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Abstract

The uncertainties in measurement make the estimation accuracy of

traditional methods difficult to meet the dispatching requirements

of distribution systems. At the same time, the measurement

system often has bad data during the acquisition and transmission

process, which seriously affects the accuracy of state estimation.

The method in this paper is used to improve the influence of

the state estimation on measurement uncertainty and bad data,

and improve the robustness and accuracy of estimation. Interval

analysis method is used to describe the measurement problem with

uncertainties, the interval constraint model of state variables in

distribution network is established, and the feasible region of state

variables is obtained using linear programming method. Based

on the measurement uncertainty theory, a robust state estimation

optimization model with the highest measurement point accuracy as

the objective function is established. The precise value of the state

estimation is solved by the interior point method. With the feasible

region of state variables as constraints and the median value of the

interval as the initial value, it is unnecessary to take the calculation

results of power flow as the initial value, thus reducing the scope

of solving state variables and reducing the amount of calculation.

Compared with the traditional weighted least square, this method

has a significant improvement in accuracy and resistance. The

feasibility and effectiveness of this method are verified by IEEE30

and IEEE118 systems.
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1. Introduction

Using state estimation [1]–[10] can evaluate the operation
situation of the buses in power system and the state
value of voltage and power through observable information,
so as to provide reliable and real data information for
optimal power flow, reactive power optimization, and other
applications. At the same time, the redundancy of the real-
time measurement system is used to improve the system
accuracy, and the bad data detection and identification
are used to automatically eliminate the error information
caused by random interference [2].

Distribution network multi-source data involve a huge
amount of information, mainly considering the follow-
ing three real-time data, including Supervisory Control
And Data Acquisition (SCADA), phasor measurement unit
(PMU), and advanced measurement system. At present,
the state estimation method based on weighted least square
(WLS) [3] is widely used, but it is easy to be affected by
bad data, resulting in poor robustness. Many experts and
scholars have made great efforts in the field of the state
estimation and achieved a lot of fruitful results. The latest
development in the field of the state estimation is based
on the estimation method that “the state approved by the
most measurement points is the most reasonable state”
[4]–[7].

Based on the theory of measurement uncertainty, un-
der the premise of determining the error distribution,
the uncertainty measure can give the confidence interval
through quantitative evaluation method and study the ro-
bustness of the state estimation algorithm in the form of
interval. When the state estimation value of a measuring
point is in the range of the measured value, the measured
point is considered to be effective. The more the effective
states measured by a certain system, the closer the state
estimation results is to the real operation situation, so as
to improve the anti-interference ability of bad data [8].

It is difficult and complex to carry out the state es-
timation considering the influence of uncertainty factors.
There are many research results in this work. For example,
based on the definition of normal measurement point, the
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evaluation function of measurement point is established,
and in the state estimation model with the maximum
normal rate of measurement point as the objective func-
tion, the state estimation result is not easily affected by
bad data and has good robustness [4]–[6]; on this basis,
by checking the abnormal points and filtering the normal
points, higher accuracy of the state estimation is obtained
[7]. Based on the uncertainty measurement theory, tak-
ing the maximum normal rate and the minimum deviation
degree as the objective function of the state estimation,
a multi-objective programming model of the state estima-
tion is proposed, which has the advantages of small sam-
ple estimation, adaptability to measurement data, strong
robustness, and easy solution point [8]–[10].

As it is impossible to obtain the true values of the
grid parameters, the upper and lower limits may be known
in most cases [11]. The interval analysis method [12]
is applied in the state estimation to analyse uncertainty
problems. For example, using the form of interval to de-
scribe the uncertainty of measurement data, establishing
the three-phase interval state estimation model of active
distribution network, and solving by linear programming,
the state estimation results also show the form of interval
[13], which has certain advantages in estimation accuracy
and operation efficiency. When considering uncertainty,
interval analysis can effectively optimize the configuration
of micro PMUs and smart meters while ensuring the ac-
curacy of the state estimation in [14]. Considering the
conservatism and correlation of interval operation, the in-
terval state estimation model of distribution network is
established by combining interval mathematics with affine
mathematics, which improves the reliability of estimation
results [15]; for the uncertainty of parameters and measure-
ment of power grid, an interval state estimation method
based on the Krawczyk operator is adopted to deal with the
uncertainty problem of the parameters and measurement,
and a state interval with better accuracy is obtained [16].
An interval state estimation can well deal with the uncer-
tainty of distributed power generation and line parameters
and obtain strict boundaries of state variables [17], but
it does not consider the problem of decreased accuracy of
interval estimation under the influence of bad data.

