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Hybrid Dual-path CNN-MLP Fault Diagnosis Model Based on Multi-scale Feature Fusion
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'(School of Automation, Nanjing University of Information Science & Technology, Nanjinkg 210044, China)
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Abstract: Rolling bearings are crucial components in mechanical éystems. As low-frequency faults are less likely to
occur, data samples related to those are rare, bringing difficulties to the collection and processing of related data. If not
properly addressed, such faults can lead to severe safety hazards and substantial economic losses. To deal with this
problem, this study proposes.a dual—péth fault diagnosis model that integrates traditional signal processing methods with
convolutional neural network (CNN) and multilayer perceptron (MLP). In terms of feature extraction, the study employs a
combination of discrete wavelet transform (DWT) and continuous wavelet transform (CWT), along with average
downsampling techniques, to extract multi-scale time-frequency and time-domain features from the raw signals. The
model contains two paths: one extracts time-frequency features of feature engineering by embedding the efficient channel
attention (ECA) mechanism into the residual CNN, and the other uses MLP to process down-sampled multi-scale time-
domain features, and finally fuses the two paths for classification. Small sample evaluation shows that the feature

engineering method achieves an average diagnostic accuracy of 99.34% on the Case Western Reserve University
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(CWRU) dataset, which is higher than the 98.97% achieved by the traditional method. The hybrid CNN-MLP dual-path
model achieves a high accuracy of 99.90% on the CWRU dataset and an accuracy of 98.38% on the Jiangnan University

(JNU) dataset. It shows its application potential in small sample rolling bearing fault diagnosis.

Key words: fault diagnosis; feature fusion; small sample; attention mechanism; dual-path
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3 s
%4 CWRU S0 e A S 4

R MRE MBREA BARKE 6l Bl (/min)
No (0) iEH — 1024 1 1772
In(l) FENE 0007 1024 1 1772
Ball2) HI&ET  0.007 1024 1 1772
Out(3) HiZK4ME  0.007 1024 1 1772
In(4) HENE 0014 1024 1 1772
Ball (5) HI7&ET 0014 1024 1 1772
out(6) Hi/K4ME 0014 1024 1 1772
In(7) FANE 0021 1024 1 1772
Ball 8) HI7&RT  0.021 1024 1 1772
Oout(9) HIZKANE  0.021 1024 1 1772

3.1 BESERRHE TR b B

St R U EIE AL A AT DWT Al CWT, A AR EUA
AR5 5, HABCEATRIR SR TFR E. & 8
JER T —HEVEAN 5 5 AL F5 5 L L M) TFR
B, 8 s H X B8 {E 5 AR AN [F) Ay o (R R 3 4 1
725t 183 TFR B DL ZANERETE I £ L& F5 5
HIARAK, BN R HE WA () A0 PR AIE. X 3 — 2P IE B,
AFRRERFESEE T 5SS FEEEE.

(e ———"

\ e
D,

i
Ji

»
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e

B ] it ]
D, 4,

B8 o B B I A3

3.1.2  UFAE LREPEREVEAY

T TERE VA BT HE 7 IR A PRAE AR S A R AE
FEIAZ AL RE 77, SLER M A T CWRU $dE S (1148,
BAEHLAS = 2] o RN SRR 1 B, DU AR
T B P 11 I S A E:le:fﬁi%\&{ﬁ 3 PR AL
IR, HHde A APl b AL I 20 MRS HEA A
TN, 80 ANFER ;S84 B HEI 20 hiic
FEARF TR, 100 AREAFI T3, HHR 4K C I
20 AR REAR I T4, 160 ANFEAF TR, i %
S E 4 T VAl 5 1k (0 1R BE R B b, R RRE AN AE
W RS, IEREA RO BHT s,

G, CWT F TR BEESE (55 TFR, HiHEmE
SRR, S Bt R A6 (5 5 N CWT 197
W, SRS DWTHCWT J7i%#EAT /L, @
it 5358 CNN #7456, BIERUE DWT+CWT FH-iE
TR 7 25 A 1 SR AR SR ORI v v Ak BE 0 5 T
RUHE.

