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Abstract:  A novel fuzzy proportional–integral derivative (PID) controller is proposed in this 

study for automatic generation control (AGC) of interconnected power systems. The optimum 

gains of the proposed fuzzy PID controller are optimised employing a hybrid differential 

evolution particle swarm optimisation (DEPSO) technique using an integral of time multiplied 

by absolute value of error criterion. The superiority of hybrid DEPSO algorithm over differential 

evolution and particle swarm optimisation (PSO) algorithm has also been demonstrated. The 

results are also compared with some recently published approaches such as artificial bee colony 

and PSO based proportional–integral/PID controllers for the same interconnected power systems. 

Furthermore, performance of the proposed system is analysed by varying the different 

parameters such as loading condition, system parameters and objective functions. It is observed 

that the optimum gains of the proposed fuzzy PID controller need not be reset even if the system 

is subjected to variation in loading condition and system parameters. Finally, the study is 

extended to a three area system considering generation rate constraint to demonstrate the ability 

of the proposed approach to cope with multiple interconnected systems. Comparison with 

previous AGC methods reported in the literature validates the significance of the proposed 

approach. 

Index Terms: photovoltaic system (PV), Differential evolution particle swarm optimisation 

(DEPSO), automatic generation control (AGC). 

 

1. INTRODUCTION 

 In modern power system, automatic generation control (AGC) plays a vital role to maintain the 

system frequency and tie-line power flow at their scheduled values under normal as well as when 

the system is subjected to small step load perturbations (SLPs). It is well known that system 

frequency depends on the balance between the real power generated and the instant load demand. 

For successful operation of power system, the total generation must match with total load 

demand and associated system losses. When the load demand changes by a small amount, the 

system frequency and the scheduled tie-line power flow may deviate from its nominal value. The 

main function of AGC is to maintain the system frequency at a specified nominal value and to 

preserve the tie-line power flow between different control areas at their scheduled values. The 

literature study reveals that several control strategies have been proposed by many researchers 

over the past decades for AGC of power system. Many control and optimisation techniques such 

as classical, optimal, genetic algorithm, particle swarm optimisation (PSO), fuzzy logic 

controller (FLC), artificial neural network etc. have been proposed for AGC. 
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Author/year Output/conclusion 

Yang et al. A battery bank with an energy storage space capability of 3 days was 

appropriate for ensuring the desired LPSP of 1% can be achieved with a 

battery bank of 5 days storage space capacity. 

Celik et al.  Author suggests that a third energy source should be integrated into the 

system instead of escalating the hardware size. 

Kamels et al.  Optimization result shows that integrated systems are less costly than diesel 

generation from a NPV perspective 

 

Koutroulis et 

al.  

The simulation results verify that integrated systems are obtained in terms of 

desired system reliability and the Levelized Cost of Energy (LCOE). 

Yang et al. Themostfavorableconfigurationsoftheintegratedsystemareobtainedintermsof 

desired systemreliabilityandtheLCOE. 

Gupta et al. ResultexploresthecostV/Sprofit ofgrowingordecreasingthesize/numberofeach 

generatingcomponentpriortorealizationofthedesign.Netpresentcostandcostof 

energy ofagivensystemis$86462and$0.41respectively. 

Diaf et al.  

 

The result indicates that the HRES is the best option for all the sites 

considered in the study. 

Yang et al.  This model can be used to compute the system productivity pattern which can 

attain the desired LPSP with a least annualized cost of system. 

Tina et al.  Theoutcomenotifies 

thedesignofapreprocessingphaseforoneinputofanalgorithm that 

probabilisticallyoptimizestheplanofHRES 

Khatod et al.  

 

Result shows that the developed technique needs less computational time than 

Monte Carlo simulation method. 

Kaabeche et 

al.  

The most favorable arrangement of the integrated system is determined in 

terms of desired system reliability requirement. 

Kellog  . Optimum generation capability and storage required is determined for a 

stand-alone, wind, PV, and hybrid wind PV system for an experimental site in 

Montana with a typical residential load 2. The hybrid combination of wind 

and solar generation makes the system more reliable 

 

Zahedi  

Developed a numerical model for optimum sizing of the components in PV-

hybrid power systems and presented an optimum way to predict the 

performance of the system. 

