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Abstract - In this paper work we analyze and design
Automatic load frequency control of two area power
system using Artificial Neural Network (ANN) base PI
Control, generation control is becoming increasingly
important in view of increased load demand & reducing
generating resources. The increasing load demands are
posing serious threats to reliable operation of power
systems. As we all that Maintaining power system
frequency at constant value is very important for the
quality of the power generating equipment and the
utilization equipment at the customer end. The job of
automatic frequency regulation is achieved by
governing systems of individual turbine- generators
and Automatic Generation Control (AGC) or Load
frequency control (LFC) system of the power system.
The healthy and undamaged operation of generator
needs the control of the following parameters: (a)
Frequency to be maintained constant (b) the tie line
power to be maintained between specified limits. If the
above parameters are maintained with in desired limits
the generation control is said to be most effective. The
main objective of automatic generation control is to
maintain the balance between the generation and
demand of a particular power system. A power system
model has been simulated within a MATLAB
environment. A comparative study between the
frequency responses of the system using ANN Based Pl
Control has been proposed.

Key Words: Artificial Neural Network, Automatic
Generation Control, Load Frequency Control, Area

Control Error

1. INTRODUCTION

Power system is a complex nonlinear system and it
consists of several interconnected subsystems or control
areas (CA). Frequency of power system and active power
flow between CAs deviate in time. Those deviations are
caused by differences between generation and
consumption in a CA. In each CA, load-frequency control
(LFC) ensures maintenance of the area’s frequency at
desired constant value. It also ensures following of
scheduled active power interchange with the neighbor
CAs.

A numerical measure of CA’s deviation from the regular
behavior is area control error (ACE) signal, which is a
combination of frequency deviation in the CA and active
power flow variations in the tie lines with the neighbor
areas. The goal of LFC is to ensure ACE signal in to be zero.
Sliding mode control (SMC) is a particular type of variable
structure control. In SMC, the task of the control system is
firstly to drive (reaching phase), and then to keep the
system state on the desired sliding surface (sliding phase).
The first step in applying SMC algorithm is choosing an
appropriate sliding surface. The sliding surface is a sub-
manifold in the state space and it specifies the desired
system behavior.

The second step is choosing an appropriate control law.
The chosen control law makes the system state to the
sliding surface and then keeps it on the sliding surface.
There are two main advantages of this approach. Firstly,
the dynamics of the system in sliding mode are
determined only with parameters of the chosen sliding
surface. Secondly, the system’s dynamics in sliding mode
are insensitive to particular class of uncertainties.

The Continuous time response of the 2-Area system is
drawn on the Sliding surface. In this SMC, system
trajectory cannot be forced to stay on the sliding surface,
but it is being kept in a small band around the surface.
That behavior is known as quasi sliding mode.
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1.1 Two Area Deregulated System

A two-area electric power system with a wide range of
parametric uncertainties is given to illustrate the
proposed method. To show effectiveness of the proposed
method and also comparison purposes, a Pl type
controller optimized by GA is also designed. The
simulation results visibly show the validity of Artificial
Neural Network (ANN) based controller in comparison
with Pl controller. In a deregulated system if under
deregulated environment, it was felt that the electric
utility will try to innovate something for the betterment of
service and in turn save its costs and maximize the profit.
By means of this, the utility will try to ensure that it will
maintain its customer base in spite of competition. And in
this two area network the power exchange between these
two areas can be done by using the tie line between these
two lines Area control error is also represented by using
this tie line.

Consider a two-area system in which each area has two
GENCOs and two DISCOs in it. Let GENCO1, GENCO2,
DISCO1, and DISCO2 be in area | and GENCO3, GENCO4,
DISCO3, and DISCO4 be in area Il as shown in given
figurel.

DISCq DISCO, GENCO, | | GENCO,
Tie Line

GENCO, GENCO, 0ISCo, DISC,

Area | Area ll
Fig -1: Block diagram of two area system

The two area interconnected power system is shown in
figl where Af1 and Af2 refers to the frequency deviations
in area 1 and area 2 respectively in Hz and APd1 and APd2
are the load demand increments. In most of the studies
earlier the researchers have used the dynamic model of
the power system a dynamic model with state variables is
derived.

Deregulation has many impacts on power system network
operation and control. The number of power transactions
among the utilities has increased and many Independent
Power Producers (IPPs) now have a rich market for
competition especially in the green power market.

Deregulation is pushing for extensive inter and intra utility
information  exchange, integration, consolidation,
dissemination, and open access.

DISCO1, DISCO2, DISCO3 and DISCO4 are the four
distribution companies and GENCO1, GENCO2, GENCO3
and GENCO4 are the four Generating companies used in
the two deregulated system represented below. Here the
load distribution is based on the contracted participation
factors represented in Disco Participation Matrix (DPM).
Here in this case it of two area we need area participation
matrix also that is also mentioned and care should be
taken the total sum must be equal to one.

