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ABSTRACT This paper suggests an adaptive control approach using water cycle algorithm optimization
method (WCA) modified by a new technique called ‘‘Balloon Effect’’. The main concept of Balloon Effect
is to increase the ability of the WCA to tune individually the gains of the controller online. The proposed
technique has been used to tune the gains of PID controller and applied to control both of the load frequency
control in micro-grid power system (which minimize the fundamental frequency variations) and the position
of armature-controlled DC motor. Digital simulations have been carried out to prove the efficiency of
the proposed adaptive controller-based WCA with Balloon Effect. The obtained results showed that the
proposed adaptive controller maintains robust performance, and effectively reduces the impact of identified
disturbances and uncertainties.

INDEX TERMS Load frequency control, speed control of DCmotor, adaptive control, water cycle algorithm,
balloon effect.

I. INTRODUCTION
Despite modern and intelligent control techniques which
appeared during last decades, PID controller acts as a main
player to control the industrial and practical process. It has
several advantages such as: simplicity, reliability and low
cost [1]–[3].

One of the disadvantages of the fixed parameters PID
controller is its low sensitivity to the process’s parameters
variations and system disturbance. An adaptive control is
the control method used by a controller that adapts the
parameters of the controller according to system parameters
variations [4]. Also, many robust, optimal and intelligent
control approaches have been discussed as load frequency
controllers [5]–[9].

The adaptive control techniques have been applied to tune
PID’ gains according to the situation of the process. Myriad
adaptive approaches have been introduced such as model ref-
erence adaptive control, model identification adaptive control
and adaptive control withmultiplemodels. Recently, there are
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some attempts to apply optimization approaches to tune the
control parameters, this is because of their ability to deal with
uncertainties and disturbances [10]–[14].

Optimization techniques have been used to make off-line
tune of the classical PI-LFC such as in [15], [16]. Also, there
are some attempts to use optimization methods to make an
on-line tuning of adaptive LFC’ parameters [17], [18].

On the other hand, WCA has been considered a meta-
heuristics optimization technique. One of the advantages of
WCA is its requirement of lower number of insensitive users,
also, WCA can be applied in wide range of optimization
issues using defined user fixed parameters [19]–[23].

One of the weaknesses of the classic WCA application
in the adaptive control problem can be expressed as fol-
lows: according to the nominal transfer function of the plant
considering no load disturbance, the objective function has
been designed. Therefore, poor performance may occur at the
moment of load disturbance and in the case of variations of
the system parameters.

The Balloon Effect has been designed to make the opti-
mization technique more sensitive to the variations that affect
the system, such as load variation and changes in the system
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parameters. It represents the effect of the system changes
on the on-time system open loop transfer function, which is
similar to the effect of air on balloon size.

This paper suggested a modified WCA with Balloon
Effect, this Balloon Effect (BE) is designed to enable WCA
to work individually as an adaptive controller to tune the
PID controller, by other way it increases the sensitivity of
WCA to system parameters changes and system disturbance.
An adaptive controller-based proposed WCA + BE has been
applied to two applications: position control of DCmotor and
frequency control in micro-grid power system.

The contributions of this work can be outlined as
follows:
• A novel modification for WCA optimization techniques
named ‘‘Balloon Effect’’ has been presented for adaptive
tuning of controller gain’s parameters.

• Balloon Effect has been introduced with WCA tech-
nique for Electrical Systems’ Applications such as
adaptive frequency control in micro-grids and adaptive
position control of DC motors.

The rest of the paper is organized as follows: Section II
defines the main problem formulation. Sections III and IV
illustrate the general overview of WCA and the main idea
of the BE respectively. Robustness and stability of proposed
scheme are presented in Section V. Applications of micro-
grid system and dynamic model of the suggested system are
discussed in details in Section VI In Section VII a modified
WCA based frequency control is described. Section VIII
shows the simulation results and discussions of the proposed
controlled systems. Section IX shows the position control
of DC motor applications and a modified (WCA + BE)
based adaptive PV controller is described. Finally, Section X
concludes the work and suggests some directions for future
studies.

