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This paper presents an optimized design of the fuzzy logic control-
ler (FLC) for the two-area interconnected power system to regulate
the frequency deviation and power deviations when subjected to
change in load. The developed power system model apart from hav-
ing conventional sources also has a superconducting magnetic en-
ergy storage (SMES) unit which is capable of storing electric energy
and releases it as per system requirements. SMES is used to sup-
port short-term active power in order to maintain power-frequen-
cy balance in the system under test. This two-area power system
considered comprises reheat thermal and hydro units of the same
capacity in each area. In the proposed control scheme, optimization
of the FLC is carried out in four different steps: the first step is for
optimization of the range of input and output variables, the second
one for membership functions, the third and fourth steps for rule
base and rule weight optimization, respectively. Genetic algorithm
(GA) is used for the proposed step-by-step optimization process.
Comparing the other methods available in literature, the proposed
method is found more effective in achieving optimal results. Sim-
ulation results are also tabulated as a comparative performance in
view of the main performance indices, i. e. settling time and peak
undershoot.

Key words: multi-area power system, load frequency control, fuzzy
logic controller, genetic algorithm, SMES

INTRODUCTION

supply mainly in terms of frequency deviation on
sudden load perturbations.

The growing concern of maintaining a continuous
balance between generation and load is pushing
power engineers to evolve advance control stra-
tegies for effectively minimizing deviations. Load
frequency control (LFC) is a system for control-
ling power generation as per fluctuating load
demand as well as to ensure the quality of power

Researchers have explored various techniques
to address this issue, but recent technologies in
the smart grid era have not received substantial
attention in literature for frequency regulation
problems. Smart grid technologies offer con-
sumers quality power by means of new energy
storage systems such as a SMES [1, 2], an ultra
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capacitor [3], etc. This paper attempts to make
use of superconducting magnetic energy stor-
age as an option to supplement sudden demand
of power and support frequency deviation to a
large extent. Researchers also focussed on differ-
ent control techniques to execute, but intelligent
controllers with SMES in multi-area systems have
not been studied in detail so far. Our study aims
to model a fuzzy logic based controller where var-
ious controller design stages are optimized using
a genetic algorithm.

Fuzzy logic based controllers have been wi-
dely accepted for different engineering and in-
dustrial applications. FLC is an appropriate
choice for linear, non-linear, complex or ill-de-
fined systems. The fuzzy logic approach, in pro-
viding solutions for LFC, has been reported in
[4, 5]. But an optimized FLC design requires
detailed practical knowledge and experience of
the system under test. Therefore, to achieve bet-
ter dynamic performance with the help of op-
timization algorithms, FLC can be tuned easily
without detailed mathematical knowledge about
the system. Many efforts have been made in this
direction as well [6, 7], but still the oscillatory
behaviour response issue needs to be settled.

In order to suppress oscillations in an inter-
connected power system, SMES plays a signif-
icant role and it also improves power system
dynamic performance [8]. In an interconnected
power system SMES might be connected to any
of the control area or the area based on the sys-

tem requirement. Apart from frequency oscilla-
tion damping, it also helps in damping tie-line
power oscillations [9].

In this paper, the proposed strategy for damp-
ing oscillation in the interconnected power sys-
tem focuses mainly on intelligent control with
fuzzy logic and optimization with a genetic algo-
rithm. A comprehensive comparison of results
obtained with Zigler Nicholas tuned PID, GA
optimized PID, partially optimized fuzzy and
fully optimized fuzzy controllers is presented.
In the partially optimized fuzzy control, scaling
factor and membership functions are optimized
while the fully optimized fuzzy control also takes
care of rule base and rule weight optimization.
MATLAB / Simulink is used for all simulation
purposes.

SYSTEM EXAMINED

Load frequency control for two-area power
system
The system examined consists of two control ar-
eas having a reheat thermal generating unit in
control area-1 and a hydro generating unit in
control area 2, and these two control areas are
connected by a tie-line. The complete system
model is shown in Fig. 1. There are two main ob-
jectives in this control problem:

(i) Each control area should supply its own
load demand as far as possible and power transfer
through the tie line should be on mutual agreement.
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Fig. 1. A complete system model of LFC of two-area thermal-hydro power system
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(ii) All control areas should be controllable to
the frequency control.

