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1. INTRODUCTION

Low frequency oscillation is one of the importasgues in power system. It may appear when small
disturbances are occurs in the system, such ageban the load. The main cause of the problemddack
of damping of the electromechanical oscillation esmdand power system stabilizer (PSS) has beectetle
as a cost effective device to provide the additiai@nping via the excitation system to damp thebjem
[1,2].

Several approaches based on modern control thebaies been successfully applied to design
PSSs, such as eigenvalue assignment [3], linealrgii@regulator [4] etc. Since these techniqueaatdake
the presence of system uncertainties e.g. systenimear characteristics, variations of system qunfation
due to unpredictable disturbances, loading conuktietc. into consideration in the system modelliheg,
robustness of these PSSs against uncertaintiasotdre guaranteed.

Then H_ control has been applied to design of robust PS§ [&c to overcome the problems
above. In these works, the desigrned PSS via mixed sensitivity approach have confirme dignificant

performance and high robustness. In this approhcotvever, the controllers designed are complex, and
weighting functions inH_ control design can not be selected easily. Moredherorder ofH_ controller is
higher than, or at least similar to, that of plartis leads to the complex structure PSS, high, atfficult
commissioning, poor reliability and potential pretsl in maintenance which is different from the
conventional lead/lag PSS [7]. Despite the sigaificpotential of control techniques mentioned above
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power system utilities still prefer the conventibhead/lag PSS structure. This is due to the edse o
implementation, the long-term reliability, etc.

On the other hand, much research on a conventieadllag PSS design has paid attentions to
tuning of PSS parameters. The parameters of adagald5S are optimized under various operating tiongi
by heuristic methods such as tabu search [8], geakgorithm [9], and simulated annealing [10].these
studies, however, the uncertainty model is not efdbd in the mathematical model of the power system.
Furthermore, the robust stability against systencetminties is not taken into consideration in the
optimisation process. Therefore, the robust stgbithargin of the system in these works may not be
guaranteed in the face of several uncertaintieenTtine robust PSS design by the loop shaping

technique and GA has been proposed to tackle titdean [11]. The configuration of PSS is a fixedusture
with a conventional ®-order lead/lag PSS. However, large control eneigjyneeded by most of
conventional robust controllers. It is mean the posystem utility need install large controller.

To get balance of robustness and control energg/ptper proposes design of robust PSS with less
control energy under consideration. The performaage robust stability conditions in inverse additiv
uncertainty technique as well as less control gnexghnique are formulated as the objective fumctichen
the GA is applied to solve the optimization probl&mmulation study in a single machine infinite lsystem
is carried out to evaluate the robustness and @oairergy output of the designed PSS in compangitim
conventional robust PSS method.

This paper is organized as follows. First, systeodetfling is explained in section 2. Next, section 3
presents the proposed design procedure for optiimizaf PSS parameters by GA. Subsequently, sedtion
shows the simulation results. Finally, the conduoss given.

2. POWER SYSTEM MODELING

A single machine infinite bus system (SMIB) as shawFig. 1 is used in this study. The automatic
voltage regulator (AVR), an excitation system, dhe PSS are installed in the Generator G1. A astall
linearised model for an exciter, power system $yj and overall power system model are explaiagd

follows,

Gl Bl B2 B3

Infinite Bus

Figure. 1. Single machine infinite bus (SMIB)

2.1 SMIB System
Figure 2 depicts a linearised power system modElgn1. It is represented by the Heffron-Phillips
model [1]. This system is represented by a fortheomodel with the small deviation of the powerlangy |,

the rotor speedc , the internal voltage of generatgre('q and the field voltag@E , , as the state variables.

The initial condition used as the design conditibthe proposed PSSps= 0.8 p.u.,x,= 0.2 p.u. from [12].
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Figure. 2 . Linearised model of SMIB system
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2.2. Exciter
The linearised excitation system model that be irs¢lis study is shown in figure 3 below,

VT

+
Allps + K, dEq
Tys+1

Vgg_{
Figure. 3. Exciter model

The exciter is modelled by the first-order trandi@nction with gainK, = 50, and time constant
T, =0.05s.

2.3 Power System Stabiliser (PSS)
The block diagram of PSS is shown in Fig. 4. Irs thiudy, the PSS is modelled by two block

diagram. The first block is wash out with time camé Ty, = 2 s, the second block is controller which
represented by thé'brder lead/lag controller [12].
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Figure.4. PSS model

Wheredw is angular velocity deviation as input signal &4upss is the control output signals of
the PSS controllerk , ,T,, andT,, are gain and time constants of PSS.