FIGURE 1. General scheme of the online optimizer-Fuzzy controller.

II. PROBLEM FORMULATION
Many publications utilized different optimization meth-
ods with such fuzzy controller as adaptive controller [17],
[24], [25]. The main goal is limited to adjust the parameters
of fuzzy controllers as shown in Fig. 1. On the other hand
as shown in Fig. 1, this scheme is complicated and time
consuming, since there is a huge calculation in both optimizer

FIGURE 2. General scheme of adaptive controller based only optimizer.

and fuzzy controller so that some attempts to use optimization
method directly to tune PID controller to make the controller
faster [26]–[28] as shown in Fig. 2.

III. GENERAL OVERVIEW OF WCA ALGORITHM
WCA is a mathematical representation of the physical natural
water cycle [23]. The cycle story of how the streams and rivers
flow to the sea is shown in Fig. 3.

FIGURE 3. Simplified water cycle mechanism.

The initial population is assumed to design the variables
that are divide into seas and rivers. The stream (using cost
function) judges between solutions: best solution is the sea
then the other best represents the river and the number of
rivers is selected by the designer after that the other solutions
for streams which flow to the river or the sea that is deter-
mined by NS factor. The movement of streams and rivers as
shown in Fig. 4. [19]–[21].

A. OUTLINES OF WCA PROCEDURES AND STEPS
CAN BE CONCLUDED AS FOLLOW
Step 1: Choose the initial parameters of the WCA: Nsr,

Npop, dmax, Max. Iteration.
Step 2: The algorithm begin with generation of

random initial population then form the initial rain
drops(streams), sea, and rivers by cost function as shown in
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FIGURE 4. Schematic of WCA algorithm.

Eq. (1),(2), and (3) respectively.

pop of raindrop=


raindrop1
raindrop2

...

raindropNpop



=


x11 x12 · · · x1Nvar
x21 x22
...

...

· · ·

...

x2Nvar
...

xNpop1 xNpop2 · · · xNpopNvar

 (1)

where: raindrop = [x1, x2, x3, . . . .xn]

Cost i = f
(
x i1, x

i
2, . . . x

i
Nvar ,

)
i = 1, 2, 3, . . . ,Npop(2) (2)

Nsr = number of river +
1︸︷︷︸
sea

(3)

Step3: Determine the number of streams that flow to the
specific rivers or sea using:

NSn = round

{∣∣∣∣∣ Costn∑Nsr
i=1 Cost i

∣∣∣∣∣ ∗ Nraindrops
}
n = 1, 2, . . . ,Nsr

(4)

Step 4: The stream will have a new position by flowing to
the rivers, the new position will be compared to old position
and the best solution will be replaced by:

X i+1stream = X istream + rand ∗ C ∗
(
X iriver − X

i
stream

)
(5)

Step 5: The step 2 is repeated but the new position of the
stream is flowing to the river by Eq. (6).

X i+1stream = X istream + rand ∗ C ∗
(
X isea − X

i
stream

)
(6)

Step 6: Rivers flow to the sea that is the steepest
place using Eq. (7).

X i+1river = X iriver + rand ∗ C ∗
(
X isea − X

i
river

)
(7)

Step 7: In this step, the evaporation condition tests the
final position of the all streams with Eq. (8). If the evapo-
ration condition is satisfied, the raining process will occur

using Eq. (9).∣∣∣X isea − X istream∣∣∣ < dmax i = 1, 2, 3, . . .Nsr − 1 (8)

Xnewstream = Xsea +
√
µ ∗ randn (1,Nvar ) (9)

where: dmax is a small number (close to zero). Therefore,
if the distance between a river and the sea is less than dmax,
it indicates that the river has reached/joined the sea, and µ is
a coefficient that shows the range of searching region near the
sea. randn is the normally distributed random number.
Step 8: Reduced the value of dmax, which is user defined

parameter using:

d i+1max = d imax −
d imax

max iteration
(10)

Step 9: Check the convergence criteria. If the stopping
criterion is satisfied, the algorithm will stop, otherwise return
to step 8. Finally, for all previous steps and procedures: The
flowchart of WCA is shown in Fig. 5.

