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Fault diagnosis of bearing failure using HMMS

YU Tianjian, CHEN Tefang, CHEN Yating, CHENG Shu
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Abstract ; In order to improve the fault diagnosis ability of the system and its accuracy, with previous experience in
this article is based on data Rolling health management, this paper presents a novel based on multiple hidden
Markov models and Kazuo artificial neural network algorithms and methods of combining ant colony to be used to
diagnose and detect bearing faults, which uses HMM and pattern recognition method by combining the bearing
vibration signal feature extraction, in the frequency domain analysis of the aging phenomenon, namely the historical
data and the new data fault diagnosis and testing, while HMM and ANFIS fault prediction is to estimate the
remaining useful life and the life. The experimental results show that the method of HMM and pattern recognition
can be used to diagnose and predict the faults. The method can reduce the computational complexity and improve
the accuracy of diagnosis, through the different fault diagnosis example elaborates on HMM-based fault diagnosis
method effectiveness and feasibility.

Keywords: diagnosis; hidden Markov models; ACC; motor bearings; pattern recognition

WORE T AE P b — I AR E A M, 3 ADJ7T A TR HE 9K 5l F A T 22 56 5L il 1)
PR AR B PR S AR AR RN Pk AR SO — e 5 AR A 22 50 3 ik R 2
ST HER R BT R s AT LA BB AT Ak SIS Ok Sl R 2 FH A G 3 kbR 25 A
FRBEEMZE X HorkE8 THRBEZEOR 5k HMM & — bl P8 i 18] 5 9 (9 48 3 i
PN AR, 48 R RGP ERI T EEE SR kel Pz R T AR AUECY P (H A R
7k PHM RS AFRREAE SR SRR BB IT A RS W) 4IRS AW S 0 ) | T L2 2
RSB F0IN 27 RSO TR AT IR W U T MR A 2 %0 i B S R G B N IR S 5 A E
SERTEE R BT BRI W S AT IR B BEAE SN X S R BRI | SRR SN X G T A 4
38 T2 2 h 25 R Ge Y de g ] f 7)) oA Sc

RSB 2014-12-22. GNP SN S VNCIP SRt S WAV P &

EEWE : 5 ARPEESE (61273158). LA TR 2R KR 2 S 5 SE £ B4 B _—n

e RIS ARG R L LA R AT R 7 KB
WAL (1957—) | 35, it S . AT DA ERA I Gt AR ) S AT AR TR R

R L I, 6409020@ qq.com. WA ) R B L



5 2 1]

FRE|, 4. HMM 7E B LR LAY 2 0 <185 -

1 AFAEER G 3 A

R GELEHER NP 1 B B SRR (AR AR,
NIt P ARG RS I TS 80 A i AT AL B LA BR 25

TUAERH 3 BRI W S5 AR | g A4 3] () R AE B
FDT s B AEAR ) ) 25 10 T SEAT A, -4 3k Lo %4
Pt ACC (WU SR ST ) AT A0 5 g iz S 00
JETE T HMM J5 3R ANFIS J7 36 A 7k B ).

I [——»lm@@w|—+hmMsk——4%w%§|
5 A
= [F5Ef 1
A
FHAEE 2
fih 7K

PRI (0
) U ST
—— | T LS
) JRah(ze A5 A

D ORHEGOREC | s Sk

| R |

B 1 & PHM &%

FHIE(E AR BURTE AL RRUE 1T T R SR LS
SRR I N A AR PHM (978 50PE , FRAEAE 7T LA 2 A
AR R TR W PR T R RE g B e — A
ARG HN Wb AR A IR B8 A, — Al 70 A B 1) s 1Y)
W FE Ry 3, 214l 2 A st i EL i 2 AR, i 0 {1
D]~ 7 G0 e R 3 o £4) 7 30 9 B3 e R 38K, B RUTE
FPF-R TR 3R H LS A5 5 T o, 78 BB 1) o7
D3 T2 SN A AR, 2 A NP 34 Ty e v e 2 X
N F— AR R AL RR B S I (S
FRUEGETT M, — A B - 7 A 1 359 Jon i 8 {
FZE MR R AL ) R i S 38 e R A AR
KB REIEAETT A WM T EI R YR y, =

LY (-0 bty = Y W, =

iz ('xi _9_5)4
gy, =
SHRIZ - 4
2y, ! ')’14
1 < N L
Ry, = — Y, x> Her SRS IS st A IR
n -

