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Abstract: Existing methods for artificial intelligence-based cable fault diagnosis lack the ability to handle the dynamic
and differentiated development of faults, and they cannot adapt to new fault scenarios or enhance diagnostic capabilities
over time. Therefore, this paper proposes a scalable diagnosis method for cable fault based on the deep convolutional
neural network(DCNN), incorporating the idea of knowledge distillation and attention mechanism(DCNN with
knowledge distillation and attention, DCNN-KD-A). The knowledge distillation is introduced to retain the diagnostic in-
formation of the original faults by the DCNN model; meanwhile the classification loss of the newly-added faults is used
to expand and modify the model, enabling it to have the capability for extensible fault diagnosis. To avoid the catastrophic
forgetting problem in model training,a suitable fault classifier has been reconstructed. To address the issues of information
loss and changes in knowledge distillation, the attention mechanism is utilized to enhance the model's feature extraction
capabilities, thereby improving its scalability in diagnostic accuracy. The experiments are conducted using actual meas-
ured data and simulation data,and the experimental results verify the effectiveness and feasibility of the method proposed
in this paper.
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Fig.2 Implementation diagram of scalable diagnosis for cable faults based on knowledge distillation and attention mechanism
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Table 4 Parameters of 10 kV three-feeder cable network

ek K /km VRS RS A E/MVA cos(¢)
C1 6 Tl 2 0.90
C2 4 T2 1 0.90
C3 3 T3 1 0.88
C4,C5 3,5 T4 2 0.87
C6 2 TS 1 0.86
x5 MRS
Table 5 Distribution of sample data
I ZRpEA TAREA s
R i
A B A B PR%E
FY ik 1 1955 1945 349 359 2304 0
FY i 2 1979 1973 325 331 2304 1
S5 3 1933 1962 371 342 2304 2
Wk pgaes 12150 1205 216 226 1431 3

(199) (205 (39) (33) (238)

N— . 853 876 155 132 1008
i) g R I e 129 (126 (17 (20)  (146) 4

FEGERAE 804 832 156 128 960 5
. : 737 717 127 147 864

S W

Vi /N 221) (207) (34) 48) (255) 6
H 2 2844 675 641 93 127 768 7

Kl 5 Frn) DCNN-KD-A #8453 JI7E 5 FORES. 6
FORAS S 7 FAIREA 8 FEREH AT b2 Wik
EHFE, FEARLE AR B Bnl ¥ Rt iz g Lk 6
Fis. WRIBLIAFHITIHE, DCNN-KD-A A1)
A RAGZEIING I S EE T BEEFr
MELEIIZ & Nu ol 4 000, %334 0.1, IR
RN A 64, WZRIIFEIN 100, A28 RHA Hi&
N FE A T 5% (adaptive moment estimation, Adam).

MF 6 HHH] LUE B, b A AR B 1S,
A RAGIZWT RS 2 A R I, (HIZWRs 2 nT LA
PRFFTE 88% LA Lo S56 1 4 FIKE 5 VREHRE, AT
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Fig.4 Confusion matrix of incremental diagnosis of set A
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Table 6 Incremental diagnosis result of set A and B

_ LIRS /%
FEALE

4% 5% 6% 7% 8 %

A 97.94 9597 9427 9070 8845

B 97.14 9568 9288 90.27 88.73

LU BT AL 2 Wik B2 B 0 B R E T IR IR S
IS L PR BRI ot B0 0 A ) i R = 5 P 7 T
—REARSCAR [ 5 A R I A R AL SR B AT BR A
FFIX — SR 1] EEAT R AL, 7 [ 8 A I — 2% T
BEE R BUIRSECR MG, IHISIRARAEFEA 1%
AR, 1T RE 2 B B LERE A R RAAL
CRREGERINHIGIN, HX LR
GFIPERT, (EARIRTE It S AR T AR Hh — L5 B Y
PUBBEAR, IX AT e 2 HI 95 A2 I IH SRS 1 v
B
MECTIHSSIRES, ERHXATY AW, B
WIS E 2 A B EEER L. X RBEDVHrIRGES
FEARI 0 IR AR E,  BEARLAE 2 STFIR A e

0.02

£ 3(0.04] 0.0

0.03] 0.

