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Multi-source domain adaptation fault diagnosis method based on multi-
granularity alignment and evidential reasoning
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Abstract: To address the issues of insufficient multi-domain alignment and inadequate multi-source information
collaboration in multi-source domain adaptive fault diagnosis, an end-to-end multi-source unsupervised domain
adaptation fault diagnosis method is proposed, named the adaptation network based on multi-granularity alignment and
evidential reasoning rule (MAERAN). Firstly, a multi-granularity alignment module is designed to achieve progressive
multi-level distributed alignment from shallow to deep. Specifically, the shallow domain discriminator is used to align
the shallow features of the shared domain to reduce the distribution bias of shallow features. Next, a multi-view sub-
network is constructed to extract the deep features from each pair of source and target domains, and the domain
adversarial strategy is implemented to align the feature distribution. By mining domain invariant features through two-
stage domain alignment, the difference of cross-domain distribution is effectively reduced. At the same time, fine-
grained class alignment is performed to enhance category distinguishability. Then, a multi-source information
collaboration decision-making module based on evidential reasoning rule is proposed, which adaptively weights and
fuses multi-source diagnostic information to enhance the generalization ability and diagnostic performance of the
model. Finally, experimental results on two bearing datasets validate the effectiveness and superiority of the proposed
method in multi-source transfer tasks.

Keywords: intelligent fault diagnosis; transfer learning; multi-source domain; domain adaptation; evidential

reasoning rule
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(single best). Z i & I (source combine). % i
1L (multi-source).
3.3 CWRU HEERIE
3.3.1 CWRU BiE&SiEE

36 [ YL VG % K 2 (CWRU) & 4 451 2
b A RR 2 W RIE 9 o N B O I R SR .
PA 12 kHz R FESER 53 G 7 4 P A 30R R EAN[F
SRR NG 5, LA KAETROR IR 7 sUAE R 3 Fol
RS, FE AT R SR AT 3 Ml B4R, L 9 FhR AR
A1 R R, AL, RN AR KE
2048, I LUPHRE Y 1180 ANRAF s 2 & A R 46
SS T RIS, % 3 8 CWRU B £V RIS .

%3 CWRU #iE&E A

3.3.2  SEIREHIE R &5 R

B A J7 5 4E CWRU U4 45 F /12 W 45 3L
T4 Ps. AR H A R g5 1) SRS E &R T
7% DAN 5 DANN AT CNN [-F- 3512 W 45 5
BHRTE T 6.02%- 6.32% Al 6.70% 7.43%, iX & B 47
I H & N7 R BRI A AR RS B AR A () 2 AT
7. 2) ZPRE I HE & N 7% DAN 5 DANN AH
BT RERES TR TFH iz Ronikm 7
2.90%- 3.27% F1 2.47%- 2.28%, X 3 W M £ Y5 35 n]
PAEERIZEE R, USSR TR 12 Wi

3) BRI HE N T ER W g R T 2 A T
5. B U715 MAERAN M T HiAS 2 YR58 A It
JIVE S e 2 il i T 2.71% 1 2.46%, 1X
T T A 22 e AMUAFAE TS H AR IE], &

