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Abstract- In industry increasing load is a major problem for power generation factories to
increase in demand for power. So make a balance between load demand and generation is the
operating fact of load frequency control (LFC). The trust worthy operation of a large
interconnected power system presently requires an Automatic Generation Control (AGC).
Automatic generation control is a significant issue in power system operation and control for
balancing the generation and load in power systems at a minimum cost. This paper present
analysis on dynamic performance of Load Frequency Control of four area interconnected power
system by use of conventional PI controller and Fuzzy Logic controller(FLC). the proposed
fuzzy logic controller assurances that inadvertent interchange of tie-lines power and the steady
state error of frequencies are preserved in a certain forbearance limitations. The performances of
the controllers are simulated using MATLAB-SIMULINK environment.
Keywords-Load Frequency Control (LFC), Multi-Area Control, PID Controller, ZieglerNichols Method, Fuzzy Logic Controller (FLC).

I.

Introduction

The control of active and reactive power to maintain the system in steady state is very important.
Although reactive power mainly depends on the change in voltage but change in active power
effects on the system's frequency. Load frequency control (LFC), Control real power and
frequency of the system. Also, Automatic Voltage Regulator(AVR) regulate reactive power and
voltage of the system. by developing in interconnected power system, Load frequency control is
very important and operation of the interconnected system is possible[1].
Most of linear and nonlinear control solutions in the past three decades based on mathematical
models are accurate. Most of these systems are difficult or even impossible to be described by
mathematical equations old. Hence, the plan may not provide a satisfactory solution. Of FLC,
easily understood by an expert, as knowledge is expressed using linguistic rules. In contrast to
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traditional linear and nonlinear control theory FLC, not based on mathematical models and are
widely used to solve problems in uncertain and ambiguous environment with a high degree of

non-linearity is used. Fuzzy logic is a safe level of artificial intelligence to provide conventional
controller. FLC advantages over conventional controller as follows: they are cheap to develop,
cover a wide range of operating conditions, natural language terms are easily adjustable. Its
feature set as well as matching fuzzy controllers for nonlinear, time-varying[2]. Conventional
controller cannot provide a general solution to the problems of control. When the process is too
complex, conventional control methods cannot effectively control. To overcome these problems,
various types of PI and PID controller such as adaptive and automatic adjustment PID
controllers, have been developed recently. As well as non-conventional PID controllers using
fuzzy logic and simulation is designed for this purpose. Fuzzy logic controllers Classic
controllers are better because they can cover a wide range of operating conditions and can also
work in terms of noise and disturbance[3].
In this paper, a fuzzy logic controller for automatic load frequency control of three-area
interconnected power systems, along with PI controller is proposed and performance comparison
is carried out for conventional PI.

II.

MODELING OF TEST SYSTEM

Power systems have variable and intricate characteristics and contain different control parts[4].
These parts are linked to each other by tie lines and need controllability of frequency and power
flow [5]. Interconnected three-area power systems can be described by using circles. A
simplified three-area interconnected power system used in this study, each area can be
represented as equivalent generating unit and interconnected through lossless tie-lines with some
reactance. As simplified three-area interconnected power systems as shown in Fig. 1 [6].

Fig 1 Three-area electric power system with interconnections

In this section, modeling of Load frequency controller for three-area interconnected power
systems had been provided. Each area of power system network is made up with three main
block such as (i) speed governor, (ii) steam turbine and (iii) generator with load. Each area has
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three inputs and two outputs. The inputs are ∆Pref (controlled input, u), ∆PD (change of load),
∆Ptie (error in tie-line power) and the outputs are ∆f (generator frequency) and ACE.
ACE signal is input of Controller and defined as the amount reflecting the deficit or increase of
power within a control area [15]. Mathematically it is defined as in equation (1), where B is the
frequency bias parameter.
=

∆ + ∆

,,

(1)

Δfi is Incremental frequency deviation of area i and βi is Frequency bias constant of area i,
∆ , , is Incremental change in tie-line power i and j.
Power system, governor and steam turbine units are express by their own Transfer Function
(T.F) form and determined in equation (2) to (4), respectively.
=

(2)

=

(3)

=

(4)

The system under attention is consists of three-area interconnected Thermal non reheat power
system as shown in Fig.2. The system parameters are taken from [7] and listed in Table.1.
Table.1 System parameters

Area1 , Area2 , Area3
Pr1 = Pr2 = Pr3= 2000MW, f = 60 Hz, B1 = B2 = B3 = 0.425 p.u MW/Hz, R1 = R2 = R3 = 2.4 Hz/p.uMW,
Tg1 = Tg2 = Tg3 = 0.08 sec, Tt1 = Tt2 = Tt3 = 0.3 sec, Tp1 = Tp2 = Tp3 = 120 sec, Kp1 = Kp2 = Kp3 =20 ,
Kg1 = Kg2 = Kg3 =1, Kt1 = Kt2 = Kt3 =1, T12 = T23 = T31 = 0.0866 p.u., a12 = –1.
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Fig.2 Three-area interconnected Thermal non reheat power system
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III.

