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Abstract: Driven by the low accuracy problem of existing distribution network state estimation (SE) methods when
measurements are limited, a Bayesian SE method is proposed for distribution networks based on a novel power
flow-informed neural network (PFINN). Firstly, the two-dimensional Gaussian mixture probability distribution of real and
reactive power injection is learned for each node using historical data; thereby, abundant samples can be obtained for
neural network training by Monte Carlo sampling and power flow calculation. Then, with the goal of minimizing the SE
error and power flow equation violation, a Bayesian SE model is established for distribution networks based on the
PFINN. Physics loss penalty is introduced into the loss function to constrain the output to be consistent with system oper-
ating constraints. Furthermore, the BOHB method is adopted to optimize the hyperparameters of the neural network,
while transfer learning is introduced to adapt to changes of network topologies and on-load tap changers. Finally, test re-
sults using field data and balanced/unbalanced distribution networks show that the proposed method has better estimation
accuracy than the pseudo-measurement-based SE method and the Bayesian SE method without power flow informing.
Meanwhile, the proposed method achieves good adaptation performance to topology and tap changes.
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Fig.1 Proposed SE framework based on PFINN
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Table 2 Voltage MSE comparison of different MSE methods
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Fig.7 Frequency histogram of absolute errors using different

SE methods
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Table 3 Voltage MSE comparison of three schemes when network topology changes

p— g el BrAs TR
S/(1051ad?)  Sv(p.u)/10°° S/(105rad?)  Sv(pu)/10°  FEfit/s Wik 6w(10°rad?)  Sv(pu)10°  FERT/s

i 3000 2.86 6.59 20.0

[ZifEy

015 331 7.85 1.69 448 500.1 5000 2.55 6.02 382
8000 221 5.50 71.6

) 3000 341 5.12 18.9

[Zife

1229 40.6 56.4 033 0.56 4973 5000 1.53 2.20 354
8000 1.32 2.00 68.5

WHET 5 R RE, ARENEZE T HE MSE
SN 4 Fios. 3R 4 v WL, BEIE RS K,
fETRE 2218 T F%, {2 MSE {3 {REFEFIHEIT )
wAEREY, Ron T ENINE A RSN RN,
TENTUR RN DM AE R, HRRHEAE
DU B T AN A P PR R R A S B, RS A TR R
FEAR.

FESCIEA b, () R B S 0 2 N IR E 8
RS 732 N2 10%(73 AN, B
i 26 15 B rp 2 AN SIS B ) B IR 22 R 10 5 bR
7, HiJE MSE Xtttk 4 fioc. H# 4 Al i, Ff
W B 22 KT (R 3G I ANAR AR B R B A R
FEAR A S 5 TE IR ER N AR 1B, MSE 5 oA #dE it
AHECTER, (BATSRORFFEEMX L IR EE R, K
B 42 7 ot s A Ea B — e I B .

3.7 HEMGENK

AT T s PR AT BT 7 VR B R
1E 33 TR ARG, SR FE A 1) S i A 47 g Xof
BN A 1L B AT B e, AR AT 11
g, SEMAAGAHLL, &bt A
B ATy s Bl () R AR AR o bl SR R
AT RS T 45 5 MSE h2k i 8 frs. HIEl 8
AL, FEhEPE AR BT IERT B, HEAHf MSE A%
WA KTTHIEIRE MSE 4%, XM TSl
G B 2 Mg A« LI 5 iz i G g AR AL
g, SFECRAMTHH MSE 8 F54E TG i v 7
A g0, AR ERFFAEAN I B iR 227K, 3R
R e R G s v A i = < R V2 S VA
3.8 =HAFEECE RGN

K PFINN R THR H T =M AS P 1
123 TR RS, “AHERMEEENREWE 9 Fix,
BT A JF M OLTC MiBR. 2ETEW 2 082 MEE
P bRt 804, BEALIESE 50~100 4T R
G FOTA A A AT . S R A

F 4 AREEMIRZKFREIE T B & MSE X H
Table 4 Voltage MSE comparison under different measure-

ment error levels and bad data
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Fig.8 Voltage MSE curves of the 33-bus system under

impact loads
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under tap changes
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