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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 DC motor, 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 with multiple models. 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 DC motor 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.
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FIGURE 1. General scheme of the online optimizer-Fuzzy controller.

Il. 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
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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.

IIl. 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.
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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.

raindrop1
raindrop2
pop of raindrop =
L raindroprop
r 1 1 1
xl .x2 - xNvar
2 2
_ X Xy XNvar (1)
Npop Npop . Npop
L xl x2 xNvar
where: raindrop = [x1, x2, X3, ... Xy
i i .
Cost; :f(xl,xz, .. .xNvar,) i=1,2,3,...,Nppp(2) (2)
1
. ——
N = number of river + — 3)
sea

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

NS, = round { | ——
! { Zfi’l Cost;

*Nraindrops} n=12,...,Ny

“

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:

Xt = Xirean + 100 % C 5 (Xhyy = Xipea) - (5)

Stream Stream river

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

Stream Stream

Xittun = Xirean + 1and 5 € 5 (Xioy = Xiyean)  (©)
Step 6: Rivers flow to the sea that is the steepest
place using Eq. (7).
xitl — xi

river river

+ rand * C *x (Xsiea — Xfiver) @)

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

VOLUME 8, 2020

using Eq. (9).

X;ea _Xsilream <dpax 1=1,2,3,...Ny —1 (8)
Xy m = Xsea + /i x randn (1, Nygr) — (9)

where: dpax is a small number (close to zero). Therefore,
if the distance between a river and the sea is less than dyax,
it indicates that the river has reached/joined the sea, and pu 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 dpax, Which is user defined
parameter using:

+1 _ i drlnax
Dnax = D 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 Y;(S) and input U;(S) will be fed to
the optimizer to calculate the actual process transfer function

at this moment i as:
= Yi(S)
G S =G=
i (S) U:S)

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

Y

Gi(S) =AL; - Gi-1(5) 12)

AL; is a gain, and G;_1 (S) can be expressed using the nomi-
nal process transfer function Gy (S) as:

Gi-1(S) = pi- Go (S) (13)
where
i—1
pi=[]_ AL (14)
n=1
So, from (12) and (13) it can be noted that:
Gi (S) =AL;.pi - Go (S) (15)
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FIGURE 5. The standard flowchart of WCA algorithm [23].
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FIGURE 6. Micro-grid model based adaptive control system supported
by BE.

At any iteration i
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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 Gj (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 Gj (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:

Xp = ApX) + bycyr

Yp = CpT Xp }
where cgj is the nominal value of the feedforward controller’s
gain. The regress or w can be expressed as [29]-[31]:

w = wp + Qe + gun (I7)

(16)

0]. . . .
Qe = |:y* ] is matrix of the error, n is the output noise
P

@ =[0 1]e (R R R, ER"“) _ R,

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:

¥ =Go(S). (18)
The actual output will be calculated as:
y(®) =y +Hau(t) 19)
Hy = Gi(S) — Go () (20)
Assuming that H,, is an operator which satisfying that:
1Ha - u(Dlloo < Va llu(Dlloo + Ba 1)

where B, and y, are considered as two small value constants
and for all t > 0, B, 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 wy, is Persistently Exciting. Then for
X0, Ya» Ba are small values, the state trajectories of adaptive
system are bounded.

Proof: Let T > 0 such that x(t) <h for 7€ [0, 1], and
considering n = H,.u with assumption of:

Inlloo < Vallu O lloo + Ba (22)
For ¢t € [0,T], and by Eq. (17)
u=0T .= (9*T+®T> w=06"Tw,,
+6*TQe + 0T g n+ 0" wp + 07 Qe + 0 g0 (23)

and 67 = [co do].
where x € By, there are y,, 8, > 0 so,

lulloo <Vu lln Blloo + Bu (24)
For ¢t € [0,T], and considering y,, B, are small values, so
VaYu< land M < ¢y (25)

— YaYu
where ¢, is assumed as a constant.

