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A B S T R A C T   

An efficient operation of a power system relies on the use of a huge amount of information. Among those are the 
transmission line parameters. It is crucial that such parameters, which are stored at the control center’s database, 
are as accurate as possible. This paper proposes a robust and efficient method for identifying and correcting 
erroneous transmission line parameters, using a dedicated parameter estimator, based on measurements from 
both SCADA and phasor measurement units (PMUs). Besides, the parameter estimator is part of an integrated 
framework for the evaluation of erroneous transmission line parameters considering all lines in the network, 
namely, those with PMUs at both ends, PMU at one end, as well as transmission lines without any PMUs at their 
ends. The proposed method proved to be effective for identifying and correcting line parameters, even in situ-
ations where relatively large measurement noise is present, because of the low accuracy of measuring devices 
and instrument transformers. Simulations with the IEEE 14-, 118- and 300-bus systems were carried out to 
evaluate the performance of the proposed method.   

1. Introduction 

The challenges associated with efficient monitoring and control of 
power systems in real-time have been long recognized [1]. Over the 
years, developments associated with technological aspects, as well as 
with the electricity market, led power systems’ equipment to operate 
close to their physical limits. Consequently, systems became more likely 
to experience contingencies that may lead to interruptions and even 
blackouts. A robust and efficient operation of power systems may 
minimize the occurrence of faults, and provide appropriate handling in 
case they occur, guaranteeing the quality and continuity of the elec-
tricity supply, avoiding risks to human life as well as economic losses. 

The development of the synchronized measurement technology 
allowed the deployment of PMUs throughout power grids. The syn-
chrophasors, along with the conventional measurements from SCADA, 
are used in several tasks carried out at the control center. Among those 
tasks, the state estimator (SE) benefited significantly from the presence 
of synchrophasors, with a great impact on its accuracy [1]. The SE, as 
well as many other applications, as fault location, protective relay set-
tings, and security analysis [2], makes extensive use of transmission line 
parameters in its model. Therefore, the accuracy of such parameters is a 

crucial requirement for a reliable and efficient operation of power grids 
[3]. According to [4], the performance of the hybrid state estimator 
(HSE) can be significantly affected by inaccurate transmission line pa-
rameters. Moreover, the impact of uncertain line parameters can 
contribute more to the HSE accuracy than the impact of measurement 
uncertainties [4]. 

Determining the exact values of transmission line parameters is not 
an easy task. First, they are affected by several factors, such as envi-
ronmental and human, as well as modeling inaccuracies [5]. Also, pa-
rameters are affected, for instance, by the several joints made 
throughout the length of the line. Significant mismatches between the 
actual line parameters and the ones stored in the control center database 
can also be caused by changes in the network configuration without the 
appropriate updating of such changes in the database and the miscal-
culation of transmission lines’ lengths [6]. As reported in [7], real-life 
variations from the ideal conditions, allied to a relatively small num-
ber of actual measurements, can result in errors in the database pa-
rameters as compared to the actual, real-life values, which can be as high 
as 30% [5,6,8,9]. 

To this date, the installation of PMUs at every bus of a power system 
may not be economically viable. Therefore, utilities have been allocating 
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PMUs at selected sites only. In this case, phasor measurements are used 
in conjunction with existing SCADA measurements to improve the ac-
curacy of several control center applications [10]. 

In [11–15], a residual sensitivity analysis was used to identify 
parameter errors, whereas a state vector augmentation was used in 
[16–24]. According to [5], the identification of erroneous line param-
eters relies on the largest normalized residuals (LNR). Since errors in the 
parameters have the same effect on the estimated state as a set of 
correlated errors acting on all measurements adjacent to the erroneous 
branch, the identification of suspicious parameters is usually carried out 
by residual sensitivity analyses [2,25,26]. Ref. [25] proposed an iden-
tification index to identify suspicious lines whose parameters may be 
wrong. Each branch is associated with an index corresponding to the 
percentage of the total number of measurements adjacent to that branch 
whose normalized residuals are larger than a specified threshold. 

In [27], a method was proposed to identify incorrect parameters 
associated with the power network model, based on the Lagrange mul-
tipliers of the parameter constraints. An advantage of this method is that 
both the normalized measurement residuals and parameter error 
Lagrange multipliers can be computed, allowing their identification 
even when they appear simultaneously. Errors in the parameters of 
shunt devices such as capacitors or reactors can be detected but not 
identified, due to the lack of redundancy. The methodology proposed in 
[28] was an improvement of the method based on the Lagrange multi-
pliers via the use of multiple measurement scans rather than a single 
scan, but the method failed to identify errors in certain types of pa-
rameters even with high measurement redundancy. Ref. [29] was con-
cerned with the identification of network parameter errors, known to 
influence the state estimation solution. The parameter error identifica-
tion techniques described earlier implicitly assume the availability of a 
set of conventional measurements. It is shown that the identification of 
certain parameter errors based on these conventional measurements, 
even if redundant, is not always possible. In [30], a systematic method 
for the strategic phasor measurement placement was presented, to 
ensure error identification for all network parameters irrespective of the 
existing network topology. 

After the branches with parameter errors are identified, the correc-
tion of such errors should be carried out, and the database should be 
updated. The methodology proposed in this paper uses the LNR test to 
identify the branches with errors in their parameters. 

