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Fig.1 The flow chart of combined SVM extension and

window function
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Fig. 2 The original simulation signal and the result of

EMD decomposition
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Tab. 1 The orthogonal performance comparison of three

kinds of methods for simulation signal

Bk SRR B
J5 4 EMD 0.155 8
SVM ZE #; 0.130 9
SVM 4 4 K i % 0.096 7

Hi# 1 Al DUA R AE AT 4 BEAY EMD 73 fif
45 R A5 2 By IE A MEIR bR BOK, SVMLE 41 15 21 1Y 52
ZIN S ISR T3 A B A BE /N T E S 4R AR U R B 4y
i SRR RE M g o bl AT R A AR T ik AT LA
e St A0 ) i S0 Y A A

3.2 EZNMESHHh

N T Bt ML T A I A R A LS
T e A 1A 0 RSO AR S ok B AT 20 . SR YT
BTG 2 W R G— QPZZIL H iy A Bl e TR

990 r/min, RSN 20 kHz, RAE S ECH 262 144,
WA R 3. 2 mm R GRRE . T O RS
BRI 800 A~ 5, IR Al SVM [l Hif <[] J ZE 41 40 A4~ 5.
B 4 P o S F 6 MR RS 2

B4 ScBililor & KAl s f B

Fig. 4 Experimental test platform and sensor position

5Ca) B 7 O B A A5 5 1 I R
EMD 4 fift (25 5 0L 5 () s iy B o LB 1 5 5 7
S A7 AE T F ) S R O R o O DR S A 8 [
W B2 ) 4 SO Bk T 4 4k B (SVML SE 41
Kot 7 5 1) 2 Bk £ R D - e SVMLE #5407 4k 2
ZERE 6 (O Prs . M LLE H B S 55
5 IER 5 S A7 35 1 DX X 2 745 5 74 i
EAL AR . L. B Js EMD i A5 2 89 4% 4
IMF ) B2 530 B3k P s 428 41 08 53 » o0 B A0 AT LA L 552
SIS AR SRR o b B 8 9 EMD g3 fi# 45

Z 38 %
< 0.05
& OWMWMMMWWWMWWWMMMW
@_0‘05 ) L ) L 1 1 L .
= 0 100 200 300 400 500 600 700 800
(a) SEMRIGES
(a) The tested signal
0.05
o Qe st
0 100 200 300 400 500 600 700 800
—~ 0.02 IMF1
%) 0
. _0‘02 1 1 1 1 1 1 1 ]
g 0 100 200 300 400 500 600 700 800
@ 0.01 IMF2
o= OF/\/\/\/\/\/\I\/\N\/\/\/\/\/\N\/‘A/\/V\/\M/\
= -0.01 : - : : : : - !
0 100 200 300 400 500 600 700 800

IMF3
0.01
OF\/\’—V\/\/\/‘W\/\/—\/
0'010 100 200 300 400 500 600 700 800
IMF4
(b) L5 SEMDSM#
(b) EMD decomposition of the tested signal
K5 Sl IR {E 5 KO EMD 3 fiff 14
Fig. 5 The tested signal and the results of EMD decom-

position

= 770 100 200 300 400 500 600 700 800 900
() SEIE T SVMIES N & Ab 3
(a) The results is processed by SVM extension

and window function for the tested signal
0.05r

0
_0.05 1 1 1 1 1 1 1 I
0 100 200 300 400 500 600 700 800
0.02 IMF1

e A
2 1 1 1 1 1 1 1 )
0 100 200 300 400 500 600 700 800
IMF2

'é;\/\/\«/\/\/\/\/\/\/\/vvv\/\/\/\/\/\/ww/wv\/\/\/\/\/\,

|
=4
[=3

TRAE / (m * s7)
=
=

-0.01 ) . L ) ) L 1 )
100 200 300 400 500 600 700 800

IMF3

5r

0/\/\/\/\/\/\/\/\/\’\/\/\/
,5 1 1 1 1 1 1 1 J
0 100 200 300 400 500 600 700 800

IMF4

(b) SVMIEHi /& EMDZ} %
(b) EMD decomposition after SVM extesion and window function

B 6 szifEs SVM e EMD 4bPgh R
Fig. 6  The results of EMD decomposition combined
with SVM extension and window function for

the tested signal



el

FBUNYL 45 . EMD i s % 30 1 7 1 345

JLIE 6 (b o i B AT LA 4% A IME 23 19 i 530280
NLARAR 2 T A R A5 2 IMEF Jp B 5
19 4 B S A B T — 22 MR BUCRRAIE
[Fi) B SR JH IE B2 PR i A 47 7 0 A SR B ik SC
Jr $2 77 5 9 A R o i X U2 SR AN 2 s
F2 XNESABEHERHEZTERELER

Tab. 2 The orthogonal performance comparison of three
kinds of methods for tested signal
aooik IE S P4 AR
JE 4 EMD 0.057 8
SVM #t 0.047 1
SVM ZiE 41 J N 0.017 1

2 2 TN, SR AR AT A7 b B EMD 43 fiff 45 3%
153 (0 1E 22 PEFE bR B K, SVM. IE 41 15 B A 85/ L AR
J5 AR B /0N FE 4 Ul B T R O iR A R . O
H i SCHkC2 AT 1 SVM S 3 X 8 72 1 SF- 5 BE LA
B R BE ML 5 # A AR U 1 B # &R FORK T
SR PR I LA BIF 5% 0 3 J7 2% AT LAAR & b 17
FREMESAE S Nk —5 AR E S B L T
.

