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Abstract: Power system state estimation is the process of computing a reliable estimate of the system state vector composed
of bus voltages’ magnitudes and angles from telemetered measurements on the system. This estimate of the state vector
provides the description of the system necessary for operation, security monitoring and control. Many methods are described in
literature for solving the state estimation problem, the most important of which are the classical weighted least squares and the
non-quadratic method. However, both showed drawbacks when it comes to application to large-scale power system networks.
In this paper, a new method in the name of decomposition-coordination approach using the weighted least squares is
introduced in solving the large-scale power system state estimation problem. The estimation criterion is reformulated; voltage
measurement, real and reactive power injections, real and reactive power flows, and real and reactive power flows in tie-line
models of a decomposed system are developed. Two level structure of solving the estimation problem is introduced. The first
level solves the sub-problem using gradient procedure methods while the second level determines the interconnection variables
using predictive method. The positive characteristic of the method is that the coordinator has little work of predicting
interconnection variables instead of solving the state estimation problem. The method can be used to solve a multi-area state
estimation using parallel or distributed processing architectures.

Keywords: Power Systems, Modelling of Measurement Data, State Estimation, Decomposition-Coordination Method,
Algorithm

1. Introduction

The heart of the data processing activities at electrical
utility central dispatch centre (CDC) is the power system
state estimator using both real-time measurements and
historical database. The state estimator detects and identifies
errors in the measurements and computes an optimal estimate
of the system state vector of bus voltages’ magnitudes and
angles. This optimal estimate is then used by the security
monitoring, operation and control functions [1-5]. The state
estimation process is based on a statistical criterion that
estimates the true value of the state vector of the system to
minimize the selected criterion [6-8].

The most common and familiar criterion used in power
industry is the weighted least square method where the
objective function is to minimize the sum of the squares of
the difference between each measured value and the true
estimated value with each squared difference divided or

weighted by the variance of meter error[9-10].

State estimation can eliminate the effect of bad data [12]
and allow the temporary loss of measurements without
significant affecting the quality of the estimated values. It is
used to filter redundant data, eliminate incorrect
measurements, it allows determination of the power flows in
part of the network that are not directly metered and it can
produce reliable state estimate

Nowadays, system networks are becoming more and more
complicated. In this aspect monitoring and control of these
networks feel the necessity of having robust and scalable
methods for state estimation that maintain performance of
large-scale systems. Recently, there has been increasing
interest in improving various types of state estimation
algorithms used in the industry [11] to make them applicable
in the ever expanding systems. These improved state
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estimation algorithms have been implemented in various
power system central dispatch centres using a centralized
estimation algorithm. In this set ups measurements from all
sensors are sent to a central estimation unit where the state of
the whole system is estimated. Centralized processing has
posed challenges such as problems relating to
communication between the sensors and the central
estimation unit and processing facility (computer) memory
limits. These challenge motivated researchers to move
toward finding effective, robust and reliable techniques of
processing state estimation of large-scale power system
networks.

There are two approaches to carry out large-scale power
system state estimation. First is to decompose the system into
sub-systems and model the neighboring utilities in detail and
accurately in one’s own state estimator. Second, is to obtain
the state estimation output from each sub-system and convert
them into global estimation; this set up is known as
hierarchical state estimation.

Hierarchical method has been investigated in the past with
the aim of reducing computation time, memory requirements
and amount of data exchange between sub-systems. Van-
Cutsem et al. [12-14] proposed a two-level state estimation
algorithm by dividing the system into known overlapping
sub-systems which are connected by tie-lines. In the first
level each sub-system performs state estimation
independently with respect to data and information available
in the sub-system. In the second level, the boundary bus
states are re-estimated and all voltage angles are coordinated
to a global reference.

