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Failure diagnosis of ISSA-KELM sliding electrical contacts based on
ADASYN balance data

HUI Li-chuan', CONG Lin
(Faculty of Electrical and Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: The contact state of the pantograph-catenary sliding electrical contact has a direct impact on the smooth
running of the locomotive. In order to judge whether the pantograph-catenary sliding electrical contact fails under
certain working conditions, an improved sparrow search algorithm based on balanced data set training is proposed to
optimize the kernel extreme learning machine failure diagnosis model. Firstly, the locomotive operation is simulated
by the grinding experiment of the metal-impregnated carbon sliding plate and the copper wire, and the current-carrying
stability coefficient and off-line rate with the sliding speed, pressure fluctuation amplitude, pressure fluctuation frequency
and contact current are obtained. Secondly, the minority samples in the experimental data are expanded by the adaptive
comprehensive oversampling method, and the generated balanced data set is used to train the kernel extreme learning
machine failure diagnosis model. At the same time, the parameters of the model are optimized by the improved sparrow
algorithm. For the shortcomings of the basic sparrow search algorithm, the chaotic mirror initialization strategy, the
rotation search strategy and the Cauchy cross mutation strategy are applied to the position update of the sparrow, and then
the improved sparrow search algorithm is obtained. The improved algorithm is simulated and tested by the test function,
and the results show that the algorithm has better stability and convergence accuracy. Finally, by comparing the model
proposed in this paper with other diagnostic models, it further verifies the effectiveness of the model and the superiority
of the improved algorithm under unbalanced dataset.
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p— f(xbe}tgx; f(w)ekt/tmax' (29)
Horbef(z) MM BEAELERE § B P 20d N FE (A,
T (@vese) 9 BARAN A B & LB AE. BE A 2% AR IR
S, 3 S FE P 38 A B A, A e MR BN,
SRR SX P VA F Tk R R AR, (RS
AR AR 2R A
3.3 HUHREREEISSA) I REITE

NG UE ISSA Bk (b, 0 B s 0 R K0 1y
2 0 bR E Fy Fy, 53 9 0 S92 A eSS0 3 ARk H
JR il e EAE T e 7. 25k e R D 58 2 B .

*2 MR

BRE qepE HWREHE /M
Fy (Zakharov) 30 [—5,10] 0
F5 (Bent Cigar) 30 [—10,10] 0
F’5 (Girewank) 30 [—600, 600] 0
F4 (Schwefel 2.26) 30 [—500,500] —12569.5

3.3.1 ISSA 5HADE AR E AR HLE

A BURR A B35 (SSA) - KL T BEHE (PSO). A
Towg K AR (GSOY!L, B IR B9 (KH) 20T 5 sk ik
FE IR (ISSA) HEAT I3 bR 25 - 0] L, P A 4
N 50, B KIEAR IR BN 200. R T BEAR BE ML R 2 0t 45
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SRBIFE, T 4 A>T 6 R A7 ) 24T 30 IR L SE R,
I NLIAT R 45
R3 TRBREEIRER