= 410000
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=
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Fig.5 Confusion matrix of incremental diagnosis of set B
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Fig.6 Diagnosis accuracy for field data in testing set

SCHTHE 720 S BUHE A AT R 8UR
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i b, ZGFEAHERZ, DCNN-KD-A 1
MRz ARE kR, H2 WO ey . H5Ehx
F WENNAERARE, VIZFEARA T 5L IR
%, FmASCET 1A E R R BA R R R
fEX — [ . 4R F0AS TR BK & 5 I 45 25 & X
DCNN-KD-A #8Z Wrah R gemm, A7 DL 4
A A HTRN T B (i 2 HAh e DA B
LB, BBERHEERE N, WEANRED
175 s Wrsest, 3EIER 7 R 8 FiE SR 4
EARFEZERE TR RIS R, SRR, X
Nu=4 000 I}, DCNN-KD-A A58 ()7 212 Wik FE B
B 2 Nu/NT 4000 B, BERLFSE312 Wk FE 2 bl
# Nu R nmisE st . 281, 4 Nu 3 inE] 5000 B,
IS Wik FE 22 PRI

F T8 [ 8 R B B A RHIELE, B ik
BFEARRIEE SRS R B Infmb . 45k
GREEA RN, H TR SRE A%
BHRD, G IFERET AL, Sk D

KT AFBEERAREERIZEE R

Table 7 Diagnostic results with different united feature set

capacities
¥ WA/ % Tz
U \ Wz
SE T S KI3 k4 s %

2000 86.39 86.83 86.72 86.39 86.05 86.48
3000 87.28 87.11 88.17 87.67 87.33 87.51
4000 88.45 88.73 89.12 88.84 88.50 88.73
5000 87.28 86.83 87.22 87.67 86.72 87.14

REAR . AR R RIS, BT A H
A& AT AT B SRR A, FEARSE AT
BB EeREE A, R — RSN RIS,
XM EFRICWIREE . Nk, EHRANA R
RS AT AT RAGIZ WY, fREE RIS
FEAZCER: 2 (A1 ~F-4 1)
34 TEEMNFFERIRTEE

SRR, T N TR RN RS2 W
TEF B NHRE, —RETRERE, 25
THRIMFFE. NIRTCIRZRHE S it HRHIEAE 45
B T A IS W I 2 e, AR R R AR [
A FEAE R G AT R T i k2
W A0S B SRR, VR JERFAE A FH B2 SCHR[25] 4 2
2= L2 ST 271 A 1R I Y
5 YL WrsEat, seat gk gk 8 iR i DCNN-K
D-A B2 4 FESUIRASES, SETHRHER 382
Wik N 97.64%, LUk ERHERF IS Wk FE
3.95%. 7Ef8 DCNN-KD-A #8525 6 Fl L4tk
BRI BALZWE, SHRIE SR ZRE T
IR B ZME N 4.58%. T 4A[H LIS W 8 Fhel
GUIRESHS, PIE 2 ZE EAE] 5.03%. X—iE
WKW, fERY RS, BEEBIRESHER
BN, GUHRHE AR E R ) (2 kS 5 22 (2
¥ K. ik, SRZERMEAL, RIMRHEETT B
thizWrh St E, RH TN,
35 ARIMEREFFTEE

TEIVE FT N TR REM s i b2 W 7 ik,
T—NsWiEs%, Blansh 4 iR 5 2H
ek, #AE 1 MMOLIZ KRR, A WES
IR SHORARFE ), HEAT S AR B
AT N TR BE 0 R4 512 7 5 vk T i 40
BRI R SHAFEMZ, AXHRHEM
DCNN-KD-A #i81, Hodid —pp &2 ) 177 e
BTSSR, RRVFHH2 T %R N2 T2
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® 8 AFRHNFHERIZH4s R
Table 8 Diagnostic results with different features input
WG/ % SRS W

TH 1 OSEE 2 SER 3 T4 WE S RIE/%
GHHFE@4) 9794 9746 9730 9746  98.02 97.64
WEEE@) 9397  93.66 9358 9374 9350  93.69
ZEHERME(6) 9427 9453 94.02  93.89 9427 94.20
WEHHE©G)  89.44  89.69  89.63  89.69  89.63  89.62
SiiHHRES) 8845 8873 89.12  88.84  88.50  88.73
RIZHHIE®)  84.04 8354 8443 8376  83.71 83.70

AL

W AT 25 s 4k R A DG {5 B, {8 DCNN-KD-A REf817E 5
BT SRS L SeBlsh ST fE,  Sel B 28 s
IR AL S W . NI A 2T N T8 e
() FEL A WA 12 T 7 VR AN A S R vk 2 T () 22 5
A58 DCNN, DCNN-KD F1 DCNN-KD-A %74
I3 MCIRZS 3G & 12 Wkl FE RS2 Wi (8] 2 AT
THEAT X LS at, gl Fingk 9 f15E 10 fiw.