A method for estimating the positive sequence line parameters was 
proposed in [31]. It is assumed that there are PMUs on both sides of the 
line. The parameters are estimated based on several measurements for 
different operating scenarios while considering bad measurements and 
synchronizing errors. This method is based on the lumped-parameter 
model for long lines. 

The transmission line parameter method proposed in [9] also as-
sumes that the lines have PMUs at both sides. Additionally, correction 
factors for PMU measurements are also provided. As mentioned in [9], 
the correct implementation of the method requires one pre-calibrated 
potential transformer and one pre-calibrated current transformer 
sending measurements to a pre-calibrated PMU. The authors reported 
that measurement noise affects the method’s accuracy significantly. 

In [32], a method for estimating short transmission line parameters 
from synchrophasor measurements. It is assumed that the line has two 
PMUs installed at its terminals. Two methods are proposed namely, 
linear, and non-linear regression techniques. The former showed supe-
rior performance, but it is particularly sensitive to random noise, leading 
to larger errors in the estimated series resistance. 

In [33], a transmission line parameter estimation method was 
formulated as a least-squares, curve-fitting problem. The detection of 
bad data is based on the normalized residuals after the estimation of the 
parameters. In case bad data is detected, they are removed, and the 
calculation process is repeated. The authors claim that the proposed 
method can be extended to compute the other sequence parameters. 

Refs. [5] and [6] proposed a method for identifying and correcting 

erroneous transmission line parameters which have a PMU at either one 
of their ends. The method is based on the HSE solution using the con-
ventional weighted least squares (WLS) method [27]. The erroneous 
parameter identification is based on the Lagrange multipliers of the 
network, and their correction uses multiple instantaneous measure-
ments [28] and measurements coming from strategically located PMUs 
[30]. 

The method proposed in this paper is a development of the method 
proposed in [5] and [6]. The main idea is to identify and correct occa-
sional errors in the positive sequence line parameters [5,6,31,33]. Those 
parameters are the series ones (resistance and reactance) as well as the 
shunt one (susceptance) of the lumped line representation, while the 
shunt conductance was neglected, as it is usually done [31,34]. In 
addition to identifying and correcting erroneous parameters of trans-
mission lines with a PMU at one of their ends, the idea is to check all 
other types of branches, including those with PMUs at both ends and 
those which are not connected to any PMUs, according to coordinated 
steps that will be explained in the following sections. 

The proposed method is carried out with the execution of four main 
steps: (1) branch classification; (2) identification of erroneous line pa-
rameters using the LNR test; (3) detection and analysis of bad data in the 
measurement vector; and (4) development of specific procedures to es-
timate the parameters of all lines, depending on the branch classification 
of step (1). 

The contributions of this paper are: 

• The implementation of an efficient and accurate parameter correc-
tion procedure.  

• The proposal of a way to estimate the parameters of branches 
without any PMU at their ends in a more accurate way.  

• The identification and correction of line parameters even in the 
presence of errors in multiple lines  

• The proposal of a routine procedure for line parameter update. 

2. The proposed approach 

In this section, the proposed method for the identification of erro-
neous line parameters and their correction are described in detail. 

2.1. Hybrid state estimator 

The identification and correction of line parameters are closely 
coupled with state estimation procedures. The hybrid state estimator 
(HSE) proposed in [1] is used in this paper. The objective of the state 
estimation is to determine the most likely state of the system (nodal 
voltage magnitudes and phase angles), which is determined by a 
weighted least squares (WLS) approach. Thus, the state vector x is 
determined by minimizing the weighted residuals between the esti-
mated and the actual acquired measurements [4]. Based on the WLS 
model, the state estimation consists of minimizing 

J(x) = [z − h(x) ]R− 1⌈z − h(x) ⌉, (1)  

where z is the vector of the measurements, h(x) is a vector of non-linear 
equations that relate the state variables to the measurements, and R is 
the measurement covariance matrix. The optimal state vector x is 
determined by setting the derivative of (1) to zero. By expanding the 
derivative of J(x) using the Taylor series and neglecting the higher-order 
terms, state vector x can be obtained iteratively using the Gauss-Newton 
method [2]. 

xk+1 = xk +
[
G
(
xk
) ]− 1HT ( xk

)
R− 1[z − h

(
xk
) ]

, (2)  

where H(x) is the Jacobian matrix (derivative of h(x) with respect to x), 
and G(x) = HT(x)R− 1H(x) is the gain matrix.

The HSE uses both conventional SCADA (power flows, power in-
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jections, and nodal voltage magnitudes) and synchronized measure-
ments (nodal voltage and branch current phasors). Although the inclu-
sion of phasor measurements in the state estimator can improve the 
performance of the estimation algorithm, this is achieved at the expense 
of the convergence speed during the iterative procedure [4,35,36], 
mainly due to the measured current phasor. An alternative formulation 
proposed in [1] uses the current phasor measurement indirectly. For a 
PMU installed at bus i, the pseudo flow measurements are calculated as 

Pijpseudo = ViIijcos
(
θi − θij

)
, and (3)  

Qijpseudo = ViIijsin
(
θi − θij

)
(4) 

The measurement vector for the HSE is 

z =
[
Pf PfpsPinjQf QfpsQinjθvmuVm1

]
(5) 

Subscripts f , fps, inj represent respectively power flows, pseudo 
power flows, and power injections. Also, subscripts vmu and m1 repre-
sent bus voltage phase angles and magnitudes obtained from PMUs. The 
HSE receives information on the line power flows, bus power injections, 
line parameters, bus voltage magnitudes, and phase angles, and provides 
the estimate of bus voltage magnitudes and phase angles. 

