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Load as well as power flow in tie-line are continuously varying in interconnection power 

systems. This paper presents an efficient method based on artificial intelligence control for 

automatic generation control (AGC) of a three-area power network. The control method 

implements Artificial Neural Network (ANN) to damp the frequency deviation and the 

fluctuation in the tie line power caused by load disturbances. The performance of the 

proposed controller is compared with classical control methods (PI and PID). The results 

showed that ANN-based control method is more efficient than others approaches. In this 

paper, MATLAB/SIMULINK package is used to investigate the results. 
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1. INTRODUCTION

With the development of interconnected power system, the 

necessity for automatic generation control has been raised in 

power system design and operation [1]. In real power systems, 

the load demands are continuously and randomly varying. 

When such a disturbance is occurred on power system, tie-line 

power interchange and area frequency change too.  

The ability to meet load changes (i.e. disturbances) by 

action of generators is weak. This is due to the physical 

consideration which can cause unbalance between the actual 

generation power and the scheduled one [2].  

Since the interconnected power systems require operating at 

constant frequency with adequate and consistent electric 

power, an automatic generation controller design is needed to 

eliminate the variations in system frequency and sustain the 

power transfer between areas [3].  

Automatic Generation Control (AGC) can be defined as a 

scheduling process for the power outputs by system generators 

within a particular area as a reaction for any change in network 

frequency, tie line transfer power in order to keep them within 

predetermined limits [4, 5]. 

Several control strategies have been developed in order to 

keep the network frequency and tie-line transfer power within 

acceptable limits. The most common controller employed for 

AGC is based on classical control theory. These conventional 

controllers can be found in the researches [6-9]. These studies 

observed that an integral controller is very simple to 

implement and can provide zero steady state deviation. 

However, this kind of controller gives poor dynamic response. 

However, power systems operate at different operating 

conditions. The current operating condition continuously 

varies according to demand amounts of consumers while the 

gain values of the conventional controllers are constants. This 

makes the conventional controllers are not valid for different 

operating conditions. Moreover, the goal of Automatic 

Generation Control is to keep the steady state errors at zero 

and to keep the transient behavior of the network stable. 

Therefore, Artificial Intelligent (AI) controllers are more 

suitable for that improvement. Recently, Different artificial 

intelligence-based methods have been proposed in the 

literature. Fuzzy control methods [10-12], bacterial foraging-

based optimization technique [13], and neural networks [3, 14, 

15] are applied to AGC problem.

In this work, a comparison between the Artificial Neural

Network based control and the classical control for automatic 

generation control is investigated. 

2. FREQUENCY RESPONSE MODELING

To study the dynamic behavior of power system, the 

mathematical modeling of each of the components of power 

system is needed. One of the most common methods used in 

the modeling is the transfer function method. 

2.1 Generator model 

The model of any generator dynamic can be done by using 

swing equation given in Eq. (1). 

2𝐻

 𝜔𝑆

𝑑2𝛥𝛿

𝑑𝑡2
= 𝛥𝑃𝑚 − 𝛥𝑃𝑒 (1) 

With speed expressed in per unit and by taking Laplace 

transform of Eq. (1), we obtain: 

𝛥𝜔(𝑠) =  
1

2𝐻𝑠
[𝛥𝑃𝑚(𝑠) − 𝛥𝑃𝑒(𝑠)] (2) 
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where, Pm represents the mechanical powers, Pe is the 

electrical powers, ω represents the angular velocity, and H 

represents the inertia constant of the generators. Eq. (2) can be 

represented by a block diagram illustrated in Figure 1.  

 

 
 

Figure 1. Transfer function diagram of generator 

 

2.2 Load model 

 

The relation between the speed and load can be expressed 

by Eq. (3). 

 

ΔPe = ΔPL + 𝐷𝛥𝜔 (3) 

 

where, ΔPL represents the non-frequency sensitive load 

change and DΔω represents the frequency sensitive load 

change. D represents the percentage change in load divided by 

the percentage change in frequency. Eq. (3) can be represented 

by the block diagram illustrated in Figure 2. 

