
 
Abstract— This paper proposes an efficient off-line approach 

for dealing with power network branch parameters errors, that 
comprises three phases. In Phase 1 the branches suspected to be 
with errors are identified through an Identification-Index 
Vector (IIV), where each element of IIV is the ratio between the 
number of measurements incident to each branch, whose 
normalized residuals are larger than one specified threshold 
value, and the total number of measurement incident to each 
branch of the network. Using several measurement snapshots, the 
suspicious branches parameters are estimated, in a sequential 
form, in Phase 2. In order to do that, it is proposed a decoupled 
augmented state estimator which increases the V-θ state vector 
for the inclusion of suspicious branch parameters. Phase 3 
enables the validation of the estimative obtained in Phase 2, via a 
conventional Weighted Least Squares State Estimator. Several 
simulation results (with the IEEE 14, 30 and 57 bus systems) have 
demonstrated the high correctness and reliability of the proposed 
approach to lead with single and multiple parameter errors in 
adjacent and non-adjacent branches. The results obtained by the 
proposed approach were compared with those obtained by other 
existing methodology.  

 
Index Terms—Power Systems, State Estimation, Branch 

Parameter Estimation. 

I.  INTRODUCTION 
NY network parameter error degrades the results of a 
state estimator (SE). As a consequence, it also degrades 

the performance of other applications programs available in 
modern energy management systems (e.g., security analysis, 
economic dispatch, etc.). 

Often, network parameter errors may occur mainly because 
of: inaccurate manufacturing data; network changes not 
properly updated in the data base; wrong or oversimplified 
calculation; disparity in values coming from data bases; and so 
on [1]. 
 Parameter errors are less evident than both topological 
errors (incorrect topology information) and gross errors (errors 
on analogical measurements). Moreover, parameter errors may 
not be identified for a long period of time leading to 
permanent errors in the results provided by the SE. 

 The more attentions have been paid to the estimation of 
network parameters, which becomes very important in power 
system analysis as state estimation and topology estimation, 
and many literatures [2]-[14] have contributed to this problem. 
The methods for network parameter estimation can be 

classified as two kinds, one is the residual sensitivity analysis 
based on the relation between the residuals and measurement 
errors during the state estimation process to identify a group of 
lines whose parameters might be in error [3]-[7]. However, 
those techniques can be applied only if the set of lines whose 
parameters need to be determined is small; results deteriorate 
rapidly as the number of uncertain parameters increases. 
While the other uses an augmented state vector (the usual V-θ 
state vector is augmented with additional variables 
representing suspicious parameters to be estimated) and do a 
simultaneous state and parameter estimation. Depending on 
the way the augmented state is estimated, two groups of 
methods can be distinguished: (i) those using the static normal 
equations [8]-[10], and (ii) those using the kalman filter theory 
[11]-[13].Both of the methods mentioned above are greatly 
related to the accuracy of measurement data. 

Although the literature on parameter estimation is not very 
extensive, it can be said that a common characteristic is that 
they only attempt, either directly or sequentially, to estimate 
the parameters of a few transmission lines [2]. Thus, a 
practical method to estimate in a systematic way the 
parameters of all elements of the transmission system is not 
available nowadays. 

This paper presents an off-line approach that enables 
network branch parameters errors identification and 
estimation. The idea is to use several measurement snapshots, 
in order to estimate the suspicious series branch parameters in 
a sequential form, taking advantage of the fact that those 
parameters can be considered time-invariant for the time 
period of those measurement snapshots [1].  

This paper is organized as follows: Section II revisits the 
Weighted Least Squares normal equations for the conventional 
state estimation, as well as the largest normalized residuals test 
for gross error detection and identification; Section III presents 
the proposed approach; Section IV presents the tests results 
obtained with IEEE-14, 30 and 57 bus systems, and finally 
Section V shows the conclusion. 

II.  CONVENTIONAL STATE ESTIMATION BASED ON THE 
NORMAL EQUATIONS 

Power system state estimation is closely related to the 
statistics regression methods. The non-linear equations 
relating the (mx1) measurement vector z and the (ne x1) V-θ 
state vector xe are: 

( )ez h x w= +                    (1) 
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where w is an (mx1) random noise vector with zero mean 
jointly Gaussian distribution and h(.) is a vector-valued non-
linear function that relates the measurements to the system 
states.  Through the conventional Weighted Least Square 
(WLS) approach, the state vector xe is estimated by recursively 
forming the Jacobian matrix H(xe) = ∂ h(xe) / ∂xe, and solving 
the gain matrix equations: 
 ( ( ))e e

tG x H W z h xΔ = −     (2) 

with tG H WH= , where W is the diagonal matrix representing 
the inverse of the covariance matrix of w. 

