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I. INTRODUCTION 
 

The objective of the load frequency control (LFC) is 

to maintain the scheduled frequency and scheduled 

tie-line power in a normal mode of operation, during 

the small perturbation in operating conditions. It 

maintains the generator-demand of an area in a 

prescribed limit by adjusting the governor output   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[1, 2]. The large interconnected power systems are 

composed of control areas or regions, representing a 

coherent group of generators. The different areas are 

inter-connected through tie-lines. The tie-lines are 

utilized for exchanging the energy between the 

consecutive two-areas and provides inter-area 

support in case of abnormal conditions of the power 

system [3]. On occurrence of load change, the 
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mismatch in frequency and scheduled power 

interchange between areas takes place in the system. 

This mismatch has to be corrected by load frequency 

control (LFC), which is defined as the regulation of 

power output of generators within a tolerable limit 

[4]. 

 

Number of conventional controller like PID, PI, I are 

used in a control system, as this controller is simple 

to implement, easy to understand and having low 

cost. Nature of their control strategy is reliable and 

reported as robust for some operating conditions. 

However, the response of system with these 

controllers is slow and poor in comparison to the 

intelligent controller [5]. 

 

Many control techniques have been reported in 

literature to control the frequency and tie-Line power 

in LFC system; like adaptive neuro fuzzy inference 

system (ANFIS), NARMAL-2 controller, etc [6, 7]. 

Many researchers have used conventional controller 

and optimal PID controller for controlling frequency 

deviation and Tie-Line power. In this paper a single 

and double area LFC is designed for frequency and 

power deviation control [16, 17].  

 

The proposed Fuzzy logic gives the better results 

than the conventional controller Like PID; the 

intelligent controller results are compared with 

classical controller Using MATLAB software. The 

power deviation and frequency response obtained by 

the fuzzy logic controller in LFC are compared with 

LFC having PID controller in terms of settling time, 

rise time and peak-overshoot. It is found that fuzzy 

gives better result as compared to the conventional 

controller. Nada and Mangal, (2004) have proposed 

work on fuzzy logic controller for automatic 

generation control of hydro-thermal plant system 

and the results have been compared that of with PI 

controller [3].  

 

The robust fuzzy controller for uncertain non-linear 

power system have been presented in [18]. Yesil et al 

have proposed a self-tuning fuzzy PID type controller 

for load frequency control problem and its result 

compare with conventional controller [2]. Sahu at el 

have presented load frequency controller for two 

area non-reheat turbine system and the PID 

controller parameters were optimized using Teaching 

learning-based optimization (TLBO) technique [19]. 

Ikhe and kulkarni (2013) have considered load 

frequency control using PID, PI, I controllers and 

compared the results [20]. Recently, the application 

of particle swarm optimization to fuzzy logic 

controller have been presented for load frequency 

control in a smart grid [22]. The hierarchical control 

design and synthesis in the case where the collection 

of subsystems is comprised of fuzzy logic controllers, 

and fuzzy knowledge-based decision systems are 

well presented in [23]. It implements hierarchical 

behavior-based controllers for autonomous 

navigation of one or more mobile robots. The 

number of rules increases exponentially with the 

number of variables for FLC applications to large and 

complex systems. Hierarchical fuzzy systems are one 

of the alternatives to reduce the number of rules as 

presented in [24]. 

 

The rest of research paper is design as follows. The 

algorithm scheme is described in Section II. Section 

III describes Simulink design. Result Analyses 

describe in section IV. Finally, Section V describes the 

conclusion of paper. 

 

II. SYSTEM FOR LFC 
 

The reason of frequency drop is that the prime 

mover slows down to compensate for the imbalance 

in power; however, the speed is controlled by the 

power generation. As the speed change diminishes; 

the error signal becomes smaller, and the governor 

speed is made constant. However, it is impossible to 

fix the governor speed to a set point because the 

load is varying with time; therefore, we use a control 

system with an integrator. The control mechanism 

analyses the change and make corrections 

accordingly to remove offsets. The ability of the 

system to come back to its normal value is termed as 

reset point. Therefore, the AGC is a scheme which 

restores the frequency to its nominal value 

automatically. In Fig. 1 the AGC for single area is 

shown, the AGC consist of a governor system which 

provides a signal to the turbine to adjust its speed to 

maintain the frequency constant. 

