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Abstract: Current fault identification methods based on deep learning generally face challenges such as high data
dependency, high computational cost and time consumption, and limited model generalization ability. To address these
issues, this study propéses a lightweight and high-precision fault identification model that integrates the MobileNetV3,
selective kernel network (SKNet), and stacked long short-term memory network (Stacked LSTM). First, the input data is
preprocessed, and the processed data is converted into a format suitable for convolutional layer input. In the feature
extraction stage, an improved MobileNetV3 backbone network is employed for deep feature mining. On the basis of
retaining the efficiency of depthwise separable convolution, an inverted residual module strategically embeds a dual
attention mechanism combining squeeze-and-excitation (SE) and selective kernel (SK), effectively enhancing channel

information interaction and multi-scale feature adaptive selection, thus significantly improving feature representation and
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reducing computational complexity. Subsequently, the stacked LSTM captures long-term temporal dependencies in the

vibration signals. Finally, feature compression and classification decision-making are achieved through the fully

connected layer, thus constructing an end-to-end recognition system. Experimental results show that the recognition

accuracy of the proposed model reaches 99.47%, demonstrating significant advantages in recognition accuracy and model

generalization ability compared with traditional gearbox fault identification techniques.

Key words: fault identification; deep learning; MobileNetV3; selective kernel network (SKNet); stacked long short-term

memory network (Stacked LSTM)

1 5%

TR AR AR N Tk B 45 R B A% 2 A, g A7 g
HER LB 826 R BV RGN 2 A ERE. 25 W0 R &
BRI, PTRES SBORAAFHL. A= gmE, £2 5K
AN BERE T 4.0 AR BE I 0 P AR, 8 A
(AT PR R AR E P R O, T ) A T S N R
g% AN =1 AN 3&%@%@@273Eﬁ“ﬁﬁzkﬁiﬂ%d%ﬁif’ﬁﬂa
DRI e % i ROS AT B BB R R0 T B, B
NEEARGEE T A 7 s,

AR, TR P 2 o0 A A8 G L R A B B R X
WA e 77, A8 R R ) s 5 5 L SRBBME PR R R 7,
22 TV B 2 ST R W BE AR ) 5 R AR Ak R .
DU T DB R R4 (CNN) FHK A 1012 0 2%
(LSTM) FHZ AR BUAE S, 5 il v 2 T L] (CAM)
N EEE IHLHI (self-attention) A4 & HEATAT B A %0
R B R R R L SR S AT R T e 1 O A
DGR REL W R B AL RS- M4 (MCN). Shi 255
PR T — B2 T 0 5 AR K TR 2 M 4% (BiConv-

LSTM) FIHT RR FERR, 38 1 [R]0 MAR 015 5 5 eI, |

Mol v B SRR I SRS AE, SEHL T AT R A AR
it N V= W BT R 7 A *Z,‘J%%PL}%[(’]T’%H}‘T*
Fh I T2 B4 24 M 4% ShuffleNet V2 R 385 5
N\ GELU Wi B Behg s 0 fry R 2k MEAS e ik 77, I
AN ROEIEVE R ) (ECA) BT 25 12 R, K HL R
F T 56 46 w5 IR 54T 5% . Zhang 251755 & T AL Z
FAE S R (SVD) XRS5 (SDP) AR #2810 4%
SVD-SDP-CNN )77 V42 i 1 s 1R 1) B 280 5 MTHE
R BAR DL B R MO R A — i R AL, (2
FAETH B UEATES a] A 5, 32 AR I A A2, RFAE S
FE AR A B 55 ] R

T fER BRI, AR SCHR T — P U

1%——MobileNetV3-SKNet-Stacked LSTM (MSS), LA

238 W7t JF K Research and Development

MobileNetV3 15 6% ik (b ol 4 SB3et VR i 1 ) 5 %5
TR A5 k0 RO L) 7 R IE A AE 4R A 77 1 )
o e (I A0 5 MO 5 1180 52 2 e, 5 O e
o 2590 1 R I A 6 ) R O\ SKONet B
B o 3 I8 30 R IS 0, 3 5 TR B ) 5%
RS £ B, BB X 57 2 T T A9 MR 4T (1
SHRAE S, VRAME GBI AR AL /1 R A0 S AR 45
& Stacked LSTM K2 JZ 0] P @A BE 11, 780 1248 9R 5
(55 A I RBE B, SRR AL 5
B E LA TONGERIAE F1, B AL PERY, Wi
1 I3 1, SN 0 6 I R S 31