The residual vector r , defined as being the difference 
between z and the corresponding filtered quantities ẑ , is 
normalized and submitted to a validation test  

  ( )
( ) ( )

( )
N

r

r k
r k threshold value

k
λ

σ
= ≤ ,                   (3) 

where ( )Nr k is the largest among all ( ) , 1, ,Nr i i m= … ; 

( ) ( , )r k k kσ = Ω is the Standard Deviation of the kth 
component of the residuals vector; and Ω  is the residual 
covariance matrix given by 

1 1 tW HG H− −Ω = − .                        (4) 
 If ( )Nr k λ> , the measurement with gross error is detected 
and the kth measurement will be the one with gross error 
(usually 3λ = [1]). 

III.  PROPOSED APPROACH 
The proposed approach comprises three phases: Phase 1 – 

Identification of Suspicious branches; Phase 2 – Suspicious 
parameters estimation; and Phase 3 – Validation of suspicious 
parameters estimative. 

A.  Phase 1 – Identification of suspicious branches 
A parameter error has the same effect on the estimated state 

as a set of correlated gross errors acting on all the 
measurements adjacent to the erroneous branch, namely the 
power flow measurements at that branch and the power 
injection measurements at the edge nodes [1]. As a 
consequence, if a branch parameter error is large enough, the 
measurements adjacent to that branch will likely have the 
normalized residuals above a pre-established limit. 

The proposed approach enables suspicious branch 
identification through the analysis of the measurement 
normalized residuals. Observe that as the proposed approach is 
off-line, it is possible to select particular recorded snapshots 
free of both measurement gross errors and topological errors. 

The proposed approach for the identification of suspicious 
branches uses three vectors: Measurement-to-Branch Vector 
(MBV); Suspicious-Branches Vector (SBV); and 
Identification-Index Vector (IIV), all of them with dimension 
(nlx1), where nl is the number of branches of the system. 

MBV shows how many measurements are incident to each 
branch of the system ( ( )MBV i j=  indicates that there are j 
measurements incident (or related) to branch i)1. SBV 

                                                           
1 A measurement is incident (or related) to a branch if it is either a power 

flow measurement at that branch or a power injection measurement at the 

indicates how many measurements incident to each one of the 
branches have normalized residuals larger than a specified 
threshold ( ( )SBV i k= indicates that there are k measurements 
incident to branch i with normalized residual larger than a 
specified threshold). Each element of IIV is the ratio between 
the corresponding elements of SBV and MBV, that is, 

( )( ) ( )
SBV iIIV i MBV i= . All the branches k with 

( ) 0IIV k ≠ will be classified as suspicious branches. However, 
the proposed approach gives more attention to those branches 
with ( ) 0.5IIV k ≥ . 

Fig. 1 presents the flowchart of the proposed approach, 
where: LSB is a List of Suspicious Branches, and LSBE is a 
List of Suspicious Branches whose parameters were Estimated 
and Validated. 

 
Figure 1. Flowchart of the proposed approach 

 
Considering those three vectors, the proposed algorithm for 

the identification of suspicious branches can be summarized as 
follows: 
Step 1: For a given snapshot of measurement initialize the 
MBV; 
Step 2: Run the conventional weighted least square (WLS) 
state estimator and obtain the measurement normalized 
residuals; 
Step 3: If there are normalized residuals larger than the 

                                                                                                      
terminal nodes of that branch. 
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detection threshold go to the next step (usually this value is 
equal to 3 [1]). Otherwise, end the algorithm. 
Step 4: Through the measurements with the normalized 
residuals larger than the detection threshold initialize the SBV 
and compute IIV. 
Step 5: Form a list of suspicious branches sorted according the 
value of the corresponding IIV element. In case of suspicious 
branches with the same IIV, the branch with the highest 
normalized residual will be considered the most suspicious. 