In LFC, the difference between actual gene-
ration and scheduled generation is termed as the
area control error (ACE) for the interconnected
power system[10]:

ACE =AP, BA, (1)

where B, is the frequency bias constant, A is the
frequency deviation, and AP, is the change in
the tie-line power flow error between area i and
area j.

Therefore, the scheduled tie line power flow
between area-1 and area-2 is as follows:

AP AP

LAISA2 AP LA25A1° (2)

tiel2,sch

where AP, . indicates the tie-line power flow

from area-1 to area-2 and AP,  indicates the
tie-line power flow from area-2 to area-1.

Superconducting magnetic energy storage

SMES as an energy storage system can charge and
discharge very fast with high quantity of power for
a short span of time. The SMES system includes
four parts: a superconducting coil, a power condi-
tioning system, a refrigeration system and a con-
trol unit. The power conditioning system is with
an inverter / rectifier circuit for conversion of AC
to DC and vice versa. Charging and discharging
of SMES occur through the power conditioning
system [11]. The refrigeration system maintains a

superconducting coil below the critical tempera-
ture. The control unit is only responsible for the
mode of operation. Operating mode selection is
done by a controller. In the system under test, the
error signal, i. e. the area control error (ACE), is
fed as an input signal to the SMES control unit.
SMES operates in three modes of operation: these
are charging, discharging, and charge sustain
modes. During the charging mode, the super-
conducting coil is charged to a set value of charge
from the utility grid. In the discharging mode, the
stored energy is released. Whenever there is a su-
dden release in the load, then SMES comes to the
charging mode and it immediately gets charged
to full value. As soon as the system returns to a
steady state, SMES returns to the charge sustain
mode [12, 13].

The ACE signal is sensed by the controller of
SMES and it is further processed by the internal
circuitry where coil inductance is represented by
L through which the initial DC current I flows
while the incremental change in DC current is
AI_. T is the time delay of the convertor in the
power conditioning unit which is represented
by the first order transfer function and K is the
feedback gain of the SMES unit. AV_ is an incre-
mental change in the SMES voltage and finally
AP_, the incremental change in the SMES unit
power corresponding to ACE, is received at the
power junction in the interconnected system. A
mathematical model of the SMES unit is shown
in Fig. 2 and the parameter values are given in the
Appendix.
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Fig. 2. A mathematical model of the SMES unit
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CONTROL STRATEGIES FOR FREQUENCY
CONTROL

Frequency control being a critical issue in the
modern day power system requires a solution
with emphasis on intelligence, robustness, and
stability. The paper discusses intelligent tech-
niques for control action as well as optimization
in the form of fuzzy logic and genetic algorithm,
respectively, to obtain an optimal solution to ad-
dress frequency and tie-line oscillation suppres-
sion. Broadly, the methods used are categorized
in two domains: the first one is the conventional
PID controller and the second one is the fuzzy lo-
gic controller. Both approaches have been discus-
sed in detail in the following sections.

Conventional PID controller

From past few decades the PID controller is one
of favourable choices for engineers in the power
system. The PID controller selected for LFC has
ACE, as a controller input and U _, as an output.
The expression in (3) depicts the relationship be-
tween parameters:

U

p

id:Kp[(ACE]i)+Ki(IACE,-dt)+Kd [dAde,-j. (3)

In the PID control scheme, controller’s para-
meters, i. e. KP, K and K | are obtained from two
different methods, where the first one is the Zig-
ler Nicholas tuning method and the second one
is GA optimization. The details of tuning and
optimization methods used for selection of gain
parameters are given below:

Zigler Nicholas tuning

The Zigler-Nicholas (ZN) tuning method is a
heuristic approach for the PID controller. This
method is based on the selection of proportio-
nal gain to get sustained oscillation, from which
ultimate gain K and oscillation period T are
obtained [14]. PID controller parameters, i. e.
KP, K and K are calculated from the formulas as
shown in Table 1.