 

 
 

Figure 2. Transfer function diagram of generator and load 

 

Thus, the combined function for the models of both 

generator and load can be seen in Figure 3. 

 

 
 

Figure 3. Combined transfer function diagram of generator 

and load 

 

2.3 Prime mover model  

 

Turbines models relate the changes in mechanical power 

outputs ΔPm, to the changes in steam valve positions ΔPv as 

shown in Eq. (4). Modeling the prime mover of the nonreheat 

steam turbines can be represented with a single time constant 

TT, as shown in the block diagram shown in Figure 4. 

 

𝑮𝑻(𝒔) =  
𝜟𝑷𝒎(𝒔)

𝜟𝑷𝒗(𝒔)
=  

𝟏

𝟏 + 𝝉𝑻𝒔
 (4) 

 

 
 

Figure 4. Transfer function diagram of nonreheat steam 

turbine 

2.4 Governor model   

 

The governor can be considered as a comparator with an 

output ΔPg which represents the difference between the 

reference set point ΔPref and the power 
Δω

R
 as shown in Eq. (5). 

The output ΔPg can be transferred by an amplifier to the steam 

valve position command ΔPv. 

If we assume that the relation is linear with a simple time 

constant Tg, Eq. (6) is obtained. The model of the speed 

governor of steam turbine cab be seen in Figure 5.   

 

𝛥𝑃𝑔(𝑠) = 𝛥𝑃𝑟𝑒𝑓(𝑠) − 
1

𝑅
 𝛥𝜔(𝑆) (5) 

 

ΔPv(s) =
1

R + 𝜏𝑔

ΔPg(s) (6) 

 

 
 

Figure 5. Transfer function diagram of governor system 

steam turbine 

 

By combining all the block diagrams of all components, we 

can obtain the overall block diagram of load-frequency control 

of a power network as presented in Figure 6.  

 

 
 

Figure 6. Load frequency control diagram of an isolated 

power system 

 

When system load changed, the turbine speed is also 

changed. At this moment the governor can change the input of 

the steam to a new value to keep a constant system speed. 

However, the constant speed will not be the set point, and there 

will be an offset. So, an integral controller is needed to restore 

the speed or the frequency to the normal value by adjusting the 

generation automatically as shown in Figure 7. This process is 

called Automatic Generation Control. 

 

 
 

Figure 7. AGC for an isolated power system 
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3. AUTOMATIC GENERATION CONTROL OF AN 

INTERCONNECTED POWER SYSTEM 
 

Any interconnected power network consists of multi control 

areas. It is assumed that all generators in a power system can 

act as a coherent group [4]. This means that each area can be 

replaced by an equivalent turbine, generator and governor 

system. Three areas interconnected in ring topology have been 

considered in this paper as shown in Figure 8. 

 

 
 

Figure 8. Ring topology connected three area model 

 

During normal operation, the real power transferred over 

tie-line is represented by Eq. (7): 

 

𝑃12 = 
𝑉1 𝑉2 

𝑋12

 sin( 𝛿₁ − 𝛿₂) (7) 

 

where, X12 represents the tie-line reactance, δ1 and δ2 represent 

the power angles of equivalent machines. V1 and V2 represent 

the voltages at equivalent machines of the terminals of area 1 

and area 2, respectively. By linearizing Eq. (9) for a small 

deviation in tie line flow ΔP12 about an equilibrium point δ1
0 

δ2
0, we obtain the tie power deviation represented in Eq. (8): 

 

𝛥𝑃₁₂ = 𝑃𝑠₁₂  ( 𝛥𝛿₁ − 𝛥𝛿₂) (8) 

 

where, Ps is called synchronizing power coefficient and can be 

specify by Eq. (9). 

 

𝑃𝑠 =
𝑑𝑃₁₂

𝑑𝛿₁₂
|
𝛿₁₂°

= 
⃓𝐸₁⃓⃓𝐸₂⃓

𝑋₁₂
  cos(𝛿₁° − 𝛿₂°) (9) 

 

Considering the relation between area power angle δ and 

speed ω, Eq. (8) can be written as Eq. (10). 