Since B4, Yu, Va, and B, are independent from T, |x(¢)| < h
for over the time period. In addition, a value of T > 0, can be
exist as |x(¢)| < h fort€[0,T] and x (T) = h, and this will
be applied for x (T') < h.
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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 ( g—f ) can be expressed as:

(3 - (3) an-(5) o

The diesel generator dynamics can be expressed as:

AP, = (Ti) APy — <Tid> - APy 27)

The governor dynamics can be expressed as:

o= (3) o (i) - (7) o e

where (Af, APd, APg) equal to ( %, %, %) 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 Gq (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:

2 ki

T F ©n M,

- SZ+217a),1S+w% - (D +RL)
2T Ro ki
S2+ i, S+ M,

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

wn = /kif M, (30

(29)
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FIGURE 11. General block diagram model of isolated MG using WCA
with/without BE.
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FIGURE 12. Dynamic model of a single-area micro-grid for a controlled
area.
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60882

4 8
T, = = (33)
Wn-1] (Pot75)
e
((Dﬁ%)) 2\ %7
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T—|1- 2.wp
T — (1 - nz)
T, = -
wp, (1 _ 772) ((D()‘F%)) 2, 0.5
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(34)

The desired objective function is:

J =miny (T, + 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.

At any iteration i

~ ~
/ AP, \|
|
| l !
af [k y Ly 1 L Af
s | N | MS+D | |
| Power System |
1 I :
— I
R I I
i G;(S) = AL;.p;. G,(S)
\_‘__ ________ .__‘/;

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;.pi - G, (S)

where
1

Go ) =357, (36)

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

5 ki ALi.p;
TF a)n M,

T Q242nwaS+wE AL;.p;
S2+2nwaS+w; ¢ n <(Da':/l[eup>> S+ (k,’_.Ah.,O[)

M
(37)

Then

(-(Do+"if;°’ >->
M,
Wy = <M>, and n= — (38)

M, 2.0y

It is clear now that the objective function J at any iteration i
is a function in k;j, AL; and p; . Previous equations clarify that
system changes such as parameters variations or load change
will immediately affect on value of AL; 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:

K;
UlS)=———= ) R(S 39
®) <S+KiG) ® 59

For a discrete time domain:
U(k) = f(G(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.
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VIil. 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.

D H=M2) R T, Tq

0.12 0.10 24 0.14 7

TABLE 2. Suggested parameters of WCA optimizer.

Candidate Solutions 5
Number of Rivers (Nsr) 9
Number of Generations 20

Distance between a river and sea < dmax = 1e'°
The initial values of the design

variable (Ki) [0.05 0.15 0.2 0.1 0.33]

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 O 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.

Swarm size 5.0
Inertia Weight (w) 9.0
Inertia weight damping ratio (Wqamp) 0.99
Personal Learning Coefficient (C1) 1.50
Global Learning Coefficient(C2) 2.0
Max. Iterations 100
0.1
T R I-controller
::’.:. IIIIIIIIPSO
i WCA
0.05 L WCA+BE |
0 —t
= .
=
—
<
-0.05
-0.1
-0.15
0 10 20 30 40 50 60
Time, sec
(a) Frequency deviation.
0.035
"""""" I-controller
srensss pSO
0.03 WCA
WCA+BE
0.025
5 0.02- A~ s
& H < "t
© H
L o.015 i
0.01
0.005
0

0 10 20 30 40 50 60
Time, sec
(b) Diesel power deviation

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.
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PSO WCA WCA+BE

0.4

0.3

0.2

(K.) control signal

60

Time, sc

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

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

Af APyq
Type of
adaptive Over Under Settling Over Settling
controller shoot shoot time shoot time

I-conventional | 0.0781 | -0.1203 35.123 0.0323 33.869

PSO 00275 | 01202 | 18176 | 00252 | 17.841
WCA 0.0495 | -0.1202 | 15022 | 00241 | 14.140
WC’;E”"" 0.0005 | -0.1184 | 11.601 | 0.0208 | 10.285
0.04
0.03

o
o
]

Load power change (pu)
o
=

0
-0.01
-0.02
0 10 20 30 40 50 60
Time, sec

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

VOLUME 8, 2020

DC motor

Pinions

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:

_X©)
SV (S)

In addition, by the second Newton’s law:

G(S) (41)

d? d
M <d7x (t)) + Fui (1) = Fe (1) — By (Ex (t)) (42)

The armature inertial torque F,; can be represented as:

_ KT

Ymp

Fi (43)