IR 9 v LUE B, B AR TR 1S,
DCNN. DCNN-KD F1 DCNN-KD-A {12 Wik %
HR IR A, 445 DCNN [R2 T HERf 22 248 T
DCNN-KD, M 4 JRREF] 8 JORAE, WH Sk
K528 0.09%. 0.44%. 0.02%. 0.11%71
0.51%. M#:T DCNN-KD, 7EINAER AIHLEH S )
DCNN-KD-A [FJi2 e Aoy BT, Hiz
WrksFE E =T DCNN. M 4 ZOREE] 8 JORAS,
DCNN-KD-A FJ2 Wik FE 5375 8 H DCNN 0.57%-
0.14%. 1.13%. 0.86%7F1 0.45%.

RS IG5 A [F) X 28 A5 2 (1492 Wt s ) 5 L 45
RUNE 10 Fros . N2 4 FEREH] 8 2R3, DCNN
5 DCNN-KD-A 1712 Wb i 8] ey #E Z 5 7 3 N
-21.29, —26.82. 0.39. 28.88. 33.7s, ifii DCNN-KD
5 DCNN-KD-A [#512 Wbr i 8] e J8 #E Z= 15 4 3 N
-10.35, —12.39. —13.66. —15.95. —14.96s. L
T DCNN-KD I DCNN-KD-A 2 fi#%, DCNN 45
FfaT B, SHb,  BRITE R nT 3 A2 b 4]
W, EIZWT 4 S5H0 5 JRRESEE, A2 Wi [a] S AR
3/ DCNN-KD 5 DCNN-KD-A. {HH T DCNN
Gz n[ Y RS, HIGERIH e T2 TS
PSR, HXEEBSHAES, #HEEIZ. K
I, TE2W 5 FRRE LG, B BADIRAS TR 1
i, DCNN MizWinEaEFEEZRDLZ T
DCNN-KD il DCNN-KD-A, H#HRAEsZE,
5] 98 FE 10 2= S @l B . AT DCNN-KD,

RO IR E R A R 25 B 2 MRS 2
Table 9 Diagnostic accuracy among different models with the
number of fault types increasing

AR KL LTS /%

R
4% 5K 6% TH 8%
DCNN 97.07 95.69 93.07 89.73 88.28
DCNN-KD 96.98 95.25 93.05 89.62 87.77

DCNN-KD-A 97.64 95.83 94.20 90.59 88.73

F 10 CHRAHGE T AR P ZAE R 112 Wik (8] %] B
Table 10 Comparison of diagnostic time among different

models with the number of fault types increasing

A REHE T BSS W [8)/s
A 4% 4,52 4—6% 4—TF 48
DCNN 24637 49837 75712 101823 128330
DCNN-KD 25731  512.80 74307 97340  1234.64
DCNN-KD-A  267.66 525.19 75673 98935  1249.60

DCNN-KD-A 400 7 yE= b, R g
FEdRE, A SHEES N, 20 R AEA AT
W2 . HEEE B SRS R0,
DCNN-KD 5 DCNN-KD-A 2 [a]f#]i2 Wit 6] 240
/DI, DCNN-KD 12 Wi (Bt A AR &
L AR S Fh S 8 I img B B K

DRI, M2 Wk B 52 Wrint Rl AL 2 AN 7 T 45
AVPH, ASCATHR 1 DCNN-KD-A A7 {14 B
Bl DCNN B8 /£ DCNN-KD %At 5] A
RN, AT G BRI, i) s
DR M mT i A S Wk P (3R T .

4 ZEig

D EHRNAAZ KT, AR ITER
ZITHER R 2R B ACIS RIS R Ty 3L T F#
sy, (HEMRRBEN IRFFEET 90% M2 Wik .
R AE RABRY], %70 S EE 2 i th F
AR

2) FESERRM A, HADIRAFEA 1 A L
KRS HEAZ THRIRSHEA . Ik, 7EfEcs
FAEEE IR RN, 025 S IR A Z 18] i 5 R
VA A R RE /N, ATRAGRIET YRS
WS RIS IRTRS FEE

3) SERERHEAEL, FT GEHRAE 1 R 2T
e 12 Wk 52 S e T 7 LR B K R T R AL 2
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