
P
os
te
d
on

10
J
u
l
20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
68
89
72
57
.7
34
50
23
2/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Pseudo-Measurement based State Estimation for Railway Power

Supply Systems with Renewable Energy Resources

Zheng Pan1, Liang Che1, and Chunming Tu2

1Hunan University
2Hunan University College of Electrical and Information Engineering

July 10, 2023

Abstract

State estimation is critical for railway power supply systems (RPSSs). Pseudo-measurement is commonly used in state estima-

tion. However, the fluctuations of renewable generations and railway traction loads in RPSS may introduce data noise, which

will jeopardize the accuracy of the generated pseudo-measurements and thus impact the state estimation. Additionally, when

learning the historical measurement data sequences, the traditional pseudo-measurement model is likely to have overfitting,

which will further impact the accuracy of pseudo-measurements, thereby affecting the accuracy of state estimation. To address

these issues, this paper proposes a high-accuracy pseudo-measurement-based state estimation approach for RPSSs. Firstly, a

denoising autoencoder (DAE)-based method is used to mitigate the impact of data noise on the accuracy of pseudo measure-

ments, and a gated recurrent unit (GRU)-based method is used to adaptively learn the historical measurement data sequence,

thereby improving the accuracy of pseudo measurements. Next, the pseudo-measurement weights are obtained by generating

pseudo-measurement variances using the Gaussian mixture model. Finally, the pseudo measurements and real-time measure-

ments are integrated by weighted least squares to realize the state estimation of RPSS. The effectiveness and accuracy of the

proposed method are verified by simulation on a modified IEEE 33-node system which includes a railway traction substation

and renewable generations.
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