B.  Phase 2 – Suspicious parameters estimation 
The proposed off-line approach uses an augmented state 

estimator, here called parameter/state estimator, which 
increases the V-θ state vector (nodal voltage magnitudes and 
phase angles) for the inclusion of series parameters of the 
suspicious branches. The normal equations technique is used 
to deal with the augmented model. In order to enable reliable 
estimates, the estimation process is executed using sequential 
measurements of several snapshots. 

The idea is to use measurements of several snapshots and 
estimate the suspicious series branch parameters in a 
sequential form, taking advantage of the fact that those 
parameters can be considered time-invariant [1]. 

In general, the following procedure is proposed: 
Snapshot 1: initialize all bus voltages at flat start and the 
suspicious parameters with the available values. Considering 
the measurements available in this snapshot ( 1z ), estimate the 
V-θ state variables ( 1ˆex ) and the suspicious parameters ( 1p̂ ), 
using the parameter/state estimator mentioned above; 
Snapshot 2: initialize all bus voltages at flat start (as in 
snapshot 1), but the suspicious parameters are now initialized 
with the values estimated in the previous snapshot ( 1p̂ ). 
Considering the measurements available in this snapshot ( 2z ), 
estimate the V-θ state variables ( 2ˆex ) and the suspicious 

parameters ( 2p̂ ).  
The stopping criterion of the proposed procedure is the 

comparison between the magnitude of the suspicious 
parameter correction vector, obtained in two sequential 
snapshots ( 1ˆ ˆ ˆk kkp p p −Δ = − ), and a pre-established limit for the 

corrections. In this paper, every time a suspicious parameter 
correction obtained in two sequential snapshots 
( 1ˆ ˆ ˆk k k

i i ip p p −Δ = − ) is below 0.01, the corresponding parameter 

is removed from the augmented vector, that is, the estimated 
value has converged to the parameter value ( ˆ ˆ k

i ip p= ). 
The proposed parameter/state estimator works in a 

decoupled way, i.e., for each snapshot k the solutions for the 
complex voltage ( kVΔ ) and suspicious parameters ( kPΔ ) 
updates are obtained alternately and convergence is tested 
based on the maximum changes in both of these arrays (see 
next section). 

C.  Decoupled Parameter/State Estimator Formulation 
Observe that the proposed decoupled state/parameter 

estimator will be applied to each of the available snapshots in 

a sequential way, as described in section III.B. As a 
consequence, for each measurement snapshot it increases the 
V-θ state vector, here called Augmented State Vector (xAug), 
with the suspicious series branch parameters. Considering the 
proposed decoupling, xAug can be partitioned as ( , )Aug e px x x= , 
and equation (1) becomes: 

( , )Aug e pz h x x w= + ,                  (5) 

where ex  is the (nex1) V-θ state vector; px  is the (npx1) 

suspicious parameter vector; hAug(.) is a vector-valued non-
linear function that relates the measurements to the (Nx1) 
system augmented states, and ne, np , and N are, respectively, 
the number of V-θ state variables, suspicious parameters, and 
augmented variables to be estimated. 

Through the WLS approach the augmented state vector xAug 
is estimated by recursively forming the decoupled augmented 
Jacobian matrix 

( ) ( ) ( )
( ) Aug Aug Aug

Aug e p
Aug e p

h x h x h x
H x H H

x x x =

⎡ ⎤∂ ∂ ∂
⎡ ⎤= = Δ⎢ ⎥ ⎣ ⎦∂ ∂ ∂⎢ ⎥⎣ ⎦

 ,     (6) 

where eH  and pH  are, respectively, the Jacobian matrices of 

Augh with respect to ex  and px ; and solving sequentially, for 

ex  and px , the decoupled augmented Gain equation using the 

basic Gauss-Newton iterative process. To the ν-th iteration 
one has: 

[ ( , )]vT
e ee e pG x H W z h x xν νΔ = −       (7) 

1[ ( , )]vT
p pp e pG x H W z h x xν ν+Δ = −       (8) 

where: 

[ ] [ ][ ] v vt
e e e

v

G G
G H W H

G G
θ

θ θ

⎡ ⎤
= = ⎢ ⎥

⎣ ⎦
 

 
                  (9)

and 
[ ] [ ][ ] [ ]t

p p p pG H W H G= = .                 (10)

The steps of the proposed decoupled state/parameter 
estimator algorithm are given below:  
Step 1: Start iterations, set the iteration index 0ν = . 
Step 2: Initialize all bus voltages at flat start and the suspicious 
parameter vector considering the available values. 
Step 3: Solve [ ( , )]vT

e ee e pG x H W z h x xν νΔ = − . 

