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Abstract:

3. School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

Aiming at the problem that it is difficult to extract effective fault features from oil pressure sig-

nals converted by turnout switch machine and the traditional fault diagnosis method is not effective, a

fault diagnosis method turnout switch machine based on visibility graph features and CatBoost is pro-

posed. Firstly, the visual graph algorithm is used to convert the time-domain signal into a complex net-

work graph. Then, the five statistical features of complex network graphs are extracted (i. e., network

average degree, global clustering coefficient, average path length, transitivity feature and network graph

density). Finally, the fault diagnosis of turnout switch machine is realized by CatBoost algorithm. This

method is

compared with other feature extraction methods and fault classification algorithms. The experi-
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mental results show that the visibility graph feature can more effectively represent the working state of

turnout switch machine. The diagnostic accuracy of CatBoost algorithm for four working states of turnout

switch machine reaches 97. 5% , which verifies its effectiveness and superiority.

Key words: visibility graph feature; turnout switch machine; CatBoost algorithm; fault diagnosis
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2 RERHEE S G it 1T
2.1 BEBRTE

EXMEE N G=(V E), I SESVH
NESGEHN. V={1,2,--- N}, NI K
o WO R EAEEAE L, XS
FRNE, Bk, BUEERNPIAT S i jeV,
M E={ijw,}, Ho, w, B35 595520
A .

WHE, LA RN, WN-NM®AFRR
AN EMREE, HhAGj)=w,. @, A
O LB CRAUN, 138 S AR,
O KIRWTT SR ez . [, @ L—EEH R
D=diag(d\ ds, - ,dy), Hf, d, Wi
RUE R SAT, T diag ()R ] H8 57 25 R 6] 6 R

2.2 BEWSITHHE

PRV A MK R T 2GRS
b, BRZMZEIRYT SAELFRR T2 200
HAERR, BIRMBA T HIFFMETUE X M2 N
TEfS B Sk . ARSCAERLEER b, X T LA R 25
W RRRIERL PR B

24 PRV B2 5/ R SRR 4RI
o 24 LY 443 5 S

1 N
K—N;¢O @)
IR EREUE SUH
SINL()
CC=—t—r, (3)
EN%(Z)

s N, () 579 0 AT R s R 2 F 5
Hs N () 5795 5 AR R P ORI 1 451
#H.
P 265 10~ F- 2 B AR K B
2
L= N(N-+ 1)2
153 1 7 Sy 190 4% T AT 2 VP R 3 42 1 1 A
A ILIR] A R AR, B
DWW, Wy,
T="
Zwi‘jw}"/\,
X 2 42 o 7 Sy 1T o S B 7 A 1) 2 8 5
W EAFTERIR L Z L, HoE SCh

M
o= 6)

ATWN—B

b MO SEBRAFAER I,
3 CatBoost#[E5n L EH %

CatBoost J& — P et #F iy # B2 £2 A4 (GBDT)
KR, CatBoost WP T THI X GBDT k#1717
e, R A B AR FR i A A D T e B 1 ) A
AT D i $UL A ) e A

GBDT Hk it iR 2 5527 2 45, AWrik
22, MBI —A e S48, MR F
PR TORHIMES =2 20 2R A (CART)

ik b —fe 2= 2 R R AR I A F (2,
PRBEECH Ly, F (), W UaE e T4
F) A~ CART #ERIR 55242 2 28 A, Y AT IR i
ReREGRE e/ ME . HATFE R OLIE Y B AR R gk

h'=argmin EL((y, F" '(z)+h(x)), (D

T —He 45 2 I AU R H b e R £ 8 B 40
B, BRI R
aL(y,s)

5! = | (= =1
g'(x,y) % ls=F""(x), ()

W, o 4

(5



CEVEE 213 1)

FET LR FFIE 5 CatBoost B HALEEI2 W (B 2 0E %) 61

SIS i U/ Se Nl A= Wi
h'=argmin E(—g'(x,y)— h(x)), <€)

