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Abstract ; The train rail switch is facing more demanding request with the increasing speed and traffic density. The traditional fault diagno-
sis method which relies on maintenance personnel monitoring data cannot meet the higher safety request for the train operation safety. In
order to diagnose the faults of the rail switch rapidly and accurately , the new intelligent rail switch fault diagnosis model based on Cubic
Spline Interpolation and RBF neural network is established. The data integration module based on Cubic Spline Interpolation has been
used to normalize the electric current curves of the rail switch into the same dimension. Then,the new RBF neural network is used to di-
agnose the new data of the electric current curves of the rail switch with same dimension. The model has been validated and evaluated
with the historical and real monitoring data from certain railway station. The experiment results show that this model can not only be used
to process the electric current curves of the rail switch action with different dimensions,but also can be used to diagnose rail switch faults
rapidly and accurately. With this model, the fault processing time can be significantly decreased and the railway traffic can be safer.

Key words: switch fault diagnosis;artificial intelligence ; RBF neural network ; Cubic Spline Interpolation ;electric curves of switch action

0 35l

W% 9 41547 H B S AT 4 B AR T B L A
BR A 1247 1) S S A 2 —— B A e T
SR U A0 R A K I BT 2 R
W R | ST LA T8 2B A b N R T
RT3 T EL AT LA IR A 4k 5 WA | s 26 16 & H

il

%5 B #A:2016-06-06 & | B H3:2016-09-15

P, IS o R 5F AT . FUR, [ D9 0308 22 a2 i
FBEEZRAMAEAR SO 55 N B L R S 8
SRARIIE 2 45 2 B s A DU A5 B, MR AR 225 |
g5 7K K I S ST X R GE R S B R A
TR [ AL ) T BB AN RE T 2 BRI R R B BRAR . e
R IR AL T BRI MR 312 W e e 2 ik A5 A e B

) 4% HH AR B 18] . 2017 -03-07

EEWB At AR H (15210331) ;Wb BR22BeRHE TR H (16606 )
EEEI A W (1981-) , 2, BYEIBIFIE 51, CCF 22 5 FIE 07 1 o BOHRA 24
[ & H AR HbIE ;- hitp : //kns. enki. net/kems/ detail/61. 1450. TP. 20170307. 0922. 072. html



555 M OWAE LT REAAME S RBF 45 19T 2 M2 W R 40 - 161 -
[ PR S(x) & LTE [a,b] EH m KA IR R

FIXH AL 58 BP #1245 RBF 4128 I 4% 7 R A
FUA SR T B S BE T 2 AR RE T TR AR R A IR B
ALY oR R T BE T 4 Ry SO AR A 0 I fE
WF5E R W], RBF P28 I 26 5 0 1 B8 B rhly S5 2
BRI R B 2 e B RBF i 28 9 4% 1 1
REZ BN, WCITAE T H8 1 0 3 20 i e iz W R e, R
J£F AutoEncoder [1) RBF 1 25 % 45 X1 72; 31/ FL it X
P AT AR, DL 425 48 2 ) 31 25 1 b i 3 2
fHFR

T2 BB L 1 B IR R B AR O L R AR
BLAE DRI 52, N ARCAIL W 3% 4t vh AR Y 3 22, B AR
H AR () R S T — BRI R N B 3l . AT 7E
RS <P EENER RN b3 & R Rt PN SN U T/ NG = '
I AR BO)R 3 [ 5 255, DA e 98 fan A B B e A
AR HAA SRR IS X, I SRR T =R O
368 11 00 5 A 35 2 A [ B840 A 50 ) 38 20, s VR Ut
B R VA G — BB 4R, DR % A %)) RBF
2 W28 AT 2T 2k

