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Diagnosis of feeder-transformer connectivity in a distribution network based on voltage first-
order difference outlier correlation analysis
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Abstract: The voltage correlation calculation and its extension method is an effective means to realize the diagnosis of
feeder-transformer relationship in distribution networks. However, due to the complex operating conditions of
low-voltage distribution networks, the distribution transformer voltage fluctuates abnormally in some periods, which leads
to certain limitations of this type of method. For this reason, this paper expands on the voltage correlation method, utilizes
the mechanism of voltage mutation feature diffusion with the trend, and proposes a feeder-transformer relationship
diagnosis method based on the first-order difference separation group point correlation analysis of voltage. First, based on
the voltage correlation method, the initial screening of the distribution transformers is carried out to derive the credible
and abnormal distribution transformer sets. Secondly, a univariate time series streaming method is applied to carry out
voltage first-order difference outlier detection, and the bus outlier labeling is realized by correlating with the substation
voltage regulation events. Subsequently, the outlier points are evaluated from three dimensions of interpretability,
perceptibility and distinguishability to form a sequence of bus weighted outlier points. Finally, a feeder-transformer
relationship diagnosis method based on the matching degree of outlier points is proposed to recommend the feeder to
which the anomalous distribution transformer belongs through a comprehensive horizontal and vertical comparison.
Experimental results show that the feeder-transformer relationship diagnosis method proposed in this paper can effectively
overcome the influence of complex working conditions and significantly improve the performance of the diagnosis algorithm.
This work is supported by the National Key R&D Program of China (No. 2022YFB2404200).
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Fig. 2 Line graph of voltage at substation 10 kV bus

BEZR LR /kV
=
»

with different sampling periods

B AR e R LS R, B4R St R]
FERCAZ MR M BEAT R G0 R 5 . A R 28455 i R
PR, DA R R TR ER . 2
JEERAERE MV /S, — BRI BRAEBC A AT . K110
AT N RELRILR, AT IEIR .

1.3 BETHEERTHIELEXRFEISHIEL

FESERR RN, ZAR R 2 5 JF AR 2 B L
KA, AR R . T
P, L IO9 32 45 Ay A A A FEO), R R AR TE R —
YEALEEIX A BIF] — ML T A, JEHRAE BRI
KPR ] RN T ORI EEE, [F
— AR TR R R B AN AS G, BOR A [
—NAE L R 10 KV BEZEPY, 30 e A H
JEAFIERA — N ZE R PRI B AL
KR AT DL ORI 2038 50 R 7

A R R A S BT 5 3 T f R RARRHAE 73
BT iEmai &, WA RERTHEA R R W TERE,
A RA A 4 4B B, Wil 3 s

B 1 AESRERARESYI. ATk
MR T VR A T R AR AT 0 260 i, 19
IG5 R RS S. FEESTIIRA
K Ji 2 7 EELA BT IR R



TR — B 22 20 B ORI BT O T L I 2 A8 O 2R 12 i - 161 -

Primit, 55
@ | EFEGHX R AR | | AR SRR
Y ksl FEBSBEROI | | RS RS

\ RHREES \ AT A \

) ) ®

v
S AR L AR HLUE AR Y10 kVEELG
SRR BRI HE R

[ I

|

ARG 10 KVERZL
BIBERUR A ®

v
SR TCARRE T B AR
UCTCFE (2 W 23 4T
2
F AR AE IE R
Sikiize

)
@

[ 3 FrAYLLTE X RIDHTHELE
Fig. 3 A novel diagnostic framework for feeder-

transformer relationships
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transformer DT1 under Fd,
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