AFEUR W B 5 > v
Fi(x)=F Yx)+n, (10
CatBoost 58 1 & — Bl 5 F XF #k ok 56 1 11
GBDT A, H 5 R e 2 S Rr BB A 2800
RUAR S, [AIE, AR 1A O 22 T g
I, IREAR T LA A A Ak
TG T (BoosO SF2: B BR TP B EE AR R
Y HTAAL A R AR R A T, SRR i R
w2z, MG . Catboost fiff I N —HEXFR
PRBRIA L — B AY R, A i om Bl
MLHES N ER A, X R — A BEHLHES Y
HAX, Z— P HRpmpsiR N, TR, Jf
HIXAMEAUAREZAEAS BB BE AT I8 . fEHIA
[EIHEFIADNZATR R, N2l R A
LSRR LR T 2 Py ) A8
TR % (Prediction shift) 52 H 426 B i 22 185 %
M. TELMA GDBT i, i FHAH R B £ dis 45Kk Y
HIRE AL (6 B 2 3O B2 w22, F 1T O AU
Ao SR, CatBoost FAL Gk FE Al 11 )7 v5 B 4
FHEFF $2 T+ (Ordered boosting) A 5%, #E1 FFAG
BEEEAG T 25, 4R AR Rz fRRE T .
1 CatBoost Bk, TR HISEIRD, H
LSRR TR WITREE . RIEeR S,

4 MWRIZHRIE

AR SRR FH 1R 7 256 70 e YR X RO L ) e e i
FEBAE BEAT MRS B . o, e R
T8 7 e ARUPIL D 0 e e B e T TR R 45 4
&, MR RERGIHEE . &5, fliH] Cat
Boost 5 12 X F5 AL AR A FEAT SO 326 0 AR L
K2, PR

AR 1 IR LR AR A IE R
A EAREAMB, B RS
T P AE A S i BEL ) A5 T 00 A 4 R A

IR 2. K EREAREL Ba: bR LLIIRI >
ISR S5 IS

AR 3. KA BEA T ALEL, IR
B SRAEA Y SR IEIE BEAER

AR A RECFYE . 2RRERE. P
PEARIJEE | A 3 PR AR R R 0 24 % B SRR I, I Xk
FAAEFEAEATIA— AL 3

BRSO 2 A 4 R Y £ HE AR A I 2k
CatBoost #7 ,

R 6: ] CatBoost £5 A i A I A FE A %R
G/ XL WD VAR = gl S PO g VAR R i
FEACBC RIS T, S I R T3 20 AL IR A, 3k
B SRR R H Y .

SRAEK:
v
RIS
Wi fE
v

B TR R IR
SRR 5 B A

v
FRBERFAE I I — 1k
v
Ik CatBoostH I
v

MHE CatBoostk 7

giR
2 W2 AR

Fig.2 Trouble shooting flowchart

5 XREHERSN
5.1 ZRBIRSRE

P S K08 10 2o 8 P RGBSR P O R b
S It A 21 7 ol 8 20 A SO RS AU S 5 - 65
RARHL, FeRLA RS0 5 W 3 R

B3 R RS &

Fig. 3 Switch machine fault simulation test bench



62 b R e o A RBRRAO

2024 455 1)

LB i A A R a2 L AL B
ROOLAL . BT ROILAN R B B ARG S
e 2, SRR B S RO I 4 B T 00 A %
Bl BRI E RS L B 7R B i
B, G ARBANBIA | B AR A AR S R
Jio TEH T U F Fe s e BoE th 2 dn 181 4 B,
IR Z KRBT Ao SANEBE, AR (T
fRBICT) . Fede (T . BIACD | KR (T,
oAy 3T 0L B el B ih £ an 1 5 B

14

T
12} > T

A
\ 4

10+
Ty

oo
T

<
=
=
=

9

16

e

0 2 4 6 8 10 12 14
tls
4 IEE TR 2 E

Fig.4 Conversion oil pressure curve

Iy

p/MPa

0 2 4 6 8 10 12 14
tls
(a) TE7 R4

p/MPa
o]

0 2 4 6 8 10 12 14
tls

(b) 3 7+ FHA B 4]

16

14

p/MPa

0 2 4 6 8 10 12 14
t/s
(o) Bl FRAFAE S L
PS5 B RBHASARET G 2 AT i T o e S v B
I TLUR B i it 28 5]
Fig.5 Conversion oil pressure curves under Turnout jam do not lock |

Turnout jam not locked , Abnormal resistance in the conversion process

BARGOREEE R 0.1 MPa, REESZE K 50 Hz,
FAREAR B EE R 700, F R T M T REREA
2 5004, WFEEAR B 72 3 (0 HL 9150 43 A 1T 4 A
AR, SEIERAE (0 4 Fh T80 LA SRR AR B 10 B
TEWE 1,

