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Abstract - A method for predicting in real-time the outcome of any evolving transient 
behavior in power systems through adaptive time series coefficients is presented. After any 
contingency, it is fitted an auto-regressive model to the dynamics of a generator power angle, 
related to a reference, in order to predict the outcome of that swing for future intervals. To 
est~ate the parameters of the model datas are sampled at a rate of 720 times per second. 
These measurements may be obtained from the synchronized phasor measurement units 
(PMUs)[l]. Datas of an observation window from one to two cycles of sixty hertzs are used to 
estimate the parameters of the model. In order to have an adaptive arrangement, new 
parameters of the model are estimated once the prediction step is completed. The outcome of 
the swing can be p'redicted quite easely. The process could be active only in case the generator 
angle measurement between one step and the forward differs beyond some treshold value. 

Keywords: Transiente Stability, Times Series, Prediction oflnstability 

I. INTRODUCTION 

Conventionally the stability analysis in power systems is 
by direct integration of the differential equations which 
describe the system dynamics. To do that integration the 
system loads are normally modeled as constant 
impedance loads, and then the system is equivalenced to 
the generator buses. The reason in doing that is the 
dimensionality problem. However that constitutes, in 
general, an oversimplification of the system loads 
behavior. As result the power system transient stability 
analysis in general will not be reliable. The computations 
involved in this kind of work are so huge that these 
techniques are only proper for off-line studies. 

To directly determine the criticai clearing time (CCT) the 
method of the transient energy functions [2-13] has been 
extensively studied. The determination ofthe instant the 
system post-fault dynamics leaves the attraction area 
corresponding to the system pos-fault stable equilibrium 
point seems to have considerable theoretical difficulties. 

In this paper a method to predict the outcome of any 
evolving dynamics based on adaptive time series 
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approach is developed and tested. A data sample 
frequency of 720 Hz is used. The model is fixed as an 
auto-regressive model of order two (AR(2)). According 
to the values of the model's parameters it can be 
concluded that the system dynamics is going to be 
nonstationary (unstable), stationary in a damped sine 
wave or even in a damped exponential(stable). Many 
advantages might be obtained from this research results. 
Among them it could be said it promote and even provide 
an improved adaptive out-of-step protection functions 
adapting to changing power system conditions. lt is also 
a contribution to the development of closed loop control 
ofpower systems during an emergency situation (14]. lt 
will constitute also an important step forward to the real 
time monitoring ofthe power systems. 

D. TI1E POWER SYSTEM MO DEL TO 
SIMULA TE THE PMUs 

iYSNO~~~o;-.,. 
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assuming uiúfomi damping coefficients:

^.-UI

Ml U = pl-Dl"l-p.l

situations othenvise are stable behaviors. This kind of

datas behavior can be discrinúnated by retaining the
(1) requü-ement that Üieir differences be stationary [17]. The

auto-regressive model of order two (AR(2)), with one
degree ofdifiference, may atend ali those situations, and

só by using the principie ofparsimony it is an appropríate
(2) modcl for predicting any swmg instability.

From difFerence equations the second arder auto-

regressivo process, with one degree of diflference, may

be written:
i= 1,2,..., n- l

with

pl = p=. - G^£l (3)

and

P., - ^ [^^,B,,sin 5^E,E^^co., 5^ ^

E,-

5,-

Pnu-

M,-

G,,-

B,-

D;.

internai voltage magnitude of generator i
power angle ofgenerator i
mechanical power ofgenerator i

constant ofinertia ofgenerator i
real part of Y,j

imaginary part of Y,.

damping constant ofgenerator i

The generators are represented by constant e.m.f. behind

the transient reactance, and the mechanical power is

assumed to be constant, both for first swing stability

approach. The loads are represented by constant

impedances. Those are considerations widely accepted

between Üie power system engineers.

Obs.: To simulate the synchronized phasor
measurement unít output, the Extended Midtenn
Transient Stability Package (EMTSP) was used, but in
this case using one machine as refiFerence. For that

purpose Üie power system model, as presented before,

was used.

m. THE PREDICTWE SWING INSTABILFTY
APPROACH WITH TIME SERIES ANALYSIS

A process Z is said to be stationary ifüiat process is in a
particular state of statistical equilibrium; that is, the

process behavior exhibit a kind ofhomogeneity.

In power systems the phase angles between a generator

and a reference, after any disturbance, may mcrease or

oscilate wiüiout limits, may follow a damped exponential,
or even oscüate in a damped way. The first two situations

characterize Üie system as in an unstable behavior since

they do not exhibit homogeneity at ali. The oüiers two

(1-^B-^B2) (l-B)Z^ - a^ (5)

with B "z^ = z^ , a, a white sbock, (l-S)Z,

= Z, - Z,.,, and <j)l, (j)2 the pararceters cfthe model.