TH e s s AOUU PR NG W fE/E TR R, 2K T B ELREIR A R B X 5,
g N /HP  Fr%s A Finch KR A REA . o - o
)45 S 545 B A5k, 4) MAERAN J5 4 1714012 Wr itk
0 R — 2048 70 30 N N N
BN 99.60%, FHE T XF L 77 ¥% MFSAN, MSSA 5
1 BIMEERE 0007 2048 70 30 o
MDMAAN 43 512 %8 T 1.81%. 1.95% 1 1.59%, %
2 WEMAMEE 0014 2048 70 30 R NN R A1
iE T FrdE tH MAERAN 7 32: (1) 83k 5 3 B 1%, 12 W
3 RIAMEE 0021 2048 70 30 2 s L .
i BE 1 F X i, HAE A, B, D — C HiERAES+
4 ] e 0.007 2048 70 30 R A - o
A/B/C/D  0/1/2/3 S 7 100% WiEFL 12 Wiee 1y, X 8 S0 1 KT £ 6
5 PR 0.014 2048 70 30 N N . .
" £ S SRR I 25, 3 i L X SR T
6 PRl 0.021 2048 70 30 " s R N
P2 U AN AR REAE A A A PERRE, SEEL T JR A &K
7 AhE R 0.007 2048 70 30 . N e o s " .
M FERS . HOUOR % S L R e B ST T X 2 5
8 Al 0.014 2048 70 30 AW N . - N -
WS B RE B IE N RLE, SR 7B B At
9 AhERE 0.021 2048 70 30 FHI 6
|
#4 B EE CWRU HIEELZFRIBES THISEHER %
A,B,C—D A,B,D—C A,C,D—>B B,C,D— A AVG
P R
Accuracy  F-score Accuracy  F)-score Accuracy  F)-score Accuracy  Fj-score  Accuracy Fj-score
CNN 88.76+0.81 88.47+0.49 87.22+1.11 86.97+1.07 89.29+1.09 88.35+0.92 86.59+0.53 85.14+0.64  87.97  87.23
single best DAN 92.73+1.25 91.91+1.60 9437131 93.71+1.71 94.61+1.22 94.40+1.31 94.26+0.56 94.18+0.64  93.99  93.55
DANN 92.96+1.39 92.86+1.54  96.49+0.79 96.35+0.64 94.92+1.32 94.87+1.47 94.29+0.80 94.56+0.77  94.67  94.66
DAN 96.48+0.62 96.43+0.66  97.19+0.70 97.12+0.72  96.93+0.73 96.88+0.76 96.97+0.87 96.85+0.88  96.89  96.82
source combine
DANN 96.94+0.57 96.89+0.63 97.68+1.03 97.16£0.91  96.95+0.43 97.00+0.39 96.97+1.04 96.72+1.08  97.14  96.94
MFSAN  97.16+0.42 97.08+0.55 98.78+0.77 98.81£0.89  97.65+0.87 97.60£0.96 97.57+0.52 97.55+0.86  97.79  97.76
MSSA 97.77+0.87 97.73+0.88  97.75+0.71 97.75+0.72  98.05+0.76 97.98+0.81 97.01+1.09 96.96+1.18  97.65  97.61
multi-source
MDMAAN 97.92+0.67 97.90+0.63  98.40£0.99 98.39+1.01  97.66+1.00 97.15+0.98 98.05+0.39 98.01£0.36  98.01  97.86
MAERAN  99.72+0.27 99.72+0.25 100.00£0.00 100.00£0.00 99.16+0.62 99.14+0.63 99.51+0.46 99.51+0.47  99.60  99.59
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gk — UG AE B4R Y MAERAN 5 4 (A ik,
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A, B, C — DAES IR id F2 b it e g e i 28 el 1A
3 B UL, St Bl vR U SO 18 HL il 2 sh R OK, i

2 B TR B VR I 4 TR 2 4y R A Rk 43 2 T
W22 5, 457 2 53 FASEAS AR I8 _E 12 W e ) A7 78
BORZE 5, W 5 5 BOH 6 [F] — H AR A ()2 52
g2, T 5N £ 3R 2. T MAERAN J5 ¥ 08 it
% L 5 0o S5 AR R EAS AR R A0E A0 ) T R AE, XS
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(a) A,B,C—D(MFSAN)

(b) A,B,C—D(MDMAAN)

(c) A,B,C—D(MAERAN)
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4(b) & 4(c) 4 )N DAN Fl DANN 7 Z 5 & IiE
AR5 FRIATARAL S 1. d I 4(b) AT 4(c) 7T -
DAN J7 V5 A7 75 W 8 0 RE AR 5% 23 RN 2 500 10 TV ¥

