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Abstract— In interconnected power system, small load 

perturbation in any of the areas causes the fluctuation of the 

frequency of each and every area and also there is 

fluctuation of power in tie line. So the main goals of Load 

Frequency control (LFC) are, to maintain the frequency and 

the desired power output (megawatt) in the interconnected 

power system and to control the change in tie line power 

between control areas. This is achieved by the use of 

conventional controllers but the conventional controllers 

have demerits like; they are very slow in operation. Soft 

computing techniques have lots of advantages over 

conventional integral, proportional-integral and 

proportional-integral-derivative controller. 
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I. INTRODUCTION 

A. Load Frequency Control Problem 

Two main objectives of load frequency control are:  

 To maintain the nominal frequency and the desired 

power output (megawatt) in the interconnected power 

system. 

 To control the tie line power between control areas at 

predetermined values. 

B. Control strategies for LFC 

To achieve zero steady state errors in the frequency 

deviations and tie-line power interchange, Proportional (P) 

and Integral (I) i.e. PI control is used. Following control 

strategies can be applied in LFC: 

 Integral controller 

 PI controller 

 PID controller 

 Soft computing techniques 

II. FUZZY LOGIC CONTROLLER 

The concept of Fuzzy Logic (FL) was developed by Zadeh 

in 1965to address uncertainty and imprecision which widely 

exists in engineering problems. The fuzzy control system is 

normally divided into two: fuzzy gain scheduling and fuzzy 

logic controller. The first technique is generally used to find 

optimum value of controllers alone; the second is the most 

useful to practical problems. 

A. Fuzzy System Components 

Fuzzy logic is originated as logic of ambiguous concepts. It 

provides an inference structure that gives the human 

reasoning capabilities to be applied to artificial knowledge 

based system. Fuzzy logic converts linguistic strategy into 

control actions and thus offers high-level computation.A 

fuzzy logic system accepts imprecise data and vague 

statements such as low, medium, high and provides 

decisions which is shown in Fig.1. 

Fuzzy logic system

Imprecise data

Vague statements

Decisions

 
Fig. 1: Fuzzy System Components 

B. Design of Fuzzy Logic Controller 

Fuzzy system consists of a rule base, membership functions 

and an inference system. The Design of Fuzzy Logic 

Controller can be divided into three stages: fuzzification, 

rule base and defuzzification. The FIS system formulates 

suitable rules and based upon the rules the decision is made. 

Basically there are two methods MAMDANI and SUGENO 

for fuzzification. After the fuzzification, the fuzzy output is 

converted into crisp output by defuzzification method. 

Weighted average method, mean of maxima method and 

centroid method, center of sums method etc are different 

methods of defuzzification. 

 
Fig. 2: 

C. Fuzzy Implication Methods 

1) Mamdani or Max-min method 

The max-min method operates on each rule (min fashion) 

and combining all the rule (max fashion). In the min 

composition the algorithm matches the membership degrees 

to the antecedent membership function, and finds the 

minimum for each rule. The minimum function is the 

equivalent to the AND logical function. For each output 

variable, a matrix is constructed where each row defines a 

rule and each column defines crisp value in the fuzzy set. In 

the max composition, the combined output fuzzy subset is 

constructed by taking the maximum over all of the fuzzy 

subsets assigned to the output variable by the inference rule. 

The maximum of each column is then calculated, which 

yields inferred membership function that is then passed to 

the defuzzification procedure. 

2) Advantages of the Mamdani Method: 

 It is inherent. 

 It has widespread acceptance. 

 It is well suited to human input. 
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D. Fuzzy Logic Based LFC 

1) Area Control Error 

Fuzzy logic controller takes the input as ACE and ∆�̇�.ACE 

is proportional frequency deviation and tie line power 

deviation. When ACE settles down properly, all other 

dynamic parameters are settled down. 

 
Fig. 3: 

E. Membership Function Implementation 

There are different shapes of membership function like 

triangular, trapezoidal, bell shaped, sigmoid and Gaussian. 

Out of them triangular membership functions is used. 

Further, 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)  

 POSITIVE BIG (PB). 

In this paper triangular membership function used. 

Triangular membership function dentition: 

y=0 for x<a 

y=(x-a)/ (b-a) for a ≤ x ≤ b 

y=(c-x)/(c-b) for b ≤ x ≤ c 

y=0 for x>c 

The inputs (ACE and∆�̇�) and the output having the 

same seven linguistic variables as said above. Range of 

ACE, ∆�̇�and output is (-0.02, 0.2), (-0.02, 0.2), (-0.01, 0.2) 

respectively. 

The membership function for two inputs and one output is 

shown below: 

 
                        Fig. 4: Membership function for ACE 

 
                          Fig. 5: Membership function for ∆�̇� 

 
Fig. 6: Membership function for output 

F. Rule Base Design 

1) In the fuzzy rule format: 

 IF ACE is NB and ∆�̇� is NS THEN output is PM. 

 IF ACE is PB and ∆�̇�is PS THEN output is NM. 

 IF ACE is NS and ∆�̇�is PM THEN output is PS. 

 IF ACE is NM and ∆�̇�is PB THEN output is PM. 

 IF ACE is Z and ∆�̇�is Z THEN output is Z. 

Similarly all fuzzy rules are developed. In this 

papar. it is assumed that seven linguistic variables 

designated the frequency deviations. Totally 49 fuzzy rules 

are written and incorporated in this work. 

 Fuzzy Implication: In fuzzy implication method the net 

membership value from fuzzy inference operators of 

various fuzzy antecedent variables given to the 

consequent fuzzy variable. 