Step 4: Update 1v v v
e e ex x x+ = + Δ . 

Step 5: Solve 1[ ( , )]vT
p pp e pG x H W z h x xν ν+Δ = − . 

Step 6: Check if exΔ and pxΔ are lower than the convergence 

tolerance. If so, stop. Else, continue. 
Step 7: Update 1v v v

p p px x x+ = + Δ , 1ν ν= + , and go to step 3. 

The parameters to be estimated by the proposed approach 
are the series conductances (Gkm) and susceptances (Bkm) of 
long and medium length transmission lines. In the π-model 
these lines are characterized by non-zero shunt susceptances. 

Consequently, a system with “L” branches corresponding to 
those transmission lines and “nb” buses has “N=2nb-1+2L” 
Augmented States to be estimated.  

In order to improve the conditioning of matrices Ge and Gp, 
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the row and column scaling method was implemented to solve 
equations (7) and (8). 

D.  Phase 3 – Validation of suspicious parameters estimative 
This phase is necessary because, in reality to the effect of 

parameter error smearing; the identification process of 
suspicious branches (Phase 1) can fail, that is, it can 
incorrectly classify one branch as suspicious. As a 
consequence, after the parameters of the most suspicious 
branches are estimated, it is necessary to validate those 
estimative. 

To validate the estimate of the parameter of a given branch 
of the network, a conventional WLS state estimation is used 
considering the same measurement snapshot considered in 
Phase 1, so that it is processed considering the estimated value 
of that branch obtained in Phase 2, and not the available value 
in the database. After that, the IIV of that suspicious branch is 
calculated again. If this IIV do not decrease, in relation to that 
obtained in Phase 1, it means that branch was incorrectly 
indicated as suspicious branch. Otherwise, that estimative is 
validated. 

IV.  TESTS RESULTS 
This section presents the numerical results of the 

application of the proposed approach to the IEEE 14, 30 and 
57 bus systems (the parameters of those systems can be 
downloaded from [16]). Several simulations have been carried 
out using those systems. However, due to space limitations, 
only three representative scenarios will be considered here.  

The initial conditions were constructed in the following 
way: 
-Initial Parameters: errors were added only to the parameters 
that will be estimated. These errors are 30% of the correct 
values; 
- To simulate measurements of several snapshots, a temporary 
evolution of the system load associated with one typical load 
profile was considered. The curve of load of each bus of the 
system is composed of a percentage of the total load of the 
system; 
- Measurement values of each snapshot: these values were 
obtained from an exact load flow solution to which normally 
distributed noise was added. The measurement noise was 
assumed to have zero mean and standard deviation “σ” given 

by:
3
* fepr=σ , where fe is the meter full scale; pr is the 

meter precision (in this paper pr = 2%).  
- In order to apply the proposed approach, twenty sets of 
measurements were generated to simulate twenty consecutives 
snapshots. 
 

Remark 1: The values of measurements and parameters will 
be in p.u. 

Test 1: In this test the proposed approach is applied to the 
IEEE 14 bus system (the topology and the correct parameter 
values of this system can be downloaded from [16]). Multiple 

parameter errors are added simultaneously to the series 
admittance of branches 1-5, 2-3 and 2-4 (errors of 30% of the 
correct values of both series conductance and susceptance of 
those branches). Observe that the branches 2-3 and 2-4 are 
adjacent. 

Appling the proposed approach it is obtained (see Flowchart 
presented in Fig. 1): 

Phase 1: Identification of suspicious branches 
The first step in this phase is to initialize the MBV. After that, 
a conventional WLS estimator is processed and the 
measurement residuals are calculated. Through the 
measurements with normalized residuals larger than 3, the 
algorithm initializes the SBV, and computes the IIV. Checking 
the non-zero elements in IIV, a list of suspicious branches is 
formed. 

Table I presents the list of suspicious branches i 
with ( ) 0.5IIV i ≥ . 

Branch 2-3 is selected to be estimated. 
 

