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opl1mal r-,",,,,+,.,..d H.">",,.·u radically changed the analy'sis 
r-Ant,·"", systems. circumstances have led to the 

result significant improvement in the 
of these control methods gives essentially a more 

coml:J!1I::;ai:ed construction than the conventional compensation and at the 
it a lot of a priori information in order to design a regulator. 

So it requires the of the structure of the system to be controlled, its 
order, its parameters, the type and the statistical features of the disturbances 
acting on the process. These parameters often are unknown, and it is difficult to 
measure or change them in time. In this way the parameters of a regulator 
which are optimum under a given condition wiH be far from their optimum 
values under another condition. 

From the control techniques developed during the past few years, the 
methods of the self-tuning regulators seem to be the best for practical 
applications. These methods were introduced by PETERKA and by ASTROM and 
WITIENMARK for the optimum control of systems with unknown parameters [1, 
2]. A self-tuning control algorithm is based on the parameter estimation of the 
closed loop system and the estimated parameters are directly applied by the 
control law itself. The basic method was later improved [3,4] and successfully 
applied for process control [5, 6]. 

The purpose of this paper is to direct the attention to the possibility of the 
application of the self-tuning minimum variance regulator for the load­
frequency control of interconnected power systems on the basis of successful 
simulation investigations. 
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The basic task of a power system is to satisfy continuously the 
requirements of the consumers in respect of both quality and quantity. This 
means that the power plants of the power system have to ensure the real and 
reactive power required by the consumers in such a way that the voltage and 
the frequency have to be kept between given limits [8]. Since the electric power 
cannot be stored in relative big quantity, therefore power plants have to 
immediately and continuously fulfil the consumers' requirements. 

A great number of regulators ensure the satisfaction of the requirements 
for the electric power system. In this paper an element of this hierarchical 
control system, namely the load-frequency control is considered. 

The tasks of the load-frequency control (LFC) are the following: 
o to maintain the frequency on a given value 
o to the tie-line power schedule. 
The and the import of electrical energy is settled in the base of half 

hour accounting. The of the extra energy obtained over the scheduled 
value dep-ends on the average frequency in the current period. Therefore one of 
the tasks the control system is to ensure that the required energy is equal to 
the scheduled valu.es at t~e accounting time instants. 

The operation of the load-frequency controller can be characterized by 
djjtlerel1t quantities. For examples: 

o deviation from its set (f) 
o the r'",u",r,.r)71 the tie-line power from its set points 
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It is desired to construct a regulator for load-frequency control which performs 
optimal1y the following objectives: 

o It is desired to keep the area control error as small as possible. 
According to this the system should cover the load changes arising in 
the system itself. It is attempted to follow the permanently varying 
load fluctuation and to realize the minimum variance control of ACE. 

o The minimization of the area control error does not ensure the desired 
value of the integral of the tie-line power at the accounting time by ali 
means. Nevertheless this is base in international accounting 
system. It is wanted to ensure that the required energy be the 
scheduled one at the accounting time. 

o The above two objectives have to be satisfied at a minimum of 
HTter'VcmtJon in such a way that the sent to the 
plants be minimum compromising other control objectives. 

These purposes are contradictory. minimum variance control 
requires frequent intervention. Scheduled values of the exchange energy can 
only be assured by increasing the variance. Hence it is evident that the synthesis 
of the optimum controller will be the result of a compromise. 

3. 

The method used to describe the power system consists of two generators 
interconnected by a loss-iess network. The loads are modelled as real power 
sinks. The model is shown in Fig. 1. In our study it was assumed that 

and 
(in radians). 

These assumptions are valid for the investigation of small changes in the 
process. 

Fig. 1. Interconnected power systems 
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The reduced model of the process can be described be a differential 
equation system on the basis of physical considerations. Fig. 2 shows the block 
diagram of the turbine-generator-network system obtained from the 
equations. 

Pr - deviation of the tie-line real power from its scheduled value 
f - deviation of the frequency from its nominal value 

Pc - change of the reference value of the tie-line power 
Pm - mechanical power deviation 
Xg - deviation in generator position 
Pa - deviation in demand 
7; - turbine time constant 
Tg - governer time constant 
R - drop of the area 
D - load damping coefficient 
T - system constant 
a - system constant. 
In the co-operating power system the load-frequency controller is 

considered to be an integral type regulator. Taking into consideration that our 
purpose is to control the frequency and the tie-line power connecting to our 

Fig. 2. Model of turbine-generator-network system 

Fig. 3. Effect of the transfer system 



ADAPTIVE REGULATOR IN POWER SYSTEM 23 

area, the time delay between the command and the execution and the effect of 
the limiter in the governer of the turbine must be taken into account [9]. The 
step response of this part is illustrated in Fig. 3. Here 1: is the time delay and TN 
determines the maximal gradient of the response. Fig. 4 shows the block 
diagram of the model completed by the above influences. 
This model is used for the investigation of the load-frequency control. 

turbines-

Fig. 4. Block diagram of the interconnected power systems 

The conventional load-frequency control is based on the tie-line bias 
control where each area tends to reduce the area control error to zero. The 
importance of ACE is shown by the fact that in steady-state the value ACE =0 
means that production and consumption of the given area are balanced taking 
the reference values of the system frequency and tie-line power into 
consideration. The frequency factor (B) in Eq. (1) determines the rate of 
cooperation between the cooperating partners in case of disturbances. If the 
frequency characteristic of the area is nearly the same as that of the controller 
then the system itself is practically able to cover the load fluctuation arising in 
the system and in case of slow changes there is no co-operation between the co­
operating systems. 

