 -1.9922 86.0808 0.0868 1.0832 0.0322
micro-grid area APy -1.9822 -1.7758 0.6898 91.1264 -1.2218 0.9864 0.0606
APy -1.6892 -1.9022 -1.1502 67.9934 0.9868 11122 0.9212
AP_+APw+APo -1.8964 -1.9696 -1.7786 42.5454 1.2288 1.7842 0.0112

Table.3 Performanceindices of different responsesdueto |-SSO optimized controllers

Controller/ 3-DOF controller 2-DOF controller PID Controller
Performance - - -
Over | Under Settling Over | Under | Settling | Over Under Settling
shoot shoot Time shoot | shoot Time shoot shoot Time
inPu inPu (Sec) inPu | inPu (Sec) inPu inPu (Sec)
AF 0.06 -0.001 6.80 0.06 -0.01 7.92 0.12 -0.024 12.60
ITAE 8.8312 22.0652 32.1088

Table.4 Optimal gain parametersof 3-DOF controller due to different techniqueswith respective | TAE values

Area Technique ITAE 3-DOF controller
Kp Ki Kb N Pw Dw Gre
Microgrid GA 31.0158 -1.9988 -1.9696 -1.9902 92.0288 1.0212 0.9424 0.0628
with EV PSO 23.6332 -1.7978 -1.9498 -1.9822 76.1856 1.8018 1.2034 0.0956
BDA 20.9682 -1.9706 -1.8568 -1.9814 88.0212 14514 1,0828 0.0212

In view of above responses, deviation in frequency
response due to variation of applied load demand and
fluctuation in wind power are depicted in Fig.11 (a) and
Fig.11 (b) respectively however frequency deviation due to
fluctuation in solar irradiation power and convergence curve
of different implemented algorithms are depicted through
Fig.12(a-b) respectively. The optimized gain parameters of
proposed 3-DOF controller due to different techniques i.e
proposed BDA, PSO and GA along with respective ITAE
values are gathered in table.4. Finally critical analysis over
different dynamic responses depicted in Fig.(11-12) and
table4 reveadls more effectiveness of proposed BDA
optimized 3-DOF controller over other approaches for
micro-grid control under different uncertainties.

V. CONCLUSION

The research article has well addressed on frequency
control of an electric vehicle operated off-grid micro-grid
system with proposing a degree of freedom based optimal
3-DOF controller. The micro-grid system has been well
organised with some distribution generation (DG) system to
support reliable operation of power system. In this regard a
novel Binary Dragonfly algorithm (BDA) has been proposed
to optimize the gain parameters of proposed 3DOF-PID
controller. The system dynamic performance has been
examined by proposed BDA optimized 3DOF-PID controller
under certain uncertainties like variation in applied load,
fluctuation in wind and solar irradiation power. The
performance of proposed optimal 3DOF-PID controller has
been compared with 2DOF-PID and PID controllers to show
effectiveness of proposed controller. Again the viability of
proposed BDA technique has been observed with suitable
comparative analysis over PSO and GA algorithm for
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micro-grid control mechanism. Overall analysis and critical
discussion on different numerical results and dynamic
responses confers supremacy of proposed BDA optimized
3-DOF controller for frequency control of an islanded
micro-grid system.

Appendix

Di = damping coefficient i area= 0,012 (pu/Hz); M; = Inertia
constant of i"area = 0.2 (pu/s); i= 1,2;Tec = Fuel Cell time
constant = 4s; Krc =1/5; Tees = Battery energy time constant =
0.1s; Kges = 1/300; Tees = Flywheel energy storage time
constant =0.1s, Kees =1/100; T4 = Diesel engine generator
time constant = 2s; Twt = Micro-turbine time constant = 2s;
Kwmt =1 ; Twre = Wind turbine generator time constant = 1.5s;
Kwre = 1; Tpy = Photo Voltaic cell time constant = 1.8s ;Kpy
= 1; Tev = Time constant of Electric Vehicle =0.2s; Kgy
=1/100; Tae = Time constant of Aquaelectrolyser = 0.5s; Kae
=1/25; R=Regulation=2.4 HzZ/Mw
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