4 HRIE

M F7E EMD I fif i B Z M A T =M 2%
A AEL T 5 B 5 20 ik Hh BE R BB AR B S 2K
IO LI B G 23 7 F M B B E e .
I o 2B B — T A A ) S O Y T ik 2
T SVM ZE 34 F1 7 bR BORH 45 A& 10 05 3 - %07 15 98 Ab
T SVM EH 2 Jo MR 4R AN B i 5 A B T B B 23 2K
AR ISR A S R 5 LS S AL IS S Bk T
BITIE WA R . DUIE SV 3 AR EOE 20 A . 5
i EMD 3 fif Al SVM SE 44 77 55 A B 5 105 i T AR
Doy Mo 400 0 S 20 A5 2 1) IMIE 4 B o 52 3t S
W1 U (55 B RR AL D Jim 5 A B SRR 2 BT TR ORS 1
M i BRI PR Ry AR A R SR A TR B

s % X ik

[1] Huang N E, Shen Z, Long S R. The empirical mode
decomposition and the Hilbert spectrum for nonlinear
and non-stationary time series analysis[ J]. The Royal
Society,1998.,454:903-995.

(2] THEA FEX BT PUME R 2 K1) Hilbert-Huang
Ay ML Jb ot B4 W Uk L 2006 :52-55.

[3] B4, £ 8l E . 55 EMD Jy ik K Hilbert 728 e vh
5 e R AR BT . B2 E . 2007, 46 (3) :257-263.
Deng Yongjun, Wang Wei, Qian Chengchun, et al.

Boundary-processing-technique in EMD method and
Hilbert transform[J]. Science Bulletin, 2007, 46 (3):
257-263. (in Chinese)

[4] Zhao Jinping. Improvement of the mirror extending in
empirical mode decomposition method and the technol-
ogy for eliminating frequency mixing[ J]. High Tech-
nology Letters, 2002,8(3) :40-47.

(5] XB7E.WI/AR, 28, 4. BT e m Al ny SSEMD i

SO BR 76 LT R 8l K52 W, 2011, 31(3)
344-347.
Deng Lei, Hu Xiaolin, Li Feng, et al. Support vector
machines-based method for restraining end effects of
B-spline empirical mode decomposition[ J]. Journal of
Vibration, Measurement &. Diagnosis, 2011,31(3):
344-347. (in Chinese)

(6] Az, B ROV, Ay AR AR -2 35 19 3 A B0 43 A7 B Ak
WOr AT AEL) ] k3 TAE 242 . 2006,19(2) - 283-288.
Yang Jianwen, Jia Minping. Study on processing
method and analysis of end problem of Hilbert-Huang
spectrum[ J]. Journal of Vibration Engineering, 2006,
19(2) .283-288. (in Chinese)

L7] BRI R A D XU 5. 3k T 5045 48 ¥ A1 v oR 2R 1 o o5t
RORL AP 0] dH L E AR . 2015, 41(4) 2 112-116.
Xu Libin, Song Yuqing, Liu Yi. Restraining method
for end effect based on mirror extension and window
function[ J]. Computer Engineering, 2015,41(4):112-
116. (in Chinese)

(8] XNZEM, k& R LT L2 AMUARE LN EMD

vity o5 1] (1 40 3R LT DL 3 S AL TR 5 A, 2004, 40
(16) :84-86.
Liu Huiting, Zhang Yu., Cheng Jiaxing. Dealing with
the end issue of EMD based on polynomial fitting algo-
rithm [ J]. Computer Engineering & Applications,
2004,40(16) :84-86. (in Chinese)

(9] kRN, A BERE it 4 . 55, T ok ik EMD F1 5% i B vk

TR )l R R R A R LT ], R 3h K 5 92 W, 2013,
33(3):478-482.
Zhang Zhigang, Shi Xiaohui, Shi Quan. et al. Fault
feature extraction of rolling element bearing based on
improved EMD and spectral kurtosis[J]. Journal of
Vibration, Measurement &. Diagnosis, 2013, 33 (3);
478-482. (in Chinese)

[10] Thorsten B J. Making large-scale SVM learning practi-
cal[J]. Technical Reports, 1998,8(3):499-526.

E—1EE® A WML, B 19724 2 A
AL B, BRI M LA %
R S5 iRz W, R RGRD)
HWAMBEGE SN2 REEESE00)
CCULBE T 7222 7 ) 2008 4E4F5 44 %45 11
LIDE oS

E-mail ; haorj@stdu. edu. cn




346 oo oKX 5 2 W %38 %