The procedure for identifying branches with errors in their param-
eters is based on the LNR test, which is applied using the estimated 
states. The measurement residuals r are 

r = z − h(x̂), (6)  

where x̂ is the estimated state vector. 
According to [2], the measurement residuals can be expressed as 

(r = S⋅e). Matrix S represents the sensitivity of the measurement re-
siduals to the measurement errors e. The WLS estimation assumes that 
the measurement errors have a normal distribution, characterized by 
ei N(0,Rii)for all i. Using the linear relationship between the measure-
ment residuals and the errors, the mean, and the covariance, and hence 
the probability distribution of the measurement residuals can be ob-
tained as 

cov(r) = Ω = S⋅R. (7) 

The normalized residual of measurement i is obtained by dividing its 
absolute value by the corresponding diagonal entry in the residual 

covariance matrix. 

rNi =
|ri|
̅̅̅̅̅̅
Ωii

√ =
|ri|
̅̅̅̅̅̅̅̅̅̅
RiiSii

√ . (8) 

The normalized residual vector rN follows a zero mean, normal dis-
tribution, with covariance matrix ̂I©, i.e., r N(0,Ω)

For a transmission line connecting buses i and j, the conventional and 
pseudo power flow measurements are 

Pij = V2
i

(
gsi + gij

)
− ViVj

(
gijcos

(
θi − θj

)
+ bijsin

(
θi − θj

) )
and (9)  

Qij = − V2
i

(
bsi + bij

)
− ViVj

(
gijsin

(
θi − θj

)
− bijcos

(
θi − θj

) )
(10) 

Eqs. (9) and (10) show that Pij and Qij depend on the estimated states 
(Vandθ) and the transmission line parameters. According to [3], the 
properties of the normalized residuals for a single bad data in the 
measurement set can be used to devise a test for identifying and sub-
sequently eliminating bad data. The test is referred to as the largest 
normalized residual test and comprises the following steps: (a) solve the 
WLS estimator and obtain the elements of the measurement residual 
vector (ri),i = 1⋯m; (b) compute the normalized residuals (8); (c) find k 
such that rN

k is the largest among all rN
i , i = 1⋯m; (d) if rN

k > c, then the 
kth measurement will be suspected as bad data, else stop, where c is a 
chosen identification threshold (assumed as 3). Based on (8) and the 
LNR test, the method proposed in this paper uses the same criterion as 
[5] to identify the branches with possible errors in their parameters. All 
identified branches constitute the set of candidate erroneous branches. The 
conditions for such identification are:  

(a) If a power flow measurement (conventional or pseudo) presents a 
residual greater than 3, and it is also related to the analyzed 
branch, then this branch is added to the set of candidate erroneous 
branches.  

(b) If a power flow measurement (conventional or pseudo) has a 
residual greater than 3, and it is related to a branch connected to 
the analyzed branch, then this branch is added to the set of 
candidate erroneous branches. This inclusion of those branches is 
necessary since measurement residuals can interact between 
them. 

After the vector of measurement residuals is built each branch is 
checked according to the conditions above and then, the set of candidate 
erroneous branches is determined. The new estimated states provided by 
HSE are used for computing J, which represents the sum of the squared 
residuals and, as in [5], this value is saved. 

2.2. Branch classification 

The method proposed in this paper is based on classifying the 
branches according to the network topology and the location of the 
PMUs. In [5], two types of network branches are identified, namely the 
observable branches and the branches of interest. Observable branches are 
those monitored by a PMU installed at either one of their ends, and 
branches of interest are those connected to an observable branch. In this 
paper, the idea of classifying branches is extended, and other types of 
branches are also defined, as illustrated in Fig. 1, taking a six-bus power 
system as an example. 

According to Fig. 1, PMUs are installed at buses 1 and 2, thus, the 
branches are classified into the following four groups.  

(1) Group A: branches have PMUs connected at both ends (branch 
1–2).  

(2) Group B: branches have a PMU connected at either end (branches 
1–3 and 2–4).  

(3) Group C: branches directly connected to branches from Group B 
(branches 3–5 and 4–6). 

Fig. 1. Six-bus example system.  

Fig. 2. π-nominal model of a transmission line.  
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(4) Group D: branches not included in the former groups (branch 
5–6). 

Note that the purpose of the method proposed in this paper is to 
estimate line parameters assuming the existing PMUs, that is, PMUs that 
had been previously allocated to specific buses. Therefore, the allocation 

of such PMUs is out of the scope of this paper. 

2.2.1. Parameters of the branches from group A – Direct calculation 
Fig. 2 shows the π-nominal model of a transmission line, where the 

parameters are [4] the series (ysr) and shunt (ysh) admittances. The series 
admittance comprises the series conductance (gsr) and series suscep-
tance (bsr). The shunt admittance comprises the shunt susceptance (bsh)

and the shunt conductance (gsh), being the latter usually neglected. 
PMUs located at buses s and r can measure voltage phasors at the 

terminal buses (Vs and Vr) as well as the current phasors flowing from 
those buses (Is and Ir). The transmission line parameters are calculated 
directly by 

ysr =
Vs.Ir + Vr .Is
V2
s − V2

r

and (11) 

Fig. 3. Flowchart of the parameter estimation procedure.  

Table 1 
Location of the measurements – IEEE 14-bus system.  

