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Defect Detection for Doypack Encapsulation

Based on Deep Learning

ABSTRACT

Doypacks are cost-effective and widely used, but the production
process is more complex than that of ordinary flat-packed pouches, which
is more likely to produce defects such as wrinkles and unalignment. In
the past, manual visual defect detection is inevitably limited by the
experience and energy of workers, which makes it difficult to adapt to
large-scale and efficient detection, while machine vision methods also
require manual design of feature extraction rules. In order to reduce the
labor cost and realize the defects independent detection, it is of great
significance to study the deep learning-based defect detection method for
doypacks encapsulation. In this paper, we construct classification and
segmentation datasets for the defects such as wrinkles and unalignment of
doypacks encapsulation process, respectively, and study the classification
model of supervised learning and the segmentation model of
unsupervised learning in order to realize the accurate detection of
doypacks defects. The specific research content is as follows:

Firstly, a supervised learning doypack encapsulation defect
classification method for improving MobileNetVV3 networks is explored.
On the basis of constructing the classification dataset of doypack
encapsulation defect detection, the data enhancement methods such as
rotation are used to realize the expansion of the dataset. The structure of
the defect classification network is analyzed and summarized, and based

on this, four kinds of classification networks, such as MobileNet, are
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compared and introduced in detail. The MobileNetVV3 model is optimized
in three aspects: Gaussian error linear unit (GELU), coordinate attention
(CA), and deep convolutional position. The experimental results show
that the improved model achieves the optimum in Accuracy, mRecall,
Params, and model size indexes, which highlights the advancement and
practicability of the improved model for the detection of defects in
doypack bags.

Secondly, an unsupervised doypack encapsulation defect detection
method based on Memory Bank (MB) positive and negative sample
difference features is investigated. The method utilizes the doypack
encapsulation segmentation dataset constructed by EISeg for learning
optimization, and introduces the negative sample synthesis module,
feature storage module, multi-scale feature fusion module, and prediction
module for defect segmentation based on the U-Net network structure to
realize the doypack defects detection without defective sample learning.
The effectiveness of the proposed method for defect segmentation
detection is experimentally verified on the Doypack-Defects dataset,
based on which the generalization of the model is verified on the MV Tec
AD dataset.

Finally, we design a doypack packaging defect detection system.
Briefly explaining the production process of doypack packaging
equipment, the defect detection module and doypack defective sample
rejection module matched with doypack packaging equipment are
proposed to build the architecture of the defect detection system.
According to the workflow of the defect detection software, the human-

machine interface of the software is designed.
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In summary, this article provides important reference value for the
integrated and intelligent development of production and inspection of
doypack packaging equipment, as well as the application of defect
detection in the packaging industry, by studying doypack packaging
defect detection algorithms based on supervised and unsupervised

learning and designing defect detection systems.

Gao Gang (Control Science and Engineering)
Supervised by Wei Lisheng

Key words: Defect of Doypack Encapsulation; MobileNetV3; Positive

and negative sample difference features; U-Net segmentation
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SRR AN GE Az PR, T B A TR B sk fa ks gz B, IRATAE
2 AR, SCHR[401/E R YOLOVS 588 1l H- AU H br 4t -, LA Skip-
GANomaly W28 B AL, $2 tH— M 120 JL s My (R R Fe ke I 5025, STiik[41]
BIE—Fh 5] N GAN F1 MobileNetV3 [FIHIé 5 20575, MBI ERE AL
FRr AR FEAR ) 1] s SRR [42] 45 & P9 A o) 3] — B0 T 28 AR T B 3 & A bR
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FEEGH RIS G R, RE KA U-Net 18 B4 2] FiR A s AR 1 B
%, VIABEATBREEAS I SCRR[43]EIEAE VAE AR\ 23 8] 7E & S 3R BUEREAYSFAE,
MR EBS E R ZEREE, R H G X SR [44]8) F A 1R 25 14
Aot ae i @2 oA 2 RIERHMEM %, MEZ Zo84R, L7225 R0
PG ) B A AR B 70 T E B0 B2 O T SCHR[4B]2E T A 7%, KR 7 WA
WAR g —Fh ) 1 @, 32 B — SR GR I e s NS . SR, BT E AT
V5 R SR g A N 52 R T AR P 42 I 245 SR R R AR SR I RE ), B A0/ S R
I EURAAA & R TR B IEREAR BRI B R 22

HT, TR TR SR BRI s A G e R s U RTE T ) A0 . NF AR
B I A E v AT S KR T A, IR FH A SR AR AL AR MR 0k [ 2% 3R 4T BE
B, W R AL D CS-Flowtel, SNFWAZE, SR Tl il it Hh =25 (1 UK FT REAN 7
G A TS BEALKAS I R A2 A0 5 1 BOMAS AL 4% 7% 31 S A2 A i) 2 A
MR, in STPM A48l STUDDISUSR LSS, {H J& 1% Jy i BE AR A Y
Al RESI L BEME R 2 AL RE J1; OCC AN I 27 > 1R B AUy i B ) 9K s
HF BB REW A E AR EA S SR SR, (HEZFNAFEAEN, SEOGEY
FETRE G 1K 77 TGRSR A . Hoh CutPaste 5284 DL 22 2R 20 38 HZ h Mg
L, I BINIEREA T e W B R BT BB AN T, R BEATLRS I A i
BLADL UG A A R N, 58 Bk A U B33 2 =) P01, MIB AL AR TE A AR R AIE 8
T AR E, 18I T SRR A 5 A4 P B R AR AR 22 57, Rk B EAT
M, 4 PaDIMBY. PatchCorel®l, MemSegPS1&5EA5 RS, HAR M RUR 0 8 AL T B )
B,

Zr BRI, SIS ERE AT I AR LG, I TR A S BRI U AR o T
BNBCTHRFAE R U B ) @, RHEE Y 52 % B SR B A AT 55, AR 12 A0 8 s B
HET B 7 A, BT oo E w3 ia s sh e i, mlioy & i
F, DFEARMTCFEA SFAE T BRI 2 A T 5Bk 2

1.3 FEMRAR

NPT EARAAE R ah R, EN KRS, PRI s O, A&
SOXF B AL AR B AR SR AT M BEAT I TT o DIBA I PRI 7E, R R B A AR 2 4
A DRI T R A R, A KRR e R B o W) SR R E S AR
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SREG R, PRSI ST RIS Al . AN S0 BRI G E AR B R wk B A 7V DL
Rl R G it T W TT, 70 ol AN M B 2 ST AN TC B 2 ST A 3, S o o A U A
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I
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|
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K 1-1 W7 A A HEZR A

%1 E: IR TIRSCHER T R RS b T LA SR A
BRI BB FE IR, D B S AR SR BB A IUATE 7248 B 7 1)

B2 B BT Ml MobileNetV3 WX 45 1 W B 2% 5] H AL 48 R B 4
KA . FE T S8 B S AR AR BRI AL A LA b, 30 g A M AR 1 o
L OR, MBS KRB MR BN E . GELU W% B H LA A
B AIWLHIEE M FEDLAL MobileNetV3 2% 1) Bneck 3 78 H il Edm & kAT ik
TR PRIV Rl LA B S, BeniiE 1 eSO AR Y 1) 40 R AR
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% 3. WERT —MET AL U-Net Z5H00 MB BREERE I 1%, 7F
FIH EISeq B fH 5 B L A4S 525 5> F1 5 P54 Doypack-Defects (1244l I, [ B &
T MB J5i% U-Net WZ8RIBREERTIIZE AL it OREA G it . RRAEAF AR
TR RRAE RE B DA K SR AR H o SR e ar IS 7Y g A7 #5 3, TER— > LAIEFE
ABAAREARGEAT ISR, B TR A BEAT I 3K ) 22 S AR A TG Mo B St o ks 7 9%+
7t Doypack-Defects £ #5 4 AT IHmISLE, 78 AILEHREE MV Tec AD _EiEATX)
LEAZ AL SRS, BoE | BE A U S T SR

84 T WIF T B RIEERGREAIN RS £V RGO BRI
DL DS-180DS %5 H A AS AN NIEAR, WL H LS ER R KR,
BerHERRE RIS . B LR AT AR G BRI DA K R A R G SR s AR
ERFEAT I A TAERAR, 76 PyCharm SEJT KM, FIFH PyQts Y J& T.
H QTDesigner. PyUIC. PyRIC 15 i1 Fefar il #4555 Sk il T

¥ 05 W KA EEB A REATAE DL, EHIE BT
— B TAET )

1.4 KRG

A% B ST [ LA gt e b ke I TR B R BIE T S DA S IS R S AT R i
SRJE MHLES L BE < PRS2 ST PN T TR TR, X [ A A sl g e 00 PR 7F 2 BIER AT 52
ARIFVESEITRUR s B Ja Xt 4 LRI AR HE S AT G U B, ] ZEd 1 &4
BRMEENE, NEERTEMT M.



LA TR R AR A8 3

£ 28 ETEEF INE I RFRBREES XA

N7 PR JEE 5 20 T 04T o SRAar N, M B o ST B A (R 2 A, R HfE B
FHAENE . SR, BB AR, BARI . 5 S S o)
HIME S B R AR UL SR EOR R TIOR o AN BEAE MY EANY Ji& B S AR 37 REIE R I
Beht b, WA ME S P IAR S ML AL, SR Mkt MobileNetV3 (117>
R, PRICHERG R v G R T o (R A AL SR e A A A

2.1 #938 H S 3RF SR ERIEH I 5 KBRS

HI T IR By S Bk R AT Bt e A e B LR /D>, B AR H A B
FERAEATE TR AR A LASREL . BRI, D9 5T M B o ST SRS TN H AL AR da 3 g
B 23 SR RRT AR, AR R A4Sy P20 F-AL 2000 Ji 14 2= Bk R XU Sk, TR
TR RS 888 Tk IHIBRIG RIS, KB IR 2976>2976, HFiKIE A HE
DAL RS
211 B REREIGRES XL

LR M B RIR AT R E . RER BB, AR PR R LA AR
2l B oLAR B B IE RE, JREBC RS N R M7 RS D R
H ARy e sk B R IR, <0 JEAT “M” B3 oSk REA AN 2-
1 . AREOERIIRAR, F-—& RN, SREABAEER, WF
S, BEARRENSCE . A TR B A H A

,‘\§§"'=A

v',
EI

L Aan i
hind‘

(@ “” JEE MO

(b) “Mv %%ﬁm

B 2-1 4% 7 RS “M7 B DA
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LA TR R AR A8 3

W T N CHERARAS e AR B diha, WRME A B DA BRI, B A8 O
e BB g, BE T IRAT “MY RS DR LB SRR IR 2-2 f
AN, FEASE: N EE O RXFE. MY RS DR MRERES. K
XA RN Sk B AL B AR . QR IG R R R A, 71
FLIF S FE AR E AR 515 A L QBRI BT iy, BN AR AL

RETE: OBENEREIIHIZEhE T Rt tR, 5 DHREEsh A LA
@RRAESN R B S, @B RUER ST ERIEAGH, f71E
JE e v v ke 25

“I BE AR

C «M” ﬂyi_,“:l@

[} 4

(d) “M” JEd 0 2 R4

() “M” JEdf LRI 55

K 2-2 HAAE “ JEEOS “M7 JBE DSEEREAR
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2.1.2 B R R RPN E G R 1L