Bl 9 FIE 5 A RN T A RFEARZAE T CWT
JHE SR DWT+CWT J7 i int Le. 78 g ik 4L
PR I, DWT+CWT 282 SEIL 1 58 iy (1 vk ff 2. 431l da,
£ 800 NI KEA H, DWT+CWT KX dEffi R A
99.42%, T CWT N 98.97%. [ifi 2 12 55 MU (1) 48 o,
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DWT+CWT LK IH B, 7E 1000 1 1600 A~
FEAH, DWT+CWT 737l R EF 1 99.46% F1 99.49% [
ERAZE, T CWT 5355 F FE 2 98.75% #1 98.43%. 44
RE I — B R E T DWT+CWT J7 ik & 1.
AR K, CWT RIS B8 K 7 22 AR AR i v
B R, R LA AR ). A2 R, DWT+
CWT BIEAERER B R AR 478 A de /I T ZE 3R A vk
B, FEBL T AR A AT FEHE

K5 RHIE LRELLELEE R

1.000 _
0.995 | ﬁ . B &
oo | o r .
¥ 0985 F “ H
E
& 0980 -
0975 I . cWT+CNN
0970 r = BWT+CWT+CNN
0.965 - . -
800 1000 1600
TR
B9 MRAE 10 YRSEIE 1 HERTE A A
L\

LISEES Tk MOERA YIZRE DR RK SURU  BITERIE (%) BEEE )" TR (%)

A CWT+CNN 10 200 800 20 10 9838 « 99.62 98.97
DWT+CWT+CNN 10 200 800 20 10 R - 99.75 99.42

B CWT+CNN 10 200 1000 20 1 T 9647 99.50 98.75
DWT+CWT+CNN 10 200 1000 20 10, 99.12 99.90 99.46
CWT+CNN 10 200 1600 20 10 96.69 99 98.43
DWT+CWT+CNN 10 200 1600 20 10 99.12 99.75 99.49

-

313 AIEBE R gm0
TESE — 43 I O R BB e S 45 1, i
TR 7 R I E AT T R P L X B A R A
CWT+CNN., MCNN+LSTM. CWT-DCNN-LSTM.
IFE-CBAM-Inception. MRSVD+CWT+CNN+LSTM
L MRER 6 MISE R, AT H TR A B A B /RN 75
20 N YNZRFEARFD 100 /S IRAE A (1 4% v /N A 2% A
T, AR T 99.90% (1 i Py HERf &, 35 0 TR
FKIRAEN S5 E5 5 1) 5 P AR A FAth g s 12 W AR A 1) <
BIUERI 4> )N 98.75% 98.46%. 99.00%- 99.50%
H199.83%. Kl 10 W) B 77 B B @ /s T 45 15 284 1)
R 2z 5, Foh IR A WA T R B A
K6 AN[FIBI 1) HERF R LI <

. B

ik Wk MR FE4 FRHERZE (%)
CWT+CNN 20 100 2018 98.75
MCNN+LSTM" L 168 72 2021 98.46
CWT-DCNN-LSTM"! 1600 480 2023 99.00
IFE-CBAM-Incepti@n”"* 60 20 2023 99.50
MRSVD+CWT+CNN+LSTMPY 180 60 2024 99.83
IRACNN-MLPXUSARHETY 20 100 2024 99.90

3.1.4 BN RS0 P4

18 FE R 4 B 2EAT T Rl S 56, A b 3 5 AT R
F DWT 5 CWT @& (175 3. AR A o AN [R] i i
Xof foe 4V R 1 L AR 2 ), 338 A 2 B A A o (1 ik 22 T B
JZ+ ECA JEE IHLHI LK FF-AT B MLP 43 3¢, BARSEE
RN 7 FioR. BRI s A, HoAh S0 S HURFE
A,
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Accuracy (%)
uCWT+CNN 98.75
MCNN+LSTM 98.46
® CWT-DCNN-LSTM 99.00
® [FE-CBAM-Inception 99.50
® MRSVD+CWT+CNN+LSTM| 99.83
R AR AR 99.90
W
Bl 10 AR AR EL 5
="
\ \ R T HBRSIG A5 R
B BREiEd:  ECAVER AN JHTMLPA X MR (%)
1 — — — 99.46
2 \ — — 99.56
3 \ \ — 99.70
4 S S N 99.90

M1 RBR TR ZE . ECA EE SN K It
1T MLP 7 32, VR — 2% 18 CNN 124545 DWT
AT CWT $REUIRFAEBEAT 43 28, 6 25 L IR, A
KENT 99.46% 5y FUERZ.