Equation (5) may be rewritten as

z^ ' (1<'<'1) zc^-l+(<t'2"<'l) ZC^-2~<h2zt^+<'C- (f~)

Só Üie predicted values ofthe serie Z( Z ) using datas up

to time t are:

Z\(l) • (l*<t>^) Z,* ( <(>;-'(> ^ Zt-l-<t>2zt-2 ^

Z\(2) - (l4.<(>^) Z\(l) *(<(>3-<t>,) ^t-<!>,Zt.i (8)

í,(n-(i**,)^,c-i)»(4>3-4>t)ít(i-2>-it>,í^(t-3» (9)

where z (() is (he predicted value of Z, ? steps ahead

using datas up to time t. In this work Üie datas will be
phase angles of generators m tenns of a reference fi-ame.

Obs.: It should be recalled that Üie approach of time
series analysis in stability prediction is no more than
using diíference equations principies in solving the
power system swmg equations.

IV. STABILBTY CONDITIONS FOR THE
AÜTO-REGRESSrVE MODEL

The second-order auto-regressive model wiüi one degree

ofdifference may be written as [17]:

wts<l>llvt-l+<t)2wt-2+at (10)
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Where, W,=Z,-Z^.

In compact form, equation (10) tums

<(>(B)^ = a^ or W^ = 7(B)a,

with

T(B) - 41 -(5) and

<^(B) - 1-<^^B-^^BÏ

For the process to be stationary (swing stable) Üie
weights Y l, Y2 of Y(B) must fomi a convergent serie.
In order to satisfy Üiat condition the roots of the

characteristic polynomium <}>(B) = O must lie outside Üie
unit circle. In tenms of Üie parameter of the model

otherwise that condition is satisfíed if

<t>;*<t>l<l, 't';-<t';<l> -Ki(><l. (11)

Só once Üie parameters of Üie model are estimated Üie

swing instability prediction is quite sü-aight forward.

V. ESTIMATING THE PARAMETERS OF THE
MODEL

Once Üie model hás been chosen an efiicient estimate of
the parameters needs to be obtained. Using the least
squares technique one needs to minimize

are fünction of <j> and só equation (13) is a non-linear

relation.

For the case ofAR(2), i will assume only the values 0, l,
2, and Üie non-linear relation isjust due to the startmg

values [ay,].

Developing [aj in Taylor series and keeping Üie linear
temis only:

t^]'- ta,,0]^>^(^-<^) (14)

where

'l, c

3[a,]

a<t>,
'*1-*1.

5(0) - E [a,]2 (12)

k, the number ofelements ofthe serie and ^ being the
starting value of ({n ; [aj and [a^J are vectors whose
dimensions are the number ofelements ofthe serie.

In equation (14), ay, is obtamed from the relation: a^o =

4>o (B) W, with the guesses values for 4), equal to zero.

Also \t can be calculated recursively by:

xt = ^1.0xt-l + <t'2,OX.-2 + a.,C

The equation for \ was obtained directly fi-om equation
(l 2.a), with starting values for a's and x's set equal to

zero and

with

[a^] = <))(B) [W^], (12.a)

xi,t °

9[a,]

9^
-C^J

For a purely auto-regressive process, it can be obtained

directly from equation (12.a):

3[aJ 9[W.}
- -t W, J * 4>[B)

a<t>, 3<t>^

[W^] and
3<)>,

(13)

Now for t - i > 0:

[ W ] • W (Jt-noKn value ) ,

For t- i á O oüierwise, boüi

acw^

a<t>t

o

Só the adjustement (4); - 4>i.o) which minmúze [12] may
be obtained by linear least squares, Üiat is, by regressing

the [aj's onto the X's. Because Üie [aj's are nonlinear in

<1>, a single adjustement will not immediately produce
least squares values.

in Üiis research at most Üiree adjustments were required

to fmd the fmal parameters ^'s.

VI. MEASUREMENT AND PROCESSOR
SCHEME

The phase angle between the generator bus and the
reference may be obtamed by synchronized phasor
measurement units (PMUs). The phase angle between a
generator e.m.f. and its terminal voltage is computed
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through the use ofüie generator terminal current and the

generator transient unpedance.

D.lurtxd
GtiWttof

"Q+

PradfctoroflnttabHty

Fig.1 - Measurement representation

The relative phase angle, Üie generator terminal voltage,

and currents are sampled at a frequency of 720 Hz and
transmited to the swing instability predictor.

VIL SIMULATIONS DESCRDTION

The approach ofinstabüity prcdiction as presented before
was used to predictthe instability ofüie system as shown

in figure 9. The system datas are presented at table I.

That system hás basicaly two áreas; the áreas may be

visuaüzed by the fact the lines 3-5 and 4-6 having a much
more higher series impedance ifcompared with the other
lines ofüie system.

A switch ofseventy per cent ofthe load in bus number l
was simulated and hatf of a secoad later Üiat load was
switched back. The datas corresponding to generator

number 6 (angle datas) were used to test the proposed

approach. The reason in using Üiose datas is a more

severe behavior ofthat generator angle as compared to

the others. The generator number 3 was used as the

reference generator.

