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ABSTRACT:- This paper provides a numerical approach to3. Pseudomeasurments (manipulated data,

observability analysis. The approach enables obability
analysis and restoration (pseudo- measurement esigbn) in
a simple way with iteration, via triangulaattorization of
the jacobian matrix of the weight least square &agstimator.
An algorithm for precious measurement of
observability in large bus — system state estimatims been
proposed. The algorithm is based on observationttthee search

topologica

sucMwWas
generation load demand based on historical data).

A vector of line flow and bus injection power megsuaents
is nonlinear function of bus voltage magnitudes andles.
The nonlinear function may be linearized about mai
operating point: all bus voltage magnitudes aréyuand all

bus voltage angles are zero. The determinationebivark

for a spanning tree of full rank. The observability Observability is equivalent to deciding whether thatrix

characterization of an electric power system fromt@pological
point of view with respect to a given measuremengaisition
system is equivalent to the existence of a certgianning tree.
The notation of observability, is a measure of howlhinternal
states of a system can be reconstructed using @miset of
measurements. In this work we derive necessary anfficient
conditions for observability in a power system.ift also show
that standard measurement sets of at least oneltage

measurement, and paired active and
measurements may lead to unobservability for
measurements  configuration. Using a non

transformation and properties of graph theory, a tsef
sufficient conditions are derived for observabilityThese
conditions are shown to be dependent on the topimal
properties as well as the type of available measweats. The
results is validated using an IEEE-3 Bus systenmid'method
can be utilized off- line as a planning tool duringhe initial
stages of measurements system design as well anerprior
to state estimation. We use observability algorittand state
estimation algorithm, also use the Mat lab to obtaihe
various graphs of bus systems. In this paper we udewton

[H] that relates measurements to bus voltage madpst
and angles in the linear zed model is full rank.thfs
condition is satisfied the network is said to beevable.
Question regarding network observability arise botloff
line studies and in the on line implementationoPto on
line implementation, off line meter placement sasdiare
performed to assure that the metering system walige a

reactive powdi€liable state estimate even under such contingeneis
camtai telemetry failure and line outages. The desigral is to
linear assure, network observability under such continigsndn

the on line situation such contingencies willrise
possibly rendering the network unobservable.

observability test should be executed prior to qenfng the
state estimation. If network is observable, statgnetion
may proceed otherwise the estimation is applidtkeeito the
observable subsystems of the original system orogpiate
pseudomeasurement are added to the measurement set.
The state estimation computes the static statbeokystem

(voltage magnitude and phase angle) by monitoring

An

Raphson method to measure the matrix of bus-systelre T available measurements. The state estimation habeto

main objective of this paper is to measure the Qhability
analysis of bus system by using Mat lab simulatidm. this
paper we write the state estiman and observabibtyalysis
programming in matrix laboratory.

Index Terms-Power system state
Observability analysis, Pseudo-measurement,
technique, Critical measurement

estiomat
Math&ozd

I INTRODUCTION

State estimation is an essential element of modennmputer
assisted power system control package. It is thegss of

modelled in such a way so as to ensure that thersys
monitored reliably not only in day- to - day opévas, but
also under the most likely condition of system streThe
role of power system state estimation in the rajpen of
power system and how state estimation, contingency
evaluation and generator corrective actitake placein
a modern operation control centre. The infornmatibout
power system is collected from the remote termimaits
(RTU) which encodes measurement transducer ougmnds
opened/closed status information into digital sigrihat are
transmitted to the operation centre over commuitinat

determining the Bus voltage magnitude and Bus geltachannels. However the control centre in turn tratsm

angle at each bus. From a set of measurement,
measurement set consist of:

goftrol information in terms of raise/lower commantb
generators and open/close commands to circuit breadnd

