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Abstract: To address the issue where gas-insulated switchgear (GIS) partial discharge diagnosis
and localization are treated as separate tasks without considering their connection and in response
to challenging deployment and generalization to on-site small sample scenarios, this paper
introduces a multi-task meta-learning network to simultaneously achieve GIS partial discharge
diagnosis and localization in on-site small sample scenarios. Initially, a multi-task network is
developed to fully explore the correlation between the two tasks while preserving their differential
characteristics. An attention mechanism is introduced at specific task layers to select important
features from shallow to deep levels for each task, ensuring the quality of differentiated extraction
of features for each task. Subsequently, a meta-training method is adopted for model training to
deploy the developed multi-task network in on-site small sample scenarios. Fine-tuning is

performed using a small amount of data from the target task in the meta-testing stage, and GIS
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partial discharge diagnosis and location with small samples are enabled. Finally, the model

performance is verified using field samples. Experimental results demonstrate that the multi-task

meta-learning network proposed in this paper shows an accuracy of 94. 53% in GIS partial

discharge diagnosis, with an average error in the location of 10. 78 cm and a root mean square

error of 12. 97 cm. Exhibiting superior performance relative to the single-task network and other

models, the proposed multi-task meta-learning network presents a novel solution for GIS partial

discharge diagnosis and location.

Keywords: partial discharge; diagnosis; location; multi-task network; meta-learning
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Fig. 1 The structure of single-task and multi-task networks
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Fig. 2 Multi-task network constructed
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Fig. 4 GIS partial discharge diagnosis and localization flowchart based on multi-task meta-learning network
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Table 1 Diagnosis and localization results of small-sample GIS partial discharge in the field under different meta-training sets
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Table 2 Diagnosis and localization results of GIS partial

discharge by different methods

TE AV 45 R

e WK/ % SFHERE/em BIUTRIRE/ cm
STLN 89. 56 14. 56 17.32
DT 36. 25 21.05 24.63
DAMLN 79.63 18. 45 21.19
TLWAM 92. 86 12.01 14.15
JLCNN 92.05 12.27 14. 68
MTMLN 94.53 10. 78 12.97

NN Z IS MG L RE. 5
JLCNN J7 %M . MTMLN J5 i B9 12 W okS B 42 7+
T 2.48% ENCF IR ZEFEALT 1. 49 cm, 5 LR
ZEREMLT 1. 71 em, B F JLCONN Jr ik i A
1155 2 R AT 55 2L 2 2 S U R I 4 A T2
HENL, 20 T AT 55 1 25 5 A $ Hi, 3 SO A
RETFE. 5 TLWAM J5iiAa Lt , MTMLN J5 3 i 12 Wi
KEEEARTE T 1. 67% @ PR ZEREAL T 1. 23 cm,

http: // zkxb. xjtu. edu. cn

YA PR T 1. 18 em, AJ WL, fE4R B AT %5 2
A3 AT EIIBEAE 3 A B BT 55 LR
ANFEGEEE » A 8h R BT 55 MR 30 TR o % 31 ZEARAE
A AR TE T AR 1 R

R Tt B AEAN R A AE GIS JRE i 2
Wi LR EERE . 9 A T R Ik IR E . A
TRE M B AT LUE 40 LT o 2 AR SCH Y
MTMLN J5iE#-F T 7E R — Ko bE A2 Bk .
T3 A BT 5 A U T 192 W RS B B IR 7 BRI
JBCHL 1 32 WK B B e, X 5 0 H B B G
B 1025 Y T AR 75 B 1Y — 2 50 AF 7] W0 Ak 45 58, 7T L)
FiLHLT DT Jrik, R4 DAMLN J7 ik g 6% fir
e S EREAS I [F SEREAS  H R AN [ 2 51 ] (VR &
AR E, M F STLN J5 ¥k, A X MTMLN )7
AR A 2B 1 ) B R AT B il A5 S SRR AR G
BN RN . X 2 S M4
1E GIS JRy & iz W 34,

& Jm R | 0.93

WIS

BRI HUR

2
Mﬁy@ &‘%iﬁ N

‘Zé\ "5‘ 2@
>

(a)STLN Jrik

G R 3
||§’|&}$Jﬂ & th ol
W B 0.70 ST
BT 093 &7

- S

0.7
o &

8
0
7 8 &
T :
\\S&
(c)DAMLN J5 %

& 9

%

() MTMLN J5 %
AN IR J7 15 B T ¥ A

Fig. 9 Confusion matrix for different methods

SRS SRR SRR B )RRk
AT G SSE N 4 WV & B LR
()STLN Jyik (DT Jrik




1M TEHH 5 AT 45 024 2T W25 B AR 46 k20 4 Fi 4 J) 3 T e [RD I 2 W 5 e 113
SRR E AR Bk SIRARE O E ARk 100
PATITY) G = SN 4 PATIY I SN e
80 |
S0t -~
s — STLNJ¥:
g —DTJik
Tt DAMLN 5 7:
ak / ——TLWAMJs %
JLCNNJ; ¥4
a0 L — MTMLNJ
0 10 20 30 40 50

(c)DAMLN J5 % (d)MTMLN J5 ¥
Bl 10 AN[E 5 i i) Z 4EFRAE w] g Ak 45
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different methods
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