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Abstract—This work deals with the automatic generation control (AGC) of interconnected 
thermal systems with combination of the automatic voltage control (AVR). In this particular 
work three thermal areas connected with tie-line are considered. The primary purpose of 
the AGC is to balance the total system generation against system load plus losses so that the 
desired frequency and power interchange with neighboring areas are maintained. Any 
mismatch between generation and demand causes the system frequency to deviate from 
scheduled value. Thus high frequency deviation may lead to system collapse. Further the 
role of automatic voltage regulator is to hold terminal voltage magnitude of synchronous 
generator at a specified level. The interaction between frequency deviation and voltage 
deviation is analyzed in this paper. System performance has been evaluated at various 
loading disturbances.  
 
Index Terms— Automatic Generation Control, Automatic Voltage Control, Frequency 
deviation, Tie-line flow, Fuzzy Logic Controller. 

I. INTRODUCTION 

With the growth of power system networks and the increase in their complexity, many factors have become 
influential in electric power generation, demand or load management. The increasing demand for electric 
power coupled with resource, and environmental constraints pose several challenges to system planners. 
Stability of power systems has been and continues to be of major concern in system operation and control. 
The maximum preoccupation and concern of power system engineers are the control of megawatt, the real 
power and reactive power, because it is the governing element of revenue. Because of increased size and 
demand, it has forced them to design and control more effective and efficient control schemes to maintain the 
power system at desired operating levels characterized by nominal system frequency and voltage. The main 
function of a power system is to supply the real and reactive power demand with good quality in terms of 
constancy in voltage and frequency. Furthermore, for interconnected power system the tie-line power flow 
between utilities must be maintained within prescribed limits. 
It is in fact impossible to maintain both active and reactive power without control which would result in 
variation of voltage and frequency levels. To cancel the effect of load variation and to keep frequency and 
voltage level constant a control system is required. Though the active and reactive powers have a combined 
effect on the frequency and voltage, the control problem of the frequency and voltage can be separated. 
Frequency is mostly dependent on the active power and voltage is mostly dependent on the reactive power. 
Thus  the  issue  of  controlling  power  systems  can be separated into two independent problems.  The active  
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power and frequency control is called as load frequency control (or Automatic Generation Control). The most  
important task of AGC is to maintain the frequency constant against the varying active power loads, which is 
also referred as un- known external disturbance. 

 
Figure 1.Simplified representation of 3 area interconnected system 

Power exchange error is an important task of AGC. Generally a power system is composed of several 
generating units. To improve the fault tolerance of the whole power system, these generating units are 
connected through tie-lines. This use of tie-line power creates a new error in the control problem, which is 
the tie-line power exchange error. When sudden change in active power load occurs to an area, the area will 
get its energy through tie-lines from other areas. Eventually the area that is subject to the change in load 
should balance it without external support. Or else there will be economic conflicts between the areas. This is 
why each area requires separate load frequency controller to regulate the tie line power exchange error so that 
all the areas in an interconnected system can set their set points differently. In short, the AGC has two major 
duties, which are to maintain the desired value of frequency and also to keep the tie line power exchange 
under schedule in the presence of any load changes. Also, the AGC has to be unaffected by unknown external 
disturbances and system model and parameter variation. Where as in the AVR loop, the excitation for the 
generators must be regulated in order to match the reactive power demand otherwise the voltages at various 
system may goes to beyond the prescribed limit. The maximum permissible of change in frequency is about ± 
5% Hz and voltage is about is ± 5% if not there will be a highly undesirable conditions in the power system 
like frequency and voltage fluctuations. So it is necessary to keep the frequency and voltage at constant level. 

A. Automatic Generation Control 
The AGC is to control the frequency deviation by maintaining the real power balance in the system. The 
main functions of the AGC are to maintain the steady frequency, control the tie-line flows and distribute the 
load among the participating generating units. The control signals are the tie line deviation ∆P୲୧ୣ(measured 
from the tie line flows), and the frequency deviation ∆f(obtained by measuring the angle deviation	∆δ). These 
errors signals ∆f and ∆P୲୧ୣ are amplified, mixed and transformed to a real power signal, which then controls 
the valve position. Depending on the valve position, the turbine changes its output power to establish the real 
power balance. 
 
