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Fault diagnosis of rotating machinery based on
self-learning fuzzy spiking neural network

XIE Zhijiang s XIE Changgui s CHEN Ping
(College of Mechanical Engineering, Chongqing University, Chongqing 400044, China)

Abstract: For fuzziness classific boundry of fault diagnosis of rotating machinery and traditional neural network
algorithms difficulted to solve contradiction between application problems example scale and netwok scale,a methord
of self-learning fuzzy spiking neural network is put forward. The methord overcomes unavailability of cluster
analysis on classific boundry of fault diagnosis of rotating machinery by species encoding of pulse sequence and
unsupervised learning. The method shows that it effectively solves boundary fuzziness problem on fault diagnosis of
rotating machinery,and greatly improves efficiency of fault diagnosis.

Key words: rotating machinery,self-learning fuzzy spiking neural network, pulse sequence, fault Diagnosis

ML AE S 022 W S B ) TR DU A BT TS T B N I BOR T . SLFSNN Sy K

B2 W, B T NG B RO AR 58 1 N T4 28 X 4%
N Tl o8t TR T 2 MU IAC I 53 21 300 3R R SR P T T,
L T g A A A AR A, BRI 1 R SR X A
T FE %) X 4% JLASS RS2 ) AR AR DE i . R ge i N T
T2 2%, 0 BP #f 28 0 45 . [ 20 SRR AE B S N T Al
25 W 45 (SOF M) %5 AN BE A He 1 348 e % ML AR e e 12 W
4 A ] S8, 5 3500 5 12 W 0 25 N 408 1 12 DB A T
W N L TR U E I s B QUL RN S
(SLFSNN) , H i 7€ [ P9 4 iz FH AR 45820, 3= 22 1 FH 78
it N R o3 A A0 R A4 B 5 T G H AR B R

I 75 B #9:2012-08-30

T Ik ol 25 I 45 T ASOR R 2R b . B OR R B3R T
Gt /R EZSTW ORI ST QUIE S EZSTW (s R i N T Bl
1715 B g s AL 3, 45 6 B 200 J0 W B M AR A 1)
ST R L T bk A 2 2% ARG B 3R 2K 0 B R 3k
38 F B . ¥ SLESNN 523 1 FH T e 5% B b
WL W, I 515 %1 SOFM K BP W 4% 2 Wi J5 1
AH AT, S0 0 45 B B, SLESNN A 3% A8 v 5k b
L3R 243 A7 A B o 75 31 45 K A 4 50 » 2658 B e i D
TR JS A a0 B ) R R A 2 ) 24 A ) S,
KAE R T BB 2 W i E 1 %

EeWB - HEFARBFRESE N5 P E LRI kA 5 4 ¥R (10976034)
ER B A BARTL(1962-) , 5B FE PR B L Pk EENF A8 M2 I8 45 4% 3 I 3K 0 1) B9 F 50 5 (E-maail)

xz]99@ vip. sina. com,



http://gks.cqu.edu.cn

%2 WET,F 8 F T B P AP & R 40 3% SRS b 19

2 B SRR It 22 ) 4%

SO ik i 22 R 45 SLESNN J2— AN AR 2] 19 3
JZE 1) R 22 W 2% AN RS R IR T A 2

ETE Yy i) QUL DR AN PR A i D
G S Sy PR — Fof A = I BRR 22 1] 2% 1R
G i o3 — b Ay g 0 J2 0 2 )R 00 A 58
T PR AR T bl 22 1 26 B SR PN S R T

g}—mm

J 1 (x(k))

g}—MH
J 1 (x(k))

2
2 (k)
i C)“

1 (x(k))

=————aap
T

B 1 SLFSNN iR g4

2.1 WAE
AT DI RE S T AR AE B g A —
ANTE 2 1 45 35 R bk o e A0 4 g A O =X A
XUERRAE B . AR A K Y Ak B A AL
T e 2 SR TR Wl B A BT A 1Y ok e A B A L H
ity 7 2R T A SO B AT e A R — A
JFH 00 2 e e i Ak ol 1 81 1 1) s ok o X ) (ISD)
TR B R G B 8 — A R B RO XA KL
RYEH T A B — A E B IST B A ik b
Jr 3,
2.2 BRE
2AREETIE 1 AREZEE G XD i A
P 2 () GX HL K J& 1 AN B0 S % ik e 22
CaCR)) 4 A GH R S H b B A ok o O 8 1 2k R