BT B2, Wt sl Rk U 5 i A SCE i — A
AR ER 7327718, RO SR IS RL A Xl Bt A T
AT L — AR 2R A R
[7.]1° - [d(g x,.) 17

2 Ae(l..,M) [m]° - [d(g, %) ]f‘
Kb d (g, ,x,.,) A—DIEREE & HE 0B
BIJLAT BE B (e, f) € (0, 1); 0 N KA
d (g 1%, ) AFTEE 5 D S B8 1 e R 5 g, AT A

i
zxg

Tl g =T Hohon, EGRE O U
ie(l,..,M) n;

BB 0, R
T ARG D )2 8 S0 1 s 4 BT

max [x,] — min [x; ]

3

T3

sim(€2 ,.,)= 1 -

HEATRFAERSIN , 22 i 38 i O SRR S X B i A 1
2 ORJEFEXT LRI ek 2 iR, Ay 2R
BHRRASEANTE 3 FrzR S X A (R PR T = ERHAIE
23[R IEAL A5 B, X by s et A 702K

\ Ei?ﬁ | %%% \
| FEAER |
AAC
1
|9\ |?,|\9|

‘ 0(t)=arg max [sim((2,%...)] ‘
I=i=M

2 WRERAE T

S ERRE@) L
// ’, 7'y : ] I;>7\7_ l77>4>7;;

A bbb 1
s I
S L

095 1 T I
Y e Sy S R L

Sogs ), WKL S TS

Sk S
080 [/ AWVRI 7T UEEA ) /o
075 Kt S W) ) )

1009 08 07 (g
Y1
B3 HmEHES%
PNEIRICINYE 8 IS ORI & €/ i s e
IR SRS D, RS B B 22 R A
BRI SEBR TAENG O, SR 5 P FH 3K S8 2 47 1) 280
PEARSEFEAT LA A5 T

2 B AT

FEATIFGE F R A T HMM 7 32 0k 4o Al kit 47 4b
HHMM 2 — W Rl R, A OIRZS Z 18] (19 5%
P 2 BEAILAY , T EL A PR B LI f e 2 BE ALY, (5
FEAP R AR RS 19 By IR AR P AN e B UL
(4, HBEAS AR P LI o A AT 4D, HMM 2 — 48



- 186 - MoK OE T W ok ¥ IR CRRE
T2A AR R) 8T, — > HMM 7] DL R 31 2 50k a, (i) =P(0y,0,,...,0,,4,=S;| 1),

wL ) BERRESEN, B N ARE N
S12Sy ey Syt B ZUBEHL AR AR (RRZS N g, , B Rq, €
{5,550, Sy b 2) RS AT BRI S H M8 M
AWEAE V,, Vy,en, Vo BEZIESUIAE A O, , WA
0, eV, Vo Vi 3VIREHERHIE A A= (a;) vy,
1<i,jsN,HW a,=P(q,.,=S1¢,=S),1<i,j<N.
AWM BE B, B = b, (0,) ey, 52 b, (0,) =
P(o,1q,=S) 1<j<N,0<t<T.5) ¥R E R & m,
a=(m, ,my,...,my) ,HH 7,=P(q,=s,) ,1<i<N.

{BAESZ BRI F Y HMM 25701 e R0 3 3
AR[AIRE . 1) HMM (8 % 3 MR S3 H 580 1] 8. A 45 o A 7Y
SHA = (7, A, B) ZAET, W] A 35 b 3 58 0
FILIAE 31 0 = {0, ,0,,...,0,} FIHEZE P (0 |A).
2) HMM A e RS 3 5 ) 1. 7E 25 e BE AU S8 A =
(7, A,B) FILIU{E)F 0 ={o,,0,,...,0,} MIZMTF,
Wl e B — X5 B RS TS Q=4q,,92,--- .91}
REA% I P AR RS 12U (7 510, 3 ) HMM. 9 S 5004l
THANE( SCRRASERY I 2l ) 1) B ] R 4 A R 2
A= (7 ,A,B) , 4328 8 7= A= AE P 51 O =
{0,,0,,...,0,} FIBER P(o| X)) FK.