2 MobileNetV3-SKNet-Stacked LSTM #5 4!
A1t a
2.1 MobileNetV3 -

MobileNetVi /& Google HIBAFF % H3E T4 B 1] 53
%7’% 2 (depth}wisA"e se;;arable convolution, DSC) &
{LI5I% HH, J&F MobileNet ZFIHIH: 3 FOIUA. %A1
A MobileNetV3-small 1 MobileNetV3-large -~
5, Ak & MobileNetV3-large BRI 3
LT IZARI [ 2% S5 7). Input ARR H N\ EHE; Oper-
ator TR1% )2 PR FH HIHRAE R AL, b conv2d Ronbrik
HH, bneck 1L MobileNetV3 BRI B ik ZH, H/5H
nxn REFTEH BRI R ST ; exp_size 55> bneck
Hedr, 25 1 2 1x1 conv2d BRI EE, BIFIH 1x1 5
RO NRRAEHEAT T4, TH4E 5 I 4EFE 2 exp_size;
NBN £7R %5 R 2 KR A AR 4L (batch normali-
zation); out F 7~ H AR B IE 2L, SE H T AR id kL
bneck JEH T SE Bk, Frhe\"FR ] SE Bibi
#B43; NL a5 2 K F B AR 26 R0 R 2, o HS 2
h-swish B, RE N ReLU &R EL s oK.

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20264F 55354 55 131

http://www.c-s-a.org.cn

i H AR SN A

%1 MobileNetV3-large #5525 45 #4) %

Input Operator exp_size out SE NL =
224°x3 conv2d — 16 — HS 2
112°x16 bneck, 3x3 16 16 — RE 1
1122x16 bneck, 3x3 64 24 — RE 2
56°x24 bneck, 3x3 72 24 — RE 1
56°x24 bneck, 5%5 72 40 v RE 2
28%x40 bneck, 5%5 120 40 N RE 1
287x40 bneck, 5%5 120 40 N RE 1
287x40 bneck, 3x3 240 80 — HS 2
14°x80 bneck, 3%3 200 80 — HS 1
14°x80 bneck, 3x3 184 80 — HS 1
14°x80 bneck, 3x3 184 80 — HS 1
14°x80 bneck, 3x3 480 112~ HS 1
14°x112 bneck, 3x3 672 112 v HS 1
14°x112 bneck, 5%5 672 160 Y HS 2
7°x160 bneck, 5%5 960 160 N “HS+ 1
7°x160 bneck, 5%5 960 160  _HS 1
7°x160 conv2d, 1x1 — 960 — HS 1
7°x960 pool, 7x7 § - - — 1
17960 1x1 conv2d, NBN — 1280 — HS 1
1°x1280  1x1 conv2d, NBN — ko — — 1

BT HTPIAR, MobileNetV3 ZE4E T MobileNetV1
HR R r BRI T CRPRHES R 0 N IR S
FRRIZ 5 4587, [8] IR 7E MobileNetV2 FERf 3] & 7%
ZRiE (inverted residual block) #4744k, Hiil T
SE fHHk, 3+ HJMAE depthwise filter 2 Ji&, 8L PN 4%
)2 (FC) 5H0E sk B B E AR B ARG ERS B, AL
XoF SRR S8 T8 1) ST, B TR AE R AE (1 T o 11
FHBINT h-swish BEREL, HREXN:
ReLUG6(x+3)

6

5 ReLU6 S5H05 REUMH EL, h=swish FRIE R AEAR
R B S 5 h R 27 S AL B A 2L S
AU A, Ak ] e o IR 2 1 R R T B R AR X
ROR, R An AR R W SSOR . e Ab, 12 R BT DS 5
RUE VR IE 5 R B BE T 2R 1) R 5 1Y), X g
BTl MobileNetV3 7EOR 45 8 AR VE I [ IN, 235
PRIt TRFAE SR IURE ) 5 T ELRCGE, ARBL T X AT AR
I s AL, B 1 24 MobileNetV3 115 B % 22 45
2.2 SKNet ;FESI#LHI

SKNet 1E Ry &, BERE A e N LA B
W2, 15 5 I B R #E 4. 7F MobileNetV3 HEAR T

h-swish(x) = x

(1)

L4 SE M, 12 SE MM vk il it 1) 5 L%
AR A B G R 2 5, M DA DX 40 AR K H A
{19 7 B T SKNet 381 % 55 3085, I A %4
BB M3 (0353 15 5x5 BRHULA) INE RS
{iE; 33t 31 N7 22 1 BE A B8 B2 O AR A L5
52, 5 PRI FE 1 Sk SO 43 49 3 R TSI R )
Fef b o % R RAERL G, BT 4R Pk 4
T2 5 A M A A R AL, R R U
HEER G S Bk, SRR BT IR T SE BB EAS
AR A3 A 2, L5 SE B il R B+ % R
BEERE ORI R ALY, 28 BT ST L T il
SRR TR A