BRI g BARE A PR 2
ISSA 0.00e+00 1.77e-166 3.39e-165

SSA 0.00e+00 5.63e-11 1.78e-10

F PSO 3.12e-01 1.41e+01 1.86e+01
GSO 5.24e+03 6.97e+03 8.49¢e+02

KH 2.49¢e-12 3.21e-11 1.63e-11
ISSA 0.00e+00 3.74e-153 6.62¢-153

SSA 0.00e+00 3.23e-05 5.04e-12

Fy PSO 1.64e+05 3.16e+05 7.18e+05
GSO 3.14e+00 4.14e+00 1.06e+00

KH 2.51e-08 2.40e-07 1.14e-07

ISSA 0.00e+00 0.00e+00 0.00e+00

SSA 0.00e+00 2.58e-10 7.81e-10

F3 PSO 6.96e-01 8.53e-01 6.56e-02

GSO 2.37e+00 2.78e+00 1.92e-01

KH 3.78e-13 3.92¢-03 8.38e-03

ISSA —1.26e+04 —1.15e+04 2.13e+02

SSA —1.09e+04 —9.82e+03 2.06e+03

Fy PSO —6.68¢+03 —5.89¢+03 6.56e+02
GSO —3.92e+03 —2.76e+03 5.03e+02

KH —5.56e+03 —4.68e+03 1.18e+03

FH 2 3 20 AT AT 0, 76 A R IR 2% 4, ISSA Bk
X 4 2H I R B A 2 R B R A T S At 4 R A
VR, R T B4 bR B Fy A E,, SSA LV FT ISSA ik
BE A SR 3 1 e AR, 5 75 P S5 (B AN b o 22 1 T 5
F,ISSA H AT EE SSA /N LA H i 27 1)~ S {H A bR
2, H -2 o 2 i PSO 5. GSO B A
KH 53 6T 22 06 55 8 Fs, ISSA e U85 31 B A0 8 H.
TE P B A RVbR 1 22 10 1 550 B 35008 B e A 5+ 2 0
BRI Fy, ISSA 15 -0 HS FE LA RS-394 Fbs o 22 (1 v
S ERSAR T HAR S L. 45 b ISSA A bE H Al 55092 5 2
IR B A, 2 P ISSA HL A 5 3 () 42 J5 F R A=
IS R 1, 10 P E R bR 22 1) 535/ F HoAth
SR, A A SR (A A R R e

N T DU U % 5 AN TR (R WA SO FE AT Bk
RS AR RE 11, 23 R BGR BR B ) Fo s By Fy
TERF ML S50 F o iR 25 SR 5 P S B AH 3 () —
R, Zehilie st 26, Wl 7 ~ B 10 B,

10°
o
P
"E 100
@ 10 SSA — GSO
. — ISSA — KH

PSO
200 L 1 1
107 50 100 150 200
IERIREL

B7 P L

10°
s
P
>
110t SSA — GSO
—— ISSA — KH
PSO
0 50 100 150 200
IERIREL
B8 R F szt
E 100 SSA — GSO
g —— ISSA — KH
@ PSO
10’]0
0 50 100 150 200
BRI
&9 REFs sl
-10°
I
i —
B
= -10*
s SSA — GSO
—— ISSA — KH
PSO
-10° : : :
0 50 100 150 200
IERIEL

10 R F aahsk

H 7 ~ B 10 7] LLE H: 76 5 Fh B35 1A B AH R
WL SHORE B2 BT, ISSA FIT i (I AR IR B de /b, 2 B VRV %
BAUEA T DU R W) Us PO o A o e 1 B 431, 51
bR ) B A B SR, B R R SO
BE & L ACHEAT, PSO Bk GSO Bk M KH 532 111
SR 2R AR AR PR, SSA SIS Sl th 28 2 /1N B B
B R B S5 T AR (B SIORS 2 2B ISSA Sk
i £ S KR B T B S T A0 WO SORs B v T A B
125, 3 BH I8 I AR P A8 AR S SRR R A B AT AN B
YR G R T SRRk R SR A, HEAT BB AT T
K, BN AT BO&E e 48 = A R T sk 5
B R T ILRe 0, B8 e W SRS B2 2% B ISSA ik
FHEE T SSA B ik, PSO k. GSO H kM KH H ik,
HAG T R SR R O SSORS B R AR 1k
3.3.2  ISSA 5 HAhE SSA SR LLEL

5 B S R R, 43 B TR A R
TR SIE (QSSA)PT, VRV JFR 22 573% (CSSA)IOL, fi
AT TG AR R 5 e I 2 ) B RR A8 RV (ISSA DT 5 A
SC SR JRR SR (ISSA) JEAT UK L, FhEE RIS 4 B
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50, B RKIEARIRECH 100, F045 - WK 4.
F4 TEKHSSAEESMER