IV. GENERAL IDEA OF BALLOON EFFECT FOR
OPTIMIZATION TECHNIQUES
BE is firstly suggested in [39] to control the position of a cart
moved by a DC motor, also it is applied in LFC application
in [40]. At any iteration, the objective function depends only
on the value of the controller’ gains [28]. This means that
there is no direct effect of system changes on the objective
function, and this leads to weak reaction of the optimizer in
case of system issues. Balloon Effect (BE) has been designed
to treat this point. ‘Balloon Effect’ carries the mean of the
system changes effect on the value of the optimization’ objec-
tive function and consequently on the performance of the
optimization method itself. Fig. 6 shows the block diagram
of any optimizer techniques supported by Balloon Effect as
an adaptive integral control system.

The idea of Balloon effect when applied to optimization
techniques is illustrated in Fig. 7. It can be noted that: at any
iteration-i, main output Yi(S) and input Ui(S) will be fed to
the optimizer to calculate the actual process transfer function
at this moment i as:

Gi (S) = G̃ =
Y i(S)
U i(S)

(11)

In addition, Gi (S) can be represented by its past value
Gi−1 (S) as:

Gi (S) = AL i · Gi−1 (S) (12)

ALi is a gain, and Gi−1 (S) can be expressed using the nomi-
nal process transfer function G0 (S) as:

Gi−1 (S) = ρi · G0 (S) (13)

where

ρi =
∏i−1

n=1
ALn (14)

So, from (12) and (13) it can be noted that:

Gi (S) = AL i.ρi · G0 (S) (15)
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FIGURE 5. The standard flowchart of WCA algorithm [23].

FIGURE 6. Micro-grid model based adaptive control system supported
by BE.

FIGURE 7. Idea of Balloon Effect for optimization methods at any
iteration i.

FIGURE 8. System’ block diagram for stability [31].

Expression of ‘Balloon Effect’ is driven from that reality:
the effect of system difficulties such as the disturbance and
parameters uncertainties on Gi (S) resembles the effect of
the air in/out on the balloon size. As a result of this effect,
the objective function of the optimization technique at any
iteration (i)will depend on the gains values and change in the
value of Gi (S).
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V. STABILITY AND ROBUSTNESS OF SUGGESTED
WCA + BE SCHEME
The block diagram shown in Fig. 8 expresses the system with
suggested controller, and it can be expressed as:

Ẋp = ApXp + bpc∗0r
yp = CT

p Xp

}
(16)

where c∗0 is the nominal value of the feedforward controller’s
gain. The regress or w can be expressed as [29]–[31]:

w = wm + Qe+ qnn (17)

Qe =
[
0
y∗p

]
is matrix of the error, n is the output noise

qTn =
[
0 1

]
∈

(
<,<n−1,<,<n+1

)
= <2n.

Considering the plant with nominal transfer function has been
used as the base of the suggested adaptive controller, so the
system output will be defined as:

y∗ = G0 (S) . (18)

The actual output will be calculated as:

y (t) = y∗ + Ha.u (t) (19)

Ha = Gi (S)− G0 (S) (20)

Assuming that Ha is an operator which satisfying that:

‖Ha · u(t)‖∞ ≤ γa ‖u (t)‖∞ + βa (21)

where βa and γa are considered as two small value constants
and for all t≥ 0, βa may contains all possible existence of the
bounded disturbance of the output.

The following theorem ensures the stability of adaptive
system in presence of parameters uncertainties: It is assumed
that the trajectories of the adaptive system are continuous
with respect to t. If wm is Persistently Exciting. Then for
x0, γa, βa are small values, the state trajectories of adaptive
system are bounded.