Genetic algorithm

GA is a stochastic search / optimization algorithm
based on a natural genetics mechanism, capable
of finding optimal solutions. GA simulates a na-

Table 1. PID controller gains from the ZN tuning method

ZN tuned PID | Area-1PID gains | Area-2 PID gains
K, 0.6K, 1.074 1.074
K 2K /T, 0.74 0.74
K, KT/8 0.389 0.389

tural selection and evolution process and is reco-
gnized as an effective and efficient technique to
solve optimization problems of different fields of
engineering. GA is based on three genetic opera-
tors: Reproduction, Crossover, and Mutation.

The application of these three basic operations
allows the creation of new individuals which may
be better than their parents. The process is often
repeated until it converges, i. e. when the final po-
pulation’s individual represents the optimum so-
lution to the problem. During this entire process
the population size will be maintained. Individu-
als in a population are coded as the fixed length
of string that is analogous to the chromosome,
which actually encodes values for variables. Each
individual represents a possible solution of the
defined problem within a search space [15, 16].
The GA optimization process is explained in the
flow chart as shown in Fig. 3.

Objective function

Selecting the objective function for any optimi-
zation tool is a vital step. Through the objective
function each individual’s fitness value is evalu-
ated in a population. The objective function for
PID optimization is based on the minimization
of the Integral of the Absolute Error (IAE) given
in (4):

U

p

=K ,[(ACE],) +K,( | ACE,»dt)+Kd (dAdCtE"] ,(4)

where T is selected as 30 seconds for the present
system. The fitness value is inversely proportional
to IAE for the individual, and the higher the value
of IAE the smaller the fitness value and vice versa.
GA optimized PID gains obtained are shown in
Table 2.

(5)

Fitness value =
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Fig. 3. GA flow chart

Table 2. PID controller gains from the GA optimization method

S. Area-1PID Area-2 PID
N. gains gains

GA optimized Kp 1.6823 0.770119

1. PID controller K, 1.44188 0.891877

gains K, = 066441 0.165158

d

OPTIMIZED FUZZY LOGIC CONTROLLER

In the last few years the use of fuzzy logic in the
solution for control problems has abruptly in-
creased due to its effectiveness over a non-linear
or a complex system in comparison to conven-
tional controllers. The fuzzy logic system is a
rule based logical controller, in which its rule
and parameters are tuned with experimentation
or experience. But in a complex system some-
times the designer of the controller may not be
able to tune it perfectly and it may lead to per-

formance degradation. Therefore, an optimiza-
tion method is desired to perfectly tune FLC for
optimum performance.

The FLC modeling consists of three steps, i. e.
fuzzification, formation of fuzzy control rule base
and defuzzification. Control actions of an FLC
are described by sets of linguistic rules. Dual in-
put and single output type FLCs are designed for
LFC. These two inputs are ACE, and dACE /dt and
one output is U, for each control area, as shown
in Fig. 4. The Mamdani type fuzzy logic design is
used for the FLC design as given in [17, 18]. Three

Fuzzy logic
controller

Fig. 4. Fuzzy logic controller for LFC
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triangular type and two trapezoidal type mem-
bership functions are considered for both inputs
as well as for a single output. The distribution of
membership functions on the complete range is
shown in Fig. 5.

Table 3 presents the view of rules for FLC uti-
lized to design the controller. In the rule base 25
rules are designed to get the desired response.
There are two scaling factors (K and K ) for both
input variables (ACE,, dACE)), respectively, and
two gain factors K and K, as proportional and
integral gains, respectively.

Table 3. Rule base for FLC controller

the same cost function as given in [4]. In the case
of complete optimization, two more steps are in-
cluded in sequence where the rule base and the
rule weight are optimized. The system is simu-
lated and results are recorded for both cases of
the partial and the fully optimized controller to
understand and justify additional steps in the op-
timization process. The process and sequencing is
shown in Fig. 6.

After scaling factors optimization, the opti-
mum values of scaling and gain parameters are
shown in Table 4.