MAATEIRI ) St B B B R b, S R & A R . SGBEATAR LM i (R T AR 1
B, TERGHH 325 KRG ARAC B BUR A B B 4R, FEIRIR 7:2:1 Ll 73 il 28k
BEEMMREE . i, BIREMEBRILEE 7 A0 NWBIERA. B
i MEARXTE. MEIEFEAR. M TERES. M TR EAEAER M JEAR ST N
FE R B FE S 20 SURFAIE 1) [ BT ke P A0 o e PER Gl 8, A 3 0o 540 4 ) PRIMR iR AT 4%
YRR 2 f5IE4R, I 43 0I5 25 280 1E 5 AR be BUG R B LA R Hiod 48 5 0 =X
452270905, . MEFIFE . WARGIATT. TR KPR, SBUEH R
BAEE, LRI 3575 dkIEME, BEUIZEE 2502 k. WiiEgE 715 5Kk, DA
£ 358 5Kk . HAKRS KA EIE SR 2-1 s

2 2-1 EIHI [ A8 B 4 SR SR BRI

S NE Syt eS| JigR/5k  FesbE/sk INZRSE/5K WRIESE/TK MR/

1EH 229 50 385 110 55

P e 81 25 192 55 28
RXF 55 152 70 539 154 77

1EH 55 25 192 55 28

e 114 50 385 110 55

" P EEAE A 90 35 270 77 38
RXF 55 167 70 539 154 77

Mt 888 325 2502 715 358

2.2 ERPEI 5> F MR LTI

s Bl KA, AT B, SCBIRE S 0 IR AR
PR AR E S5 HG  IEA AN 205 AR BB X B B R BRI 24T 0 2% BT
IRIEAPE M ZE B SRR, 1RYE Stem J2. EFHLIRAVZ . 2R EHRH S N=A
#ore [ 2-3 oy FAE ARG I T iR -

o

1]

\

MWAEE —  Stem)Z TR SRR > ORE s HH T

B 2-3 7y AR R AGHIN U5 A I
Stem JZ: XN > IR (1 BB IEAT E IR G AR B ALSE N RFE IR AT 1R
N MRS EUZ , Stem 2B 4 K N B BT HUAC B, DUfEE

11
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87 Ji5 8 AR AR BORR B 25 Ao 8 T 25 AR R ) R AR L

FRHESR U AN F BB D R AR, AR ARG,
M E I SRR S B 2 S R, B SEE A N B R AE SR B . B AR 7
RBR ZE R B N B, BRRPGRTHNT S, BB KRR .

rRE HAERE. BOSRBEEM RN KR, W B AL AR S
Iy RN AESEPRR R R, AT R I BB e i R, R
ANFEIHEIE K%, Ebin ReLu. Softmax. Sigmoid 25; [AF, SNBh B R )i il
4, A PLEEAE IR ZH U8 N dropout |2

AR 23 ALK I 7 = 0BT, ATH EZEXE ResNett™, MobileNet®],
ShuffleNet®1L & EfficientNetlS7 )45 B HELT 3R
2.2.1 ResNet kP57 FE M L& 4544

BT RGP P28 7 I B AR AWHREL, 1 VGG, GooglLeNet 4%,
X2 BORBRIR A TRUBORBOR . 2R, AT ER P I AR ARy, R R4 R AL
ISR T, 38K T R I 0 P8V R AR (O mT ek, 32 i (8 A R i iy 2% 1
k. i H, FERRMAERRIZHEL IIgREa T PE)E, DRk
WIE S SRR RAE AR, P AERZ M RIS . ResNet i@l 5 A& %
R, AR LV R AN R IR A I R, A A AR T DAL A9 IR . SRR,
U 2-4 s

X X X X
v v Y \
3>3 Conv 3>3 Conv 1x1 Conv 11 Conv
Batch norm Batch norm Batch norm Batch norm
RelLU ReLU RelLU RelLU
l l 1x1 Conv ¢ i
A 4
3>3 Conv 3>3 Conv 3>3 Conv 3>3 Conv 1x1 Conv
Batch norm Batch norm Batch norm Batch norm
ReLU RelLU
+ + l l
1x<1 Conv
1x1 Conv
ReLU
_ Batch norm Batch norm
+

De—

(@) WEHELML  (b) WEHRZE L2 OWERELNL () WERZEL 2
Kl 2-4 SRR GG ]

12
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ResNet [ 2% % i i & FE il ik 22 A58 i) 7 s N 4%, 3 WA 18 J2. 34
JZ. 50 2. 101 2L K 152 JZ M8 454, 18 |2 34 ZAUR A K 2-4 HH(a). (b)
FRbR ZEREL, 50 2 & A ERAR R 2-4 Hi(c). (d)FTnpk i, Bk fhith
FIH BB IEB) BAR, BRZRMERIMERZEM, AR FEAE 250,
B AR 25 IR AK 7]

2.2.2 MobileNet EFE 5> 248 L5 44

MobileNet £y —FhEE L WIEIRMPL ML, & £ AR sh AN A5 R H
AL E B, T MobileNetV2 1 MobileNetV3 43 JI7E MobileNet % &1t
AR SRR EARA R SR, DR TSR R A P A Rl

1) VRE ] 43 5558 (Depthwise Separable Convolution, DSConv)

15 58 5 AR B B AL 08 2S5 5 N RR A B B[R], H AR AR AR
PRI E 5B PAZ AN B S . TR 458 (Depthwise Convolution, DWConv) ()45
PMIZEEIRZN 1, HARUE N RHIEAE R 8 25 & U2 A EON 6 B 5t 48 P
THIEH—%. DSConv HH DWConv F1iZ 544 (Pointwise Convolution, PWConv)
ZHRPR, PWConv 45 [A] Tl 1x1 B8, W&l 2-5 firs. DWConv X &AM A
I8 AR S RS OB TE R R, SR )5 R 19 21 1) & 18 B Rk is FZ SER,
AR B RZ AR ], SN 38 E R

3 channel Input ) Maps %3 Maps x4
Filters >3 Filters x4

| ~f @@
- (P

%Depthwise convolution I Pointwise Convolutionﬁ

K 2-5 RE R BERURE
g EERIM L, DSConv fETH5 &7 B HAL S o BBk B =
%%, W DSConv i+ & 5hr#EERIHEEZ LLin N hos.

D, xDy xM xD. xDg +M xN x D, x D, _i+i
Dy xDy xM xN x D, x D¢ N Df

(2.1)

Hrr, K. Falfon BRI MAHER, N ABHEZANE, M vEELERE, D
R BP BRI @AM, BARIMNE, Dy, De il &Gk, FHik K

13
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HIs A58, Dp x Dp xM RIRHIAKRFAE RS KA, D x Dy xM xN Rx M A1l
BT NN ERZRTH R E.

ik DSConv HIBRZ KN A3=3, MBS, HitFEEL EE
BRI 19, DAL T 43 B B A AT BAK K32 ey SR U SR AN HE B ) T

2) {85k % 454 (Inverted Residuals)

{5k 72 45 K R AZ 0 B AE R XA R Bk 2 BEAT AR B, DI N AR Y 48 B 1 22
Ko fLGIRES W RS GREERTIYE, &a 5 EMMAS AT
(B3R 22 G My e it by BAR AT IBIE Y 1, 45 DSConv #HATAFAESREL, Jf
VI ABRARHE S, RN 5] NFEZRIEAR e, &5 SR MMM S AT
PR 22 41 X 9] AN P 2-6 Pz

(a) BBk (b) fe15% 2 e
K] 2-6 B2 B 5 5% 25 Bk

k=S B A E 2 A O FDRSIREE AT 7 B4 AE, fEmb i HE )
[P R VR SRR @51 N ReLU6 JELR VIS s %, (FRAUAE MRS FE TH
I B AR AT S E: O 3x3hnitk & BA BT I 852 B ARFAE S U RE
@R ZA BT IR FE M 2R IEAS B AR08, SR ARAH PR % i L 1y [ B A ) - S 2
ZAYERERI ST

3) SE(Squeeze and Excitation)y¥: & /J

MobileNetV3 ({85 Z & /E DWConv Al PWConv 2 [A]f N SE 7 /)
PRER8], SE i 4 TAE R E N 2-7 Fiiows

B, R AR TS5 R 4R BE A R AR, R LR e A R R
£, AR NRHE PN EE R 2 RE R ARG, i 2 NAERE S 4
JR R AT ISR R N B A FE AN R AR TE R, 51N H-sigmoid 0E B H0HEATIH—
o, BEMGAEEMAE, &5, IEERES MR BT R AR, 19
B IR =T REE

14
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FC1, ReLU FC1, h-sigmoid

K 2-7 SE & S
2.2.3 ShuffleNet SRFAa 5 ZE ML 4544

2017 % 7 A 4 HEAi ShuffleNet & —fh FH T BUE 0 R IEFRP L N 4%,

— Fd o AT, B TR S 4= Y. ML MobileNet,
ShuffleNet 7t ImageNet #li4E FHUAS 7 HAOCHITERE, 7EFRAKTHE R A2 EE A4 7
or U BE ) (RIS, ASEASY ) v M AR LU T . B R BB AR W 2 15 A
1x1 G R AE R E W TEE A, 1 ShuffleNet W 2% Fi| F 3 5 73 2H 4 A
(Pointwise Group Convolution, PGConv) Xt 2% A7 7E 1 1x 1 IS AT 0 4. 1k
4k, ShuffleNet /X 45K FH il iE R It (Channel Shuffle, CS) 5 2% &A@ & (115 B3k
ITRbE, RSB ARHE RIS RE ), MRG0 T BUW A R TE (5 26 55
. ik 2 Rl E‘JJ‘?E!ID Kl 2-8 iR .

g— Channels Channels—— «——— Channels———

Channel:
GConv2 !

K] 2-8 432135 A0 M E TR S
2 A AR, TR B (S B AR AEAR AN, 0 A H AR AE L AT BR i)
MM Hik, sIN@EEL R EAEE S HEIEE, BRSHFFIEARSS
R ) 0 A, R K DR TR T B P[] R A 4R A A A 2
2018 4F, HudkhA ShuffleNetv2 42, £ ShuffleNet [1)2&A 5] N @ iE
G BRZ RS M Bt B0, i — PR SR . SR TR e 2

15
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2.2.4 EfficientNet &2 LM LZ L5+

EfficientNet X #2224 B2 R 4 J& 77 vk #E 47 70, Al A NAS(Neural
Architecture Search) P 2% 48 5 J7 V26 R Y A N R 23 HR L X458 5% B R B8 55 ) A
RSHAT AR E P,

B 50 FE 938, A B TR SR B Oy 52 A% (3 SCRPAE (B s 7Y
L, MEUSHRZRAEAT Y ) BRNRE Y R, A THEREEH AN
255 5], ARG IR BN R S RUANIG n 1k R, T LS SO AN SR FE IOk,
ML SN ER o R 3G K, BRI BY B (L TE N 4 SO R R AT 52 2
HIE I ez 7R RL ISR R, PRI I 2 o DRI, P B N BB o 7 5
MRS G5 BE RV B OSB3, EfficientNet 2% 458 Ll MBConv #E A Stage &t
Bk, M2 MobileNetV2 F1 MobileNetV3 rf {35k 2= i AR 5 &, MRk
B AR R B, RG] 2-9 Pk

BN BN
i .| Conv | Swish | DWConv | Swish conv | BN

-{ > 15, s1 ¥k, s1/s2 SE =1 15q, 51 [ ] Droupout '? '.I

Bl 2-9 MBConv £ i 7R &

BMConv #EHUG B 7R ZEREHGIEAT T ot —J7 T, KA Swish WO iR E0S
BB 40 ReLU WoE R, EHERZ EEUS SRR S—J7, 51 SEE
N, BMConv R H 1x1 5 AR 4 NRFAELE BEEAT 93, & I 5 30k T
GBI SIS G En =10, AT 11 BIRZ B,
DL/ AR5 & . BMConv FRI Shorteut 4, AN AR5 N5 AE 40 B 55 36 HA Ry
TUEHE o 24 P A5 2. — S5O A A7 A

EfficientNet X4 A BRI 73 HF 3 . BORIGRE AN 98 T =N E 2 EAT 55 46T,
Haiior X r .

