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Abstract 

The aim of load frequency control (LFC) is to save the frequency at the allowable 

limits ‎in different zones of power system operation. This advanced control system has a lot of 

advantages ‎over conventional integral controllers in practical applications. In this paper, LFC for 

a single area power ‎system using a Linear Quadratic Gaussian Method (LQG) and a coefficient 

diagram method ‎‎(CDM) has been developed. Furthermore, an improved technique based on 

Multi-Verse ‎Optimizer (MVO) is applied for optimal adjustment for the LQG controller. In order 

to control ‎the turbine load output, the governors’ parameters must be adjusted to reduce the error 

rate and ‎increase confidence in the proposed system. The CDM system has been studied in 

theory for its ‎own transactions and data, in order to take advantage of the governor and turbine 

model for its ‎response and high efficiency. The division of the frequency value and all system 

transactions are ‎identified using the Kalman filter where they are controllers in the LQG module, 

this provides an ‎ideal income signal for the system. The strength and effectiveness of the model 

give an initial ‎impression of the extent of taking advantage of a practical system, so digital 

simulation must be ‎used for access to the target. The behavior of non-confidence in the 

performance of the system ‎has been addressed, and this has enhanced the results of simulation 

for a comprehensive and ‎integrated performance with (CDM + LQG). The control process was 

evaluated by a comparison ‎between the proposed scheme and only CDM. The comparison 

showed that the process ‎outstanding the proposed scheme in the appropriate control process 

during the processing ‎process. In this work, the two control systems (CDM & LQG), are 

effective with high ‎performance, and stability in the face of LFC problems with the superiority of 

(CDM + LQG).‎ 

Key words: load frequency control LFC; linear quadratic Gaussian (LQG); coefficient diagram 

method (CDM) 

1. Introduction 

To solve load frequency problems, 

many methods and techniques have been 

applied. A lot of these control methods have 

been used to obtain the best results [1-4]. 
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 According to various operating conditions,  

the developed controllers with fixed 

parameters will be not applicable. Synthesis 

of LFC has been used adaptive gain 

scheduling. The lack of stability of the 

system because of sudden changes causes 

great disadvantage, this leads to its failure 
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and lack of reliability [5-23]. In Proportional 

Integratal Control (PID) systems, a problem 

is not accessible after a period of time, as a 

result of overshoot and this is a problem 

with the system and has no access to the 

Steady State stage. Moreover, optimal 

design of PID controllers has been reported 

to improve the system response [20-23].‎‎To 

solve PID problems and to ensure the 

system response speed The Fuzzy Logic 

Controllers has been used, and it is 

characterized by control of two regions of 

electrical strong systems without increasing 

the error proportion compared to each region 

[6,7]. Due to the importance of LFC has 

been working, many researchers have taken 

control of artificial intelligence, specifically 

neurons because they have a simulation of 

human brain work [8,9]. In [19], adaptive 

load frequency control based on 

different optimization algorithms have 

been presented. The authors apply the 

genetic algorithm (GA), Grey Wolf 

Optimizer (GWO) and Particle swarm 

optimization (PSO) to tune the PI 

controller. The reported results show 

the superiority of the GWO algorithm. 

As application of intelligent controllers, 

Fuzzy controller have been applied for 

damping the frequency oscillations of 

interconnected two-area power systems 

[20].  In [21], PID based GA has been 

applied for controlling the load 

frequency division with presenting of 

the renewable energy sources.  Fraction-

Order PID controller has been applied 

to solve the problem of load ‎frequency 

control with running the parameters of 

the controller using Harris hawk 

‎optimizer [22].‎ For optimizing the 

control systems without using the 

artificial techniques and to reduce the 

time implementation, linear quadratic 

regulator (LQR) has been reported in 

[23]. This reported design for LQR 

entails all the state of the system which 

led the complexity of the control 

system.  