 

Fig. 1 Block diagram of automatic load frequency 

control. 

1. Modeling of single-area system 
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The main parts of the system consist of Governor, 

prime mover load and inertia model. These are 

described as following: 

 

1.1. Governor model: The command ΔPg is 

transformed by hydraulic amplifier to the steam valve 

position ΔPv. The Tg is governor time constant, the 

transfer function of governor is given in Eqn.1. 

            ………… (1) 

Prime mover model: The prime mover is used for 

producing mechanical power; it may be steam for 

steam turbine, water wall for hydraulic turbine. The 

model of prime mover ΔPm relates the mechanical 

power output to change in steam valve ΔPv value the 

transfer function is given in Eqn. 2. 

            ………… (2) 

Load and inertia model: The motor load is sensitive 

to the frequency change and can be analyzed by 

speed load characteristic as given in Eqn. 3. 
∆𝜔 𝑠 

∆𝑃𝑚−∆𝑃𝑖
=

1

2𝐻+𝐷
    ………… (3) 

Frequency bias factor: The frequency biased factor is 

sum of frequency sensitive load change (D) and 

speed regulation as given in Eqn. 4. 

 𝐵 =
1

𝑅
+ 𝐷  ………… (4) 

The block diagram of the system can be presented 

using Eqn. 1 to Eqn. 4 and is shown in Fig. 2 

 

  
Fig. 2 Block diagram of load frequency control for 

single area system. 

 

2. Modeling of two-area system 

A two-area system is represented by an equivalent 

generating unit interconnected by a lossless tie line 

with reactance of Xtie in Fig.3. 

 

  
Fig. 3 Representation of two-area system. 

 

The real power transferred over the tie-line during 

normal operating conditions is given by Eqn. 5. 

                     P12 =
 E1 |E2|

X12
sin∆δ12……… (5) 

Consider a small deviation of rotor angle _0 the 

resulting tie line power ΔP12 is given by Eqn. 6. 

                   ∆𝑃12 =
𝜃𝑃12

𝜃𝛿12
………… (6) 

The synchronous power coefficient is given by Eqn. 7. 

𝑃𝑠 =
 𝐸1 |𝐸2 |

𝑋12
𝑐𝑜𝑠∆𝛿12   ………… (7) 

Considering a load change ΔPL1 in area-1 at the time 

of steady state in frequency. It results as Δw = Δw1 = 

Δw2. 

∆𝑃𝑚1 − ∆𝑃𝑚2 − ∆𝑃𝑖1 = ∆𝜔𝐷1 

∆𝑃𝑚2 + ∆𝑃𝑖2 = ∆𝜔𝐷2 

The change in mechanical power is determined by 

using the governor speed characteristic and is given 

as 

∆𝑃𝑚1 =
−∆𝜔

𝑅1

 

∆𝑃𝑚2 =
−∆𝜔

𝑅2

 

∆𝜔 =
−∆𝑃𝑖1
𝐵1 + 𝐵2

 

∆𝑃12 =
𝐵2

𝐵1 + 𝐵2

 −∆𝑃𝑖1  

 

3. Tie-line bias control 

The tie-line bias control is used to maintain 

frequency and power at a pre-specified value where 

in each area manages its own load. The conventional 

LFC is based on the tie line bias control; in which 

each area is trying to reduce error to zero. The area 

control error is given by (ACE). 

 

𝐴𝐶𝐸1 = ∆𝑃12 + 𝐵1∆𝜔1  

𝐴𝐶𝐸2 = ∆𝑃21 + 𝐵2∆𝜔2  

By using the above Eqn. 2.11, the block diagram can 

be made as given below of a two area 

interconnected power system is shown in Fig. 4. 
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Fig.4 Block diagram of two-area interconnected 

system. 

 

In this paper, a single area system and an 

interconnected power system with two-areas have 

taken into consideration. The system model consists 

of a governor, non reheat turbine and load inertia in 

a transfer function form and speed regulation 

constant and frequency bias factor are the feedback 

to the frequency output, there is a frequency 

deviation in isolated system given as Δf, in two area 

system are two frequency deviation Δf1 for area-1 

and Δf2 for area-2. The power demand increment for 

area-1 is ΔPl1 and for area-2 is ΔPl2, this power 

demand is given in step load form. 