25 TR R =B 5545 {5 978 RBF #Z42%]
ZE SRR RN [R) Bt 4 %5 0% 18 72 3 AR Ha, it 28 Jal )3
BCGE— E IR AE R, R B B RBF B 28 ) 28 %o L
ATE RS, LAAS B 4 N D3 PRl | o b X 1 22, i e
HEATIL W, U 2 5 B A 3L IS (] HRE R AT 4 &
e

1 ET=ZREFHENREESTE

VA A SRR O AR AL PR R R 1Y T LA
R HABATN A 2R 5952000, ph BROpL s 0 2% 498 R 4 1) B9
LR T RER AR BRI A8, B 25 Sl A v i 1 B
HEECHRARAT T BB AE 200 ~ 3 000 (7L B AR Tk, R
SEFI R ZE 2 TR 7 2] | b g2 HoAb N T Be B
TSR R A R SR A A K O 4B [ AR, A
DN, 2% SRR (1 S N B 1 S A R AR K IR e, Ay
W, PR — T 5 AN A A KR A A i e A2
ATERE , IXFPEEIE AT RE 0% 76 <l BEOf B Dt 4 X040 Py
AL E AR BRI T W AN [ 2 250 2088 3l 031 31048 7 1
1.1 =ZREEEEE

W f(x) XA [a,b] ER— DL R %L, TE
X8 [a,b] 250 —2H5E 0 .

a=x, <% <x, < <x, =b

BRI S(x) TR AT

(1) S(x) FEERAF X [«,,x,,,
n—-1) FRREAES m 2T,

(2) S(x) #XE [a,b] FA m -1 PriEs: 550,

] (L.ZOQI’-.-’

B owg, wy, L x, FROMRERS S, K x, x,, Ly,
FRAT R %, x, FRAAFTT 8 2 m =3 B fH AL
St R = IRBE 25 R B, R =R BE AR iR Ry A
(B PR AR (I 7 3 B A = WRBE SR A,
1.2 BEF=REFBENBIEEZESEE

FIEE S50 OISR A ORI F ARG 42 2 M x
1 258

PR

BRI M x 1 4EEER N x 148, Hd N obEE @
FAREH N # M

AT REAT ) U5 5 BT B s 5 R R e B Oy 25 AR R
/N

T BR D S A A rh AR V1A

BRI .

Stepl : % Q FHEARRE 1Y B AREL, ¥ )5 1 A s
B934 Q

Step2 : %> Q, A TR 73 J5 i I R BCHE 0 515 i A 4K
e,

Step3 : 7E Q, 3 BHE A B iy b, R = YR 24
{ESAE AR R SR bR B S (x)

Step4 : FEFE SR PREL f(w) DAFRIBERFEL N/ Q]
AN JEREIREE 0,7 o W Q ANBEWE N R B4, %
(n)[ N/ Q1R N/Q BB, KA N/Q A
R o AT LARE AL IE £ K D8R AR . X se ik rh A 4K
P BAERE (int) [ N/ Q 1+1 A5, HoAth % 4% ik rh
AR S L (i) [ N/ Q ]8I

Step5 . A B AE Q.7 MU AT F AL SH A E
=S

Step6 : HR 4l StepS U455, fE4HE 4 0,7 b, &K
Q, MM A5 F S WA s I B i, JF 1 ax 2
PR S T SR SE A Q.7 REE , AT HE R
AR R QQ, 5

Step7:4 i i 1,2,---,0 , 5 B $ 4T Step3 ~
Step6, 7 FEHE T4 00, QQ,, -+, QQ, .

Step8 FF &S T4 QQ,, QQ,, -, QQ, , FIWIF
UK P R I e 28R 4R QQ &

Step9: Bk i1 .