W, RIS RESITHR BT RS 1 AR ER
3 3k o A A oA B A AR R A ) 2
T 1A 2, () AE ) — B[] 4 K d 1) Ja% 32 BT ot 48
JC RN, FTAb 3R, 0=1,2.. . ho FER—AH00, A g i
WOE T g 2 A 3T S R

WO — A B2 B A 2670 & I AR bk e
(149 255, K 30 98 AE — AR 2 B IX ] L0 s J N XA X
(] Bk Ay 24 53 1) B, W AR i an R
Mk = [8A—w( 2 (k) — Y e | s
Hob | o | RIZEREL @, ) IR B B2 I8 B I
Jily bR 5

B2 ABREEH 0 APk 4T SNy K
EATHRT I 2 i £ o0 2 il A i
B A0 2 s,

i=1,2-m,



http://gks.cqu.edu.cn

20 TRKFFR

% 36 A&

. 4 (x(k)) _ 1,4(2)

dl i :8

N W) .
() kAN
- A

. 49 (x(k)) s,

B2 ZTRAMEH

XGRS 1AL oot — R 504 A i
[ 4ER d FASILIALEE g AT S il i . 75 248
FR) S 7 22 J0 58 fish P R ek B9 Bl 2 ik A0 — 2R 871 %) s i) 4iE
RGP L T 2 . 5 N RZ &I
A Bk 5 (e (k) S5 j AN Bk i 2204555 p AR
fl 7= A 1 ANFEIR TR S M S HLAE
ul; (1) = wheh (1) = whe (t — (WM (x(R)) +d?)),

A e C o) R ik b B pR B R AR E
S

e() = Lexp(1—HH®,
T T

A o 2 B R A6 R Bk BT () 85K, A {E e i
SRR .

H( « )& Heaviide Fr Bk s 8, Z 02 fit MS,, 1¥)
iy 3 T B0 B 2 fid B HL AL

wy (1) = iufu(t)o
B — AR 1) 5 fih i I v A2 A% 338 45 K b 2250
SN LA 4 R 3K TR

n h
w () = D D> uu (0

e — AR ALLE] Fid bk vh #2850 SN AE — AN ik vh
¢ 9 R I (i) L AR B A SRR 7 ) 2k AT KB 0,
IR ] K o 2 T B Bead Jim - 4 Dk o e 22 oo AR 3R
R KA SR IS rh s s K i 2 0 B8 K TR U B T
AR R OEE . A RJZI M ZIT
A Aol A ) A0 A Y A B M R OT A S — A
ZEIUHR K 1K AR 2 S R E S
AR S BT L ok b bl 2 0 2% 1) 27 ) BTk R
AR AT T A 0 U B 5 fih AL T A B A < S X e 2
TO I PR AT TR 04 130 5 fik #4940 R o i R
L5 TR A T Mk B B B IR . BT L X A B
] 7 5k 5 ik A . oo [ i AKX o RS R T o0 220
DR

2.3 WHEMRXER

i R S A ERR O AR SR IR B R TRK
e 2 I 245 14 A E  E AR R 4T Juk B Ak B AT A A
(3R o0 AT o I A0 AR ik b e 22 4 £4% R 05 i 2 fip
P AR A0 A £ SR IS 7 T AT 55 . AR R SRR
R R e 28 10 28, 5 )2 L 5 TR AR 1] Y RO
AR T A5 3R S )2 1) i A A K 4 A ik e
M ILH D Z RIS B . S BRI § DR
L 1 SR R

2

(6 ()T
S )T
1

Hodr ¢ RO AL R B, B H e 23 A3 0 RR 2 1
AR TR R 4 o) 2 2 T ) R 30 B
2.4 SLFSNN 2 & i%kiiie

I £ Y SR T AR AN R

DRIEA AL WA BUE S B w= [, J,eesi=1,
2, romj=1,2, =, 0, C REMIAREm B A
Ko P AERL . B AT R B .