             To treat LFC problems, Model 

Predictive Control (MPC), this module 

features its ability to be employed in 

multiple areas and overlapping interference 

between these areas. The algorithm control 

system is quickly distinguished to respond to 

mistakes but discretion of complexity [10]. 

MPC was used in renewable energy 

systems, especially in generating electricity 

using wind turbines, in various and multiple 

areas, these models are characterized by 

frequency control and determining the ideal 

value of the network [11]. Using MPC as a 

control system has been obtained high 

response, reliability during frequency 

change processes resulting from the system 

load change, but the difficulty and 

complexity of its calculations [10,11]. 

The development of LFC control 

systems has been held in three main stages. 

The initial stage was using dynamic control 

models, developing it to avoid slow dynamic 

response to replace analog control systems, 

but its low sensitivity is somewhat and 

slowly responded to reach stability. One of 

the former type problems The Multi-Verse 

Optimization (MVO) systems is simply 

characterized by a highly manufacturing 

structure, high response speed and highly 

valid results for high energy and sensitivity 

flow processes in dealing with frequency 

control tools such as boilers and governors 

[12-17]. 

Diagrams such as Bode and 

Nyquist ‎provide evidence on stability and 

time ‎response of the control systems, 

CDM ‎is a ‎powerful diagram which is used 

to ‎examine ‎the stability, time response and 

robustness ‎characteristics of ‎systems. CDM 

can be ‎considered essential single diagram 
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to study ‎the system of large characteristic 

polynomial ‎‎degree. CDM has been shown to 

be more ‎accurate and easier for the plication 

in real ‎industrial plants and their ‎control 

design [12, ‎‎15]. For tuning an appropriate 

characteristic ‎polynomial for the controlled 

system, ‎Lipatov ‎Stability studies may be 

applied ‎‎[12].‎ 

In this paper, the development 

process has been developed for the CDM 

model using LQG. This method is 

characterized by linear systems by reducing 

noise so as to get ideal in the output. 

Through assumptions, a perfect controller 

can be derived. This is known as the control 

law and is unique, with Kalman filter. The 

expected value of the cost can be calculated 

in order to obtain ideal gains for the system. 

It can also be used in non-linear systems and 

gives high response speed. 

2. Coefficient Diagram Method 

The process of designing control 

models is divided into three types of 

classical, modern and algorithms control. 

The method of designing the forced schema 

for the CDM model does not fully perform 

BODE schemes but benefit from Lipatov so 

as to get enough stability of the system to be 

found in theory [15]. The CDM model is a 

technique aimed at getting a quick response 

to reduce the time required for the system 

stability. To provide all data on low stability 

and obstructive stability, many differential 

equations must be used to provide the 

necessary account processes [12]. 

In CDM chart, the horizontal axis 

corresponds to each coefficient while the 

vertical axis shows through which the 

laboratory scheme is as follows: - 

- Coefficients polynomial characteristics 

(ai). 

- Stability indicators characteristics (γi). 

- Equivalent time constant characteristics 

(τ). 

- The variant of the shape of the ai curve 

as a result of plant parameter variation 

has been used for measuring the 

robustness. 

Through the general tilt of curved 

can be obtained measurement of the time 

response system. Multiple transactions can 

also be determined for the calculation, the 

degree of transactions is mainly considered. 

The durability indicators of the system 

appear in ai curved where design differences 

appear in Figure 1. The system stability can 

be obtained through the fixed time by Single 

Input Single Output (SISO for the CDM 

model [12-17]. 

 
Fig. 1:  A Block Planning for CDM Control System
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where; F(s), B(s): Rugs reference and 

multiplayer reactions. 

(A(s)): polynomial forward denominator. 

(N(s)):  polynomial numerator.  

(D(s)): plant transfer function denominator 

polynomial. 

By referring to the previous terms 

mentioned, each job has been made of 

freedom in statistical accounts in accordance 

with the system structure (2DOF).   

Steps to work accounts: 

- (r) :  Input signal to the system. 

