2E A3l
2024 45 A

Vol.32 No. 3
May. 2024

A IERFER

Journal of Henan Institute of Technology

EF VMD-DSSC KA FE IS 1

ﬁik%“l,%ﬁﬂﬁnm,$=ﬁ%]{:?ﬁf§12

(1.THIF¥R RAIRS B MFER, THE % 453003; 2. ¥, s WM ETRATHENIBREATFEF O,

W@ H% 453003; S.WMEIFR BTEEIEFR, T#H #H 2 453003)

FEE At K BE & 7 T R U W A AR AR AD B R, i T R BN AR A R B TR R D T Bt
KA LRI INMBEREF A 0 K%, FALTREFATREZTING, SoanSfARREH, RFEHRG X
BA KE, RAERERY, MAMDHLA, REKSEE, BB EME. &E, IARIESRERET2RA
—RI|KAEMS BH, FHRBAF AN SRR N E 2 2K 8 SIF AL KR Ao RiR Sk W7 5L 30 ORI o 3
AKIED BT RFR, A BB /MF AR5 8 8 9% 2 0 AR AT S AR RO A B AR LA S A A R AL, JR R A&
BOW RS, REE, AHD . SHEESRE, ARAREDRET —MH Tk, AR TRERE, VEE

r [ %71 Y

B B PR B MU

KR MREIELNT, KBdE, REF MRS E; BEEHR

FE S ES: THI65+ 3 XEARERS: A NEHE: 2096-7772-(2024)03-0006-07
0 3= TR BE 2% 2T (A RE 12 W7 Bk 224 Wil 12 W g A
=1

BEF LA 2 IR 4. B, R, 35
SRS, AR AR A T S HLAR Y G B L B A, 2 v
iy AREEEE W, WA, RSB LB,
W FECE IR M, R PR AR IS R R
R LR B T A RGRTE, 28] T TR ¥
ARFH) s FEFA . BRI W — A S R R A |
FROESRIRC, s X A0 R, 22y el G i
AP . o, FRIESEBUZ UM 2 B DG
AR A 550 e A AL A 5 e A X 31 Y i e SR i
B ERZ B AR B KRB . AN TREEE . RSN
G AR R S8 I )1z b FH R a2 W B AL 1 v a4k
P SCRE, [ R 2 e ok TR nPkaL, anfer s
A3 A8 ORI RS WA SR 5tk S A 512 W B Y i
Tl A2 W T R A g P [ R

2006 4F Hinton 55 A\JET AN T 2842 ) TR
RS Y, JEERIGA . 1RSI ARE
B AR AEAURAT R Tz N B AR, KRS
FERRBRIZ W AT 2 2 P98, RS —aE iR . 3

W EE: 2023-11-09

FE o UL B REREHZ W R R DI 2575 2K
AVREREA, BIRRSHEIN RS 12 0 A fit
TREEEERY , IR SE R R Z R TARERA, (L
A EAREEREAS, R IE R 21T B,
SEPIERARE . R R RS R AR
S04k, T T ORI (A o BT R A R 1
WA, P ERA N R, S EREA
FEERR . o, RS R ATI HE, Rl
R, OSBRI WTRRER . P, dnfrsE A
KA TCARZEFEA S D AR B FEA ST BURE A 73 FE A
R 7 ) SR RE S RS W R

R R A B/ AR S 2R IR, AR ST RGN
BEAGI IS N AR ™ Schpmm il ™, PR
FAHLIAE, DA SR RER I NRE A IR, AR
WeSGR BN . By AR R . M IEREZ SR
BRI RS A A, IR 27 ) HAT AR AR
PUNREST , A AR AR R 2 0 o SCRk[11]
R RS AR USRS AE , MEBAR BT 4
B0 A T TR B 2 W5 A2 WS TR ] e 2 L A i e

ELUWA: EFAKRERESH FWH (62273299) ; WEARHEBOGHHIHH (222102210087,242102320248, 242102240040 )