In [15] a two-level state estimator for multi-area
interconnected system is proposed. In the first level of the
algorithm, each area runs their own state estimator using
measurements from its own area. In the second level of the
algorithm, the central coordinator collects the state estimation
from each area and coordinates them to get the multi-area
state estimation with respect to global reference. In this way
the coordinator can use the measurements available from the
boundary network such as tie-line power flows, boundary bus
injections, boundary bus voltage etc. The coordinator can
also use the boundary bus state available from each area state
estimators as pseudo measurements to increase the

redundancy.
Aguado et al. [16] addressed power system state
estimation problem using decomposition-coordination

techniques. The whole system network is divided into
geographical areas. Then, for each area, an area power
system state estimation problem is formulated. The global
optimum of the overall system is obtained by iteratively
coordinating the solution of area state estimation sub-
problems. By using decomposition-coordination techniques,
the integrated optimum solution can be achieved by only
sharing a reduced amount of information of tie-lines. The
techniques can be applied within a utility with a transmission

network spanning over different regions, in such a set up
every region dispatch centre perform a state estimation
algorithm in coordination with neighboring dispatch centre.
In case of a large-scale power system networks where
computation is a concern, a distributed implementation can
be an alternative to save computation time by simultaneously
running many power system state estimation algorithm.

Interesting is the work by Aguado et al. [16]. However, the
work presented in this paper is different in implementation of
decomposition-coordination method. In this paper,
decomposition process is implemented using bus admittance
matrix of a power system network instead of geographical
areas. In this way the sub-matrices obtained after
decomposition represent sub-systems; in case of power
system state estimation they represent sub-problems. Then
measurement model for voltage magnitude, real and reactive
power injections, real and reactive power flows and real and
reactive power flows in tie-lines are developed. The state
estimation problem is solved using a two-level structure
under decomposition-coordination principle proposed in [17].
Advantages of the method is that there is no need of re-
estimating the boundary bus states; these are included in the
real and reactive power injection model, also the method
reduces the coordinators work to just calculating of sub-
system interconnection variables by using prediction method
and sent these variables to the first level to be used as
measurements in computing sub-system state estimation.

The paper is organized as follows. Section 2 describes
problem formulation of the state estimation problem. Section
3 presents state estimation solution problem formulation and
solution under two-level structures. Section 4 presents first
and second level algorithms. Section 5 Discusses positive
characteristic of the proposed method and its advantages in
solving power system state estimation problem. Section 6
concludes the paper.

2. Problem Formulation

The power system state estimator processes real-time
redundant telemetered from substations and pseudo
measurements to provide a complete, coherent and reliable
system database, which can describe the current electrical
state of the system network [18-19]. The measurements,
which include voltage magnitudes, real and reactive power
injections and real and reactive line power flows are
measured from the network at a certain moment, thus getting
an estimate for respective state vector i.e. vector of voltages’
magnitude and angles on different buses [20].

Consider an interconnected system decomposed into Ng
sub-system shown in Figure 1. Individual sub-system is
connected to each sub-system through the tie-line network
(Figure 2). The buses in each sub-system can be categorized
as internal buses, internal boundary buses and external
boundary buses.
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Figure 1. System Decomposed model structure

Figure 2. Tie-lines connecting sub-systems

The weighted least squares (WLS) is used in this paper, in
this way it is considered that the criterion is a sum of sub-
criterion determined for every one of the sub-systems. In the
common case, the criterion is written as follows:
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Equation (1) can be written in short form as:

NS
minJ(/08) =Y J,("00),i =1, N )
i=1

Where
Ng is the number of sub-systems.

Mk’V,M,’(’Z,,M,’(WQ,M,{Z;W,M,{ZW , are the dimension of the

corresponding measured variables. The type and number of
measurements for different sub-systems can be different. The
simplified criterion used in this paper is given by:

Ng My ( meas Vest)

man VEIJ Z Z

i=l k=l

3)

Where 0 is the standard deviation, V’"e‘” : is the measured

quantity, ¥, : is the estimated quantity (calculated)
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2.1. Measurement Model

The global data measurement model is given by
z=h(x)+e (4)

Where ¢ : is the measurement error.