Table 4. Optimum value of scaling and gain parameters

AACE
VN SN z SP VP
VN VN VN SN SN Z
5 SN VN SN SN Z SP
< z SN SN z SP SP
SP SN Z SP SP VP
VP Z Sp Sp VP VP

FLC for the proposed application is optimized
in two modes. In the partial optimization pro-
cess, only two stages are optimized in sequence
starting with the ranges of input-output and then
the parameters of membership function keeping

Scaling parameters | Gain parameters

K K K K

e ce pu i
FLC for area-1 2.463 2.296 1.792 1.982
FLC forarea-2 1.784 0.111 0.066 0.546

RESULTS AND DISCUSSIONS

The simulation results are compiled in a com-
prehensive way and are presented in a graphical as
well as a tabular form. The proposed approach for
complete optimization of FLC is executed in four
steps using GA, the best fitness found after every
iteration in these steps is shown in Figs. 7, 8,9 and

Fig. 5. Membership functions for input and output variables

1. Scaling 2. MF's
factors parameters
optimization optimization

3. Rule base =3 R.u le

R weight

optimization A
optimization

Fig. 6. Optimization process of fully optimized fuzzy logic controller
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10, respectively. The first step is an optimiza-
tion for the scaling factor whose plot between
the fitness value and iteration is shown in Fig. 7.
The best fitness value found is 1.7204 while in
the second step it is 1.6393 as shown in Fig. 8.
This step is for parameter optimization of the
membership function. The third step is for op-
timization of the rule base and shows 1.6394 as
the best fitness value given in Fig. 9. The last and
fourth step is for the rules weighting factor con-
verged at 1.5901 as shown in Fig. 10.

The dynamic performance of the proposed
controller is compared with the ZN tuned PID,
GA optimized PID and partially optimized FLC.
Two performance indices, peak undershoot and
settling time, are considered for the measure
to compare the performance of the controller.

Frequency deviations in both areas and tie line
deviation after a sudden load change (0.01 p. u.)
in each area are shown in Fig. 11. This clearly
indicates that frequency deviations in area-1 and
area-2 from the proposed controller settle faster
and a peak undershoot in frequencies is lesser.
Table 5 shows the numerical values of perfor-
mance indices showing that the GA based ful-
ly optimized FLC is more effective to damp out
oscillations. The proposed controller is 33.4%
effective to reduce the maximum dip in area-1
frequency deviation as well as 61.9% effective in
reducing the settling time in comparison to the
conventional controller. On the other hand, it
has been observed that in area-2 it is 24.6% and
60.9% better in terms of reduction in the peak
undershoot and the settling time, respectively.

&)}

=,

Fitness value

Best: 1.5901 Mean: 1.5948

- Best fitness |
* Mean fitness

0 5 10 15 20 25 30 35 40 45 50
Generation

Fig. 10. GA optimization for the rules weighting factor of FLC

Table 5. Comparison of performance indices of Af1, Af2 and AP, for different control strategies

e | sy |t [ S | et
. PID controller - : optimized FLC
without without SMES optimized FLC | FLCwithout with SMES
SMES without SMES SMES
Peak Frequency of area-1 0.058541 0.053201 0.039216 0.038982 0.004596
un de?rzhoot Frequency of area-2  0.068018 0.064058 0.051348 0.051284 0.008396
Tie-line power 0.003592 0.001806 0.003705 0.004192 0.000061
Settli Frequency of area-1 ~ 42.799698 22.262673 16.616575 16.305584 6.722792
timi(t(lr;go/) Frequency of area-2  40.301705 21.305733 15.934718 15.745766 5.853890
o770
Tie-line power 27.160380 20.210720 14.295822 13.636988 3.517297
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In order to effectively minimize frequency and  deviation by 92.1%, 87.7% and 98.3%, respectively,
tie-line deviations, use of SMES short-term ac-  and for the settling time this comes as 84.3%, 85.5%
tive power support is also examined with the pro-  and 87%, respectively, when compared with the
posed controller as shown in Fig. 12. The proposed  conventional controller without the SMES support.
controller with the SMES support reduces peak The statistical analysis of different controllers in
undershoot in (i) area-1 frequency deviation, (ii)  comparison to the conventional controller is shown
area-2 frequency deviation, and (iii) tie-line power  in Table 6 as well. The test system is considered to
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Table 6. Statistical analysis of performance indices for different control strategies in comparison to ZN tuned PID controller without SMES