BT B

I
I )
1x1 3vagise 1x1
NL NL =

Pool

‘ FC, ' FC, '

RelLU h-swish

1 MobileNetV3 [{5] E 5% 2= 45 MR =

SKNet = ZIHIT 2 4 3EM . FHERLE UL EE
R JIAUBIC 3 /S K ST P

¥, SKNet HIid 4 U], B BB P
N, Q%U%Fﬁﬁ@%*ﬂ@ﬁd‘ﬁ@%%ﬂi’%@m. i
)\%“@E BN X, 55T NS BB R T R

ot Y; = Convi(X) ©)

Hdr, v R BG4 2 FRRE B, Convi{R3R
H i MBS E. 3x3 BRUZ B AR TRYTT, 5%5
BT 2 LTI UE R, PAELE P 4% R I 3ER
AR REERHE. BEJG, 755X 2 40 > H R AE B AT R
B, LG S B e R AR N4 T BOBAS R R 1 4
MEEHATAHE. BN

M
Ymerge = ZYi (3)
i=1

Ho, Vinerge 72K FTAT 73 SCIHRFAE B HEAT Rl A7 5 O 46 2R,
M NIy SRR, GB35 3, IR S EE S
Rk SRR . e, SINEIEE R AIPLE]: e Xt &
RFE & Yimerge TRAT 225 1 23t A 54, HE 48 T 18 T 4

Research and Development fif 72 7 & 239

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2026 4F 55354 55 11

BN EUE, PARIRICA: R e Bl i HE B B 1
B A H2 JZPEIC ReL U W0 R 50K ST R 42 14 A8 4t
Z JE Bt o — N A R A s E B IRE S,
W A E 5 D5 ) R AR P AR R, E T 5 S T Y
IR AL FE, BT
Yinal = Ymerge xS “4)

Hor, Y 2 B I8 UG A2 R KR AE B, 94k S B RE
AEFEAIH) TCRUE B, $ETHE RN 52 % RFAIE ) $2 L A
2.3 #HE LSTM

#E & LSTM (Stacked LSTM) 1 A% FE 2% 3] 4 45
o — RN T2 BRI 4 ) 4% (RNN) B244, 727
) HUHE 4k B 77 TR B O RE & T I T R A g3

fr. BRIEF R EY S BT )2 LSTM, Hil

A S S A LSTM e, f e 2 g A Bk %
Bl —— AT — 2 LSTM. 4% th 1 — 2 (4N,
i 190 45 8 2 S ST W G O R P SR AE .
I, FCd 0] e B R BOHEAT T ARG SEIR IR E 2-4 B
AR Y (A SCOR P 2 SR 45 ), B A I VR R 45 1
S BAAS B . R TF IR ACR SRS B, ST g
GIEHOLZ SESBURNE . B FEEOE K 2
PR 3 i) 015200 S < 2 G R T
FIHI B, SRS IR B15 5 % R 51 0 1 K B B
I 5 4 #5498 €] 2 A7 Stacked LSTM 1) 3 A 4%

"0 9 o

LSTT LSTI\LI—> LSTM-1

L]
¥

LSTM-2 LST,M—? LSTM-2
' " '
Dense
Output

K& 2 Stacked LSTM )54 45 ¥4 &
BMNEEWR G 75 8. 28 1 2 LSTM X4
NFHIHEATHIE A0 B, 22 2] B 7 5 1) — SS L RRRAIE . 28
2 JZ LSTM VLT — 2% %N, 5 21 B2 IR FFIE; 4=
ERZEEWCEE 2 2 LSTM Wi, K FFRE 18

240 72 H K Research and Development

Iy (AN B SR R ) L 1B A S AT 55 O T AR R A R
B 20 R A T AT TR R AL BEA RO, 58 AR
St

3 3T MobileNetV3-SKNet-Stacked LSTM
ABEIR ) e 1 331

ARSCEIS R A, F T MobileNetV3-SKNet-
Stacked LSTM (MSS) Il iR il A Y . A5 1 B2 4
B BRI RS, SCBUS A RO 1Y A L L.
BRI H I 3 . A 3 R0 s — 2
%%%i&?ﬂr%‘ MERARALIFAF, {KFE MobileNetV3 KR
JE RIS B G AR MG TR S, () I 8 M 7E VR 2 I
£4 5|\ SKNet K, HEE 60 T A3 S35 S A R (A
e RBNAFHIESE T RE S, 1Bt SKNet BEELK £
JRPERHEIE T SiBIEE = JIPLH], 455 ReLU 5 h-swish
TRA S R IE L PE BT, 3RS 4 T P RHIESR
KR8 T, =R P AR UE, £ B Stacked LSTM )%
JEI AR IR B8 11, ARG 5 B &SR,