2.4 State Space Equation
The state equation of the overall power system iiadég. 2 can be expressed as

AX = AAX +BAU @
AY =CAX +DAU ()
Au, = K(s)Aw 3)

Where the state vect@x:[M Aw Aeu AErd]T' the output vectoAY:[Aaj, Au is the control
output signal of the PSS«(s)), which uses only the angular velocity deviatiang() as a feedback input

signal. Note that the system (1) is a single-ingingle-output (SISO) system. The proposed method is
applied to design a robust PSS.

3. PROPOSED METHOD

In this section, the design procedure of the pregasethod is explained as follows,
3.1 System Uncertainties

To enhance the robustness of power system dampmingodler against system uncertainties, the
inverse additive perturbation [7] is applied tonegent all possible unstructured system uncergsinfihe
concept of enhancement of robust stability marginsied to formulate the optimization problem oftowmlter
parameters.

The feedback control system with inverse additigeyrbation is shown in Fig. 5. Whe@&is the
nominal plant and is the controller to be designed.r, u andy are output of additive uncertainty, reference
input, control signal and output, respectively. Bostructured system uncertainties, they are repted by
A which is the additive uncertainty model.

_________________

i A k
! 2al)
| Additive Uncertainty :
vy T 7
Vv
T KH +© G :
% Controller

Nominal Plant

Figure. 5. Feedback system with inverse additivéupeation.
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Based on the small gain theorem, for a stable i&ddiincertaintyl,, the closed loop system will be
robustly stable if

A (s)— SO (4)
1-G(9)K (9|,
The equation (5) can be modified as follows,
s, < - (5)
[6E)L-GOK ),
The equation (6) becomes,
1 (6)

B a9, < -
[G(s) /- G(s)K(9)),

The right hand side of equation (6) implies theesif system uncertainties or the robust stability
margin against system uncertainti@ien, the robust stability margin of the closedpl&ystem can be
guaranteed in terms of the additive stability maf@iSM) as,

< 1 ()
[G(8)IA-G(K(I.

By minimizing [6/(2-GK)|. | the robust stability margin of the closed-loopsteyn is a near

ASM

optimum.

3.2 LessControl Energy

r € u ¥
ye K| ¢l

- Controller Nominal Plant

Figure. 6. Feedback system with controller

Based on small gain theorem, the less control dwgjguial can be achieved by minimizing thee
norm of relationship between control signa) &nd reference input)([7]. The relationship betweanandr
as follow,
u=K( +GK)*r (8)
Where K is controller and G is nominal plant. Aseault the less control energy can be reduces by
minimising the following norm,

[k (r+eK). 9)

3.3 Optimization Problem

In this study, the problem constraints are the radlet parameters bounds. In addition to enhance
the robust stability, another objective is to irmze the damping ratio and place the closed-loogneajues
of hybrid wind-diesel power system in a D-shapdaed9]. The conditions will place the system cldse
loop eigenvalues in the D-shape region charactige = {s.ando <o..as shown in Fig. 7.
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Figure. 7. D-shape region in the s-plane
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Therefore, the design problem can be formulateti@$ollowing optimization problem.
Minimize a|6-K)™|_+ gk @-cK)™| (10)

Subject to
(> (opec, 0 < Ogpec (11)
KP,minS KP < KP,max
Temn<Te<Tpmx

where{ and{ge are the actual and desired damping ratio of theidant mode, respectively;and
ogec are the actual and desired real part, respecfivély ., andK pin are the maximum and minimum
controller gains, respectivelfip max andT pmin @re the maximum and minimum time constants, icsmdy.
Moreover,o. andp are chosen appropriately to get balance betwdaist@nd less control energy. Then, the
optimization problem is solved by GA [13] to seatkh controller parameters.

3.4 Parameters Optimization by GA
In this section, GA is applied to search the cdl@rgparameters with off line tuning. Each step of

proposed method is explained as follows.

Step 1 Generate the objective function for GArojzation.
In this study, the performance and robust stabditgditions in inverse additive perturbation desagiproach
is adopted to design a robust controller as mernti@guation (10) and (11).

Step 2 Initialize the search parameters for GAfiri@egenetic parameters such as population size,
crossover, mutation rate, and maximum generation.

Step 3 Randomly generate the initial solution.

Step 4 Evaluate objective function of each indiaidin equation (10) and (11).

