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An Input Transformation with MFCCs and CNN Learning Based Robust
Bearing Fault Diagnosis Method for Various Working Conditions

Yangjin Seo’

ABSTRACT

There have been many successful researches on a bearing fault diagnosis based on Deep Learning, but there is still a critical issue
of the data distribution difference between training data and test data from their different working conditions causing performance
degradation in applying those methods to the machines in the field. As a solution, a data adaptation method has been proposed and
showed a good result, but each and every approach is strictly limited to a specific applying scenario or presupposition, which makes
it still difficult to be used as a real-world application. Therefore, in this study, we have proposed a method that, using a data transformation
with MFCCs and a simple CNN architecture, can perform a robust diagnosis on a target domain data without an additional learning
or tuning on the model generated from a source domain data and conducted an experiment and analysis on the proposed method with
the CWRU bearing dataset, which is one of the representative datasests for bearing fault diagnosis. The experimental results showed
that our method achieved an equal performance to those of transfer learning based methods and a better performance by at least 15%

compared to that of an input transformation based baseline method.
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Table 3. Statistics of Vibration Signal Data for a Bearing with
a Same Fault Type in Different Working Conditions

Label | Domain Min Max Avg SD
A -0.3079 | 0.2641 0.0125 0.0651
0 B -0.3079 | 0.2641 0.0125 0.0651
C -0.3065 | 0.2837 0.0124 | 0.0647
A -0.6596 | 0.6397 | 0.0039 0.139
1 B -0.5667 | 0.6046 0.0046 | 0.1471
C -0.7206 | 0.6715 0.0042 0.1536
A -2.0015 | 2.0301 0.0036 | 0.1653
5 B -1.8805 | 1.8542 0.0037 0.163
C -2.0176 | 2.1269 0.003 0.1807

A 2719] Agte] = AERE 1), #lolg el 0.014<
Z9] Agto]l Qe AEE 59 FEolW, Min, Max,

%
g, Hlol o] Aol Qi Aol 29 ol wet Kol
U @S FHAT oleat Aol shtol 29 B2
o4 44E HolHR sheE LU ThE 29 A9 A%
AR AE)] AHg3H7] olFA Tt 2elo] He,

2) A% 11 MFCCs 92 wigk 713t 2% At A gl
aha3t GAE A9 7174 29 Bo] AR ThE A9

MFCCs U9 ghs 489 #lolg
AeS SAsk=Al gRlsh] Rt Y AluEl s tEt 2
o} WA shte] Tr?l alE &9 =9l A9] HloHE o]
mfCNN= Sh5AIZIH. 122F9] HlofEjo] s MFCCsE 487
SHELE 12,0007 Hlof8] g2 o83l shhe] 13 x24 MFCCs
PFS AyASHT. dlolg E(Data Augmentation)= %-85}
of 7t ERHEE 15070, & 1,500719] 85 dlole #E&ES B4
skt 1% 20%= A5(Validation)ol E-8€th. oA 4
4E EES 7HAAL B A glo] =r]l BY| HlojE e} =
el Co TlojEof thsf BIAEE 33t BIAE TlolE=
glole 27 Qlo] =rlE=E 7 257 50714 & 500712 A
£ /Rt RIS Al ZrQl A9 Hlo[EE o]83]
mfCNNS S5A% & a7 Hd2 o]-gsf 52 =r?l BS}
Co} Hlol& o] Hisf Hloid At Ak St} Buk C7F
Al EHRlo g AMEE AeE T2 WS YRt

g HAHglols Adam €8S 0.00019] SFEZ 3
oo, EArRE B4 Wy WA AEZY(Sparse
Categorical Cross Entropy), 36 B7l°olli= A& (Accuracy)
£ ol-&silth. Y Hix] =71 32, o|F-2 30 &8skl 4
BIAE 4 H2 1003] H¥S s3ste] ¥ A= Table
49] mpAe} Y} et A Aol I 4 Qls Hieh &
o] mfCNNZ H& 29 &4 ¥t Alue|od dgxos
SAetet, =rQl CO| HlolEE ol gs) ShaE Hde

Table 4. Accuracy Comparison with Related Works

Method A—=B | A~C | B=A | B=C | C=A | C—B

WDCNN [15] 99.20| 91.00 | 95.10| 91.50| 78.10 | 85.10

WDCNN(AdaBN) [15]] 99.40| 93.40 | 97.50| 97.20| 88.30 | 99.90

DACNNG [21] 99.86| 98.40 | 97.89| 89.46| 89.65 | 99.14

DACNN [21] 100.00| 99.69 |100.00| 99.90| 97.98 {100.00

mfCNN 100.00| 99.77 | 99.59/100.00| 96.65 [100.00

Q1 AollA] w0l A AHS 343t FHC—~A)E ALt
IE 100%0l 717k =g BYom 7 W2 A4S B
9l C—A9 A= 96.65%2] A= DAI5IL).