N VIRERE BIEREES
Stacked LSTM

i
A - o E
i = * H
2l =
y g, Pl ] ] @ ﬁ‘?
> e _d

M3 Mss s g

E?%Eﬁé@.ﬂ%ﬁﬂ, R PRI R AE 4 2 AT
TEZEST: VRIR M 2% E B L % . SORSIRGARAE, T
TR I 286 T 588 4 T B g 2 1) 4 S RFAIE. SKINet 5B [1)
Z RPERFESE I S I8 & = L], SIS RT Ab H A
BB UG B BURFAE, TR TR IR J2 N 268 8 N 1%
PR, A5 By 5 e R A 41 R R P I SRR, 33k T S
BEAIPERE. [N b 2 MR b 7R 5 4 )2 51N SKNet f54k, BE
REBE G0 TUAR TF B, SCRBHR B (1 B X M 5 18 A7 2805
7 2 4 MobileNetV3 H {5 B 7% Z L B S 405K

1 18] B 5k 25 HL L B 3R B0/ i ) ReLU (RE)
BT BB, B0 K h-swish (HS) 05 R, X EE R
BT R AEREHE SRk DL R AR R R AR PE R AR AL
(2% . TEREAY RLIARN B, RRAE IR . B
24, 3 ReL U ] ) FH G T S50 167 B0 R0 2 At 50 2 90 2K 11
REPEDUR S, A/ o S B TR S I, ARE
PIYE P A, 75 2% ) SR R IHEAE, h-swish BT A

SEMEE JIHL

SKHEE AL

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20264F 55354 55 13

http://www.c-s-a.org.cn

i H AR SN A

FAR G R 1 1 s AR B R IR R T3, A& T LA P A% R,
IR E.

IR R T AR SR FE R A 1R B AR N
[F1) FF- 45 FEI 95 #5, MobileNetV3 (%% B Ab ZE K 48 0k 2 50
P T EE RS, B SKNet A0 2 i/ TE R4t
S, TR G WO BR BB R S S A 5 ) R S R A
B8 7, i 2 PR AL I 25 5 30 28 1) SR T #E.

# 2 MobileNetV3 {5 5 5k 2L 8 S HE

A ERE PRIE Ml RS R

FEE PN EE W SKNet W

16 3 16 0 — RE 1
16 3 64 0 — RE 2
24 3 72 0 — RE 1
24 5 9 1 v RE 2
40 5 120 1 v RE 1
40 5 120 1 RN RE 1
40 3 240 1 y HS, 2
80 3 200 1 *\/ v HS 1
80 3 184 1§ v HS 1
80 3 184 N HS 1
80 3 480 1 v HS 1
112 3 672 1 v HS 1
112 5 672 1 v HS 2
160 5 960 1 v HS 1
160 5 960 1 v HS 1

# 3N MSS BRI RESH, Ram T
MSS HEAAAT Y (1) I S, TR 75 X248 0 L B0 PR A
SOk R AE 2% 45 4 J5 1T, MobileNetV3 i cfg 513
5T SUIBIE TR 22 B VAL B 2., Yo I 4t B 4y
AESREL ) 77 S TR

%3 MSS B SHR

B A2 R SR ZHUEH
MobileNetV3 input_channels LIPS TR R A
cfg Wic B 18] R e LI HL S 4
SELayer channel \ By N P S
reduction. R AL, FI T 4 i B2 124
featurés S0 N 388 2
SKLayer M AR
G S ETR R
r JE4E LA
input_size LIPS EN RIS
Stacked LSTM hidden_size RegZ M 4
num_layers LSTM Z M HE B ¥ =

4 SR  FE AR A AR 1B S xR R R
B EHE AT R G TAL B O T e R R
B EE IS TG L, B AR AR 4
P A — Ak, THERRAE R 22 5, 3T M 8 o 5 ] A

i3 AR G A B A B A 3 SR B A R
SRR BRI I e RS E 0, R R T A%
GEIR L 5 SR ) e e O e i, A5 BR B dE 3%
st N IBE CRAFRUE TERE. SE AL B R, K 3 70 9l
SRR SR, Hor, YIZRE M T X MSS A 4T 5
B SRR YN 5, AR 78 73 2 2] S A R4 I
DU U X5 U 5 AR R EAT P A% B I 5 A T PP A,
LT AR (T T L 2 AL RE I SE M RESR IR, T IR
FRALLE S I o (1) ] S LR R