Tl HEEEHHLT N

Tab.1 Working conditions of turnout switch machine

: : - o

P T WA R
0 o I 1750 750
1 a SEFRN EEN 20 1750 750
2 2 SIEFR S RN | 1750 750
3 ¢y GRS FEED 1750 0 750

5.2 HFE4FMEIRER

K HIAE B 2~ 20 Bk 4 R B8 B AR BEAT A 32
B, o3 5 T A B AR SR O £ 2R
RERES FHBARKIE . LB £, 5 M2 ]
WL fro 3 2 O SA AT L IEI LRI AR 4 B T00 R
MIE 577 2%

M2 TR, P A Rt f
W0 265 (51 9% B2 AEIE T ¢o L0 N R/, 7EIE % REE
B e, O K . ZFBERLL., PR
K fARE 2RI BA] o, TOU M i/, 2R%R
FRBLACER oo TN RK, FHBEKES
TEIE 2 RBAA R o) TOL N iR X BEHITEA A
TOLE, B G RR AR Z A AR B W Y 22
5, JF HAMREER T 228080/, 4 TO0 T 850



CEER 213 D HF T ALEFEIE S CatBoost FIFE AL RS2 (37 21 55 63
FRIEAEEE LB E .
FT2 FHMEMIMES T EER
Tab.2 Tab. of characteristic mean and variance
— fi S S Ji f
¥ifE 2 ¥IfE 72 ¥l Ty 2% ¥ifE I e 72

co 9.4 3.9 1.18 0.04 3.08 0.13 0.31 0.005 0.095 0.000 3

c 16.0 5.8 1.04 0.06 3.30 0.18 0.42 0.010 0.132 0.0010

cy 17.4 4.3 0.90 0.04 2.73 0.21 0.51 0.014 0.176 0.002 1

cy 11.1 5.0 1.12 0.06 3.21 0.15 0.36 0.015 0.125 0.001 6

N TS EEZ G, I GREREA R

5.3 BEZEI{AESR

AT 1 python 45 CatBoost BB IZ WAL,
BRI BRECH TR R pREL, 22> %4 0. 01,
(IR, 308 3 AR 5 X ) P B S AR P o 7
FESHUEN R TN, EE 6, BB
TE 6 IR B ACHER 2 . 72 7 vh, BY%Eh 100
A, MERRIMGGR R R H S, ik, &
WHETREE R 8, WY& R 100,

0.98

097+

0.96

HER =R

095

0.94

0.93 ;
0 5

0
TR
6 R S R

Fig. 6 The relationship between tree depth and accuracy rate

17

1.00
095}
=
&
0.90
0.85 s
0 100 200
W

7 MBS EG R OCR

Fig.7 The relationship between number of trees and accuracy rate

Y CatBoost B A . LRI LR 1) $51 5 ph 26 an 1l 8 iy
7N, ATDLVE ORI ZRdi R i ssad e e, HLI
SRIEARTE WU I BUE AR . B N R 2 ),
A A T A A B M 2R R 97. 596, TIF AR
RITE R ROALSR2 W T i A 50k 5 R

0.8
0.6
2
=4
& 04}
=
0.2
0 50 100
ErS AN/ ¢

K8 Ugkdigkhs

Fig.8 Training loss curve
5.4 EOXfiE

3 RS 55 B I BURFAE |
PBCRAIE . UL . AT IR IR A2 BTS2
IR AR IR . AR TTARIRME . 725 Ak
{EL DR DRI HE 25 S INRFAIE . MRUSCRAAIE A
HUDR | PR BT | SRR A
GG AL IR /N i I B 3R %L
FPIE S RERAFAE . manl A, TR PRI BOT 5
WA T H BRI %, AARBLH, rT AL
AR 2 FROD LSS B o k412 JBC P A et

# 3 RFFFAEIZ AR
Tab. 3 Diagnostic results of different characteristics
FRIESR IO AR/
ISR fIE 88.7
BRFAIE 92.3
I T RFAE 94.1
AR P RFAE 97.5

% 4 K BP M2 [ &1 SYME |
XGBoost ™. CatBoost % 5% 51 £k 1] LI K4



64 b R e o A RBRRAO

2024 455 1)