Step 5 Select the best individual in the curramtagation. Check the maximum generation.

Step 6 Increase the generation.

Step 7 While the current generation is less ti@nnbaximum generation, create new population using
genetic operators and go to step 4. If the cuigengration is the maximum generation, then stop.

4. RESULTSAND ANALYSIS
In this study, simulation studies in SMIB systera aarried out using MATLAB/Simulink software.
In the optimization, the ranges of search pararaetad GA parameters are set as folloks:e [1  50], T,
and T, € [0.001 1],{gpec =0.4, dgpec = -0.5, arithmetic crossover, uniform mutation, plagion size is 200, and
maximum generation is 100. Consequently, the desigPSS is given as follow,
K 6)= 1827( 032435+1j (12)
00658s +1

Table 1. Comparison of oscillation mode
Without PSS Proposed PSS
Eigenvalue -0.12814j9.134 -2.5024j 0.859
Damping ratio 0.014 0.94

The eigenvalues corresponding to the electromechbniode without PSS and the proposed PSS
are listed in Table 1. Clearly, the desired dampatg and the desired real part of the oscillatioode are
achieved by the proposed PSS. In simulation studhes performance and robustness of the proposed
controllers are compared with those of the PSSgdesi by fixed structureH,, loop shaping method (FH
PSS) obtained from [11], that is

K(s) = 48'02( 07010s + 1}( 00808s + 1) (13)
02761s+1 )\ 00003s +1

and the conventional lead-lag controller (CPSSaioled from [12], that is

(1+0173%) (14)

(CPSS)K(e) =55 (1+0.0577s)?
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Table 2. Operating Condition

System (1) (2) 3)
Parameters Normal Condition Weak Line Heavy Load &Weak line

P(p.u) 0.8 0.8 0.95

Q(p.u) 0.4 0.4 0.4

Xe (p.U) 0.2 0.8 0.8

In simulation studies, the system responses witBsP8e examined under three case studies as in
Table 2, while a small disturbance of 5 % (0.08.)pstep response afv, is applied to the system at
t=0s.

Fig. 8 shows the responses of electrical powerutudpviation and power output of PSS in case 1.
CPSS, FH PSS and the proposed PSS are able to ptangy oscillations. Nevertheless, the overshoot of
power oscillations in cases of FH PSS and the me@dSS are much lower than that of CPSS. Moreover,
the proposed PSS uses less control energy thanSS- By less control output of controller, the pregd
controller can quarantee the performance and robsstof controller. It is one of the advantageshef
proposed controller.
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Figure. 8. Simulation results of case 1

Simulation results in case 2 are shown in Fig. 8 @lamping effect of CPSS is deteriorated by the
increase in transmission line reactance. On therdthnd, using less control energy, the proposesi $2i%
can stabilize the power oscillations effectivelptBFH PSS and the proposed PSS are rarely sentitihe
weak line condition.
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Figure. 9. Simulation results of case 2
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Finally, the electrical power output is increasedase 3 to get heavy load and weak line condition.
The simulation results are shown in Fig. 10. Thaults shows that the CPSS fails to damp power syste
The power oscillation gradually increases and djgsr In contrast, the FH PSS and the proposed BSS c
tolerate this situation. The power oscillations aignificantly damped. In addition, the output amntrol
energy in case of proposed PSS is smaller thanothBH PSS. As a result, the power system utiléy c
install smaller capacity of PSS by the proposechogtin comparison with FH PSS, and it can redust @b
investment significantly without compromising théfeetiveness, performance and robustness of PSS
controller.
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Figure. 10. Simulation results of case 3

5. CONCLUSION

The design of robust PSS considering less contretgy into account has been proposed in this
work. The performance of controller is guarantegdan enhancement of system damping, and system
uncertainties system uncertainties are modelledrynverse additive uncertainty as well as lesstrobn
energy is achieved byinimizing thew norm of relationship between control signal anénence inpubf
closed loop system. All of the techniques have Heemulated as the optimization problem. The GA has
been employed to tune the control parameters of P88 designed PSS is based on the conventidhal 1
order lead-lag compensator. Accordingly, it is e&syimplement in real systems. The performance and
robustness of the proposed PSS have been evalnatesl SMIB system. Simulation results confirm the
proposed PSS is very robust against various opgratndition. With less control energy, the stabil
effect and robustness of the proposed PSS are athewsame as that of the FH PSS with higher cbntro
energy. For future development, the proposed methiticbe applied to design PSSs in a multi-machine
power system.
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