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Abstract—The artificial intelligent controller in power system 

plays as most important rule for many applications such as system 
operation and its control specially Load Frequency Controller (LFC). 
The main objective of LFC is to keep the frequency and tie-line power 
close to their decidable bounds in case of disturbance. In this paper, 
parallel fuzzy PI adaptive with conventional PD technique for Load 
Frequency Control system was proposed. PSO optimization method 
used to optimize both of scale fuzzy PI and tuning of PD. Two equal 
interconnected power system areas were used as a test system. 
Simulation results show the effectiveness of the proposed controller 
compared with different PID and classical fuzzy PI controllers in terms 
of speed response and damping frequency. 

 
Keywords—Load frequency control, PSO, fuzzy control.  

I. INTRODUCTION 
NE of the major subjects in electrical interconnected 
power system is the load frequency control (LFC) which 

the net power flow on tie-lines is decided on a priori contract 
basis [1]. Therefore it is important to have a good of control 
over the net power flow on the tie-lines. The main objective of 
LFC is keeping the frequency and tie-line power close to their 
decidable bounds in case of disturbance  such as in the case of 
the generating unit is suddenly disconnected by the protection 
equipment and also for the large load that is suddenly 
connected or disconnected. Many LFC strategies have been 
developed and proposed, but most of them depending on the 
linear or non-linear control methods [2]. In order to control the 
frequency in power systems, various controllers have been are 
used in different areas, but due to the non-linearity in system 
components and alternators, these developed feedback 
controllers could not efficiently control the frequency and 
rather slow for output response. The conventional controller 
such as PID control schemes will not reach a good performance 
[3] because the dynamics of a power system is inherently 
nonlinear, time invariant and governed by strong 
cross-couplings of the input variables. Therefore, the 
controllers have to be designed with taking into account the 
nonlinearities and disturbances.  
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Static Output Feedback gains and Linear Matrix Inequality 
are the most effective and efficient tool in control design, which 
stabilizes the system which used to calculate the gains of PID 
controller gains [4]. The Robust adaptive control schemes also 
have been developed to deal the changes in system parametric 
[5]. An intelligent controller such as PID-ANN, PI-fuzzy and 
optimal control applied to LFC have been reported in [6]. Using 
genetic algorithm to scale of PI fuzzy controller in LFC has 
been reported in [7]. 

 In this paper, a combination of adaptive fuzzy-PI with 
conventional PD technique for Load Frequency Control system 
was proposed. In most of literature research the Fuzzy-PI is 
more oscillation than the conventional PID controller and fuzzy 
member ship shapes and control rules are select depending on 
system experts’ experience [11]. This means there no rule will 
be fire for input member ship in unexpectable conditions, 
which means LF will not be considered. The adaptive between 
the classical fuzzy-PI controller and conventional PD controller 
solve these problems. The simulation results are carried out in 
term frequency response on its damping under different load 
conditions and compared it to the effectiveness of proposed 
controllers with conventional PID controller and classical fuzzy 
controller. Simulation results show that the oscillation, peak 
under shot and settling time with the proposed controller are 
better and guarantees robust performance under a wide range of 
operating conditions. 

II.  THEORETICAL BACKGROUND 
Power systems have complex and multi-variable structures. 

Also, they consist of many different control blocks. Most of 
them are nonlinear and/or non-minimum phase systems [6]. 
Power systems are divided into control areas connected by tie 
lines. All generators are supposed to constitute a coherent 
group in each control area.  

A.  Load Frequency Control (LFC) 
Small changes in real power are mainly dependent on 

changes in rotor angle δr and, thus, the frequency f. The aim of 
LFC is to maintain real powerbalance in the system by 
controlling the frequency. When the real power demand 
changes, a frequency also will change and in same way the 
change in load angle δr is caused by momentary change in 
generator speed. Therefore, LFC is non-interactive for small 
changes and can be modelled and analyzed. This frequency 
error is amplified, mixed and changed to a command signal 
which is sent to turbine governor. The governor operates to 
restore for balancing the power between the input and output by 
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changing the turbine output. This method is also referred as 
Megawatt frequency or Power-frequency (P-f) control [7]. 

B.  PID Controller 
PID control law has been well adopting in digital PID control 

algorithm [8]. Digital PID control law comes from the 
discretization of analogue PID control law as in the following; 

 

ሺ݇ሻݑ ൌ ௉ܭ ൅ ூܭ ∑ ݁ሺ݆ሻ ൅ ஽ሾ௘ሺ௞ሻି௘ሺ௞ିଵሻሿܭ
௞
௝ୀ଴                                (1) 

 

where, KP is proportional coefficient, KI is integral coefficient, 
KD is differential coefficient, u(k) is the output control volume 
in the k-sampling time, e(k) is the input deviation in the 
k-sampling time, e(k-1) is the input deviation in the 
(k-1)-sampling time.  

Because of each output ݑሺ݇ሻ value directly is corresponding 
with the location of actuator, so (1) is called location-based PID 
algorithm. Using this algorithm, each output is related with the 
past states and e(k) need be accumulated. So, the calculation is 
not only trivial, but also it can be seen, due to the general 
computer control system adopting constant. 