N=0 R(X,

i=L-s

(2.2)

H; W, ,C;) )

Horpr, N RORDPFEEM, o FoRER; X FRHE i Stage KU NFFHERLE; F
N BMConv iz 58 4F;  LAMESIRESE, RKonFAESi> Stage P E R KA
C, oM S, T NRHERRE B IE S (H, W, C,) IMZ I 43 P2
SR, FoRFNFREAERE, M0 H, . W OARRAEAE R = RS

16
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2.3 i MobileNetV3 B B 37 &5 5186 5 3648

TRAE S BT Y, 3BT MobileNetV3 4454 &%, Stem ERH—A
K/NA3x3, DEER 2 BIbRHEGTUZ, BHTRMETEREG ik, ERHMERIUZ
KHI4E4 DSConv 817k 22 FILR PR SE A4, ¥ IMARIEImIE, 401k EUSHRAE,
Bt R SRR, PATR IR AR R B . SRR, AR Bk 2 4G
P RN SE BB, G RIAEBURE I, SR ARRIERAERE /s B S, FIA
7x 7ML FI 1< 1 BRI 4> K28 . b4, MobileNetV3 ff ] ReLU6 i &
HAINAELERFEIR, SRAFR AT Swish #0% s%, B2 EREHAREE.

Conv2d, 3>3
BN
H-swish

| - |

Adaptive | | H-swish :
AvgPool2d \»:

| - |

Linear | |

1 (Linear )

|

|

[

Coropan)
Conv2d, -
HiEBneck 33
ZER1 BN -
k— stemz=— AU —k— sp —)

2-10 533 MobileNetV3 P45 7~ & 14

MobileNetV/3 ¥ £ 3 15 84 1178 7% 739 MobileNetV3-Large A1 MobileNetV3-
Small PP A48, {4 B 37 484 R e S A U AT 55K I8 ) v SE B ME R SR, AR
S R T R B B A 2 P 45 25 ) MobileNetV3-Small 1 3 B, I W
28 GE R RN 28 B0 T SRS 7 T EEAT 2k, 51N CAVER B ¥ SE = /110, et
WIS BT AR A BAE R, MR %% Bneck 45H4. DS i 45 45 44
2-10 Fi7R, 4G Stem 2. ERHESRIURHAN 528 R A W 25 4580 53 g = AN
g, R FARERBURIE it Bneck S5 3 AR, 43RGt Bneck &5
4 1. o3t Bneck £544 2 FIkidt Bneck 2544 3, 7EAEAIF A AIEE 1R, 2 kKM
8 k. 45Ky 1. 25t 3 MIZhH 2 X AIAE T 454 2 RfbE CATERIHLH]; 2t
1. 45t 2 FNZ5HE 3 X HIAE T-4544 3 38— 2BV H-swish JEZR M H0E 4,
st 1 5454 2 R ReLU #uf. BhAh, ABEGBAIT A . ARz
RE71, 7rKIEHEIN Dropout /2. BUHBIAM & EMANLERE . BRRERE. T B
MG, HHEE. RERATEE . ERMEEERA . AU KSRk 2-2

17
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Fr7R o
% 2-2 Y3t MobileNetV3 WX 2% 5% 2 45 H 40 i

Input Operator exp size out CA NL S
22423 conv2d, 3>3 - 16 - HS 2
1122x16 Bneckl, 3>3 16 16 V GL 2
56216 Bneck2, 3>3 72 24 - GL 2
282504 Bneck2, 3>3 88 24 - GL 1
282524 Bneck3, 56 96 40 V GL 2
142>40 Bneck3, 56 240 40 \ GL 1
142>40 Bneck3, 56 240 40 \ GL 1
142>40 Bneck3, 56 120 48 \ GL 1
142548 Bneck3, 5>6 144 48 V GL 1
142>48 Bneck3, 56 288 96 V GL 2

7296 Bneck3, 555 576 96 V GL 1

7296 Bneck3, 5>6 576 96 V GL 1

7296 conv2d, 1<1 - 576 V HS 1
725576 pool, 77 - - 1
125576 conv2d, 1<1, NBN - 1024 - HS 1
12x1024  conv2d, 1x1, NBN - k 1

TE: NL BRIELRPEEE, HS £~ H-swish 0%, GL F/x GELU 0l

2.3.1 GELU BUER %

MobileNetV3 /%% Fi] ReLU il H-swish % B3 &, — R ARG N
L, (AR B E T RN O E R RO RINBE ). SR, ReLU 7 BrZk
PO R BT A, FEJR b AR AT T, fE— e R E R A M R 5
1M H ReLU 1EJy#E ARGtk ph B, AE BT 5 i 75 22 D0 BE AL 1 D0 DAY s
BZAGEE JT o T H-swish BUE A AR LR AT 55, X B AR KRS =) Rk
AR, FRE FEIERIMEERIE R . NS IR P MEOE 7 U BREG, AT
I B I AR 2 R e, L AE B R S R T 2R Y e BT R 22 2R BT
(Gaussian error linear unit, GELU)Y, {RIFHANEE, R UM ANKIME S &E
VRN BERENL IR 05 R 2, JoTRASME N IR0, RIAT 42 fig i AL I 2k
A ), R AL I 20 R . GELU Rk T xUan T -

GELU(X) =x*P(X <X) =x*D(X) (2.3)
18
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Hrr, O(x) R x mil EA A AR R
O(x) 54 R EEQ(x) AKX RZu=(2.4) r:
d(x) = P(X <X) = % [ e 2 dx=1- Q(X) (2.4)
WiRZ RN erf (x), T

erf (x) =1- 2Q(v/2x) = % joxe’xzdx (2.5)
T

BRI, D (x) AT ML TR

D(x) = %{u erf (g)}

B, GELU(X) AT BLE RS -
GELU(x) :%x{lﬂanh {\/z(x+0.044715x3)}} (2.7)
Vs

GELU(X) = xo(L.702)
HAr, o()#F Sigmoid BEEL.

(2.6)

(2.8)

GELU Activation Function

) 0 6
Input

A 2-11 GELU ¥4 ok Hth 2k
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GELU(X) M3 & Z i 28 i 1 2-11 o, M% A 1H x>0 H 8 K,
GELU(x) 5 ReLU 0 R AL, Fi gt A ME 7 x <0 HEUN,
GELU(X) firth BN 0; M AME x#EET 0 B, GELU(x) B REgt:, &
B R AT

GELU ¥ i% B 5 ReLU. H-swish 3% & 2t — H 1/ H T e 1
MobileNetV3 7%, Hrh RelLU 5 H-swish 5 GELU ¥ R A4 B — FfE T3
FRAESEEGH 4> Bneck 4544, 1 H-swish S B AUEMEH T Stem E 50K 2.
2.3.2 CAZENHH

MobileNetV3 45 ffi ] SE y & /iM% Bneck 4 FIRFAES& BUE A E FEATRFAE
AhEr, AR SE JE & AU B E S SAE, B[S EREARL, ML
H—IRE A AL E G R G . A, ARYER CA RN B i SE R,
PRI BRS¢ (B RFAE R DG FE, RAK 43 ARG IAS FE AN A R

CA VER FIHLHI MK FIBE B AN 7 [ o S NRFAEIEAT 42 Rt Ak, 5 B F 48
RUXTRFAEAT A G (1) 42 Sy AT BN, SE AP M $2 4l 15 RHIE . CATE R JIHLHIFE 3R AL
o B A5 SR A [R] B #1058 P05 S rgse e, ) 0 07 B A5 BN R B 2 )
FAN I ) 08 R AR MEEAT g i, A Bh T s Bk A7 B AR AR A B A FR L

CAEE VLG & 2-12 pios.
l Input

Residual Hx<Wx=C

Hx1xC | X Avg Pool | | Y Avg Pool | 1xWxC
v v
Concat+Conv2d (W+H)>1xC//Ir
v
BatchNorm+Non-linear (W+H)>1xCl/Ir
v split |}
Hx1=C | = Convad Conv2d 1xXWxC
Y Y
Hx1xC | Sigmoid Sigmoid 1xWxC
—  Re-weight HxWxC
l Output

K 2-12 CA V= JIHLI 5 R B
20
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CA EE B Nt sk RN — 2. B, Rl Rr i & KT
X ANEEEY PIANTT AP, £ X 7 R T A R Ak B AR AT SR, B
AT TR EMESRBUKT I iR A, wilE 2-13 ) s £y TR
A S NRFAERESSREIE, PRI SR I By [AE A &
ke 2-13 (D) o

3
0
z
1
6
X(W) CxWx1 X(W) Cx1xH
(a) CAZKF-J7 itk (b) CAR:E J7 I Ak,

2-13 CA JEE IHLHIK T 5 B b os 5
X Ay J7 AL R, maAi(2.9), (2.10)Frs:

2= ¥ x(h) (2.9)

0<i<w

2/ == ¥ x(j.w (2.10)

0<i<H

Her, zX(h)v z) (w) RREHAAE 7 m A A BURRE: W H 200 580R
RRAEE R v FE AN L, B X MY TR AN G h RORRHIEE AT &L,
FORFHEESRE AT RE, wRINRHMERIESIEE, | RN FHERE S, ¢ Nk
MRS, X ONBNRRIE,  x, o A 538 50 1R

2 X MY J7m) EREEAL, AR/ Hx1xC v 1xW xC RS [RRHIE
R, B IxW xCHE IS5 HxIxCHATHHE, 8T 1<1 BARIBEE B AFE 0 8
EHEAT r A5 R0 (r NEER RS W 16), (.11 s,

f =8(R([Z2*,Z2']) (2.11)

Hr, fAZIHE. PHEMERBUE S IE RN, KRS A
(H+W)x1xCllr; 2% Z" 3 IR FTE IR 8 Bl A3 R e 17
B FRRGRYEEEGEERAE; 6 RaRfiRIT—4 A H-swish #is1E .

