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Abstract The guaranty of power system stability during random disturbance requires systematically a
wide knowledge of the disturbance components in one hand and their range of variation in the other
hand. The major problem lies in the approach taken to the identification of the main components of this
type of disturbances. Control strategy will only be effective if these disturbances are acceptably
modeled.
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1 Introduction

Taking into account the complexity of their topology and by a growing demand for energy on
the other hand, power systems have in recent decades a considerable weakening on their ability
to withstand the adverse effects of disturbances [1]. These operating conditions are becoming
increasingly unfavourable especially when the power system will be solicited by random events.
Studies of these situations are generally tilted to the implementation of control algorithms
while considering that these disturbances are previously identified.

Indeed, during the test campaigns, researchers are committed to the study and
implementation of control strategies taking into account disturbances whose basic components
are previously set by the knowledge of the amplitude, time latching and duration are set in
advance. These test conditions suggest serious difficulties in case the studied power system is
subjected to a disturbance whose basic components mentioned become with random
characters. And therefore, we can not in any circumstances identify the dynamic behaviour of
the system during the time of occurrence of this type of disturbance [2, 3].

In this paper we focused on the implementation of a new strategy for intelligent control of
a power system subject to random disturbances. Indeed, the switching time, the amplitude and
the duration thereof are not known in advance. Fuzzy controllers assess the impact of three
basic components of each state variable of the system under consideration, and a decision will
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be made by the intelligent strategy to assign greater stability in the power system during the
onset phase of random perturbation [5], [6].

2 The fuzzy studied model

The topology of each fuzzy controller to integrate was based on an interaction between two

input variables, characterized successively by an error €, and an instantaneous variation of

o€

the error ——, to synthesize a control vector U + acting on one of the state variables of the

ot

processes studied.

Fuzzy Controller

Fig. 1 The fuzzy controller Model

Indeed, we have implemented the matrix of fuzzy inference through a number of membership

&
functions MF, , as well for error €, , for the variation of the error — and for the control

ot
vector U, equal to 1. Thus, the total number of fuzzy inferences N regles @mounted to 121,

table 1, attributing accordingly greater accuracy to the decision taken by the specified
controller [7], [8].

Table 1 Membership functions

MF, = MF,,
MF, = MF,,
MF, = MF,
MF, = MF,,,
MF, = MF
MF, = MF,,
MF, = MF ,
MF, = MF,,
MF, = MF,
MF,, = MF,
MFll = MFPVL
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Where:

NVL : Negative Very Large, NL : Negative Large, N : Negative, NM : Negative Medium,
NS : Negative Small, ZE : Zero, PS : Positive Small, PM : Positive Medium, P : Positive,
PL : Positive Large, PVL : Positive very Large.

We defined the degree of membership of the error €y to a membership function MF, par

€ X . ..
MF, or the degree of membership of the error variation to a
MF,

n

membership function MF,, figure 2.
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Fig. 2 Rules treatment

While referring to figure 2, we write:

(éex)
MF, (¢, ) at MF( €,
(1)
Also,
o€
_x 2
MF, (2 (at )MF @ (2)
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A surface S, swept by the control vector U, forarule R, is given by:

Sp, =7g, -MF,U,)

@ MR, @)

SR,c :,ue(gx) o

MF, ,, (&, ¢
ME, 1 (=)

The overall surface swept by the control vector U, after the use of all rules is formulated as

follows:

k=Ng,

2. Sk,
g - &= (4)
U, NRk

with N, as the number of rules used. Thus, the unfuzzy vector U, is none other than the

abscissa of the center of gravity of the overall surface SU/_ swept by the control vector U, is

deduced in accordance with the relationship:

1
,[”Rk ME,U,)U, dU,
-1

Uyr = 1
.[”Rk MF, (U, )dU,
-1

&)

1

. <, 0,
[ue) ) MF,U,)U, dU,
-1

MF, (&) ) e
MF, (=
n+l( ot )

Uye =

jl (e, uE(aa“’;)

ME, (U, )dU,

ME, (&)

O¢.
n+l ( ot )
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Fig. 3 Fuzzy control evaluation

