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In this paper, Small Hydro Plant (SHP) of 1.3 MW is simulated with two
conventional PID controllers in excitation system and governor to
enhance the capability to handle the transiency of the generator.
Excitation voltage control and turbine speed control are the two basic
control schemes, to regulate reactive power or terminal voltage and real
power or frequency respectively. The selection parameters of the PID
controllers are significant to enhance the performance of the system.
Quasi Oppositional Based Lightning Search Algorithm (QOLSA) is
validated in this paper to optimize the PID controllers over LSA and PSO.
Renewable energy source like SHP is environment friendly and very
imperative to meet the vigorously growing load demand. The simulation
of the SHP is established in MATLAB/SIMULINK environment. Finally,
QOLSA optimized PID controller contributes better control in terminal
voltage and power over LSA and PSO algorithms.

Keywords: Lightning Search Algorithm (LSA); Quasi Oppositional Based LSA (QOLSA); Small Hydro
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INTRODUCTION

For last two decades, the load demand of electricity is growing vigorously, due to
this, power generation is unable to meet the load demand. In our power system network,
most of the power is generated from conventional source of energy. The problem of using
conventional sources of energy is: it is costly, creates pollution, and takes time to
generate power and the huge requirement of raw materials which are extracted from
fossil fuels. Earlier, we were enriched with natural resources and fossil fuels but due to
extraction of fossil fuel it may get depleted in the near future. Providently, we have an
alternate approach to generate electricity from non-conventional sources of energy. In
this paper, an isolated Small Hydro Plant (SHP) is presented to meet the load less than
SMW. SHP has following advantages, which attract the interest of readers and
industrialist.

o [t is flexible.

e Under heavy load conditions gives supply to the grid.

e Standalone systems in rural areas.

o [t is eco-friendly.

G. Baidya [1] has described a brief study about the advantages of SHP, current
status of SHP in globe, government policies, and cost of installation & maintenance. The
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procedure to obtain the accurate governor model to improve the system stability,
modeling of hydraulic turbine and their mathematical equations are well portrayed in [2].
Dewangan et. al. [3] enhanced the performance of the SHP by implementing craziness
based particle swarm optimization (CRPSO) optimized PID controllers in both excitation
and governor of the isolated alternator. Tenorio [4] presented a report on hydraulic
governor and turbine model. They had also discussed the components of the various
models of hydraulic governor and turbines. Kim and Schaefer [6] discussed the
performance of excitation system and suggested the tuning methods for excitation
parameter. Parameter for modeling synchronous machine designing is discussed in [7].
Enhancing the performance of the SHP by concerning frequency and terminal voltage has
been attempted by many researchers in [8-18] by adopting some intelligent controller and
some optimization techniques. Application of some adoptive algorithms in interconnected
Hydro-Thermal power system are validated in [19, 20].

This present paper is an endeavor to design a SHP to enhance the terminal voltage
and the power transient stability by implementing PID controllers in excitation and
governor systems, respectively. The gain parameters of the PID controller have very vital
aspects to enhance the performance of the system. Quasi Oppositional Base——d
Lightning Search Algorithm (QOLSA) technique is adopted to hunt the best pair of
parameters of PID controller to enhance the system performance. Lightning search
algorithm (LSA) and particle swarm optimization (PSO) algorithm is adopted to validate
the QOLSA technique to tune the PID controller.

SYSTEM DISCRIPTION

SHP model consists of components like governor, servo motor, hydraulic turbine,
salient pole alternator and excitation system. The block diagram of the SHP is illustrated
in Figure 1. A DC regulated excitation voltage is enforced to the rotor of synchronous
generator to enhance the transient response of the terminal voltage. Figure 2 represents
the model of excitation system of the generator. Governor system is implemented to
regulate the speed of the turbine. The controller in governor system regulates the valve of
the gate of the water turbine to enhance the real power and frequency of the generator.
The transfer function block of the governor system is portrayed in Figure 3. Servo motor
controls the gate opening of water flow in the turbine. Servo motor action is governed by
governor action. The simulation of SHP is done in MATLAB software to study its
transient and dynamic response of the generator. Two different optimizing techniques
(LSA and QOLSA) were executed to optimize PID controller in governor and excitation
system. Each block in simulation is represented as a mathematical modeling of the
system which is presented in [3].