1. The analog measurements that include bus voltagftches. The information coming into the contrehte is

magnitude. Real and reactive power injectiand
real and reactive power flows.
2. The logic measurement which consist of status
switches and breakers.
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divided into two parts as breaker/switch statusicatibn
and analog measurements. Network topology meaés th
@terconnection of various components of power like
generators, loads, transmission lines etc, throogbuit
breakers/switches. Network topology plays an ingourt
role in estimating the state of power syste@ince the
switches and breakers in any substation casecte
network topology to change, a program is providbdt t
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restructures the electrical model of the poweresystThis

'Brogram which reconfigures the electrical modeki®wn

&s network topology program. This program has cetapl

information of each substation and how the transimis
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lines are connected to the substatiThe commonly

available measurements for state estiomaéire power flows,

voltage magnitudes, and power eacfions. For state
estimation the measurements aréembed using supervisory
control and data acquisiton C3DA). SCADA
measurements are not free from errdilse errors can be in
the form of noise in measurementadimeasurements, and
wrong circuit connection informationmpre often called
topology information).

State estimation involves following majmnctions:

1. Topology processing: this functiorvives obtaining the
model of the system based on ssabf the circuit
breaker, tap positions of transfans parameters of
transmission lines, etc.

. Observability analysis: this functionvblves checking if
the available SCADA measurentge are sufficient to
find the state of the system. If the SOA measurements

. State estimation: this function obtathe best estimate of
the system state using the SCAD A&asurements and the
topology information.

. Bad data processing: this function cke for the possible
bad measurements. If any badeasurements are
detected; they are removed frorthe measurement
set, and the state estimatié; repeated again.
Block diagram of state estimationsisown below:

In the state estimation model we eushe measurement

set. As for computing the estimateetmethod that has

received wide acceptance is the iterathethod.

1.1 OBSERVABILITY ANALYSIS

In the modern times Power system control and disy
centeres are equipped with supervisory (control dath
acquisition) systems. It is possible to consider dperatior
of such a control system in two steps:

1. Raw inform#éion is processed in real time by a dig
computer into a more useful form.

2. Control decisions are made from the proce
information either by digital computer or by a hun
operator.

The function of these centeres includes measureued
transnission of critical data to the control center
telemetry and monitoring for alarm, and displayteys for
the benefit of operating personnel.

The quantities that are normally measured and ma@dtin
power system network are the injected power or p
flows over the lines. From these some of the qgtiasatiof
interest have to be calculated for several readimbsd
below.

1. It is very difficult or nearly impossible to maae som
guantities like voltage angle difference.

2. Metering and communidah equipment is costly ar
hence the number of meters should be reduced a s
possible.

3. A lost measurement can be simulated by calaigati
Following question arise regarding power systemte:
estimation:

1. Is there sufficient real time maa&ement to make st
estimation possible?

2. If not which part or parts of the original systevhose
states can still be estimated (known as obsenvaldads)
with the available measurements?

3. How to estimate the states of these observalsleds

49

There are various type of observability are defueh as
symbolic, topological, hybrid, numerical which asbown
the structure of the observabil

Traditionally Observability Formulation
in Power Svstem

A

Static Power
System models

Y

Dynamic Power
System Models

y

Modal
Observabilitv

Numerical .
Topolgical

Hybrid

Symbolic

STURCTURE OF OBSERVABILITY
The main consideration in this paper that operatiof
computer center, through this we operate the ciamdiof
observability and state estimatiis easily explain.
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1.2. TOPOLOGICALAND
OBSERVABILITY

Monticelli& Felix have defined topolagal observability as
Theoreml: If a power system is observable w.
measurement set M, t heir exist a spanning treehe
network graph which is an observable ti

Theorem2: A spanning tree is an observable Spanning
if and only if it is possile to assign a measurement to e
one of the treebranches such That no two branche
associated same measure.