- (u) : Control signal. 

- (d) : External disorder signal. 

- (Y) : Control system output.  

- (P(s)): closed-loop system 

polynomial characteristic. 
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A (s) and (b) (s) as multi-boundary control 

and knows it. 
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To achieve practical, the requirement must 

be satisfied p ≥ q. For a distinctive 

multimeter P (s), multiple control is replaced 

from (3) in (2) and given as 
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Model CDM need a lot of transactions 

borders according to the following: - 

-  Equivalent time constant (τ) (which 

gives the closed loop response). 

-  (γi) is a stability index that gives the 

form of response and its speed 

-  It gives an inverted stability index 

and known as (γi *). 

Multiple transactions (ai) can be classified 

as possible to write their equations and ease 

of formulation: 
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The γi model May be specify values 

according to the sequence follows [2.5, 2, 2 

... 2]. Through the model can get values to 

train order. Transactions (τ and γi), can be 

used to test the system after trained on 

values not recognized before, the purpose is 

to ensure its discovery of variables and to 

achieve many functions of functions that are 

formulated by the value       ( ) . 

          *,∑(∏
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where  ( )         ( ) 

Also, multi-boundaries spectacular F (s) can 

be calculated from: 

 ( )  
( ( )    )

 ( )
                                                     ( ) 

3. Linear Quadratic Gaussian 

Technique ‎ 

Through this paper, a frequency 

control model has been developed for a 

single electrical energy system, depending 

on the CDM and LQG models to control 

algorithm. And signals issued by fully 
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deducted disorders, which led to increased 

gain form. [14-17]. 

To calculate gain in the ideal case, 

the control law and according to the 

following law (u = -kx) will increase the 

value of U performs the performance 

indicator of the system [17]. 

  ∫ (         )  
 

 

                                (  ) 

The variables (Q and R) can be 

expressed in a matrix or polarity as a value 

and angle, and also can be represented by 

composite numbers, representing a real and 

generous image. For the values of actual 

stability of the system, U value is for the 

previous law to clarify the value of stability 

[15-17].  

In this paper, chosen conditions are to be: 

- deviation of frequency   . 

- change of mechanical power     . 

- output governor change    . 

Signals are measured by the 

supplementary control action     and 

deviation of frequency     , is used to be the 

only signals to fed Kalman, the real value of 

energy generation must be made by the 

state. Because they are calculating the 

overall cost of fuel, transportation, 

employment and unlike. Estimation of the 

state can be done by using The Kalman filter 

estimator. 

 ̂   [  ̂       ̂   ̂  ]  

Using U = -K X equation shows for 

systems for system, and the state can 

estimate the tariff through it. 

 

( ̂̇)   (       ) ̂                                  (  ) 

Through Kalman filter, the L value is 

calculated on the basis of the actual noise 

values in accordance with QN and RN 

measured values. The accuracy of this filter 

depends primarily accurately the accuracy of 

the variables that nourishes the system. The 

A and B matrices are trained with expected 

values that do not work, but then the test is 

performed to make sure the form response. 

The Kalman filter works well with linear 

systems. 

     To calculate the actual gain of the 

Kalman filter, the form account must be out 

of expectations through the results provided 

by the calculations, which necessarily will 

depend on them. The resulting transactions 

may be calculated, so they are simplified by 

using differential equations or transfers of 

Laplace or Appendix. Thus, the proposed 

model design of the unit to be controlled is 

more easily and will decrease the value of 

the cost of devices.  

4. Optimization Algorithm 

A. Multi- Verse Optimizer 

The purpose of using algorithms in 

this research in order to work in two stages, 

the identification of the problem and then 

work to solve it using the concepts available 

for scientific research, this is quite similar to 

the universe research where white drilling 

and black holes are studied. The MVO 

system applies as follows:  

1. If inflation increases to give high 

probability This indicator is for the 

white hole. 