TR A B 2 W ERR % . T LA S CatBoost
SR RS T A A R T L LR R L A A
IR, H SVM 55 BP i1 28 W) 45 465 22 StUps 50 2 W e
%5 0.5% LA b, i [ 2 GBDT 285k 1Y
XGBoost 0. 3%,

F 4 KA

Tab.4 Diagnostic results of different models

W HERR/ Y
SVM 96.9
BP #fi £ 2% 96.3
XGBoost 97.2
CatBoost 97.5
6 4% it

ARSCEE GBI | 24 W4 KRR DL &
CatBoost B, B4k B 18 72 % OV LAE LA B BOA
RSB AR 5 R IR 5 4% GE U2 W 7 2 Wi e A
FALAF A, $EH T — I T n] LB AR A Cat-
Boost {18 7, 7 0L B2 W vk o 38 3 S5
Wk, LI 4se

1) AT 5 T LA 850K i LA 35 5 7
R 5 A I 4 T, 3k P 2 IR e A B S A ]
B A5 B, T SR PR R AN [R) I B FR) R AE

2) S M4 T 5 iR AT LLER Ry T %
TIE AL SO SRR AE , A R F AR T — 2 s
LML B2 W SR .

3) ¥ CatBoost #5214 i F T 4% BAL S B2 W,
B b ST LA [A] AR RS R 1 4 2
EESRIRIAR L, A BRI TERR

SE Lk

(1] FE%, FlEAR, B9 SR 2 RS AT 5 i
BESWTI R G TE T ). rPEEE, 2018(7): 43-47.
CHENG Weizhi, WANG Haidong, LIANG Yu.
Research on fault analysis and fault diagnosis monitor-
ing system of railway switch machine [J]. China Rail-
way, 2018(7): 43-47. (in Chinese)

[2 135, BEDE, MR . 5T/ i shie sl

SYEHLIR I ATIIFGE [T ], 22 NBEE R 24244, 2012,
31(6): 39-43.
DONG Yu, ZHAO Yuanyuan, LIN Haixiang. The
analysis and research of electric switch machine operating
current based on wavelet analysis[] 1. Journal of Lanzhou
Jiaotong University, 2012, 31(6): 39-43. (in Chinese)

[ 3]CHENQY, GEMMA N, CLIVER, et al. Improved

fault diagnosis of railway switch system using energy-

based thresholding wavelets (EBTW) and neural net-
works [J]. IEEE Transactions on Instrumentation and
Measurement, 2021, 70: 1-12.

(4] FkZe, B, 2508, 55 . RET/Np o0 22 RO HES

905 52 2 T RFIE SRR P LS R W ik . b ki
Fl2#, 2023, 44.(3): 178-188.
SUN Yongkui, CAO Yuan, LI Peng, et al. A fault
diagnosis method of switch machine based on wavelet
packet decomposition, multi-scale arrangement entropy
and second-order feature selection[J]. China Railway
Science, 2023, 44(3): 178-188. (in Chinese)

[5]KUNSY, HE T, WU Y C. Research on fault diag-
nosis method of switch machine based on KFCM[J].
Journal of Physics: Conference Series, 2021, 1972(1):
012029.

(6] S, 250 . BT R b as [ HE50 A S 5 1) ALY
ST700k %% AL 14 & 2H S i W R [T ], 55 ¥ 5 i A
H, 2019(4): 80-84.

MA Li, AN Zhilong. Fault diagnosis model of S7T00K
point machine gear set based on local tangent space
arrangement and Support vector machine[J]. Qinghai
transportation technology, 2019 (4): 80-84. (in Chinese)

(7 VB, XUHik . 3 T EEMD 2 RUEE B AR B 1Y

STOOK FHMLI L [T ], g K224 (A SRR
W, 2019, 50(11): 2763-2772.
WEI Wenjun, LIU Xinfa. Fault diagnosis of S700k
point machine based on EEMD multi-scale sample
entropy [J]. Journal of the Central South University
(Science Edition), 2019, 50(11): 2763-2772. (in
Chinese)