 Fuzzy Aggregation: In the aggregation process, all of 

the fuzzy sets assigned to output variable are combined 

together to form a single fuzzy set for output variable. 

The basic three aggregation methods are: 

 max (maximum) 

 prober (probabilistic OR) 

 sum (simply the sum of each rule’s output set) 

Change in∆�̇� 

 
Fig. 7: Fuzzy rules for 7 membership function 

G. Defuzzification 

It is the process for converting fuzzy quantity into crisp 

quantity. The output of a fuzzy process can be the logical 

union of two or more fuzzy membership functions defined 

in the universe of discourse of the output variable. Different 

types of defuzzification methods are: 

1) Max membership method: 

Max membership defuzzificationmethod is based on the 

peak value of the output. 

2) Weighted average method: 

Weighted average defuzzificationmethod is termed by 

weighting each membership function in the output by its 

respective maximum membership value. 

3) Mean max membership method: 

Mean max defuzzification method works on mean value of 

peak membership. 
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4) Centroid method: 

Centroid method also known as centre of area or centre of 

gravity method is the most prevalent defuzzification 

methods. 

In this papar centroid method is used as defuzzification 

method. 

H. Definitions of transient response 

The performance characteristics of a control system are 

specified in terms of transientResponse to a unit step input. 

The definition of the settling time, steady state error and 

Peak overshoot are: 

 Settling time, ts: The settling time is the time required 

for the response curve to reach and stay within a 

particular tolerance band (usually 2% to 5%). 

 Steady state error, ess: It indicates the error between the 

actual output and desired output as t tends to infinity. 

 Peak Overshoot, Mp: The peak or maximum peak 

overshoot is the maximum peak value of the response 

curve measured from unity. If the final steady state 

value of the response differ from the unity, then it is 

common to use the maximum percent overshoot. The 

maximum present overshoot directly indicates the 

relative stability of the system. 

III. MODEL SIMULATION 

A. Open Loop Response: 

 The performance of open loop interconnected thermal 

system is simulated by MATLAB/Simulink 

environment.  

 Step load change of 10% is applied on the area-1 (non-

reheat thermal plant) and its effect on area-2 (reheat 

thermal plant) and area-3 (hydro plant) are analysed. 

Figure represent the change in frequency or frequency 

deviation in area 1, 2and 3 respectively. Load 

disturbance is given in area 1, so that the power demand 

in area 1 increases. 

 
Fig. 8: Simulation model of Open loop response 

B. Load Frequency Control for Three Area System Using 

Fuzzy Controller: 

Figure shows the MATLAB/SIMULINK model ofLFC for 

three area systems which are non-reheat thermal plant; 

reheat thermal plant and hydro plant connected with tie line. 

Total three outputs are analysed: frequency deviation in 

three areas. 

 
Fig. 9: Load frequency control for three area system 

IV. SIMULATION RESULT 

A. For open loop response: 

 
Fig. 10: Frequency deviation in area 1 

 
Fig. 11: Frequency deviation in area 2 

 
Fig. 12: Frequency deviation in area 3 
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V. RESULT TABLE 

Parameter Area 1 Area 2 Area 3 

Steady state error -0.23 -0.2 -0.218 

Max peak overshoot -0.25 -0.307 -0.34 

Table 1: Open loop Result analysis 

A. For Fuzzy Logic Control: 

 
Fig. 13: Frequency deviation in area 1 

 
Fig. 14: Frequency deviation in area 2 

 
Fig. 15: Frequency deviation in area  

Parameter Area 1 Area 2 Area 3 

Settling time 6.2 5.4 6 

Steady state error 0 0 0 

Max overshoot -0.03 -16*10^-3 -16*10^-3 

Table 2: Load frequency result analysis 

VI. CONCLUSION 

In this thesis, load frequency control is carried out by soft 

computing technique like fuzzy logic controller in three area 

hydro-thermal power system. In order to verify the efficient 

controlling of fuzzy logic controller of the proposed 

approach, simulation analysis of 10% step load disturbance   

in single area carried out. Fuzzy logic controller minimizes 

the peak overshoot reduce the settling time and steady state 

error of frequency deviation, tie line power deviation 

compared to open loop system. 

REFERENCES 

[1] IbraheemP. Kumar and D.P.Kothari, “Recent 

Philosophies of Automatic Generation Control 

Strategies in Power Systems”, IEEE Trans Power 

System 2005, pp.346-357. 

[2] GhazanfarShahgholian, 

PegahShafaghi,HomayounMahdavi-Nasab, “A 

Comparative Analysis and Simulation of ALFC in 

Single Area Power System for Different Turbines”, 

IEEE 2010. 

[3] S.K.Soonee, S.R.Narasimhan,V. Pandey,“Significance 

of Unscheduled Interchange Mechanism in the Indian 

Electricity supply Industry”, ICPSODR 2006. 

[4] JirongLiu, “A Novel PID Tuning Method for Load 

Frequency Control of Power systems”, ICASID 2009, 

pp.437-442. 

[5] K.P.SinghParmar,S.Majhi, D.P.Kothari,“Automatic 

Generation Control of an Interconnected Hydrothermal 

Power System”, IEEE 2010. 

[6] Narendra Kumar, Narendra Kumar, Vipul Gupta, 

ShitijKakkar, Asthatanwar, SubhanshuGoyal, Upma, 

“Integral and Optimal AGC of 3 Area Interconnected 

Power Systems and Modifications in UI Mechanism” , 

IEEE 2012. 

[7] Sathnas, AkhileshSwarup,“Intelligent Load Frequency 

Control of Two-Area Multi Unit Power System with 

SMES”, IEEE 2011.  