Proof: Let T > 0 such that x(t) ≤h for t∈ [0, 1], and
considering n = Ha.u with assumption of:

‖n(t)‖∞ ≤ γa ‖u (t)‖∞ + βa (22)

For t ∈ [0,T ], and by Eq. (17)

u = θT · w =
(
θ∗T + ∅T

)
· w = θ∗Twm

+ θ∗TQe+ θ∗T qnn+ ∅
Twm + ∅TQe+ ∅T qnn (23)

and θT =
[
c0 d0

]
.

where x ∈ Bh, there are γu,βu ≥ 0 so,

‖u(t)‖∞≤γu ‖n (t)‖∞ + βu (24)

For t ∈ [0,T ], and considering γa, βa are small values, so

γaγu< 1and
βa + γaβu

1− γaγu
< cn (25)

where cn is assumed as a constant.
Since βa, γu, γa, and βu are independent from T, |x(t)| < h

for over the time period. In addition, a value of T> 0, can be
exist as |x(t)| ≤ h for t∈ [0,T ] and x (T ) = h, and this will
be applied for x (T ) < h.

FIGURE 9. Block diagram of single area MG model.

VI. MICRO-GRID SYSTEM APPLICATION
The general block diagram of single area non-reheated tur-
bine micro-grid (MG) is shown in Fig. 9. The mathematical
model of the proposed micro-grid is described as follow [2]:

The frequency deviation ( df
dt ) can be expressed as:

1̇f =
(

1
M

)
·1Pd −

(
1
M

)
·1PL −

(
D
M

)
·1f (26)

The diesel generator dynamics can be expressed as:

˙1Pd =
(

1
Td

)
·1Pg −

(
1
Td

)
·1Pd (27)

The governor dynamics can be expressed as:

˙1Pg =
(

1
Tg

)
·1Pc −

(
1

R.Tg

)
·1f −

(
1
Tg

)
·1Pg (28)

where (1ḟ, 1Ṗd,1Ṗg) equal to ( df
dt ,

dPd
dt ,

dPg
dt ) respectively.

While, Fig. 10 shows a general construction of MG.

VII. WCA BASED ADAPTIVE FREQUENCY CONTROL
WCA has been used as adaptive controller in [19]–[23],
where the frequency deviation is the only signal used to
feed the WCA as a guide to tune the gain of integral con-
troller. The desired objective function of WCA is a function
of the on-time value of Ki and the nominal system transfer
function G0 (S).

The model of the single area non-reheated turbine micro-
grid linked with WCA is shown in Fig. 11.

A. WCA WITHOUT BALLOON EFFECT
Fig. 12 illustrates the simplified dynamic model of the sin-
gle area power system used to drive the objective func-
tion of WCA; the closed loop second order system can be
described as:

T .F =
ω2
n

S2+2ηωnS+ω2
n
=

ki
Mo

S2 +

((
Do+ 1

Ro

)
Mo

)
S + ki

Mo

(29)

where Ro, Do and M0 are the nominal values of R, D and M
respectively. From (29):

ωn =

√
ki
/
Mo

(30)
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FIGURE 10. General construction of Micro-grid.

FIGURE 11. General block diagram model of isolated MG using WCA
with/without BE.

FIGURE 12. Dynamic model of a single-area micro-grid for a controlled
area.

η =

((
Do+ 1

Ro

)
Mo

)
2.ωn

(31)

MP = e
−πη√
(1−η2) = e

−π
(
Do+ 1

Ro

)

2Moωn∗

√√√√√√
1−


((
Do+ 1

Ro

))
2.Moωn

2
(32)

Ts =
4
ωn.η

=
8((

Do+ 1
Ro

)
Mo

) (33)

Tr =
π −

√(
1− η2

)
ωn.

√(
1− η2

) =
π −

1−


( (

Do+ 1
Ro

)
Mo

)
2.ωn


2

0.5

ωn.

1−


( (

Do+ 1
Ro

)
Mo

)
2.ωn


2

0.5

(34)
The desired objective function is:

J = min
∑

(Tr + Ts +MP) (35)
It can be noted that any system changes at any moment i, has
no effect on the objective function, and this means that WCA
will not deal with these changes effectively.

FIGURE 13. Reduced MG model controlled by WCA based BE.