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

d2
Im <P9m (t)) = T () (44)
The angular displacement 6,, can be calculated as:
KX
Om = (45)
T

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

o ngKng

Foi = (46)

Ymp
The generated torque by the DC motor can be expressed by:
Ty = Ky (47)

while, the motor angular velocity can be calculated as:

d
Fmp
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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:

d
Vin — Ry — Ly (Elm> —Eer =0 (49)
By neglecting the motor inductance Im can be calculated as:
Vin — Eemf
Iy = —7—7 50
m R (50)
The transfer function of the motor can be expressed as:
G(S)
N T mpngKgflmKt
(RMr2,+RungK2J ) S+ (ngK 20mK: Kin+BegRmr2,)S
(S

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.

2
[ p

I (gifﬂm

|
H

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 of Kp,
Kv are: Kpg = 274.62 v/m and Kvy = 5.532 v.sec/m, these
values are designed to guide the system to give characteristics
of 0.15 secrise time and 10% overshoot. WCA + BE has been
designed to tune the gains of the PV controller.

60886

TABLE 5. The system item values.

Parameter Values Parameter  Values

g 100% rmp 6.35*10° M
{m 100% Kg 3.71

kt 7.67*10-3 N.m/A Rm 2.6 ohms
M 097 Kg Jm 3.9*107 Kg.m?

TABLE 6. Maximum electrical motor values.

Symbol Max. Values
A\ 6v
F 50 Hz
1 1A
Q 628.3 rad/sec

Derivative

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

Inside PC Physical System

! WCA+BE !
\ 7

¥ o ot n

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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0 2 Tim e? sec. 6 8 FIGURE 25. Focusing on period of load disturbance.
FIGURE 24. System position response.
NOMENCLATURE
Af Frequency deviation (Hz)
Where: ; APg Change in governor output
Wy = \/ 2.46 % ([] ALy) % Kp;, and APq  Change in diesel mechanical power
n=1 AP, Change in speed changer position
_ AP, Change in demand load
l . . . .
( 17.13 4+ 2.46%K ,; * ( 14 Ln)) D Equivalent damping coefficient (pu/Hz)
ni = n=1 (53) H Inertia constant (pu.sec)
! 2 % wy; R Speed regulation characteristic (Hz/pu)
o ) ) X(s)  The position of car
The objective function of WCA based BE is chosen as the Vm(s) Motor voltage
same as in Eq. (29). It is clear that, at any iteration, Jp,;, is I m Motor current
a function in both of the values of K);, K,; and the value of m . .
; Rm Electric resistance of motor
(TT ALy). The modified WCA based BE technique has been Lm Inductance of motor
=1 .
dnesigned with the following parameters: Eemf  Back-Electromotive Force voltage
Kp (initial values) = [200,210,220,230,440]. kg Motor torque constant
Kv (initial values) = [5, 10, 15, 20, 25]. M The total mass of car system
The system with controller tuned by WCA based BE is Ta Diesel Time constant of (sec)
compared with the system with that one tuned by classi- Ty Governor Time constant (sec)
cal WCA, PSO, and fixed parameters PV controller. Those Ty Rise Time constant (sec)
four systems have been examined at step input change and Ts Settling time
step load disturbance as shown in Fig. 24. The step load M, Maximum overshoot
started at t = 3sec. and finished at t = S5sec. with value e Efficiency of gearbox
of 0.2 N. The reference motor position signal is chosen to rrgh Eotor pinion radius
start at t = 1.5 sec by amplitude of 15 mm and finished P P .
att = 4.5 sec. kg Planetary gearbox ratio
It can be noted that the system with adaptive controllers Tai Armature inertial Forqge
have no overshoots, while system with WCA + BE can Jm ROt.Of moment of inertia
give best response with shortest rise-time. In addition, Sm Efficiency of motor.
as shown in Fig. 25, the system with proposed adaptive Fai Armature rotational inertial force
control scheme can deal effectively with load disturbance Fe Car driving force produced by the motor
problem. Beq Equivalent viscous damping coefficient
Xi _ 2.46 % ([T ALy) * Kp; -
Xai 524 (1713 4 2.464K i % (TTooy AL ) ) S + 246 5 Kpi+ (TThcy ALn )
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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 (AL;), 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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