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An Improved Approach for Vibration Signal Anomaly
Detection of Ventilator Based on EMD
Ma Honglu, Ge Linlin,Niu Qiang, Xia Shixiong
( College of Computer Science and Technology , China University of Mining and Technology , Xuzhou 221116, China)

Abstract ; Focused on the issues that caused by the noise pollution of ventilator, the over shoot problem caused by CSI fit-
ting Envelop curve,and the end swing problems caused by the end effect,an Improve-Empirical Mode Decomposition al-
gorithm was proposed. Firstly,the algorithm introduces the wavelet method to denoise the original signal data,then uses
matching boundary feature extension method to effectively restrain the end effect while combining with the good flexibility
of Cubic Hermite to fit the envelope to obtain the average curve. Experiments shows, by analyzing the ventilator vibration
marginal spectrum with the improved algorithm , ventilator vibration signal characteristics can be shown clearly, the im-
proved algorithm can eliminate the overshoot problems, markedly improve the endpoint effect and improve the accuracy of
the ventilator anomaly detection.
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0.1249 04852  0.6214 1 0.5179  0.5214  0.0059  0.004 7 0.005 1 0.004 8
0.0872  0.0377  0.0405 0.846 3 1 09112 07412 07123 0.5214 03123
0.06002  0.0292  0.020 1 07459 08415 1 0.6874  0.6984 07123  0.2951
LIS 0.021 9 0.028 4 0.025 4 0.614 7 0.698 7 1 0.951 4 0.741 8 0.632 1 0.142 7
0.040 3 0.0273  0.0325 0.6214  0.741 1 0.741 8 1 0.854 1 0.594 1 0.400 1
0.0214  0.0459  0.0365 0.718 5 1 0.8879  0.6147  0.895 1 0.569 1 0.385 4




bl A5 . —Fh I T EkclE EMD A RBLR 2h {55 5 Rl O 12

ZER 2 Table 2 continued

A R A 1/3 e 1 Y, 3, 4, 5, o/, AL
0.1239  0.0210 02563  0.0090  0.0088  0.0051 00041  0.0038  0.000 I
0.1545  0.0145 03214 00084 00079  0.0087 00064  0.0059  0.0014

T 3 0.1986  0.0121 04126  0.0076  0.0064 00021 00019  0.0018 00015
0.1475  0.0214 03254  0.0104 00051  0.0085  0.0065  0.0051  0.0035
0.1365  0.0184 04125 00232 00102  0.0036 00032  0.0031  0.002 1

1 1 0.352 1 0.213 5 0.011 2 0.007 4 0.005 5 0.004 3 0.003 6 0.003 1
1 0.963 1 0.412 3 0.106 5 0.009 8 0.006 9 0.005 2 0.005 1 0.003 4 0.002 5
Wi 4 1 0.892 1 0.296 2 0.214 5 0.010 2 0.007 1 0.004 5 0.003 9 0.002 1 0.001 9
1 0.928 4 0.387 4 0.251 4 0.031 2 0.006 2 0.005 2 0.005 1 0.004 0 0.003 2
1 0.935 1 0.369 5 0.324 5 0.014 5 0.005 9 0.005 8 0.004 6 0.004 6 0.004 1

0.1044  0.0442  0.0289  0.4575
00251 00641 00426 05124
AxFhlgEE  0.0123 0.014 5 0.021 4 0.621 4
0.052 1 0.0148  0.0448  0.4158
0.0124 00172  0.0594  0.5987

0.498 4 0.457 1 0.395 7 0.096 3 0.095 1
0.512 4 0.482 4 0.407 4 0.085 1 0.052 3
0.489 7 0.465 1 0.428 3 0.079 5 0.041 7
0.514 8 0.477 4 0.409 5 0.084 8 0.057 1
0.427 8 0.401 3 0.382 1 0.078 9 0.014 5

—_ m = = e

3.2.2 FEBRIRER 5T

A8 SCHGIE SR AR A AT HERSE (1) 70 A (1) Bl B ULAY Holdput 38 uE 2Kl Zh e N T2, — & I T
Wk, —iR53 B THAE , (H X I AR L AYSE LI IE. A SCRF R FH K-fold cross-validation 56 UEEE  #43)1|
BRI kAR, — b B =1 DS TFREAERIIREE IR — A FREAME R IEEE B2 TR FREA
O SRR, RSO f k=5, 34T 5 P38 ERIIE.