Pe—————————
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Fig -2: Two area Deregulated system

After the simulation of the above diagram the steady state
response of the system is obtained
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Fig -3: Response of the two area deregulated system
without controller

2. ARTIFICIAL NEURAL NETWORK CONTROL

Various attempts have been carried out to use ANN for
control purposes. Based on the learning method, the ANN
based controllers can be divided in two categories. The
first category are the controllers with off-line learning.
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Here, first the learning is performed, and then the trained
ANN is implemented to the process which is under control.
Nguyen and Widrow have shown in a novel approach the
use of this method for backing up a trailer in a two
dimensional plane. Kong and Koskotried also the same
approach, but used the truck kinematic equation instead of
truck emulator as used by Nguyen. Beau- fays et al. have
used this method for load frequency control in power
systems. Generally, the off-line method is applicable to a
process with explicit mathematical formulation.

The second category includes the controllers that use on-
line learning. Chen has investigated on-line learning for
adaptive control, although his method is only applicable to
single input, single output linearized systems. It is shown
that the learning process makes this controller an adaptive
one. On-line learning has been successfully used for
underwater vehicle control as reported. The proposed
learning algorithm and the network architecture provides
stable and accurate tracking performance. For the on-line
learning method, the mathematical formulation of the
process under the control is needed.

Schiffmann have reported a comparative study for an ANN
on-line controller and a P-I controller. The results show
that the ANN controller is very effective. In their study the
plant is treated as an additional and non-modifiable layer
of the network and only simple qualitative knowledge of
the plant is necessary.

The on-line training makes an ANN controller an adaptive
controller. The learning process based on the back
propagation, adjusts the ANN parameters (weights) such
that the output follows its reference value.

2.1 0n-Line Training

Assume that a single input single output plant is cascaded
to a neural network (feed forward connection). The single
input single output plant is connected as a last level to the
ANN, and can be taken as the last processing unit of this
network, i.e. we can imagine that the whole system
starting from input to the output of the plant is an
additional processing unit (neuron) to the network. The
last processing unit of this augmented network does not
have a characteristic like the other ANN neurons, in fret
the characteristics is non-linear and time-dependent and
not explicitly known. As already explained in 6.1, the
learning algorithm tries to set the system weights in order
to make the output of the network be equal to some
desired quantity. Thus by connecting an ANN as a
controller connected to the input of the plant and
implementing the learning process to adjust the weights, it
is theoretically possible to make the plant output follow
the reference order, provided that the network
parameters and weights get adjusted by the output error.

Using a feed forward system for control purposes, a self-
supervised learning system must be used. Of the three
proposed methods, specialized learning seems to be the
best and is chosen for this study. This method requires
knowledge of the Jacobean matrix of the plant. For a single
input single output plant, the Jacobean reduces to
derivative of the input-output function of the plant

Reference ——/1 c Output
(;oﬂtroller_'.' Plant Whoni

Fig -4: On-line training
2.2 Off-Line Training

Off-line training is not an adaptive process, but it is fastest
to implement, because the weights are not changed in the
field. One promising method for on-line training is using
the recurrent ANN, and the method is briefly presented in
this section. This model is trained in the manner shown in
figure6.7. This method is applied by Nguyen and recently
is used for load-frequency control. The process is outlined
as follows.

In this approach, before training the neural network
controller, a separate neural network, which is called an
emulator, is trained to behave like the plant. Training the
emulator is similar to plant identification in control
theory, except that the plant identification here is carried
out by using the method of back-propagation.
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Fig -5: Off-line training
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3. SIMULATION AND RESULTS OF THE SYSTEM

\Load Frequency Control for Two area deregualted Power system using ANN Commll

Fig -6: Load Frequency Control for Two Area Deregulated
Power System Using ANN Control

This simulation consist of ANN control for load frequency
control the control block consist of following subsystem.
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Fig -7: Control Scheme

The results of ANN controller are compared with fuzzy
and PI controller and it is found to the response of the
ANN controller is superior to both of them which is shown
as below.
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Fig -8: Deviation of Frequency (Hz) in areal
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Fig -9: Deviation of Frequency (Hz) in area2
4. CONCLUSIONS

Modified LFC in the deregulation, is an important issue in
the power system studies. An Artificial Intelligence based
Controller for the LFC problem in deregulated power
system is proposed using the modified LFC scheme in this

paper.

In research of LFC problem, a special attention should be
given to the load frequency control requirements and
ability of used controller in tracking of load changes under
the market conditions and must be known that some of
the state variables are not accessible for measuring in a
practical environment. So with a pragmatic view point
ANN is presented for satisfying all this conditions. The
proposed method is tested on a two area deregulated
system with two contracted areas. The method for design
of continuous time Artificial Intelligence based load-
frequency controller for a power system is presented.
Parameters of the algorithm are chosen in a way to
minimize the integral criterion of area’s control error.
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A continuous time control law is proposed. The proposed
controller is validated through simulation of load-
frequency control in two area power system. System in
sliding mode is robust to system parameters variations
and has no steady state error of area’s control error signal.
The results of the system with Conventional controller and
the proposed Controller are compared for better
understanding.

Proposed strategy is very effective and guarantees good
robust performance against parametric uncertainties, load
and parameter changes.
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