The model has 4 parts determined by the type of
measurements. When the power system is considered to be
used for decomposed solution of state estimation problem,
these 4 parts of the measurement model can be determined in
different ways.

2.1.1. Voltage Magnitude Data Model
Voltage magnitude measurement model is for the whole
system and is given by:

zy =V )
Where
z, OO"

N: is the number of model buses.

Decomposition of this model is direct and is determined by
the selected number of buses in every sub-system. The ith
sub-system model can be written as:

ziy =WVi| i=1LNg,z, 00" (6)
n; : is the number of buses in the ith sub-system

2.1.2. Real and Reactive Power Injection Data Model

The real and reactive power injection data model for the
whole power system is decomposed in [21]. The obtained
sub-system model is characterized with local for the sub-
system state variables and with disturbance input from other
sub-system and is given by:

NS
=Gy, +ZG§VJ_ =Gry, + yk

4 (7)
j=l
J#i
Ns
yf:ZGifVﬂ LNs.j=1Ns.j #i ®)
J#i
R xn, ~R xn; R )
Gl DDannl’Gy Dann‘/’yl’, DD}’Z
0 = GV+Z;B v, =G"V; + )
S
v =) BV, (10)

J1
J#i

Gtm 0 Dn,xnl Btm 0 D",X”, l[m 0 Dni

The type and number of measurements in every sub-
system can be different and independent. In the common case
the injection data model can be written in matrix form as:

F|_| GF |
|:Qi:| = {GZW}VZ -{y;m =GVt Vi (11)
2 20,
Gl lnj D D nxn > ll”j D D "
NS
Vi ‘Z{ } thm]( 9, anD@) (12)
1;1 j¢l

Eqns (10) and (11) can be written in the notation of data
model as:

Zi inj _hz ln/(VD6)+yl inj lmj (13)
Where
By s (Viljéi) =GV (14)
Ns
Vi = Zhi,inj(l/i[lai’lejdj) (15)
J#i
h- 0O 2n;xn;

i,inj

The dimension of the vectors in Eqn (10) and the matrices
have the maximal possible value but the number of
measurements can be different. For every of the sub-
problems a local voltage angle reference bus has to be
introduced. In this case the sub-systems are independent.

2.1.3. Real and Reactive Power Flow Data Model

Real and reactive power flows is determined for every two
interacting buses separately. This means that this model can
be directly decomposed according to the selected dimension
of the sub-systems. It is supposed for the power flows
between thepth and gthbuses in the ith sub-system (see
Figure 2) that real and reactive power flows from bus pto bus
qare:

B V, (glpq bwq)_

(16)
=V oV .48 pg €080, py =b; 800, ]
— 772 [sh
o thq(bt pq btpq)+ (17)

V.4l pg SN0,y ¥, €00, ]

The models of the flows from bus q to bus p are given as
follows:
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Where
Oipg =0ip =01y
Oigp =9%ig ~%ip

In general the power flow data model can be written as:

T _
Pi,qp, Qi,qp -

=1; o Vi0G)+ & o i =L N

Zi, flow 1 A P4,
S [ ,Pq pq (20)

Where

o gl enya)
i, flow

The type of the measurements and the number of
measurements of real and reactive power flows can be
different for different sub-systems.

2.1.4. Tie-Line Data Model

The Ngsub-systemsshown in Figure lare connected by tie-
lines (electrical transmission lines or transformers). In this
paper only electrical transmission lines are considered. The
two ends of each tie-line are buses belonging to different sub-
systems. The set of these boundary buses define an (Ng+1)th
sub-system called interconnection sub-system. The
measurement model for the tie-lines between the ith and jth
sub-systems, when the number of tie-lines is N,is given in
[21] as follows:

=Gy ViV oGy

By pe = GypeVip Vi ij.pg

p=1,Nﬂ,4-/-,g=1,N,,,4-/-,i=1,NS @1)
j:IaNSspig’jii
Ore =V By g +00 4V (22)
ij.pg 1.0 \Bij.pg Y05 pe | Vi oV 6B pg