Fig. 4 Surface swept by a fuzzy vector

3 A new rescaling technique

A new technique of scaling will be of great importance for the magnitudes of the state variables
that may possibly exceed the extreme limits quoted. In other words, all sizes to be treated as
9¢, (1)
ot
base of fuzzy variables evidenced by the interval [-1,1], to generate the fuzzy input

X, giving rise to an error &, (¢) and a variation of error

, must undergo a transfer at the
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Oz, (1)

[e (@) andT] required for processing by the designated controller in accordance with the

following system of equations:

&, :Kgi & (t)+[1—K€i]
0¢, :Kagi'agl. ©in-x,, ]
ot S ot o
K = 2 (6)
TG (ME,| -G (MF,| )
K!’?Ev = ss 2 ss
ot ot
Where:
1 (81 _lngv )2
G> (MF| )=Max | ———.exp| ——————
o { o, N2.7 P l: 2.62
1 (81' _,ug, )2
G> (MF,| )=Min| ——.exp| ————+—
“ {Gﬁ N2 p|: 2.62
o€,
1 G ~He, )’
G> (MF,|o; )=Max .eX o
ES O-ag Y 27[ p 2 o-és
o o
o€,
1 o ~Hay)’
GX (MF,| )=Min| ————.exp| ———%—
&; o-(’)g’, '-‘[2'7[ 2.0-55
o o

Where u, o, denote respectively the mean and standard deviation of the error and variation of

og;, . . .
error  &; anda—’. Similarly, the control vector U,, must undergo a transfer to the basic
t

res

quantities studied (per unit), rescaled, to assign the valueU,; and this means the system of

equations:

res __
Ul =K, Uy +1-K ]

_ Gia (MF, (U, ) =G, (MF, (U, )) (7)

K .
Unr 2
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Where:

G, (MF (U,))=Max —1— exp ——(Uf _y, ,
Max n f O_U/ N . 20—5/

U, - )ﬂ

1
———.exp
oy, N2.7 l: 20 5/

Gy, (MF,(U,)) = Min {

Through this new technique of rescaling, we assigned a dynamic behavior to the fuzzy
controller in order to ensure better tracking of the variable to control.

4 The random disturbance model
Usually, in the done works, the researchers deal with disturbances as defined variables. Indeed,

during simulations of a power system behaviour with respect to certain disturbances (randis ),
time of occurrence ¢, , duration d,, and magnitude m, of these disturbances are previously

known [11].
randis = Fd:?nd (tdis D ddis > M yis ) (8)

For a given state model,

[X]=[4].[x ]+[B][V] ©)

[X]=[x'1 ¥, %, %, ;astate vector,
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Fig. 6 Model of study

Taking into account the fact that we deal with different variables on two synchronous
references (PSRF and NSRF), figure 7, and during a certain disturbance, the vector [X |will
have new superimposed components .

(PSRF ) d*

(NSRF) d-

Fig. 7 References of study

Where 0 =2.z.f.t and f is the frequency.

Relating to figure 7 and according to Park (d, q) voltage and/or currents components, we
establish the following relations.

xS T [xB) T eos(20,)  sin(2.0,)] [ (10)
)C;ZSRF - ;Z‘)RF —sin(2.0.) cos(2.0,) | qukiRF
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With: & = {l,.., n}.

PSRF PSRF PSRF
Xg =Xagp TXg 2f)
PSRF PSRF PSRF
Xy =Xy, FX 2.f)
Otherwise:
And:
PSRF PSRF PSRF
Ug Uy, FUy 2f)
PSRF PSRF PSRF
uqk :uqkp +uqk (2f )
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(11)

(12)

The dynamic behavior analysis of the studied power system is based on a relevant modeling
taking into account the electrodynamics possible states affecting the network in case of serious

event appearances [6].

In fact, in this paper we have adopted a random disturbance mainly characterized by three

components, time of emergence £, duration d , and the magnitudem , . Consequently, the

impact of these components is materialized by a random function F,““ which will be evaluated

by using a fuzzy estimation topology.