2 ETF AutoEncoder B RBF #1225 28 i)l 2k
Fik
RBF #1280 2% J& — Fh R IR 1) — 2 R it i 22 I 2%
H MG IE— AN AR — RS2 — A
J2 . BIAJE T ST R 4% 5 A0 FLSL bR e , H
AN AN B AR B )2 A R A ) S R



- 162 - HEMBARS R R

27 %

HOR Rk, T2 AR 2 A ) B B 2 A5 ) 2 ()
AR AR S AR ZHEOL T | B J2 23 (A B 1Y
YR, TR HEZ Y R R ARG R R RO
HAE ] F 22 AR5 AR e 2 i

AutoEncoder [ 50 4 i % 2 T8 FE 2% 21 7 4k A1y
HEEBRZ — AN T AR % B4 2 REHE
oA AU i e - AR AR TR B AR
Kbt HA L SR IR B M 28 %A S50 19 2 4
— 2N RSB, T RS AT AR H N
THRNBERWEBHE . B4 TESER R  BBE )2
T B4 B R RT LA O M AR i B ke B
RAAIE o UL RJE 108 T LA B 25 2 B B i i i Bl v 52
A ZREE . X AE AutoEncoder B2 —FHR ] REE
P AR BIPR 2 M 25

%t AutoEncoder H 2 5 2% $2 BT S A RAE BE 0%
SEG 4 S R A [ f R OGP 1 R A, SR LR
AutoEncoder B ZRE5 5, B ALY 4f fL RBF 1 25
ZRHY B SE IRE I RS BE T Bk 2 — 20 I B B R
EESIVES =V 8

HEE BRI

Stepl : B¢ B IEL (F 55 AF

(1) RBF #1250 2% i1 25K 15

(2) 66 B2 I BT IO 208 S50 e KB ARIR AR

B R R A S5 1 B AT ] — > B R &5 R
EES AV

Step2 : H— ALY ZrAEAS | 3% BLR F min —max 5 7
Tk e e 5N R

X = Xy

%
X =

» (1)

Forr, ™ DR A B B o ) 00 b RO HAY
x" e [0,1]x,, AHEARHE PR R, «,, FEEAR
Bl b B e/ IME s A REASERE A AR

Step3 : FEAILAMIBCRE A KL 19 70% 1B R 2R 5,
A 30% Flik e,

Step4 TJEWZREE F R AutoEncoder B i it 4% i3k
Froe I, VIZREs 51533 RBEF B2 R4 NN©

Step5 : TEM 2% NN &S HU0HEAL b, ) R 2
T EEAR SR A SR, B RS

X - X .
a min

3 ETZREKIEESHE RBF MERN%
HIE R S EIS T R 45
3.1 REEEKEIT
FETHERAEE S RBF 2% (1) 18 2 i B2 W R 46
(CHEBR AN & 1 7R ) A 45 T = UORE 2 4 11 19
AR 5 3 T AutoEncoder [1¥) RBF # £ [ 2% 458
e, HAi st A T A RIS e 80 B 7 sh PR

BRI G — W B AE R, 25, i & 0 ik
ettt A5

T 7 A i g e s T 7 B L S s
CYIZRAED I

7 B AR W B
S E )

v
A 2E ARV B

RBFNN

T =RE
P ey T A
e T ity
e
LW
J£J- AutoEncoderff sl

i

W2 L 77 I A

H1 ATHLFHEMS RBF W&
A HEL B AR EA

IR 72 W 2R 58 ] 43 R TR D s B Y B
2 2] X SR (I AE LA Wi A B Be . AR B
B B 42 2T W B, o D s 80U % L BERIL AR 23 1l
AR SR, B 7 B 2 W R G 25
ARBAE A BB T = UM A (B 1 B s s G
B I B AR A R AR e 2 05 RS S
A B P AR RBF #1220 28 047 24 2 )1 25 s 7 Il 2k 5
WG B BE AR 5 A E1% RBF 4 28 9 45 DG 3IE 9 265 11
ZALHE) T HE T s #E RBF #2450 R Iz (bR Z e,
N4 L8 DL ISR AT 52 e a2 W5 38 2k AP A8 B
Yo XZE B2 W R G2 W s R AT R,
RAZWrTiR , W TG ZERA2 W i IR 50 45 R 5 A 3] RBF #f
22 2% IF 5 8l RBF i 28 X 2% 114 38 a5 11 2R =X, %o 0]
K SPCHATROM , MR T B AR B, i — 8
RIZ8PERE .
3.2 HiEZH