The combining equations for tie-line power are: 
 
ଵ݁݅ݐܲ∆ = 	 ଵଶ݁݅ݐܲ∆ +  ଵଷ       (1)݁݅ݐܲ∆
 
ଶ݁݅ݐܲ∆ = 	 ଶଵ݁݅ݐܲ∆ +  ଶଷ       (2)݁݅ݐܲ∆
 
ଷ݁݅ݐܲ∆ = 	 ଷଵ݁݅ݐܲ∆ +   ଷଶ       (3)݁݅ݐܲ∆
   
(ݏ)ଵଶ݁݅ݐܲ∆ = ଶగ భ்మ

௦
[∆ ଵ݂(ݏ) − ∆ ଶ݂(ݏ)]      (4) 
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௦
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(ݏ)ଶଵ݁݅ݐܲ∆ = ଶగ మ்భ

௦
[∆ ଶ݂(ݏ) − ∆ ଵ݂(ݏ)]      (6) 

 
(ݏ)ଶଷ݁݅ݐܲ∆ = ଶగ మ்య

௦
[∆ ଶ݂(ݏ) − ∆ ଷ݂(ݏ)]	      (7) 

 
(ݏ)ଷଵ݁݅ݐܲ∆ = ଶగ య்భ

௦
[∆ ଷ݂(ݏ) − ∆ ଵ݂(ݏ)]      (8) 

 
(ݏ)ଷଶ݁݅ݐܲ∆ = ଶగ య்మ

௦
[∆ ଷ݂(ݏ) − ∆ ଶ݂(ݏ)]      (9) 

 
Figure 2. Block diagram representation of AGC including AVR and Fuzzy control (Area 1) 

B. Automatic Voltage Regulator 
The voltage of the generator is proportional to the speed and excitation (flux) of the generator. The speed 
being constant, the excitation is used to control the voltage. Therefore, the voltage control system is also 
called as excitation control system or automatic voltage regulator (AVR). The generator terminal voltage Vt 
is compared with a voltage reference Vref to obtain a voltage error signal ∆V. This signal is applied to the 
voltage regulator shown as a block with transfer function KA/(1+TA). The output of the regulator is then 
applied to exciter shown with a block of transfer function Ke/(1+Te). The output of the exciter Efd is then 
applied to the field winding which adjusts the generator terminal voltage. The generator field can be 
represented by a block with a transfer function KF/(1+sTF). 

 
Figure 3.Block diagram representation of AVR 

C. Single Machine connected to Infinite Bus 
The rotational inertia equations describe the effect of unbalance between electromagnetic torque and 
mechanical torque of individual machines in a LFC system. By having small perturbation and small deviation 
in speed, the complete swing equation becomes 
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∆݂ =
௄೛

ଵା௦ ೛்
[∆ ௠ܲ − (∆ ௅ܲ + ∆ ௘ܲ)]                (10)  

 
Where, Pe is the deviation of internal electrical power that is sensitive to load characteristics. A combined 
model includes load frequency control and AVR system. This model can be used to show the mutual effect 
between LFC and AVR loops and depict the slight change in response of turbine output power in the steady 
state. 
The AGC and AVR loop are considered independently, since excitation control of generator have small time 
constant contributed by field winding, where AGC loop is slow acting loop having major time constant 
contributed by turbine and generator moment of inertia. Thus transient in excitation control loop are vanish 
much fast and does not affect the AGC loop. Practically these two are not non- interacting, the interaction 
exists but in opposite direction. Since AVR loop affect the magnitude of generated e.m.f, this e.m.f 
determines the magnitude of real power and hence AVR loop felt in AGC loop. When we include the small 
effect of voltage on real power, we get following equation: 
 
∆ ௘ܲ = ௦ܲ∆ߜ +   ᇱ              (11)ܧଶܭ
 
Where K2 is change in electrical power for small change in stator e.m.f and Ps is synchronizing power 
coefficient. By including the small effect of rotor angle upon generator terminal voltage, we may write 
 
∆ ௧ܸ = ߜ∆ହܭ +  ᇱ                  (12)ܧ଺ܭ
 
Where K5 is change in terminal voltage for small change in rotor angle at constant stator e.m.f and K6 is 
change in terminal voltage for small change in stator e.m.f at constant rotor angle. Finally, modifying the 
generator field transfer function to include effect of rotor angle, we may express the stator e.m.f as 
 
ᇱܧ = ௄೒

ଵା ೒்
( ௙ܸ  (13)                                                                                                       (ߜ∆ସܭ−

 

Figure 4. Block diagram representation for single machine connected to infinite bus 
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II. CONTROLLERS 