Y PiR
. BN v
\ JRAE et
v
Bl b e
v
{ !
PERS —> g

— ey
MobileNetV3-SK-
Net-Stacked LSTM

ALY 25 R

v
VeSSt Y

v
AdamZH ik G R

¢ ‘i” \‘z/

BRI
%
%

PRAFARTY

BN
b

4 FEUIIRAE K

4 SEESrHT
4.1 SEIRIEIE
AR SR F S B0 2 1A R AR R R 1) B R AT SR
REESNZ N 10.24 kHz, $ K5 2 FE SR H3E V) 5
RS0 2 048 K FE AU BMALFEAS. 413 4 PR,
A 6 Fp LA, HA 8 IEH a0, H 0-5 40 hilxf
6 K LHLFATHRIC, FM THLEE 500 MEA, SILIEE
3000 MEEA. FERAERURIZIR 7:3 70 NI ZREERI L.
X5 RERNIZRIN BB ) — RIS, 222
%.0.0001, X Adam {4623 A Cross entropy loss 1

Research and Development i 7 & 241

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

2026 4F 55354 55 11

R WIZREE KA 30, Dropout {54y 0.2 LARE 404,

Early stopping {64 10 (4L 10 #& 5 RE TLHE T+

M2 k), YIRS B s m s ds 4tk oK /Ry 32, X862

B FAE A, (A A AR U Gl #2 AP I SO B .

At RE IR RE G P0G, DASIEILEL I () i e R AR
T4 BIREMERR SR

[ et WGREARKLEE DR Wi
1B 350 150 0
1T B Fe Sk 350 150 1
1T BRI AL 350 150 2
K BHFE S RS 350 150 3
K BHFE 4 1 2R 350 150 4
X BHFE N PR EL 350 150 5

RS BHURRSUR

SH ZHUE
72K R KL Cross entropy loss

flefrss . Adam

) E g ¥ 0.0001
R 7 G 30
Dropout 0.2
Early stopping 10
batch_size 32

5 JEIR T HERG AR BE I ZREE IR 220 2. MIE]
TRl L, BEAE UIZREE g N, #ERR R 2 LTS, [
ETHUIE, 24 R E TR IXRYIBABEE IZRK
Frek, BoDIE T USRS, 7870 U IR AL 2% AT Y
FANAEREN.

100 +
80t
&S
¥ 60
E
&
40
i
|
20
0

0 5 1.0 1.5 2.0 2.5 3.0
ERRE X

K5 HEmRA L2k

P 6 S LRI 2000 (LB DR KRRl 2.
FEUI SRR IZIAIT B, 4K (LA T AL BEE LA H
I, SRR, TR BUAE E B R S
H, NI 5 S 2 I 22 3. {258 24 BB
BT T A BRI AIE, TS T — My

242 W FH K Research and Development

R E A EIR S, 17 T b S e H A5 R 1 250 25 WS

1.0 4
0.8 |

0.6

HURAE

04

02 r

0

0 §5 =10 15 20 25 30
§ L ¥ WIZRRE IR

0 6 BUREAS{LIZ

A5 22U 2540 TP I 25 BP0 MSS BT S0 5 4
HEAT 4 2, R 4 S IR T A AR AR B (1) VR VR R BE
K7 R, AR, 6 R T A MRS, (7
FEABIB AN SR, JH FET R 99.47%.

150
0 0
120
1 0
o2t 0 90
L}é
#
m o3 0 - 60
4t 0
-30
0 0 0 0
1 1 1 1 1 _O
\ 0 1 2 3 4

PR
Bl 7 e RIREHERE
NE VR DL MSS B RS, SR A - A BE L
BRI (t-SNB) B A A BRI 251 A1 J5 1) M R R 1iE 12
AT RGBT, a8 BT, TEUIZRAT Y t-SNE B2 &
Hh, N T S R 1 s K S SR A PR
M ZRJE R t-SNE 45 R E P B =T, F—HEHRH
(RREZAS 5T JLT7 WA 1) SR 28R o, 31X — 78 Ak L ERATE T
MSS #5705 A7 2502 9 4 R AE (0 AR S 22 S, Sk Skt
HUHE TR TR P AR B S0 6 R LI P RS HERFHE SR L S
BT
4.2 FtEESCIE
TE R A 78 o, CBAM-CNNPE 55445 F
2 4% (CNN) HiEE = 1L (CBAM) [ 48 B

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20264F 55354 11

http://www.c-s-a.org.cn

i H AR SN A

B, ROV A T 38 5 R LR 38 5 O R AT
FHHERE 77, W HAE XS LU Y, AT EGAE SKNet 75 2 R
FRAE B8 BB EARET CBAM AR %, FIK ™Y &
Stacked LSTM 51 A [ I 7 44 56 42 418 & 77 65 455 1 14 g
(325 TR T 0 B A (DSC)PHE MobileNet £ 41
O SERR AL, ORI RS BIR O NIRE RS
B AEAEBIUR BT, EEL DSC {E A% b AL n]
FLAAREL MSS A5 R 7E IRk 4% B AL R AR HR B 2R 4 -, fih
4 SKNet 5 Stacked LSTM J& Kt GEIRTT.