BRI 7 S AR H A AR 1 AR AR UH S S
EYEE

AR 2 0 78 SR A 0 D s B SR 2 (2)
TIH— AL 3,

=tk (2)
g

Horpr, x HIRGEEIE; « AIE—b)E 8 w N
FITARE A BE B F Y M85 o O T A REAS BOHE 19 B
2%,

R 3 I TF UG, 2= T4 H T AutoEncoder
) RBF i1 £: /2%

AUR 4 A BR 3 th IR G () RBE B 25 ) 45 %
WREHATHEEZW, IS W R B . a0 RS 4R
G, MR BB 3 B AT —2,

RS B RBF 2% 4542 5088 DL 21 %HE 7 3 1k
HL I R T SEH2 T A H

i




%5 3

MR LTRSS RBF 4% 1038 25 i RS2 R 40 - 163 -

IR 6. X BT IS W 4 AT R, WSR2 W e
1, WE AN — S8R A T2 W R TR . A5 0 UKy
T SFIE 7 B A v U S 5 L TE A 1% R SIS A A A )
RBF #HZ2%  FF i3 g1 527 SR X 9 2 S50k AT
R, A2 0 265 2 > 58T A
3.3 fHEXR

TH 75 S U SR R AR SR AR R A i) ——A
FEIEH R S IR SMRIRZE dk i 2R il )
HILITL ] J % 8 728 shAVE IR ME R e Bl L4 AL
B W A5 BE 3G R 75 AN A DR e L AL
FIBEAE 12 Bl 2 7 B —— LS A B s D sl , A
1 050 %%, 50 ds 4E 50 A 189 ~ 693 Z[H]

FEDT FLSZg o BEALIE B D7 0 000 4 v 30% 1%k
PaVE R ISR , AR 2% 2] U1 ) RBF #2891 26 11 454~
RS AL AR AL BOZ R 5 ) A 20% 1Y EE AR
RBEAE IR K 5 RBF #2845 1) 2% > P fg, DAYk
FE BT 1 28 2 2 b AR 5 LAY 509% 14 80HE A S
TR, T R B 005 B 54l DA ) I o A A8 A Y A ¢
LI,

BB G J5 W 4E%0R 100, RV B0H0E 2t %57
189 ~693 Z [a] ) Iy 50 W I 5040 38 o 5 T — R FE 5547
E BB B, 52— R H 2 100 4

A G, BRI () RBF 25 0 28 1 i A 90 54005
T K B 4R 100 5 T RSB0 T R
R E 12 RS 20 G080 B A8 2 B Ry 1k %
BARGF 7k eS80 B AR v R AR W 2410
J7 LA E RBF #1258 9 26 B 5 J2 19 s i e A8 H
JF B R Rt B b X R —A B 2 il i B 3 )25 8
H R A2 525 10 UK, LAE X 10 IRV k4779 RBF #
25 W 28 Th Pk i rh R I I A A X 45
AR SR 2 5% 1,

100

—isRE
1 | —— iR
------ el o mitiE R |

98 [---------

96 (-~ s

LR /%%

10 20 30 40 50 50 70 80 90 100
B 2 A

B2 ¥ELEHELREET A
AN HH TALK R W&
Hi& 2 AT, 24 RBF #2245 B J2 90 i B H oA
52 I, P28 B2 AL RE T e i o

1 FSHBAZR

R % g BEEE R
TAAN W W W% W%
52 1 99.682 5 95.714 3 96.571 4
52 2 99.682 5 95.714 3 96.952 4
52 3 99.682 5 95.714 3 94.857 1
52 4 99.682 5 96.190 5 96.381 0
52 5 99.682 5 93.809 5 95.047 6
52 6 99.365 1 93.809 5 94.2857
52 7 99.682 5 95.238 1 96.381 0
52 8 98.730 2 94.285 17 94.857 1
52 9 99.682 5 95.714 3 96.190 5
52 10 99.682 5 96.190 5 97.142 9