A. PID Controller 
PID controller has all the necessary dynamics: fast reaction on change of the controller input (D mode), 
increase in control signal to lead error towards zero (I mode) and suitable action inside control error area to 
eliminate oscillations (P mode). Derivative mode improves stability of the system and enables increase in 
gain K and decrease in integral time constant Ti, which increases speed of the controller response. The 
transfer function of PID controller is 
 
(ݏ)஼ܩ = ௉ܭ + ௄಺

ௌ
+          ஽         (14)ܭݏ

 
PID controller is used when dealing with higher order capacitive processes (processes with more than one 
energy storage) when their dynamic is not similar to the dynamics of an integrator (like in many thermal 
processes). PID controller is often used in industry, but also in the control of mobile objects (course and 
trajectory following included) when stability and precise reference following are required. Conventional 
autopilot is for the most part PID type controllers. 

B. Fuzzy Controller 
In contrast to conventional control techniques, fuzzy logic control (FLC) is best utilized in complex ill-
defined processes that can be controlled by a skilled human operator without much knowledge of their 
underlying dynamics. The basic idea behind FLC is to incorporate the "expert experience" of a human 
operator in the design of the controller in controlling a process whose input – output relationship is described 
by collection of fuzzy control rules involving linguistic variables rather than a complicated dynamic model. 
The utilization of linguistic variables, fuzzy control rules, and approximate reasoning provides a means to 
incorporate human expert experience in designing the controller. 
FLC is strongly based on the concepts of fuzzy sets, linguistic variables and approximate reasoning 
introduced in the previous chapters. This chapter will introduce the basic architecture and functions of fuzzy 
logic controller, and some practical application examples. A typical architecture of FLC is shown below, 
which comprises of four principal comprises: a fuzzifier, a fuzzy rule base, inference engine, and a 
defuzzifier. 

 

Figure 5. Fuzzy editor : one input and output of the FLC 

    
Figure 6. (a) Membership functions for input error, (b) Membership functions for input change in error, (c) Membership functions for 
fuzzy output 
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TABLE I. RULES FOR FUZZY LOGIC CONTROLLER 

 

 

 
 
  
 
 
 
 
 
 
 
 
 
 

 

Figure 7. Fuzzy controller subsystem 

III. EXPERIMENTAL RESULTS 

In the simulation study, the combined proposed model is applied for three area power system. To illustrate 
the performance of this model, simulations are performed for the possible operating conditions of a power 
system. In this simulation the performance of the proposed combined model is analyzed with a load change 
in each area. 
In order to demonstrate the effectiveness of the fuzzy controller, the Simulink model for three area power 
system is simulated and the frequency response is plotted for a time period of 50 seconds. The change in 
frequency for different loads is obtained, and transient responses are found to be stable. It is clear from the 
simulation results that, FLC can bring down the frequency to its rated value immediately after the disturbance 
and without any oscillations. Figure 8 shows the response of frequency obtained for a sudden increase in load 
of 1p.u. 

 
Figure 8. (a).  AGC response for Area 1, 2 &3, (b). AVR response for area 1, 2 &3 

 

 

e/de NB NM NS Z PS PM PB 

NB NB NB NB NB NM NM Z 

NM NB NB NB NM NS Z PM 
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Z NB NM NS Z PS PM PB 
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PM NS Z PS PM PB PB PB 
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TABLE II. ASSUMPTIONS USED FOR SIMULATION OF AGC 

AGC Area 1 Area 2 Area 3 

Governor time constant 0.2 0.3 0.2 

Turbine time constant 0.5 0.4 0.4 

Inertia 5 5 6 

D 8 1 5 

1/R 20 10 5 

Bias 2 2 2 

TABLE III. ASSUMPTIONS USED FOR SIMULATION OF AVR 

AVR Time 
constant Gain 

Amplifier 0.1 10 

Exciter 0.4 1 

generator 1 1 

Sensor 0.05 1 

TABLE IV. PARAMETERS OF PID CONTROLLER 

 

 

 
  

 
 

IV. CONCLUSION 

In this paper attempt is made to develop AGC model with AVR. In this scheme coupling between AGC and 
AVR is employed and interaction between frequency and voltage exists and cross coupling does exist. AVR 
loop affect the magnitude of emf as the internal emf determines the magnitude of real power. It is concluded 
that changes in AVR loop is felt in AGC loop. In this study, fuzzy control approach is employed for an 
Automatic Generation Control (AGC) of interconnected power system with Automatic Voltage Regulator. 
The effectiveness of the proposed controller in increasing the damping of local and inter area modes of 
oscillation is demonstrated in a three area interconnected power system. 
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