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Abstract: Detecting the damage of rolling bearings correctly is the important task in machine maintenance.
In this paper, firstly, the anomaly detection accuracy using some kind of outlier detection methods for vibra-
tion acceleration of rolling bearings with artificial defects is evaluated and compared. Secondly, reconstructed
feature vectors whose features are high importance to each defect sizes are used to evaluate anomaly detection
accuracy and anomaly score by Local Outlier Factor(LOF). Finally, anomaly score for each reconstructed
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Defect Detection Method for Rolling Bearing Including Micro Defect
by Feature Selection and Two Step Outlier Detection Method

feature vectors as anomaly vectors and anomaly detection ratio is evaluated by LOF again.
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Fig. 1 Flow of Defect Detection.
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Fig. 2 Test Equipment.
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Table 1 Shape and Size of Artificial Defect.

Symbol | Shape of Defect Size mm
ND None -
2b Hole ¢ 0.32
4b Hole ¢ 0.64
6b Hole ¢ 1.02
8b Hole ¢ 1.36
RG Rectanguler Width 2, Height 10,
Grove Depth 1

xR 2 NVERARZRT 4RO
Table 2 Kind of Band-Pass Filter.

Filter | Frequency Range(Hz)
Raw None

Lowl 20-200

Low?2 20-1000

Mid1l 200-2000

Mid2 1000-5000
Highl 2000-20000
High2 5000-20000

HTF—=RIZHAWT.

4.2 FHEDOEH
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T BPF JLE% O R (TIME) - AR (SPEC) -
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WEH (CF) - ZFE (MOF) - 428 (KS) - £ (SKN) ©
MatEZ AL 72, Z2FEIET v Ro— T [22] o3z
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H DR EEB ORI L, BPF W%, =o~o—7
L FFT AT, 155 N7 AR BRI O 0 5
HBU7-., 727 7 L Vv VHEBOMEIRIZ Bid FFT LB
BORWEBEBROIRET — 2 2% e U, HF—XIZHE
FFT B 24T o 2GS0/ 7 L v VHEBOIE D S B
U7z, 20720 1 DOWET— X105, #Hl, BPF, it
e, v Y EFEREL, A5 38 EEHORHEN RO ND.
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Fig. 3 Selection of Measured Data for Train and Test.
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Fig. 4 Comparison of Outlier Detection Methods.

* 3 KTFIED AUC Score
Table 3 AUC Score for each Method.

Method Average  Max Min  Standard Deviation

OC SVM 0.974 0.995 0.941 0.016
LOF 0.998 1.000 0.996 0.001
IF 0.980 0.992  0.963 0.009

ENTNEEE O WVEHEZ 10 FEifE U-flzx 41
R~Y. ANLRKaY -1 AND & 2b, ND & 4b D435z &
LTHSTHRMEE2 KT, NTRIFEY A AND & 4b,
ND & 6b OAEIZIBL THET 2R MEE2Z KT (T
THRALT D, £72, RANOREHE TG 2-HE-BPF (&
Vi) THRKILT 5.

RF 12 & 5 ALY A X ND & 2b O Kk 13 T
098 7oz, F7z, X4 L0 ALRGY 1 XND & 2b,
ND & 4b O THIEBT 2 REEIE 20, BIUOATRK
ffatrf A ND & 4b, ND & 6b O3 CHIET 2 RiE I
LADATH Y, ATXRKEY A4 ZXND & 2b, ND & 6b D
DTS BRI, F0RD, TRTORMY
A X% E URHEE TS 2 Z L IZTER.
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BANTREGY A DI EEE O @ WREE 10 %2 VT
HER LB MVEAIT—22 L, LOFIZ&3
R AR R S % ST U 72, [mESEREE 1500 min~! (281 5
THRERR S DR T S OVIZHTT B A TRIAY 1 A & SR
DOEFER 51287, ATRIEY 1 X 2b, 4b, 6b Z2RHR
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Table 4 Features with High Importance to Defect Size.

Comparison ND and 2b

Comparison ND and 4b

Comparison ND and 6b

OA-TIME-LOW1(Radial)
OA-TIME-LOW 1 (Horizontal)

OA-TIME-LOW1(Radial)
OA-CEPS-LOW1(Radial)
MAX-TIME-LOW1 (Horizontal) ~OA-CEPS-MID1(Radial)

OA-TIME-LOW2(Radial)
MOF-TIME-LOW2(Radial)
OA-SPEC-LOW2(Radial)

OA-TIME-LOW1(Horizontal)
OA-CEPS-LOW1(Horizontal)
CF-CEPS-LOW1(Horizontal)
MOF-TIME-LOW1(Axial)
OA-SPEC-LOW1(Axial)
MAX-SPEC-LOW1(Axial)
MOF-SPEC-LOW1(Axial)

© W N G A W N =

—
S

MAX-CEPS-MID2(Radial)
OA-TIME-LOW1(Axial)
MAX-TIME-LOW1(Axial)
MAX-SPEC-LOW1(Axial) OA-SPEC-MID1(Radial)
SKN-SPEC-LOW1(Axial)
OA-CEPS-LOW1(Axial)
KS-CEPS-LOW1(Axial)

MOF-SPEC-LOW2(Radial)
OA-CEPS-LOW?2(Radial)
MOF-TIME-MID1(Radial)

MOF-SPEC-MID1(Radial)
OA-CEPS-MID1(Radial)
MAX-CEPS-MID1(Radial)

-=—Original —»Feature(2b)
~=-Featire(4b) —+Feature(ob)

210
Sos
206
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Zo02
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Fig. 5 Anomaly Ratio for each Reconstruct Feature Vector Se-
lected for each Defect Size.
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Bt Xm0 RER 2B U721 %2 [k F L (Original)
EUTRY. BEERTOREBANR Y VT 255581 4
EHULUTHS.

B 5 &0, NTREGY A X 2b ~OEEE &R
EHWEES, NTRIGY A X 4b £721% 6b ~OELEED
EWRHE R 2 W58 1R, ALRIEY 1 X 2b D5
WRIIMET S, ~HTAIKRKY A X 4b, 6b x93
BERIIANTRIEY 4 X 2b 26T 2 BERL D KV HE
LR, WHRE U NTREGY A XM B W TR E
BMETT 2. 20O L &R BT MVITHT 2
REGIHINEE 28 E U CETiis 2 R EED H 5.
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LOF ZHWCTEBEANTRMY A A0 RERE2BE ML 72
FEWR &2 ERTFE (Original) & UTRT . ERFEDORRIT
M4 FEUTHE., £-E 7TICATRIEY A XAND, 2b
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Fig. 6 Comparison of Anomaly Ratios between the Original

Method and the Proposed One.
* : HEKEE 5 % (Significance Level 5 %).

xk : HREIKYE 1 % (Significance Level 1 %).
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