TABLE I 
LIST OF SUSPICIOUS BRANCHES WITH ( ) 0.5IIV i ≥ – SCENARIO 1 

Branch i MBV(i) SBV(i) IIV(i) 
2-3 10 7 0.7 
1-5 10 7 0.7 
3-4 10 7 0.7 
2-5 10 7 0.7 
2-4 10 7 0.7 
4-5 10 6 0.6 

 

Phase 2: Suspicious parameters estimation 
The value 1.0011-j4.2455 pu for the estimate of branch 2-3 

series admittance is obtained. 
As previously mentioned, to apply the proposed approach 

twenty sets of measurements were generated to simulate 
twenty consecutive snapshots. However, in the fourth snapshot 
the stopping criterion was satisfied in the execution of Phase 
2. 

Phase 3 – Validation of suspicious parameters estimative 
Those estimative are validated. Then, the database is 

updated, that is, the available series parameters of the branch 
2-3 are substituted by the estimated values. The list of 
candidate branches is eliminated (LSB = φ); Branch 2-3 is 
stored in the List of Suspicious Branches whose parameters 
were Estimated and Validated (LSBEV ←2-3). 

Phase 1: Identification of suspicious branches 
Table II presents the list of suspicious branches i 

with ( ) 0.5IIV i ≥ . 
Branch 2-5 is selected to be estimated. 

Phase 2: Suspicious parameters estimation 
 The branch 2-5 series admittance is estimated. 

Phase 3 – Validation of suspicious parameters estimative 
The estimative of the series parameters of the branch 2-5 are 

not validated. The next branch on the list of suspicious 
branches is selected (branch 1-5). 
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TABLE II 

LIST OF SUSPICIOUS BRANCHES WITH ( ) 0.5IIV i ≥ – SCENARIO 1 
Branch i MBV(i) SBV(i) IIV(i) 

2-5 10 7 0.7 
1-5 10 7 0.7 
2-4 10 6 0.6 
3-4 10 6 0.6 
2-3 10 6 0.6 
1-2 10 6 0.6 

Phase 2: Suspicious parameters estimation 
The value 0.9701-j3.9816 pu for the estimate of branch 1-5 

series admittance is obtained. In this phase the stopping 
criterion was satisfied in the eighth snapshot. 

Phase 3 – Validation of suspicious parameters estimative 
Those estimative are validated. Then, the database is 

updated, that is, the available series parameters of the branch 
1-5 are substituted by the estimated values. The list of 
candidate branches is eliminated (LSB = φ); Branch 1-5 is 
stored in the List of Suspicious Branches whose parameters 
were Estimated and Validated (LSBEV ←1-5). 

Phase 1: Identification of suspicious branches 
Branch 2-4 is the first branch in the new list of suspicious 

branches i with ( ) 0.5IIV i ≥ . 

Phase 2: Suspicious parameters estimation 
The value 1.5948-j4.8227 pu for the estimate of branch 2-4 

series admittance is obtained. In this phase the stopping 
criterion was satisfied in the third snapshot. 

Phase 3 – Validation of suspicious parameters estimative 
Those estimative are validated. Then, the database is 

updated, that is, the available series parameters of the branch 
2-4 are substituted by the estimated values. The list of 
candidate branches is eliminated (LSB = φ); Branch 2-4 is 
stored in the List of Suspicious Branches whose parameters 
were Estimated and Validated (LSBEV ←2-4). 

Phase 1: Identification of suspicious branches 
 There is branches identified as suspicious, but none of them 
has ( ) 0.5IIV i ≥ . The list LREV is not empty. 

Phase 2: Suspicious parameters estimation 
The parameters of the branch stored in the list LSBEV are 

estimated (branches 2-3, 1-5 and 2-4). The stopping criterion 
was satisfied in the fourth snapshot. 

Phase 3 – Validation of suspicious parameters estimative 
In the Validation process those estimative are validated; 

Stop. 
Table III presents the correct values, the initial values and 

the estimated values of the series impedances of the 
branches1-5, 2-3 and 2-4. The values of the estimated 
parameters were corrected from 30% to less than 1%, mainly 
the conductance of the branch 2-3. 

Table IV presents the state (complex voltage) estimated by 
the conventional WLS estimator processing the same 
measurement set but submitted to three condition in terms of 
parameter values of the series admittance of branches 1-5, 2-3 

and 2-4: (i) with errors in the series admittance of those 
branches (errors of 30% of the correct values of both series 
conductance and susceptance of those branches) (Column 2); 
(ii) the values considered to the series admittance of branches 
1-5, 2-3 and 2-4 are those estimated by the proposed approach 
(Column 3); and (iii) without errors in the series admittance of 
branches 1-5, 2-3 and 2-4 (Column 4).  