2. If inflation increases but given the 

likelihood of being expressed by black 

hole. 

3. The purpose of white holes is to send 

high-probisal signals. 
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4. The black holes are low-probable, and 

this is reflected on the nature of its low 

cost. 

5. The indiscriminate experience must be 

made for access to natural probes. 

6. This algorithm can be represented 

according to figure 2. 

 
Fig. 2:  The concept of MVO algorithm. 

 

The MVO model can be described in accordance 

with the following mats and equations: 

  [

  
   

    
 

    
    
  
   

    
 

]                                                   (  ) 

 

The equations can be searched in accordance 

with the following style, the variable u is 

considered a set of solution and variable D is a 

representation of dimension variables, variable N 

is the number of buttons that the system contains 

and thus the proposed solutions can be described 

as follows. 
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To calculate the rate of natural inflation, 

procedures according to composite numbers. The 

  
 
 value represents the parameter of the Creator, 

the value of inflation is in accordance with the 

expectancy of the X-value X, which is virtual 

value. This test was carried out using a 

mechanical-designed roulette wheel to calculate 

equations, so inflation can be found between 0 & 

1. 

 

If the regime contains a large number of butts, a 

balance of each system must be bounded, 

dancing and consistency of work, without 

disruption. So, MVO model has been taking 

advantage of being separately and deals with 

everyone collectively. The problem facing each 

region is the process of inflation so it must be 

reduced and improved filters in order to reduce 

the error rate. Therefore, these equations must 

formulate the lack of any disturbance that skip 

the permitted value, and this can be described as 

follows: 
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The arranger for the configuration of the    can 

be configured by     and    ,its arranged through 

TDR (Traveling Distance Rate) and WEP 

(Wormhole Distance Probability). the parameter 

of  th universe and               are random 

numbers between values 0 & 1 and expresses 

them as follows. 
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The minimum and census has been determined 

for repetitions of the current, which is between 

(0.2 to 1). The value of L has been maximized as 

well as the study is set at 6 reference value, The 

MVO system has been set for algorithms 

accurately depends on. 

 The number of times repeated form. 

 Number of times used. 

 Roulette mechanism with mechanical system. 

 Screening mechanism of cosmic models. 

 

The Roulette wheel has its importance where 

it is used with each repeat, so to sort quick to 

classify the agents used with algorithms. 

     When designing the MVO model, they must 

be steps from the flow maps, so as to illustrate 

the implementation processes with the form 

according to the figure 3. 

B. Application of the MVO for Load 

Frequency Control 

MVO has been used to tune and reach the 

optimal configuration of the LQR controller. The 

MVO has been used to minimize the frequency 

deviation signal in order to determine the 

feedback gains of LQG controller. The objective 

function has been selected as integral time 

multiplied absolute error (ITAE).  

  ∫  (    )
    
   

                                     (22) 

So, the optimization problem has been presented 

as: 

Minimize J 

Subjected to: 

            

where the   represents the gains of LQG. 
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Fig.3: Flow chart of the proposed MVO to solve the LFC problem. 

 

5. System Configuration 

A. System Dynamics 

 

The system dynamics of the load 

frequency control for single area power 

system has been shown in Fig. 4.a) and can 

be expressed as: 

     (
 

  
)      (

 

  
)      (
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(23) 

      (
 

  
)      (

 

  
)                         (24)   

      (
 

  
)      (

 

    
)     (

 

  
)              (25) 

where 

    : the governor output change;  

   : the mechanical power change; 

     : the frequency deviation; 

    : the load change; 

    : supplementary control action; 

     : Differential operator. 

(
 

 
) is the integral Laplace operator. 

  ,          : governor and turbine time 

constants. 

   : the system output of area i. 

  : equivalent inertia constant of area i. 

  : equivalent damping coefficient. 

R    : speed droop characteristic. 