Power flow measurements (bus #–bus #) Injection 
measurements (bus#) 

PMU 
(bus#) 

1–2, 1–5, 2–3, 2–4, 2–5, 3–4, 4–5, 4–7, 4–9, 
5–6, 6–11, 6–12, 6–13, 7–8, 7–9, 9–10, 
9–14, 10–11, 12–13, 13–14 

1, 2, 3, 4, 6, 9, 10, 11, 
13, 14 

2, 6, 9  

Table 2 
Single line errors – series parameters – IEEE 14-bus system.  

Line (bus#–bus#) [group] True value (pu) Estimated value 
(pu) 

Estimation 
error (%) 

gsr  bsr  gsr  bsr  gsr  bsr  

(1–2) [B]  4.999  15.263  4.988  15.237  0.22  0.17 
(2–3) [B]  1.135  4.781  1.129  4.749  0.52  0.66 
(2–4) [B]  1.686  5.116  1.683  5.111  0.17  0.09 
(2–5) [B]  1.701  5.194  1.701  5.193  0.00  0.01 
(6–11) [B]  1.955  4.094  1.940  4.095  0.76  0.01 
(6–12) [B]  1.526  3.176  1.521  3.174  0.32  0.06 
(6–13) [B]  3.099  6.103  3.091  6.101  0.25  0.03 
(9–10) [B]  3.902  10.365  3.902  10.364  0.00  0.01 
(9–14) [B]  1.424  3.029  1.423  3.028  0.01  0.01 
(7–9) [B]  0.000  9.090  0.000  9.052  0.00  0.42  

Table 3 
Single line errors–shunt parameters – IEEE 14-bus system.  

Line (bus#–bus#) 
[group] 

True value 
(pu) 

Estimated value 
(pu) 

Estimation error 
(%) 

bsh  bsh  bsh  

(1–2) [B] 0.0520 0.0520  0.00 
(2–3) [B] 0.034 0.034  0.00 
(2–4) [B] 0.0346 0.0346  0.00 
(2–5) [B] 0.0350 0.0350  0.00 
(6–11) [B] 0 0  0.00 
(6–12) [B] 0 0  0.00 
(6–13) [B] 0 0  0.00 
(9–10) [B] 0 0  0.00 
(9–14) [B] 0 0  0.00 
(7–9) [B] 0 0  0.00  
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ysh =
Is − Ir
Vr + Vs

. (12) 

For a transmission line with PMUs at both terminals, the precision of 
the direct calculation from (11) and (12) depends on the PMUs’ 
calibration. 

2.2.2. Parameters of the branches from group B – Linear parameter 
estimation 

According to [5], a linear transmission line parameter estimator is 
applied to the calculation of the parameters of branches from group B 
only. For a PMU installed at bus s, the relationship between the line 
parameters and the voltages and currents at both ends of the line is 

[
Irs
Iis

]

=

[
Vr
s − Vr

r − Vi
s + Vi

r − Vi
s

Vi
s − Vi

r Vr
s − Vr

r Vr
s

]⎡

⎣
gsr
bsr
bsh

⎤

⎦, (13)  

where Ir
s and Ii

s are the real and imaginary terms of the current flowing 
from s to r. Vr

s , Vi
s, Vr

r , and Vi
r are the real and imaginary terms of the 

voltages at buses s and r, respectively. Vs and Is are measurements 
provided by the PMU located at bus s, while the voltage phasor at bus r is 
obtained from HSE. 

Eq. (13) corresponds to an under-determined system of equations. In 

Table 4 
Multiple line errors – IEEE 14-bus system.  

Line (bus#–bus#) [group] Estimated value (pu) Estimation error (%) 

gsr  bsr  bsh  gsr  bsr  bsh  

(1–2) [B]  4.989  15.233  0.045  0.20  0.20  2.70 
(2–3) [B]  1.136  4.786  0.033  0.09  0.10  3.00 
(2–4) [B]  1.690  5.123  0.033  0.24  0.14  3.00 
(2–5) [B]  1.708  5.204  0.052  0.41  0.19  0.00  

(6–11) [B]  1.923  4.096  0.000  1.64  0.05  0.00 
(6–12) [B]  1.504  3.164  0.000  1.44  0.38  0.00 
(6–13) [B]  3.038  6.093  0.000  1.47  0.16  0.00  

(7–9) [B]  0.000  9.082  0.000  0.00  0.09  0.00 
(9–10) [B]  3.903  10.374  0.000  0.03  0.09  0.00 
(9–14) [B]  1.425  3.029  0.000  0.07  0.00  0.00  

(1–2) [B]  4.997  15.262  0.043  0.04  0.01  1.90 
(2–3) [B]  1.134  4.782  0.035  0.09  0.02  2.90 
(6–11) [B]  1.906  4.095  0.000  2.51  0.02  0.00 
(6–12) [B]  1.493  3.161  0.000  2.16  0.47  0.00 
(6–13) [B]  3.043  6.090  0.000  1.81  0.21  0.00 
(7–9) [B]  0.00  9.089  0.000  0.00  0.01  0.00  

(1–2) [B]  4.997  15.260  0.043  0.04  0.02  1.90 
(2–3) [B]  1.134  4.782  0.034  0.00  0.02  0.00 
(2–5) [B]  1.701  5.193  0.053  0.00  0.02  0.40 
(7–9) [B]  0.000  9.090  0.000  0.00  0.00  0.00 
(9–14) [B]  1.425  3.028  0.000  0.07  0.03  0.00  

(6–13) [B]  3.098  6.102  0.000  0.03  0.02  0.00 
(9–14) [B]  1.423  3.029  0.000  0.05  0.00  0.00  

Table 5 
Single line errors – series parameters – branches from group C – IEEE 14-bus 
system.  