BERY 2 R B T k&S, FIRT LR T ECAVERE T
HLEIFIHAT MLP 43 3. AHE T 38 CNN, 1 26 fa e
FTHT 0.10%, £ F] 99.56%.

MR 3 FEARAY 2 fdERE BN T ECA VER ML
ill, BRI T 3 2KRE 0, HERZRIAF] 99.70%.

RERY 4 g 2R SC 58 AR H (VR & X% 42 CNN-MLP
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Wik iz WA A, 455 T AR EIE R . ECA M= JI ML
J AT B MLP 4352, 556 1 SEEL T 45 /5 119 99.90% 47
FUEHH R

11 B T AN A ASE AL TE 3 RS2 56 w7 1 1 26 4y
AAEBL. B 11 AT LB A Y, B 5 A5 7R 21 1
BB (WFkZEiER: . ECA VER AIMLE]. 347 MLP
93 3K), 43 RUERAZ B W I i, B A S8 B ik B
I e B A BG T R R At ) 35 i CNIN AR, 5 B AR 1)
HEMRZR IR T3, B0 E 1 & AR AR A R ) DT iR

10 YOBST SERS, 10 3 & SEUR P Y Re 4R x4
£ PR AR M 2R AR Y 150 AN FEA T I1ZK, 50 MEE
AH TR, 50 AMFEA R T30, B S0k B M
=8 E 12 R 3 AT RS AR T TE 600 t/min.
800 r/min A1 1000 r/min T3¢ B I 25 156 50E 4E i %
2. 420 il 26 DL S A VRV B . 7R RS T
T, AR IR P )1 £ v T SRR I I v R DA B A A AR AE
BT 5 %o Ja Ry sk, i TR, thak, B 12 H
?E?%%EK?@/%T*ﬁﬂﬁiﬂﬂiﬁ%i%@é{\%%% ANA T
BUF, 53 AR %A T 22 57 4E 600/min B, BRI

0.999 | = 5 L, 2 298 98.83%: 1M 7E 800 r/min Fil 1000
oo | * c/min I, 2 2B U T e, (L0754 P 72 5
tgf 0.993 | IXR AR THXT 2 Wi R — 5 5, (H BT 5,
= 0991 | PERIAE % T 00 F I8 W70 BLAF. 36 9 SER 48 it —
0987 | , - SLUSAE T AT IR 5 VA AEAN IR T 0 R X b 7 R 2 B 1Y)
»
0.985 : : 4 s AV R
CNN ez ¥ ECA T MLP G
. ¢ CONN EZAVE R
. o * 8 INU Kb iR
B 11 #dlEsE B B 10 RVHRhSege 45 R o Am b o] MR #:3% (r/min)
" In (0) P P 1024 600
3.2 INU #iiE&E \
Normal (1) EFIRES 1024 600
AT SIS FH B EHE SRR B TR R 5 ) il AR s Out (2) RS} P 1024 600
£ BRSEUNE 8 Fian. IZHIRERRFRIIE N 50 kHz, Ball (3) ﬁ;‘;’i? 1024 600
- N " N s N In (0 i 1024 800
SREENS KO8 205 MURSCELE 4 M, s iy (O T o
PEL A . AL VR B AR DL R DR HOIRAS . A out (2) R A 1023 \ 800
AR D TR SA 5 N 3 RPAS [R] 1) T, HARCh 3 R 2% Ball 3) ﬁ’;ﬁ; 10248 '™ 800
In (0 ‘ “1024 1000
Pk, 435199 600 t/min. 800 r/min Al 1000 r/min. No:r‘nil)(l) el i Lo
3.2.1 JEA CNN-MLP XU A5 12 Wik 7Y (1 g 56 iE Sut @ " RS 1024 1000
N T RAIE 956 45 1 T Sk, A B SEAT T e  HRET 1024 1000
¥ L ol 0 0 1 ";:’M
- L 100.0%
ol o e ]
09 L 0sg | R4 % (Validation loss) @ —
Z ' Xo2] o 0 50 0
£ 08t % 06 m
131 | 98.0%
S 04 | 3 0 0 1 49 20%
<07 F — JIZAER 2 (Train accuracy)
— IGIEAERS % (Validation accuracy) 02 r 98.0% | 1000% | 100.0% | 98.0% | 99.0%
0.6 - I ERERR# (Best accuracy) ol Accuracy 2.0% 2.0% 1.0%
NIV ARV 0 : 23 Accumcy