C.  Fuzzy Logic 
Nowadays fuzzy logic is used in mostly sectors of industry 

and load-frequency control [9]. The main goal of 
load-frequency control in interconnected power systems is to 
protect the balance between production and consumption. 
Because of the complexity and multi-variable conditions of the 
power system, conventional control methods may not give 
satisfactory solutions.  

According to many researchers, there are some reasons for 
the present popularity of fuzzy logic control. First of all, fuzzy 
logic can be easily applied for most applications in industry. 
Besides, it can deal with intrinsic uncertainties by changing the 
controller parameters. On the other hand, their robustness and 
reliability make fuzzy controllers useful in solving a wide range 
of control problems [9]. The fuzzy controller for the single 
input, single output type of systems is shown in Fig. 1 [10]. 
Fuzzy logic shows experience and preference through its 
membership functions. These functions have different shapes 
depending on system experts’ experience [11]. 

 

 
Fig. 1 Fuzzy controller block diagram 

 

D. PSO Algorithm 
PSO was introduced by Eberhart and Kennedy as a new 

heuristic method [12].  PSO was inspired by the food-searching 
behaviours of fish and their activities or a flock of birds. In 
D-dimensional search space. The best individual position of 
particle i and the best position of the entire swarm are 
represented by 

ݐ௜ሺݒ ൅ 1ሻ ൌ ሻݐ௜ሺݒ߱ ൅ ܿଵݎଵሺ݌௜ሺݐሻ െ ௜ܺሺݐሻሻ ൅ ܿଶݎଶሺܩሺݐሻ െ

ܺ௜ሺݐሻሻ                                                                                                (2) 

௜ܺሺݐ ൅ 1ሻ ൌ ௜ܺሺݐሻ ൅ ݐ௜ሺݒ ൅ 1ሻ                                        (3) 

where:- 

Pi=(pi1, pi2,…, piD) and G=(g1, g2,…, gD), respectively, ω is 
inertia weight parameter andc1, c2 is accelerationcoefficients. 

 In each iteration of the PSO algorithm, the particles use the 
following equations to update their position (xi) velocity (vi) 
[12]. 

E. Two Area LFC Model 
The net power (ΔP) due to disturbance (ΔPD) is when the 

change in power generation. Where the ΔPG is described as 
 

∆ܲ ൌ ∆ܲீ െ ∆ ஽ܲ                                                                 (4) 

 

This change will absorbed by changing in kinetic energy 
(Wkin,) of mass and load consumption and export of power 
(ΔPtie) so ΔP for ith  area is as follows; 
 

∆ܲ ൌ 2 ௐೖ೔೙
௙

డ
డ௧

ሺ∆݂ሻ ൅ ∆௜ܦ ௜݂ ൅ ∆ ௧ܲ௜௘௜                                (5) 

 

where, D is power regulation and equal to ΔP/Δf. 

By taking Laplace transformation 

 

ሾ∆ܲீ ௜ሺݏሻ െ ∆ ஽ܲ௜ሺݏሻ െ ∆ ௧ܲ௜௘௜ሺݏሻሿ ௄ು೔
ଵା௦்ು೔

ൌ  ሻ          (6)ݏ௜ሺܨ∆ 

 

where, ௉ܶ௜ ൌ ଶு೔
௙஽೔

 is inertia constant and (f) is the (H) ,  ܿ݁ݏ    
frequency .If the line losses are neglected, the individual 
ΔPtieijcan be written as 

 

௧ܲ௜௘௜௝ ൌ |௏௜||௏௝|
௑೔ೕ௉ೝ೔

݅ߜሺ݊݅ݏ െ  ሻ                                         (7)݆ߜ

 

The phase angle changes are related to the area frequency 
changes by 

 

݅ߜ∆ ൌ ߨ2 ׬ ∆ ௜݂݀(8)                                                   ݐ 

 

So, the power obtained as follows 

 

௧ܲ௜௘௜௝ ൌ ௜ܶ௝ ׬ ∆ ௜݂݀ݐ െ ׬ ∆ ௝݂݀(9)                                  ݐ 
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where,  ௧ܲ௜௘ ൌ ߨ2 |௏௜||௏௝|
௑೔ೕ௉ೝ೔

݅ߜሺݏ݋ܿ െ  ሻ and δ is load angle݆ߜ

Upon Laplace transforming (8), one gets 

 

∆ ௧ܲ௜௘௜௝ሺݏሻ ൌ
்೔ೕ

௦
ሾ∆ܨ௜ሺݏሻ െ  ሻሿ                           (10)ݏ௩ሺܨ∆

 

The transfer of generator turbine (Gtf) is written by  
 

௧௙ܩ ൌ ଵ
ሺଵା௦்ಸ೔ሻሺଵା௦்೅೔ሻ

                                             (11) 

 

where,  TT are turbine time constant and TG speed governor time 
constant. 