Fig. 8 Evaluation of the effect of time emergence of the random disturbance

Fuzzy Controller

L gis

\ 4
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Fuzzy Controller
vddis
Fig. 9 Evaluation of the effect of the duration of the random disturbance
Fuzzy Controller
M gis

Fig. 10 Evaluation of the effect of the magnitude of the random disturbance

By referring to the topology indicated by figures 8, 9 and 10, we define a resultant random
control vector V;,-‘;nd as follows:
Vit =v +v (13)

v
Lais ddls M gis

Then, Having considered the amplitudes of state variables before the appearance of random
disturbance:

PSRF __ PSRF PSRF PSRF PSRF PSRF PSRF
X, =a,,x, +a,x, +..+a,x, +b,u, +b,u,” ++b, U,
PSRF __ PSRF PSRF PSRF PSRF PSRF PSRF
X, =ay,x, +ay,x,  +..+a,x, +byu, +by,u,” +..4b, u,
(14)
PSRF __ PSRF PSRF PSRF PSRF PSRF PSRF
x, =a,x, +a,x,  +..+a,x, +b  u, +b,,u, " +..+b u,
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We establish weighting coefficients to quantify the contribution of a factor ¢; on the

PSRF

dynamics of variation of a state variablex " . Similarly, we quantify the contribution of a

factor b, on the dynamics of variation of a state variableu**" , i={l,....n}:

i

W;DSRF = al]
ij J=n
2%
j=1
! (15)
PSRF ij
W, e
ij Jj=n
S,
j=1

rand

Under these conditions, the partial impact of the random vector resultant V" on the

dynamics of change of the state variables (x **", u**"), i={l,...,n} is evaluated as follows:

rand
de's

_V rand PSRF
U odis

j

it (19

rand
de's i

i

At this level of calculation, we generate by means of fuzzy controller the coefficients Coeﬂxij

knowing the state variable x " before occurrence of a random defect. This variable will be
*PSRF

i .

counted as a reference value denoted x

Fuzzy Controller

oe, £

Xi

Fig. 11 Random coefficients evaluation

Thus, non-fuzzy coefficients Coeff ., are assessed according to the following relationship:
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1 rand
e
S rand e X;
J.‘Ll (gxi )‘ME1+1(6;[;MJ) .‘Ll ( at ) agmvnd MFn (Uf ijSRF )'Uf ijSRF ‘d Uf ijSRF
- MF, ()
Coeff, = 1 —& (17)
ij gran
S rand € Xi
JHE i G ME L) U
- ME, . (—)
ot
while:
Coeff " = KCO%,? Coeff, +[1 —KC,,%I-; ]
Gy (MF, (Coeff, ) ~G 5 (MF, (Coeff ) (18)
KCoef V’;‘ = 2
Similarly, the coefficients Coeff, will be evaluated according to the following diagram:
Fuzzy Controller
Uf o PSRF
>
Fig. 12 Surface swept by a fuzzy vector
with:
1 gmnd
e rand € u;
J.:u (gu, )‘MEM(E,ZM) ‘Ll ( 81‘ ) permd MFn (Uf u’PSRF )Uf ujPSRF d Uf uiPSRF
-1 ME,  (—2)
Coeff, = 1 —2 (19)
u gmn
S rand € u;
J. lll (gui )‘MEHI(EIZIM) ' ‘Lt ( at ) agmynd MF” (Uf |”1'PSRF )d Uf ”,‘PSRF
-1 ME, ()
ot
and:
Coeﬁ‘uij‘ =KCO%,;,, .Coeﬁfuij +[1—KCO%,;,,]
Gy (MF, (Coeff, )) -G, (MF, (Coeff,)) 20)
Coeﬁ’u’;“ = 2

Therefore, the state model of a power system subjected to a random nature disturbance is
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implemented based on the various coefficients established above is then:

« PSRF __ res PSRF res PSRF res . PSRF res . PSRF
X0 =a, Coeff [ x 77 +...+a, Coeff ™ x " +b,, Coeff " u;"" +...+b,, Coeff " u

n

+ PSRF res PSRF res PSRF res  PSRF res  PSRF
X, =a,Coeff " x°" +..+a,, Coeff " x " +b, Coeff,” u;"" +..4+b,, Coeff " u,