10

[ORIE)
60 5

40 | * 4
.'3, o il p
20 | * 3

—40 " — i L s 0
—40 -20 0 N 200 40
0 I

I8 SNE aHLiLs b7
R EE VAL A SC B SR A A 1) 1 R, AR S A I
(Precision). A& (Recall). F1 4% (F1-Score) FliE
% (Accuracy) 1E NZEEVEAIRIbRE, I & RGPEXT
PESE6. AR 6 LE SRt 4 R Wik 6 iR,

K6 AFEBRN S g5 R

30 — 5
|
o o 0 ¥ 2
. 60 % ]
@ S gt g g e
20 x :..__a‘:.,_.\m el -
" & 30;‘“';.’ oo .

2 ¥ ] LN .i’

s s -

. + "

Y Precision Recall F1-Score Accuracy

DSC 0.9523 0.9534 0.9551 0.9545
CBAM-CNN 0.9745 0.9755 0.9756 0.9776

MSS 0.9964 0.9975 0.9940 0.9947

SIS S5 RN, MSS BRI RS R . HIFIR . F
I3 B HET 2R ) B E T CBAM-CNN 1 DSC. iX—
Hodm 2 W, AR SCHE H R 7E MR R SRR ) R
B, BAEGA AR T NS, fehs B R
SCHLE A 5 2 AR 5. HART 5, MBS T DSC,
MSS 4 RERIHETF 5 B Bl & SKNet 55 Stacked LSTM 1
A RN R BTR FE V] 5y B B R IR AE 5 30 A 7
R AL AT CBAM-CNN, MSS ({1t
RIL T SKNet £EVE = 77 *ﬂ%ﬂiﬂ"]’*ﬁj@&, PLJ Stacked
LSTM R 25 5 I k5 HE GG METE, 7820 1 %
*ﬁﬁ%ﬁéé‘ﬂé%ﬁ‘{ﬁzﬁi’a

VB 9 T Hh RO S5 AR o A R R A AR A

TR A S G MSS B ZE I Zhid B b R %

WRAE AR B AT CBAM-CNN F1 DSC.

A

100 £
80 |
S
% 60 f
=
&
a0t ¢
‘ —e— MSS
20 | ~-a- CBAM-CNN
—w— DSC
. e . W
- \
o 5 10 15 w2 %0
) N
\ @R g
)=
\‘ T —e— MSS
‘ s --=- CBAM-CNN
08 F \ —== DSC
06 [
X
E[Jé:
04
02 f
0 1 1 1 1 1
0 s 10 15 20 25 30

B2V
(b) HAEA P ARk 2%

B9 AR AR A AR (E A AR A 25

4.3 jHERSCI
DR TR - 20 RSB 70 %) BE (AP RE O TR, BTt
TH R S8 B0 H A R

Research and Development fiff 70 & 243

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

2026 4F 55354 55 11

(1) #5789 1: {1 ] MobileNetV3, il 2 4% & ZURFE
FEHR.

(2) 55 2: #F MobileNetV3 #8 fFE 7l F#x A
SK yE R JIHLE, $2 T+ 2 REERFERL& e 7).

(3) FAY 3: #F MobileNetV3 1A (3L At 5 A
Stacked LSTM, 584k /7 FIRHIE A fE /7.

(4) F7 4: 7£ MobileNetV3 [t I 454 SKNet
VERE SIHLHIAD Stacked LSTM () 58 A5 7Y

HHE 10 AT LATE MU A H, MSS 197 RACR & b,
JEIT SKNet 5 2% [ARFAE 1 2 RERIA, A 2R 5
— B UL AR R J= B ; £ Bh Stacked
LSTM 5| A\ 552868 /7, ff U T A3 51 B4 i 3
DA 4K P S D I A, A i 2 TS A A B Ok 3 5t
THIZARE ). SRR IR B 3 B 45 A - AR R
B0, R B B A SR BN, ROR T
E XN INCIEI I

_ 150
0 1
120
1 1
o} 0 90
K
w3 0 - 60
4 + 0
-30
1 0 3 0
L L L -0
0 1 2 3 4
TR AR
(b) 15742
150
0
1 120
& 2 90
l’g
B
w3 - 60
4 L
/ -30
-0