Epoch

Epoch TE

(a) 600 r/min

B 12 3l 0 I S 56 IE A A 2R RN UV 9 A B T AL
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T T T
- L 100.0%
10 1.2 — JI%# % (Train loss) 1 WRe 3 U Q
09 b 1.0 USAEAR 2% (Validation loss) o
94.0%
& 08 w2 2 0 4 L 6.0%
g 08 r @ ok
‘5 & 06 98.09
207y " o4 N E
— WIZRHERH % (Train accuracy) ’
0.6 — BAIEHER# (Validation accuracy) 02 r A 96.0% | 1000% | 940% | 98.0% | 97.0%
0.5 - B HEHER#E (Best accuracy) 0 ceuracy |, o, 6.0% 20% 3.0%
Q Q
< ’\/") ‘)'Q ’\") '\B'Q \’\:‘) \‘7'Q \(\6 Q ":‘3 ‘)'Q (\(? N q’b Ne} \(\6 : 2 3 Accuracy
Epoch Epoch \ﬁ;}g”ﬁ
-
(b) 800 r/min " *
ig 94.0%
\ “ 0| # 1 0 2 )
% -
r t - 100.0%
10 10 + — YIZHA 5K (Train loss) 1 0 S0 v 0
09 r : IGEAK (Validation loss) i
>~ 08 F 0.84F R 2 0 0 49 1 9;;]0
§ 2 06 F i
3 07 ¢ o el .
< 06 P T os 3] 2 ! : N
al — ZAERIZ (Train accuracy)
05 F — IGAEAERf 2 (Validation accuracy) 02 94.0% | 1000% | 98.0% | 92.0% | 96.0%
4 - B HEHERIE (Best accuracy) 0 Accuracy 6.0% 2.0% 8.0% 40%
04 b Lo oy NN P —Y
5 NI N Q A5 O Q .5 D .5 0 1 2 3 Accuracy

N
D 2 ¥ A2 @70 eT

Epoch

Ve AT DTG

Epoch TRE
(¢) 1 000 r/min

B12 3 A B0 IR0 IE v R AN TR A AR B T AL (48)

KO RUHBRANE T T AR

S RIGERE AR PR R

L (r/min N
R ) %) %)
600 10 97.40 99.00 98.38
800 10 96.35 97.92 97.20
1000 10 95.31 96.88 96.03
4 HEig

(1) A FEf s T Fiifd £ ONNeMEP LB 12
P2 W7V g AR AE CRESSE DWT #1 CWT, # 4k
BN B A I I L AT . BB 2 R
FEBTBUREAE, [F I X S 4615 5 T RAEAS 2 2 R I 4
EAIE.

(2) B J5FIH 454 ECA ¥ EE LG5 % CNN
AR 0] 3K B AR IR AT A B R B, R ORAE SR I 2
JUEE B SRR AR N MLP B8 123547 20 A, dl i VR 6 XUk
PR I SRR S5 I SRR IE AR LA R &, e 456
THHIE TR SR = SRR,

(3) £ CWRU £ 1) /MEARBHE 4 I, TR G W
PERLRLIA ] T 99.90% HIHERN 2, TEVL R K H i 4
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