DLA, 1M DANN J5 V5 A7 75 B 2 o0 55 A 2 B R
IX 32 B H AN (]9 358 1) A7 7 BH S 1) 93 A 22 5, ] B
ZWE 2 FEEILETURE BT RS Wik
FTHAER. E 4(d) A1 4(e) N MFSAN 1 MDMAAN
IR AR AL g5 . i 4(d) R 4(e) T UL, 79 Aot Lk
T3 EATAE W S R AR 20 25, [ 28 e s (¥ R AE 40 A
AHXF 8 R 4y L. ] 4(f) 9 MAERAN J7 3% 1) o] 4L
gE 5L I A W, [F)— w0 IR AR AE AN H BR
REIE S JRIIRAS, T AN [F) B 25 ELAH 43 25, 3X 3R I
MAERAN 75 V42 B A AR R iE B A 2800 X 43 14
GUSAANE, IS Wit 1 S IE M PSR R, 58
VE T BTt 7 VETE SR THES W o P R 8 1 9 AL
1.

30F
s J 40} *» 40t e
10} ” 20 W " 20t 3'
: 0| gecti. g * W | &
10} o ol P %
“_ =20t
,40. ’
30— . M . . . . -40 . . . .
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(a) A,B,C—D(DANN single) (b) A,B,C—D(DAN combine) (¢) A,B,C—D(DANN combine)
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w 40t 30}
-30 b ) . . . . . . . . . .
=30 -10 10 30 -30 -10 10 30 -30 -10 10 30
(d) A,B,C—D(MFSAN) (e) A,B,C—D(MDMAAN) (f) A,B,C—>D(MAERAN)
® source 0 source4  ®source8 M target2 target 6
® source | source 5  ®source9 target3 target 7
® source 2 source 6  Mtarget( target 4 = target 8
source 3 source 7  Mtarget ] target 5 ® target9

B4 TEFEETIBES A, B, C — D RHEFEATML
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i ] e o 1 LK 2 (PU) Bl R Ba 2 —AE 3
AN ) A5 B R AR IR B0 5 A RIS 5, 2 30K AR
i) g 5 2 7R 11009 5 T 7 22 285 1 VR o e R DN A e

DL 64 kHz SR AT A 2 1R 0 Tk FEE A% Je i A P U A% Bk 4%
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0 K004 fHER — — 70 30
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3 KAO04 AR 1 R 70 30
4 KAl6  FhEE i FE2 2 HE M 70 30
5 KB24 K& 3 Z i 70 30
342 SLRIEREERMT

FITAT D5 i54E PU Sl R 5di £ B 12 W4 R dnk
7R, R TS REY]: BT PU BRI A 2 R
BUR, — sl sURFAE AR L 35 R A, 22

FITRAEZHAR S E 2 Wk FE KT CWRU %4
& BRIz gh B, Horb R B & BT AR 2 R A
T 3E 7 AL LA A IS RS FE BRI A 5
SN E S T T ER H MAERAN J57 78 1% 504 45 h A
FIERAT 55 LA SR Ae % s i fe e HLAR 5 (1 85 302 thir
KR, IR R T %0715 B A BRI SR PRI A .
E AR 777 MDMAAN 7£ E, G — F i B AE 45
2 Wi kG FE E MAERAN J7 32 B 15y, {H & 75 84k |,
MAERAN J5VE7E 3 FIT AT 55 [ -F 312 ks B ik
T 99.61%, Lk Xtk 77 ¥% MFSAN. MSSA 5
MDMAAN ¥ ~F- 35 12 W ¥ FE 43 0l $2 = 1 3.05%-.
1.25% #1 0.80%, HAE F, G — E i BARS 4, prfe
Ji k2 Wi kg Bk B T 100%, 0 UE T OAT £
MAERAN J5 V575 2 I8 1T # AT 55 1 A0 B 1 Az 4k
PE. [RIE, B BB A PR A FE A5 b (AR 22 5 /),
B MAERAN J7V2:4E 2 Y538k 5 & B2 Wi E 55 =
A T AR e MR

