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Electrical Load Frequency Control Using AI Techniques for EV Connected 

Power Systems 

 

 

 

Abstract: There are several challenges associated with 

electric vehicles. This work discusses the effect of 

electric vehicles on the load frequency deviation.. 

However, Load cannot be the same throughout, load 

deviates from time to time. To get rid of these 

disadvantages related to conventional controllers, a lot 

many schemes have been put forth in literature. This 

work presents a new design of various types of load 

frequency controllers based on different types of 

Artificial Intelligent (AI) optimization techniques such 

as Fuzzy logic, ANN tuner for a single area power 

system. The performance of the controller under study 

shows an enhancement in the frequency deviation 

signal as well as the peak overshoot and settling time 

for the frequency output signal. The performance of the 

proposed scheme is validated using MATLAB/ 

SIMULINK tools. 

 

KEYWORDS:  Multi- Area Power System., Electric 

Vehicles, Load Frequency Control, Artificial Neural 

Networks (ANN), Adaptive Neuro Fuzzy Inference 

Systems (ANFIS). 

 

 

 

 

I.Introduction 

Stable operation of power system requires matching 

between total generation with total load demand and 

system losses. Due to rising and falling of load demand, 

the real and reactive power balance is disturbed This 

results in deviation of system frequency and tie line 

interchange power from their scheduled value. 

High deviation of system frequency may lead to system 

collapse. For the satisfactory operation of a power 

system, frequency should remain nearly constant. 

Frequency deviations can directly affect a power system 

operation, system reliability, and efficiency. Large 

frequency deviations can damage equipment, degrade 

load performance, overload transmission lines, and 

interfere with system protection schemes. These large-

frequency deviation events can ultimately lead to a 

system collapse. Variation in frequency adversely 

affects the operation and speed control of induction and 

synchronous motors. The reduced speed of motor-

driven generating station auxiliaries, associated with the 

fuel, the feed-water, and the combustion air supply 

systems, such as fans, pumps, and mills, will bring 

down plant output. The considerable drop in frequency 

could result in high magnetizing currents in induction 

motors and transformers thereby increasing reactive 

power consumption. The extensive use of electric 
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clocks and the use of frequency for other timing 

purposes require accurate maintenance of synchronous 

time, which is proportional to the integral of frequency. 

. 

 

II Need for Load Frequency Control  

 

For large scale, electric power systems with 

interconnected areas, Load Frequency Control (LFC) is 

important to keep the system frequency and the inter-

area tie power as near to the scheduled values as 

possible. The input mechanical power to the generators 

is used to control the frequency of output electrical 

power and to maintain the power exchange between the 

areas as scheduled. A well designed and operated power 

system must cope with changes in the load and with 

system disturbances, and it should provide an 

acceptable high level of power quality while 

maintaining both voltage and frequency within tolerable 

limits. Load frequency control is a basic control 

mechanism in the power system operation. Whenever 

there is variation in load demand on a generating unit, 

there is a momentarily an occurrence of an unbalance 

between real-power input and output. This difference is 

being supplied by the stored energy of the rotating parts 

of the unit. Load Frequency Control (LFC) is being 

used for several years as part of the Automatic 

Generation Control (AGC) scheme in electric power 

systems. One of the objectives of AGC is to maintain 

the system frequency at a nominal value (50 Hz). 

A power system consists of a governor, a 

turbine, and a generator with the feedback of regulation 

constant. The system also includes step load change 

input to the generator. This work mainly, related to the 

controller unit of a two-area power system. The load 

frequency control strategies have been suggested based 

on the conventional linear Control theory. These 

controllers may be unsuitable in some operating 

conditions due to the complexity of the power systems 

such as nonlinear load characteristics and variable 

operating points. To some authors, variable structure 

control maintains the stability of system frequency. 

However, this method needs some information for 

system states, which are very difficult to know 

completely. Also, the growing needs of complex and 

huge modern power systems require the optimal and 

flexible operation of them. The dynamic and static 

properties of the system must be well known to design 

an efficient controller.  

Under the normal operating condition, the 

controller is set for small changes in load demand 

without voltage and frequency exceeding the pre-

specified limits. If the operating condition changes by 

any cause, the controller must be reset either manually 

or automatically. The objective of the load frequency 

controller is to exert the control of frequency and at the 

same time real power exchange via an outgoing 

transmission line. The frequency is sensed by a 

frequency sensor. The change in frequency and tie-line 

real power can be measured by a change in rotor angle 

δ. The load frequency controller amplifies and 

transforms the error signal, i.e., (Δfi) into real power 

command signal ΔPci, which is sent to the prime mover 

via governor (that controls the valve mechanism). 
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                   Fig.1 The AGC system 

 

III. Methodology 

 

A complete block diagram representation of an isolated 

power system comprising the turbine, generator, 

governor, and load is easily obtained by combining the 

block diagrams of individual components.  

In this case, no controller action is applied 

because of actual system performance due to a step 

change of load. The dynamic behavior for the nominal 

system as the change in frequency consists of Hydraulic 

Amplifier, Turbine, and Generator model as shown in 

Fig2.  