2)FE m A2E B P AT B — R 2 (o) i 45
D £ B A2 I T B PR R

N
dy = | wy; (k) — x4 I = Zwa,, () — 2t ],
i=1

TR — AN B AT /N B A bk o 4298 SN

3)5E L —AJE FEA AR N, (o) i N, () IR R
JCET IR 1N, (D SN R 0,

4) F Heeb #LINE IE K #h i 2858 SN, B AR 1
WIAUE . BUA T AT
wh (K4 1) = wh, (K) + 7, (K)L(Al,
wh (K+1) = wh (K)j & N, (1),
2 0T (o) <1 o () S — 2 3 X7, JF B B 1]
FREE O,

5) 0 G R BE AR 2 3] — 3 A O — K AE A 1T B
WHTIG wu BAEA s S AR b /N T B e B, 2% 2] it
FREE T, B L5 2)

AL TS W AR 2 4 AR i R
R SRR AT AT AR R R 2 )2 0 AR M
EZPIW: AP g v o NG W R QL R 2T
Z WS B IR HE SRR B A SR A S
JIT 8 2 1) SN e e ML AR R 2

3 SLFSNN ZEREEE NIRRT s ag~

3.1 SLFSNN# A=

ok g SLESNN ik i SR A %tk DL i
T REENL B SLESNN 2 W 7 vk 5 SOFM &3k
HEAT HUHR . SEH WU T VRAEHLAL 8 Rl oIk 3 ik i K
149 B0 37 1K 0 5 I e R R AR R R AR AR S it

J € N, (1)



http://gks.cqu.edu.cn

% 2 #

WEITF . 8 F ST BB b AN 2 R & 6 5 2 LIRS

21

AL B - B A L e ICH p 40 4 8 A BCHE A ST
WS RE AR RE AR YE BN S, B 4R HRAE 43 51 X6 B AR
B 0. 01f ~ 0. 39, 0. 40f ~ 0. 49, 0. 50,

0.51f~0.99f.1.0f.2.0f.3~5f.=>5f 3 8 4 Uil
Ber s (e o £ . 3R 1 40 AR
(9 8 LA [ 3 BT i SR i e v R AR

F 1 HBBEEEROER
REH.O 1 2 3 4 5 6 7 8

WUBLCS R B 5D 0.01f~0.39f  0.40f~0.49f 0.50f 0.51f~0.99f 1.0f  2.0f 3~5f >5f
Fo IE# A 0. 008 0. 020 0.016 0.028 0.145 0.091  0.13  0.018

Fy R 0.023 0. 035 0. 082 0.112 0.847 0.168  0.080  0.059

Fy Rfep 0.011 0.017 0.021 0. 036 0.841  0.362 0.140  0.052

F, AR 0.076 0. 889 0. 180 0. 164 0.281  0.045 0.039 0.0182

F, 7 5% 7R 0.182 0.161 0.119 0. 164 0.579  0.181  0.206  0.149
F, RS m s 0.015 0.023 0. 048 0. 062 0.798 0.364 0.178  0.089
Fs %% T 3OK RGN 3N 0. 854 0.187 0.118 0. 086 0.164 0.041 0.017  0.141
F, S.8h 11 0. 029 0. 402 0. 234 0.721 0.068  0.052  0.031  0.243

K2H 2L W LB RS R A S
LR BN A 1247 S b 2 BU .3 FL A Ik 3
HEBR X 2 FLOK T 1 2R 4R 2 A 9k B 3% 14T 4 Ak
P PO RO AL BRS L 3 Bl B A A 21, 52 2,

HKigtlad ke Hid 7T RA—DHAJE P4 iksh 5+
W R AN BRE iR 3 6 B B T e T R
IR S A 2oy O IR A R 2.3
LARIR I3 4