1M Baum-Welch 535 ] Fff gt LR ] 3, S 44
T E bR PR R S5 A, 7 AR U 2B O
FRE S e, AT LA i 7% 236 AR AR 4 H bR sRECH

YA [A) = X P(0,qIA ) log P(0,q|1),

P(O,q‘/\) = 7T<mHaq/—w,b<n(0f) :
TEZA PSR e A A BB 25 Y
5RO Ik, ok AR, R4S T HMM 2 80
(AaB’ﬂ-) ’EI]

r
D &3
agzt:(T) lsiy<=N
PEAG)
t=0
m=y,0) ,1<i<N;
r
> 7.0)
t=o0No, .
bj(o,)z ; 1<;j<N;
2. 7.0)
t=0
- at(l’) a’i'b'(ot+ )Bt+ (.])
&) = il Ll LAy

> o, (1), ()

JOl 3, () = 3 EG) () AR IE)

¢ INZIE R I WEERFS] 0=10, ,0,,... ,o,} Fl ¢ I}
ZIBRUAE TS S, RUIBCE AR, BY

&) =b,(0) T e, (i)ay.
1<j<N,I</<T.
BT oy (/)= b, (0,) LIS N, T B, (i) S Ma+1
i 220 5] 45 £ I 220 BE 50 419 45 43 0 0 {EL I 1) o,
0prreeerop MR B MR B (D) =P (0,4, 0ryeme
oplq, =S, WA B, (i)=1,1<i<N, i

@uhé%amﬁﬂansﬁN%ﬁ#%ﬂ%m
DNECAN - TRT AR I ) ) VR T B A B 2R R

N

POIN) = X o) = X o, ()B,G) .

i=1
Si(e + 1) =argmax[ P(0g,0,,...,0,.,4,) ].

MR A28 2P T LA R — /2] £+ 1
AR AL BRI 0, RS T FREY , S A S 2
WA €, A5 O, IFIRE b (o))
JAE O B Z G AR DU — R S5
78 02 Cy=b,(0,) B C =1 WK F— AT A% A
AR B T — R I

_21 C, zl o (i) ay(k).

c - L, ﬁ‘bn #q,3

! b(o,), 5 q. =4,

1<j< M.

H T HMM J7 3% 0 LA v A b 3 531) e 58 (AR v T
A S B AR 25, SR T HMM 7 8 0] LR 2 — 4
ANFIS #58Y  ANFIS J&— MM R rY i 72, I 7R
A7 7 A8 DR 2 v e T g FH A B T 224 v,
HiB T LIAT AR5 2B, ANFIS J&— >0 58 1 i
T 7 X6 b R A S BSO8R AT DA A3 SR I 2 A R
S UEAE NSRS TAk TSR B sR g 24k, Ik 4k
HF IR RS Fe e M, 78 I s 72 A BUE R e &
{8 1 e/ IME IR 22 S T3 ANFIS a1 Ao
RN REE T B GETHE, 8 2 i — A4~ ¥ B A 1 pRi
BRSO, TTLATE o+ 1 B 20T 4 3. 38 30 61

BRI H (0,0, ,...,0,.) , FTLLO,,, =f(0,,
O v 0 Frht r N6 189/, 5 i

P IA#430,,=/(0,.,,0,,5,...,0,.,.) JF HIf 2

P(00701702""701+1 ‘ll\k ):

<ksm

argmax| sim ({2, , (V)Hl )] #alrgm%lx[ sim({(2,, (V)HH ).

I<ism

3 SRER

el LA S R % R 2 MR AR A
SRR, 1T 7E B S0 U A TR MR | 1
RIS T A R B EUIE 13215 T



5 2 1]

FRE|, 4. HMM 7E B LR LAY 2 0 <187 -

L, SRS 58 1 72 1 AS RE AR DR by S ey 7% 1 8% e
e O, 3 e N Sy 2 At A R fin A28 o 7 £p DA B —
S H TS A 0 b A S A R Sk bR 4k X
R T i B LG 0 0 AT 225 SR

53 B RIRE B 4 Al 81 A ) — Al L
X TR R 25 A [ 1) R R0 A Ay, G e 5y
2 000 r/min, PAfEE 6 000 N [4 [i) 17 7 50 e gl K
AN 4 s, IS5 R BUR OGS L A B 114 52
SR AN B SE I T T 3RS AR B IE AR S
(W70, FH DT S0 500 A A DU AR RS TR 1R 1k
PR TR HMM BRI S8