RJE, EETYERE E, split 3R RHEREFE 78 H x1xC/r M1xW xC /1
MRHEREA, FIH 1<V EREAT r 5 4E, BRI Sigmoid H#uE s R B &
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JIRLE ]
9% =a(F (7)) (2.12)
9" =a(R (")) (2.13)
Hop, %0 "R x 5y Hm osplit #1E, F . R BRGRIAYE, oF£R
Sigmoid FIHEREL, ¢ v " AR X 5Y i AERIAE R E.
W, fEx 5y J7RBCE R E R CA R A5
Yo (i, ) =%(, )= 9. ()= g; (J) (2.14)
He, gX@)~ ol () maFmdEe st X 5y FREZRINERE, X3, ))&
JNIETE ¢ FURFIE, Y, (i, J) FoniEiE ¢ B CAER I .
2.3.3 B4 Bneck £5#4
MobileNetV3 45 [¥] Bneck H# 4 7 DSConv. RT3 7% 22 45 # Fl 2 i
% SE R 1ML, ARAEH DSConv K/ 3x3 ik J& 55 A5 A 5 Helfi ek 4k
& ReLU i&/& H-swish, &7 SE i3 1R Z, K Bneck 45#%14H 3 F
KM, i 2-14 Pios.

A 4 \ 4
1x1 Conv 1x<1 Conv
Batch norm v Batch norm
ReLU 1>1 Conv H-swish
l Batch norm l
RelL.U
3>3 DWConv 5>5 DWConv
Batch norm l Batch norm
ReLU 3>3 DWConv H-swish
Batch norm
ReLU
A\ 4
1x1 Conv 1x<1 Conv 1x1 Conv
Batch norm Batch norm Batch norm
Identity Idegity Identity
(a) Bneck45#1 (b) Bneck &5 42 (c) Bneck45#3

Kl 2-14 J5U4f Bneck BR i) 3 Fhh iy
JFEURH) Bneck S F M IE 1< 1L B AR g NRFAEREAT TH4E, e RelLU BY
H-swish ¥R %G S8 /5K DWConv BHTHHESEEL, FIEER ReLU 5 H-
swish JE R AL, JFIEFER T RA] SE VERAINIG]: &5, M 1x1 BAIAHFIE

22



g I N 4 T R VAT

BEATRRAE, S NRHIEREAT B 1E A Bneck HRIKIHH -

ek Bneck 454, 2% Swin Transfermer 7621 5 ConvNeXt [ £4631()
Rk, B E1x<1ER 55 2 DWConv £ & i, 1 DWConv X} #i A\
FREREAT T4, P <L BARGEATRAESE— P42 B, IFAESE — 2B G H
AR B BOE B E,  BY RelU BR H-swish. g3 6 /9 2% 1| 250 R0 2 VY 26 AR
FERRIE, HEE1 BB 55— RAH GELU BuSm%: HIK, EHLEMHH
CA R JINFHAEE AT A BAE Rl E: o, 1< SR RHE B AT B4,
T E5RANRHEHATSMIES Bneck BL4it . 2K Bneck £t 5 546G Bneck
SERI 3 FHE L 7 3 —— X B, anf 2-15 s

A\ 4 v
3>3 DWConv 5>5 DWConv
Batch norm v Batch norm
ReLU 3>3 DWConv H-swish
l Batch norm l
1xL Conv ReLU 1xL Conv
Batch norm l Batch norm
GELU Lol G0y GELU
Batch norm
=
v
1x1 Conv 1x1 Conv 1x1 Conv
Batch norm Batch norm Batch norm
Identity Identity Identity
(a) Bneck4 41 (b) BneckZ#2 (c) Bneck 45443

B 2-15 243t Bneck B 3 Fhasfon = Bl
DY) Bneck S5 K78 [ SL A R R B 43 SR IS A v (1) 28 5 77 UL I (2-10)
O RBILEA 114 Bneck 3, — [FIAA 43 A (1) ERFAESRIUBEER, #5k /5
WG 53 58— Bneck 544 1. 4> Bneck 4544 2. J\/)> Bneck 4514 3.

2.4 SLISEER R

AR BGER] MobileNetV3 #8Y, BEATSRIGRAES 08T, L0 =17
O 41 H AR B AR 70 0 R B VR Fa s @M ki Bneck £5F AT 51N

CAER W J7 AT I S8, BIF 78 CACb R R AS DA FE AR A K - s it
23
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R 5 55 20 Lo R R AT S0 L, R SO AR B [ ST A A R 4 2R )
R BOR 2 15 BA U8R .

S8 K FH RSB B9 AMD Ryzen 7 5800H (3.20 GHz) 16GB Ab¥ 2%,
NVIDIA GeForce RTX 3070 8GB &.; #fE &%ty Windows 10, #ff-F& N
PyCharm ; {# JH ¥ & %% >] KE 22y Pytorch1.10.0, Python i A&~/ 3.8, 7
CUDA11.3 #11 cuDNN8.21 EHEAT Il Zk. SEISH W E . batch size Jy 16;
%k epochs v 500; fitikgs N Adam; IIZRA SR R BT 20K 454 5600%,
WEYIMHF 1% 0.001, /N >J% 0.00001, FEHALE 0.0005.

2.4.1 VRN HERR

BT B 5 ST B L AR B B A R IR, S R IEREA . R
WA BT MOBIEREA. M OBRESE M E™ SR M AR,
$ 7 Fpop3Sol. RTINS, e SRR I A . DRI,
RSPz R L 4 FRES DN S5 R . EBH M (True Positive, TP). & FH % (False
Positive, FP). &£ (False Negative, FN). E[H1E(True Negative, TN). H_Lik 4
RSl 225 5 AT CAZH SORIE HE I, a3k 2-3 o

* 2-3 RGP MR B3R

HYE
TRIEFERE
Positive Negative
Positive TP FP
TRIAE
Negative FN TN

RPEE 2-3 tFff) TP. FP. FN. TN A DAiH50 PR 0 2RA 2L ) A ) 1 e 4R
bro Sfabnit AU

Precision= (2.15)
TP+FP
Recall=— " (2.16)
TP+FN
F, = 2x Prec_ls_lonx Recall (2.17)
Precision+ Recall
+
Accuracy = TP+TN (2.18)
TP+FP+TN+FN
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Forr,  Precision AETZ, R FIMMEMESLEYI N Positive MIFEAMS T h
TRIME S Positive MIFEAEZ b; Recall N4 [FIZ, SRR T0INE A I SE
Positive [IFEAE 5T H HS2{E N Positive [IFEARLZ by F, Rk a1 A [a]
I8 Accuracy NHERGR, FoR TN LA I REAR S BT A REARLZ L

Bb Ak, AW 2 ) °F 24 8 B % (mean Precision, mPre). T+ 44 [A] 2 (mean
Recall, mRe)tH & E Jy iy S A kG MRS B2 fO kb 7edE bR . S 80E (Params) &7 M 4%
BAE S HEEE, W WP S B ) S B RN R ORI
ZHRIR KA, AT R A A R/, By MB Bl GB.
2.4.2 HRRSELE

NERFT Bneck 45k DWConv fiE. 2 —ZE8 GELU BuG ikt LK
CA JER /1 ¥ #e SE VER /1% MobileNetV3 [ 3745 H] 255 Bk i 0 AR AL o, A
Tkt PR R AR AL M BRI = AR R AT 4 ZVHRLSLEE, 43 5Jv: ODWConv fif
T Bneck B8 “JREM . R BHE KA ReLU B H-swish. 25 R G518
F SE = JIMLHI; @DWConv 1+ Bneck B 2B, H - EHRE R
ReLU =¥ H-swish. %8 —JZ2&FUG M CA & Il#H; @DWConv {i7T Bneck
PEBE—EH B EERUE KM ReLU B( H-swish, 2 —Z &R/ CA
HJILE; @DWConv £ Bneck $E5— 2. 5 2 HEERAH GELU
TR T RERUSH CAER ML

P H SLAR BRI 7 A 4L b, AT EIRIERESEES,  JRARYE &S H ]
RIEE R HRE R, SRWE 2-16 fion. WEHRETLEH, MHETFLR 1,
SEIG 24 SEEG 3 EMAME “NBRXSTET 2K A RIERRER, SKBIX “M B
EH” 2K, “MIBIEE” KA BRI BTS2k 2 MIsER: 3, SEi 4
e “IZIEE” KA HE EIE, ST CIIBARR TR H IR RME . PSR
1 S5 R09FRUE, SE0G 4 FERRAESE /N “ R AR TR 2R B [ R SR T
Brscu 2, SEN 3 BAFHbR TR HAR R H Bl E . SEE R Y], Bneck 4y
DWConv AL —REM . HAESE 2B KA GELU BHuf i At CA
R INUHBATRAE RS, 7T ARG L A8 SR sh Il 7 /NS00 4 a8 5 vy
SE TR AR, AT S A R % 2R R AR

MR VRVE RIS, 25 i) R S 30 I 2R R &S T S v e At th 26,

2-17@@)ffrn. FWTLAEH, SEi 2. SEie 3 S 4, MECTSRE 1 MRS
25



£ SRR TR VAT
MobileNetV3 7y, REMS 5 iR s, HURSHEmF Eim, RWE=

TSI B A 7R At ) A R

Confusion matrix

Confusion matrix

Mweiduiqi 0.0 0.321 0.0 0.0 00 00 Mweiduigi 0.0 0.107 0.0 00 00 00
MYzhzhezhou 1 0.0 0.0 0.055 0.0 0.0 0.0 MyYzhzhezhou 1 0.0 0.0 0.0 0.0 0.0 0.0
FUJ’ MZheng 4 0.0 0.0 0.0 0.0 00 00 Fu;’ MZheng { 0.0 0.0 0.0 00 00 0.0
= o
3 it
B MZhezhou 1 0.0 2 MZhezhou { 0.0 0.0 0.036 0.0 00 00
z z
[*] (¥}
o k=l
£ Tweiduigi | 0.0 £ Tweiduigi{ 0.0 00 00 0.0
TZheng 1 0.0 TZheng{ 0.0 0.0 0.036 0.377 BELE] 0.0
TZhezhou 4 0.0 TZhezhou{ 0.0 0.0 0.0 0.0 0.0130.091
T T T T . . T T
& S > O s & O >
§ S £é& £ 5
& F £ &N ¢
= & 5 o s
§ £ 8 § < &
True Labels True Labels
Y E S IA S E S A
() Y RhsLE1 (b) VH Fhs 552
Confusion matrix Confusion matrix
Mweiduiqi 0.0 003 00 00 00 00 Mweiduigi 00 00 00 00 00 00
Myzhzhezhou 4 0.0 0.0 0036 00 00 00 Myzhzhezhou { 0.0 0.0 0.018 00 00 0.0
3 MZheng{ 0.0 0.0 00 00 00 00 T MZheng | 0.0 0.0 00 00 00 00
o =
3 3
T MZhezhou { 0.0 0.0 0.0 pELEY 0.0 00 00 b MZhezhou { 0.0 0.0 0.071 (k¥R 0.0 0.036 0.0
z z
[®]
2 5
g Tweiduigi { 0.0 0.0 00 00 0455 00 0.0 é Tweiduigi{ 0.0 0.0 0.0 0.0
TZheng { 0.0 0.0 0.036 0.0 PECENREEF 0.0 TZheng 4 0.0 0.0 0.0 0.0
TZhezhouq 0.0 00 0.0 0.0 0.0 0018 TZhezhou{ 0.0 00 00 0.0 00 0.182
T T T T T T T T T T T T T T
& @ O > & & > & PR ) >y & O >
F & & F &L §F £ &5 & F &
g Iy &y & g £ &N &
& 5 o v & ol v v
§ 2 & F & § & & £ &
True Labels True Labels

