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Application of signal sparse decomposition theory in

bearing fault detection
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( Laboratory of Science and Technology on Integrated Logistics Support, National University of Defense Technology, Changsha 410073, China)

Abstract: A new bearing fault detection method based on the signal sparse decomposition theory was developed. An over-complete dictionary

on which the bearing vibration signals in normal state can be represented sparsely was trained by the dictionary learning method. According to the

fact that this dictionary just can sparsely represent the signals in normal state, the bearing vibration signal in unknown state was decomposed on this

dictionary. The bearing state was determined by comparing the representation error of the signal on the dictionary with the given error threshold, and

then the bearing fault detection was achieved. Experimental tests validate the effectiveness of the proposed method in bearing fault detection when

setting an appropriate error threshold.
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Fig. 1 Decomposition results of vibration
signals in different states on dictionary

trained by samples in normal state
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Fig.2 Flow chart of bearing fault detection method

based on signal sparse decomposition
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Fig.3 Sparse representation errors corresponded to

vibration signals in different states
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B30, R R L DR 285 e DR 285 5 45 X g el P
255 SR RGN o (R M, 3 AP R AL (LA 25 5
R B 5y X3 TE AR ZS AR BRR 2, 225 ik
SO L A BE AR . H T RHIES:
RO AR T AR 307 R 5 2% Akt
PR WA AL A L DR T I T B
PIF ok ofr DAL Al FEE 46 A R0 2 46 b 2, O
*3

®3 ERFESH

Tab.3  Frequently-used parameters

HEE AR HEAE HREARK

N
T, 4%2% T, T,/ T,
i=1
1 N 2
T, (Wz /Ta T ) T, T,/ T,
i=1
T3 TIO T? / T5
T, T, Ty / T
N 3
1 x, = T
T T, — ( 1)
5 12 N ; T,
1 < ‘
Ty min(x) Ty W Z( )
1 3
T, Ty — min(x)

TE N A EEE S« IREARF S, i R 5] .

N TR TR A SO 5 3 TR IE S il
WA T 7512 P 5 e A 0 1 R L TR B A o 7 5 it
Dno,-n,a]im*ﬁm%ﬂ*ﬁ%j‘] To,/b @IJ—IL’ U\Tﬂ_l

PR Ty RHAESH . MRS RTA AT m A, X TRk
ST, (k=0,1,2,--,13)  BOERRAAF 5 X NLFY
B3 T RS A 5 X 07 A3 0 (L Fr) 22 531 A, D)
BT IR IE S RO A B RSN 777 2 1 3 G 1
WUBAE o TR 2 P PR DUACRR S IR AR X
BEAFAEAEL T, (k =0,1,2, -+, 13) B F-29ME, 255
7 BN

20

—5— ENRE S RAER
—o— PUERHRRR SR RAHE R
sl | A bR SR AR

o DR SRR

101

HSHEAE

-5
%&&&%&&& X K K
’?\%\@M@’é @@@@,@@&

BT ASRRRZSAE 5 % L AL (B
Fig.7 Values of parameters corresponded to

signals in different states

M T Fn] AT AR SO kA A RS
O A8 R 2 1) 2 i g DS 1), DR L e R 285 A
IEFREES TR IEFIREE S5 MR
AR X T P AL DA WA L A4 2 PR (WL PA Bk
o R I BE R AR 2 TR 5 W A ey 22531,
WRAE NN B 5 TE TR S B 5 X 73 5 TR 2l A
AC IR I R 25 X IO 1 R AU L ) 2 1) A0 AN K W
2, RECR SRS EFREA S T X5
1S RO a1 1 D = 7 1 4 L
BT T EIRRHE S RO SO A 57

4 #hig

LA M 53 Ak BV 110 Bt R R AG I 12
FIAT — BB AR S5, AR 3 T H DR 2l R A
B BREIR 2Tl AR R 3% 2 2 BB ) AN T[], <52 Bk
PRI FR RN o SR 45 R AW, £ B {E BB B
MR OLT 1207 15 A B A SR SO, AR
XTI R IE S RN Tk A Y
SRR IR RE o B T E L R MR 5K A
SR, Xt T B A%, ol AS 25 7 X I
RESAEZ MR BT R A8 TR 22 K00 5E 5 WPR AEAT 3 —
Bl RS, AT B T 19 RV R A 2 — 2P
Hey 3 ) TE H RS AR S Mt e 7 il n] SEBIE R
I ERER [Ty (Y (PPN 4 NN ERER i e <]



3 ]

SRAG , 55 A5 5 8 7 B 7 At AR R AGINY e ) 17 - 147 -

SECEA R  3 Aifk , 3K 2 OT R AG T k 1) ETl
FA0 R RAS DU S B AT DU 1Y, 2 RE S AT L 8
B FRREAR I, 1] 7 R B R T 1 o MR R
FIA 7 LA T S B XF DR 25 5 5 i 0 A 1) o
P, AT LA — 25 S B R BB T, X e T
— BT 10

2 % 3wk ( References)

(1]

[10]

Zhu D, Gao Q W, Sun D, et al. A detection method for
bearing faults using null space pursuit and S transform [ J].
Signal Processing, 2014, 96 80 - 89.

Zhang X Y, Liang Y T , Zhou J Z, et al. A novel bearing fault
diagnosis model integrated permutation entropy, ensemble
empirical mode decomposition and optimized SVM [ J ].
Measurement, 2015, 69. 164 - 179.