R2 FRUSEERFREEER

1 2 3 4 5 6 7 8
0.01f~0.39f 0.40f~0.49f 0.50f 0.51f~0.99f 1.0f 2.0f 3~5f >5f
LB 1(x1) 0.010 0.107 0.004 0.003 0.328 0.401 0.132 0.003
S 2(x2) 0.993 0.279 0.187 0.083 0.678 0. 345 0.618 0.007

3.2 SLFSNN#HEE

X VR FEHLAL B SE B T 00 8 ik 40 41 LAY
R REAS 43 5 A SLESNN 1 SOFM #1712 W il izt
U5 E I SLFSNN 5 5 + £ 4 SOFM 8k 112
Wi R HE4T T H . SLESNN Al SOFM f 4] 4 2 >
RIGHL 0. 2, B F B, CPU 4 Intel (R) core
(TM) 2, Wiy 2 GHz. WA A 1 GHz, 1E
Matlab7. 0 FR88 T P51 59 I 5 AR I L 32 W7 I ) o
B ARTIRE LU WL 3% 3.

®3 AHEEINIBRER

LWL REE s B/ % BIURE
SLFSNN 1.036 0 387
SOFM 10 15 1126

FH 3% 3 Al 1, SLFSNN [t SOFM AR /b, 2
SRCRE R KR 2 EEREAR 2 2 435k A B
T B Wb [ 4% HEAT 12 T L3 WA R A 5 IS b b v

BRCRE 0 2R Shy —2 T 5 WT 32 f e J T5 ROR] Jik nf 5R¢
RO R . WS R INE 4 P,

% 4 SLFSNN #1 SOFM 2 & R

e
%l SLESNN 433 4 SOFM 43 4 5t
SN

(Fo) ’ (F\)s («T]v (Fn) ’ (F])7 (-TH
X F,), (F;,) , (F,), F,), (F;) , (F,),

(F5) » (Fs) » (Fp) (Fs) , (Fy) » (F7)

(Fo) 7<F1)9 (1'29 (Fo) v(Flvl'zq Fe)q
T F,), (Fs), (Fy) , (Fy), (Fy) , (F,),
(Fy), (F5), (F) (F5), (Fp)

IR TR S 1, T AR O 8 W A R
x5 F, B R R T F, Bl
OGP & A TR X ol pE ., 5 K A 45 R —
. XFSEH) 2, SLESNN 2 Wi 5 R .x, 5 Fs Bl —
K HREDT ORI LK, RN HEELE T F



http://gks.cqu.edu.cn

22 TR K FFRK

% 36 A&

A5 8, BV 7 S 7 R G s sh IR 5 B 4 S o i
HHAF. SOFM Wi 4518 =, BiJe T F, k. g
T Fs ke, Sf) 2 45 R %W, SLESNN [ SOFM
SR A A5 T A i e 2T P ML A B 43 2 i
) SR P )

TR

i %t SLFSNN F1 SOFM 112 Wr 48 5 43 ¥ Fil
Feds, Bl LAIA O 72 e 55 HLIE B2 W vh 36 T F 2% )
A ik o e 22 0 45 B39 B A% e () SOFM B3k ik
JE TR, 12 W o B RO R, LB REE B A PR A
£ ) BE 1 ORI SR 2 BT, A 80 M i e T )
SRR ) £ SEZ {51 NS DG . 0 8 i 1] A e i 2%
11 ROR M [

SE K-

[ 1] Bmeml, PRAE AL, A B0 2 0 46 [ A 1 H8 f0 F0 Bk i
(0], TFRALR: . 1994,21(2) £ 23-26.

YANG Xiaofan, CHEN Tinghuai. Inherent advantages
and disadvantages of Artificial neural network [ J].
Computer Science,1994,21(2) :23-26.

[ 2 ] Glackin C, Liam M, McDaid L, et al. Receptive field
optimisation and supervision of a fuzzy spiking neural
network[ J]. Neural Networks, 2011,24(3):247-256

[ 3 ] Bodyanskiy Y, Dolotov A. Image processing using self-
learning fuzzy spiking neural network in the presence of
overlapping classes[ C]// Proceedings of the 2008 11th
International Biennial Baltic Electronics Conference
(BEC2008), October 6-8, 2008, Tallinn. Estonia.
Piscataway: IEEE Press, 2008:213-216.