TR AR
(d) Fi%i4

K10 AR R A AR R ]

150
0
120
1
% 2 90
Lé
w3 - 60
4 L
-30
. . . -0
0 1 2 3 4
TR bR2E
(a) B
150
0
120
1
o2} 90
l’g
0
w3t - 60
4 L
-30
. . . . . -0
0 1 2 3‘ 4
N B
\ v
2 (c) Bi%Y3
L
5 45

AHE 7T K B MobileNetV3-SKNet-Stacked LSTM
Fil A B, 7 A R A R R AT 55 R B R R e
R IE TS MobileNetV3 #8405 1 W 45 S U R AF IR
G T 23 [AFAE, SKNet FI30ES & RN 3G 98 1 4
HEGE B RIEME, 454 Stacked LSTM Xt B - REAIE 1
FEFZIRAE ST, SEL T 2% 6] 5 e [a) 48 B2 1 22 ROBERRAIE it
G LI RR A, SRS T, 2 R0 b A

244 W5t JF K Research and Development

& b, RBIHER RS G NEIRT R, AR TN
5 R RS, E DA e AR - s R v L i R
JE5 RIS, RORWEFU AT 3t — B IR R R a5 My Ak
SINIERE 2 ST R, Bidh & 2 AL RSB e 2
AR AR, DLNIS B A [ TR 75 5K

SE Tk
1 S, BRflE, K. BT CWT FIfi4k Swin Transformer

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20264F 55354 55 11

http://www.c-s-a.org.cn

i H AR SN A

1

1

[\S)

w

W

o]

0

—

PR DR R AT A R R 2 I DTV RN 5 el 2024, 43(15):
200-208. [doi: 10.13465/j.cnki.jvs.2024.15.023]

Zhang SY, He CX, Miao ZH. Intelligent fault diagnosis
system based on vibration signal edge computing. Proceedings
of the 2020 Global Reliability and Prognostics and Health
Management (PHM-Shanghai). Shanghai: IEEE, 2020. 1-5.
Wi, YrEa, RIEHE, . 85 GRS ST REAS 5 ST AT ik
FA 2 W BRI 7T HLAR 5K, 2025, 53(10): 40-49.
RE, TR, MG, 5. WS n L sl g
S FABIETE. AX AR 4R, 2024, 45(1): 70-80.

Shi JC, Peng DK, Peng ZX, et al. Planetary gearbox fault
diagnosis using bidirectional-convolutional LSTM networks.
Mechanical Systems and Signal Processing, 2022, 162:
107996. [doi: 10.1016/j.ymssp.2021.107996]

B AA, AOUNTL, JENE K, 5. — M SSod i B A b 4 10 2%
WHAR RIS WA, BHEFEOR S TR, 2024, 24(7): 2699~
2705. [doi: 10.12404/j.issn.1671-1815.2302418]

Zhang ST, Shan TM, You ZJ, et al. A hovel SVD-SDP-CNN
fault diagnosis ‘method. Pl‘oce;edings of the 2024 IEEE
International Cohfe;ence on Sensing, Diagnostics,
Prognostics, and Control (SDPC). Shijiazhuang: IEEE, 2024.
52-56. [doi: 10.1109/SDPC62810.2024.10707732]

Chen W, Wang S, Luo QS, et al. Research on coal and
gangue recognition method based on improved MobileNetV3
network. Proceedings of the 3rd International Conference on
Computer, Control and Robotics (ICCCR). Shanghai: IEEE,
2023. 56-60. [doi: 10.1109/ICCCR56747.2023.10194036]
Singh G, Guleria K, Sharma S.

MobileNetV3 model in medical imaging for fungal disease

DeepFungusDet:

detection. Proceedings of the 3rd International Conference
for Innovation in Technology (INOCON). Bangalore: IEEE,
2024. 1-6. [doi: 10.1109/INOCON60754.2024.10511726]
Zhang S, Tong Q, Kong ZX, et al. TSM-MobileNetV3: A
novel lightweight network model for wideo action
recognition. Proceedings of t\he 4th Ingemational Seminar on
Artificial  Tntelligence, N
Technology (AINIT). Nanjing: IEEE, 2023. 228-232. [doi:
10.1109/AINIT59027.2023.10212611]

Yang XT, Liu L, Song XF, et al. An efficient lightweight
satellite with
MobileNetV3. Proceedings of the 2025 IEEE INFOCOM-
IEEE Conference on Computer Communications Workshops

(INFOCOM WKSHPS). Vancouver: IEEE, 2024. 1-6. [doi:

Networking and Information

image classification model improved

13

15

17

19

20

2

—_

22

10.1109/INFOCOMWKSHPS61880.2024.10620744]

Zhao LQ, Wang LL. A new lightweight network based on
MobileNetV3. KSII Transactions on Internet and Information
Systems, 2022, 16(1): 1-15.