Line (bus#–bus#) [group] True value (pu) Estimated value 
(pu) 

Estimation 
error (%) 

gsr  bsr  gsr  bsr  gsr  bsr  

(1–5) [C]  1.026  4.235  1.025  4.235  0.09  0.00 
(3–4) [C]  1.986  5.069  1.985  5.071  0.05  0.03 
(4–5) [C]  6.841  21.579  6.813  21.512  0.40  0.31 
(7–8) [C]  0.000  5.677  0.000  5.653  0.00  0.42 
(10–11) [C]  1.881  4.403  1.865  4.405  0.85  0.04 
(12–13) [C]  2.489  2.252  2.488  2.252  0.04  0.00 
(13–14) [C]  1.137  2.315  1.136  2.315  0.08  0.00  

Table 6 
Location of PMUs and ZIBs – IEEE 118-bus system.  

ZIB (bus #) PMU (bus#) Number of 
PMUs 

5, 9, 30, 37, 38, 63, 
64, 68, 71, 81 

2, 8, 11 12, 15, 19, 21, 27, 31, 32, 34, 40, 45, 
49, 52, 56, 62, 65, 72, 75, 77, 80, 85, 86, 90, 
94, 101, 105, 110 

29  

Table 7 
Multiple line errors – series parameters – IEEE 118-bus system.  

Line (bus#–bus#) 
[group] 

True value (pu) Estimated value 
(pu) 

Estimation 
error (%) 

gsr  bsr  gsr  bsr  gsr  bsr  

(49–66) [B]  4.114  20.980  4.113  20.979  0.00  0.00 
(61–62) [B]  5.561  25.377  5.561  25.376  0.00  0.00 
(83–85) [B]  1.810  6.231  1.810  6.230  0.00  0.00  

(2–12) [A]  4.512  14.864  4.513  14.857  0.00  0.00 
(7–12) [B]  7.006  27.635  6.989  27.503  0.20  0.50 
(17–31) [B]  1.777  5.859  1.777  5.859  0.00  0.00 
(32–113) [B]  1.367  4.512  1.366  4.511  0.10  0.00  

(62–67) [B]  1.797  8.151  1.793  8.212  0.20  0.70 
(62–66) [B]  0.967  4.373  0.968  4.384  0.10  0.30 
(60–62) [B]  3.729  17.008  3.639  16.948  2.50  0.40 
(61–62) [B]  5.561  25.377  5.646  25.996  1.50  2.40  

(80–96) [B]  1.035  5.292  1.036  5.293  0.10  0.00 
(80–97) [B]  2.020  10.311  2.024  10.314  0.20  0.00 
(80–98) [B]  1.946  8.830  1.948  8.836  0.10  0.10 
(80–99) [B]  1.020  4.630  1.020  4.631  0.00  0.00 
(77–80) [A]  8.927  27.190  8.927  27.191  0.00  0.00  

(1–2) [B]  2.780  9.167  2.778  9.165  0.10  0.00 
(5–11) [B]  4.042  13.307  4.003  13.469  1.00  1.20 
(3–12) [B]  1.732  5.726  1.731  5.725  0.10  0.00 
(15–17) [B]  6.334  20.970  6.334  20.970  0.00  0.00 
(19–34) [A]  1.128  3.705  1.128  3.704  0.00  0.00 
(32–113) [B]  1.367  4.512  1.366  4.511  0.10  0.00 
(34–36) [B]  10.968  33.749  10.969  33.751  0.00  0.00 
(40–42) [B]  1.518  5.004  1.517  5.004  0.10  0.00 
(37–40) [B]  1.868  5.293  1.868  5.293  0.00  0.00 
(49–54) [B]  1.764  6.411  1.764  6.411  0.00  0.00 
(52–53) [B]  1.427  5.763  1.427  5.762  0.00  0.00 
(56–59) [B]  2.461  7.376  2.460  7.375  0.00  0.00 
(62–67) [B]  1.797  8.151  1.797  8.150  0.00  0.00 
(38–65) [B]  0.919  10.058  0.919  10.057  0.00  0.00 
(69–77) [B]  2.770  9.054  2.769  9.053  0.00  0.00 
(76–77) [B]  1.860  6.199  1.859  6.198  0.10  0.00 
(80–99) [B]  1.020  4.630  1.020  4.630  0.00  0.00 
(85–89) [B]  0.784  5.672  0.784  5.671  0.00  0.00 
(90–91) [B]  3.327  10.951  3.332  10.969  0.20  0.20 
(103–105) [B]  1.828  5.552  1.827  5.551  0.10  0.00  

Table 8 
Single line errors – series parameters – IEEE 118-bus system.  