[ 4] Kubota N, Sasaki H. Genetic algorithm for a fuzzy
spiking neural network of a mobile robot [C] /
Proceedings of the 2005 IEEE International Symposium
on Computational Intelligence in Robotics and
Automation, June 27-30, 2005, Barcelona, Spain.
Piscataway: IEEE Press., 2005:321-326.

[ 5] Sheikhan M, Hemmati E. Trancsient chaotic neural
network-based disjoint multipath routing for mobile ad-
hoc networks[ J]. Neural Computing and Applications,
2012, 21(6):1403-1412.

[ 6] Wade J J, McDaid L, Santos ] A, et al. SWAT : an
unsupervised SNN training algorithm for -classification
problems[ C] // Proceedings of the 2008 International Joint
Conference on Neural Networks, June 1-8, 2008, Hong
Kong, China. Piscataway:IEEE Press, 2008:2648-2655

[7]Li A, GuQ, Feng G C, et al. SNN:a neural network

based combination of software reliability growth models

[C] // Proceedings of the 2009 1st International
Conference on Information Science and Engineering,
December 26-28, 2009, Nanjing, China. Piscataway:
IEEE Press, 2009:5109-5112.

[ 8 JIgwe P, Emrani M, Adeeb S, et al. Assessing torso
deformity in scoliosis using self-organizing neural
networks (SNN)[C]// Proceedings of the 2008 seventh
International Conference on Machine Learning and
Applications, December 11-13, 2008, San Diego, CA.
Piscataway : IEEE Press, 2008:497-502.

[ 9] Allen ] N, Hasan S B, Abdel-Aty-Zohdy H S, et al. A
low-power haar-wavelet preprocessing approach for a
SNN olfactory system[ C] // Proceedings of the IDT
2007 2nd International Design and Test Workshop,
December 16-18, 2007, Cairo, Egypt. Piscataway:
IEEE Press, 2007.222-225.

L10] e, MO R A7 S Ho LM, DU % . P4 %2 g 1
B 27 A 2004,

(117 B A, Zpe, TR, 5. Bk ob & w28 1 46 i 8 &%
HONL M. AE 5t - B2 ik, 2006,

[12] WAV R 8 BRF, 2. BRI Kohonen 128 W 45 [l 4 5

GEB RS WL ], PRI 2440, 2008, 31(9) :992-996.
XIE Zhijiang, CHENG Limin, CHEN Ping, et al.
Fuzzy fault diagnosis for a regenerative heating system
based on a Kohonen neural network[]J]. Journal of
Chongqing University,2008,31(9):992-996.

[13] 2= ARLesE 0 B8, 5. SOFM it 4 X 45 76 L sh AL s

W R LT g HlE SR, 200811 :23-24.
LI Hui, QI Xiaoyu, YE Yujie, et al. Application of
self-organizing feature map neural network for fault
diagnosis of motor [ J]. Equipment Manufacturing
Technology, 2008(11) :23-24.

[14] A58 BFERTL R e . YRR R ORI BR800 e e

PUBE 2 W) ], 3 PR 27274k, 2011, 34(6) : 26-30.
HU Fangxia, XIE Zhijiang, YUE Maoxiong. Fault
diagnosis of rotating machinery based on fuzzy
clustering optimized by chaos embedded particle swarm
optimization [ J ]. Journal of Chongqing University,
2011,34(6) :26-30.

L15] BRF a5, BRBH &5, 22 )2 4% 338 ok B0 1 il 8 0 4%
TEVR A ML RE 2 Wb fg i L. 3h o #2007,
27(4) :569-572.

CHEN Ping, XIE Zhijiang, OU Yangqi. Application of
quantum neural network based on multilevel transfer
functions in fault diagnosis of steam turbine sets[ ] ].

Power Engineering, 2007, 27(4) :569-572.

(% KR