BRI ‘ !
TR

U
2 HR2 Hok3
AN

B4 HENKEE

Hr 5 (a) X PR S 0, IOoREE
A A SO B RS R (1,2,3,4) £ 2 000 /min Al
6 000 N ffE 7 faf N E4T 35 d A HL T 5250, v LA
B ENGH 4 KA 2l 4, I HISF¥008 47 B
AN 1 5 (b)) v A% FLARRAE (00 R A BRI, A
IR AT AR B 20t 28 d A S e 56 4 AR il R T
UhAk, HL B B 3G, 7E 31 d SR 4R 3.4 ARIF
UREAITAESSE 33 d IR B KAA, 7T DL X A5
TR P R R o Y, TR LR I A
DA Bl A W KA el s

0.09 1
| ——HlrK1
+§H}/¥(2
007 —e—HK3
L —e—flR4
£ 0.05
003} 2,
¥
0.01 5 :
0 1 2 3 4 5
t/10* min
(a) P
18 1 _
—o—thK 1 33" day »o

[ 2

t/10* min
(b) I E
B 5 4FEEXTEEIER

4 HEFN

TR 1 944 21 SE90 R , Horh 1 458 s il
YRAE (oA 486 21K 1,23 WOULINME ) , FRAEAE v, ,
¥, ¥e S BIAEIK 1.2 .3 5 HMM A1 ANFIS (13 %(
FhTE T HMM A B 700, R LA o i 7R A 5
RETH S, FERBPRET R S, , B K A B bk
TR S, RERRAS T K S, X T4 — 2 W (i oW
KBEN T=4 SARBURRAE (Y, -7 G E 250 0E T
HATAE, LT84k 1T HMM S 4007 DL S
PWHh 0,={0,,,0,,,...0, ,} , & SCRE KRB A
MRS K 7 7.

2106 02 01 0.1

92,1 0 05 0.25 0.25
Al,z 3,4 s

Q10 0 05 05

ollo o o 1

1 1 " " "
01,2,3,4 = ':4,4a4,4:| , 1T 453 HMM ISR

0 098 001 O
Al = ’771 = (099,0,010);
0 0 1 0

0 0 0 1

0.10 0.89 0 0
0 099 0 0
A, = ., = (0.04,0.95,0,0) ;
0 0 10
0 0 0 1
007 002 09 0
0 002 097 0
A, = = (001,003,098,0);
0 0 1 0
0 0 0 1
0 0 0 0.99
0 0 0 0.98
A, = ., = (0,0,0,0.99) .
0 0 0 0.99
000 1

RS AL B FDII{E (0, ,0,,0,,0,) AT LA

(0, - ) cov () (0, - )
>0~ ) cov (E) (0, - )
Heb B N O (IRE R P8 i

AT LA 2 Hodge KAE PO, [ A ) MR TF k=1,
2,3,4 B % ANFIS 240, 3803 D250y, , 75, 76)
ST R K HE , ARG XN 3 NG HERE(E
SR [y S O B ORI R 1,23 B RR
oL IFHA 3 A SRE B R A T A ANFIS R4¢
Hh AR B TR RSO RN 2 [ . AT UM T A




. 188 - MR O T Ol ok ¥ % R

5 48 %

15 BLSEH6 24 hOR B8 IE AR SOy ik I IE B . ZE IR 6 v
A LB FHKIZATE] 5 553 min ZBIH @ HOR A,
M R BN b (0,) = 0.92, 1B ZA1E 2 J5 1)
3 427 minZ PR 7E 2 & A R I 4k R s 4T AR
A BRMTEY 176 min LA 5l A& U FF 46 % A B, o]
DAFERE 7 FR LI 2] 4 Fb SO0 AL £ HE 655 400, AR 375 B
W BIFE RN 0.92 B DL T FHEHE 17 0 (1) A 25y
0.72, B MAER H 0.5, RS M T BE K 0.09,
PRI T 7 gl A ST T30 1 bR A5 M SR, T AR 56
UESEEG 7 i AT A7k
2 K

]
PR
1

e B
- AT, (€
. i
= i
E| i

9 176 min : e
i

i [5.553 min

—_

3 5 7 9 11
t/10° min

6 AR AL R T

]O r ]
|
|
0.8 | o2
_06F |
= x—A—A—+——-A—A—A—A—A.—ﬁ—A
S
04 F I k=1
| —a—-k=2
| | —A—}=3
0.2 I —o—li=4
O 1 1 1 1 ]
089 091 093 095 097 099
C,
E7 SMRETHHKBEERE
5 & i