PRI Hik ARAE SFHME FrifE 22
ISSA 0.00e+00 1.77e-82 3.39¢-81

QSSA! 0.00e+00 4.55e-44 9.65e-43

Fro cgsA™ 0.00e+00 3.47¢-35 6.28¢-34
ISSA!H 7.38¢e-41 3.17e-20 9.31e-20

ISSA 0.00e+00 1.74e-45 1.66e-45

" QSSAY! 0.00e+00 8.08¢-35 4.33e-34
2 CcssAlY 0.00e+00 4.03e-18 3.12¢-18
ISSA1!MY 4.32e-20 6.60e-10 2.36e-09
ISSA 0.00e+00 0.00e-+00 0.00e+00
QSSA! 0.00e+00 0.00e+00 0.00e+00
Fs CSSAN 0.00e+00 0.00e+00 0.00e+00
ISSA1MY 0.00e+00 0.00e+00 0.00e+00
ISSA —1.26e+04 —1.06e+04  9.22e+02
QSsA! —1.21e+04 —9.04e+03 8.46e+02
Fy CSSAM —1.0le+04 —9.64e+03 1.22e+03
ISSA1!MY —9.82e+03 —5.43e+03 1.74e+03

FH 32 4 W] 1 0] T LU pR 3 Py N F, ISSAL QSSA
1 CSSA ¥4 fe 348 2B S L, (H ISSA B4 B /N1
SPEYAE AbRAE 2, 2 I H BE 4 B SRR R AR
Xif - 22 W BRI AR By, 4 PR EIE 3 3 AR RR 1 S A0,
UL SSA L H & R RN AR I T2
U bR B Fy, 4 FPRVE ) SR 285 A 22 A KL (HISSA B
P FE R A,
4 ET ADASYN-PAHHE K ISSA-KELM

18 3 BBk R RS W
4.1 ADASYN L&k #iE

ADASYN J& —Fl FH T AP 2% 2] (1) H S B4R
ERFEEE. W T RA DB 2, 0T DR n 4
25 ) Hh PR IR E B 5 36 31 K AR R BT 2 B RE A
K, IR 2 B b LR e 7 S R A
I FEAS -l R (2 Wi 22 . 53 SRR 5 1k R
BEHLIL AL SMOTE #H b, ADASYN ft % & /b $ 25
JETIREA () o3 A1 1 O, FF B AT REAR & B B T
LR FER B R, N KRR ERENEE. BT
JE 4 52 56 B o B AT IE R BB o bR, B B
) TR 2 AT RS RIS N IE &, BRAIG T 4 7 (1) 1F
2[Rk, R ADASYN P45 4k Il 25 55 H 4w, O 4
FREAR BN ZREE 5 MR B EL 15 3 - 1, A BRI f5
MIREA Y AT R 5 BT,

#=5 NHEHASMNAHERSH

ERE NGKE WK R
. 1% 33 11 61
e Y I s
1EH 33 11 %0
PR 31 5

42 EHTFISSAMILKELMS#

5T ADASYN -1 £ 45 48 1) ISSA-KELM i [
123w S

step 1: FHAE B0 ~T A7 I 2R B 44 e KELM S,

step2: WEWIIEFHEH N = 50, i KiEARIK
oM 100, RBLEECH N 0.7 N, AN N 0.3 N, il
HHN02N,ZA{HST = 0.6.

step 3: MK 8 VB VAL 5% 1) BT 46 1 S WS ) 463 1 R o
BB RREMEMN BRESH O M.

step 4: K KELM 43 A5 A4 1) T 1y 22/ DR JRR 22 1
TN FEAE, B

f@):1—£}. (30)

t

Hotmy N IR 53 SRR A HL, m DI SR A 2L
M & B FEAE 4R H B A B A i 2 A B

step 5: 44 =X (11) %F A I & Ao B AT 53T

step 6: fc4f 3 (19) A1 (20) Xf In A& fir B 247 5
.

