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Abstract

The groundwater level is required to keep within

the permissible limit for sustainable groundwater

development in any area. In the present study, an

Artificial Neural Network (ANN) model has been

developed for groundwater development with

respect to state variables of a groundwater system,

i.e., a maximum depth to water table for agricultural

purposes. The zonal cropping areas are considered

as inputs to the ANN model. The methodology has

been illustrated in the Yamuna-Hindon Inter basin,
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LFC of Thermal System
with Combination of Renewable Energy
Source and Ultra-Capacitor

Arindita Saha, Lalit Chandra Saikia, and Naladi Ram Babu

Abstract An effort is made to explore load frequency control (LFC) of uneven
three-area multiple source schemes including thermal, solar thermal power plant
(STPP) in addition ultra-capacitor (UC) considering generating rate constraint. An
amalgamation of whole number order proportional+integral+derivative (PID) using
filter (PIDN) with fractional-order integrator (FOI) controller (PIDN-FOI) is pro-
jected as second controller for the scheme. Whale Optimization Algorithm (WOA)
finds its usage for concurrent optimization of controller gains along with parameters.
The execution of PIDN-FOI is found enhanced compared to other typical controllers
regarding less settling time, peak deviation and reduced oscillations. The analysis
says that with the integration of STPP in all areas and UC in area-1 the scheme
provides enhanced responses. Sensitivity analysis concludes that WOA optimized
PIDN-FOI gains/other parameters at basic circumstances are robust to any alterations
in scheme condition or factors and further reset is not required.

Keywords Generating rate constraint · PIDN-FOI controller · Solar thermal power
plant · Ultra-capacitor · Whale optimization algorithm

1 Introduction

The intention of load frequency control (LFC) is to manage frequency and tie-line
power flow during usual and minor disorders. Elgerd et al. [1] were the first to give
the awareness of demonstrating a multiple area system for AGC [2, 3]. Most of
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Maiden Application of Hybrid
Crow-Search Algorithm with Particle
Swarm Optimization in LFC Studies

Naladi Ram Babu, Lalit Chandra Saikia, Sanjeev Kumar Bhagat,
and Arindita Saha

Abstract This article presents the hybridization of crow-search algorithm with par-
ticle swarm optimization (hCA-PSO) in load frequency control (LFC) studies. A new
ancillary controller entitled as tilt-integral-derivative with filter (TIDN) is proposed
and its dynamic performance is found to be better over PID, PIDN. The proposed
hCA-PSO technique is used to optimize the parameters of controller and is found to
be better over CA and PSO algorithms in terms of setting time. It is also observed
that the responses with AC-HVDC tie-line are found to be better over AC tie-line.
Moreover, sensitivity analysis reveals that TIDN controller parameters optimized by
hCA-PSO are found to be robust at system varied conditions like loading and inertia
conditions. Furthermore, the superiority of hCA-PSO is analyzed with system com-
prising TIDN and thermal-HVDC in terms of dynamic performance and convergence
over CA and PSO.

Keywords LFC · AC-HVDC tie-line · hCA-PSO · Sensitivity analysis and TIDN
controller
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