Wang SQ, Wang YZ, Zheng BS, et al. Intrusion detection
system for vehicular networks based on MobileNetV3. IEEE
Access, 2024, 12: 106285-106302. [doi: 10.1109/ACCESS.
2024.3437416]

Choi K, Kim S, Kim J, et

approximation for swish activation imd its implementation.

al. Hardware-friendly
IEEE Transactions on Circuits and: Systems II: Express
Briefs, 2024, 71»(10): 4516-45207[doi: 10.1109/TCSI1.2024.
3394806] |

XU, Vil BERRAE. JE T By U B R R S
PRV 72 b i d 1 (1 5E30), 2025, 45(1): 139-150.
Cai CZ, Guo XY, Xue YF, et al. Structure damage diagnosis
of bleacher based on DSKNet model.
Supercomputing, 2024, 80(8): 10197-10222. [doi: 10.1007/
s11227-023-05834-8]

Hu BQ, Liu J, Xu Y, et al. An integrated bearing fault

The Journal of

diagnosis method based on multibranch SKNet and enhanced
inception-ResNet-v2. Shock and Vibration, 2024, 2024(1):
9071328. [doi: 10.1155/2024/9071328]

Pan GL, Li J, Li ML. Multi-channel multi-step spectrum
prediction using Transformer and stacked Bi-LSTM. China
Communications, 2025, 22(5): 1-13.

Wu W, Sun DS. Stack LSTM for Chﬁne;'e image captioning.
Proceedings of the 33rd Chinese Control and Decision
Conference (CCDC). Kunming: IEEE, 2021. 1613-1617.
Re\n YW, Zhang RD; Gao FR. A network structure for

industrial process fault diagnosis based on hyper feature

extraction and stacked LSTM. Chemical Engineering
Science, 2024, 287: 119745. [doi: 10.1016/j.ces.2024.
119745]

Zhen Y, Zhang A, Zhao XM, et al. Prediction of deep low
permeability sandstone seismic reservoir based on CBAM-
CNN. Geoenergy Science and Engineering, 2024, 242:
213241. [doi: 10.1016/j.geoen.2024.213241]

TV, B, FRAR, 5. AR 7 B/ NEFUZ A CBAM
(¥ c4E CNN B 2 W B i 7 I B4R, 2022, 45(6):
171-178.

(B e 2 48)

Research and Development ff 78 & 245

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.13465/j.cnki.jvs.2024.15.023
https://doi.org/10.1016/j.ymssp.2021.107996
https://doi.org/10.12404/j.issn.1671-1815.2302418
https://doi.org/10.12404/j.issn.1671-1815.2302418
https://doi.org/10.12404/j.issn.1671-1815.2302418
https://doi.org/10.1109/SDPC62810.2024.10707732
https://doi.org/10.1109/ICCCR56747.2023.10194036
https://doi.org/10.1109/INOCON60754.2024.10511726
https://doi.org/10.1109/AINIT59027.2023.10212611
https://doi.org/10.1109/INFOCOMWKSHPS61880.2024.10620744
https://doi.org/10.1109/ACCESS.2024.3437416
https://doi.org/10.1109/ACCESS.2024.3437416
https://doi.org/10.1109/TCSII.2024.3394806
https://doi.org/10.1109/TCSII.2024.3394806
https://doi.org/10.1007/s11227-023-05834-8
https://doi.org/10.1007/s11227-023-05834-8
https://doi.org/10.1007/s11227-023-05834-8
https://doi.org/10.1007/s11227-023-05834-8
https://doi.org/10.1007/s11227-023-05834-8
https://doi.org/10.1007/s11227-023-05834-8
https://doi.org/10.1007/s11227-023-05834-8
https://doi.org/10.1007/s11227-023-05834-8
https://doi.org/10.1155/2024/9071328
https://doi.org/10.1016/j.ces.2024.119745
https://doi.org/10.1016/j.ces.2024.119745
https://doi.org/10.1016/j.geoen.2024.213241
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 引言
	2 MobileNetV3-SKNet-Stacked LSTM模型组成模块
	2.1 MobileNetV3
	2.2 SKNet注意力机制
	2.3 堆叠 LSTM

	3 基于MobileNetV3-SKNet-Stacked LSTM模型的故障识别
	4 实验分析
	4.1 实验验证
	4.2 对比实验
	4.3 消融实验

	5 结论
	参考文献