Design of Fuzzy Logic Controller

The first step in designing a fuzzy controller is a dynamic system state variables related to the
input signal to the controller. Fuzzy logic variables uses language instead of numerical variables.
The conversion process numerical variables as linguistic variables, fuzzication called. As
mentioned above, in an isolated power systems, Area Control Error (ACE) and derived ACE is
given as input to the fuzzy AGC. for three area Power systems, three decentralized fuzzy
controller is used (one controller for each area)[8].
In this paper, trigonometric variable input and output membership functions are used. As the
number of membership functions increases, the quality control will improve. Also, As the
number of linguistic variables increases, the computational and memory requirements will
increase.
membership function is segregated into seven linguistic variables:
 Negative Big (NB)
 Negative Medium (NM)
 Negative Small (NS)
 Zero (ZO)
 Positive Small (PS)
 Positive Medium (PM) and
 Positive Big (PB).
̇ ) and the output having the same seven linguistic variables as said
The inputs (ACE and ACE
above. it is assumed that seven linguistic variables designated the frequency deviations. Totally
49 fuzzy rules are written and incorporated in this work. Table.2 shows the fuzzy control rules.

Table 2 Fuzzy Control Rules

̇ ) and the output are as Fig. 2 to 4.
Membership functions for inputs (ACE and ACE
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Figure 2 Error input membership function

Figure 3 Cumulative error input membership function

Figure 4 Output membership function
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IV.

SIMULATION RESULTS

Frequency devition(pu)

The system dynamic performance is observed for three different controller structures, PI , PID
and Fuzzy logic controller. The simulation results are shown in Figs. 5-8 in this study.

Frequency devition(pu)

Fig 5 Dynamic response of Area 1

Fig 6 Dynamic response of Area 2
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Incremental Tie Line Power (pu)

Fig 7 Dynamic response of Area 3

Incremental Tie Line Power (pu)

Fig. 8 Tie line power of Area 1

Fig. 9 Tie line power of Area 2
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Fig. 10 Tie line power of Area 3

V.

CONCLUSION

In this paper, a fuzzy logic controller technique is designed for automatic load frequency control
of three-area interconnected power systems. The system dynamic performances are observed via
using different controllers. Fuzzy logic controller for load frequency control in isolated areas and
power systems is designed with communication within the region. The performance of dynamic
systems using fuzzy controller and PI controller can be seen. The main advantage of fuzzy
controller is simple in its design. One of the basic features fuzzy controller is that the process can
be controlled without the knowledge of dynamics. Fuzzy logic controllers reinforcement where
detailed design or predict changes in the system is difficult to use.
Nomenclature
ACEi Area control error
F
Nominal System frequency
Bi
Frequency bias constant
Tg
Steam governor time constant
Tt
Steam turbine time constant
Tr
System turbine reheat time constant
i
Subscript referring to area (i = 1,2,3)
Hi
Inertia constant

Ri
∆Fi
TP
KP
Tij
∆Ptie,ij
∆PDi
ΔPGi

Speed regulation parameter
Incremental frequency deviation
Time constant of power system
Gain of power system
Synchronizing Coefficient
Incremental change in tie-line power
Incremental load change
Incremental generation change
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VI.

REFERENCES

[1] Lim, K. Y, Wang, Y and Zhou, R, "Robust decentralised load fre quency control of multiarea power system," IEEE Generation, Trammission and Distribution, Vol. 143, issue 5, pp.
377-386, Sep .1996 .
[2] H. Yousef, K. AL-Kharusi, M. Albadi, and N. Hosseinzadeh, “ Load frequency control of a
multi-area power system: An adaptive fuzzy logic approach,” IEEE Trans. Power Syst., vol.
29, no. 4, pp. 1822–1830, Jul. 2014.
[3] Umrao, R. and Chattrved D.K, "Load frequency control using polar fuzzy controller, " Proc.
TENCON 2010 iEEE Region 10 Conforence, pp. 557-562, Nov. 2010 .
[4] Ibraheem et. al., ‘Recent philosophies of AGC strategies in power system’, IEEE Trans.
power system, 20(1), 2005: 346-357.
[5] ‘IEEE Recommended Definitions of Terms for Automatic Generation Control on Electric
Power Systems’, September 1991: 1-10
[6] J.Nanda et. al., ‘Some new findings on AGC of an interconnected hydrothermal system with
conventional controllers’, IEEE Trans. Energy conversion, 21(1), March 2006: 187-194
[7] Umesh Kumar Rout et. al., ‘Design and analysis of differential evolution algorithm based
Automatic generation control for interconnected power system’, Ain Shams Engineering
Journal, 4(3), 2013: 409-421.
[8] Rishabh Verma et. al., ‘Fuzzy gain scheduled AGC of two-area multi unit power system’,
IEEE trans. on power system, 2013.

www.SID.ir