 

𝛥𝑃₁₂ = 𝑃𝑠₁₂  (∫𝛥𝜔₁ − ∫ 𝛥𝜔₂) (10) 

 

where, Δω1 and Δω2 are speed deviations in area 1 and area 2, 

respectively. By taking the Laplace transform of (10), we 

obtain Eq. (11). Thus, the block diagram of a tie- line is 

represented in Figure 9.  

 

𝛥𝑃₁₂(𝑠) =
𝑃𝑠12

𝑆
 (∫𝛥𝜔₁(𝑠) − ∫ 𝛥𝜔₂(𝑠)) (11) 

 

 
 

Figure 9. Block diagram representation of a tie-lie 

Similarly, the change in tie line power between area 1 and 

area 3 is illustrated in Eq. (12). 

 

𝛥𝑃₁₃(𝑠) =
𝑃𝑠13

𝑆
 (∫𝛥𝜔₁(𝑠) − ∫ 𝛥𝜔₃(𝑠)) (12) 

 

Considering (11) and (12), the total variation in tie line 

transfer power between area 1 and the other two areas can be 

obtained as Eq. (13). 

 

𝛥𝑃₁ = 𝛥𝑃₁₂ + 𝛥𝑃₁₃ 

=
1

𝑆
 [ ∑ 𝑃𝑠1𝑗  𝛥𝜔1

𝑗=2,3

− ∑ 𝑃𝑠1𝑗  𝛥𝜔𝑗

𝑗=2,3

 ] 
(13) 

 

For N control areas, the power change can be calculated as 

in (14). 

𝛥𝑃𝑖 = ∑ 𝛥𝑃𝑖𝑗

𝑁

𝑗=1
𝑗≢𝑖

 

=
1

𝑆
 

[
 
 
 

∑ 𝑃𝑠𝑖𝑗  𝛥𝜔𝑖 − ∑𝑃𝑠𝑖𝑗  𝛥𝜔𝑗  

𝑁

𝑗=1
𝑗≢𝑖

 

𝑁

𝑗=1
𝑗≢𝑖 ]

 
 
 

 

(14) 

 

The change in the tie line transfer power for a particular area 

is caused as a result for load variation of that area. Thus, the 

tie-line power deviation ΔPi can be added to the mechanical 

power change (ΔPm,i ) and area load disturbance (ΔPL) using 

an appropriate sign. 

In a multi-area power system, the system should maintain 

frequency or speed at its normal value, and maintains the tie 

line transfer power within acceptable limits. In addition, each 

area should absorb its own load schedule [4]. This is generally 

achieved by adding a tie line power deviation to the deviation 

of the system frequency in the supplementary feedback loop. 

This process is called the tie-line bias control. A combination 

between frequency and tie line power changes for area 1 is 

called as the area control error (ACE). ACE for any area i can 

be represented by Eq. (15). 

 

𝐴𝐶𝐸𝑖 = ∑ 𝛥𝑃𝑖𝑗 + 𝐾𝑖  𝛥𝜔

𝑛

𝑗=1

 (15) 

 

where, Ki is called area bias which determines the amount of 

interaction during a disturbance in other areas. A steady state 

performance is achieved when the value of the gain Ki is 

chosen such that it equals to the frequency bias factor of that 

area Bi which identify by Eq. (16). 

 

𝐵𝑖 =
1

𝑅𝑖

+ 𝐷𝑖 (16) 

 

This control can adjust the reference power set point (ΔPref) 

automatically, and when steady state is reached, this control 

drives ACEs to zero. Thus, the system frequency and the tie-

lie power are restored to the normal values. Furthermore, since 

all areas are in energy balance, any load changes must have 

been absorbed within each area. Figure 10 shows the AGC for 

three area power systems. 
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Figure 10. AGC for three area power system 

 

 

4. ANN CONTROLLER 

 

Artificial neural networks are an information processing 

system. ANN has elements called as neurons which process 

the data and information. In this method, the signals are 

transferred by using links. These links are also assigned with 

weights. The weights are multiplied with the input signals for 

a reprehensive neural net. The final output signals are resulted 

by performing activations to the net input [3].  