FH 1 T, 24 RBF #2845 1 B )2 35 0 H
S5 52 B IZARARLAE HLER 10 IR, r 24 2 Il s
F1) RBF #4125 N 2% (9 1 ok B | S0 E A B | DU alkS &
A3 Rk 99. 682 5% 96.190 5% 5 97.142 9% , Wik
Bz 2 46 B A iz Aeee o st 2 1A
G P A SRR 3] i B S L 1

4 LHERIE

2 B e K A S L o AR
G HMELASEING PR o 5 HB AT L TS WX — B
RLGARINEET SR AR5 RBF 2 0 4% 454
ARTFBE S T HRGE 2 S W R S, T BT
Ul S s W I ECHE SR AT 0, IE WD T A 7 AR OR
ARSI AN [RVECHE 206 551 B3 W B | 167 EL 3 7]
DS B4R A G AR T X 3 2 R A T2 T,
/U g s b BN 1] B 25 B B AT 2 22 Ak

B3k

(1] TESBRFL. iz GO0 W0 T8 22 e 3 ot 2 0 T 08 3k T 22, e
[J]. BB H 1S TRHOR 2011 ,8(1) :73-75.

(2] JelAERs. R OPL G 08 72 shAE B i 248 5 B o 4k s
[J]. BRIz H AR 2006,12(3) :34-35.

(3] MRET HEFEW. R A ST ) s e J5E R R A
Jrk[)]. SRR (RS ,2005,41(6) :25.

(4] 3£ B whuise, sRmese. oL i D0 22 o vt R B2 Ay i e
SEHTLT]. BRIE T F 15,2011 ,47 (11) :45-46.

[5] EEIF. ST00K1/30 HE i 7 % W ke 50k )], L
W ERIE R, 2009 (1) :38-39.

[6] Schwenker F,Kestler H A,Palm G. Three learning phase for
radial—basis — function networks[ J]. Neural Networks,2001,
14.439-458.

[7] Roy A, Govil S, Miranda R. An algorithm to generate Radial
Basis Function (RBF)-like nets for classification problems

(T#% 169 W)



555 ] Jil - RAE  EAT I AR I A R 2% A ) I 2% 4 ) R Hoe 455 - 169 -

4 ZERiE

XoF T[] Bt ELA B S 25 Y D 2 R R 4 R
A A7 A T SR 3014 ) e 22 TR R 1) 28 B B T 2
(i) FLEE A S A AR 48 B 728 i B A R 498 AR B 2 AN
WMESB M RS, FIFH Lypunov £2 & P JF B AT LMI
TEgs HIFIEN] T Hoo 2SS AFE R FE 43 554 1
P FLSEBIUE B TR TR 25 P AT A R0

SE Ak :

(1] BRakPA B SEIR]. B 2 0k i JO 2k 90 4 2 ) 2R e Y B30
R [J]. AR S & ,2012,22(11) :61-64.

[2] Hetel L, Daafouz J, Iung C. Stabilization of arbitrary swi-
tched linear systems with unknown time—-varying delays[J].
IEEE Transactions on Automatic Control, 2006, 51 (10) :
1668-1674.

[3] Jung E H,Lee H H,Suh Y S. LMI-based output feedback
control of networked control systems[ C|//IEEE internation-
al workshop on factory communication systems. [s. 1. ]:
IEEE,2004 :311-314.

[4] Zhang Y,Tang G Y,Hu N P. Non-fragile control for nonlin-
ear networked control systems with long time —delay [ J].
Computers & Mathematics with Applications,2009,57(10) :
1630-1637.