 

The area control error (ACE) for the two area is given 

two the controller. The fuzzy logic controller is used 

for controlling the frequency and power deviation in 

single and two are system. Designed fuzzy logic 

controller has forty nine rules and seven membership 

functions are used for each input and output. The 

triangular membership function is used for the 

controller and centroid method is used for 

defuzzification [13, 14]. 

 

 

III. PROPOSED CONTROLLER 
 

1. PID Controller 

The PID controller is by far the most common control 

algorithm. Most practical feedback loops are based 

on PID control or some minor variations of it. Many 

controllers do not even use derivative action. The PID 

controllers appear in many different forms, as a 

stand-alone controller, they can also be part of a 

DDC (Direct Digital Control) package or a hierarchical 

distributed process control system or they are built 

into embedded systems. Thousands of instrument 

and control engineers worldwide are using such 

controllers in their daily work. The PID algorithm can 

be approached from many different directions. It can 

be viewed as a device that can be operated with a 

few empirical rules, but it can also be approached 

analytically. 

 

This section gives an introduction to PID control. The 

basic algorithm and various representations are 

presented in detail. A description of the properties of 

the controller in a closed loop based on intuitive 

arguments is given. The phenomenon of reset 

windup, which occurs when a controller with integral 

action is connected to a process with a saturating 

actuator, is discussed, including several methods to 

avoid it. Filters to reduce noise influence and means 

to improve reference responses are also provided. 

The textbook version of the PID controller is 

𝑢 𝑡 = 𝑘𝑒 𝑡 + 𝑘𝑖  𝑒 𝜏 𝑑𝜏 + 𝑘𝑑
𝑑𝑒

𝑑𝑡

𝑡

0

 

where u is the control signal and e is the control 

error (e = r ¡ y). The reference value is also called the 

set point. The control signal is thus a sum of three 

terms: the P-term (which is proportional to the error), 

the I-term (which is proportional to the integral of 

the error), and the D-term (which is proportional to 

the derivative of the error). The controller parameters 

are proportional gain k, integral gain ki and 

derivative gain kd. The controller can also be 

parameterized as 

𝑢 𝑡 = 𝑘  𝑒 𝑡 +
1

𝑇𝑖
 𝑒 𝜏 𝑑𝜏 + 𝑇𝑑

𝑑𝑒 𝑡 

𝑑𝑡

𝑡

0

  

where Ti is called integral time and Td derivative 

time. The proportional part acts on the present value 

of the error, the integral represent and average of 

past errors and the derivative can be interpreted as a 

prediction of future errors based on linear 

extrapolation. 

 

2. Fuzzy Logic Controller 
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The fuzzy logic controller is based on fuzzy logic and 

provides an algorithm which converts the linguistic 

control strategy based on expert knowledge into an 

automatic control strategy [18, 25]. By complex 

control technique it is difficult to analysis complex 

problem [15]. Fuzzy logic controller are mainly useful, 

whenever the source of information is uncertain or 

not exact [12, 13]. It consist of four components, 

different part of fuzzy control is given in Fig. 3.1. 

 

3. Adaptive Neuro Fuzzy Inference Scheme 

It employs linguistic terms plus the structure of IF-

THEN rules. Contrasting neural networks concept, 

fuzzy logic by itself cannot learn. The learning plus 

identification of fuzzy logic systems require adopting 

methods from areas like statistics and system 

identification. As neural networks can learn therefore 

it is natural to combine these two techniques. This 

combined method of the learning power of the NNs 

with the knowledge representation of FL has 

developed a new hybrid technique, named as ’neuro 

fuzzy networks’.  This ANFIS approach is more 

efficient. The rules are in the linguistic types 

therefore intermediate results can be easily examined 

and interpreted. The adjustment of rules is probable 

during the training with optimization can be done by 

hand. Additionally the ANFIS approach supports the 

TS based methods. To begin the ANFIS learning, first, 

a training data set that includes the preferred 

input/output data pairs of target systems to be 

modeled is   required. The development parameters 

compulsory for any ANFIS controller are as follows:  

 

 Number of data pairs, 

 Training data set and checking data sets,  

 Fuzzy inference systems for training,  

 Number of epochs to be chosen to start the 

training,  

 Learning results to be verified after mentioning the 

step size.  