The governor system has transient and permanent droop. Transient droop allows
rotor to change the speed smoothly according to power demand. Droops generally allow
generator to operate parallelly according to their capacity and load sharing.
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Figure 1. Block diagram of SHP
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Figure 2. Excitation system transfer function block [5]
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Figure 3. Governor system transfer function block [5]

PID CONTROLLER

The term PID controller refers to Proportional, Integrator and Derivative
controller, which is a feedback control loop mechanism and widely used in industries. It
generally calculates an error value e(?) continuously. The error incorporated in the
governor system by concerning the difference of desired speed and processed speed. PID
controller gives desired result in an optimized way, without overshoot and time delay i.e.,
its response is fast. Hence, it is applicable for automatic control. The difference between
nominal terminal voltage and terminal voltage of generator is considered as an error, fed
to the PID controller in the excitation system to control the terminal voltage. The block
diagram of PID controller is portrayed in Figure. 4. The mathematical representation of
PID controller may be expressed in equation (1).

t
u(t) =K e(t) + K, j e(t)dt+ K, %e(t) (1)
0
Its equivalent Laplace transform in Laplace domain can be written as equation (2).
K
U(s)=K,E(s)+—LE(s)+ K, sE(s) )
S
>+
- U(t)
e(t) K S » +
bl (N
. 4]
=K n

Figure 4. PID controller structure
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QUASI OPPOSITIONAL BASED LIGHTNING SEARCH ALGORITHM (QOLSA)

This algorithm is inspired by a natural lightning phenomenon which occurs during
bad weather condition. Lightning is visible for a few milliseconds (ms). Charge
separation takes place within clouds during thunderstorm, and thus forms a strong electric
field; due to this its surrounding gets ionized. Hence, more projectiles are generated with
the original one. This projectile is being driven by an electric field and causes to form
negative corona streamer. This streamer is formed at higher ionization region where
attachment probability is less than ionization probability. The streamer or step leader
progression is in discrete steps through a channel. A new channel is originated from an
old channel forming a long channel whose tip energy is same as the old channel tip
energy known as space leader. A current wave is produced when step leader propagates
backwards until it connects to old channel. The corona burst out as the wave reaches to
the tip of new leader and this process continues. Properties of projectiles and its equation
are presented in [15, 16]. The Oppositional Based Learning (OBL) was introduced by
Tizhoosh [17]. Harmony Search (HS) algorithm is modified to enhance the
interconnected power system model in [18]. The fundamental purpose of this theory is to
improve the accuracy of the result and to stimulate the diversity factor towards the
optimal solution by concerning the opposite point of the particle.

Steps involving in QOLSA:

1. Initialize projectile matrix with number of population N as rows and number of
variables D as columns (Pn«pj).

2. Initialize the quasi oppositional vector of same size i.e., the mirror point of the
initialized projectile vector (QOPn«p1).

3. The projectile with best functional value is adopted as leader projectile.

4. Set max channel time and energy of leader tips.

5. Randomly generate transition projectiles.
Projectile speed is given in equation (3)

105
Vp = 1—{1/1/1—(20)2 —SFi/mcz]

where,

3)

vp 1s current velocity, v, is initial velocity, c is velocity of light, Fiis constant ionization
rate, m is mass of projectile, S is path travelled.

The direction at which the projectile is travelling is given in equation (4)

where,
E And P; is the two different original projectiles, a and b are boundary limits.