E—1EERET:
6

W (1987 —

https://www.cnki.net

) B UHRER, RIZER, W, RSN RS ETE



r [ %71 Y

WAk, . ET VMD-DSSC AR # s i4 Wi

ZWro SCHR [12] SEHBOUARIR S (5 5 A s i
WURGE TR AEAE B AL, R IR B 2 > 4325 i
P BT AR R AR B2 W, SR [13] R
RIS R o S B0 AR SR IS R AIE 255 R
MM S TR AR RIS W, EIRETEA TR
[ ordedn . BARR IO B W B0 R B
TR PR N S AR S B T Ras Wy, (HE
T S AR T KA R BREA, TCEAAR B
LM B T L

BEXF BIR R, ASCH 2 )2 2 IR BUR 22 2 4L
( Restricted Boltzmann Machine, RBM ) #4 &t V& JiF 2 I
BENEA S ( Deep Semi—supervised Small-sample
Classifier, DSSC ) , % FH I 2 A8 i 1 231 2k 4y
I WONZRR A TCHR AR AE JZ X RHE A T 4w b
VI E M2 SH WORA A bR A ) s ) 1%
REEL TR SHL, FARUE I 70 8BRS T 4
SR, A DR DR S AR AR I D A B A
ARZEFBRFERR R, S 1 Bt rses
PR, 5B IR ) 2R aR A L, DSSC fR KA H
S ] LAFE 0 R JChR A R A A D i A pR A e AT
SRR, B RZEEH TR I ZRFEIT D | MR
SEOURL, B5EH HURFESR IO ¥ BT S B 12 8T
JRA] TR 2 ) B BB 2 Wr ) B v i, O A
PERFEABHEA

1 REFBEE/NMNMERSESR

1.1 HER[EE

AT S5 R TR A S D i G bR FE AR
SRR R IR, JET RBM S T R B2 W
FEA KA. RBM J&— MR T 4eit )y 2= B pL AN 22
Pz M AT L) v PR 2 h 4R, T LR
RGN, W Z B R NS Lo E B
DSSC 5 1 R, B 1AMRAJR . 3RS 2.
1A 2 R L ANARZEER AL, Hoh i A2 e R )2
FARE 3 )2 RBM.

F T F I
> BB

i
op o I
N

N
[

=
>
N

A BN §
Bl 1 DSSC ##4

https://www.cnki.net

WA ZBRWCREREARWRE, FEXTRMEE TS
Wt HAh 2o S ARHEAEEH R, RS2
L A JZ 5, X T TR R il 5 8 2 1%
MRRLRTE . BE BT IO R
BN, ARPE IS VE, 2N Softmax 43S,
MRARFREZ 3 0% i AREARBE 4028, Hphgoo
MECEGREARZERIEAR . BRI RN 2E, H
SARVERRRZE . N TR ENRE, BB TIREE,
PR ZRF DB ARSI T B ), Uik —
A T RS E M e B 2 AR TR
DSSC I Zroad 726 45 T Sk AN OE > A 5%, fill
R I E 2 =, R ) EX R A T
ZEZk, HEFmEEm ARE, LRI fES)Z RBM
SROAEARRZ, W1 LR

XF4h 2 AT 2B 2 2ot HARE PR L
CIESZVE

E(v,h) = —’Zn;jzm;w,;"ihj _[Zn;af"f _jzm;b,/hj (1)

GV PR 1 | o I I = o B i 2w i 5
S5 AT AR, HES A RN
(2)

A Z=0 e ORI R, BE v, W
TR J AP A TS AR -

P(h, |v)=8(b, +2wyv,,) (3)

FIBE, XFFLHEM A, ] ILES i IS
HIRER R -

1
P(v,h)=—e =M
( )Z

(4)

b sOAETE %, X (3) M= (4) 5390
TR T AR SRR S B RRE, AR AN He Bk
J& ( Contrastive Divergence, Ch) &k [IS], g R/ Mb
PR B, BRI SE w, aflb, EHE R
RIEFIRIAI PREL -