BT

() 3 () e
FE] 2-16 S IR A

SR, BT AL TH B SE 50 R AR vE R 2 2, A ENIEUREGILE,

Mo S 5% 2. SEES 3 5SREe 4 MR AR, Ak, AATRH

=
5o

Savitzky-Golay €% & X 4 A\ AE T 22 504 AT 1 ig A B, BARERIE N A
scipy FEH I “savgol_filter (x, window_length, polyorder)” &%, Hrb x £k

N
ESZN

TES

AL R A . window_length RORIEH T MG, SZERHEL 14; polyorder
WA Z N E, L 1,
ZESF- TR AR BV R S B AE A 2R M 2R an P 2-17() AT . AT Af SR AL SICEE A
WSIEE MR, 5000 2. SEEG 3. SO 4 SZI6 45 I T R 4 AL i sk
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o6 1, MIVHARSLEG 4 YARTSEE 3 AISEL 2,

0.9

0.81

e
9

Accuracy

<
n

e
I~

0.31

0.2

0.91

0.81

Accuracy
e e
o 9

<
n

0.4

0.31

o
o)

L y ¥y ,"-n I e"w. V2
i, [ \-Tl M‘ A
. by

iy \Mf MJ‘ R *\~

& m\
R. rt‘
W

-------- Experiment 1
_______ Experiment 2
-------- Experiment 3

—— Experiment 4

100 200 300 400 500
epoch
(8) V4 Rl S8 )1 2K L UA 45

~
092 TN V"\fv",/\ o
. - . PRt ‘," ‘\‘_/ N
2 . . -
E J N T
2 0.91
0.90
400 430 440 460 480 500
epoch

-------- Experiment 1
------- Experiment 2
-------------- Experiment 3

—— Experiment 4

100 200 300 400 500
epoch
(b) JH B SIS SRk T 45 1
K] 2-17 ¥ RS2 a6 1 2 AR 2 th 2
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At — DR =Rt Bneck SEARIMESS, X H LA F) 2 BRI 4 AR
1) Bneck 5493047 4 A yH SR, 25BNk 2-4 Fiow.

#* 2-4 DWConv /7 & . GELU J#i%pRi% 5 CA = JiiHmh st g5

W1 WE2 Wi 3 W4

\ F—Z \ N
DWConv 17 & "
B v v
B R GELU v
L SERE ReLU/H-swish V V \/
- CA v v v
R SIHLH
SE \
Acc/% 88.83 88.83  87.15  90.22
mPre/% 89.21 91.33 9263  90.53
PR FE bR mRe/% 88.47 90.58  90.67  91.89
Params/M 153 1.16 1.11 1.11

K/ NMB 5.82 4.42 4.23 4.23

M 2-4 ATUEH, H—EEFN DWConv., £ ZEMZEF XM GELU
PG RECR 5] N CAJER ST TRHERL G, 2T Acc. mRe. Params. 571
KANFEAR EEUS AR, fEEUE Byl ®] 90.22, 91.89. 1.11 F1 4.23, FKHH
RISRES 4 AOEHG /> R e, M H B SHCE oMb, R
JERCRREE R B S AR/, fE— B EREN TR, FRIT#
BT MBI . BEARSEY 4 78 mPre f8br LRsEe 3 w22, (HMAHE R
MobileNetV3 3 F 1.32%32 7.

2.4.3 XfEE SR

Nk — 3B IR T WAL B R AR o (5 ST A8 ) R R o AR I RO R S, K
oA 5 ResNet18. ShuffleNetV2-x1. MobileNetV2. EfficientNetV2-s %54y
KB FEAT SLIR T L, SEIR s Rk 2-5 i

H# 2-5 AT, ot MobileNetV3 HEBYTE [ 37 4848 2% il B A ) A -t £ 47
PRI AE, RERSAERI SRR AR /N il R FFE 1.10M #1 4.23MB 1K
KT, LI ANR Acc. mPre. mRe. F1 PEREFEFRAIERAL. KIEH
SEAS TSR A 2 FAT S5, SR MobileNetV3 A5 FR 5T HAth £ g ps 7Y
HASREEM. WS EE R, BRE. B MERR.
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% 2-5 P33t MobileNet\V/3 5B (1)) bb S 45 5

it Acc/%  mPre/%  mRe/% F1/%  Params/M K/NMB
ResNet18 84.36 86.54 88.13 87.32 11.18 42.65
ShuffleNetV2-x1 85.20 88.02 89.2 88.61 2.28 8.69
MobileNetV2 86.87 89.20 90.44 89.82 2.23 8.52
EfficientNetV2-s 81.84 84.63 83.56 84.09 21.46 81.86
MobileNetV3 88.27 89.92 90.24 90.08 1.53 5.82
KETTIE 90.22 90.53 91.89 91.20 1.11 4.23

it — N L2 U R SR AU 7 AN B SRR R R A S R 28R
3 ) 2 ) 4% 22 BB R RS S0 4 P R IR A R R, 1A 2-18 .

Confusion matrix Confusion matrix

Mweiduiqi 0.0 0.0 0.0 0.0 0.0 0.0 Mweiduigi 0.0 0.0 0.0 0.0 0.0 0.0
Myzhzhezhou 4 0.0 0.0 0.0 0.0 0.0 0.0 Myzhzhezhou 4 0.0 0.0 0.0 0.0 0.0 0.0
5 Mzheng { 0.0 0.0 00 00 00 00| g MZheng 4 0.0 0.0 00 00 00 00
=) =2
3 3
2 MZhezhou 4 0.0 0.0 0.0 0.0 0.0 0.0 B2 MZhezhou 4 0.0 0.0 0.0 0.0 0.0 0.0
& o
(%) [}
o k=]
g Tweiduigi 4 0.0 0.0 0.0 0.0 g Tweiduigi4 0.0 0.0 0.0 0.0 0481 0.0 0.0
Tzheng4 0.0 0.0 0.0 0.0 0.325 0.0 TZheng+ 0.0 0.0 0.0 0.0 0.195
TZhezhou { 0.0 0.0 0.0 0.0 0.143 0.364 TZhezhou4 0.0 0.0 0.0 0.0 0.325 0.236
T T T T T T T T T T T T T T
$ & 5 &g $§ & 5 e f
g IS IS E g F& L
S & & & & I i ~
< g‘ @’ ‘? & < $§ 4'3’ é i\
True Labels True Labels
(a) Resnet18 JEIE A fE (b) ShuffleNet\V/2-x1JEIE %0 [
Confusion matrix Confusion matrix
Mweiduiqi 0.0 0.0 0.0 0.0 0.0 0.0 Mweiduigi 0.0 0.286 0.0 0.0 0.0 0.0
Myzhzhezhou 4 0.0 0.0 0.0 0.0 0.0 0.0 Myzhzhezhou 4 0.0 0.0 0.0 0.0 0.0 0.0
3 Mzheng { 0.0 0.0 00 00 00 00| g MZheng 4 0.0 0.0 00 00 00 00
= =
3 3
2 MZhezhou { 0.0 0.0 0.0 EN 0.0 00 0.0 B2 MZhezhou 1 0.0 0.0 0.0 0.0 0.0 0.0
Z o
() [%]
=] 3
§ Tweiduigi 4 0.0 0.0 0.0 0.0 0494 0.0 0.0 g Tweiduigi4 0.0 0.0 0.0 0.0 0.0 0.0
Tzheng4 0.0 0.0 0.036 0.0 '0.39 DEFER 0.0 TZheng+ 0.0 0.0 0.0 0.0 0.403 0.0
TZhezhou { 0.0 0.0 0.0 0.0 0.117 0.127 TZhezhou 4 0.0 0.0 0.0 0.0 0.026 0.436
T T T T T T T T T T T T T T
. ~ . ~
361 .‘:9:.» §0; .cg.‘x -0-30. ég. Qc-‘:r $3, dgb §o; -¢§ t;so. z‘:g {@:r
F §8& & &5 ¢ g & &g &
& 5 I g 5 %
&8 & g & & & & & &
True Labels True Labels

(c) MobileNetV2 iR &5 4% (d) EfficientNet\V2-syi %0 f
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Mweiduiqi

Myzhzhezhou

Predicted Labels

TZheng -

TZhezhou

MZheng -

MZhezhou

Tweiduiqgi -

Confusion matrix

MWeiduiqi

MYzhzhezhou

Predicted Labels

TZheng -

TZhezhou

0.0 0321 00 00 00 00
0.0 0.0 0.055 0.0 00 00
0.0 00 00 00 00 00
00 00 00 [JeP¥8 00 0.0 0.0
00 00 00 00 [EES 0.0 00
0.0 0.0 0.0 0.018 0.104
00 00 00 00 00910218

& - ¥ > & [~ >
§ £ £ 5 %
F & &5 é

& & v v

§ ¢ &g &

True Labels

(e) MobileNetV/37g 14 [

MZheng

MZhezhou

Tweiduigi -

Confusion matrix

00 00 00 00 00 00
0.0 0.0 0.018 00 00 0.0
0.0 00 00 00 00 00
0.0 00 0071[JkF 0.0 0.036 0.0
00 00 00 00 N 00 00
00 00 00 00 026 0.0
00 00 00 00 00 0182

S > O > & [+ =
F & & F & T
F & é_p‘ & F & &
& ,\'? A v
< 5‘ @’ ‘% &
True Labels
P e Y == R
(F) AT IRVE HERE

2-18 #22 HLASTAY [ N7 R S e A U VR VA R

MEHRIEFERE T LR, £ MIERXFE. MIE™EREG . MIZIEHE .

M JERE AN TERE G 5 AN 2K, HEAR ResNetl8. ShuffleNetV2-x1.
MobileNetV2 AR IR R 4F, AR ERHN T ARSI S AN R IR A, 43K
RORY AR KR Z. AR, EfficientNetV2-s 5 MobileNetV3 #5143 HI7E M J&
IEH - EARMFE 2 NSRRI RCRAME . T B 7 VA R A AR A R

SEIL T IR PSSR 22 HTBEAR, 7 A2 125 4 [ 338 B e v

2.5 FEEING

AR E AR B S BB IR, ARG R Al S R AR B S A
ReORFA R, BT, PIESEERAE, IRI SR d RE h F 0 H H AE
FUR, BRBAAS I 23 R 268 BT () 5 K BT H R R, A28 T 4 B 43 R B 04
SRJG, &P%F MobileNetV3 #5711 ff) Bneck £, M DWConv iz & . & 75/# 4 GELU
WOE . R CAVER 8 SE R S A TG &5, FIA Acc.
mPre. mRe. Params S84 K/ NEVEREFE AR, F3 0l 38 Ik i Rl LB A0 ) B SR

Sk 1 SO A AR S A B (RIS S ) e 1 R A UG
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£ 3E ETREEF N B U RE KRN

e MBS 2T 1K) B S AR B A R B A I 7 SR R R R SR AL B 2 1Y)
SREG R, T AR SRR B Z, MELLSEREIRAL, DR AT ST T O M A
2 T30 B AR A SR A I AT A SEPR  oR . A B A AL B AR E A ) HI AR
At b, BRFUR B SR I A5, RS AT MB IR fEA
ZE SRR T B B ST AR B ARG SR A i, VRS . X B SR IR AT Ak
S, WRIEIZ AR R S PEATIE A

3.1 MR URFRIBNRIES

WU P G5 R BT B A — 0, 1E R AS A BB AL 1 0 B HE £,
MVTec AD HHE4EEN%E ., MVTec AD U S&AE N —Flt B T3 T G B A 0 1) 46 3
FWEHHREE, WM TR S AR A RE . AN E HOR AR SEER Ay AT ER A7
i 2B SR AT I A2 A PR RE R 31T

MVTec AD H3E 4 105 403 (Textures) Al Y44 (Objects) i > K2, 70 il &
£ (carpet) . MIFAS (grid) < % 2 (leather) . & FE (tile) . A4 (wood), LA A
(bottle). Hi%i(cable). JKF&(capsule). #& 1 (hazelnut). 4 J&1%EE(metal nut). 24
FL(pill). B2 (screw). 7 il (toothbrush). &4 (transistor). $%5%(zipper), i
o 15 ARG 73 FhRHI Gk, AL 300 5k, 3k 5354 KIER, HAl
ZR5IESE 3629 TR, MNA&E 1725 5k, B #EEDL1024x1024 ., A
R PRI R, HRE N RO /NGE 0N 256 % 256 -

AR SRBE R MV Tec AD Bl EEHIZER, B0 A RIEE H) N IEAT M
R 5 A5 A 2 [ 7 AR 3] 2 R P ) 1 B4k £ (Doypack-Defects) .