It is important to oserve that the state estimative obtained 
by the conventional WLS estimator making use of the 
estimated values of the series admittance of branches1-5, 2-3 
and 2-4, presented in Column 3 of Table IV, are very close to 
the state estimative obtained by it making use of the correct 
values of those parameters, presented in Column 3 of Table 
IV.  

TABLE  III 
SIMULATION RESULTS – SCENARIO 1 

 Initial* Estimated Correct %  of correction 

G15 0.7891 1.0364 1.0258 1.02 
B15 -3.2577 -4.2495 -4.2350 0.34 
G23 0.8731 1.1349 1.1350 0.01 
B23 -3.6783 -4.7925 -4.7818 0.22 
G24 1.2969 1.6886 1.6860 0.15 
B24 -3.9353 -5.1092 -5.1158 0.13 
* The initial values are contaminated with errors of 30% of the 
correct values 

 
TABLE  IV 

SIMULATION RESULTS – SCENARIO 1 

 Parameters 
with errors 

Parameters 
estimated 

Parameters 
with the correct 

values 
θ1(rad) 0.0000 0.0000 0.0000 
θ2 (rad) -0.0850 -0.0869 -0.0870 
θ3 (rad) -0.2379 -0.2220 -0.2222 
θ4 (rad) -0.1949 -0.1800 -0.1800 
θ5 (rad) -0.1680 -0.1531 -0.1532 
θ6 (rad) -0.2612 -0.2483 -0.2483 
θ7(rad) -0.2468 -0.2333 -0.2333 
θ8 (rad) -0.2468 -0.2333 -0.2333 
θ9 (rad) -0.2737 -0.2609 -0.2609 
θ10(rad) -0.2764 -0.2637 -0.2637 
θ11(rad) -0.2711 -0.2583 -0.2583 
θ12(rad) -0.2758 -0.2632 -0.2633 
θ13(rad) -0.2772 -0.2646 -0.2647 
θ14(rad) -0.2923 -0.2800 -0.2800 
V1 (pu) 1.0732 1.0595 1.0595 
V2 (pu) 1.0583 1.0444 1.0444 
V3 (pu) 1.0177 1.0094 1.0094 
V4 (pu) 1.0256 1.0170 1.0171 
V5 (pu) 1.0274 1.0189 1.0189 
V6 (pu) 1.0785 1.0693 1.0694 
V7 (pu) 1.0700 1.0608 1.0609 
V8 (pu) 1.0983 1.0892 1.0893 
V9 (pu) 1.0646 1.0553 1.0554 
V10 (pu) 1.0597 1.0504 1.0504 
V11(pu) 1.0655 1.0562 1.0563 
V12(pu) 1.0638 1.0544 1.0545 
V13(pu) 1.0591 1.0497 1.0498 
V14(pu) 1.0444 1.0349 1.0350 

 

Test 2: In this test it will be analyzed the capacity of the 
proposed approach to obtain good estimative for different 
percentages of errors in the parameters of a certain branch of 
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the IEEE 30 bus system, as well as it was accomplished in [4]. 
The topology and the correct parameter values of that system 
can be downloaded from [16]. 

 
Three situations will be considered: 

Situation 1: Errors only in the serie susceptance of the branch 
10-20 (errors from 5% to 80% of the correct values). The 
correct value of that parameter is 3.9854 p.u. 

Table V presents: the value of that parameter processed by 
the proposed approach, that is with error, (Column 2); the 
percentage of errors applied in that parameter (Column 3); the 
estimated values (Column 4); and the percentage of correction 
(Column 5). 

TABLE  V 
SIMULATION RESULTS – SITUATION 1 

Case Initial 
Values 

% error 
(original) 

Estimated 
Value 

(b) 

%  of 
correction 

1 -3.7850 5 -3.9622 0.5821 
2 -3.5850 10 -3.9620 0.5871 
3 -3.1850 20 -3.9621 0.5846 
4 -2.3850 40 -3.9620 0.5871 
5 -0.7850 80 -3.9619 0.5897 

 
 
Situation 2: Errors only in the serie susceptance of the branch 
2-4 (errors from 5% to 80% of the correct values). The correct 
value of that parameter is -5.1974p.u. 