 

Fig.2 Block Diagram of Load Frequency Control 

Fig. 2 can be modeled in the state space form with the 

help of the following matrix equation: 

 

    �̇� = 𝐴𝑥 + 𝐵𝑢 + 𝐹𝜌                       (1) 

Here, 
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𝜌 = [𝛥𝑃𝐸]                                        (5) 

 

Here, 

𝑥𝑇= State vectors,  [𝛥𝑓 𝛥𝑃𝑇 𝛥𝑃𝐻] 

u = Control vector, it is zero in uncontrolled case. 

 

III. Introduction to Electric Vehicles 

 

This India does not have adequate petroleum 

reserves. Therefore, it is heavily dependent on crude oil 

and natural gas imports. Presently, India is the third-

biggest oil importer after the US and China. The total 
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crude basket of India includes 82.8% import of crude 

oil and 45.3% import for natural gas. As petroleum 

products consumption contributes to air pollution, there 

has been a huge demand to contain the consumption of 

petroleum products to address the pollution problem. 

Further, it also causes a huge economic burden on 

Indian citizens due to the large size of crude oil imports. 

Therefore, to reduce the dependence on petroleum 

products and save the environment, it is required to 

switch over to alternate clean fuel and clean technology. 

A major portion of the petroleum products is 

being consumed by motorized vehicles. Hence, running 

these vehicles is causing major damage to our 

environment by adding air pollution. As the Indian 

transport sector is heavily dependent on petroleum 

products, the technologies like battery-powered Plug-in 

Electric Vehicle (PEV) and Plug-in Hybrid Electric 

Vehicle (PHEV) are gaining momentum to combat 

greenhouse gas emissions and air pollution. The 

vehicles in which charging takes place from an external 

source of power supply, such as the electric grid, are 

called plugin electric vehicles (PEV). The Plug-in 

Hybrid Electric Vehicle (PHEV), on the other hand, 

comprises both plug-in electric vehicle systems to 

charge from an electrical power  source and a 

petrol/diesel engine which acts as a backup power 

source to charge the battery and run the electric motor 

of the vehicle. To connect EVs to the electric grid, 

power electronics controllers based on Electric Vehicle 

Supply Equipment (EVSE) are required. The onboard 

AC to DC converter, with single or three-phase 

connectors, is an integral part of these controllers. 

Recently, a lot of new EV charging technologies are 

being developed and deployed commercially across the 

globe [9]. This enables EVs to get charged at a very fast 

rate. In the future, there will be further innovations in 

the development of ultra-fast charging technologies for 

EVs, which will enable a large size of EVs to be 

charged in a few minutes. Although the fast-charging 

technology for the EV makes vehicle owners 

comfortable in getting their vehicle charged quickly, it 

may pose a lot of challenges in the smooth functioning 

of the electrical power distribution system (EPDS). 

Further, charging a large number of EVs 

simultaneously from the grid may also cause various 

power system operational challenges due to higher peak 

load demands and system harmonics. Therefore, it is 

required to analyze the impact of a large number of EV 

charging on the EPDS. In this work, key challenges to 

be faced by EPDS operators, due to massive EV 

charging load, are highlighted.  

 

 

Fig.3 Model Diagram for EV 
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Fig.4 Simulink Model for EV 

 

Mathematical Modelling of EVs: 

 

With 𝐾𝐸 the back EMF constant and (𝑡) the rotational 

speed of the motor in rad/s. Hence, we can write: 

𝑉(𝑡) = 𝐼(𝑡) ∗ 𝑅 + 𝐿 ∗
𝑑𝐼

𝑑𝑡
+ 𝐾𝐸 ∗ 𝜔(𝑡)      (6) 

 

Transforming this equation to the Laplace domain, we 

get: 

 

𝑉(𝑠) = 𝑅 ∗ 𝐼(𝑠) + 𝑠𝐿 ∗ 𝐼(𝑠) + 𝐾𝐸 ∗ 𝜔(𝑠)      (7) 

 

We can also apply this to the torque equation to obtain: 

𝑇(𝑠) = 𝐾𝑇 ∗ 𝐼(𝑠)                             (8) 

 

Hence, we can write: 

 

𝐼(𝑠) =
𝑉(𝑠)−𝐾𝐸∗𝜔(𝑠)

𝑠𝐿+𝑅
                                        (9) 

 

Replacing to get Torque as a function of Voltage Input 

and rotational velocity: 

 

𝑇(𝑠) = 𝐾𝑇 ∗
𝑉(𝑠)−𝐾𝐸∗𝜔(𝑠)

𝑠𝐿+𝑅
          (10) 

 

The control methodology proposed in this work 

is the ANFIS. ANFIS stands for Adaptive Neuro-Fuzzy 

Inference System. The ANFIS controller combines the 

advantages of a fuzzy controller as well as the quick 

response and adaptability nature of ANN 

Fundamentally, ANFIS is about taking a fuzzy 

inference system (FIS) and tuning it with a 

backpropagation algorithm based on some collection of 

input-output data. This allows your fuzzy systems to 

learn. A network structure facilitates the computation of 

the gradient vector for parameters in a fuzzy inference 

system. Once the gradient vector is obtained, several 

optimization routines are applied to reduce an error 

measure. This process is called learning by example in 

the neural network literature.  