B. WCA WITH BALLOON EFFECT
Fig. 13 illustrates the simple model of the studied micro-grid;
this model has been used to drive objective function of WCA
supported with Balloon Effect (BE):
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FIGURE 14. Model of adaptive control using balloon effect identifier.

at any iteration i, from Eq. (15):

Gi (S) = AL i.ρi · Go (S)

where

Go (S) =
1

MoS + Do
(36)

So, the closed loop transfer function at any iteration i can be
calculated as:

T .F =
ω2
n

S2+2ηωnS+ω2
n
=

(
ki..ALi.ρi

Mo

)
S2 +

((
Do+

ALi .ρi
Ro

)
Mo

)
S +

(
ki..ALi.ρi

Mo

)
(37)

Then

ωn =

√(
ki.AL i.ρi
Mo

)
, and η =

((
Do+

ALi .ρi
Ro

)
Mo

)
2.ωn

(38)

It is clear now that the objective function J at any iteration i
is a function in ki, ALi and ρi.. Previous equations clarify that
system changes such as parameters variations or load change
will immediately affect on value of ALi and the objective
function at same time and this leads to increase the ability
of WCA to deal with the system problems effectively.

According to the ‘‘certainty equivalence controller’’ [32],
the control input can be calculated as:

U (S) =
(

Ki
S + KiG̃

)
R(S) (39)

For a discrete time domain:

U (k) = f (G̃(k),R (k + d)) (40)

where d≥ 1 represents the time delay between the output and
input. The control sequence of proposed WCA based BE is
illustrated in Fig. 14.

VIII. RESULTS AND DISCUSSION
The suggested modified technique (WCA + BE) is used
to tune LFC controller of small isolated power system.
Matlab/Simulink environment is used for the simulation
tests. The proposed micro-grid contains 20MW diesel gen-
erator is shown in Fig. 9. System nominal parameters and
WCA parameters are listed in the following Table 1 and 2
respectively:

TABLE 1. Parameters of the studied micro-grid.

TABLE 2. Suggested parameters of WCA optimizer.

To validate the proposed adaptive integral controller
adjusted by WCA based balloon effect, a system with the
proposed controller has been tested under following cases:

A. FIRST CASE: PERFORMANCE EVALUATION UNDER
20% STEP LOAD PERTURBATION
In this case, the system has been exposed to step load demand
at nominal system parameters. The load is stepped from 0 pu
to 0.02 pu at t = 3 sec. GRC of the turbine, and dead-band
of the governor are considered, 10% /minute for GRC and
the maximum value of dead band for governor is chosen to
be 0.05 pu.

To evaluate the WCA based BE for adaptive control
scheme, a comparison was done to system with particle
swarm (PSO) and classic WCA. Parameters of the PSO are
listed in the following Table 3. Fig. 15 shows both of the
frequency change and output power change of the diesel
generator for the system with fixed integral controller, adap-
tive controller tuned using WCA, adaptive controller tuned
using PSO, and adaptive controller tuned using WCA based
BE. From this figure, it is clear that, system with adaptive
controller tuned by WCA based BE gives the best power and
frequency, it has no overshoot, and the smallest settling time.
In addition, all of the adaptive controllers give better than the
fixed parameters controller.
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TABLE 3. Pso initial parameters values.

FIGURE 15. System response for case 1.

Fig. 16 illustrates the efforts of WCA based BE, it can be
noted that it exerted much effort to enhance the total system
response.

The Performance specifications (over shoot, under shoot
and the settling time) of the adaptive WCA, PSO and
conventional integrator controllers have been compared
in Table 4.

FIGURE 16. (Ki) output control signal for PSO and WCA, and WCA +BE
optimizers.

TABLE 4. Performance specification due to 20% step load change.

FIGURE 17. Load variations for case 2.

B. SECOND CASE: PERFORMANCE EVALUATION UNDER
VARIABLE LOAD DISTURBANCES
To check the system with the proposed WCA based BE
in difficult situations, it has been tested in the presence of
system parameters changes (D is minimized to the value of
0.08 pu MW/Hz) at random load shown in Fig. 17.
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FIGURE 18. System response for case 2.