1) &% Dy s B s SR AR ME AR AR X — =y FR A, 32
T 0T A R FH A AL R A2 W R T Y

2) FIH] HMM J5 %5 ANFIS J5 i AH45 4 15 i
X AR [va) R A A7 A 7 A8 P B BBURE AR A L
ACC BT R 02 e FH R IR ] RAR T 7y
BT T RO, I HLAE S PR 50 Y i T
T ERE SEE AN S B R 45 SRR Bt
B T HRA I 2 W TR ) AT

3)HEH T —ASEr Ay A, B 4] B HMM Ok 2
A7 LTl R 1) W B A7 R R T A ] PR R
BN R A R P O R R AL A RS 2P )

[ .

5% ik

[1] FROSINI L, BASSI E. Stator current and motor efficiency
as indicators for different types of bearing faults in induction
motors [ J |. IEEE Trans Ind Electron, 2010, 57 (1):
244-251.

[2] IMMOVILLI F, COCCONCELLI M, BELLINI A, et al.
Detection of generalized-roughness bearing fault by spectral-
kurtosis energy of vibration or current signals [J]. IEEE
Trans Ind Electron, 2009, 56(11) ;. 4710-4717.

[3] ZHANG B, SCONYERS C, BYINGTON C, et al. A
probabilistic fault detection approach: application to
bearing fault detection [ J]. IEEE Trans Ind Electron,
2011, 58(5): 2011-2018.

[4] IMMOVILLI F, BIANCHINI C, COCCONCELLI M, et al.
Bearing fault model for induction motor with externally
induced vibration [ J].IEEE Trans Ind Electron, 2013, 60
(8): 3408-3418.

[5] YAZIDI A, HENAO H, CAPOLINO G A, et al. A
webbased remote laboratory for monitoring and diagnosis of
ac electrical machines [ J]. IEEE Trans Ind Electron,
2011, 58(10) ; 4950-4959.

[6] BARUAH P, CHINNAM R B. HMMs for diagnostics and
prognostics in machining processes [ J].Int J Prod Res,
2005, 43(6) : 1275-1293.

[7] RAMMOHAN R, TAHA M. Exploratory investigations for
intelligent damage prognosis using hidden Markov models
[ C]// Proc 2nd IEEE Conf Systems Man and Cybernetics.
Piscataway: IEEE Press, 2005: 1524-1529.

[8] CHEN C, ZHANG B, VACHTSEVANOS G. Machine
condition prediction based on adaptive neuro fuzzy and
high-order particle filtering [ J]. IEEE Trans Ind Electron,
2011, 58(9) : 4353-4364.

[9] STRANGAS E, AVIYENTE S, NEELY J, et al. Improving
the reliability of electrical drives through failure prognosis
[ C]//Proc 2nd IEEE Conf ( SDEMPED ). Piscataway:
IEEE Press, 2011, 172-178.

[ 10 ] MAHAMAD A K, SAON S, HIYAMA T. Predicting
remaining useful life of rotating machinery based artificial
neural network [ J].Comput Math Appl, 2010, 60(4) .
1078-1087.

[ 11]BENKEDJOUH T, MEDJAHER K, ZERHOUNI N, et al.
Fault prognostic of bearings by using support vector data
description [ C ]//Proc 9th IEEE Conf Prognostics and
Health Management. Piscataway: IEEE Press, 2012, 1-7.

[12] TRE, RS  BRAFIC A T HMM 76 B LSRR 2 187 1
MRFEL )] BRIERE 5 TR, 2014, 11 (4 ) 103-108.

[13]ZAIDI S, AVIYENTE S, SALMAN M, et al. Prognosis of
gear failures in DC starter motors using hidden Markov
models [ J]. IEEE Trans Ind Electron, 2011, 58 (5):
1695-1706.

[14] CAMCI F, CHINNAM R. Hierarchical HMMs for
autonomous diagnostics and prognostics [ C ]//Proc 9th
IEEE Conf Neural Networks. Piscataway: IEEE Press,
2006 2445-2452.

[15] WANG T, YU J, SIEGEL D, et al. A similarity-based
prognostics approach for remaining useful life estimation of
engineered systems [ C]//Proc 7th IEEE Conf Prognostics
and Health Manage. Piscataway: IEEE Press, 2008. 1-6.

(i A4L)