Faghidi H, Liang M. Detection of bearing fault detection from
heavily contaminated signals: a higher-order analytic energy
operator method [ J]. Journal of Vibration and Acoustics,
2015, 137(4) : 041012.

Zhang X H, Kang J S, Bechhoefer E, et al. Enhanced
bearing fault detection and degradation analysis based on
[J].
Journal of System Assurance Engineering and Management,
2014, 5(4) : 645 -650.

Kwak D H, Lee D H, Ahn J H, et al. Fault detection of
roller-bearings using
algorithms [ J]. Sensors, 2014, 14(1); 283 —298.
AR, AR, EINE. FETRBRR R BURRIE S
BOFELT]. B TR 224, 2013, 49(1) : 73 - 80.

LI Maolin, LIANG Lin, WANG Sunan. Sensitive feature
extraction of machine faults based on sparse representation[ J |.
Journal of Mechanical Engineering, 2013, 49 (1) 73 - 80.
(in Chinese)

EEpG, MIER, B, % HUBRECRES BT
LA LT]. BUBCT AR, 2013, 49(1) : 63 -72.
WANG Guobiao, HE Zhengjia, CHEN Xuefeng, et al. Basic

research  on

narrowband interference cancellation International

signal processing and optimization

machinery fault diagnosis—what is the
prescription [ J]. Journal of Mechanical Engineering, 2013,
49(1): 63 -=72. (in Chinese)

BRIR, BRE, XEZE, 4. NEAHCHRAE R M TEIR 5)
kRSB e [J]. EBFRHLRE R, 2007,
29(6): 102 -105.

ZENG Qinghu, QIU Jing, LIU Guanjun, et al. Application of
wavelet correlation feature scale entropy to fault diagnosis of
roller bearings [ J]. Journal of National University of Defense
Technology, 2007, 29(6) ; 102 - 105. (in Chinese)
FIAR, AT, FIR. ETIERMEZ SR IR
WEIS T[], MU AR, 2012, 48(5) - 63 - 69.
WANG Bingcheng, REN Zhaohui, WEN Bangchun. Fault
diagnoses method of rotating machines based on nonlinear
multi-parameters [ J]. Journal of Mechanical Engineering,
2012, 48(5): 63 —69. (in Chinese)

Coifman R R, Wickerhauser M V. Entropy-based algorithms

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

for best basis selection [ J]. IEEE Transactions Information
Theory, 1992, 38(2): 713 -718.

Fh/ANBS . TGRS 40 B A B 3K AR AL BE v v JH D ]
Kb BBBAHR R, 2005.

DU Xiaoyong. Sparse component analysis and the application
in radar imaging processing [ D ]. Changsha: National
University of Defense Technology, 2005. (in Chinese)

Neff R, Zakhor A. Very low bit rate video coding based on
matching pursuits [ J]. TEEE Transactions on Circuits and
Systems for Video Technology, 1997, 7(1) . 158 —171.
Donoho D L. De-noising by soft-thresholding [ J]. IEEE
Transactions on Information Theory, 1995, 41(3); 613 —627.
TR HTRHEFRR W EE S B S H [ D],
dest: EMEIR, 2006.

WEI Quanhua.

representation and its improvement [ D ]. Beijing; China

Blind source separation based on sparse

University of Geosciences, 2006. (in Chinese)

Shmilovici A, Maimon O. Application of adaptive matching
pursuit to adaptive control of nonlinear dynamic systems [ J].
IEEE Proceeding of Control Theory and Application, 1998,
145(6) : 575 -581.

Chen S, Billings S A, Luo W. Orthogonal least squares
methods and their application to non-linear system
identification [ J]. International Journal of Control, 1989,
50(5) . 1873 —1896.

Jaggi S, Karl W C, Mallat S G, et al. Silhouette recognition
using high resolution pursuit [ J]. Pattern Recognition, 1991,
32(5): 753 -771.

Phillips P J.
identification [ J]. IEEE Transactions on Image Processing,

1998, 7(8): 1150 - 1164.
Mallat S, Zhang Z. Matching pursuits with time-frequency

Matching pursuit filters applied to face

dictionaries [ J]. IEEE Transactions on Signal Processing,
1993, 41(12) . 3397 -3415.

Engan K, Aase S O, Husoy J H. Multi-frame compression:
theory and design [ J]. Signal Processing, 2000, 80 (10) .
2121 -2140.

Engan K, Aase S O, Hakon-Husoy J H. Method of optimal
directions for frame design [ C]//Proceedings of International
Conference on Acoustics, Speech and Signal Processing,
1999 . 2443 —2446.

Aharon M, Elad M, Bruckstein A M. K-SVD: an algorithm
for designing of dictionaries  for

overcomplete sparse

representation [ J]. IEEE Transactions on Signal Processing,
2006, 54(11) . 4311 —4322.

Aharon M, Elad M, Bruckstein A M. On the uniqueness of
over-complete dictionaries, and a practical way to retrieve
them [ J]. Linear Algebra and its Applications, 2006,
416(1) . 48 —-67.

PN, FTIESS, SREBE, 45, FETRERE B K sl
IBATAFEMEPEAGLT ] U TR, 2013, 49(6) : 30 -37.
SUN Chuang, HE Zhengjia, ZHANG Zhousuo,

Operating reliability assessment for aero-engine based on

et al.

condition monitoring information [ J]. Journal of Mechanical

Engineering, 2013, 49(6) : 30 —37. (in Chinese)



