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Abstract

The power system is characterized by oscillation in machine rotor angle and speed during and after the fault
cases. Therefore, power system stabilizer (PSS) should be used for damping the power system oscillations.
Modern optimization techniques have been applied to design (PSS) in recent years. In this paper, Differential
Evolution technique (DE) isproposed as a modern technique to search for optimal controller parameters of PSS
in Single Machine Infinite Bus (SMIB) system, by minimizing the deviation in the oscillatory rotor speed of the
generator. Thistechnique is applied at specific operating point and at multiple operating points. Simulink
&MATLAB environmentare used to find the optimal design which is compared to other techniques such as
Genetic Algorithm (GA).
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1. Introduction event of any malfunction networks under any fault.
In 1969,Demello and Concord [1]provided a basis
for the design of PSS, were the first to use the
theory of phase compensation in the frequency
domain to make a thorough analysis of a lead-lag
compensator to provide an efficient excitation
system for the synchronous machine in order to
utilize the control signal in the excitation system.
Since the seventies of the last century, different
techniques were used to design the PSS to offer the
greatest possible stability, and reliability of the
system.However,the techniquesof optimal and
adaptivecontrol were used to design PSS [2-
7].During the last two decades, it seems that, theuse
of Artificial Intelligence Techniques such as Fuzzy

The main reason for discriminate human and
development from the middleages is the discovery
of electricity, which is the basis of development and
technical in this world.So, it makes sense to see that
networksof electric power increased complexity
evolution of mankind. This complexity requires
more accurate and sophisticated techniques to
maintain the stability and the reliability of the
system used.One of the most important controllers is
power system stabilizer (PSS). From here, increased
interest in PSS over the years and development in
the techniques use to obtain the preferred design to
guarantee the highest levels of reliability in the
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Logic and Expert systems [8-12] is increased.
Recently, the evolutionary algorithms (EAS)
havetaken a great attention. Where, these algorithms
are used efficiently to solve nonlinear and multi-
objective optimization problems such asGenetic
algorithm (GA),Tabu search algorithm (TS),
simulated annealing (SA), particle swarm
optimization (PSO), and Differential Evolution
technique (DE) [13-21].

Recently, DE is considered as one of the efficient
techniques of Evolutionaryalgorithms. It has more
advantages suchas [22]:

e Fast and simple for application and
modification.

o  Effective global optimization capability.

o  Parallel processing nature.

e Efficient algorithm without sorting or matrix
multiplication.

o  Self-referential mutation operation.

e Effective on integer, discrete and mixed
parameter optimization.

e Ability to handle no differentiable, noisy,
and/or time-dependent objective functions.

e  Operates on flat surfaces.

e Ability to provide multiple solutions in a single
run and effective in nonlinear constraint
optimization problems with penalty functions.

Forthese reasons and other advantages, this
technique is chosen in this paper. Where, DE is used
to design the PSS in case of single operating point
and multiple points which are compared, as well
ascomparing with the GA results.

2. Differential Evolution

In 1995, Price and Storn proposed new evolutionary
algorithm called Differential Evolution technique
(DE) [23]. The DE is powerful and simple stochastic
search  evolutionary  algorithm  for  global
optimization. The DE consists of
fourprocesseswhichcan be defined as:

e Initialization,

e Mutation,
e Crossover,
e  Selection.

The initial population is chosen randomly within the
range of variable bounds. Mutation and crossover
are used to generate trial vectors, and after that
selection determine, the vectors that will continue to
next generation. In Differential Evolution there are
several strategies but this paper use(DE / rand
/1/bin) scheme which is the most successful and
widely used strategy.

2.1 Initialization
The initial population starts with chose number and

assume population=NP and Generation = Gen,
generated a new value for

X;p ., j=1,23...... D
Using equation:

X;;(0) = X™" + rand(0,1) (X" — x{"")
Where,I =1,2,......NP

D =number of variables, NP=number of members
in a population,rand(0,1) is uniformly distributed
random number between (0,1), Xjmax Xjminal®
maximum and minimum bounds for X;after creating
the initial population it evolves through mutation ,
crossover and selection operation .

2.2 Mutation
For the mutation process X;igX;gaNdX; 5, are

chosen randomly from current population and not
coinciding the Xj.For each target vector,a mutant
vector(U) for each generation is created as follow:

VO = Xrl,g + F(sz,g - Xr3,g)

Random chosen index r1, r2and r3 € {1,2,...NP},F
€ [0,2] random chosen factor.
2.3 Crossover

Crossover is used for increasing the diversity of
population in particular.Target vector and mutated
vector are merged to obtain a trial vector using the
following equation:

U _ Vi,jG lf rand(o,l) S CR
RN b % else

Where, CR € [0, 1] and is selected randomly.