Line (bus#–bus#) 
[group] 

True value (pu) Estimated value 
(pu) 

Estimation 
error (%) 

gsr  bsr  gsr  bsr  gsr  bsr  

(2–12) [A]  4.512  14.864  4.512  14.855  0.00  0.06 
(11–12) [A]  14.181  46.715  14.182  46.710  0.00  0.00 
(15–19) [A]  7.074  23.226  7.074  23.221  0.00  0.00 
(19–34) [A]  1.128  3.705  1.128  3.705  0.00  0.00 
(31–32) [A]  2.814  9.301  2.813  9.288  0.00  0.13 
(27–32) [A]  3.679  12.129  3.678  12.129  0.00  0.00 
(45–49) [A]  1.742  4.736  1.741  4.713  0.00  0.48 
(75–77) [A]  1.379  4.588  1.379  4.562  0.00  0.56 
(77–80) [A]  8.927  27.190  8.925  27.150  0.00  0.14 
(85–86) [A]  2.140  7.521  2.139  7.507  0.04  0.18  
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[6], several instantaneous measurements (snapshots) are obtained and 
put together to form an over-determined system of equations, as shown 
in (14). 
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Using the least square formulation, the problem in (14) can be solved 
and the line parameters are calculated by 

p =
(
MT ⋅M

)− 1⋅MT ⋅I (15)  

where p is the array of line parameters, M is a matrix that relates the line 
parameters to the current phasors, and I is an array that contains the 
current measurements from several snapshots (taken in a short time 
period). In [37], (15) was used iteratively for the calculation of p, 
resulting in more accurate parameter estimates than those in [6], as it 
will be shown in simulation results. 

The iterative process is carried out as follows.  

(1) Obtain the voltages and currents from bus s (from a PMU) and the 
voltages from bus r (from SCADA) for n snapshots.  

(2) Compute the line currents s-r and r-s.  
(3) Compute the line parameters using (15).  
(4) Insert the computed line parameters into the system’s database.  
(5) If tol < max{Δgsr, Δbsr, Δbsh}, where Δgsr =

⃒
⃒gk+1

sr − gk
sr
⃒
⃒, Δbsr =

⃒
⃒
⃒bk+1

sr − bk
sr

⃒
⃒
⃒, and Δbsh =

⃒
⃒
⃒bk+1

sh − bk
sh

⃒
⃒
⃒, exit. Otherwise, continue.  

(6) Run HSE and go to step (1). 

For practical purposes, tol can be set to 10− 3pu. 

2.2.3. Parameters of the branches from groups C and D – Linear parameter 
estimation 

These branches do not have any PMUs connected at their ends. 
Therefore, the parameter calculation procedures for groups A and B 
described previously are not directly applicable. On the other hand, 
errors in their parameters may affect the results from HSE, as discussed 
earlier. In the next section, a new proposal for correcting the parameters 
from such branches using the iterative linear parameter estimation will 
be described in detail. 

2.3. The proposed method 

Fig. 3 shows a flowchart with an overview of the proposed method, 
which is broadly divided into two phases. Phase 1 is related to gathering 
information about the system’s operating state, whereas Phase 2 consists 
of correcting transmission lines’ parameters. 

Step 1 
Step 1 consists of classifying the branches according to their posi-

tions regarding the installed PMUs. The classification was explained in 
detail in Section 2.2. 

Step 2 
The HSE is performed according to the general description of Section 

2.1. The operating state of the system is estimated using real-time 

Table 9 
Single line errors – series parameters – IEEE 118-bus system.  

Line (bus#–bus#) 
[group] 

True value (pu) Estimated value 
(pu) 

Estimation 
error (%) 

gsr  bsr  gsr  bsr  gsr  bsr  

(3–5) [C]  1.968  8.820  1.970  8.827  0.10  0.08 
(1–3) [C]  6.568  21.587  6.581  21.616  0.20  0.13 
(5–6) [C]  3.892  17.661  3.894  17.673  0.05  0.07 
(4–5) [C]  26.356  119.500  26.385  119.573  0.11  0.06 
(17–18) [C]  4.553  18.693  4.559  18.735  0.13  0.22 
(16–17) [C]  1.316  5.221  1.316  5.220  0.00  0.02 
(22–23) [C]  1.293  6.011  1.294  6.012  0.08  0.02 
(23–24) [C]  5.187  18.902  5.177  18.823  0.19  0.42 
(23–25) [C]  2.348  12.042  2.349  12.046  0.04  0.03 
(35–37) [C]  4.245  19.181  4.245  19.181  0.00  0.00 
(33–37) [C]  1.896  6.488  1.896  6.488  0.00  0.00 
(37–39) [C]  2.617  8.641  2.626  8.664  0.34  0.27 
(46–47) [C]  2.162  7.227  2.162  7.225  0.00  0.03 
(46–48) [C]  1.528  4.805  1.528  4.805  0.00  0.00 
(54–59) [C]  0.913  4.161  0.912  4.160  0.11  0.02 
(55–59) [C]  0.971  4.421  0.970  4.420  0.10  0.02 
(59–60) [C]  1.439  6.582  1.439  6.582  0.00  0.00 
(59–61) [C]  1.391  6.362  1.391  6.363  0.00  0.02 
(60–61) [C]  13.952  71.346  13.966  71.388  0.10  0.06  

Table 10 
Single line errors – series parameters – IEEE 118-bus system.  

Line (bus#–bus#) [group] True value (pu) Estimated value 
(pu) 

Estimation 
error (%) 

gsr  bsr  gsr  bsr  gsr  bsr  

(20–21) [D]  2.426  11.256  2.425  11.257  0.04  0.01 
(22–23) [D]  1.293  6.011  1.293  6.012  0.00  0.02  

Table 11 
Location of PMUs and ZIBs – IEEE 300-bus system.  