3.1.1 EISeg 3R EUERPaE 5 57 &I

Doypack-Defects ¥R a5 Gk B 2.1 75 H A8 a5 8R4, FIH
ElSeg #i5t JR 4G G HEAT BRIG 2> B A . & %%, OB 5 I 2R SR AL
H ARG, IINBRFEIARSE AR S 7 BIX B, % MVTec AD ##E 5404
i, ARIXIEEEIE N A G RS, IEEE BRSO Ye,  XERIE R S —
Prid . BRTKERIE G ARE e B E 2B R 3 5K png #&REME, 4 BIAEAEBREGITE
O BIFERDARRE SO BRI T 5 T AL RO BV R bR 250, il 3-1 B
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(d) TR H KR 4

() R A

K 3-1 SkiE % 5 EISeq 4 F42 i 3 R 1 X E
3.1.2 Doypack-Defects £/ & # K

4% Doypack-Defects ZHE 4T, M bR A= il i) UG ik £ 1 B FE R A
Bt R EG A EA BOZ SR R M B S g ER . BdRETRES M
4 (M_Red). M & (M_White). IR (Tu_Pink)&5 3 A28 5 7481
BOEE EME . Beba SR R DU B o 1 SIS . 3 Bl E SR 2 IR
P I 3-2 Fis .
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LA TR R AR A8 3

3-2 =M A AR DIE R AR

218 MV Tec AD Edli R 45 4% 20, #y7d Doypack-Defects #idlsdE, LA

iR 3-1 fis. b, test Al train 23 3R R MR AR 2R 4, ground_truth
R B e PR A 0T R 1 43 S R R B good Ay TG Bk B I O R AR AR
MWeiduigi~ MYzhzhezhou 4358 M B RS FF B M 7™ B 48 49 S B
TuWeiduigi~ TuZhezhou 735l 7R I TE ARG FF BRI . TR AE 456 FE: M_Red.

M_White F1 Tu_Pink = AMEAVIZREE . MEALES MHAGET NS 4L 7 A 3L H 89,

72. 62 kUG, HEEILA 223 KEIZ.

# 3-1 Doypack-Defects $4fi £ 2H 45 14

EE/E S — AR TR =tk HEEVEIS

MWeiduiqi 9

ground_truth
MY zhzhezhou 8
good 10

M_Red
test MWeiduiqi 9
MY zhzhezhou 8
train good 45
ground_truth MWeiduigi 8
good 10
Doypack-Defects M_White test

MWeiduigi 8
train good 46
TuWeiduiqi 6

ground_truth
TuZhezhou 6
good 6

Tu_Pink

test TuWeiduiqi 6
TuZhezhou 6
train good 32
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3.2 ETFTEE MB 75 3ER0BrpEE N R 4%

A E S T M B BRI TR R MB BRI T VA A, M %R
WHRBERI LS5 FESLEER B, KR A MB AR BR ARSI 7532 (1 1 2 5 #5109
A U-Net 549013470 bh ;s S B U-Net 2544, & @56+ MB BARK L&
e B ASTAEA
3.2.1 &F MB BYERFE N FIE

MB  KE AR 5 e i i S FH T B 5 v ISR BRI AR, X SRR A R B
FA F R 25 R 2 R AR AR AT BB L, TR A MAE— A MB 74
23 6] FH A7 At 1E 5 R BERE AR SRR AE . ZEVIGRI B, B\ IE % TE B P R REAR
FENS MB AT W NN B, MANIESfREAR, FHEAW MB
IREAR,  DUEE R R ZE B A (LR LA AT S G

T ) SR I S o A 0 ke i N PR B o A R N R B . RN
PGB BURR . e UL B 5T R Bicdim 4 ), ELAE DA s A R 22 1Y) 0 A
T MB AR TG i BRI 11 . Fe ek oAbk A6 1) 45 FH A DL B2 Ll A s e 6 B
PRIEAT BB AL B L. PRI, A MB AR R B R RS I A th 1] DL & g
TARN T EREERT I . SR MB A7 X i N ARFAE HEAT 5837 6T b 1) O s
SR BRI A B N2 3-2 TR o

K 3-2 B MB SEAE RN T3 72 10 0 e B i e U 8 R s

RTI g i
BRGNP ALIERE, R I T B A 5 VR B R A
THERE R IRE
A A A £ 1
EptIvAEs B JE 3 5 5] IR R BRI 0 A, BRI 2 SRR
P AR F7 AT, IR AR R 4%, vk
I/

B A R AL mT fE -

IR AR E MB R, ] AR AT MBI LE AT
SRBEAGI o

PRAOIMEEESE  EHERP B A RIARRHEILACIE RS, PRI HEHE R

B ‘ R PERE S IR AR R AT O, QR A e i AN 2,
AL =
K T BRI S5 RAIEHER o
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3.2.2 B4miEE35 U-Net 14

FET MB RN T VAR TG B BR B A TS DL B i 2R B U-Net W25 34k
45Ky, BAYmiDEsT 1986 fEIRM, 7F 2011 ESIAEBE, M THRIHEEGEIE
PR, FRBRSRER) V2 o B AT A S (R R B D 2 R AR 2
AL, Gmid 2k N AR R 48 M RYERRE R R, AR5 5 2% R FH AR 4E R AE
HBEAT MG RIS, T U-Net gkl id £ F A gmid a8 AR, SR gmig 48 5 iR ag 4%
2k, SCHLEME EMESS . ANt HoAZ O AR R P 2 6] 5 N BEERIE B, (R
MR A U I GRS at b, SEEUME 2 S KA O, AR
LT AL

H TG M B o A U S R )1 i i SR o BB B, TR MR S AR M 2 ST
ISERBE N BB R b, EEET MB T B ST A RS MR R SR U-
Net 4584, U-Net MZEYIMN BB LR T REEA R, oG Z R
I BN JZ, DAIIE M &I 2RI HE Az Akt g . LU ResNet18 274 4w id 2% 1)
U-Net &5 951, H5 & 3-3 fros.

3 s+ Conv 7x7,BN,ReLU,stride=2

48 2
Conv 3x3,BN,ReLU,stride=1
. Conv 3x3,BN,ReLU stride=2 2
% - Conv 3x3,BN,stride=1 21®
& Copy
¥ + Max pool 3x3, stride=2 *
4 48 48 9%
+ Upsample + Conv 3>3,BN,ReLU,stride=1
@ = Concatenation ®
P B B
A = = &
)
6464 64 64 64 1t
- 64 64 128
(=] <
= = -1
3 e
128 128 128 128 128 128 128 256
F;jl»l-:>l=> =>I - - »

*
6 256 256 256 2 256 256 512

o 512 512 512 512 512
x> - -

Kl 3-3 DA ResNet18 14! A4 ith 25 1) U-Net 2544
Kl 3-3 1, RO AR RREE], FREE BT B8R s R B
RETE R, PO B e A R R I B My, [R)— AT AE e T 4R — 3.
ATLUE ) U-Net (2% I e KA BB AR F N BHR AT AP I 4E R0, 985
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) FH e KA AN A IR IR S R e AT T4, B m PR R T FE 1S 15 2.
3.2.3 454 MB 53EF0 U-Net (4R BYERFEHE 2544

F3E Bk MB BAB DL K U-Net 43 E| W28 258, #itET MB AT IEERT
B S aR NG — 250, ki 3-4 s

y

o N Hhs S TIEE

FHIERE &

\ 4
=
=
it
2E

AN

MBIk

\ 4
\ 4

P 3-4 35T MB J71% U-Net [0 45 (1 i e 500 45 44

BEXS B 3-4 v A H ) B I I T

BONEORE TG B R AR AL 55 IR R NN AR 2 MR, B it b
B B GRS AT BRI R, 7R IIZRBY B A\ B A R o SR 6 1) 1R
HREA, K FASTR] IR e A0, S A2 BN 5 kB s ZE AR B, S N B9
DTG IR RE I AR AR AN B SRR A

Gifdde: AL gD SR 5 e SR AR Il BRERIERE, MR U-Net 4544,
B SR aR I, gt e K AE ImageNet 48 Bl Zeid 19 HA T 25
BUE R 28 AR

MB #idl: K IEREA BIR A g it a4 i) o Z R IEAF A AE MB A, HT I
SR A A 8] G b 2% R R AR ) SE B AN LU, AT DUAR i 22 B S, TR
TSR IPAN TR

FROAERNG A BRI R M A 2% 2 T O 9 At o HRFIE R MBS R UL I 5 )
FHIERAT 2 R XAl E, A BTG T 08I U5 B

fEEhg s AL B ARAS 38 S5 RT ST gn i ds il BRERIERE, ZHAL U-Net 4544,
RS2 G R S mi a8 G M S8 X AR, (HIR S ERFEAE R —MEE R 2 M5R
BEURE RN — B RAE ], DA 7 ) 5CR

SRBE RT3 SRR A 5 1 R A AR A R AE B R R
1B, VRN SRIUGR P DI S 708, W€ s 0 s A FH T Sl
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3.3 &F MB IEAHFERFHENTISE B 53 R BRFE

BT MBIEGUREACIE SRR E 1 T 5 11 S S e RO 0 4 K T P 5
SRR v, SRR TR E RN, SR SR ResNet18
HR BT U-Net 424, DURMIBIE R SR A i Ak . FABIRIZS H el 3-5

__________________________________________

P2

(16,16,512) (32,32,256) (64,64,128)

A 1) 2 R BEARFAE i 5

—————e e e e

’ .-‘
= "Ny
-‘\ £

|
batchsize MEE /24 EAL) | |
|
LR ‘ |
IF I >N !
| | 'l
| el
e e e e e e e e ——
(16,16,512) (64,64,128)
Mask D aRBAE > ERRARIE  — S — EEERRE — i

___________

K] 3-5 MB IE 57U FE A 72 S REAE i B s U HE 42

B E AR Mmidat . FROEEGE . FERINRIRHERL G . RS 35 DA
ML 6 Mg, il TR RIThRE . [ A BRI I IE R A A
S BE MBS REAS, IS IEREAR—RE gD N i i A T
PEHOE FUREARFAE,  IJZRAAEF 5 R AR AR NRRSEE, IR EfE N MB 74
By MB AFif I HGE R VLR IE F7RE AR IBURHAE 22 57 (5 B TR IERE & =
FIRFE A B CA R JI AR MR IR Al A 22 ] BERRAE s AT AR A H A
F Rl 5 REAE 5 Gm b 38 R AE 20 B A SRR S RE AR G KN s TS B vt 4
A N G S HE RS Mask 35 2k 1 SR AL I 5.