M
JMSE:%IZ:I:("X’"_ZMHZ) (5)

e X" N DEEARTA, MO AREARL, 2
NEFGREAR o

ZREF R, &2 3 A% A Softmax
dAR, AT,

M TR R E 2], SRR 21 0 2%
SRR RRMSEL, HRRERR. N T HREEEL
FUER R, T A TREREANS SR TR . R
NANET, FIRDEAERERA, R HIRE,

7

Py, | h)y =8, + Y w,h)
Jj=1



r [ %71 Y

LA B AR

2024 F 55 3 1

K B 44 4% ( Back Propagation, BP ) FlUES & T [ 55
DRI SEL, $em i, AR miior 2ot
R, G 1 PR TR . SN GRS AR
BRI A 7002
1.2 BHEE RS

H4lE DSSC N2 =Rl 0, PR pR AU BRI 25k
W OCEE, EHs 2R Moy kR . IR S
W RIS BRBON sigmoid | tanh Al relu =Fp 'Y HZE
B2 W /T

1
ysigmoid - 1+ e—x ( 6 )
ex _ e—x
=—— 7
ytanh ex + e—x ( )

Vrerw = Max(0, x) (8)

sigmoid FRBCE I FL 0 Y S BRI, R AN,
REASHE A A EAR 22 0—1 Z[a), X v ) DI i) 45 53
TR B, X DX S 1 2 /N o A S 1) A 1 o
o, R AL TR (A REGE N ) I,
SEGET 0, SEEREWAK, NGk gksiifir. It
Ab, sigmoid BRI S B AL . tanh PR T2 sigmoid
BRIERCSGHE (RBTE PR, BB ARG 2 -1—1 Z[H],
AHXS T sigmoid R ECHAT R SGHE, (HIA
Py A3 REGE /NS BRI BEEETH R IR, relu BREUE
— o BeAR MRS AL, MR A/NTET O,
ol 0, METTRBOEGE, RABRMMmETE: i
ARTER, HHETRMA, MERREAE, ST
FERETH R ), relu BREGS R WSIGHEETR, 2
H RTR BE 7 2] v W g5 R T2 B0 R A, K relu
PRI LR T B0 3 T IR SSGH B[R], (DR /N T4 T
0 o A i B2 33 RBM K S 2 on B R
0, TIEABFTFE. X TRT oA, o T4
HMAORREAE, IR AR, B SBREERIE, R
TR AT I, relu AREEHEEN RBM 1)
PO R

A SRR DSSC e KA ot T L5843 ) I 2>
HAPREREARLIE . BT AR Z [
TERR 225, HACRED, R O B 2 5
SO BE T 2R BB AR, DO U 3 52 BRI 5 314
RAFE MY g T A DR pR RO SR 1 L B
JETH R BB BE R R, AR SCEs-6 =t sR B i
M, FI A sigmoid PEEY . tanh PRECAYFE EiE A H T,
X relu BREGHATRGE , WCHE IS 0TS BRAR e—relu ik
A

8

https://www.cnki.net

x<0
Yerelu

ln\/m, x>0 (9)

HEANTRET OB, KA1 A48 KO Bk 2,
EIE relu PRECER N & AIBREE , DIRTHRFIE > fE
HEART 0 mF, RIS ECRE, LAdiZe b+,
REGLAR EERRIE . DURP IS eR B A& 2 Fls . Hi 8]
2R, e—relu BRI A Z)E SRICA RS, Mief
PepE s U, BA—EMMmEieE ), IS
Bk, REAB IR 2 A BT 2 FBS BE AR A I, m] f
TER ALY TE 2

_{ma+@)—mz

Bl 2 [ e i 2k
2 E-T VMD-DSSC M fEiZ i 7 i%

DSSC & —F PR By /NREA > S, AN Bt B 4%
Ab PRSI IR S 55 A RE 1, K JLH Tk Bae 12 W s £
B — & B R SR BT I o 2B MBS 70 % (Variational
Mode Decomposition, VMD ) J&—Fl 9155 B 18 b 77
fig s M, BRSO — RN AAERAS R AL
AL INB M . RS SRR 2 T ik
HABSF MBS RS NRES . FEAR R —F 55
GRBERE R R Y, RIEMR R B, R
TP — 2P . AHGEREA R SRR . SRR A
Wiy, HARE 55 0o M S 2 B R e e Ak, mlad i
VMD B35 5 70 A A RIS SO B TS, RIS
TAE T AR A SO AL, PR DSSC s B4
RELS T, ST BT, $ T RT VMD-DSSC
Ao AR BRI AR, Q&L 3 i/ o 12 W B AL BR AN T