GA optimized
PID controller
without SMES

GA based
partially

optimized FLC

without SMES

GA based fully
optimized FLC
without SMES

GA based fully
optimized FLC
with SMES

Compared with ZN tuned PID controller without SMES

33.0% lesser

33.4% lesser

92.1% lesser

24.5% lesser

24.6% lesser

87.7% lesser

3.1% more

16.7% more

98.3% lesser

61.2% lesser

61.9% lesser

84.3% lesser

60.5% lesser

60.9% lesser

85.5% lesser

Peak Frequency of area-1 9.1% lesser
under-  Frequency of area-2 5.8% lesser
shoot Tie-line power 49.7% lesser

Settling _Frequency of area-1 48.0% lesser
time Frequency of area-2 47.1% lesser
(+5%) Tie-line power 25.6% lesser

47 4% lesser

49.8% lesser

87.0% lesser
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be linear and the proposed controller may have li-
mitations when the non-linear system is added but
fuzzy logic capability can easily resolve such cases.

CONCLUSIONS

In the present day situation, power engineers are
pressed to deliver quality power to consumers.
This paper has attempted to provide a solution
in view of the major quality parameter, i. e. fre-
quency fluctuations which pop up during load
perturbations in the interconnected system. A
comprehensive solution is presented for this load
frequency control problem. The paper presents
methods and simulated results for different tech-
niques which cover the conventional technique
(Zigler Nicholas) to the proposed multi-stage
optimized fuzzy logic. Optimization in all pro-
cesses is also carried out by a genetic algorithm.
Results justify that the proposed optimized FLC
provides a better performance compared to the
ZN tuned PID controller, GA optimized PID
and partially optimized FLC. Another source
added in the interconnected system is an energy
storage device, SMES, which has a unique fea-
ture of supporting active power to withstand
heavy load disturbances. In the smart grid sce-
nario, SMES has an important role to play in
days to come. The controller is also tested with
SMES in place in the system and appreciable re-
sults are obtained. 88.2% improvement in the
peak undershoot is noted in the area-1 frequen-
cy change with SMES and without SMES despite
the fact that disturbance is given in area-1 only.
Similarly settling time improvement is 58.75%.

Other results also strengthen the justification
of implementing the optimized intelligent con-
troller for frequency stabiliza tion in order to
meet the quality power demand. It may be con-
cluded that the proposed controller is able to
achieve the desired performance in the present
day power system scenario.

APPENDIX:

Mathematical modelling of LFC

(1-sT,)
(1+05sT,)
Hydro droop compensation:

Hydro turbine:

Speed governor:

1+ K T,
Thermal reheater: A+ KD, ST,
(1+sT,)
Thermal turbine:
K
Power system: L
(I+sT,)

Parameters of the Thermal-Hydro System investigated:

Rated power
(area-1 and area-2) P.P, 2000 MW

Transfer function gain of
K 120
generator (area-1 and area-2) p1’ " p2

Generator’s time constant

(area-1 and area-2) Tor T 20
Governor’s time constant Tg1 0.08
Governor’s time constant 7;2 0.02
Hydro droop compensation, T 5
reset time ’




160

Y. K. Bhateshvar, H. D. Mathur

Hydro droop compensation,

temporary droop R, 0.38
e ompen o ous
Hydro turbine’s time constant T, 1
Steam turbine’s time constant T, 0.3
Frequency bias constant B 0.425
Synchronizing power

coefficient 92 !
Synchronization coefficient T, 0.545

Received 1 July 2014
Accepted 22 September 2014

References

Wu D., Chau K. T,, Member S., Liu C., Gao S.,
Li F. Transient Stability Analysis of SMES for
Smart Grid with Vehicle-to-Grid Operation.
IEEE Transactions on Applied Superconductivity.
2012. Vol. 22(3).

Jin J. X., Chen X. Y. Study on the SMES appli-
cation solutions for smart grid. Physics Procedia.
2012. Vol. 36. P. 902-907.

Manfredi S., Pagano M., Raimo R. Ultracapac-
itor-based distributed energy resources to sup-
port time-varying smart-grid power flows. Pro-
ceedings of International Symposium on Power
Electronics, Electrical Drives, Automation and
Motion, June 2012. P. 1148-1153.

Cam E., Kocaarslan I. Load frequency control in
two area power systems using fuzzy logic con-
troller. Energy Conversion and Management.
2005. Vol. 46. P. 233-243.