Theorem3:A spanning tree is that tree which is inciden
every bus of the networkf the coefficient matrix H ir
iterative solution of thestate estimation becomes less t
full rank then system is numerically unobserva

1.3 FLOW CHART OF WLS STATE ESTIMATION
PROCESS ALGORITHM:

The state estimation computes the static statbeokysten
(voltage magnitude and phase angle) by monitoring
available measurement. The state estimation hadel
modeled in such a way so ensure that system istored
reliably not only in day to daoperation but also under t
most likely condition of system stress. State estiom is
vital part of power system operation as it is oflea startinc
point for many applications. But in its implemerdat an
important challenge is the increasing sand complexity of
the power system. This method has been fundaméomnt:
other algorithms and the majority of the stateneators will

NUMERICAL
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use weighted least squares. An important pointeodtec
here is that the state estimation is run repeatullyis btter
that the state vector always has the state ofytbiem in the
previous state as the initial value rather thangisi flat star
for every run. Predication is very useful tool aigives the
operator a rough estimate of the one state estmatip in
the future. For state estimation flow chart is sht

Il TEST AND RESULT

Weighting Matrix: To verify the efficiency of the propos:
approach the algorithm presented in previous seotias
implemented under thmatrix laborator (MATLAB)

2.1 Test with the 3us systel

l

#A
M = 1:05+J0 #3
va
5
12 09
FlgUPe3 ! 3-pug SYSTEM

Both observability and state estimation is appledabove
network. This example is taken from reference

INPUT DATA FOR STATE ESTIMATION:

Number of nodes N = 3

Vector of initial bus voltage 1.C
VvV =1.00

1.00

Vector of initial bus angle 0
Delta O

0

Admittance Matrix:

133.3 33.3 100

Y =100 83.3 50

100 50 150

Admittance (angle in radians):
-1.5707963 1.5707963 1.57079
THETA= 1.57079631.5707963 1.57079¢
1.5707963 1.5707963.:570796
Weighting Matrix:

300
Wp=We=050
002
Measured real power:
12
Pm=.21
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-.30 1-.00164 .00148 1.051 1.0470
MW (100 MVA BASE) 2 -.00149 .00131 1.051 1.04715
Measured reactive power: 3-.00149 .00139 1.0510 1.04719
-.24 4 -,00149 .00131 1.0510 1.04715
Qm=-.24 5-.00149 .00139 1.0510 1.0471
-.50 6 -.00149 .00139 1.0510 1.04715
MVAR (100 MVA BASE) 7 -.00149 .00131 1.0510 1.04715

INPUT DATA FOR OBSERVABILITY Where: KK = NO. OF ITERATIONS

o ) D2 = VOLTAGE ANGLE AT BUS 2 (RADIANS)
Reducednode to branch incidence matrix D3 = VOLTAGE ANGLE AT BUS 3 (RADIANS)
) V2 = VOLTAGE MAGNITUDE AT BUS 2 (pu)
A, 1L L O V3 = VOLTAGE MAGNITUDE AT BUS 3 (pu)
The value of injected power at node [1] when omlg t
o -1 1 measurements are available:
P1=0900124 pu

Measurement to branch incidence matrix: Error = 24%
M=0-11 From the Result it is clear that redundant measergm
-10-1 improves the accuracy of state estimation but rimejerost
If we remove measurement (1) and (2) network is ngfso increases.
observable. OBSERVABILITY ANALYSIS PROGRAM
Ar=[110;
0-11];

M=[0-11,;
-10-1];
W=M*Ar’";

1 G=W"*W;

= e z=size(G);
gy A p=z(1);

S 1 % x1=size(Ar);
¥ 1 x1=size(Ar);
e SN | N=x1(1);%% row

- e x2=size(M);

B M1=x2(1); %%row

. L1=x2(2); % column
Figure 4:Unobservablegraphof3 bussystem DET=1.00:

With all three measurements available at nodes. THher j=1:N
network is found to be observable and state -.nigton  R()=j;
results are shown in table A. Now removing oné&nd
measurement at node (1) the network is still okzgevand for i=1:N-1
state estimation result in table B. After removindgor k=i+1:N

measurement (1) the matrix @nd M are: if((abs(G(R(K),1)))>(abs(G(R(i).i))))
A=110 T=R(i);
0-11 R()=R(K);
M=0-11 R(K)=T;
-10-1 else
If we remove measurement (1) &(2) the network is continue;
Unobservable. end
Calculating the injected power P at node (1) thiat a
Three measurements are available on the basis of end
Estimated result: ul(i)=G(R(),);
P1=1103055 if((G(R(i),i))==0)
Error = 8% disp('Network is Unobservable’)

TABLE -A break;
KK D2 D3 V2 V3 else
1- .00149 .00154 1.0512 1.0471 DET=DET*G(R(i),);
2- .00135 .001451.05111.04726 end
3- .00135 .001451 .0511 1.04726 for k1=i+1,N;
4- .00135 .00145 1 .0511 1.04726 PL=G(R(k1),)./G(R(i),i);
5- .00135 .001451 .0511 1.04726 for L=i+1,N
6- .00135 .001451 .0511 1.04726 G(R(k1),L)=G(R(k1),L)-PL*G(R(i),L);
7- .00135 .001451 .0511 1 .0472 end

TABLE -B end

end
KK D2 D3 v2 V3 DET=DET*G(R(N));
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if(G(R(i),i)~= 0)
if(abs(DET)==0)
disp('Network is Unobservable’)
else
disp('Network is observable")
end

end

gl=size(Ar);
g2=size(M);
k1=q1(1);
k2=q2(1);
k11=q1(2);
k22=q2(2);
k=min(k1, k2);
for i=1:k

for j=1:k
Ar1(i.j)=Ar(i.j);
M1(i.)=M(i.j);
end

end
plot(Ar1,M1)
axis([-1 1 -1 1])
grid on

Figure 5: Unobservable graph of 3 Bus System

STATE ESTIMATION PROGRAM

n=3

v=[1.05;1.00;1.00]

delta= [0;0;0]

y=[133.3 33.3 100;33.3 83.3 50;100 50 150]

theta=[-1.5707963 1.5707963 1.5707963;1.5707963
1.5707963 1.5707963;1.5707963 1.5707963, -1.5707963

wp=[300;050;00 2]
wqg=wp
mp=[0.12;0.21; -0.30]
mq=[-0.24;-0.24,0.5]
for i=1:n

for 1=2:n

if(i~=I)

hp(i,-1)=v(i)*v(l)*y(i,))*sin(theta(i,)-delta(i)+theta(l));

hq(i,I-1)=v(i)*y(i,l)*sin(theta(i,l)+delta(i)-deltd));
% h=[hp 0;0 hq];

% w=[wp 0;0 wq[];

else

psum=0;

gsum=0;

for j=1:n

if(i~=j)
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b=-v(i)*v())*y(i,j)*sin(theta(i,j) +delta(i)-delta(});
c=v(i)*y(i,j)*sin(theta(i,j)+delta(i)-delta()));
psum=psum-+b;

gsum=qsum-+c;

end

end

hp(i,I-1)=psum;
hq(i,I-1)=gsum+2*v(i)*y(i,i)*sin(theta(i,i));
end

end

end

gp=hp*wp*hp;

gg=hg*wqg*ha;

gpl=inv(gp);

gql=inv(gq);

pp=gpl*hp™wp;

qg=gql*hgwa;

fori=1:n

sump=0;

sumqg=0;

for I=1:n
xp=v(i)*v()*y(i,)*cos(theta(i,l)+delta(i)-delta());
xq=v(i)*v()*y(i,)*sin(theta(i,l)+delta(i)-delta());
sump=sump+xp;

sumg=sumg-+xq;

end

p(i,1)=sump;

q(i,1)=sumgq;

end

fori=1:n

dp(i,1)=mp(i,1)-p(i,1);
da(i,1)=ma(i,1)-q(i,1);

end

dd=pp*dp;

w=qq*dq;

for i=1:n-1

delta(i+1)=delta(i+1)+dd(i,1);
v(i+1)=v(i+1)+vv(i,1);

end

delta

v

i=n

M. CONCLUSION

In this paper technique based on numerical Tecknigu
used to detect topological observability. The atpon is
tested to Selected bus system. In the state egimat
Algorithm it is seen that when all three measurenae
used error is 8%. After reducing One measuremeattsark

is still observer but error 24%. Thus one redundant
Measurement increases the accuracy but Meteringatss
increases. There should be optimal meter placeoiéatia.