ZIB (bus #) PMU (bus#) 

4, 7, 12, 16, 19, 24, 34, 35, 36, 39, 42, 45, 
46, 51, 60, 62, 64, 69, 74, 78, 81, 85, 
86, 87, 88, 100, 115, 116, 128, 129, 
130, 131, 132, 133, 134, 144, 150, 
151, 158, 160, 165, 168, 169, 174, 
193, 194, 195, 210, 212, 219, 226, 
237, 244, 1201, 2040, 9001, 9005, 
9006, 9007, 9012, 9023, 9044 

1, 2, 3, 11, 15, 17, 21, 23, 24, 26, 37, 41, 
43, 44, 49, 55, 57, 61, 63, 70, 71, 72, 77, 
81, 89, 102, 104, 105, 108, 109, 114, 
119, 120, 122, 130, 137, 139, 140, 145, 
153, 155, 159, 166, 173, 178, 183, 184, 
188, 198, 205, 210, 211, 214, 217, 223, 
225, 229, 231, 232, 234, 237, 238, 240, 
245, 249, 9002, 9003, 9004, 9005, 
9007, 9021, 9023, 9053  

Table 12 
Single line error – IEEE 300-bus system.  

Line (bus#–bus#) 
[group] 

True value (pu) Estimated value (pu) 

gsr  bsr  bsh  gsr  bsr  bsh  

(1–5) [B]  27.018  162.200  0.000  27.018  162.138  0.000  
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measurements (SCADA and PMU), as well as stored off-line information, 
such as the topology and the transmission line parameters. 

Steps 3–5 
The measurement snapshots used in the parameter estimator (Section 

2.4) cannot contain any gross errors (GE) [5]. Thus, the process of 
detecting gross errors based on the statistical hypothesis test (SHT) is 
carried out according to [38,39], and [40]. If the gross error test does not 
indicate spurious errors in the measurements set, Phase 2 is started, 
otherwise, spurious measurements must be identified and eliminated. 

The identification of branches with erroneous parameters is per-
formed following the procedures of Section 2.1, based on the normalized 
residuals through the LNR. 

Step 6 
The parameters from the branches of group A are computed directly 

by (11) and (12), where all voltage and current information are obtained 
by PMUs located at both ends of those branches. In the case of the 
example system from Fig. 1, the parameters from branch 1–2 are 
computed here. 

Step 7 
The parameters from the branches of group B are computed by (15). 

It should be emphasized that (15) is solved iteratively, as shown in [37]. 
The parameters from branches 1–3 and 2–4 from the example system of 
Fig. 1 are computed here. 

Step 8 
The parameters from the branches of group C are also computed 

iteratively by (15). However, it is important to realize that one of their 
terminal buses is also a terminal bus from a branch from group B, whose 
parameters have already been computed in step 7. Therefore, the 
voltage and current associated with this common bus are dealt with as if 

there was a PMU connect to it. Referring to (15), this bus is considered as 
bus s, while the other terminal bus is considered as a bus r. Taking the 
six-bus example system of Fig. 1, branch 3–5 is a branch from group C. It 
is connected to branch 1–3, which belongs to group B. Therefore, for the 
correction of the parameters from branch 3–5, bus 3 is taken as s and bus 
5 as r in (15). A similar procedure is followed for branch 4–6. 

Step 9 
The parameters from the branches of group D are also computed 

iteratively by (15). Similarly, to step 8, it is important to realize that one 
of their terminal buses is also a terminal bus from a branch of group C, 
whose parameters have already been computed in step 8. Therefore, the 
voltage and current associated with this common bus are dealt with as if 
there was a PMU connect to it. Referring to (15), this bus is considered as 
bus s, while the other terminal bus is considered as a bus r. Taking again 
the six-bus example system of Fig. 1, branch 5–6 belongs to group D. It is 
connected to branch 3–5, which belongs to group C. Therefore, for the 
correction of the parameters of branch 5–6, bus 5 is taken as s and bus 6 
as r in (15). 

The method proposed in this paper can be carried out whenever the 
normalized residuals from HSE indicate the possibility of error in the 
branch parameters. Besides, the proposed method can be carried out 
periodically, regardless of any indication of parameter error. As the 
parameters are corrected, a report can be issued pointing to those lines 
whose correction was above a certain threshold. This report would help 
in defining initiatives to investigate the reasons for such parameter 
differences. 

3. Simulation results 

The proposed model was tested and evaluated using the IEEE 14-, 
118- and 300-bus systems. 

3.1. Measurement generation 

The generation of voltage and current phasor measurements is done 
by adding three input quantities, coming from (1) instrument trans-
formers and measurement devices; (2) uncertainties from voltage and 
current transformers associated with the magnitude and phasor angles; 
(3) the uncertainties of the PMUs related to the magnitude and phase 
angles of the voltages and currents [5]. Gaussian noise was applied to 

Fig. 4. The iterative process of the correcting parameters of branch (1–5).  

Table 13 
Number of iterations – IEEE systems.   

14-bus 118-bus 300-bus 

Line (bus #–bus #) 

(2–5) (9–14) (15–19) (80–96) (3–18) (24–25) 

gsr  8 13 14 9 6 15 
bsr  8 13 15 8 7 15 
bsh  7 6 11 6 5 11  
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power flow output quantities to mimic actual measurements, inserting 
noise from instrument transformers, and measuring devices. It was 
assumed in all simulations that the instrument transformers are 0.5 ac-
curacy class, and the line parameters are 30% away from their actual 
values. The standard uncertainties associated with instrument trans-
formers and measurement devices introduced to the measurements are 
based on the error limits, provided by the manufacturers [41–43]. It is 
important to add that biased (systematic) measurement errors were not 
included in the simulations. 