The parameters in Fig. 2 are defined as follows: 

 
 

 
Fig. 2 Block diagram for system of one area 

 
The constant Ri measured in Hz/pu MW is a measure of the 

static speed droop of the uncontrolled turbine generator and 
௜ܤ ൌ ܦ ൅ 1 ܴ௜⁄  .So the block diagram of single area for multi 
interconnected power system areas is shown in Fig. 3. 

 

 
Fig. 3 Block diagram for system area of multi areas power system 

 

III. PROPOSED METHOD 
The boundaries of the membership functions that are 

adjusted based on expert in the Fuzzy methods, person’s 
experiences may do not guarantee the systems’ performance, 
and it   might be have anorule inference will be fire for input 
membership of the fuzzy controller in some unexpectable 
cases. The addition of PD to fuzzy PI will guarantee that all of 

the conditions are under control. The value of PD that shown in 
Fig. 4, is define do veran uncertain range and then will be 
obtained by PSO algorithms. 

 

 

 
Fig. 4 Proposed controller 

 

The flow chart of PSO algorithm to optimize the scaled fuzzy 
parameters is shown in Fig. 5. 

The rules of fuzzy controller which used in this paper are 
listed in Table I, the membership function sets for the input and 
the output of fuzzy controller are shown in Fig. 6. In this 
controller, the method of defuzzification has been performed by 
the center of gravity. 
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Fig. 5 Optimizing fuzzy parameter and PD using PSO 

 

 

Fig. 6 Membership function for input& output offuzzy controller 
 

 
 
 
 
 
 
 
 
 
 

TABLE I 
FUZZY CONTROLLER RULES 

e
∆eൗ  MN SN Z SP MP 

MN MN MN NS NS Z 

SN MN NS NS Z Z 

Z NS NS Z Z SP 

Sp NS Z Z SP SP 

MP Z Z SP SP MP 

 

where: MN is medium negative, SN is small negative, Z is zero, 
SP is small positive, and MP is medium positive. 

IV. RESULTS AND DISCUSSION 
The simulation was done using the MATLAB 7.1 in order to 

investigate the effectiveness of the proposed method on system 
performance. The system parameter is shown in the Table II. 

 
TABLE II 

DATA OF SYSTEM 
R1=R2 TG1= TG2 TT1= TT1 TP1= TP2 KP1= KP2 T12 B1= B2 

2.4 0.08 0.28 18 120 0.08 0.425 

 

The gains are setting the range as in the following; 
0.01 < Gin1 < 10 , 0.01 < Gin2 < 10, 0.01 < Gout < 10, and 0< 
PD < 5 

Firstly to validate the effectiveness of addition of PD to the 
classical fuzzy controller multi values of PD was been added to 
the classical fuzzy controller as shown in Fig. 7. 

 

 

Fig. 7 The effectiveness of adding PD controller 

The effectiveness of adding PD controller to the fuzzy 
control on the peak under shoot for 6% of load change can be   
shown in Table III. 

 
TABLE III 

EFFECTIVENESS OF ADDING PD CONTROLLER 
PD value 0 0.2 0.4 0.834 1.2 

P.U.S 0.0078 0.0054 0.0041 0.0025 Unstable 
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Where: P.U.S: Peak undershoot 

In order to demonstrate the robustness performance of the 
proposed method based on ITAE, under step change in the 
different demands. 

Secondly, the proposed controller was designed and 
compared with classical fuzzy and conventional PID 
controllers for LFC under system uncertainties (controller 
robustness), multi operation conditions as shown in Fig. 8, Fig. 
9 and Fig. 10, respectively.  

 

 
Fig. 8 Frequency deviations of 1% load change 

 

 
Fig. 9 Frequency deviations of 3% load change   

 

 
Fig. 10 Frequency deviations of 5% load change 

 
 

Table IV  shows for the frequency deviation of peak under 
shoot & and settling time for fuzzy-PI controller and 
conventional PID controller. 
 

TABLE IV 
COMPARISON OF FU AN ZZY-PI CONTROLLER AND CONVENTIONAL PID 

CONTROLLER 

L.Ch 
PID controller 

Classical 

fuzzy 
controller 

Prposed 

controller 

P.U.S S.t (s) P.U.S S.t 
(s) P.U.S S.t 

(s) 

1 1.18 13.43 0.793 9.14 0.254 9.14 

2 2.32 12.91 1.54 9.1 0.491 9.01 

3 3.5 12.31 2.4 9.21 0.7 9.21 

4 4.7 11.82 3.2 9.33 1.01 9.33 

5 6.8 11.51 4.8 9.38 1.7 9.38 

V.  CONCLUSION 
In this paper, a two-area power system studied and the errors 

of the linearization are considered as parametric uncertainties 
and un-modelled dynamics. Each area consists of three 
first-order transfer functions, modelling the turbine, governor 
and power system. In addition, all generators in each area are 
assumed to form a coherent group. These rules are obtained 
based on simulation of the process step response, error signal 
and its time derivative and based on these rules; a PI controller 
generates the control signal. The simulation results prove that 
the proposed  controller has obtained fast response and less 
undershoots compared to PID controller and classical fuzzy 
controller.   
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