The fuzzy inference system that has been considered is 

a model that maps:  

– Input characteristics to input membership functions,  

– Input membership function to rules,  

– Rules to a set of output characteristics,  

– Output characteristics to output membership 

functions, and  

– The output membership function to a single-valued 

output, or  

– A decision associated with the output.  

Only membership functions have been considered 

that have been fixed and somewhat arbitrarily 

chosen. Also, the only fuzzy inference is applied for 

modeling systems whose rule structure is essentially 

predetermined by the user’s interpretation of the 

characteristics of the variables in the model. In 
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general, the shape of the membership functions 

depends on parameters that can be adjusted to change 

the shape of the membership function. The 

parameters can be automatically adjusted depending 

on the data that has been tried to model. 

 

Mathematical Modelling of ANFIS 

 

While there are several algorithms to train the 

ANN/ANFIS model, yet one of the fasters and most 

efficient algorithms is the Levenberg Marqardt (LM) 

algorithm which is a modified version of the steepest 

gradient descent. Taking a look at the nature of the 

steepest descent algorithm it is concluded that it is 1st 

order derivative of the minimization function which 

makes it an asymptotic convergence. Considering the 

gradient of the error with respect to weights for a loss 

minimization, we obtain the derivative gradient as: 

 

𝑔 =
𝜕𝐸(𝑥,𝑤)

𝜕𝑥
= [

𝜕𝐸

𝜕𝑤1
     

𝜕𝐸

𝜕𝑤2
      …    

𝜕𝐸

𝜕𝑤𝑁
]
𝑇

      (11) 

 

Considering the loss/cost function as the mean squared 

error, the weight update rule for LM algorithm is:  

 

𝑤𝑘+1 = 𝑤𝑘 − [𝐽𝑘𝐽𝑘
𝑇 + 𝜇𝐼]

−1
𝐽𝑘
𝑇𝑒𝑘   (12)                          

Here, 

k is the iteration number 

𝑤𝑘+1 is weight of next iteration, 

𝑤𝑘     is weight of present iteration 

𝐽𝑘       is the Jacobian Matrix and is given by the terms 

𝐽𝑘 =
𝜕2𝑒

𝜕𝑤2 i.e. the second order rate of change of errors 

with respect to weights 

𝐽𝑘
𝑇      is Transpose of Jacobian Matrix 

𝑒𝑘      is error of Present Iteration 

𝜇 is step size i.e. amount by which weight changes in 

each iteration 

𝐼 is an identity matrix, with all diagonal elements equal 

to 1 and other elements 0. 

 

The training is truncated as the cost or loss function is 

stable or the maximum iterations are over. The cost or 

loss function is defined as: 

 

𝑀𝑆𝐸 =   
1

𝑁
∑ 𝑒𝑡

2𝑁
𝑡=1            (13) 

 

The mean absolute percentage error can also be 

computed as: 

𝑀𝐴𝑃𝐸 =
100

𝑁
∑

|𝑉𝑡−𝑉𝑡|

𝑉𝑡

𝑁
𝑡=1                              (14) 

Here, 

N is the number of predicted samples 

V is the predicted value 

�̂�𝑡 is the actual value 

e is the error value 

The complete implementation and validation of the 

results can be performed by sequentially implementing 

the steps in the flowchart of the proposed system: 
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Fig.5 ANFIS Flowchart 

 

 

 

 

 

IV. Results and Discussions 

 

The system has been designed on 

MATLAB/SIMULINK 

 

Fig.6 ANFIS Controlled LFC Model 

 

 

Fig.7 ACE for ANFIS Controller 

 

 

Fig.8 Change in Frequency for for ANFIS 

Controller 
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Table.1 Summary of Results 

Parameter  Value 

Rise Time: 
1.3832e-05 sec 

Settling Time: 11.0145 sec 

Settling Min: -0.3966 Hz 

Settling Max: 0.6361 Hz 

Overshoot: 6.6417e+05 

Undershoot: 3.2790e+06 

Peak: 1.9579 Hz 

Peak Time:  5.4959 sec 

 

 

V. Conclusion: 

 

For Electric Vehicles, Load Frequency Control (LFC) is 

used to regulate and control the output frequency signal 

of the electrically generated power within an area in 

response to changes in system loads. This work 

discusses the effect of electric vehicles on the load 

frequency deviation. This project shows a case study of 

designing a controller that can withstand optimal results 

in a two-area power system when the input parameters 

of the system are changed. Two methods of Load 

Frequency Control were studied considering an isolated 

power system. 

The performance of the controller's understudy is tested 

and validated using MATLAB/SIMULINK tools. On 

comparison, it was found that ANFIS has minimum 

settling time, and minimum percentage overshoot out of 

the two. 

 

 In the future scope , a signal processing tool can be 

utilized to check their effect on results. 

Some of the Hybrid techniques like Wavelet Neural 

Network etc. can be checked to see improvement in 

results. 

By adding generation control and governor dead band 

into the system the system will look more realistic and 

nonlinear 
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