The vector of measurements for the ith sub-system can be

written as
Pl] Pg Gl] Pg VZ
Zy Jij,pg Q bsh ip
ij,pg 1] Pg Y,Pg

G,
ij,pg
+ Vi,p {_B” }V/’,g

J.rg

(23)

The vector of measurements for the interconnected system
is given by:

—|.T T T T
Zg — a1, Zuzs O Zali Ztl,NSJ (24)

The measurement model is a non-linear and can be written
as:

Zy :htl([/lljdl’lejéj)
i=L,Ng.j=LNg,j#i

(25)

It can be observed that the ijth sub-system tie-line flow
measurement model has two parts. The first part depends on
the ith sub-system voltages while the second part depends on
the jth sub-system. This means that the measurement model
can be represented as a sum from a model of the ith sub-
system and the model of interconnection with other sub-
systems. The first part depends on the Voltage V;p of the ith
sub-system and the second depends on V;, of the jth sub-
system. These voltages Participate also in the injection model
of the sub-system of the interconnected system. Included in
the vector of voltages of the sub-system are also the border
buses and voltages. In this way it is not necessary to calculate
again the state estimates of the border injections as they are
calculated using the injection data model.

Hence, the model of the tie-line data for the ith sub-system
can be written in the following way:

Zig = hi,tl (ViDJi)'Fyi,tl (26)

Yia =hyalV,00;) @)

The dimension of the measurement vector depends on the
number of the tie-lines between the ith sub-system and other
sub-system.

Finally the data model(measurement) of the ith sub-system
with measurements of the voltage, real and reactive power
injections, real and reactive power flows, and real and
reactive power flows in the tie-lines can be written as:

:V. +{;‘.
hlmj(VDa')+ i Eig

Z; Jinj i

(28)
_hz ll(VD5)+yl VRET

The model given by (28) is used for formulation and
solution of state estimation problem under decomposed
environment.
3.State Estimation Problem Solution

3.1. Two Level State Estimation Solution

The solution of a power system state estimation can be
obtained by solving the following Lagrangian function
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J#Ei
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where
Biinj > Pia> s inj » A; g are vectors of Lagrange multipliers.

The Lagrangian function includes the criterion and the
model of the interconnected equations of the sub-system
according to power injections and flows. It can be seen from

(29) if the interconnections k. and A,
decomposed,

then the Lagrangian function can be
decomposed and the state estimation problem can be solved
in a fully decentralized way.

Such a type of decomposition of the Lagrangian function
can be achieved if the problem for state estimation is solved
in a two-level structure using the principles of decomposition
coordination [17]. The mixed principle of prediction of the
aims of the sub-system represented by the Lagrange variables

can be

P, and O, ,, and of prediction of interconnection of the

sub-systems ), .. and ., is applied to the Lagrangian

function of (29). This principle is implemented by
introducing a coordinator on the second level of the two-level
structure of the solution to the problem. The coordinator

predicts the values of the Lagrange variables and
interconnections as follows:
— c
pi,inj = Fiinj
a— c
Ioi,tl - Ioi,tl
(30)
— c
yi,inj - y[,i/zj
— c
Yia = Vi

Where C is the index of the coordinating procedure.