 

In this background, the all-purpose ANFIS control 

structure algorithm to regulate any plant is as 

follows. This arrangement includes the same parts as 

the FIS, other than for the NN block. The structure of 

the network is consisted of a set of units plus 

connections prearranged into five associated 

network layers, i.e., layer1 to layer5. 

 

Layer 1: This layer includes input variables called 

membership functions i.e. input 1 and input 2. 

Now, triangular or else bell shaped MF may be used. 

This layer just supplies the input standards xi to the 

subsequently layer, where i = 1 to n. 

 

Layer 2: This layer named as membership layer 

verifies for the weights of every MFs. It obtains the 

input values xi from the 1st layer plus act as MFs to 

represent the fuzzy sets of the corresponding input 

variables. More, it calculates the membership values 

that specify the degree to which the input value xi 

fits in the fuzzy set to the inputs of the next layer. 

 

Layer 3: This layer is named as the rule layer. Each 

node or neuron in this layer executes the pre-

condition matching of the fuzzy rules. They calculate 

the activation level of each rule and the number of 

layers being identical to the number of fuzzy rules. 

Each node of these layers calculates the weights to 

be normalized. 

 

Layer 4: This layer is named as the defuzzification 

layer. It provides the output values y resulting using 

the inference of rules. Associations among the layers 

l3 and l4 are weighted by the fuzzy singletons. It 

symbolizes another set of parameters for the neuro 

fuzzy systems. 

 

Layer 5: This layer is named as the output layer. The 

sum of all the inputs obtained from the layer 4 with 

transforms the fuzzy classification concludes into a 

crisp i.e. binary. 

 

  
Fig.5 The developed adaptive neuro fuzzy controller 

design. 

 

The ANFIS arrangement is tuned robotically by least-

square-estimation with the backpropagation 

algorithm. The above shown algorithm is employed 

in the next part to develop the ANFIS controller to 

regulate the various parameters of the induction 

motor. Because of its flexibility, the ANFIS approach 
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can be employed for a broad range of control 

purposes. 

 

3.1 Design of Anfis Controller 

An ANFIS controller is an appliance that controls 

each and every operation in the system to make 

decisions. From the control system point of view, 

ANFIS controller is bringing constancy to the system 

when there is an annoyance consequently 

safeguarding the equipment from further indemnity. 

It may be hardware or software or combination of 

both based controller. In this segment, the design of 

the control strategy for control of diverse parameters 

of the DFIG is speed, flux, torque, voltage and 

current. These are presented by the concepts of 

ANFIS control scheme in the form of block diagram 

and are shown in the Fig. 6 

 

  
Fig. 6 Block diagram of the ANFIS control scheme. 

  

To begin with, we develop the controller using the 

ANFIS method. Fuzzy logic is one of the useful 

applications of fuzzy set. The variables are linguistic 

not the numeric variables. Linguistic variables are 

defined in a natural language (such as large or small) 

with the fuzzy sets. Fuzzy set is an addition of a 

’crisp’ set where an element can only belong to a set 

or not belong at all.  

 

Fuzzy sets permit partial membership. It means that 

an element may partly belong to more than one set. 

A fuzzy set A of a universe of discourse X is 

correspond to by a compilation of ordered pairs of 

generic ingredient   and its membership function μ : 

X → [ 0 1].   It connect a number μA(x) : X → [ 0,1] to 

each part x of X. A fuzzy logic controller is based on a 

set of control rules named as the fuzzy rules 

amongst the linguistic variables. These rules are 

stated in the using the conditional statements. Our 

basic organization of the developed ANFIS 

coordination controller is to control the speed. The 

IM includes four important parts, namely, 

fuzzification, knowledge base, neural network plus 

the de-fuzzification blocks.  The contributions to the 

ANFIS controller are the error and the change in 

error is modeled in the Eq. 8 and 9 
𝑒 𝑘 = 𝜔𝑟𝑒𝑓 − 𝜔𝑟                       8  

                      𝑒 𝑘 = 𝑒 𝑘 − 𝑒 𝑘 − 1         (9) 

Here  

 

𝜔𝑟𝑒𝑓 =  𝑡𝑒 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑠𝑝𝑒𝑒𝑑;  

𝜔𝑟 =  𝑡𝑒 𝑎𝑐𝑡𝑢𝑎𝑙 𝑟𝑜𝑡𝑜𝑟 𝑠𝑝𝑒𝑒𝑑 
𝑒 𝑘 = 𝑒𝑟𝑟𝑜𝑟 𝑎𝑛𝑑 

∆𝑒 𝑘 =  𝑐𝑎𝑛𝑔𝑒 𝑖𝑛 𝑒𝑟𝑟𝑜𝑟 

The fuzzification unit changes the crisp data into 

linguistic variables to give inputs to the rule based 

block. The set of forty nine rules are given on the 

basis of previous knowledge in the rule based unit. 