B RR O SRR 1 ALY TR A3, AN [ A % R B2 T2 SRR ] B HILIN AR HEA T 58 AN [ (i B 5. A 5 38
B FHAZ PR, AR SOR R [l — AR AS 4% sR B BCE N BOME, X 5 8% BRI T 2 HERR 2634 T LU X

Hi 3 3 WAl UE th AR iR S 2 0 R Buz 50 TR LR (T 5, AR IBATIN 4R 22 | 43 R R A0 L
A, RBF #%BRELS sigmoid 12 B BOE i 3 ERAH AT S , B sigmoid X BREFE 2R I (Al e 2. Rt AT b 2% 180z
AT a] 55 70 ZRA8CR AR SOR BV RE LU B 5 19 RBF A% R 4K

Table 3 Kernel function classification accuracy results

X} HE I LM% PR AL EE W AT RBF % pa %k sigmoid 1% B %L
HERf R 85.714 2% 85.714 2% 88.571 4% 88.571 4%
BATHFE] () 0.000 977 0.000 986 s 0.000 940 0.001 457

RBF &R AR A& TR EH 1 BTN F ¢ 5SS y. C W7ER R0 M BdE 23 [l Hh iRy 2%
SIHLASEAT X BT, y 425 5000 ok 28 mT I o 722 o S5 e 0, DA T 52 il e AR 3080 7 25 1) 43 A 19 52 2
. PRIHER E ARSI T € SR% BR80y HOME B SVM 20 285U B e E MEVE L. XF T LA EAS I, A S| 3k
“PIRE IR B E L C oy (H, IR R SVC B id i RBF-Cy-SVC.

PRI 2L E C Ly TEFR, 23 B 2min A2 | & 2max A SCHRF EEHLIZRE R | R 30 544 28 e
RN C oy (VRN RS EE. A0 min=—-10;max= 10, % SEEIEAT AR IE 2 | HIW R fL 545
HAnE 15 k.

B 15(a) MEELREL ATLUE H Coy [ENASEXTHER R A2 18 15(b) B9 3D PN 7R T s R
BT ), o] DU R A R i T e KL AR Rk i LS8 € =0.000 976 6.y =
0.009 765 6. [RIH 32 FE ] AL TR R AR $ 5, S TFRA 5 1A AR $ VAR R o0 2t R A AR X

AR STRRE b SCHE Y 7 Bl AHLE WARZS 205090 5 0~ 7, M BUREARARZE . £F XA RIOIRAS , e B — 1R 3h
{55, 3t IEMD 345 HARE 17 5, X454 RBE-Cy—SVC BiRIBEITI0AIE , B3R 45 a3k 4 iR,

H 2% 4 1 FF IEMD+RBF-Cy—-SVC J7 L2 i XALIRAS 5 B 58 4 — 2. iXUE A XUBLIE 5 R il i
AL A A KUBL S 46 00 A3 | [R) At IERH T IEMD+RBF-Cy—SVC S5 PE R, rl AT AR .
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SVCSEEFEAS - IF (55 = 2k F1) [ GridSearchMethod] SVCESEITELEL, TR (45 554 [8)[GridSearchMethod]
Bestc=0.000 976 56 g=0.000 976 56 CV Accuracy=97.142 9%=% Bestc=0.000 976 56 g=0.000 976 56 CV Accuracy=97.142 9%=%
10 -
L= _7_0____-5.5'74.5'3'8'""""74.3 i
69 Iy gy g 83.3:7
88 88 88
4 L
w 2 97 9257 977 925
%ln oF h 97 g
- . >
ok . §
4L S E
6L 97 <
8L
_10 1 1 1 1 | | | | | J = O
-10 -8 -6 4 -2 0 2 4 6 8 10 log2g - s
log2c -10-10 7 Jog2c
(a) FFi A (b) 3D
15 SVC SHUEELERE
Fig. 15 SVC parameter selection results
x4 THRNBEREHXERTLE
Table 4 Mine ventilator characteristic vector classification results
[ e Y S/3 S22 S 2f, 3, 4f, 5, of, EA REER
0 0.034 5 0.007 8 0.034 6 1 0.069 4 0.008 5 0.007 5 0.010 8 0.003 4 0.001 3 0
1 0.101 7 0.080 7 0.080 7 1 0.505 1 0.503 7 0.004 5 0.003 7 0.002 4 0.001 9 1
2 0.935 1 0.056 3 0.036 5 1 0.596 8 0.396 2 0.003 1 0.003 0 0.002 6 0.002 4 2
3 0.062 5 0.021 8 0.032 4 0.084 6 1 0.852 1 0.648 5 0.697 3 0.496 5 0.296 3 3
4 0.006 3 0.002 9 0.036 5 0.765 9 1 0.900 4 0.632 4 0.612°5 0.502 1 0.342'5 4
5 1 0.932°5 0.532 1 0.214 6 0.004 5 0.003 5 0.002 1 0.001 9 0.001 8 0.001 2 5
6 0.103 2 0.036 8 0.016 5 0.457 9 1 0.457 5 0.4217 0.385 4 0.085 4 0.096 3 6
4 At TN
ahln

ASCER X EMD iR IAS I B —Fh el 5 EMD. S8 3 25 A /N 7 ik A T R 5 A O R AE
VG5 35 AT S e F HE BB R it S80I ) R ) 5 B¢ 5 40545 R AN 1Y 3 U Hermite Ji{HEE , 2R
BERAERR AL L5 2R 4 = EMD 434S BE. K etk EMD 5k 5 5w K TAEMZS &, UABLIR s 5 5 R
B, BEAT S H AN AR RA 112005 0k nT A SRS IR Sh A5 5 S BReRp A, R e WA, A7 — 5 L A (B
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