3.2. IEEE 14-bus system 

The locations of the measurement units for the IEEE 14-bus system 
are shown in Table 1. Note that the number of measurements in Table 1 
is larger than in [5] since in [5] the measurements related to erroneous 
line parameters were removed from the state estimator’s input vector. In 
the case of the proposed method, this has shown not to be necessary. 

Tables 2 and 3 show the estimated and the actual parameters as the 
result of applying the proposed method for the identification and 
correction of erroneous line parameters. Firstly, a 30% error was 
inserted at the parameters 

(
gsr, bsr, and bsh

)
The relative percentage 

error was used to compare the estimated parameters with the actual 
ones. 

According to Tables 2 and 3, the proposed method has correctly 
identified all the transmission lines of group B that have erroneous pa-
rameters and the parameter estimation errors were below 1%. Note that 
the method proposed in [5] was not able to identify the error at line 
(9–10). The simulation carried out in this paper has assumed the same 
conditions as in [5], namely a 30% error in the line parameters and 
measurement transformers of the 0.5% accuracy class. The proposed 
method provided a solution with smaller errors as compared with [5]. 
According to [5], the parameter estimation was successful only after 
assuming better measurement transformers, of the 0.1% accuracy class. 

Table 4 shows the results of multiple errors in transmission line pa-
rameters. In all cases, all transmission lines with erroneous parameters 
were successfully identified and the maximum estimation error was 3%. 
In the last case, the proposed method correctly identified and corrected 
the erroneous line parameters from line (9–14), using a 0.5% accuracy 
class transformer. The identification and correction of this parameter 
error in [5] were possible only by changing the transformer’s accuracy 
class to 0.1%. 

Regarding the branches from group C, a 30% error was introduced in 
their parameters, and the proposed method correctly identified them, 
and the parameters were corrected as shown in Table 5. 

The proposed method has correctly identified all transmission line 
parameter errors of the branches from group C, with estimation errors 
below 1%. It is worth mentioning that, for the IEEE 14-bus system, only 
branches belonging to groups B and C were identified. 

3.3. IEEE 118-bus system 

Tests were carried out considering errors in all three parameters of 
all lines belonging to the IEEE 118-bus system. Table 6 shows the 
location of the PMUs and the Zero Injection Bus (ZIB) of the IEEE 118- 
bus system. 

The proposed method correctly identified the branches of groups A, 
B, and C, according to the network topology and location of the PMUs. 

Selected branches related to the identification and correction of 
multiple erroneous line parameters are shown in Table 7. 

All lines with erroneous parameters were correctly identified and 
their parameters have been successfully corrected. The maximum error, 
for line (60–62), was below 3%. The robustness of the proposed method 
was verified in the last case of Table 7, where an error of 30% was 
inserted simultaneously in 20 transmission lines. In case 2, the test was 
performed for two different types of the transmission lines: (7–12), 

(17–31), (32–113) from group B and (2–12) from group A, showing that 
the proposed method can be used to estimate the parameters of multiple 
transmission lines simultaneously. Simulations were carried out to 
evaluate the efficiency of the proposed method to identify and correct 
erroneous line parameters from group A. Table 8 shows that all errors 
were correctly identified and corrected, with estimation errors below 
1%. Although the correction of shunt parameters was not shown for the 
IEEE 118-bus system, the maximum estimation error of the shunt sus-
ceptances occurred in the simulation with multiple line parameter er-
rors, and it was below 3%. 

The branches from group C with erroneous parameters were also 
identified and their parameters were corrected as shown in Table 9. Note 
that the estimation errors were below 1%. 

Table 10 shows the results of a simulation involving the correction of 
parameters of branches from group D. The following modifications were 
done in the IEEE 118-bus system: the PMUs at buses 21 and 32 were 
removed and a 30% error was inserted in the parameters of branches 
(20–21) and (22–23). The proposed method corrected the erroneous 
parameters, and a very low error was verified. 

3.4. IEEE 300-bus system 

Table 11 shows the locations of 73 PMUs and the ZIBs. 
A 30% error in the parameters, with additional Gaussian noise, was 

added to the measurements. Table 12 shows the actual and corrected 
parameters from branch (1–5), and Fig. 4 shows the evolution of the 
iterative process of correcting the parameters. A large number of itera-
tions is shown to illustrate the robust path towards convergence. 

Table 13 shows the number of iterations of the parameter estimation 
iterative process for two branches from group B of the IEEE networks. 
The tolerance used was 10− 3 and the estimation error was below 2%. 

4. Conclusion 

In this paper, a method for the identification and correction of 
transmission line parameter errors was proposed. The method showed to 
work regardless of whether the line is monitored by one or two PMUs, or 
whether there are no PMUs at its ends. The proposed method also proved 
to be effective in identifying and estimating erroneous parameters from 
transmission lines assuming a 30% error from their nominal values. 
Single and multiple transmission line errors were applied to small and 
large power networks. The simulation results for the correction of those 
errors showed the robustness of the proposed method, even if instrument 
transformers with low accuracy precision (0.5 accuracy class) are 
considered. The performance of the proposed method was not signifi-
cantly affected by measurement noise. It should be noted that the 
technique used in this paper for the detection and identification of 
several bad measurements based on the analysis of residuals improved 
the identification and estimation procedure. 
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