The rule base unit is associated to the neural network 

unit. Back propagation algorithm is employed to 

train the neural network to choose the appropriate 

set of rule base. For developing the control signal, 

the training is an important step in the choice of the 

appropriate rule base. Once the proper rules are 

chosen and fired then the control signal needed to 

obtain the optimal outputs is produced.  

 

The output of the NN unit is provided as input to the 

de-fuzzification part and the linguistic variables are 

changed back into the numeric type of data in the 

crisp type. In the fuzzification process, the crisp 

variables, the speed fault and the change in error are 

changed into fuzzy variables or else the linguistics 

variables. The fuzzification plans the two input 

variables to linguistic labels by the fuzzy sets.  

 

The fuzzy coordinated controller employed the 

linguistic labels. Every fuzzy label has a connected 

membership function. The membership function of 

triangular kind is employed in presented work. The 

inputs are fuzzified by the fuzzy sets and then are 

supplied as input to ANFIS controller. The rule base 

for choice of correct rules using the back 

propagation algorithm. The designed fuzzy rules 

(7×7) are embraced in the ANFIS controller and are 

not given here. The control decisions are proposed 

on basis of the fuzzified variables of the Table 1 The 

inference engages a set of rules for formatting the 

output decisions. The proposed ANFIS controller has 

two input variables, seven fuzzified variables and a 

set of forty nine rules. Out of these forty rules, the 

appropriate rules are chosen by the training of the 

neural network using the help of back propagation 

algorithm then chosen rules are fired. Additionally, it 
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has to be changed into numerical output for de-

fuzzification. 

 

Table 1 Rules for controlling. 

E NB NM NS ZE PS PM PB 

NB NB NB NB NB NB NM NS 

NM NB NB NM NM NS ZE PS 

NS NB NM NS NS ZE PS PM 

ZE NB NM NS ZE PS PM PB 

PS NM NS ZE PS PS PM PB 

PM NS ZE PS PM PM PB PB 

PB ZE PS PM PB PB PB PB 

 

This de-fuzzification is process of producing a 

quantifiable result in fuzzy systems. The 

defuzzifcation changes fuzzy set information in 

numeric data information.  

 

IV. PROPOSED ALGORITHM 
 

 
Figure 7 Flow Chart of Load Frequency Control using 

PID, Fuzzy & ANFIS Controller. 

  

V. PROPOSED SYSTEM DESIGN 
 

Basically 3 design is to proposed for performance 

analysis of LFC. These are LFC controlled by PID-C , 

LFC controlled by Fuzzy and LFC controlled by ANFIS. 

 

1. PID Controller 

In LFC, PID is design so that it is controlled all 

transfer function. Two arrangements are given for 

different area like area-1 and area -2 respectively. Tilt 

integral derivative control is a feedback control that 

is similar to PID-C and also possesses merits of PID-

C; proportional action of PID-C is replaced by a tilted 

proportional action in PID-C, having a transfer 

function 1⁄S^n  or  s^((-1)⁄n) . So, entire compensator 

is referred to as PID compensator. structure of PID-C 

is shown in Figure 8. 

 

  

Fig 8 LFC using PID-C. 

 

2. Fuzzy Logic Controller 

In LFC, Fuzzy is design so that it is controlled all 

transfer function. Two arrangements are given for 

different area like area-1 and area -2 respectively. Tilt 

integral derivative control is a feedback control that 

is similar to FLC and also possesses merits of FLC; 

proportional action of FLC is replaced by a tilted 

proportional action in FLC, having a transfer function 

1⁄S^n  or  s^((-1)⁄n) . Structure of FLC with LFC is 

shown in Figure 9  
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Fig 9 LFC using FLC. 