In solving process, interval operation is conservative
sometimes because of interval expansion. At the same
time, when using linear programming method to solve
the problem, the number of iterations increases with the
increase of system scale. Relevant research shows that
considering the actual physical numerical constraints, the
solution range of state variable is wide, the maximum value
of historical data based on the node can be considered as
the constraint, or the dynamic interval constraint can be
solved according to the measurement information, which is
more in line with the actual operation of power system [18].
In terms of solving methods and analysis, other documents
also give good suggestions and solutions [19].

The state estimation of distribution network is based
on the power flow calculation. The stability, convergence
accuracy, and calculation speed of the state estimation
method of distribution network will be affected by power
flow calculation method. The state estimation value is

solved by taking the power flow calculation value as the
initial value or referring to the power flow calculation result
to give the initial value [3], [18].

This paper is organized as follows. Section 2 describes
the robust model of distribution network state estimation.
In Section 3, algorithm for solving the proposed model is
presented more in detail. Finally, the simulation results on
IEEE30 and IEEE118 are given in Section 4 followed by
the conclusion in Section 5.

2. Robust Model of the State Estimation
of Distribution Network

2.1 Interval Value and Feasible Region

Suppose that the total number of measuring points in a
system is m and the number of state variables is 2n. The
branch power measurement obtained by SCADA system
can be expressed as [Pij ] and [Qij ] in the form of interval
value, the nodal injection power can be expressed as [Pi]
and [Qi] in the form of interval value, and the nodal voltage
amplitude is expressed as [Vi] in the form of interval value.
When the equivalent measured value zi is a certain value,
its interval value is the fluctuation interval added ±a%
to the measured value, that is, the interval is expressed
as [zi(1 − a%), zi(1 + a%)]. Considering the real-time
measurement and the pseudo measurement of node load
power, the measurement can be expressed as follows in the
interval-constrained model:

z =
[
[Pi], [Qi], [Pij ], [Qij ], [Vi]

]T
(1)

The amplitude and phase angle of nodal voltage are se-
lected as the state variables to be calculated:

x = [Vi, θi]
T

(2)

According to the interval analysis method, the interval
constraint model can be expressed as follows:⎧⎪⎨

⎪⎩
xi = minxi

xi = maxxi

s.t x ∈ X(M, z, z̄)

(3)

where [xi, x̄i] is the uncertainty interval of the state vari-
able, xi is the lower limit of the state variable, and x̄i is
the upper limit of the state variable. X(·) represents the
set of uncertain factors of state variables.

Without considering the measurement correlation, the
interval constraint model of distribution network can be
expressed as [13]:

V i = minVi, V̄i = maxVi, θi = min θi, θ̄i = max θi

s.t.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

[P i, P̄i] = Vi

[
n∑

j=1

VdYij cos(θi − θd)

]

[Q
i
, Q̄i] = Vi

[
n∑

j=1

VdYij sin(θi − θd)

]

[P i′ , P̄i′ ] = 0, [Q
i′
, Q̄i′ ] = 0

[P ik, P̄ik] = Vi[VkYik cos(θi − θk)]

[Q
ik
, Q̄ik] = Vi[VkYik sin(θi − θk)]

[V i, V i] = Vi

(4)
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where V̄i and V i are the upper and lower limits of the
voltage amplitude at the measuring point. θ̄i and θi are
the upper and lower limits of the voltage phase angle of the
measuring point. Gij and Bij are the corresponding con-
ductance and admittance in the node admittance matrix
Yij ; i

′ is the zero injection power point in the network. P̄i′

and P i′ are the upper and lower limits of the active power
at the zero injection point. Q̄i′ and Q

i′
are the upper

and lower limits of the reactive power at the zero injection
point, respectively. The voltage amplitude Vi and phase
angle θi on the right side of the equation are expressed in
the form of interval.

2.2 Optimization Model for the State Estimation

The optimization model takes the model of interval state
estimation as the feasible region of the state variables and
optimizes the accurate value of the voltage of each node by
measuring the evaluation function, aiming at the highest
accuracy rate of the measuring point. The result of the
state estimation is optimized in the interval.