Table VI presents: the value of that parameter processed by 
the proposed approach, that is with error, (Column 2); the 
percentage of errors applied in that parameter (Column 3); the 
estimated values (Column 4); and the percentage of correction 
(Column 5). 

TABLE  VI 
SIMULATION RESULTS – SITUATION 2 

Case Initial 
Values 

% error 
(original) 

Estimated 
Value 

(b) 

%  of 
correction 

1 -5.4570 5 -5.1922 0.1001 
2 -5.7170 10 -5.1919 0.1058 
3 -6.2380 20 -5.1920 0.1039 
4 -7.2740 40 -5.1921 0.1020 
5 -9.3870 80 -5.1919 0.1058 

 
 
It is important to observe that the proposed approach allows 

correcting the error significantly in the parameter, even in the 
presence of an error of up to 80%. 

In the Tables VII and VIII, are the results of the application 
of the parameter estimation method proposed in [4], for 
analysis of situations 1 and 2, respectively.  

Remark that, the method proposed in [4] is based on the 
residual sensitivity analysis. 

Test 3: Multiple parameter errors in the conductance and 
susceptances series of the adjacent branches 4-5 and 9-10 of 
the IEEE 57-bus system (errors of 30% of the correct values). 

Table IX presents the correct values, the initial values and 
the estimated values of the series impedances of the branches 
4-5 and 9-10. The values of the estimated parameters were 

corrected from 30% to less than 0.01%, mainly the serie 
suceptance of the branch 4-5.  

 
TABLE VII 

SIMULATION RESULTS – SITUATION 1 (PROPOSED ESTIMATOR IN  [4] ) 
Correct Value b=-3.9854 

Case Initial 
Condition 

% error 
(original) 

Estimated 
Value 

(b) 

%  of 
correction 

1 -3.7850 5 -3.9700 0.38 
2 -3.5850 10 -3.9500 0.88 
3 -3.1850 20 -3.8930 2.30 
4 -2.3850 40 -3.6850 7.51 
5 -0.7850 80 -2.5310 36.47 

TABLE VIII 
SIMULATION RESULTS – SITUATION 2 (PROPOSED ESTIMATOR IN  [4] ) 

Correct Value b=5.1974 

Case Initial 
Condition 

% error 
(original) 

Estimated 
Value 

(b) 

%  of 
correction 

1 -5.4570 5 -5.1920 0.10 
2 -5.7170 10 -5.1870 0.19 
3 -6.2380 20 -5.1760 0.43 
4 -7.2740 40 -5.1480 0.96 
5 -9.3870 80 -5.0820 2.23 

TABLE IX 
SIMULATION RESULTS – SCENARIO 3 

 Initial* Estimated Correct %  of 
correction 

G4-5 3.8091 2.9499 2.9301 0.67 
B4-5 -8.0449 -6.1878 -6.1884 0.01 
G9-10 1.6232 1.2444 1.2486 0.33 
B9-10 7.3859 -5.6535 -5.6815 0.49 
* The initial values are contaminated with errors of 30% of the correct 
values 

V.  CONCLUSIONS 
This paper presented an efficient and practical off-line 

approach to validate (parameter error identification and 
correction) series branch parameters of power system based on 
historical series of data. 

The augmented state vector is estimated in a decoupled 
way, offering more robustness to the estimation algorithm as it 
avoids the ill-conditioning of the gain matrix.  

In order to show the potentiality of the proposed approach, 
test results were presented, considering scenarios with 
multiple parameter errors in adjacent and non-adjacent 
branches. 

Appreciating the results obtained in all the completed tests, 
we can affirm that: 
- The proposed approach makes possible good estimative, 
even in the presence of one or more errors in the series 
parameters of transmission lines, the same as adjacent lines; 
- Through the propose approach, it is possible to obtain good 
estimative for different percentages of errors in a parameter, 
even in the presence of measurements with noise;  

- Comparing the results obtained by the proposed approach, 
as were shown in the Tables V and VI, with those obtained by 
the method proposed in [4], and shown in the Tables VII and 
VIII, we have proved the viability of that methodology. It is 
important to highlight, however, that, using these results as the 
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basis; we cannot affirm that our approach is superior to the 
method developed in [4]. This is because, the group of 
measurements used in that reference was not presented; it is 
not possible to accomplish a more accurate comparison 
between the two methodologies of estimation of parameters. 
However, in any way, it is already an indicative of the 
viability of the proposed approach. 
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