B. Complete Control System 

The CDM and LQG control models, the 

primary purpose is to control the system's 

response speed and the possibility of 

adjusting the frequency value, the block 

diagram has been streamlined as described 

in figure 3. The system consists of: 

- Rotating mass and load. 

- Nonlinear turbine. 

- Control the value of the governor at 

the Dead band [2]. 

The frequency deviation is normal in 

electrical power system, but a closed control 

system must be worked to ensure that the 

system is not exit from moderation and 

control. The reverse nutrition value of the 

frequency accounts in the normal situation 

must be with a hit, but when disruption and 

change of output must be the value of 

negative-value     with income signal. 

Through the change in the value of income 

     gives a reference to the governor who 

represents mechanical income to control the 

speed of electric generator, so mechanical 

control is made to adjust the power 

generation process.     Change The 

generator must be controlled by controlling 

the governor, which represents the 

Mechanical Energy      so that the actual 

deviation of   . Frequency has to be 

exempted by this image. 

To estimate and calculate the 

deviation in the frequency value of a 

complementary control using Kalman filter. 

The system can be expressed  ̂   

[  ̂       ̂   ̂  ] , These functions 

have been hit their own values in the value 

of gain order to optimize the closed control 

signal. This signal is added to the original 

system income and the expression is      as 

a complementary picture. The reverse 

nutrition signal to be negative, this is to 

maintain the governor, which controls its 

value in its own value, and this is a signal 

turbine to give 
mP  , The range of 

mechanical energy
mP  change is an 

electrical load change
LP . Through rotating 

block input and knowledge of electrical 

pregnancy, the actual frequency deviation

f  can reduce the system. 
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a) 

K
Kalman 

Filter

∆u

+

+

CDM

MVO Optimization

 
Fig.4: a) The block diagram of uncontrolled single-area power system.‎ b) Single area power 

system including CDM + LQGs proposed based on MVO optimization algorithm. 

 

Table 1. Parameters and data of the studied system ((Pe)Base=800MVA).‎ 

 (     ) 2H(pu.sec) R(Hz/pu)   (   )   (sec) 

0.015 0.1667 3.00 0.08 0.40 
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6. Results and Discussions 

The simulation programs provided by the 

computer environment is made to ensure 

that the proposed form, MATLAB/Simulink 

Software provides this by simulating 

electrical applications through its 

formulation in the form of sports equations, 

and also by training and testing [2], as 

shown in table 1. 

Change factors in the experiment for the 

CDM form formulated in the following:  

- Fixed time can be expressed worth 

        . 
- For controller choosing k0,1=23. 

Then, 

D1=                                    

N1=              

Stability indicators have been selected and 

determined (γi, 1) according to me: 

     [                          ]      

  [   ]                  

and stability limits (    
 ) can be formulated 

in the following picture: 

    
  [                             ]       [   ] 

                         
        

                      

                
           

          
            

Simulation studies on proposed 

control models are restricted at this version 

(GRC) for the importance of economic 

factors. The maximum value of the error at 

the dead point of the governor will be 0.05 

pu [2].  

Case 1:  

To test the performance of the CDM + LQG 

system controller, the values of nominal 

variables must be determined and compared 

to the CDM module only without loading. 

Simulation results are described in figure 4, 

which illustrates the frequency of frequency 

deviation so that control of the ΔPm valve 

must be provisions for each of the former 

models. Income signals that control the two 

systems must be (the ΔPL assumed to be 

0.02 pu at t = 30 sec.). So, notes that the 

console is more stable for the system and 

speed performance when you use CDM + 

LQG Controller instead of using CDM only. 

Once you change the two systems when you 

change the download, the attribute is 

attributed to be (the ΔPL assumed to be 0.02 

pu at t = 30 sec.). In this picture, the CDM + 

LQG console is more efficient and reliable 

in performance from CDM.  