2.2.1 Normal Measuring Point

For measuring points, the relative deviation of measuring
points at a certain confidence level is defined as:

di =
hi(x)− zi

U i
(5)

where h(·) is the measurement function of the measuring
point; zi is the measurement at node i; and U i is the
uncertainty of the measuring point corresponding to the
confidence level p, which is related to the accuracy of the
measuring device. If the relative deviation of measuring
point i under state variable x satisfies |di| ≤ 1, the mea-
suring point is judged as normal measuring point, and if
|di| > 1 it is determined as abnormal measuring point.

2.2.2 Evaluation Function of Measuring Point

According to these characteristics, the evaluation function
of the measuring point is set up according to the definition
of normal measuring point, which is used to judge whether
the measuring point is normal or not:

⎧⎨
⎩

f(di) = δ(di) + δ(−di)

δ(di) =
1

1+e
2k
λ

[di+(1+λ
2

)]

(6)

The values of parameters λ and k are determined by testing
method. Generally, λ = 1 ∼ 5, k = 2 ∼ 4.

2.2.3 State Estimation Optimization Model

In the actual operation process, the state variables must
satisfy the power flow constraints and other physical and
numerical constraints. Therefore, to maximize the number
of normal measurement points, the optimization model for

the state estimation of distribution network is constructed
[18]:

min

m∑
i=1

f(di)

s.t. di =
hi(x)− zi

U i
, ∀i = 1, 2, · · ·,m

g(x) = 0

l(x) ≤ 0

x ≤ x ≤ x

(7)

where m is the number of measurement points, g(x) = 0
is the power flow constraint equation, such as the injection
power constraint of zero power injection node, and l(x) ≤
0 represents other actual physical numerical constraints.
[x,x] is the dynamic constraint of the state variable, and
the interval constraint of the state variable is obtained
according to the interval constraint model.

The results of the state estimation obtained from op-
timization model meet not only the power flow constraints
but also the feasible region of state variables, which is more
in line with the reality.

2.2.4 Constraint Condition

(1) Voltage Constraint

The nodal voltage satisfies the following relationship:

Vs = Vt + ZlIl (8)

where Zl is the impedance between node t and node s,
Zl = Rl + jXl. Il is the current flowing from node t and
node s.

(2) Current Constraint

For the connected nodes (without power injection) in the
distribution network, there are p branches flowing to node
k, and there are q branches flowing out of node k. Accord-
ing to Kirchhoff’s current law, the sum Iin of the current
flowing into node k is equal to the sum Iout of the current
flowing out of the node, which can be expressed as follows:

p∑
l=1

Iin −
p+q∑

l=p+1

Iout = 0 (9)

(3) Branch Power Flow Constraints

The nodal injection power in distribution network should
meet the following requirements:⎧⎨

⎩ Pi = Vi

∑
j∈i Vj(Gij cos θij +Bij sin θij)

Qi = Vi

∑
j∈i Vj(Gij sin θij −Bij cos θij)

(10)

where Pi and Qi are the active power and reactive power
at node i, respectively; Vi is the voltage amplitude at node
i; j ∈ i denotes the node directly connected with node i;
Gij and Bij are the branch conductance and admittance
between node i and j; θij is the voltage phase angle
difference between node i and j, θij = θi − θj .
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(4) Branch Power Constraint

The actual transmission power of the branch should be less
than its maximum transmission power:

Sl ≤ Smax
l l ∈ [1, Nl] (11)

where Sl and Smax
l are, respectively, the actual transmis-

sion power and the maximum allowable transmission power
of branch l; Nl is the total number of actually connected
branches of the distribution system.

3. The Solving Method

3.1 The Solving Method for Interval-Constrained
Model

In this section, the linear programming method based on
iterative operation is used to solve the overdetermined
equations (6) with nonlinear interval constraints. It can be
transformed into a linear programming problem as shown
below and solved iteratively for many times. For the
specific derivation steps, please refer to [13]:⎧⎪⎪⎪⎨
⎪⎪⎪⎩

Δxi = minai ·Δzn

s.t.

⎧⎨
⎩Δzn ≤ Δzn ≤ Δzn

Δzm−n ≤ Hm−n(Hn)−1 ·Δzn ≤ Δzm−n

(12)⎧⎪⎪⎪⎨
⎪⎪⎪⎩

Δx̄i = maxai ·Δzn

s.t.

⎧⎨
⎩Δzn ≤ Δzn ≤ Δzn

Δzm−n ≤ Hm−n(Hn)−1 ·Δzn ≤ Δzm−n

(13)

where H is the Jacobian matrix corresponding to the
measurement function h(x), ai is corresponding to row i
in the matrix H−1, and Δzn ∈ Rn is corresponding to row
n of the matrix Δz.