@1
Consequently:
k=n k=n
X IPSRF = Zalk .Coeﬁ‘x’: .x,fSRF + Zblk .Coeffufi“ u,fSRF
k=1 k=1
(22)

k=n k=n
« PSRF __ res PSRF res  PSRF
X, = Zank .Coeﬁ‘x”k X, +ank .Coeffu”k u,
k=1 k=1

At this moment, we will be obliged to implement an intelligent strategy, reinforced by a
dynamic behaviour aiming to monitor and supervise the range escalation of each state

variable x 7%F

n .

5 An intelligent control strategy

The contribution of the intelligent strategy, based on fuzzy controllers, will be sensed by the
dynamique variables Coeff,* x [ SR and Coeff, wuf SRE of the disturbed power system, figures

13 and 14.

Fuzzy Controller

*PSRE PoRE
. €y U
U, f leSRF
5
S PSRF
C oeﬁ‘xf_jeY X, —>PSRF
0¢..
ot

Fig. 13 Principle of the new fuzzy control strategy applied to xiPSRF
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Fuzzy Controller

¥PSRF_ & PSRF
U, ' U
f|, PSRF
U, U
—>
S PSRF >
Co efﬁ‘tj’ev Ui PSRF
oe,.
ot

Fig. 14 Principle of the new fuzzy control strategy applied to uiPSRF

Where :

* . .
> x [ is a reference component value, of the state vector, considered before the random
disturbance appearance.

» U, | ,u is a vector adjustment on the x /*** component, formulate by a fuzzy controller.
f X; J k p y y
So:
and:
1 PSRF
S PSRF e X;
J.‘u (gxi )‘ME,+1(555RF) H (7) e MFn (Uf L PSRF )Uf  PSRE d Uf  rshE
B MF, ) (——)
Uf x PRE 1 PSRF (23)
[ ue @) pEC) ME. (U, | e )dU
i ME1+1(EXP,SRF)' ot HePSRF n N7 SRE Sy SRE
- MF, ) (——)
t
1 PSRF
S PSRF e u;
JHE o B Ca L MEU )V L AU o
B MF, 1 (1)
Uf /S0 ! PSRF (24)
[us @) pE(—) MF (U, e )dU
i ME1+1(5”5,SRF)' ot HePSRF n AT Sl PSRE Sy SRE
- MF, (1)

While obtaining the rescaled vector quantities U,

:e;” andU, ;‘fm the randomly disturbed

power system state model will be immediately stabilized, at the end of a step of calculation,
according to the following numerical state model [14], [15].
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k=n k=n
)(/: IPSRF = Uf :e/;SRF ":alk .Coef x’:e: X lfSRF ] + ZU,” :ilfSRF ~':b1k 'Coeffz:is ‘ulfSRF :I
k=1 k=1
(25)
k=n k=n
PSRE — k U, f;SRF .[ank Coeff x RE } + ) U, r:i’;” .[bnk Coeff ™ u,fSRFJ
=1 =1

6 Conclusions

In this work we developed a new fuzzy modelization and control strategy of random
disturbances based on a perfect estimate margin of variations of state variables of a studied
power system, as it is affected by such disturbances. To achieve this, we made recourse to
fuzzy controllers dealing in a first phase with estimation of random disturbance components
and their changes over time and a decision would be made in advance by such fuzzy controllers
on the amount of components by the knowledge of the amplitude, time latching and duration.
The basic idea of mathematical development with which we relied in order to create such a
strategy has been focused on two major entities namely an efficient estimation of the principal
components of random and a quantification of the impact of each disturbance component on
the different state variables of the system studied. We are more than sure that this strategy will
be extremely beneficial in terms of guarantee of better dynamic stabilization systems of power
(electrical grids, back to back converters, etc. ..), and therefore we ensure a better quality of
transited powers. The objectives of this work were achieved and prospects, in the same
context, remain promising.
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