The ANN control presented in this work is the NARMA L2 

controller. The calculation needed for this type of control is 

very small. The NARMA L2 controllers are normally designed 

to eliminate the nonlinearities and the dynamic behaviors of a 

non linear systems. It has the ability to change the nonlinear 

dynamic systems into implicit algebraic models. This means 

that this controller able to control the trajectory of the any 

system. The Structure of NARMA-L2 Neural controller is 

presented in Figure 11. 

 

 
 

Figure 11. The structure of NARMA L2 controller 

 

The NARMA L2 Neural controller normally has two sub-

networks, f and g. To build up the neural controller, one needs 

to choose the number of delayed inputs and outputs according 

to the structural models. There is also a need to choose the size 

of the hidden layers. This size is selected such that we ensure 

that the system can find an approximation for the nonlinearity 

of the system, in accurate way. NARMA L2 controller can 

simply rearrange the model of the neural network plants which 

can be trained offline in batch form using set of input output 

data pairs to find an approximation for the nonlinear functions 

f and g [16]. 

Once the nonlinear function of f and g are modeled, the 

controller then rearrange of the two sub-networks of the plant 

model in an easy way to obtain the control. The closed loop 

system of this method is presented in Figure 12 [17]. 

In the work, the system frequency deviation, tie line transfer 

power deviations and load disturbance are selected as inputs 

for ANN control. 

 

 
 

Figure 12. Closed Loop system of NARMA-L2 Controller 

 

 

5. SIMULATION RESULTS 

 

In this study, the AGC of an interconnection three area 

power network is used. Three types of controls have been 

presented for AGC control. These controls are based on PI, 

PID and ANN controllers. A comparison between the 

performances of these controller is done.  MATLAB/ 

SIMULINK software is used to investigate the results. For 

each scenario, the responses of system frequency, mechanical 

power, and tie line transfer power deviations are achieved. 
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5.1 Uncontrolled system 

 

The Simulink model of uncontrolled AGC is shown in 

Figure 13. For 1% step load disturbance, the frequency, 

mechanical power, and tie-line power deviation are shown in 

Figure 14. It can be observed from the results that power 

system is highly oscillated with the latest settling time. It also 

can be shown that steady state error does not equal to zero. 

 

 
 

Figure 13. Simulink model of uncontrolled AGC of three area power system 

 

 
(a) 

 
(b) 

 
(c) 

Figure 14. (a) Frequency deviation (b) mechanical power deviation (c) tie-line power deviation step response of uncontrolled 

AGC of three area power system 
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5.2 PI controller 

  

The Simulink model of AGC with PI controller can be seen 

in Figure 15. For 1% step load disturbance, the integrator gain 

is adjusted for a satisfactory response. As we can see from 

Figure 16, the deviation in the system frequency goes to zero 

with a settling time less than at uncontrolled case. Also, the 

tie-line transfer power deviation is reduced to zero. It is also 

clear that the increase in the load of area1 has been met by an 

increasing in generation of area 1. 

 

 
 

Figure 15. Simulink model of AGC with PI controller of three area power system 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 16. (a) Frequency deviation (b) mechanical power deviation (c) tie-line power deviation step response of AGC with PI 

controller of three area power system 
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5.3 PID controller  

 

The Simulink model of AGC with PID controller can be 

seen in Figure 17. For 1% step load disturbance, the frequency, 

mechanical power, and tie line transfer power deviation are 

illustrated in Figure 18. The PID gains are adjusted for a 

satisfactory response. It can be observed that the deviation in 

the system frequency goes to zero with a lower settling time. 

Also, we can see that the deviation in the tie-line transfer 

power reduces to zero. It is also clear that the increase in the 

load of area1 has been met by an increasing in generation of 

area 1. It is worth mentioning that a PID tuner developed in 

MATLAB is used for PID parameters tuning in this paper. It 

can compute a linearized plant model seen by the controller. It 

automatically identifies the plant input and output, and uses 

the current operating point for the linearization. 
 