Table 4°1&= ¥IE 9l 7|& A1 45 I A
Sl AERE 7P 22 JYgEE 24T dE w2 =
A2 BASHATE s HiE 7|2 AT F 4 W 7]
S 2| FowA dloleAlat AY AluE] A4 mfCNNI
o] A¥AHQ BT Bt 7Fsdt (1519 [211& Hde= of
¥on, ¢ Wk uhyol w2 A 5 Hlies AF 2004
At AAZ 2112 A& A5 HoElo] FFTE 48
SHA|TE, FFTE A1S Ao Qlo] 71 @o] A== 7]E4
Ql 4 wg grAjol7|o] [21]0] Y ®gd] FHS & WU
L ojd 7oz wdstdtt. WDCNN[1512 1D 94 A%
ASE YYo= W Y2 A AT (64x1) AHS-S EFJo=
Sh= CNN #2EA =l 25 ¥l AdaBNE &-&5Hd
B 95.95%9] HlIA w2 FYEZ 29 Ao gt
H|ojg] Agh Ak $=33tct, DACNN[21]S €A Z=r 2o
A A€ ZE(DACNNs)S MMD 7|80 2 ulA] 24 43
T 53 THjlo] H-8sto] B 99.6%9] =2 AYEE
At 2 A7t A mfCNNS o] sk 7]4te] Hp
HET 2] 9A] ZHRlolA A4E S 71 A
glo] 52 mucld] vt2 AH&ot, B 99.34%2] HTgx
2 DACNN} ti53t 468 2453t

3) Ad 20 v g wgk whate] Ad s Bl

sh53 HAE A9 714 &9 o] A= o2 390,
AL 4 dlolE Bigk ¥hA]o] whE Hols] A Fthe] 4
H g {5l s vl wlo]AgtRl(Baseline) 22 [25]15
gotal 7| At 9 & A5 AF AaolA P =HA
AUE 2 IEE CE 94 =TSR oh= FH(C—A,
C—B)9 Hojy A A HIALE o1t Ho|Azkl
oA 1D 94 AE dlol8gkE IdE AMESHE ol&
AAgt A0 R FojA 224 FE=R A5t CNN ¢
oz AgSitt S-S AT of mfCNNI 5L 14
o= tojg TS #gotrt HolAFRle JFPoz of
| 3719 22+ FEE AEIAE AAdfoF skl 21x
213t 45x45 = 7}9] 22+ PHE o]8oto] AHS 35t
Ak 21x21 441709 HlolEghE {2 208 o] /i
1730rpmolA 1772rpml.& E2st= HEof T 12k9]
MEY Ho|ER HloJelg =5k= A% F 400719] Hlo]E]
H 13)Hof| A LA gloleE 23 Aojeks o] & A

2 oo
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Table 5. Classification accuracy of baseline
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Table 6. The details of the mfCNN architecture

21%21 45x45 21x21, 1,500 Samples Layer Output Shape Param #

C—>A C=B C=A C=-B C=A C—B Conv2D (None, 22, 11, 32) 320
79.39% | 85.64% | 72.43% | 81.59% | 10.00% 10.00% MaxPooling2D (None, 11, 6, 32) 0
Bath Normalization (None, 11, 6, 32) 128

oJck. 45x45% 2,02579) HlolEIgkE % ACR MFCCsE ConvZD (None, 9. 4.30) | 9248
Ageke e/ZA 27) 2,048% AR ke M8 A MaxPooling2D | (None, 5. 2, 32 0
olth. MFCCs: 12.000719] dlo]HE o] ashije] M= Bath Normalization (None, 5, 2, 32) 128

(1324 B2 YAl 2 2574 150704, F 1,5007) ConvaD (None, 4. 1,30 | 4128
o A WEG FAFYAL, ol 2eiele] A 7 w5 MaxPooling2D (None, 2. 1, 32 0
1.20070% % 12.000719] Q8 MZS 1451900 HAE Bath Normalization (None, 2, 1, 32) 128
MBS 7F £54 507049 ¥ 500742 mfCNNz} st} Flatten (None, 60 0

Table 5% wlol2eRlo] A% 4¥ A% 19% 292 Dense (None, 64 4160
21%21, 387} 44 45x45 Y& H83 Aolu|, 5%} Dropout (None, 64) 0
68L& 21x21 YFo& 2+ £7E 1507, ¥ 1,500749] 4 Dense (None, 10) 650