The linear programming method is used to solve (12)
and (13), and the corrections value Δx and Δx can be
obtained. Thus, the second approximate solution of the
upper/lower interval value of the state variable can be
expressed as follows:⎧⎨

⎩ x(l) = Δx+ x̂(l−1)

x(l) = Δx+ x̂(l−1)
(14)

If the interval value of state variable is expressed as[
x(l), x(l)

]
, then the given convergence criterion is as fol-

lows:

max

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

|(V i)k − (V i)k−1|∣∣(V̄i)k − (V̄i)k−1

∣∣
|(θi)k − (θi)k−1|∣∣(θ̄i)k − (θ̄i)k−1

∣∣
≤ ε1 (15)

where k is the iteration number and ε1 is the convergence
criterion.

x̂(l) = 1
2 (x

(l)+x(l)) instead of x̂(l−1) is used as the new
initial value of the equation to solve the modified equation
iteratively until the convergence criterion is reached and
the feasible region of the state variable is obtained.

3.2 The Solving Method for the State Estimation
Optimization Model

Substituting di into the objective function, the following
results are obtained:

min
x

N∑
i=1

f

(
hi(x)− zi

Ui

)

s.t.
g(x) = 0

x ≤ x ≤ x

(16)

By introducing the relaxation variables sxl and sxu, the
inequality constraints are transformed into equality con-
straints: ⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

x− sxl − x = 0

x+ sxu − x = 0

sxl ≥ 0

sxu ≥ 0

(17)

Lagrange multiplier method is introduced, and augmented
Lagrange function is constructed. The Lagrange multiplier
method is used to solve the problem:

L = F (x)− yTg(x)− aT
xl(x−sxl−x)− bTxu(x+sxu−x)

− µ

⎡
⎣ m∑
j=1

ln(sxl(j)) +
m∑
j=1

ln(sxu(j))

⎤
⎦ (18)

where F (x) =
∑m

i=1 f
(

hi(x)−zi

Ui

)
, μ is the disturbance

factor; y, axl, and bxl are Lagrangian multipliers. When
the partial derivatives of L to variables and multipliers are
0, L can be taken as a minimum.

According to the KKT condition, the following relation
can be obtained:

∇xL = ∇F (x)−∇g(x)Ty − (axl + bxu) = 0 (19)

∇yL = g(x) = 0 (20)

∇axl
L = x− sxl − x = 0 (21)

∇bxuL = x+ sxu − x = 0 (22)

∇sxl
L = SxlAxle− μ = 0 (23)

∇sxuL = SxuBxue− μ = 0 (24)

where Sxl, Axl, Sxu, and Bxu are diagonal matrices with
sxl, axl, sxu, and bxu as diagonal elements, respectively;
e is the unit column vector; and µ is the column vector
whose elements are all μ. When the relaxation factor
µ approaches zero, (16) and (18) have the same optimal
solution. In the primal dual interior point method, the
complementary gap Ggap and the centre parameter σ are
used to make the relaxation factors sxl and sxu tend to zero
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gradually. Ggap and the central parameter μ are defined
as:

Ggap = axls
T
xl − bxus

T
xu (25)

μ = σ
Ggap

k + 2m
(26)

where σ ∈ (0, 1) is called the central parameter. When it
is generally taken as 0.1, the convergence effect of the state
estimation is better.

Because of μ > 0, x > 0, x̄ > 0, it is known that
axl > 0, bxu < 0. Taking the complementary gap Ggap as
the criterion of convergence, the criterion of convergence
is reached when Ggap < ε2, and finally the result of the
state estimation is the output. Generally, ε2 = 10−6. The
Newton–Raphson method is used to solve the problem.

4. The Studying Example

To test the feasibility and effectiveness of the proposed
method, this paper compiles the test programme in Matlab
environment and takes IEEE30 and IEEE118 systems as
examples for analysis. The system parameters of IEEE30
and IEEE118 are in the appendix.

4.1 Impact of Data Selection

The IEEE30 system is selected as a study example. The
measurement uncertainty Ui = 3σi, k = 1.3, λ = 1.3333,
and centre parameter σ = 0.8 are set. The zero injection
points are set for 6, 9, 22, 25, 27, and 28, respectively.
The reference power is 1 MVA and the reference voltage is
12.66 kV. Unit value is used in the calculation.