 
 

Figure 17. Simulink model of AGC with PID controller of three area power system 
 

 
(a) 

 
(b) 

 
(c) 

 

Figure 18. (a) Frequency deviation (b) mechanical power deviation (c) tie-line power deviation step response of AGC with PID 

controller of three area power system 
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Figure 19. Simulink model of AGC with ANN controller of three area power system 

 

5.4 ANN controller  

 

The Simulink model of AGC with NARMA-L12 controller 

is shown in Figure 19. The neural networks are trained in batch 

form using Levenberg-Marquardt algorithm.  For 1% step load 

disturbance, the frequency, mechanical power, and tie line 

transfer power deviation are shown in Figure 20. 

It can be observed that the deviation in the system frequency 

goes to zero with an earlier settling time. Moreover, we can 

see that the deviation in the tie line power change reduces to 

zero. Moreover, the increase in the load of area1 has been met 

by an increasing in generation area 1. 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 20. (a) Frequency deviation (b) mechanical power deviation (c) tie-line power deviation step response of AGC with ANN 

controller of three area power system 

8



 

 
 

Figure 21. Frequency deviation in area 1 by comparison of PI, PID, and ANN controllers 

 

5.5 Comparison of PI, PID, and ANN controllers  

 

The changes in frequency in area 1 in response to step load 

disturbance in a three area power system with conventional PI 

controller, PID controller, ANN controller are shown in Figure 

21. It shows that ANN controller gives better dynamic 

responses. 

 

 

6. CONCLUSIONS 

 

In this work, an efficient method based on ANN method is 

presented for AGC problem of a three-area power network.  A 

comparison with other classical controllers (PI and PID) is 

done to illustrate the dynamic performances of the controllers. 

Transient behavior of the frequency, mechanical output power, 

and tie-line power flows are investigated in accordance with 

1% load disturbance using MATLAB/Simulink package. As 

illustrated in the simulation and analysis, results conduct the 

following points. 

The results showed that the response of the PI-controlled 

power network is highly oscillated with latest settling time 

compared to other controlled systems. Performance 

comparison shows that the response of the PID-controlled 

power system is the lowest oscillated response with shorter 

settling time compared to PI controller and a longer settling 

time as compared to ANN controller. The results also show 

that the response of the ANN controlled power system is lower 

oscillated response with the earliest settling time. The 

responses with the ANN based control show that the 

performance of ANN controller is better than the classical 

controllers. It can be observed that ANN controllers can 

effectively improve the damping of system oscillations. Tables 

1 & 2 shows the comparative study of settling time and peak 

overshot, respectively. The results of these tables show that 

ANN controller has a smaller settling time and peak overshoot 

than the other controller.   

As a result, ANN controllers are advance adaptive control 

configurations. It can provide faster controls than other 

methods.  

Our future work is to develop a technique to optimize the 

hyperparameter in ANN. Moreover, other approaches from 

deep neural networks research, such as ReLU activate function 

will be used to test ANN controller. 

 

Table 1. Comparative study of settling time  

 
Controller Δf1  

(sec) 

Δf2 

(sec) 

Δf3 

(sec) 

ΔP12 

(sec) 

ΔP23 

(sec) 

PI 33 21 30 40 50 

PID 28 20 27 35 35 

ANN 14 12 12 17 37 

Table 2. Comparative study of peak overshoot  

 
Controller Δf1  

(p.u) 

Δf2 

(p.u) 

Δf3 

(p.u) 

ΔP12 

(p.u) 

ΔP23 

(p.u) 

PI 0.09 0.017 0.005 0.24 0.07 

PID 0.03 ,0.006 0.003 0.135 0.035 

ANN 0.03 0.002 0.001 0.04 0.007 
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APPENDIX 

 
The typical values of system parameters for the nominal 

operating condition are as follows: 

 
Parameter Names Area 1 Area 2 Area 3 

Governor Speed 

Regulation 

R1= 16 R2= 20  R3=12 

Frequency Sensitive 

Load Coefficient 

D1= 0.9 D2=0.6 D3=0.9 

Inertia Constant H1=8  H2=10 H3=8 

Governor Time 

Constant 

τg1= 0.3s τg2=0.2s τg3=0.3 s 

Turbine Time 

Constant 

τT1= 0.6s τT2=0.5s τT3=0.6s 

Synchronizing 

Power Coefficient 

P12 = 2 s P23=2s P31=2s 
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