The benefits of state estimation is that it proside
consistent set of real time network data in thesgnee of
Measurements errors and allows a low a mathematical
approach to detect error when Measurements data ar
available. But error increases 24%. Thus one reahind
measure increases the accuracy but Metering cast al
increases. There should be optimal meter placeoréatia.

The benefits of state estimation is that it proside
consistent set of real time network data in thesgnee of
Measurentserrors and allows a low a mathematiqaloagch

to detect error when redundant measurements data are
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available.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

G. R. Krumpholz, K. A. Clements and P. W. Davis Weo System
Observability: A practical algorithm using netwddpology”, IEEE
Trans on Power apparatus and system VOL PAS- 99584- 1542
July/Aug 1980.

G. R. Krumpholz, K. A. Clements, and P. W. DavRotver System
Observability”, Sep 1981.

V.H. Quintana, A Simoes-costa and A. Mandal, “Possstem
Observability using a direct graph —Theoretic apphd, |[EEE
Trans on PAS VOL. PAS -101 pp: 617-625 March 1982.

R. E. Kalman,, “On the Computation of the Reach@lservable
Canonical Form”, SIAM Journal of Control and Optaation, Vol.
20, pp. 258-260, 1982.

S. M. Chan, “Model Controllability and Observalilibf Power-
System Models” Electrical Power & Energy Systemsl.\, No. 2,
pp. 83 — 88, 1984.

Monticelli, F. F. Wu., “Network Observability: Thed, IEEE
Transactions on Power Apparatus and Systems, \ésk184, No. 5,
pp. 1042 — 1048, Feb 1985.

E.D. Crainiac,et.al. “Power system observability Theeasment of
measurement system strength 1990.

P. Trehin, N. Heraud, “Observability and State fhation of
Electrical Power Networks”, Computers and Electrieagineering,
Vol. 28, pp. 391 — 416, 2002.

G. N. Korres, P. J. Katsikas, “A Hybrid Method f@bservability
Analysis Using a Reduced network graph Theory’, HEE
Transactions on Powers Systems 2003.

G.N. Korres “Numerical observability analysis basad Network
graph theory 2003.

P. Trehin, N. Heraud, “Observability and State thation of
Electrical Power Networks”, Computers and Electrieagineering,
Vol. 28, pp. 391 — 416, 2002.

G. N. Korres, P. J. Katsikas, “A Hybrid Method fobservability
Analysis Using aReduced Network Graph Theory”, I|EEE
Transactions on Powers Systems, Vol., 18, No. 1,288 — 304,
2003.

G. N. Korres, P. J. Katsikas, K. A. Clements, P. Davis,
“Numerical Observability Analysis Based on NetwofBraph
Theory”, IEEE Transactions on Power Systems, V8|.No. 3, pp.
1035 — 1045, 2003.

G. N. Korres, P. J. Katsikas, G. C. Contaxis, “Bfarmer Tap
Setting Observability in State Estimation”, |IEEEamsaction on
Power Systems, Vol. 19, No.2, pp. 699 — 706, 06420

Korres, “Reduced model for numerical observabiktyalysis in
generalised state estimation”, IEEE Generatiomstrassion and
distribution, ISSN 1350-2360, 99-108, Jan. 2005.

Almedia, “A numerical method for finding spanningés in power
system state estimation”, Power system technolo2g@06 in
Chongging, International conference on 22-26 Cad62

53

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication Pvt. Ltd.