  

3. ANFIS Controller 

In LFC, ANFIS is design so that it is controlled all 

transfer function. Two arrangements are given for 

different area like area-1 and area -2 respectively. Tilt 

integral derivative control is a feedback control that 

is similar to ANFIS control and also possesses merits 

of PID-C; proportional action of ANFIS control is 

replaced by a tilted proportional action in ANFIS 

control, having a transfer function 1⁄S^n  or  s^((-

1)⁄n) . Structure of ANFIS control system with LFC is 

shown in Figure 10 

  

  

Fig 10 LFC using ANFIS-C. 

  

VI. RESULT ANALYSIS 
 

In this section Comparative analysis of different 

controller analyzed in terms of Peak Time , Rise Time 

, Settling Time , Peak Overshoot. Dynamic responses 

of system are obtained for 1% step load perturbation 

in area through computer simulation. 

 

1. PID Controller 

  

 
Fig. 11 Change in frequency area -1 using PID 

Controller. 

For area 1, Rise Time of PID Controller is 10 sec .Peak 

Time of PID Controller, is 30, sec.  Settling Time of 
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PID controller is 40, sec. Peak overshoot is 0.8%. 

Steady state error is 0.4%. 

 

 
Fig 12 Change in Frequency area -2 using PID 

controller. 

 

For area 2, Rise Time of PID Controller is 7 sec 

respectively. Peak Time of PID controller is 30 sec. 

Settling Time of PID Controller is 40 sec. Peak 

Overshoot is 0.6%. SSE is 0.4%. 

 

 
Fig 13 Tie- Line Power delta 1-2 using PID Controller. 

 

For Tie lie Freq, Rise time of PID-C is 10 sec. Peak 

Time of PID Controller is 30 sec.  Settling Time of PID 

Controller is 30 sec. Peak overshoot is 0.4%. Steady 

State Error is 0.4%. 

 

6.2 Fuzzy Logic Controller 

  

 
Fig 14 Change in Frequency area -1 using Fuzzy logic 

Controller. 

 

For area 1, Rise Time of Fuzzy logic Controller is 8 

sec. Peak Time of Fuzzy Logic Controller is 13 sec. 

Settling Time of Fuzzy Logic Controller is 40. Peak 

Overshoot is 0.1%. Steady State Error is 0.02%. 

 

 
Fig 15 Change in frequency area -2 using FLC. 

 

For area 2, Rise of Fuzzy Logic Controller is 10 sec 

respectively. Peak Time of Fuzzy Logic is 18.  Settling 

Time of Fuzzy Logic is 30 sec. Peak Overshoot is 

0.5%. SSE is 0.02%. 
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Fig 16 Tie- Line Power delta 1-2 using FLC. 

 

For Tie lie Freq, Rise time of Fuzzy Logic Controller is 

13sec. Peak Time of Fuzzy Logic Controller is 18 sec.  

Settling Time of Fuzzy Logic Controller is 30 sec. 

Peak Overshoot is 0.01%. SSE is 0.01%. 

 

6.3ANFIS Controller 

 

 
Fig 17 Change in Frequency area -1 using ANFIS-C. 

 

For area 1, Rise Time , Peak time and settling time  

ANFIS Controller is  5, 9 ,20 sec respectively. Peak 

overshoot and steady state error of ANFIS Controller   

is 0.032% and 0.001% respectively.  

 

 
Fig 18 Change in frequency area -2 using ANFIS-C. 

 

For area 2, Rise Time , Peak time and settling time  

ANFIS Controller is  5, 13 ,20 sec respectively. Peak 

overshoot and steady state error of ANFIS Controller   

is 0.5% and 0.001% respectively.  

 

 
Fig 19 Tie- Line Power delta 1-2 using ANFIS 

Controller. 

 

For Tie Line, Rise Time , Peak time and settling time  

ANFIS Controller is  7, 10,22 sec respectively. Peak 

overshoot and steady state error of ANFIS Controller   

is 0.01% and 0.001% respectively. 6.4 Comparative 

Analysis of  Performance of different controller In this 

section Comparative analysis of different controller 

analyzed in terms of Peak Time, Rise Time, Settling 

Time , Peak Overshoot. 

 

 
Fig 20 Comparative Analysis of Change in Frequency 

area -1 using PID, Fuzzy and ANFIS Controller. 