Ai and Yang  1. Developed complete sets of mathematical formulation for optimum sizing 

of PV/wind hybrid system. 2. Performance of PV-wind system in view of loss 

of power supply probability is studied considering practical load data 

Alam  Performance of HRES studied under different environmental condition. 2. 

Maximum Power Point Tracking (MPPT) of the PV system and blade angle 

pitch control of wind turbine included. 

Preethishri  ThisHREScantoleratetherapidchangesinnaturalconditionsandsup- presses 

theeffectof fluctuation onthevoltagewithintheacceptablerange. 

Wang  This paper presents a novel control scheme using a PLC with a new fuzzy 

module to enhance the P.F. and voltage of a hybrid Wind/PV system. 
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2. System under study 

The system under study consists of two-area interconnected power system of non-reheat thermal 

plant.  To control the frequency, fuzzy PID controllers are provided in each area. Input to the 

fuzzy PID controllers are the respective area control errors (ACEs) and outputs are u1 and u2. 

ACE is the linear combination of frequency and tie-line error. ACEs for the two-area system.   

Where ΔP12 and ΔP21 are the change in tie-line power in area1 and area2, B1 and B2 are the 

frequency bias factor of area1 and area2 and Δf1 and Δf2 are the frequency deviations in area1 

and area2, respectively. When the system is subjected to a small disturbance, ACEs are used as 

actuating signal to reduce ΔP12 and Δf to zero when steady state is reached. The input and output 

scaling factors of the fuzzy PID controller must be chosen properly to improve the transient 

performance of the system. 

 

3. Architecture Of Load Frequency Control 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.shows schematically the speed governing system 

 

4 Proposed approach 

4.1 Controller structure:  
 It is a combination of fuzzy PI and fuzzy proportional-derivative (PD) controllers. The input 

scaling factors are K1 and K2 and the output scaling factors are K3 and K4. An identical fuzzy 

PID controller is also employed in area2 with input scaling factors K5 and K6 and output scaling 

factors K7 and K8. Fuzzy controller uses two inputs error (e) and derivative of error (e˙). 

Triangular membership functions are used with five fuzzy linguistic variables such as negative 

big (NB), negative small (NS), zero (Z), positive small (PS) and positive big (PB) for both the 

input and the output. Triangular membership function is taken in this study because,  it gives best 

response, that is, less under/over shoot, fast response etc. and  it consists of simple line segments 

which reduces the computational burden. Membership functions for error, error derivative and 

FLC output is studied. Mamdani fuzzy interface engine is selected for this paper. The FLC 
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output is determined by using centre of gravity method of defuzzification. The two-dimensional 

rule base for error, error derivative and FLC output are studied. 

 

4.2 Objective function:   

Performance of any optimisation technique depends on selection of proper objective function. 

Objective functions or cost functions generally used in time domain are integral time absolute 

error (ITAE), integral absolute error (IAE), integral time square error (ITSE) and integral square 

error (ISE). ITAE criterion reduces the settling time which cannot be achieved with IAE or ISE 

based tuning . ITAE criterion also reduces the peak overshoot. ITSE-based controller provides 

large controller output for a sudden change in set point which is not advantageous from 

controller design point of view. Therefore in this paper ITAE is used as objective function or 

cost function to properly design the proposed fuzzy PID controller. 

  
4.3 Optimisation technique:   

In this paper, a novel hybrid DEPSO optimisation technique is used to tune the parameters of the 

fuzzy PID controller. DE works with differential mutation and crossover operation to generate 

offspring. Therefore the advantage of DE algorithm is its ability to keep diversity in population 

to explore the local search. However, the biggest disadvantage is the lack of memory which may 

make the solution to stick in local optima. PSO combines individual cognition (pbest) and social 

collaboration (pgbest). However, the loss of diversity in swarm in PSO algorithm may show 

instability in few solutions and may get trapped in local optima. To take the advantages of both 

the algorithms, that is, to maintain the diversity and to add memory in population, hybrid DEPSO 

algorithm is proposed in this paper. Different steps involved in this hybrid DEPSO algorithm are: 

 

 

 
 

Fig. 2. Model of fuzzy scalling. 