Mathur H., Manjunath H. Frequency stabiliza-
tion using fuzzy logic based controller for mul-
ti-area power system. The South Pacific Journal
of Natural Sciences. 2007. Vol. 4. P. 22-30.

Chown G., Hartman R. Design and experience
with a fuzzy logic controller for automatic gener-
ation control (AGC). IEEE Transactions on Pow-
er Systems. 1998. Vol. 13(3). P. 965-970.

Hemmati R., Mojtaba S., Boroujeni S., Delaf-
kar H., Boroujeni A. S. Fuzzy load frequency

10.

11.

12.

13.

14.

15.

16.

17.

control in multi area electric power system. In-
dian Journal of Science and Technology. 2011.
Vol. 4(7). P. 796-800.

Tripathy S., Bak-Jensen B. Automatic generation
control of multi-area power system with super-
conducting magnetic storage unit. 2001 IEEE
Porto Power Tech Proceedings. P. 250-255.

Demirdren A., Zeynelgil H. L., Sengor N. S.
Automatic generation control for power system
with SMES by using neural network controller.
Electric Power Components and Systems. 2003.
Vol. 31(1). P. 1-25.

Kundur P. Power System Stability and Control.
New York: McGraw-Hill, 2006. P. 739.

Arsoy A. B, Member S., Wang Z. Transient
modeling and simulation of a SMES coil and the
power electronics interface. IEEE Transactions
on Applied Superconductivity. 1999. Vol. 9(4).
P. 4715-4724.

Tripathy S. C. Sampled data automatic gener-
ation control with superconducting magnetic
energy storage in power systems. IEEE Trans-
actions on Energy Conversions. 1997. Vol. 12(2).
P. 187-192.

Sheikh M., Muyeen S., Takahashi R., Murata T.,
Tamura J. Improvement of load frequency con-
trol with fuzzy gain scheduled SMES unit consid-
ering governor dead-band and GRC. Proceedings
of 5th International Conference on Electrical and
Computer Engineering, December 2008, Dhaka,
Bangladesh. P. 1-6.

Ziegler J. G., Nichols N. B. Optimum settings for
automatic controllers. Transactions of the ASME.
1942. Vol. 65(5). P. 433-444.

Goldberg D. E. Genetic Algorithms in Search, Op-
timization and Machine Learning. Boston: Addi-
son-Wesley Professional, 1989. 432 p.

Bhongade S., Gupta H., Tyagi B. Genetic algo-
rithm based PID controller for frequency reg-
ulation ancillary services. International Journal
of Engineering Science and Technology. 2010.
Vol. 2(12). P. 6902-6908.

Bhateshvar Y. K., Mathur H. D. Comparative
dynamic analysis on frequency stabilization for
multi-area power system in deregulated envi-
ronment. Proceedings of 2012 IEEE International
Conference on Signal Processing, Computing and
Control (ISPCC). P. 1-6.



Power-frequency balance with superconducting magnetic energy storage using optimized intelligent controller ~ 161

18. Mathur H. D., Leite L. B. E, Siguerdidjane H.,
Bhateshvar Y. K. Study of impact of wind power
penetration on frequency stabilization in mul-
ti-area power system. Proceedings of 2013 8th
International Symposium on Advanced Topics in
Electrical Engineering (ATEE). P. 1-6.

Y. K. Bhateshvar, H. D. Mathur

SISTEMOS SU SUPERLAIDZIU MAGNETINIU
ENERGIJOS KAUPIKLIU GALIOS IR DAZNIO
BALANSAVIMAS NAUDOJANT ISMANUJI
SISTEMOS OPTIMIZAVIMO VALDIKL]