Substitution of the coordinating variables given in (30)
into the Lagrangian function (29) allows the interconnection
terms to be distributed between the sub-systems in the
following way [17]

N Ns Ng Ny
;p{inj ;hij,inj (Vz DJ;‘ 5 V] D5j ) = ;;pjT,inhji,inj (V; DJI) (3 1)
J# i

Nq N
z pz{tlhij,t/ (Vz Uo,,v;09; ) =z pjT',t/ hjig (Vz 0o ) (32)

i=1 i=1

Equations (31) and (32) are possible on the basis that the
connection between the primal variables Vj and the dual

(Lagrange’s) variables O, . As the dual variables have the

voltages of other sub-systems can be substituted by the
voltages of the ith sub-system and the Lagrange’s variables
of the jth sub-system. In this way the Lagrangian function is
a function only of the voltages of the ith sub-system and can
be fully decomposed. This means that the state estimation
can be solved separately. Then, the system solutions in this
case depends on the values of the coordinating variables,
which means that the optimal solutions will be obtained only
when the values of the coordinating variables is computed by
an iterative process of coordination based on the necessary
conditions for optimality of the Lagrangian function towards
the coordinating variables and on the solution of the separate
sub-system’s problems.

The necessary conditions for optimality of the Lagrangian
function towards the coordination variables are given by:

Gp”n] =i ™ Zhumj(,ﬂ 3.v,08,)=0

(33)
=
a,iil =Yy, ﬂ( 03,7,00,)=0 (35)

The value of voltages and the value of Lagrange’s

variables A. . . and /11. 4 can be obtained as solutions of the

i inj
sub-systems state estimation problems.

Equations (33) to (36) can be solved analytically using the
solutions obtained from first level sub-problems in the

following way:

Ns
Viin = zhij,mj (VfD .t 5;)

(37)

I=

J#i

1
Pl =i (38)
ctl _ c C c C

Vil hy il (I/l 0o an DJJ) (39)
pii =Xy (40)

The optimal solution of the initial state estimation problem
is obtained if the necessary conditions for optimality
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according to the coordinating variables are fulfilled. This can
be checked by calculating of errors

&= Vi~ Vim (41)
2= Bl ~ Pl (42)
& =yii = Vi (43)
=P = Pla (44)
If & 4.6, <9y.65< 43,649,

Where ¢, >0,¢, >0,¢, >0,¢4, >0 are very small pre-

defined number, the optimal solution of the coordinating
problem and the sub-problems are obtained.

3.2. Formulation of the State Estimation Sub-Problem of
the First Level

The state estimation problem for every isolated sub-system
is formulated using decomposed Lagrangian function for
sub-problem criterion given by:

Vmeas _ Vest 2
L 2[ i i ] +

7 U'I%V
NS
+ O inViin ~ Zp;lm/h Jiinj (Vz 0 O:) -
=
#i (45)
i m/[ yl m/ Zijinj 1 Jinj (Vl g 51 )]

+ O uVin — Pl (Vz it ) +
+/]£tl[zi,tl _hi,tl (VIDJz) _ytc,tl] +
+ Az]:V [Zi,v - Vz ] + /]Z:ﬂow[zi,ﬂow - hi,ﬂow(Vi U 51 )]
3.2.1. Solution of the First Level Problems

A Lagrangian function is formed for every sub-problem as
follows:

NS
¥ Pl Vi = Z Pl iy V:06,) =
J=L
J#i (46)
i ”'/[ yl Jinj tz; i ht,tnj (ViDd-i)] +
+ P avia ~ PR (VEId ) +
ztl(VDJ) Yial*

- Vz] + Ai,ﬂ()w [Zi,ﬂow - hi,ﬁ()w (Vl g Ji )]

T
+ At,zl [ziu —

T
+Aiylzi,

The optimal solution is based on the necessary conditions
for optimality as follows:

a_L; V‘meas -V

=p\i i] _
aVl JI%V
N T
_ZS ahji,inj(ViDJI) c
4 v, i,inj
J=1 !
J#i
ahl inj (VIDJI)]TA
i,inj
(47)
(i (v.oo, J -
jl
_ hltl(Vlja) A=A
GV, it iV
T
_ hi,ﬂow(Viljai) ) =0
GV, i, flow
a_Ll;:_%S: ahji,inj (Vil:la_i) ! ¢ _
a5, 4~ a7, o
i
_ ahi,inj (Vil:la—i) T/] _
—65,' iinj
_ ahji,tl (Vil:lo_i) ! ¢ _ (48)
99, o
_ hi,tl (Vll:ldl) TA. _
65,— it
_ ahz Sflow (Vzljdl) TAl =0
05i i, flow
oL, _ _
a/]i,mj Z Jinj yl Jinj hl,inj (VID a-1) =0 (49)
oL ¢
a/]_ijﬂzzi,tl _ht,tl(VtDJt)_yt,tl =0 (50)
oL
— 1 =z —V. =0
a/]i’V ZI,V i (51)
oL,
EY) :Zi,ﬂow_hi,ﬂow(ViEldi):O (52)
i, flow