To simulate that transient Üie Extended Transient

Midterm Stability Package (ETMSP) available at the
Power-Lab. ofV.P.I. & SU was used.

The simulated stability curves, for Üiat disturbance, are

shown at figure 10. As can be seen they indicated first
swing stability although imstable after that.

With the simulation output datas many instability
prediction situations were tested (for space reasons, just

some ofüiem are going to be presented here):

Situation n° l -

Non adaptive Model (the parameters of Üie model are
estimated only once):
a) using 12 samples for Üie mstability prediction;

b) using 18 samples for ttie mstability prediction.

Situation n° 2 -

Parcially Adaptive Model (AD3)(each time period of
three datas window)Üie parameters of the model are

estimated):
a) using 12 samples for lhe instability prediction;
b) using 18 samples for the instability prediction;
c) using 24 samples for the instability prediction.

Situation n° 3 -

Completely Adaptive Model (ADl)(each time period of
one data window)the parameters of the model are

estimated):
a) using 12 samples for the instability prediction;
b) using 18 samples for Üie instability prediction.

Vm. TEST RESULTS

For the non adaptive model, ali the tested predictions
situations(a and b) indicated a fu-st swing stable situatíon
for lhe generator n° 6 dynamics, agreeing in Üüs way with
the simulated results (see stability conditions at table II
and figures 2 and 3).

In lhe case ofparcially adaptive models (AD3), the íirst
swing of generator n° 6 was also predicted as stable, at

the begin, as should be, and unstable later on (see figures

4,5,6, and stability conditions at table II). These results
show how important the adaptability is, conceming Üie
instability prediction. The conventional method of first
swing stability would indicate a fu-st swing stable system,
altíiough Üie system is not stable after Üiat, leadüig in this
way to an erroneous conclusion.

For the case of completely adaptive models (AD l) Üie
first swing ofgenerator n° 6 was also predicted as stable

at the begin and unstable later on (for space reasons it

was not shown Üie stability table correspondmg to this

situatíon; see figures 7 and 8).

As can be seen at Üie súnulated curves and predicted one,

lhe prediction quality is quite better as more adaptive the
prediction model becomes.

It was observed a poorer quality in the prediction, in the
adaptive situation (increase in the difiference between
estimated value and Üie simulated one), as the number of

samples used to make the parameters estünation

increased. The reason for that is since the samplmg

frequency stays fíx Üiat adaptability is becoming lowers
because Üie adaptability time waá defmed as fimction of
the sampling window.

K. CONCLUSIONS

The results obtained in this research may be an important
contríbution in the sense of promoting real time
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instability prediction and as consequence the possibility
of actually monitor Üie evolution ofany transient in real

time.

Also it might become a usefül aid in Üie development of
closed loop control ofpower systems during emergency
state.

The instability prediction may provide also adaptive out-
of-step protectíon functions, adapting to changing power
system conditions. One should have in mind that Üie
approach itself might become reality Üianks to the
development ofsynchronized phasor measurements, due

to Professor A.G. Phadke and his coleagues at V.P.I. &

su.
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Tab.l. Datas tor lhe Tested Systern

LIHE

l-'

2-

3-

5-

3-

4-

3
5
4
6
5
6

o
o
o
o
o
o

R

.0005

.0005

.001

.003

.02

.02

x

0.005
O .005
O .01
O .05
0.2

0.2

o
o
o
n
o
o

B

.01

01
.02
.06
.4

.<

LENOTB

l
l
2
6

40
<0

h<,.n'eit"fl8.e<)6.x/-o.oi

• b-i— n- 3.4.6-lt- 17?»,X.'-001

Tab.lt. Non-Adaptive Modcl Datas for Stabilitv Considerstion

DATA

Jí.

-18-

12

<t>, + O, < 1

O.B809

0.8761

0.8797

»,. O, < l

•0.9567

.0.9473

.0.9317

.1 < <t>,< 1

0.9188

0.9117

0.9072

Tró.lll. Adapiive Modçl (AD3] Datns for Stabitity Considcrgfion

UD

3CO

^D

100

o

B, ^y^/"'^

/
.<<

^

OD OJ 0.* PA 00 1J3 \3 l.< l&

ri,n.Mi>i tB<«M

DATA

18

12

06

O, 4 0. < 1

.0.8761

i.ooci

1.0305

0.8797

1.0688

0.9625

1.02SO

1.0425

0.8916

1.11ÇÇ

1.0816

1.0239

0.9836

0.99?8

l 0265

1.0311

4», - O, < 1

_0,a<73_

1.0651

•I.OI60

•0.93<7

^LJ_'08_

•0.9901

•).0>?4

•1.0518

•0.91 89

..1.6204

•I.0950

-1.0413

•0.9889

•0.9838

-1.0158

.1.032?

-1 < <^,< 1

J3.91I7

1.0356

1.0233

_Q,9Q7?

1.089B

0.98C3

1.0232

l. OU 72

.0.9053

1.3686

1.0883

j.0326

0.9863

0.9883

_L.0232

1.0331
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