 

For area 1, rise time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 10 , 8 , 5 sec 

respectively. Peak time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 30, 13, 9 sec 

respectively.  Setting time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 40, 30, 20 sec 

respectively. The percentage overshoot is 0.8%, 0.1% 

and 0.032% respectively. The steady state error is 

0.4% 0.02% and 0.001% respectively. 
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Fig 21 Comparative Analysis of Change in Frequency 

area -2 using PID, Fuzzy and ANFIS Controller. 

 

For area 2, rise time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 7, 10, 5 sec 

respectively. Peak time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 30, 18, 13 sec 

respectively.  Setting time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 40, 30, 20 sec 

respectively. The percentage overshoot   is 0.6%, 

0.5% and 0.5% respectively. The steady state error is 

0.4% , 0.02% and 0.001% respectively. 

 

For Tie lie frequency, rise time of PID Controller, 

Fuzzy Controller and ANFIS Controller is 10, 13, 7 sec 

respectively. Peak time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 30, 18, 10 sec 

respectively.  Setting time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 30, 30, 22 sec 

respectively. 

 

  
Fig 22 Comparative Analysis of Tie- Line Power delta 

1-2 using PID-C, FLC and ANFIS-C. 

 

The percentage overshoot   is 0.4%, 0.01% and 0.01% 

respectively. The steady state error is 0.4%, 0.01% 

and 0.001% respectively. 

 

Table 2 AREA 1 Change in Freq. 

 
 

For area 1, rise time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 10 , 8 , 5 sec 

respectively. Peak time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 30, 13, 9 sec 

respectively.  Setting time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 40, 30, 20 sec 

respectively. The percentage overshoot is 0.8%, 0.1% 

and 0.032% respectively. The steady state error is 

0.4% 0.02% and 0.001% respectively. 

 

Table 3 AREA 2 Change in Freq. 

 
 

For area 2, rise time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 7, 10 , 5 sec 

respectively. Peak time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 30, 18, 13 sec 

respectively.  Setting time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 40, 30, 20 sec 

respectively. The percentage overshoot is 0.6%, 0.5% 

and 0.5% respectively. The steady state error is 

0.4%,0.02% and 0.001% respectively. 

 

Table 4 TIE LINE 1 Freq. 
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For Tie lie frequency, rise time of PID Controller, 

Fuzzy Controller and ANFIS Controller is 10, 13, 7 sec 

respectively. Peak time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 30, 18, 10 sec 

respectively.  Setting time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 30, 30, 22 sec 

respectively. The percentage overshoot is 0.4%, 

0.01% and 0.01% respectively. The steady state error 

is 0.4%, 0.01% and 0.001% respectively. 

 

V. CONCLUSION 
 

Many research deals with LFC have been accounted 

for as of late. Still there is much space for further 

improvement and expansions of LFC methodologies. 

In this proposition an ideal yield criticism controller 

structure strategy is proposed for LFC of a 

reasonable power framework. execution of proposed 

controller is exhibited on multi-source control 

framework and its dynamic reactions are contrasted 

and full state criticism controller. impact of GRC on f 

deviation reaction is examined. dynamic execution of 

framework weakens if GRC isn't fused for reasonable 

investigation of framework. f deviation reaction of 

zone and generator yield control deviation reaction 

to 1% step burden bothers have been acquired. yield 

criticism controller gives better f deviation reaction 

having generally littler pinnacle overshoot and lesser 

ST with zero SSE when contrasted with full state 

input controller reaction. The net Conclusion for the 

research is that the rise time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 10, 8 , 5 sec 

respectively.  Peak time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 30, 13, 9 sec 

respectively.   Setting time of PID Controller, Fuzzy 

Controller and ANFIS Controller is 40, 30, 20 sec 

respectively.  The percentage overshoot   is 0.8%, 

0.1% and 0.032% respectively. The steady state error 

is 0.4% 0.02% and 0.001% respectively. In this thesis 

LFC is described, a no. of possible directions for 

extensions to this work are discussed below: 

Research work may be extended to renewable 

energy sources integration in control area. Method 

may be extended to LFC study of Micro-grids. Some 

energy storage devices may be included. Some 

evolutionary algorithms may be incorporated with 

proposed method and power system models. 
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