The solution of set of equations (47) to (52) gives the
necessary conditions for optimality determines the optimal
solution of the ith sub-problem. Eqns (47) t0 (52) are non-
linear with many variables; they cannot be solved by
analytical method. Gradient procedures are used to calculate
the values of primal variables (V;,0;) and the dual variables

i

(Aiin s Aias iy s Ai o ) as follows:



Mashauri Adam Kusekwa: Decomposition-Coordination Model and Algorithm for Parallel Calculation of Power System

State Estimation Problem

114
t+Hl _ gt _
Vit =V —aip&y
t+ _ st _
O, =0, =058 5
t+1 _ gt
Aring = A+ Qi€ in 53
M) +a, € 3)
il — il iteitl
t+1 _ gt
Ay =y +a,p€
t+1 — )
i, flow — /li,_/low + ai,_/lowgi,ﬂnw
where
Eivs€ior€iii>EinsEipsEi o are errors and a; is step-
length.

The calculations given by eqn (53) are performed under
the given by the second level values. The gradient procedure
continues until convergence on maximum number of
iterations on the first level is attained. Norm [21] of the errors
of every iteration is calculated from:

i —
&l =|ew|
i
& =|€ig
i —
& =1 (54)
g =lle
4 =||Eiu
gl =lle
5 T ||€i, flow

Norms of the errors are compared with small pre-defined
positive numbers given by the following constants

.G, 0, 0, & .16 <q.6 <@B.& <@.6,@.6 <@ is fulfilled,
then the optimal solution is attained and the computation
process is stopped. When the calculations of the first level are

completed, the values of V; J;,4, 4, , are sent to the second

level and the new values of the coordinating variables are
calculated and so on. The computation set up and
communication between first level and second level is
presented in Figure 3.

! ]
! 1
! 1
I ]
: COORDINATOR !
I c+l e+l e+l e+l

: p.-‘,.-‘;gr‘ ¥y dn p.-'::f J‘f,.-f :
! I
! Fy 'y F Y 1
' 1
! € ¢ N ¢ < < 1
: Vi Py Vi » Py P Ny P :
! , € c € c o - 1
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Figure 3. Communication between Two level structures for solution of state estimation problem
. Hence, gradient methods are used to compute the primal and
4. Algorithms '8 P P

The computation procedure is implemented using the
following first and second level algorithms.

4.1. First Level Algorithm

At first level, the optimal operating condition of each sub-
system is determined by solving independent N power
system state estimation. At this level the interconnection
between the sub-systems have not to be considered.
Interconnection values are provides by the coordinator.

dual variables of the isolated sub-system. The following
algorithm is used to calculate the solution of the first level
sub-problem. Before starting the algorithm, first the number
of iterations is defined.

I.  Initialize t= 0

Il Set initial values forV; 8,4, ;s A; gow Ai 15 /iy - Initial
value of V; is obtained from load flow program and
o, is set equal to zero.

III. Obtain the values of the coordinating variables
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IV 0, 4jsPistsYiin»Via from the second level

V. Improve values of set variables using Eqn (53)
VI. Check for conditions for convergence using Eqn (54)
If conditions of convergence satisfy (54) stop the

Y

procedure and sent the values of V; ; A;

i,inj>

A; 4 to the second

level. If not go to step II. First level algorithm is
schematically given in Figure 4.

procedure

Initialize computation

X

Receive coordinator variables from
Second second level
[ [ ‘C ‘-C
Level {p.‘:.‘rgr'spr‘:rf:‘}.‘:.'}gr's,}:':if)
L 4

& —> &5

Calculate gradients of the sub-svstem

YES

Calculate improved values of
No primal and £ +1 ie.