The conventional proportional-integral type control action 

u(t)=P* ACE + ~ fACE dt 
7; 

takes care that the ACE becomes zero in steady-state. P and 7; determine the 
speed of the response. 

For the suitable choice of the load-frequency regulator it is necessary to 
investigate the dynamic features of the cooperating power systems. A high 
speed LFC is not favourable because of the great control action. On the other 
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hand a slow LF C gives great control error caused by the load fluctuation. The 
above reasons motivate the optimal setting of the controller. 

With the known system parameters, optimum tuning of the regulator 
parameters is not easy, but not too difficult problem if an effective computer­
aided design system is available. Much more complicated work is the 
investigation of the parameter sensitivity, the observation of changes in the 
parameters and in the features of the disturbances, and then the permanent 
tuning of the regulator. These problems can be solved by an adaptive regulator 
which is able to adjust itself according to the system parameters. 

It was mentioned in the description of the load-frequency control that it is 
desired not only the minimization of the variance of the area control error 
which is the output signal, but also to ensure the scheduled value of the tie-line 
exchange energy during the accounting period. 

The aim of this paper is not to give the theoretical background of the 
regulator which satisfies the above objectives. This can be found in [6, 8]. In 
this paper only the applied algorithm is presented. 

The adaptive controller uses the discrete values of tV'IO measurable signals 
of the process: 

o the area control error from the system frequency and the 
tie-line power, and 

:) the sampled values of the energy flov,ing through the international tie-
line. 

In the following it is supposed that the value of the energy counter is zero at the 
beginning of the periods of accounts and its value is reduced by its working 
point, so e(t) is the of the difference between the tie-line power and its 
scheduled value 

r 

f Pr dt. 
o 

cl Tninin1Ulll varIanCe 

S. 
Since our investigation is based on the of the ~'.I"te'rn around 

a working point, the zero (Pc = 5 Pcm is 
the modified reference value and of the controller. 
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Fig. 5. Structure of the control system 
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Let us assume that N samples are obtained during a period. Our purpose 
is to minimize the loss function 

r~= teeN)} 

where E{ .} stands for mathematical expectation. At the k-th instant of the 
accounting period it is attempted to minimize the loss function 

k=L 2, ... , N (2) 

where can be estimated from: 

=e +17 (3) 
i=i: 

where h is the sampling At the k-th is known and the deviation of 
the tie-line power Pr (k + Ilk), .. " Pr (k + d -Ilk) are determined by the control 
action ... , u(k-2), u(k- 1) in case of the time delay d. In (3) a 
possible estimation of the vaiues Pt (le + dlk), . ... f\ is 

where Pc (j) is the scheduled value of the tie-line power. In order to determine 
the extremum of the loss let us change the reference value in every step in such a 
way as to meet: 

e(Nlk)=O. 

If Pc is constant during the period, the value of the modified reference signal 
Pcm(k+d) can be determined from the equation 

k+d-l 

e(k)+ L Pr (ilk) 
(k d i=k+ 1 Pcm .+ )=--------

N -k-d+ 1 

The mlnImUm of the area control error can be reduced by a self-tuning 
controller. The optimum control iaw [8J is 

where 

The parameters to create the optimum control signal can be estimated in a 
recursive way, for example, by the recursive least squares method. In this case 



26 I. V AJK et al. 

the parameters of the equation 

ACE(k)=qou(k -d)+qlU(k-d -1)+ ... + PoACE(k -d)+ 

+P1ACE(k-d-l}+ ... 

are determined. 
In practice the total control is a process consisting of N steps. Thus 

because of the time delay u (N - d -1), ... , u (N) will already control the next 
period. In these steps the control relies on the original reference value again. 
The modification of the reference signal has especially great influence at the 
first part of a period, namely the average value may significantly deviate from 
the scheduled one, or at the last steps when e (k) is far from zero. 

Simulation results verify the effectiveness of the presented self-tuning 
algorithm. Here we would like to find such regulators where the pole z = 1 of the 
controller is fixed. means, if the number of parameters in the denominator 
of the regulator equals 0, 1 or 2, the wanted regulator corresponds to the 
conventional discrete J, PI, PlD controllers, respectively. of course, it 
differs from them in several aspects: 

o parameters of the controller are automatically tuned in an 
optimal way. 

o The of the regulator the:rm;elJ according to the 
variation process paraJ:neteI·s. 

o At the accounting time instants scheduled value can be assured. 
6 response using contI'olJ!er. The 
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Fig. 6. Dynamic behaviour of the controlled system 
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sampling time is 1 minute. The time of the simulation is 120 minutes. In the 
disturbances a step of 0.05 pu is found in addition to the stochastic component. 
The cost values at the accounting time instants are given in Table I both for 
adaptive and conventional regulators. figure and the table show .that the 
adaptive controller IS able to compensate both the deterministic and the 
stochastic the disturbances, and finally the loss functions are 

conventional 
controiler 

adaptive 
controller 

self-tuning regulator. 

eVl] 

1.03 0.51 -7.39 

-0.79 -0.4D 0.13 

2.1 5 

0.08 

Among the techniques of the modern control theory the best method for practicai applications is the 
self-tuning regulator developed by Peterka and by Astrom and Wittenmark. In the case of the load frequency 
control of interconnected power systems a modified version of the basic control algorithm ensures that the 
parameters of the regulator converge to their optimum values, independent of their initial value, they vary 
according to the system disturbances and the control algorithm guarantees that the tie-line exchange energy 
is the scheduled one. This value plays fundamental role in the international accounting system. The paper 
varifies the above statements by simulation examples. 
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