2.4 Selection
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The trial vectorU;;¢ is compared with the target
vector X;;cand the best value of function is chosen
for next generation as:

Xl = {UiG if F(Uie) < F(Xic)
16+ ™ X, other wise

After that, repeat this process for all population
vectors (NP),the process of mutation, crossover and
selection continue until the maximum number of DE
iterations is reached.

The flow chart of DEtechnique is shown in Fig. 1.

3. System Modeling

Single machine against infinite bus system is chosen
as a test system to design the PSS using DE
technique. Single line diagram for the system is
shown in Fig. 2. The system parameters are given in
the Appendix.

Thegenerator can be represented by 3rdorders model
with three equations; two equations are differential
equations for rotor electro-mechanical oscillation
and one equation for internal voltage of generator.

A (2 Rt ) [ ¢ )
6 = [Ty = Toe D(® = D] e (2)
. 1 . .
E, = T [Eta- Eq — (Xa — Xa)ia]-- (3)
Where,

Sis the rotor angle,

wy,is the reference speed,

wis the rotor speed ,

Mis the rotor inertia constant,

Ty, is the mechanical Torque of generator (input),

T.is the electric Torque of generator (output) ,

Dis the rotor damping coefficient,

Eqis the generator internal voltage ,

T4ois the time constant of open circuit excitation ,

E¢q4is thefield voltage,

Xg4is the d-axis of steady state reactance of
generator,

X4is the d-axis of transient reactance of generator,

iqis the d-axis of stator current.

The electrical torque of generator can be represented
as:

V, = /vg /- U ()|
Va
= 1o X g o oe e eee e s e e e (6)
Vq
Where,

V4, Vq are the d-q axis of terminal voltage.
igis the g-axis of stator current.
X4ls the g-axis reactance of the generator.
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€

I Run the Objective Function |

Select Trial Vector

| Run the Objective Function |

New Population

GEN=GEN+1

Fig. 1flow chart of Differential Evolution technique

V. R+jX Vy

Fig. 2Single machine infinite bus

Excitation system with PSS is shown in Fig.3

v,
Vier - K. Ery
’—’9) 1 1+5+1, »
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8T, 1+S8.T, Aw
h

Ky 0t
PSS ] 4 ST, 1+8.T,

Fig.3 Excitation system with PSS

The main idea of the exciter is regulating the output
voltage of generator by controlling the field
current;the field voltage can be represented by the
following equation:

. 1
Efd = T_a [Ka(Vref -V + Upss)
— Efq] ... (8)

The stabilizing signal, which is the output of the
PSS is given by:

U —py. STo_ 14Ty
pss = A0 1T ST, 1+ ST,
K. (9)
Where,

K,ssis the stabilizer gain.

T,,is the wash out time constant.

(T;andT,) are the time constants of the one-
stagelead/lag phase compensator.

4. Problem Formulation

The parameters of PSS (K, Ty, T; and T,) need to
be optimized in order to improve the system
performance. The nonlinear model of the system
introduced by Equations (1)-(9) is used in order to
estimate the fitness function for the DE technique.

4.1 Objective function

The main objective of PSS is to damp the
oscillations in rotor angle and speed.Therefore,
single objective functions j; andj,can be used in the
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optimization process. On the other hand, multi-
objective function j;can be used by merging j;and
j,with specific weighting factors a, b.

The objective functions are defined as follows:

Ts
= f o= 1] dt...............(10)
Tg
Ts
j2 = f |6 — 8] ~dt .. ves e e .. (1)
Tg
j3 =a#* jl + b * jz see aan aas wes wen s (12)

Where,

Tsis the simulation time,

Tgis the fault instant,

The weighting factors are selected as: (a =10 and b=
0.2).

The optimization problem can be formulated as :

Minimize ji,jz , O j3 cev e ve vee ee e e (13)
Subject to

Kpss—min < Kpss < Kpssomax - wes wos o (14)
Ticmin S T1 S Ty mag.eeeeeeeeneeninn. (15)

Tz_min S T2 S Tz_max Wew ams was wmw e s mes e
To—min < Too < Tommax-eeeeereeeeeenenn 17

Typical ranges of the optimized parameters are [0.1-
100] forKpes , [0.1-1] for Ty, [0.05-2] for T, and

[0.5-5] for T, .
5. Results and discussions

The operating point of the system is not constant all
the time. So, the effect of changing the operating
point should be studied. The optimization process is
applied at specific operating point (single point) as
well as (multiple points) design. The system
response should be justified at any operating point
when the PSS parameters are designed at single-
point or multiple-points.