AR R RIRNE S, AR TR
AR B BREREA

ABE 2. M VMD BHAE 5 0 AR o555,
TR TS BIREAR i SRR o



r [ %71 Y

WAk, . ET VMD-DSSC AR # s i4 Wi

AR 3 f TR EREA R AL A A DSSC
BERIHATHINGR, VILHE MESEL

IR 40 B RAPRERE AR DSSC LR AT
oM, BERISE, PRI,

AR 5 A IR IS AT, B
BrAEARZEN, SRS T o

B 3 VMD-DSSC #f&i2 el
3 SLIGHHT

3 3 A B2 W S B B0 T AR SO TR A R
i PRI 4 S B3 A R L0 G i Al R AR
RIGE ", B 1750 pm, AT 1.47 kW, it
&R SKF6205 URIAERIE SR . FRIRZnIk . N
FIARE 435500 T4 0.007 555, 0.014 &), 0.021 3
AR S, I R R R, 2L 10 Ah
AR BFRS A BIE 100 MFREAS, 3k 1000 4 FEAS
PEATSEES, BRI R 2048 5. R VMD
XA A AT o0, AREEFEA ST 8 0 S )2 Ul
6, FEAFEABE RN 6 MRS TF15 5. 115
FIAT FAR 5 AR AR VR s B R AE A5 SRR AR
H T IR RE, A A AR R AR PR
B SIS W BRI SE . KRS AR RAEAR I,
BB DSSC 25497, IRk AR ECh 200, Zhit S5
M 0.8, 2% 0.001,
3.1 BIREHAITHFEIS NIRRT

K FA KA PR FEA A TR0 BB AR A b4 55 43

https://www.cnki.net

FednbeRl, (ASCPRR A A RE AR IV S AT bR
AHIK TR A, HIL, 454 DSSC Ik k.,
KRR ARSI T BN, FUAARECRAA
PREEFEA I TR0, S0 UEA bR B FEAS X i e 12 Wi ik B
IRZIR, 522 DSSC SEEMERA 2> J Tl e D A bR FE
AR

FICREBUTAFEARF IS, 251k 5.
10, 15, 20, 25. 30. 35, 40, 45 fl 50 I~ 49 br 25 #
ARTFROE, HAAREAR TR, 3t 10 Fhscss,
TR SR AL 20 K SR RUER R A ARifE
22 SONGFERT VRN 70 28R RE . NI AREEFEA > 25
WRIE AR E22 R 4 R, B 4 aTRLEH, F
B oy e R B bR A FEA I Z 3G, bRt 2R
AR MR Z W8N AIREREA T DR,
SRR, AR, WA REREA 10
NI, SR UER AR 90.4%, bRifEZE N 7.78%,
YIZRFERT 7.88 s, R PERBRC 22, M RAIREH
A% 30 AN, SFE o R UER R IAE] 99.35%, BRifEZE N
1.676%, YIGHER 11.71 s, 432EPEREAS BIM: Kk
M 50 MEAET, 43I HER A F] 99.95%, bR
WEZE K 0.082%, VIZFAERT 18.63 s, 4reEfES 5 —
A

105 T " ‘ . .
100 %)%)(}@@@@

95

90

HEZE %

85

ok

80

B A%

75

70

65 0 1'0 2'0 3I0 4’0 56 60
HIRBEREAA KL
B4 FEEREFERNSLEBRHERITEE

Zi bk, DSSC BERESAR L ) FH TC s 2 A ik
Froiillgk, HR0OR BT A bR R BO O SRk A %L
(9 30% If, B ATSCBUMER AT SRRy 202 . (HBEE A hrss
FEASHISE I, YAt BBz 5, ik, SEPRn ]
T RS2 BT A 2R, A BRI B A AR A
R
3.2 BERET RIS W B Y SN