In this paper, 2% Gaussian noise is added to the power
flow calculation results of the IEEE30 system as measure-
ment data. Bad data can be obtained by randomly adding
or subtracting 20%, setting zero or changing symbols.

For the IEEE30 system, the actual physical numerical
constraints, historical data constraints, and dynamic con-
straint of interval value constraints are used to analyse the
examples, and the difference between the state estimation
value and the true value is compared.

Three scenarios are set as follows:
1. Scenario 1: Based on the actual physical numerical

constraints. For users of 35 kV and above, the allowable
voltage deviation is −10 to 10% of the rated voltage.
Therefore, the actual physical constraints are [0.945,
1.21]. The number of iterations of the state estimation
based on the actual physical numerical constraints is
22. The estimated values of voltage amplitude and
phase angle are, respectively, shown in Figs. 1 and 2.
The change trend of the estimated value is consistent
with the true value, and only a few points have large
deviation from the true value. Based on the actual
physical constraints, the solution range is relatively
large. Obviously, from Figs. 1 and 2, it can be found
that some nodes have large deviations between true and
true values, and the accuracy of state estimates is low.
Due to the large range of state variables, the accuracy of
the state estimation is reduced to a certain extent. At
the same time, the nodes with large voltage deviation

and large phase angle deviation are load nodes. Due
to the real-time dynamic changes of the load, the load
measurement has caused a deviation and the accuracy
of the state estimation is reduced.

2. Scenario 2: Constraints based on the historical data.
Through the IEEE30 system, the change of load factor
is adjusted to simulate the normal operation of the dis-
tribution network, and the voltage change range of each
node is obtained. The change of voltage amplitude and
phase angle is basically about ±5% of the true voltage
value. Therefore, ±5% of the true voltage deviation is
taken as the constraint of historical data. The number of
iterations of the state estimation based on the historical
data constraints is 8. The estimated values of voltage
amplitude and phase angle are, respectively, shown in
Figs. 3 and 4. The change trend of the estimated value is
consistent with the true value, and the estimated value
of the voltage phase angle basically coincides with the

Figure 1. The state estimation values of voltage amplitude
considering actual physical numerical constraints.

Figure 2. The state estimation values of voltage phase
angle considering actual physical numerical constraints.
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Figure 3. The state estimation values of voltage amplitude
considering historical data constraints.

Figure 4. The state estimation values of voltage phase
angle considering historical data constraints.

true value, but the voltage amplitude deviation is more
obvious. Compared with the first scenario, under this
constraint, the number of the state estimation solutions
is reduced, and the deviation of voltage amplitude and
phase angle is significantly smaller than scenario 1. The
state estimation accuracy has been improved.

3. Scenario 3: Dynamic constraints based on the inter-
val values. The interval values solved by the interval
constraint model are shown in Figs. 5 and 6.
It can be seen that the results of the state estimation

basically coincide with the true value, and the number
of iterations is less than the first two scenarios, so the
solution range of state variables is reduced, and the amount
of calculation is reduced, so it has higher feasibility and
effectiveness.

Compared with the first two constraints, they are
both fixed and cannot express the feasible region of state
variables well. By solving the interval of state variables,

Figure 5. The upper and lower limits of voltage amplitude
range constraint.

Figure 6. The upper and lower limits of voltage phase
angle interval constraint.

the number of the state estimation solutions is reduced,
and the accuracy of the state estimation is improved to a
certain extent.

4.2 Estimation Accuracy Test

The relative deviation between the estimated value and the
true value of the state variable is compared to characterize
the estimation accuracy under the three constraints. The
relative deviation indexes EV and Eθ were defined as
follows:

EV =
1

n

n∑
i=1

(Vi − V̂i)
2 (27)

Eθ =
1

n

n∑
i=1

(θi − θ̂i)
2 (28)
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Table 1
State Accuracy Comparison Under Three Scenarios

System IEEE30 IEEE118

Scenario 1 EV 2.5339× 10−5 1.1192× 10−6

Eθ 1.9893× 10−5 8.7034× 10−7

Scenario 2 EV 5.8477× 10−6 1.0734× 10−6

Eθ 5.7414× 10−6 8.4285× 10−7

Scenario 3 EV 3.5156× 10−8 7.5986× 10−7

Eθ 6.4916× 10−8 4.4612× 10−7

Table 2
Accurate Comparison of Measurements Under Three

Scenarios

System IEEE30 IEEE118

Scenario 1 Ep 5.1330× 10−4 1.4491× 10−8

EQ 2.0000× 10−3 1.9238× 10−8

Scenario 2 Ep 1.0839× 10−5 7.6589× 10−9

EQ 1.9109× 10−6 5.6676× 10−9

Scenario 3 Ep 3.5345× 10−6 9.2986× 10−9

EQ 3.5587× 10−6 1.1928× 10−9

where n is the number of nodes; Vi and θi are the state es-
timates of voltage amplitude and phase angle, respectively;
and V̂i and θ̂i are the true values of voltage amplitude and
phase angle, respectively.