 



Vol.42, No.1. January2023 
 

226 
 

Fig.5: Shows the reaction of electric power system for case No. 1; a) Determine the governor’s 

objective value ΔPm, b) Determination of frequency deviation Δf, and c) The actual control 

signal for the governor ΔPs. CDM+LQG (solid line) and CDM (dashed line). 

 

Case 2:  

The system test process has been changed in 

a significantly changed (the ΔPL assumed to 

be 0.06 pu at t = 30 sec.), Figure X-1 shows 

the sample response model CDM + LQG 

and also reaction of the CDM form. The 

CDM + LQG model is much faster than  

 

CDM and when the electric load is changed 

and efficiently. 
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Fig.6: Shows the reaction of electric power system for case No. 1; a) Determine the governor’s 

objective value ΔPm, b) Determination of frequency deviation Δf, and c) The actual control 

signal for the governor ΔPs. CDM+LQG (solid line) and CDM (dashed line). 

Case 3 

In this case the CDM + LQG model has 

been experimented with the variation of the 

plant parameters values to ensure that the 

training process is correct. The constants for 

the governor and turbine were increased to 

Tg = 0.12 sec ( 31% change), and Tt = 0. 

975 sec ( 140 % change), respectively. 

Form No. 6 shows the sample response of 

the CDM + LQG model when the electrical  

 

load changes. The result shows the 

performance of the CDM + LQG of them 

when you only use CDM. 
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Fig.7: Shows the reaction of electric power system for case No. 1; a) Determine the governor’s 

objective value ΔPm, b) Determination of frequency deviation Δf, and c) The actual control 

signal for the governor ΔPs. CDM+LQG (solid line) and CDM (dashed line). 

 

Case 4: 

A wide range of results were taken on the 

CDM + LQG model to make sure their 

ability to make results at the full test of the 

system. In previous cases, the process of 

increased the ruler and turbine constants, but 

in this case will be increased to Tg1 = 0.18 s 

( 125% change), Tt1 = 1.4 s ( 260% 

change), respectively with changing M=.225 

and D=.0195. 

 

A representation of the fourth 

situation was as explained in the form of No. 

7. A comparative process of confidence 

when the electrical pregnancy changes just 

as the situation. The result came confirming 

that the CDM unit alone does not give the 

desired efficiency but to model CDM + 

LQG because of its high response speed and 

fast stability of the system of deterioration. 

This situation also explained that the 

effectiveness of Kalman filter, which had a 

positive effect on the performance of LQG, 

Fig. 8 illustrates the estimated     and    .  

0 10 20 30 40 50 60 70 80 90 100
0

0.02

0.04

0.06
d
p

m
(p

u
) 

0 10 20 30 40 50 60 70 80 90 100
-0.05

0

0.05

0.1

0.15

d
p

s
(p

u
) 

0 10 20 30 40 50 60 70 80 90 100
-0.1

-0.05

0

0.05

0.1

d
f(

p
u
) 

t(sec)



Vol.42, No.1. January2023 
 

229 
 

 

Fig.8: Shows the reaction of electric power system for case No. 1; a) Determine the governor’s 

objective value ΔPm, b) Determination of frequency deviation Δf, and c) The actual control 

signal for the governor ΔPs. CDM+LQG (solid line) and CDM (dashed line). 

 

7. Conclusion 

Frequency has great importance in 

electrical power systems, so it is controlled 

through LFC. In this paper, the control 

system has been designed using CDM + 

LQG for single area system. LQG has been 

designed using MVO. The variation of 

parameters has been taken into account. The 

response of the frequency deviations and 

system response are recognized in the paper 

with the application of the proposed 

controller. The results have been achieved 

using Matlab/simulink. The results showed 

the effectiveness of CDM + LQG 

methodology rather than CDM only. The 

limitation of the CDM diagram may be as 

example the numerator and denominator are 

calculated manually‎ .‎ Also, the analysis of 

the application of the online optimization 

process should be considered in  ‎future work 

considering the performance of the control 

system, its complexity, and the time 

of ‎implementation.  ‎ 
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