 

5. Results and discussion: 

 

5.1 Design of hybrid DEPSO optimised fuzzy PID controller:  In this paper, hybrid DEPSO 

algorithm is used to optimise the gains of fuzzy PID controllers employed in the control areas.  
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Fig. 3. MATLAB model of the hybrid power generation/energy storage system using PV. 

 

 

Fig. 4.  Frequency deviation graph of the two area control subjected to load change of 0.01 pu 

with  and without PV 

 

Gains of the controller are chosen in the range [0.1–2.0]. From control theory point of view, 

bigger values of these parameters may make the control system unstable. Number of population 

and maximum number of iteration are taken as 100. Simulation is performed by applying 0.01 pu 

SLP in area1. The optimisation process is run 50 times and the best parameters corresponding to 

the minimum fitness value among 50 runs. For comparison, results of individual DE and PSO 
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algorithm. It is clear from  that minimum objective function value is obtained with the proposed 

hybrid DEPSO algorithm compared with DE and PSO algorithms. Transient performance of the 

proposed hybrid DEPSO tuned fuzzy PID controller for an SLP of 0.01 pu in area1. To show the 

superiority of the proposed DEPSO tuned fuzzy PID controller, results are compared with DE 

tuned fuzzy PID controller, PSO tuned fuzzy PID controller, ABC tunned PI/PID controllers  and 

PSO tuned PI controller  for the same power system. It is clear  that best system performance is 

obtained with the proposed hybrid DEPSO tuned fuzzy PID controller. 

 

CONCLUSIONS:   

In this thesis, micro grids and their control have been reviewed. Frequency regulation is an 

essential component of ac micro-grids during the presence of disturbances and load changes. 

Usually, the output of a conventional PI controller varies significantly with the changes in 

surrounding and in presence of disturbance.  In conventional power systems, there is greater need 

of secondary frequency control requires and it is usually being done by using conventional PI 

controllers and at that time the flywheel storage system and diesel engine system need a greater 

role in order to stabiles the frequency. If there is a requirement of any change in the operating 

conditions, at that time it is difficult for the PI controllers to provide the desired performance. 

But, if we make the system in such a way that the PI controllers can keep a continuous track of 

the system changes in the power system, then the optimal performance will be always achieved 

in a better way. Any who Fuzzy logic can also be useful for suitable and intelligent control for 

online tuning of the PI controller parameters. 

 
APPENDIX OF POWER SYSTEM INVESTIGATED 

A two area thermal-hydro interconnected system can be used to analyze dynamic analysis of the system 

for 1%step disturbance is as shown in figure1,with following specifications.  

1. Thermal power system 

 Coefficient of re-heat steam turbine = =  = 0.3, Re-heat time constants =  =  = 10 s, Turbine 

time constant =  =  = 0.3 s,  Speed governor regulation =  = = 2.4 Hz/puMW, Speed 

governor time constant =  =   = 0.8 s and Water time constant =  =   =  1 s, GRC = 0.0017 

pu, Dead band = 0.006 pu. 

2. Hydro power system. 

Speed governor rest time =  =  s, Transient droop time constant = = 28.75 s, 

Main servo time constant = =  = 0.2 s, and Speed governor regulation =  = 2.4 Hz 

puMW. 

3. Power  System. 

Gain of the power system =  =120Hz/pu, Time constant of the power system= = = 

20s, Participation factor representing economic load dispatch 

, Bias factor  =  = 0.425 puMW/Hz, Integral gains of the 

controller  

 

NOMENCLATURE: 

sP  Total average power generation. 

tP  Net average power of Fuel cell, PV  

Ps∗ Command of average power absorbed by loads. 

K  Gain. 

T  Time constant. 
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Δf  System frequency deviation. 

Φ  Solar irradiation (kW/m
2
 ). 

Abbreviations or Subscripts 

PV  Quantities of photovoltaic system. 

AE  Quantities of aqua electrolyzer. 

FC  Quantities of fuel cells. 

BESS  Quantities of battery energy storage system. 
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