25 50 AH8S A& mfCCNY AE A9 22 855
ME 7N4E A48 Zolth 19, 297 39, 499 29E
Hs) HH AE A9 golHE od HH2E o] MES
TFSFEATE A At ool dFE = A2 2+ A
t}. Table 59| Z3}+& Table 4 ulAet 9] 54, 6F7} H]
sl B Table 4 vhAE} 2] 5A(C—~A)°] 96.65%, 62(C
—B)°] 100%2] HE=E 2/J mfCNNO| Table 59| 1€
(21x219] C—=A)°] 79.39%, 2€(21%219] C—B)°| 85.64%
2 247F 2319] e Bl Ho|AERIEY HA 15% H=
9] 2 A5 A8 21x21 4ol F 1,500719]
MES shssol 483 B-(Table 59014 583 69) C—A,
C—B EF 10%9 Ag=g EA=t, 7 ol 771
107091 AL r2jshd Ag xdho] AR A3 o]FojA|A|
&l Qltt. ol YAl Hioly Id2E JYoz & B¢ 4
= 7o AEEE o] A= FA5HA] g2 & 52
ot ol BAISHA FUAT F 6,000712 MER S5
< shd 12,00071E ol-&7t B9 vt =2 4%
o

4) A% 3: CNN Bd 727} 50l vXe 9T &l

Table 62 AF 13} 20 AMEH CNN gl 29| A
olct. mfCNNe] & mhehu|g 4= 18,890719] 7hetstal 71+
& CNN #+2F o]&3dom E5t1 Bt 99.34%2] 4%
T2 29 37 Wsto] st wolg A% At daks 1Y
T A" AL MFCCs g g ARgo] 2 Holzt
o). ojek TAste] AFE oA F7HERl AHE Bl
MFCCs 948 AMg- Al o 213t g RE2s FE3 A
52 94T & A=A § B4 2d o] & A Hs A
o] JJ=AE RISt o] HdiAE HA Hed ZEo
EXAEE 571 S Qs A BT Qlojof k=, B AFofA
£ 2 71K AR 7HsS HEd B BXE AR S P
ot G3HAQl Q1 tEtu|E £E 7[E0 = Sttt
[42,43].

2 Ao E 9 4 WS AvEe T 7HE ol

Table 7. Accuracy comparison between different architectures

mfCNN (18,890)
96.65%

mfCNN 2 (15,146)
95.86%

mfCNN 3 (36,138)
96.80%

1
|

2 WgE C—A0l tisf Ad 13 22 o g 4
ot=, o2 et =8 7= CNN 28 H&
AY 104 A2 Ak} Blwstgtt. CNN2 AEFA
o] Ad 77], 9 75, AEZo|E g, Hg &, 29 A7
AEFA ASY N, EH A9 A Sl Yol ohFst
T25 7H 4 oy, mfCNNe] 3¢ o] 13x240]2
2 Y EYA Zol9 HE Zo] AgtAoln], 1o wet mjtu]
B B Ex 37 gt 2 AYoA= HIE {9 15,146
M) gEtulElE 7HAE mfCNN 29} 36,138719] d2huE
£ 7M= mfCNN 38§ 45t C—A°] gt 23 %S
Sslglon] 1 Ai= Table 73 Zth ZAxoA Qlgt
4= QU&= v} Zo] AR CNN 20 weh Aol Zfol7}
QAT I Zpo|7} 3X| o}, AEHOZ MFCCsE Yo
2 gk Wy Zg Ak 7HAs CNN 222 FE3SH
qss 24 o= ERIsH

o2 o
o

€
A
e

£

2 ol ol
ofw

o

oo W
o =

e
30

2~
T

o
=)

Ad 25 B9l dY dlol”HE A5 A8 F= A
o=L Hojy A3t At o] & Eo& e AL
st o, ¥l M dHolHgkE A= AREoh= HH

£ 29 37 o] gt di-goll A7 Sl E3H Eel
At mfCNN2 4] % dlolElE MFCCsE 53t
H3ly} o] Yoz gt 7hdst CNN 25 7|gho g
34 wiglo] st Hold A% AdS 3T 5+ USS
o 13 AF 3904 FRlstAch

Fig. 9= 2H 3 £%7} 1730rpm(¥-3F 3HP)SI 74
olA £ tlolel F B4 wlolB A B (Fig. 9(a)), Hlo]
B £l 0.00791#] A7]19] Adlo] & B$- (Fig. 9(b)), W
&l 0.007%1%] Z2719] A¥o] U= 4% (Fig. 9(0), &l

S jo Mok

2

o (‘-lO
> of



186 HEX2[SE=EA/AREY0 I HOJE S M113 H45(2022. 4)

00 01 02 03 04 05 06 07 03 09 0 0ls 03 aas 06 075 09
Time(s)

(@) Normal Bearing

——

0 015 03 INS 06 075 09

03
+100
02
+50
o1
+0
50
100
150

00 01 02 03 04 ns 06 07 08 09

(b) Ball Fault Bearing

——

00 01 02 03 o4 us 0§ 07 08 09 0 o015 03 ws 06 075 09

(c) Inner Raceway Fault Bearing

420
+0

20
40
50

Lo
Wb b o W

00 01 02 03 04 05 06 07 08 09
Timeis)

6 015 03 045 06 075 09
Time(s}

(d) Outer Raceway Fault Bearing
Fig. 9. Vibration Signal and Its MFCCs for 1730rpm
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Fig. 10. Vibration Signal and Its MFCCs for 1750rpm
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