T I UE O BR BN A 28 M BRI R W, X
sigmoid ., tanh. relu 1 e—relu PU #3875 2R EC 3 17 %)
9



r [ %71 Y

LA B AR

2024 F 55 3 1

FeifFoE. BRATREREA R 30 A, HARFEA T
o PURRECE R BON ZRiErf R i &l 5 s, thiid
ATLLVFE SR e—relu AE R I00 sREN , IR ERG %
TE55 55 Yk AKX BN RS E /9 100%; K] tanh 1524 3
T BRET, YIZRUERGFAEST 164 YOE A IABIERE 1Y
100%; K sigmoid VE R34 iE sRELET, I ZRMERG R 7E
55 184 YR AR 3K F 100% ;5 11 2R FH relu 75 9 305 o8
s, YNARAERR R NIERETE 10%. PUFMEE pRE0H
ZWIEREANZR 1 . R velu /R B0E AR, HE
Wi H 10%, bRifEZEN 0%, ToiSBLik bz, %
FH tanh F sigmoid PR BV M i80S BB, MERR R 45
h 94.06% F1 94.88%, 3 %E FE 95% LA T, K tanh
et/ sigmoid, {H 25/ 1R SR R Mg ATE T sigmoid ; ¥
JHI e—relu 11 2 i oA KO HER S 0w, 9 99.35%,
PREZE N 1.676%, =T sigmoid , &% T tanh, FEB N
11.71s, & 7F relu, {HALT sigmoid Fll tanh, [A i, ¥
FH e—relu 1A BRI B S 12 KT P RE B

Bl 5 E#iE RS GERER L
R 1 NREHERBERISE TR

T R iRIIES P2 FERT
e-relu 99.35% 1.676% 11.71s
relu 10.00% 0.00% 4.92s
tanh 94.06% 1.843% 13.49s
sigmoid 94.88% 1.152% 15.89s

ZE By, BAR relu BRECH 98 K1 6 51 RE
FLYIN 255 it e P, HL RIS S0RR A T A5 20 AT
BeEE ], WOASEE FHAE RBM A BT R L. tanh pREICHI
sigmoid PRELIEFTIEAAAN], Z - AR, RAE
VRS R, TCk RS Al 4r B VEBE . e—relu
R T = ANEOE rRE A AL, B SRR AR BT R A RE
1 B SGE BRI AL, S A A A SR R 8K

10

https://www.cnki.net

4 THENMA

R T I UEAR SCR R A S B T AR FH A R
Xof XU R ML 2L v i AR A TR 2 . B SR U
WL 2MW KU LA IR ZS W 2R 48, SR A
R IR I R A i U R IR S B, B/ NERR AR — IR
Bls, RAESIFR 97.656KHz, FKFERTE] 65, Hdii K
585936 45, WEELEANI A Go (SHLKGAT K B i R
Pl 2480, LIRS 238 B R s 7 AN 6 o
2o P BB AR Al 283.2Hz, A5EHLAT 1200 /NP
e AR IR (A AR 7 B, B 7 JBR T
Fe AR R A, T 500 AN E O ARAE /N T
2, MIEBIPRA; 501—800 /N4 HME AT 2—2.5
Z 1), FERR R A T s R s T
UkLia AT 400 NS Y T RME R T 2.5, RUIHIE L
AT E R, R R TE 1200 /NN T IE R |
TS B ™ E e R IRAS, A ilbRid o 1L 2 F 3,

(a) ERARTRMAE (b) #rFE kA
El6 fRRIFREMERMEHR

B 7 1200 /B AEE S5 R #h 4%
3 28 349 7 R R S R A T B R R A R R Bt
B o Sy T 2 fl s 3 ™ o e e A P EL AR ST ]
S L AR AN AR A, SR FHAR SCRE AR sy s il K
1200 /]NEF P AR S HEA TRCBR 2 . 1200 /B g A
1200 MEA, 2T T ROE TR iR



r [ %71 Y

ﬂlﬂZK{ﬁ B %:

T VMD-DSSC () 4R iz 12

BEREA, MR SLPRBATRE O, e S 1—200 /NI
IEHAEAT, 5 651—750 /NG R S ks, 5% 1001—
1200 /NI A PR R, PRI IS 3 FieiR A ARk
AU B K 200, 100 F1200, FIIZREE . (A Kl
REEREAINE 2 PR,

F2 GEERMIEFEE

FEA 75 milgesE [COGES WAL
1—500/1 1—500 1—200 1—500
501—800/2  501—800 651—750 501—800
801—1200/3  801—1200  1001—1200  801—1200

SR FHPUYIN 25 4 RN A 0] A N il e 12 B TR, 4%
Jei s KM AN R AR 0 BT AR AR 28 1
SR BEAR TSI W& 8 fin. MK 8 FTLAEH, 7
300—500 /NEF PN, AT 14 ASREAS Bl ) A SRy Bl e
RIS FEABE N MIE R, EDAES 300 /e, il
HRATRE R A TR, PN REAR I 25 SR ) st
B2k A

4

3.5¢

3+ T Y

25¢

2" - - oEEETS—— -

eS|

1.5+

1

0.5}

0 200 400 600 800 1000

IZATI A Ch)

1200

E 8 FrEREATNZER

kT AT I R R 7 L 48 A I I R 2
R, XEER 300 /NE IREAR AT LS A0 b, SR AR 9
fitn. Ml o n] LB F], 280.1 Hz A Ao X H: 2
F A5 55 P PR B A el i e, mT UK s B
GRAMIE, L5 o HT, BRSNS
RO g BRI AR, ERRE R, TR, A
AT 4 AR (A I, AR SCRERL BB IS AE R (R
HORBUURAS S, NI dbA R4S, 256
255y T RENS SN R I S B, A E S AR
EFIBTHERT T 200 /)N

https://www.cnki.net

9 & 300 /NHEEAREI AL ST
5 Z5RiE

ARSCHTT TR B IEA Sy e, AT A58
A3 R PR R TCAR A FEAR D i A AR AR AR E A TR TR )
g5, ARSHEARBRIFEA 30% BIVAT St pRk |
HER . R BRI o e AT, 3t e sk s pR B
G TR TR, HORA B ISR B R
FERl FAR AT VMD-DSSC Bl R B2 W 12
HATH B WiErf R . SERTPELF AP s . BT ik
REE A 2SI R B 2 W, S KB T B e
WL T Rk, el HFEdEETE, MR
TS Wi AT O AR

SE k-

(1] VRIS, skilise , i, 5 T BRI AN ML B 12
WrH AR LR (7] TR L 2022, 42(4):1036-1043.

(2] Wi, PE, BUAE A, 55 . 2K T DIA #9 d P ROBETE 25 08 ¢
e D FLAE b gl 2 Wi b R (D, MRS S R Sl ], 2023,
43(5):181-187.

(3] MREE . AT, TR . LT O Al LA 25 70 i R A I
MR SRR I2 W 57k (7. R BRT | 2022, 17(2):190-
197.

[ 4 ] HINTO G E, SALAKHUTDIONV R R. Reducing the dimensionality
of data with neural networks[J]. Science, 2006, 313(5786): 504—
507.

(5] dbff, BIETE, MBI, 45 JE T IR > Y CT-MR [ {55k
ArBCHES T4 [1].Computer Engineering, 2023, 49(9):234-245.

[ 6 JEHIRGY  iale . B T IR L2 > 14 S B SR B ()], A7 6L 5 ik
2023, 35(4):55-58.

[7] ALDUNATE A, MALDONADO S, VAIRETTI C, et al.
Understanding customer satisfaction via deep learning and natural
language processing[J]. Expert System with Application, 2022,
209:118309.