[5] Zhang H K. Non-fragile guaranteed—cost robust h-infinity
control for a class of nonlinear networked control systems
with long time-delay[ C]//2010 international conference on
intelligent computation technology and automation. [ s. 1. ]:
IEEE,2010.784-787.

[6] Fridman E, Shaked U. A descriptor system approach to Hoeo
control of linear time—delay systems|[ J]. IEEE Transactions
on Automatic Control,2002,47(2) :253-270.

[7] Chen Z P,Liu L,Zhang J F. Observer based networked con-
trol systems with networked—induced time delay[ C ]//Inter-

national conference on systems. [ s. 1. ] : IEEE,2004 ;3333 -
3337.

[8] Mahmoud M S,Khan G D. Dynamic output feedback of net-
worked control systems with partially known Markov chain
packet dropouts[ J]. Optimal Control Applications and Meth-
0ds,2015,34(5) :505-634.

(91 B 8, §h5eA, HHEme, 5. BAERE 520y M 4 1
ARG Esh AN [T]. #H 555K ,2009,24 (8) 1126 -
1131.

[10] Dasgupta S,Halder K,Banerjee S, et al. Stability analysis and
controller synthesis of Networked Control system ( NCS)
with arbitrary packet drop—outs[ C]//2nd international con-
ference on electronics and communication systems. [ s. 1. ]:
IEEE,2015.217-222.

(11] SR, a0 . M2 R SRR E T T]. A Z)
12445, 2007 ,33(8) :878-882.

[12] BEE, a0, £ R Wi B MR A 1 9 25 4k =
GUH SRR DN [ )] $ ) 5 P 3, 2008 ,23 (8 ) ;894 -
899.

[13] Yang F W,Wang Z D,Hung Y S,et al. Ho control for net-
worked systems with random communication delays [ J].
IEEE Transactions on Automatic Control,2006,51(3) :511-
518.

[14] BB 9RICR i &EFH, 5. AA7EN I FIEUE 6 X R 5
TR R M 2 i R G R FR B EEL ] R B ],
2005,34(5) :567-575.

[15] Zhou Y,Zhu Y J. Control for uncertain discrete—time system
with data packet dropouts and one step delay[ C]//34th Chi-
nese control conference. [s.1. |:[s.n. ],2015:6777-6781.

[16] T2 U, B, i S p) 24 425 i 38 58 44 7 48 B AT ¢
[J]. i 5P ,2000,15(3) :278-281.

[17] #F%, Fe&E,IBH. BA —LEEHLRE A 2 248K
ARG Hoo JEPLAR BT T]. A B2 ,2014,40(1) 155
-160.

(L5 163 W)

[J]. Neural Networks,1995,8(2) :179-201.

[8] FAk B[ M]. Jbat. /S 8H At 1999.:220-
253.

(9] FhGEZEEE & PR, 4 W ISR [T ] A
HLR FIAFSE ,2012,29(8) :2806-2810.

[10] Erhan D, Bengio Y, Coupvile A, et al. Why does unsuper-
vised pre—training help deep learning[ J]. Journal of Machine
Learning Research,2010,11(3) :625-660.

[11] Laserson J. From neural networks to deep learing; zeroing in
on the human brain[ J]. XRDS,2011,18(1) :29-34.

[12] Hinton G E,Osindero S,Teh Y. A fast learning algorithm for
deep belief nets[ J]. Neural Computation,2006,18(7) ;1527
—1554.

[13] Bengio Y. Learning deep architectures for AI[J]. Founda-
tions and Trends in Mach Learning,2009,2(1) :1-127.

[14] Lecun Y,Bottou L,Bengio Y,et al. Gradient—based learning
applied to document recognition [ J ]. Proceedings of the
IEEE, 1998 ,86(11) :2278-2324.

[15] HfaZ:. —FhET AutoEncoder [1) RBF #1242 0 45 Il 2R 5B 1
(3. T EFBHE(E B ,2015(9) :59-60.