[ 8] &I, AR, WI/INE 55 . BT oot e B 22 R A

05 5 S ) i AL LB R 2 W (T]. Tl
2023, 51(1): 117-127.
CAO Yuan, SONG Di, HU Xiaoxi, et al. Fault diag-
nosis of switch machine based on improved time-
domain multi-scale dispersion entropy and support vec-
tor machine[J]. Acta Electronica Sinica, 2023, 51(1):
117-127. (in Chinese)

(9] Mht, 882, W1 #if , % . 2 F KPEMD 45 INFO-

SVM AE ZER MRS WT[T]. b R4k (F AR
fi) , 2023, 44(3): 216-221.
HE Ting, HUANG Jinying, HU Mengnan, et al.
Fault diagnosis of piston pump based on KPEMD and
INFO-SVMIJ]. Journal of North University of China
(Natural Science Edition) , 2023, 44(3): 216-221. (in
Chinese)

[10] M. HeTIREE = WIE 75 SRR BE IS W )T 52 (D ].

2L 2E R R, 2021



CEVEE 213 1)

LT ] PR FFAE 5 CatBoost B FALI B2 W (B = 0E 4 65

[IL]XURI%, BifE T . 2T DCDAE-BILSTM £ 8 i 5%

BT Wy s [J]). BOEE fF (S, 2021,
57(8): 87-91.
LIU Kexing, HUANG Haiyu. Research on switch
machine fault diagnosis method based on DCDAE-
BILSTM model [J]. Railway Communication Signal,
2021, 57(8): 87-91. (in Chinese)

[12] CAOY, YUANSJ, YONG K S, et al. The fault
diagnosis of a switch machine based on deep random
forest fusion. [J]. IEEE Intelligent Transportation Sys-
tems Magazine, 2022, 15 (1): 437-452.

(I3] A b, B, A, 2% . 56 T £ 3l i 4 A A

IDCNN-LSTM H 18 2 Fe L a2 B [J]. BkiE 2
2, 2023 (11): 98-106.
FU Yating, WEN Shiming, YANG Hui, et al. Fault
diagnosis of turnout switch machine based on multi-
channel input and IDCNN-LSTMIJ]. Journal of the
China Railway Society, 2023(11): 98-106. (in
Chinese)

[14] EHiWE, 254 . 3T IDCNN-BILSTM 41 4 #2181
STOOK % H LB iz Wi [J]. 7 I i 5 AL A% 224
2022, 36(11): 193-200.

WANG Ruifeng, LI yang. Fault diagnosis of S700K
switch machine based on IDCNN-BILLSTM combined
model[J]. Journal of Electronic Measurement and
Instrumentation, 2022, 36 (11): 193-200. (in Chinese)

(15 ] VPLLAL . &7 nl HLP R0 2% i B LA S5 WFSE [ D ). et

R AUIR LR, 2020.

(16 ] AL . ki) F7 4] 52 22 ) 2% 1 ) 7 ik g e BB 40 # B i
AIEFEID ] K KHERSE, 2016.

[17] DHANANJAY B, JAYARAMAN S. Analysis and
classification of heart rate using CatBoost feature rank-
ing model [J]. Biomedical Signal Processing and Con-
trol, 2021, 68(16): 102610.

(18] i . Bl 1y GDBT AR YRS 43 2 500k T HON

AT BHERLSE, 2017C12): 105,
CAO Yingchao. Improved GDBT iterative decision
tree classification algorithm and its application[J]. Sci-
ence and Technology Vision, 2017 (12) : 105. (in
Chinese)

(19] M54, BUNZE, 258, 5. JET BP M ML

M A% W2 Wrr B E T [T]. R T RE R R HOR
2021, 55(10): 1857-1864.
XIE Yuxi, YAN Yongjun, LI Xiang, et al. Research
on fault diagnosis method of nuclear detector based on BP
neural network [J]. Atomic Energy Science and Tech-
nology, 2021, 55(10): 1857-1864. (in Chinese)

(20] i e . 5L T SCRe ) B ALY TR Shil R i 2 16 5 1
JrERE D] dest: P EF AR, 2019.

[21] 2%, BRREE, M, % . JET XGBoost F#E 2

SRR 4 SR Bl a2 W OT ik [T o AL TR,
2020, 31(10): 1232-1239.
JIANG Shaofei, WU Tianji, PENG Xiang, et al.
Data-driven fault diagnosis method based on XGBoost
feature extraction [J]. China Mechanical Engineering,
2020, 31(10): 1232-1239. (in Chinese)