Fig. 18 shows the system response obtained using the past
types of controllers. It depicts that the frequency response in
case of classical integral controller is very bad in case of load
demand and system parameter uncertainty, but system with
integral controller tuned by only WCA or WCA + BE can
deal with this sever case efficiently. In addition, the system
with suggested control method can give the best performance
with minimum overshoot and smallest settling time.

IX. WCA + BE BASED POSITION CONTROL OF A DC
MOTOR APPLICATION
A. POSITION-VELOCITY (PV) CONTROL OF DC MOTOR
The DC motor has several advantages such as the good
relation between torque or speed and armature current, and
the relation between the speed and the torque. DC motor is
widely used in industrial applications such as robot, electric
cars, and electric traction. Many different controllers for DC
motor are introduced in [33]–[36].

To assure the effectiveness of the proposed WCA + BE,
it has been applied to the position control of a cart driven by

FIGURE 19. Studied cart moved by DC motor.

an armature-controlled DC motor shown in Fig. 19. The car
consists of a movable aluminum mass, which moves linearly
on a shaft with linear bearing, and this mass is driven by a DC
motor at track with pinion mechanism in line with a planetary
gearbox [37], [38]. The transfer function of the car system can
be expressed as:

G (S) =
X (S)
Vm (S)

(41)

In addition, by the second Newton’s law:

M
(
d2

dt2
x (t)

)
+ Fai (t) = Fc (t)− Beq

(
d
dt
x (t)

)
(42)

The armature inertial torque Fai can be represented as:

Fai =
ηgKgTai
rmp

(43)

Also using the second Newton’s law on motion of the rotor
shaft, it yields that:

Jm

(
d2

dt2
θm (t)

)
= Tai (t) (44)

The angular displacement θm can be calculated as:

θm =
KgX
rmp

(45)

The linear force Fc generated by the DC motor can be
calculated by:

Fai =
ηgKgTm
rmp

(46)

The generated torque by the DC motor can be expressed by:

Tm = ηmKt Im (47)

while, the motor angular velocity can be calculated as:

ωm =
Kg
( d
dtX (t)

)
rmp

(48)
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FIGURE 20. Electric circuit diagram of the armature circuit of the DC
motor.

According to Fig. 20, and using Kirchhoff’s voltage:

Vm − RmIm − Lm

(
d
dt
Im

)
− Eemf = 0 (49)

By neglecting the motor inductance Im can be calculated as:

Im =
Vm − Eemf

Rm
(50)

The transfer function of the motor can be expressed as:

G(S)

=
rmpηgKgηmKt(

RmMr2mp+RmηgK 2
g Jm

)
S2+

(
ηgK 2

g ηmKtKm+BeqRmr2mp
)
S

(51)

Fig. 21 illustrates the detailed block diagram of the proposed
system and Table 5 shows the value of the system parameters.
In addition, the maximum values of electrical motor are
shown in Table 6.

FIGURE 21. Block diagram model of the used DC motor.

Fig. 22 shows the block diagram of the proposed system
with Position-Velocity (PV) controller. Nominal values ofKp,
Kv are: Kp0 = 274.62 v/m and Kv0 = 5.532 v.sec/m, these
values are designed to guide the system to give characteristics
of 0.15 sec rise time and 10%overshoot.WCA+BE has been
designed to tune the gains of the PV controller.

TABLE 5. The system item values.

TABLE 6. Maximum electrical motor values.

FIGURE 22. Block diagram of PV based position control of DC motor.

FIGURE 23. Block diagram for complete system with modified
(WCA + BE).

B. ADAPTIVE PV CONTROLLER TUNED BY WCA + BE
Fig. 23 illustrates an adaptive position control system using
the proposed WCA based BE. At any iteration, the total
closed loop transfer function of the system can calculated
as (52), shown at the bottom of the next page.
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FIGURE 24. System position response.