Table 1 shows the relative deviation index of the state
estimation under different constraint scenarios for IEEE30
and IEEE118 systems. Obviously, the proposed method
has better estimation accuracy. In the test, the voltage is
per unit and the phase angle is in radian system.

The relative deviation of Pi and Qi was used as evalu-
ation index:

Ep =
1

mp

mp∑
i=1

(Pi − P̂i)
2 (29)

EQ =
1

mQ

mQ∑
i=1

(Qi − Q̂i)
2 (30)

where Pi and Qi are the measured values of active power
and reactive power injected into node i, respectively; P̂i and
Q̂i, respectively, calculate the active and reactive power
values of node i using power flow calculation method; mP

andmQ are the values measured by Pi andQi, respectively.
Table 2 shows the relative deviation indexes of the

measured estimates obtained under different constraints
of IEEE30 and IEEE118 systems. The relative measure-
ment deviation of scenario 3 is smaller than that of the
other two scenarios, which is more in line with the actual
requirements.

Table 3
Comparison of the State Estimation Accuracy of the Two
Methods Based on the Different Proportions of Bad Data

Method of

Ratio of this Paper WLS

Bad Data EV Eθ EV Eθ

0% 3.5156× 10−8 6.4916× 10−8 6.9779× 10−5 2.8702× 10−5

3% 4.5658× 10−7 9.6179× 10−8 2.1403× 10−4 6.1083× 10−5

6% 2.9781× 10−5 1.0392× 10−5 5.0100× 10−2 8.6700× 10−2

4.3 Method Comparison

The theoretical basis of traditional power system state esti-
mation is the law of large numbers in traditional statistics,
that is, when the number of measurements approaches in-
finity, the estimated value approaches the true value with a
probability of 1. However, the number of quantitative mea-
surements in the actual system is limited, sometimes even
a small sample. At this time, the evaluation indicators and
estimation accuracy of traditional state estimation are not
theoretically guaranteed. At present, the most widely used
state estimation method is the WLS estimation [20]. Its
disadvantage is poor robustness and the estimation results
are easily affected by bad measuring points. Based on the
IEEE30 system, through two different estimation methods,
under different proportions of bad data, the robustness
and estimation accuracy of the two methods are compared.
Bad data can be randomly selected. This paper simulates
the bad data scenario by setting the data of V6, V20, P12,
P29, Q8, and Q15 to zero, changing the sign, and increasing
or decreasing 20%.

From Table 3, it can be found that under normal cir-
cumstances, the method in this paper has better estima-
tion ability and can obtain more accurate results. At a
ratio of 3% of bad data, the estimation accuracy of the
two methods decreases. At a ratio of 6% of bad data, the
estimation accuracy decreases more obviously. Obviously,
a high proportion of bad data seriously affects the accuracy
of the state estimation results. As the proportion of bad
data increases, the state estimation accuracy of the two
methods has decreased, but the state estimation accuracy
of WLS has decreased significantly. However, the method
in this paper has high estimation accuracy, has good resis-
tance to bad data, and guarantees that the state estimation
result has better accuracy.

5. Conclusion

With the feasible region of state variables as constraints
and the interval median as the initial value, it is unneces-
sary to take the power flow calculation results as the initial
value, which can effectively reduce the solution range of
state variables and reduce the amount of calculation.

Compared with the traditional method, this method
has higher estimation accuracy and smaller relative de-
viation. Under normal circumstances, the measurement
deviation can be guaranteed to be less than 10−5, and the
accuracy of the state estimation result can be guaranteed.
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When there are different proportions of bad data, abnormal
measurement points can be effectively identified, and the
influence of bad data on the state estimation results can
be reduced, which has good robustness. Through IEEE30
and IEEE118 node systems, simulation results verify the
accuracy and robustness of the proposed method under
normal operating conditions and bad data conditions.
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