RT FIBFRZEE PUBIEETREZIRIBIES THIZEER %
L E,F>G E,G—F F,G—E AVG
Pk T
Accuracy F}-score Accuracy F}-score Accuracy F-score Accuracy  F)-score
CNN 76.42+1.36  76.14+0.91 83.50+1.34 83.07+1.23 87.75+1.39 85.91£1.48 82.56 81.71
single best DAN 86.72+1.70  86.43+1.58 85.50+1.19  85.27+1.49 91.99+1.79 91.39+1.82 88.07 87.70
DANN 83.69+1.37  83.32+1.39 91.71£1.80 91.60+1.91 92.97+1.10 92.80+1.34 89.46 89.24
) DAN 93.00£1.56  92.99+1.54 90.26+1.93  90.35+1.84 95.87+1.43 95.64+1.31 93.04 92.99
source combine
DANN 93.75+1.35  93.27+1.32 94.75+1.74 94.72+1.82 96.25+1.02 96.21+0.99 94.92 94.73
MFSAN 96.97+0.65  96.44+0.78 95.37+0.44  95.48+0.52 97.35+0.51 97.57+0.54 96.56 96.50
" MSSA 96.75+0.68  96.82+0.67 98.59+0.32 98.61+0.31 99.75+0.33 99.75+0.34 98.36 98.39
multi-source
MDMAAN  98.25+0.51 98.29+0.42 99.18+0.30 99.17+0.29 99.00+0.56 98.98+0.57 98.81 98.81
MAERAN 99.75+0.24  99.75+0.22 99.08+0.75 99.09+0.74 100.00+0.00  100.00+0.00 99.61 99.61
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(a) E,F—D(MFSAN)

(b) E,F—D(MDMAAN)

(c) E,F->D(MAERAN)
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K 6 AR briE FAURTILAE E,F - G &
FE55 Hh R AE AT AAG 45 3R Jorbr: “o7 S,
‘W 9 H ARSI, A F R 0 A [R]



3412 = W% 5 Xk K #40%
4 ta 30f I 30} 3
- 4
A 3 . 20t
. ﬁl 0IE '&
of v o 10}
3 -10} or
ik -10} .
-4 S
. ' . -301 : . . -20t . . .
-40 -20 0 20 40 -30 -10 10 30 -40 -20 0 20
(a) E,F—G(DANN single) (b) E,F—G(DAN combine) (¢) E,F—>G(DANN combine)
301 - 30F 20f o
20 >
10} 10t -
- | 0l 0 re
— 10 L _ 10 X &
-20} 201
-30t : , . S .
-20 0 20 -30-20-10 0 10 20 -20 -10 0 10 20 30
(d) E,F->G(MFSAN) (e) E,F->G(MDMAAN) () E,F5>G(MAERAN)
® source 0 source 2 source4 M target(Q target4
® source 1 source3  ®source5 ™ targetl target 5

Ele ARFEATIBESE,F— G PHHEAMRML

F, T DANN A7 76 38065 55 A5 A2 1) . 22 Y538 5 3
75 MFSAN Fl MDMAAN 1775 5 3 1) 43 2530 SR
HEFIREA R 2 . FH L Z R, Bt MAERAN J5
R B BURE AR 5y, Bk 5y 2 FE M, HLIRIZR
W BB R IE ()R I A SN 538, X 3R ] MAERAN fi¢
iyl 308 L 498 5 LA ek — 0 N A T X o P AT RS
RHIE, 2 52T T2 W RE.
3.5 JHRESER

N T B8AE MAERAN J5 i i - BELTE 2 95 T0
BIERAT 55 H 1A R, A7 MAERAN 45 2 H
FR IR ERRAERT AR, XS T £ Y5 bl (R AR

PARCANE BA b 3 AMSEE ) B HE ALY, I 530l dw 44 9
MAERAN-1. MAERAN-2. MAERAN-3 Fll
MAERAN-4, & 7SI 45 RNk 8 s, 3 8 45
KL, £ BRAEAT— AN A 35 2 T SO A2 W 4 A
R M T S ERL R MAERAN-4 R 45 51, ATz
tf MAERAN J7 ¥R 1E AN E0df £ 12 W il 32 00
BT T 9.72% F1 11.75%, X FHIFAILE 3 A4
(I F T Rt 5 850 2 ) SO A R AR A R AR,
M TE Z Y5 IT AT 55 R B H B 9 17z Ak g i FI R
=z W RE.