i 2K ImageNet TRIZEA ResNetl8 M2k, I M+ MB 126 E T I
GAEACZE BB — 8L, RERT =BG S Jnhd a ) HHARFE IR
2 B 2R N 4E K IR . 128x128x64 . 64x64x64 . 32x32x128 .
16x16x256 « 8x8x512 . ki JZ R L& & LR M5, 4 FFAE 4
16x16x 512 Nt a8t le, 2 5K I EUR KN HIAEISHRAE . AT Rk
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P> PR HE T IE SRR AR 22 SRR AE AR 1) R A SR B R ASE 28 () LR i bl s 3 DL A5
Heo REIEAFAEREEL. TR R R & BEHORI IO B .
3.3.1 At AR A AR

S LR R R AR 25 5 TR R IR 3R . 52 DRAEM 7 4 B A )
JA RS, AR S S R A JER SRS S Dy VA B 1 3), TR AR 45 4
S AR O R s AN [ ) RS 9 g . anl& 3-6 s, FI A IEREA G Ak
S B UG BT 4 =P B

MEFERIRZy || MR ETRZs

| |
i IEFEAX |
| |
: l :
; v ’ :
| Perlinieti || (%431 |
! A 1
i A 4 A 4 ig :
: Mg 7= FE I Mp I 5% M B) i
: ._j__J B
| |
i Mp © Mx i
|
| v |
| LM |
Pt vy 0
| ] 1 42 DTD 403 Hi 4k :
i A 4 A 4 i
i 2N S HETRY LU 7R IRYs o i
| .
: v gl\ i
| > SEHARYLEBHERIMIE Y] (o B
| |
| |
| |
| |

| BULHETS 5% 2 S ®
| v .
i B 4 1 152 Bt

K 3-6 Rt H BRI RE ]
B, AR PR B ) R PR R R R IR R S R R
M sEE, HARNERE BT AWM, B AR 5w s aor - 4
BORRZ, B RIZRas K. ik, ERERHE & RS BB
B SRR AR SO, 20 5K BN IEAEAS B E n IE AR A K BEAL JA 7 R
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Fnfa G5 TT A, ARGTREE AR S RIGRREME, AinA
T OTSU HI& R BIME 73 FICTISR MR AT 505 B A AT SR M, o RIS
IEFEA KNS Perlin WE7s, 20 BRE A0 AT e 4% 55 A 2R 28 RO 75 FE R M
M, 5 M #Z 0 R ARG SRR M

E5 BB, M DTD K 4R 1P b i P 7 15 D 5 KR 2 8, D
L RO E VRN o FIRE, AR IR BRI SCEE S, 5 F ARG Rk BB
FUT KPRk BB . ik, XIEREARBEAT S XL, WAE . B, il
LI e B4 D5 T 3G 5, JFAESE 58 )5 70 8 x 8 M BEALHRS,  HLBT 4L k5 Ik
FEAR RN —BHI B, RS RFEIRY, . R5, SINEET g IEREAR
X MFEIRY Bn, JEEBRAEE M BE, AR R 1S R AT K
BZ, 8 Z, SIS H 5B O AR, Bk 2T

{zj=ﬂwﬂan)+a—ﬂxm<3x)

Zs:ﬂ(M @Ys)+(1—ﬁ)(|\/| @x) (3.1)

Hrp, oRoptEouR Mg, @Y T pEXR0.1511BEHLHUE, AT EARLE X
QUL T S R 1 7B P e 7 S 2

FESE =M B, SIS M B 5 IEREAR TR A, BRI ERE
BEFNEG, iRl E, ShnmsdRgsamBERz, sz, £ 0 fRA
SRS AN, RBUERR BBz, aX(3.2)Hxs:

{Z:@—M)®X+L

Z=(1-M)OX+Z; (3:2)

20t FIR =AY B T L R, A R AL 2R BT 7 A R R 1 R
PAAZE 2.1 75 B i 5 SRS SRR 4E+ M_Red A1 Tu_Pink [ 2 N5, X
TSI 22 2053 5 PEAR SRR P 25 B B AR R A PG 34T o, & 3-7 BT

o

EREAY  RREEMIM BRIV ABURNEYs  WRITRZ BBREEIEGZ
Kl 3-7 7 W A R A R
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3.3.2 $F{ETFETESR

SEa AT PRI B AR, R AEAF AR O IERE A U Bz, ERLALI
SR AN AR U RN R S IERE A 2 e, IR X R 2 R RN R
PUHIA 2 REERHIE R G, R 2008 2 07 Ao 3R 1 22 S R fiE A 04 S A 45 . AR
SR —Fi 8] A5 R 7 5 22 U7 VR 22 45 6 1 7 SR B 22 SRARFAE

B, IEFEARE R YICIZ AR TG 45 5, A A S S
[ B 20 R 2 R DR RS M 2 . DRk, ASHIE 78 MR 4R (KA A 2R 0 Fh Bl L ik
K AN IEFEAR, TG ERERECR ] 3 EHRFEMEN K 40127 e, &4
FRE4EE(E R 0 N: 64x64x64xK « 32x32x128x K + 16x16x256xK o fE
WZAAEEE R T, Smig L B N BERHIE S, i iHE 3 /> rhie] JERHE
S IEREARICIZRAE R B 07 3 %, M AEB SEME RN ERER. 4
PRI 1 ?&@H%Dﬁﬁ%ﬁﬂlﬂm%kéﬂﬂ‘ﬂi#—%ﬁ 5358 DIl N

:—Z[MF (64)-IF 64)]

1 322 2
+§ > [MF (32)-1F (32)] (3.3)

i=0
162

Z[MF 16)-IF 16)]

Horfr, 64 . 32116 73 i KR A FRFAE KR R/ MF, (64) . MF(32)
MF, (16) 73 7 27 38 k AR R BE I AA R4,  IF(64) . IF(32). IF(16) 4
i N BB [F) RBERFAE

HR, TR B RIE SN BRI Z TR . K AR ERAE XN L K
MESER, BRI ZE TG R, 328002 55 BT B A7 R AT R
NEBAEEAERFIE . ZEREE — E R bt i N UG 5 A7 i A AR L
FEd e B 78 A5 S8 U B S AR AR AE RN R AR IE T M 3R R T
AR S, 1578 A BAEIE — X RE RO, ZE% N EEUGUH L 1 X 35 Ay R 1
MR SN EUGRHE \F 5iCIZ A EREE MF IR R 22 AR AE T4 R 2
[MFbest ) (64)] , C= 64
Dl =4[ MF ( (32)] , c=128 (3.4)

[MFbest ) (16)] , =256

H, cARHMEEES; MR, (64). MR, (32). MF,, (16) MitiZie AR
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FUZ B R E s Dl NI EZE BRI, 45N 64x64x64 . 32x32x128
16x16% 256 .

W Ja, B R RFAE Dl 5% N BHRRFAE IF (Rl T8 4 B BaERE,
64x64x128+ 32x32x256  16x16x512f1P . P,« P, 2 JNJERHIEZENEE 1AL
R IE A A B
3.3.3 EENHFEREIRIR

o REAEAZ AR, SREH S N ARAE 17 AR 22 S ARRAE DI 3 32 1 1311
2 REERHIEP, . BHEATH 2 REERHE PR 2 A RHIE LR I IR, i Ho2x 3K
AL, SO RS . A — 8, fE PANet SERRAT R G 5%
R R T, SRA—FFIAH CA IR IRIBUEAR IA T iRl E 2 RERFIE,
2H RS U RHIE R G . LA & 3-8 TR

-
T
[Conv 3><3 Tr#

Pl (6464.128) (64, 64 64) Dluest(64) (64,64,64)

T
(B3 # Conv 3>G
- éﬁé—j
P2 (3232256) [cOnvM] [ %ﬂ‘] (32,32,128) DIns(32) (32,32,128)
t v
Eameie

| !
I ——P[Conv3><3 2x(Conv 3>3) ) >(H- ;I ® >

P3 (1616512) (16,16,256) Dlusi(16) (16,16,256)
3-8 R I A A B R 5 ) I
B NVE R JTRHE G R 2 RBERHIE P, ARG il TE (5 BT A B
EEM CA =T, /AlEKIP . P, K& PRI IE RS B, FFIBUAS [l 4k
FERMIE. ik 2-12 fizs, CA 1R8N AR AR AE L RN, DRI
b EAl B 3x3 B Sk E Ut b ik u R AT, 19 BIRHE R 5 1 2 RE
TELERE7r ) N : 64x64x128 . 32x32x256 + 16x16x512 . AR J5 A R EHHE
i 2 2 3x3BRSLPLEE R, BB ERHERIERE ), BRURRHE R E
S 64x64x64 . 32x32x128. 16x16x256 . 1£EH, AT IR AIEHERI&
B AR R FE B SRR X AN ) RUBE DR /N R AIE B AT o B % 5%, e
H 3x3 BRI IMIE R BT 2 EAE 7, REE e RHERNRZRE 7 17 2R
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B WRFELE S B — 3, X RERIEPATHROT R MIZE, S Z2L)Z
HALZREZNFER G . @3B RREGHREE, ARREREM4EREE S
N: 64x64x64. 32x32x128. 16x16x256 o

R, ARSHPAETT S ZTT R RN Z G S, A P E
PLERFA X 3, SR 28 (B = R E B S B R A R R T R AR ik, B
e 67 BT S AH JC IR B A 22 SRR AR TR IR & o AN [A)ROBE IR 2 (B R ALE o1 B o X
(BB

1 256

S(16)= 2—5621: DI, (16),

i=1

S(64)= 6—14[§ Dl g (64)&@5 (32)"

i=1

S(32)= %{f Dl s (32)&@3 (16)” (3.5)

Hofr, S(16). S(32). S(64) &nmiE 16 32 64 (¥4 [AiE R JIHHIL
256 . 128 [ 64 K ANFRBE R /INVFAE B RETEH: Dy (16), « Dl (32),
Dl (64), F/n AFEURBERH i MEEAHER: S(16)" . S(32)" F/nX16x16 .
32x 32 I AN R I RHE BT 2 Rk E 2200 FoREE, DREFRMESS B 58
LS

3.3.4 TR R

THO A SR 5% A AL 3 SR ) PR R AT BB 081, DAZE RCPRINAE D, 4 T30
S S A S B AT BUR TR, BTSSR, SRR T . TR
TR ER 95 2% BR E0E 6 L1 #8125 Focal #515% P % Dice #5225 InBREL . Hodr,
L1 #i5k5 L2 HakAHEL, PTRAOREABE 2 A2 (5 8. Focal 24 W22 fig i)
P A5 rb IE S X33 5 B DX 3 PR AN P-4 [ i, AR 28 A )1 ionf LI R R AR L
BEM A i R HIE ;. Dice #ik B H T BUR - EIE S, BEREXS DHEE | KL
RIFRIN 25 S REAT B A P AL, RIS B — @ G455 SR RE /. I F P
SR EIEE M SRR R D R M 2 BT EIR 3 Rk, AR

Ly =M -M| (3.6)