Vit Ao
S Aatiy

Send V., 8., /&

nj ?

c
,ﬂ.f_nf to second level

) 4
STOP

Figure 4. First level algorithm flowchart

4.2. Second Level Algorithm

The coordinator does not know or need the detailed
operating information of each sub-system. The coordinator
executes the following function:

I.  Predict the values of Lagrange’s variables and
interconnection variables and sent predicted variables
to the first level

II.  Wait all calculations on the first level to be completed

and receive the calculated values from first level
. Compare p,;,,p;, if the error between them is

bigger than pre-defined tolerance, calculate the
improved values of the coordinating variables
IV. If the error is smaller than the pre-defined tolerance,
stop the procedure.
It can be observed that the coordinator has little work to do.
The coordinator does not calculate the state vector but has to



116 Mashauri Adam Kusekwa: Decomposition-Coordination Model and Algorithm for Parallel Calculation of Power System

State Estimation Problem

predict the Lagrange’s variables and variables related to sub-
system interconnections. The positive characteristic of this
method is that of reducing computation work at coordinator

E]

¥
Set initial values of

(4 (3 ‘C ‘C
p.":.‘rgr' H] p.":if L] J’ i.imf ® J i

level. The second level algorithm is schematically given in
Figure 5.
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P

h

[ [ ‘C' ‘C
Sent 053 Pigrs Vijn» Via t©

the first level

Update

Pl = Piny !

p:‘:ﬂ — pc}'l Receive V5 ,ﬂf:f%r- :Af:,—f from < f::l
first level

ﬂf_w. _ /’I,ft; irst level

r
Calculate

e+l e+l

e+ T
P,-:.-',gf . JO.":JF 2} i iy 2y il

h

Evaluate errors

No

Check
Conv.

YES

Inform first level

h 4

STOP

Figure 5. Second level algorithm flowchart
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5. Discussion

The developed decomposition-coordination model and
algorithm in this paper presents positive characteristic in
solving the power system state estimation problem. First, the
solution of power system state estimation is reduced to the
solution of N+1 independent sub-problem. Secondary, the
implementation of the algorithm is carried out using parallel
and distributed architectures. In this way, the computational
task corresponding to the decomposition work can be carried
out by a unique parallel computer located in the power
system central dispatch centre, using a cluster or by using a
suitable distributed computing scheme with several
processors located at lower levels in the control hierarchical
such as in the regional control centres.

First and second algorithms are applied in solving the
estimation problem provided that: the system is decomposed
into sub-systems or areas, at least one generating bus is

available in a sub-system and the sub-system is observable i.e.

measurements from the sub-system are enough to perform
the state estimation.

Decomposition-coordination method and algorithm is
aimed at facilitating parallel or distributed processing,
decentralizing measurement of a large-scale power system
networks, reducing amount of measurements sent to central
dispatch centre and reducing computation time and
complexity on solution of state estimation.

6. Conclusion

In this paper the formulation of the problem for
decomposed solution of power system state estimation is
presented. Measurement models or voltage magnitude, real
and reactive power injections, real and reactive line power
flows, and real and reactive power flows in tie-lie lines
connecting sub-systems are developed. State estimation
problem solution using two-level structure is proposed. First
and second level algorithms for implementing the two-level
computation are presented. The developed decomposition-
coordination method, models and algorithm presents positive
characteristic in solving power system state estimation of
large-scale power system network and can be implemented
using parallel or distributed computing architecture. Further
work is still going on to establish the accuracy of the
proposed approach. The proposed method will be tested
using IEEE 14, IEEE 30, and IEEE 57 buses.
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