For a successful step leader transition, a channel is formed whose tip energy after
several propagation trails is given as a probability density function in equation (5)
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a<x! <b

f(xT)y={b—a
O,XT <a,XT >b (5)
XT is a random number that may provide a solution or the initial tip energy.

Once the channel is formed, the step leader accelerates in the area of old channel
to ionize the surroundings. The shape and position of the projectile to form corona
streamer is given as a probability density function in equation (6)

1 —xS/pn
fxSy=4n° xS >0 (6)
0.xS <o
where, f(x5 ) represents the probability density function and p represents shaping

parameter
6. Evaluate performance (projectile energy).
Energy equation is given in (7)
_5(T-t)
Energy =2.05-2e T (7)
where T is the maximum iteration and t is the current iteration.
7. Update leader tip energies.

New position and search space are updated when step leader energy is less than
projectile energy. The new updated equations (8, 9, and 10) are given below:

Pi_new® :PiS +exprand(; ) (8)

faky = L ~(xp)2202
o211 9)
PnewL -pL 4 normrand(pL,GL) (10)

where o is scale parameter that describes about exploitation ability that decreases

exponentially as it travels towards ground.

8. The mirror vector of new projectile vector is obtained from the Prew.

9. Update best and worst transition projectiles among both projectile and quasi
oppositional projectile.

10. Repeat the steps from 5 to 9 until maximum iteration.

RESULT AND DISCUSSION

Simulation is carried out on MATLAB 2015a as per the block diagram shown in
Figure 1. LSA and QOLSA algorithm are performed in SHP model to determine the gain
parameters of the PID controller. Controllers are implemented in both excitation system
and governor system to enhance the voltage and power profile. To extract the optimum
parameters of the controller, both the algorithms are executed individually with 40
numbers of populations and for 50 iterations. Optimized parameters of PID controller
implemented in governor system and excitation system are tabulated in Table 1. Figures
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5 and 6 are the responses of terminal voltage and power of the system for these tunes
parameters of the controller, respectively.

Table 1. The gain parameters of PID controller optimized by LSA and
QOLSA

Controllers | Gain | Excitation Governor
system System
Kp 0.2095 1.7082
Ky 0.1978 1.3472
PSOBI Tk, 0.6202 12628
Kp 0.2475 0.8042
Ky 0.3686 0.1529
LSA Ko | 04807 0.4806
Kp 1.6618 0.0010
Ky 1.1709 0.0010
QOLSA - T 2.0000 0.7040
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Figure 5. Terminal voltage response
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Figure 6. Real power response

Table 2. Peak undershoots (Ush), peak overshoots (Osh) and settling time
(Ts) of terminal voltage and power.

Controllers Transient | Terminal | Power

response Voltage (P.U)

(P.U)

Ush 0.6900 0.4126
Osn 1.1630 1.1630
PSO T, 8.4320 8.6350
Ush 0.6925 0.4119
LSA O 1.1820 1.2010
T, 8.2260 8.4900
Ush 0.6931 0.4127

QOLSA Ogsh 1.0910 1.023
T, 6.2080 6.7000

The numerical values of Undershoot (Ush), overshoot (Osn) and settling time (Ts)
of the responses are tabulated in Table 2 to yield a fair contrast between the QOLSA and
LSA optimized system. QOLSA optimized system contributes lesser functional value
over LSA optimized system.

CONCLUSION

The proposed work is an approach to validate the QOLSA optimization technique
over LSA and PSO [3] to optimize PID controller and to enhance the performance of the
system by conceding terminal voltage and power of the generator. The transient response
of the system is analyzed by conceding undershoot, overshoot and settling time of the
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response. The undershoot of the system optimized by QOLSA, LSA and PSO are
approximately equal. The response of QOLSA optimized PID controller system enhances
the system response in terms of overshoot and settling time. The paper is concluded with
validating QOLSA optimization technique over LSA and PSO to tune PID controller to
yield better transient response of the system.
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