Where:

ωni =

√
2.46 ∗ (

i∏
n=1

ALn) ∗ Kpi, and

ηi =

(
17.13+ 2.46∗K vi ∗

(
i∏

n=1
ALn

))
2 ∗ ωni

(53)

The objective function of WCA based BE is chosen as the
same as in Eq. (29). It is clear that, at any iteration, Jmin is
a function in both of the values of Kpi, Kvi and the value of

(
i∏

n=1
ALn). The modified WCA based BE technique has been

designed with the following parameters:
Kp (initial values) = [200,210,220,230,440].
Kv (initial values) = [5, 10, 15, 20, 25].
The system with controller tuned by WCA based BE is

compared with the system with that one tuned by classi-
cal WCA, PSO, and fixed parameters PV controller. Those
four systems have been examined at step input change and
step load disturbance as shown in Fig. 24. The step load
started at t = 3sec. and finished at t = 5sec. with value
of 0.2 N. The reference motor position signal is chosen to
start at t = 1.5 sec by amplitude of 15 mm and finished
at t = 4.5 sec.

It can be noted that the system with adaptive controllers
have no overshoots, while system with WCA + BE can
give best response with shortest rise-time. In addition,
as shown in Fig. 25, the system with proposed adaptive
control scheme can deal effectively with load disturbance
problem.

FIGURE 25. Focusing on period of load disturbance.

NOMENCLATURE
1f Frequency deviation (Hz)
1Pg Change in governor output
1Pd Change in diesel mechanical power
1Pc Change in speed changer position
1PL Change in demand load
D Equivalent damping coefficient (pu/Hz)
H Inertia constant (pu.sec)
R Speed regulation characteristic (Hz/pu)
X(s) The position of car
Vm(s) Motor voltage
Im Motor current
Rm Electric resistance of motor
Lm Inductance of motor
Eemf Back-Electromotive Force voltage
kt Motor torque constant
M The total mass of car system
Td Diesel Time constant of (sec)
Tg Governor Time constant (sec)
T< Rise Time constant (sec)
Ts Settling time
Mp Maximum overshoot
ζg Efficiency of gearbox
rmp Eotor pinion radius
kg Planetary gearbox ratio
Tai Armature inertial torque
Jm Rotor moment of inertia
ζm Efficiency of motor.
Fai Armature rotational inertial force
Fc Car driving force produced by the motor
Beq Equivalent viscous damping coefficient

Xi
Xdi
=

2.46 ∗ (
∏i

n=1 ALn) ∗ Kpi

S2 +
(
17.13+ 2.46∗K vi ∗

(∏i
n=1 ALn

))
S + (2.46 ∗ Kpi ∗

(∏i
n=1 ALn

)
)

(52)
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X. CONCLUSION
This paper suggests a novel adaptive controller using mod-
ified water cycle algorithm that is used individually to tune
the gains of the traditional controller parameters. In this
paper, the normal WCA was adjusted by a new modification
approach called ‘Balloon Effect (BE)’. The main idea of BE
is to make the objective function of WCA as a function of
both of the values of tuned gains parameters and the value of
system changes represented in a parameter called (ALi), This
will increase the sensitivity of WCA to the load disturbance
and system parameters uncertainties, and this will affect pos-
itively on the general characteristics of the system. Robust-
ness and stability of proposed control scheme have been
proven.

Adaptive controller using the proposed modified WCA
algorithm has been applied to two different electrical sys-
tems: frequency control of micro-grid system and posi-
tion control of a DC motor system, and the simulation
results proved the efficiency of the proposed controller in
both systems. The system with WCA based balloon effect
has been compared with such systems as classical WCA,
PSO and fixed parameters controllers in presence of load
disturbance and system parameters variations. Simulation
results assured the priority of the WCA + BE in all test
cases.

For further study, Balloon Effect (BE) control design
will be expanded to stabilize the oscillations in frequency
and power with the integration of renewable energy sources
such as PVs and wind energy in multi-area interconnected
power systems. In addition, applying BE to other heuristics
and meta-heuristics optimization techniques such as Electro-
search, Ant-colony, Dragonfly, Particle swarm,. . . etc.
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