Santrauka
Straipsnyje pateikiamas optimizuotos struktaros Fuzzy
loginis valdiklis, skirtas galios ir daznio nuokrypiams,
atsiradusiems dél apkrovos pokyciy, sureguliuoti elek-
tros energetikos sistemoje i§ dviejy posistemiy. Viename
i$ ju modeliuojamas Siluminés elektrinés generatorius,
kitame - tokios pacios galios hidrogeneratorius. | siste-
mos modelj jtrauktas superlaidus magnetinis energijos
kaupiklis, galintis kaupti energija ir grazinti ja  sistema
pagal pareikalavimg. Kaupiklis uztikrina trumpalaikj
aktyviosios galios balanso palaikyma nagrinéjamo-
je sistemoje. Sitiloma Fuzzy loginio valdiklio veikimo
schema i§ 4 zingsniy. Pirmame zingsnyje optimizuo-
jama jvedamy ir i$vedamy parametry diapazonas, an-
trame — priklausomumo funkcijos, tre¢iame - taisykliy
rinkinys ir ketvirtame - taisykliy svarbumo koeficientai
(svoriai). Optimizuojama genetiniu algoritmu. Jj taikant
gauti optimalesni rezultatai nei kitais literataroje patei-
kiamais metodais. Optimizavimo rezultatai palyginami
lentelése pagal du parametrus — nusistovéjimo laika ir
daznio staigyjj nuokrytj (ang. undershoot).
Raktazodziai: elektros energetikos sistema i$
posistemiy, galios—daznio valdymas, Fuzzy loginis

valdiklis, genetinis algoritmas, SMES
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BAJIAHC AKTUBHOM MOIITHOCTU

M YACTOTBI B O9HEPTOCUCTEME CO
CBEPXITPOBOIAIINM MATHUTHBIM
HAKOIIMTEIEM OQ9HEPTUU C IOMOIIBIO
OIITUMU3MPOBAHHOI'O KOHTPOJIJIEPA
HEYETKOM IOTUKU

Pesrome
CraTbs IpefcTaB/IAeT ONTYMU3UPOBAHHYIO CTPYKTY-
Py KOHTpOJI/Iepa HeYeTKOI JIOTMKY JIJIA PeryInpoBa-
HIUA OTK/IOHEHUI aKTMBHOM MOIJHOCTU M YacCTOTBI
B 9HEProcucTeMe, BBI3BAHHBIX M3MEHEHNMAMM Har-
pysku. CucreMa COCTOUT U3 [BYX IIOACUCTEM, B OfI-
HOI U3 KOTOPBIX MOJIIMPYeTCs TeIUIOBOil reHepa-
TOp, a B Jpyroii — TUApO TeHepaTop. B cucremy
BBEJIeH CBEPXITPOBOJAIINIT MarHUTHDBI HAKOIUTEIb
9Hepruy, KOTOPBII MOXKeT HAKOIUICHHYIO SHEepPruio
MTHOBEHHO BEPHYTb B CUCTEMY II0 BOCTPeOOBaHIUIO
KOHTpo/Ulepa. Hakonurenb HOffiep>KuBaeT B Tede-
HIe KOPOTKOTO Iepuoyia BpeMeH! 6alaHC aKTUBHOI
MOIIHOCTK cyucTeMbl. Cxema paboThI IIpefIaraeMoro
KOHTpOJIIepa cOCTOUT 13 4 maros. Ha mepsom miary
OIITYMU3UPYIOTCS JUANIa30HBI BXOAHBIX U BBIXOJIHBIX
MapaMeTpoB, Ha BTOPOM — (YHKLUM 3aBUCHMOCTH,
Ha TpeTbeM — 6asa IPaBMI U HA YETBEPTOM — 3Ha-
YUMOCTY (BecOoBble KOI(PUIMEHTHI) 9TUX IIPaBUIL.
B xadecTBe MeTOfa ONTMMU3ALMI IPUMEHEH IeHe-
TUYECKMIl alTOPUTM, U B MTOTe IOMyYeHbI 6oree Om-
TUMaJIbHBIe Pe3y/IbTaThl, YeM II0 APYTUMM METOHAM,
IpeJiCTaB/IeHHBIM B JIUTeparype. Pesynmbrarel onTu-
MU3alN CPaBHMBAIOTCA II0 IBYM IIapaMeTpaM — Bpe-
MEHM YperyMpoBaHusA ¥ BeIMYMHe MaKCUMATbHOIO
HeJ[OPEeTyIMPOBAHIS YacTOTHI (aHT. undershoot).
KnroueBble cioBa: KOHTPOJI/IEp HEYETKON JIOTUKH,

TeHETUYECKUI aJITOPUTM