(8] ddpiuk , BZLRH , X577 . Tl 22 o 45 ) I i) B0 e BILA%

11



LA B AR

2024 455 3

SRR A AR AR (D). W T R AR 2018,
32(10):39-46.

(9] XK . 5Kl , BAE , 55 . FET HRM FHESRHUH SVM #4 H 5
K53 (1] AR T IEEEEAR | 2014, 33(10):38-41.

[10] XU J W, ZHANG Y X, YIN Z. Early bearing fault diagnosis
based on improved SFLA and ELM network|[]J]. Transactions of the
Canadian Society for Mechanical Engineering, 2018, 42(2):187-
193.

[ 11 ] XIE Y, ZHANG T. Fault diagnosis for rotating machinery based on
convolutional neural network and empirical mode decomposition[J].
Shock and Vibration, 2017, 19(8):1-12.

[12] LI C, SANCHEZ R, ZURITA G, et al. Fault diagnosis for rotating
machinery using vibration measurement deep statistical feature
learning[J]. Sensors, 2016, 16(6):895-913.

[13] LIU C, CHENG G, CAO X H, et al. Planetary gears feature
extraction and fault diagnosis method based on VMD and CNN[J].
Sensors, 2018, 18(5):1523.

[ 14 ] DONOHO D L. Compressed sensing[J]. IEEE Transactions on
Information Theory, 2006, 52(4):1289-1306.

[ 15 ] SHERI A M, RAFIQUE A , PEDRYCZ W , et al. Contrastive
divergence for memristor—based restricted Boltzmann machine[J].
Engineering Applications of Artificial Intelligence, 2015, 37:336-
342.

[ 16 ] SOUZA P V D C, TORRES L C B, GUIMARAES A J, et al. Data
density—based clustering for regularized fuzzy neural networks
based on nullneurons and robust activation function[J]. Soft
Computing, 2019, 23(2):12475-12489.

[17 ] DRAGOMIRETSKIY K, ZOSSO D. Variational mode
decomposition[J]. IEEE Transactions on Signal Processing, 2014,
62(3):531-544.

[ 18 ] RICHMAN J S, LAKE D E, MOORMAN J R. Sample entropy[J].
Methods in Enzymology, 2004, 384(2):172-184.

[ 19 ] Bearing Data Center. Seeded fault test data [EB/OL]. ( 2020-02-21 )
[2023-10-10]. https://engineering.case. edu/ bearingdatacenter.

Bearing Fault Diagnosis Based on VMD-DSSC
HU Yongtao"?, DONG Mingru®’, LI Jie"?, LI Jinjun"®
( 1. School of Electrical Engineering and Automation, Henan Institute of Technology, Xinxiang 453003, China; 2.
Xinxiang Engineering Research Center for Intelligent Condition Monitoring of Machinery, Xinxiang 453003, China; 3.
School of Electronic Information Engineering, Henan Institute of Technology, Xinxiang 453003, China )

Abstract: In response to the problem of limited labeled samples in bearing fault diagnosis under the
background of big data, a deep semi—supervised small sample classifier (DSSC) was designed and used
for bearing fault diagnosis. Firstly, a deep learning classifier is constructed using a constrained Boltzmann
mechanism, parameter pre—training is completed using unlabeled samples, and parameter tuning is
combined with labeled samples to obtain an accurate classification model. Then, the activation function is
improved to solve the gradient vanishing problem, improve convergence speed, and enhance classification
performance. Finally, the signal was decomposed into a serial of intrinsic mode functions by variational mode
decomposition, and sample entropies were calculated as the features, which were input to the classifier to
recognize the fault types. The results of bearing fault diagnosis experiment and high—speed bearing fault
diagnosis of wind turbines show that DSSC can fully utilize unlabeled and labeled samples to achieve bearing
fault pattern recognition, and has advantages such as high fault diagnosis accuracy, good stability, less time
consumption, and good real-time performance. It provides a new method for bearing fault diagnosis and can
also be used for data cleaning, providing effective samples for intelligent fault diagnosis.

Key words: bearing fault diagnosis; big data; deep learning; small-sample classification; activation fu

nction
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