step 7: A4 =X (13) X 2 e 2 o7 B AT BB

step 8: MR 20 (29) 928 F E 3, b A AX ™ AR 1) B
e A8 S A 8 58 AR S S AT B S

step9: #7 t < tiax, W E R AT step4 ~ step 8; #7
t > toax, MIEALA L.

step 10: iyt S LR A B X LS8 C Ml o, 15
F Ak 5 1 ISSA-KELM A5 A

step 11: %F 45 5€ 40 T @ AT R 0 A 250

7

RS WA a1 s,
______ R
I \ S T \
I ‘lﬁ":\ PIRIHEE™ | issatiqe
| | | v KELIJ\/H‘E< |
=y | v |
|7 | R (30) 751
i Damngen ||| | N |
Fi Wit |||, SETDORE ‘
| [aDasyn ] | RGeS f%)”ﬁ A ‘
Dol g || SO oy | |94

| xR Sl % |
== || || | A | | REw
B TE ) M 7 ) |
‘ Bl | v
# [1ssa-KELM|J] | [P ‘
}@ s Y) | DS
‘% v N \
% [ | 1] N
| | bk || |
| f | AR %
) [ 1 \
| G ) | s CA
L_—___ BN m— |

E 11 EHTFISSA-KELM By liRis



#1187

® )1l % & F ADASYN -F4#7 % 32 49 ISSA-KELM % 3 ® 45 fik % 234 Wr

3173

43 ZTRERSHN

NS EA ST B AR (R R, SRR R B ATL
(support vector machine, SVM) 5 H1C {24 25 Y 2%
(long-short term memory, LSTM). KELM. SSA-KELM
A1 ISSA-KELM #EAT 12 W73t b, 2 6 9 A [ 48 B4 75 i
SRR AN Al T 2 W

=6 HISHTEBLERREITEL %

R BATIER  BITRM PR
ISSA-KELM 90.90 80 85.45
SSA-KELM 90.90 80 85.45
JR UG H A KELM 81.80 80 80.90
LSTM 90.90 60 75.45
SVM 81.80 80 80.90
ISSA-KELM 90.90 100 95.45
SSA-KELM 100 80 90.00
AR e KELM 100 80 90.00
LSTM 90.90 80 85.45
SVM 100 80 90.00

FH 3 6 AT A0 JRUGEE T, LSTM X > 252 (12 i
At 11859, SVM. KELM F1£2 B354 4k () KELM Y
W RSO A X AL, (EL ST 30 A A v P 5
RS D ERAE AR T2 Wi 5 1A B I, HH ISSA-
KELM [ i 5 7] ik 95.45 %. 55 JFAH 585 T 1) SSA-
KELM.KELM.LSTM.SVM # AH Lb, #Eff = 5 il $8
TFT 10 %- 14.55 %o+ 20 %o 1 14.55 Yo, B 31E 1 45 1| 25
R U [ B, A8 LG TP 5088 T 1 SSA-KELM
PRI HERR R IR TE T 5.45 %, HE— 2D R 0 T B3t 5%
A
5 %4 ®

1) 5 W Bl r el T B AR E R U 4R R b
T 03 AN 5 AR %) 1 T 2K, B R B
ARUER IG5/ )N, 2 ok F AR B AR e R AR B 2k %
PIFE L/,

2) K TR B R AR AL SRS . A P AT AR S
T 3 T e 4 2 SRS TR R AR A I 455 <
MRRE 7,45 B T —Fl 5adk (4 JBR 28 S50, ol i S 50 56
E T S0 JRR A8 B R A

3) P Il 2 8 S, 28 ISSA AL AL ) KELM A5 784 %5t
T8 B L4 i 2 202 W HE A 28 W] IA 95.45 o, MTTT B8 IE
T AR ST AR (1A 1
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