Tablel shows the PSS parameters which are
optimized at single-point.

Tablel Single point designed parameters of PSS

Operating PSS parameters

point

P Q Kpss T1 TZ Tw
0.1 | 0.075 | 100 0.599 |0.05|5
0.2 0.15 | 100 0.5224 | 0.05 | 5
0.3 ] 0.225 | 83.8576 | 0.3263 | 0.05 | 2.11
04103 84.7785 | 0.2689 | 0.05 | 5
0.5]0.375 | 79.2025 | 0.2571 | 0.05 | 5
0.6 | 045 |73.2865 | 0.25 0055
0.7 1 0.525 | 68.718 | 0.2479 | 0.05 | 5
08 ]0.6 66.8051 | 0.251 | 0.05 |5

1 10.015]|36.712 |0.3171 | 0.05 | 3.77

However,Table 2 shows the PSS parameters
obtained with multiple-points design. Where, wide
ranges of operating points are used.
Table2Multiple-points designed parameters of PSS

Kpss T1 TZ Tw
80.2934 | 0.26 0.05 5

All of the above results are obtained using DE with
the following parameters:

G=200, NP=40, F=0.9, CR=0.5

Figures 4, 5 show a comparison between the system
(rotor speed and angle) when the parameters are
optimized by DE and GA. TheseFigures show the
improvement of the system response using the DE
compared with GA.The comparison is carried out at
the operating point (P=Y, Q=0.+19),

1015 3 T T T

——DEPSS
1.01r

-==-GAPSS ||

1.005
1 A -

Rotor speed(PU)

?
0.995 - /

0.99 r r r
0 2 4 6 8

Time(sec)

Fig. 4 Rotor speed
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Fig. 5 Rotorangle

Figures 6 and 7 show the rotor angle and rotor speed
responses at the operating point (P=0.1, Q=0.075).
The PSS parameters are designed using thesingle-
pointconditionas  well as the multiple-
pointscondition.

Figures 8 and 9 show the rotor angle and rotor speed
responses at the operating point (P=0.2, Q=0.15).
The PSS parameters are designed using the single-
pointconditionas  well ~as  the  multiple-
pointscondition.

1.003 T 3 5 -
— — multi operating point condition
2 1.002 - i . . . i
a single operting point condition
8 1.001 ]
Q.
» 1
S
[e)
S 0.999 1
0.998 - ; - -
0 2 4 6 8 1
Time (sec)
Fig. 6 Rotor speed for single and multi operating
conditions
8k — multi piont operating condition
§ ====multi point operating condition
T -10 |
k)
(o))
€ -12 1
s
5 -14 1
o4
-16 r r :
0 2 4 6 8 10
Time(sec)
Fig.7 Rotor angle for single and multi operating
conditions
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Multi operating point condition ||
====single operating point condition

0.9998 -
© 0.9997 1
0.9996 : ; . .
0 2 4 6 8 10
Time(sec)
Fig.8Rotor speed for single and multi operating
conditions

multi operating point condition ||
=== cingle operating point condition
-~

Rotor anglefdeg)

4Time{sec) & 8 10

Fig.9Rotor angle for single and multi operating
conditions

The system response to short circuit near to the
infinite bus is checked and compared for two cases,
single point design and multiple point design.
Figures 6-9 show a comparison between the system
responses for the two cases. It is logic to have better
response of the system when using the single-point
design. Since, the PSS parameters are designed at
the single-point. But, how the system response will
be?if the PSS parameters are designed at specific
point (p=1.0,Q=0.015p.u) and the system operate at
another point (P=0.1,Q=0.075 p.u). To get the
answer of this question see Figs. 10 and 11, which
show the rotor speed and angle response to 3-phase
short circuit near the infinitebus.

It is clear from these figures that, the system
response using multiple-points designis better than
that of single-point design.
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Fig. 10 Acomparison between single and multiple design
response for rotor speed
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Fig. 11 A comparison between single and multiple design
response for rotor angle

6. Conclusions

An improvement in the optimization process has
been obtained using the proposed DE technique
compared with the GA. The PSS parameters have
been designed successfully by the proposed DE.
Also, the single-point designed parameters and
multiple-points designed parameters have been
tested and compared, considering the change in the
system loading conditions, however, the multiple-

points design get more better response.
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