*8 HMASKHLER

A,B,C—-D E,F—>G
Jiik TR JZRFE X S AR TR Z RS B P A B
Accuracy F-score Accuracy F}-score
MAERAN N v v 99.72+0.27 99.72+0.25 99.75+0.24 99.75+0.22
MAERAN-1 \ v 97.75+0.84 97.54+0.76 97.66+0.93 97.63+0.96
MAERAN-2 V \ 95.18+0.92 95.12 +0.93 95.3240.36 95.1240.39
MAERAN-3 \ \ 98.38+0.39 98.2040.45 98.33+0.36 98.35+0.33
MAERAN-4 90.00+1.47 90.06:1.32 88.00+1.34 87.98+1.21
3.6 IR B FBHE B AT 0.5 —
AT IR 2 IR B R R, A8 0.4
FE BEHEIR 73706 A, B, C > D AR5 1770 2K = 0.3
s PR 7 VAN 2 0545 B RS 7 TR IR 0.2
T A 1R P00 MR 28 23 A7 17 DL B AT PRA, 5 SRl 7 B 0.1
R BT AT, IR 4R B AR A AT SN 0 6 e
. - . . .G X X Q)
STt 40 T A A6 S . SRR T 440 N
LRI — B ERRC T A etk HRHER PGS

HA BT & 7702688, B, A REH ROt BB

E7 AEFAETHERS L
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TOO AN R . T 22 RS B P R kA VA RE S B
UF A A 2 2 s ., 8 5 E MR A %1
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3.7 BEBB R
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LW, FERTY 5T AR BEVE AL FR AR |, MAERAN J7 72
)2 $m K T 5T bE 7 5 MFSAN 5 MDMAAN. 1£
BTSN b, T i R AE R SR E IR 2
UL R R 3 Yk b SILAIRL S 2 A 6 5, 5
BRI Sk vk 552 % BE WS /) T X EE U7 vE MSSA 5
MDMAAN, {HZ& 548K T MFSAN, H. MAERAN J5
T IR HE B B BB, ST, MAERAN J7 A58
e85 DU AR 1 52 2% P RN 1y (P38 AT 280 S B B vy 1)
WOk, 3& F T SEBR Dol b 2 Wi AT 45

R BEANTHEEREN

i eit) Params/M  YIZRHS 8] /(s/epoch)  HEFER [H]/(s/epoch)
MFSAN 5.48 72.10 0.94
MSSA 0.55 2.35 0.08
MDMAAN 5.36 12.87 0.20
MAERAN 3.29 71.95 0.19
4 & #

BT HA ) 22 Y5k 1 3 N e P2 I B
AN, ARSI T —Fi T 22 R0 0 55 AIIE 348 41 21
1) 22 YR I H 38 B X 4% MAERAN, H T 2 V570 BT
w2 K. 5 2, 38 2R 6 5 S R B i
SR ROET R, S8 7R E AR Z A T
P AN 22 ARRL BT S5 SR, 1) FH I 5 1 SR )
H G MRS Z IR HHE B, R 2 50 K8 F g,
M SEIE T K HE SRR 12 W f i, I AE P AN A JT 4
£ b SR 45 I 1 TR Y MAERAN 7734 1)
PRz A M. SR, B A Bk i S % 1 1g i, H
PRI AT fie 2 AR S i [ 2R A, A Y B ¥ B
P 385 R R R PR A i R b TR ) DR YR S RN 2R G,
FEUS Wt RE T R, BRI, ARSRE TR AE T iE s
RU() SR gk — 040 R, o 1 B R AL
1) A A2 T AR T A SR il 5 S8 R ) YR ) TR 2, DA Sk
IAETT AR 155 N 1 22 s 1 3 S A2 T
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