L, =—c, (1-p,) log(p,) (3.7)
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Z‘MOM‘

(3.8)

HA, L,v L~ Ly 2513 R L1k, Focal #i%k & Dice #1%%; p, NG &M
MMEZAE, & p B EIA 0 80 1 FFIEESR, B X RIEAER M 1%
REBERN LI p=p, BIEEEX PN M ZALEERR N O p =1-p.
g SRR B0 A O A E =AU RIS, Aok, eI
P Al AN W ST Bz %, AR
L=4,L, + 4L, + 4, L, (3.9
Hor, LABRLAIIMBER K, A, A~ A, 0 AER LL ik, Focal #iik &
Dice # R INBGE S HL, HI 2 FAMF 4, + A, + 4, =1o

3.4 SEWE R

BT MB IEFURE AR ZE R REAIE 10 J0 B ) S 4% d et o A 0 A AR 1) SIE 38 BRI
500, 3L A0S O 2870 B B LA 26 43 B SR FH B VE AR FE A
(@) I S5 i AP AT 388 5 AN OUAR [ R AIE R A 79 7 TR IEA TV R SR %, F 5 P B A 2
BRI FIER s @ AR 5 &% 2 SR HEAT SCER T L, PR BT AR A A U
R EA RN @ MVTec AD $ 425 Fir SRR A HEATIZ AL S2 56

SO K A B A AMD Ryzen 7 5800H (3.20 GHz) 16GB AbF 2%,
NVIDIA GeForce RTX 3070 8GB f.; #:fE &%ty Windows 10, #fF& N
PyCharm ; fif F & J& 2% >J HE 42 24 Pytorch1.10.0, Python fix A& 3.8, 7F
CUDA11.3 1 cuDNN8.21 it AT il 4. SL3SHiE : batch size Hy 8;
ZRIEARIKECH 50005 (FEFFAELEK B 305 Perlin BEFSRIME N 0.5; RALERA
AdamW ;I 25 157 =) F K AR 92 IR K BIUIRGEE JE SR M, B BRI AR 27 o1
0.003, f/M¥ )% 0.0001, FFELE 0.1, FEJALE 0.0005.

3.4.1 1T 4EHR

S 6 DL 4% 52 3 5 1F 4 1iE #h 2% R 1i AX (Area Under the Receiver Operating
Characteristic Curve, AUROC) A Mfabr, HEUETEEFE 0 2 1 2 [/, HUE#K
FoREIEGT. AUROC o8 ROC HIZLZ T A HIR/D, T ROC HiZ/E AR
FHY:2E(True Positive Rate, TPR) N\ AA%5, 1EPHT4: % (False Positive Rate, FPR)
BEARARI HHZE, TPR A FPR T8I (3.10). (3.11) 7w
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TPR=—1" (3.10)
TP+FN

FPR=—1" (3.11)
FP+TN

Heb, TPOAEIEH, FN ONERS], FPRIERE], TN NERH, EfThiRE
FEREAR

K42 AUROC 2GSRI 2 280 B8Ry, REE— D2 Rmm
PERERE R MR EH AUROC HIEEIBTENMEER RN RER, EERI
P A AR A o AN R B 43 BB 0 SR 43 i I PR A R 2R ) et Gt R A
ISR BEAT VAL, SSRGS ST AT B AL 1 T e
3.4.2 jHRRSLES

SRR T 7 BRIV BN 18 SR ROUAR [a) ARp I 6 0 BR O 2 BRI IR 5, AT
5 B LA £ BdE £ Doypack-Defects FiFA7 W mhsise, LEMBY . B RS
AUROC #i#x, WF7EEdE4E+ Tu_Pink. M_White 5 M_Red =428 7170 B 5k
BEAS I B BOR . SEat el R angk 3-3. 3K 3-4 Al 3-5 iR

2% 3-3 Tu_Pink 251 B 71 fik Sk 56 A6 ) 25 1

L1 W2 W3 W4

FEA R v v v v
T it S R 5 v v
XU T RFAE v v
K44 AUROC  0.639 0.889 0.771 0.917
BRAEELAD
B F% AUROC  0.776 0.870 0.885 0.878
2% 3-4 M_White 2871 Bl 14 fih S0 46 0 25 R
Y1 W2 SISk 4
FeAREAY J v v v
Tt S LA o v v
XU [ FEAE v v
K14 4% AUROC 1 1 1 1
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F 3-7 Doypack-Defects 4 ££ SR IFA AT I 2 JAS RIG R  AUROC X b 3E

Z ik [45] SCHiR[46] CHiR[48] AR EE T

Tu_Pink 0.852 0.817 0.934 0.878
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leather 0.990 0.615 0.995 0.987
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M RATA, EARZRAIZE MVTec AD SURE 45 (1 S iAo I 2k e A
5 3 Pk EEAHEL, BB EAME R AUROC ~FVERe b &,
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B3R

ik MobileNetV3 584 F AR o i :
from typing import Callable, List, Optional
import torch

from torch import nn, Tensor, tanh

import numpy as np

from torch.nn import functional as F

from functools import partial

from torch.hub import load_state_dict_from_url
__all__=['mobilenet_v3_large', 'mobilenet_v3_small’]

model_urls = {
'mobilenet_v3_large': 'https://download.pytorch.org/models/mobilenet_v3_large-8738ca79.pth’,
'mobilenet_v3_small': 'https://download.pytorch.org/models/mobilenet_v3_small-047dcff4.pth’,
}
class h_sigmoid(nn.Module):
def __init__(self, inplace=True):
super(h_sigmoid, self).__init_ ()
self.relu = nn.ReLUG6(inplace=inplace)
def forward(self, x):

return self.relu(x + 3) / 6

class h_swish(nn.Module):
def __init__ (self, inplace=True):
super(h_swish, self).__init_ ()
self.sigmoid = h_sigmoid(inplace=inplace)
def forward(self, x):

return x * self.sigmoid(x)
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class CoordAtt(nn.Module):
def __init_ (self, inp, oup, reduction=32):

super(CoordAtt, self). _init_ ()
self.pool_h = nn.AdaptiveAvgPool2d((None, 1))
self.pool_w = nn.AdaptiveAvgPool2d((1, None))
mip = max(8, inp // reduction)
self.convl = nn.Conv2d(inp, mip, kernel_size=1, stride=1, padding=0)
self.bn1 = nn.BatchNorm2d(mip)
self.act = h_swish()
self.conv_h = nn.Conv2d(mip, oup, kernel_size=1, stride=1, padding=0)

self.conv_w = nn.Conv2d(mip, oup, kernel_size=1, stride=1, padding=0)

def forward(self, x):
identity = x
n, ¢, h, w = x.size()
X_h = self.pool_h(x)
x_w = self.pool_w(x).permute(0, 1, 3, 2)
y = torch.cat([x_h, x_w], dim=2)
y = self.convl(y)
y = self.bnl(y)
y = self.act(y)
X_h, x_w = torch.split(y, [h, w], dim=2)
X_w = x_w.permute(0, 1, 3, 2)
a_h = self.conv_h(x_h).sigmoid()
a_w = self.conv_w(x_w).sigmoid()

out = identity *a_w *a_h

return out
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class GELU(hn.Module):
def __init__(self):
super(GELU, self).__init_ ()
def forward(self, x):

return 0.5 * x * (1 + torch.tanh(np.sqrt(2 / np.pi) * (x + 0.044715 * torch.pow(x,3))))

class Partial_conv3(nn.Module)

def __init_ (self, dim, n_div, forward):
super().__init__()
self.dim_conv3 = dim // n_div
self.dim_untouched = dim - self.dim_conv3
self.partial_conv3 = nn.Conv2d(self.dim_conv3, self.dim_conv3, 3, 1, 1, bias=False)
if forward == 'slicing":
self.forward = self.forward_slicing
elif forward == "split_cat"
self.forward = self.forward_split_cat
else:

raise NotImplementedError

def forward_slicing(self, x: Tensor) -> Tensor:
# only for inference
x =x.clone() # !l Keep the original input intact for the residual connection later
X[:, :self.dim_conv3, :, :] = self.partial_conv3(x[:, :self.dim_convs, :, :])

return x

def forward_split_cat(self, x: Tensor) -> Tensor:
# for training/inference
x1, x2 = torch.split(x, [self.dim_conv3, self.dim_untouched], dim=1)

x1 = self.partial_conv3(x1)
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X =torch.cat((x1, x2), 1)

return X

def _make_divisible(ch, divisor=8, min_ch=None):
if min_ch is None:
min_ch = divisor
new_ch = max(min_ch, int(ch + divisor / 2) // divisor * divisor)
# Make sure that round down does not go down by more than 10%.
if new _ch<0.9*ch:
new_ch += divisor

return new_ch

class ConvBNActivation(nn.Sequential):
def __init__(self,
in_planes: int,
out_planes: int,
kernel_size: int = 3,
stride: int=1,
groups: int=1,
norm_layer: Optional[Callable[..., nn.Module]] = None,
activation_layer: Optional[Callable[..., nn.Module]] = None):
padding = (kernel_size - 1) // 2
if norm_layer is None:
norm_layer = nn.BatchNorm2d
if activation_layer is None:
activation_layer = nn.ReLU6
super(ConvBNActivation, self). _init__ (nn.Conv2d(in_channels=in_planes,
out_channels=out_planes,
kernel_size=kernel_size,

stride=stride,
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padding=padding,
groups=groups,
bias=False),
norm_layer(out_planes),

activation_layer())

class SqueezeExcitation(nn.Module):
def __init_ (self, input_c: int, squeeze_factor: int = 4):
super(SqueezeExcitation, self).__init_ ()
squeeze_c = _make_divisible(input_c // squeeze_factor, 8)
self.fcl = nn.Conv2d(input_c, squeeze_c, 1)

self.fc2 = nn.Conv2d(squeeze_c, input_c, 1)

def forward(self, x: Tensor) -> Tensor:
scale = F.adaptive_avg_pool2d(x, output_size=(1, 1))
scale = self.fc1(scale)
scale = F.relu(scale, inplace=True)
scale = self.fc2(scale)
scale = F.hardsigmoid(scale, inplace=True)

return scale * x

class InvertedResidualConfig:
def __init__ (self,

input_c: int,
kernel: int,
expanded_c: int,
out_c: int,
use_ca: bool,
activation: str,
stride: int,
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width_multi: float):
self.input_c = self.adjust_channels(input_c, width_multi)
self.kernel = kernel
self.expanded_c = self.adjust_channels(expanded_c, width_multi)
self.out_c = self.adjust_channels(out_c, width_multi)
self.use_ca =use_ca
self.use_hs = activation == "HS" # whether using h-swish activation

self.stride = stride

@staticmethod
def adjust_channels(channels: int, width_multi: float):

return _make_divisible(channels * width_multi, 8)

class InvertedResidual(nn.Module):
def __init__(self,
cnf: InvertedResidualConfig,
norm_layer: Callable[..., nn.Module]):

super(InvertedResidual, self).__init_ ()

if cnf.stride not in [1, 2]:

raise ValueError("illegal stride value.")

self.use_res_connect = (cnf.stride == 1 and cnf.input_c == cnf.out_c)

layers: List[nn.Module] =[]

activation_layer = nn.Hardswish if cnf.use_hs else nn.ReLU

# depthwise
if cnf.expanded_c !'= cnf.input_c:

layers.append(ConvBNActivation(cnf.input_c,
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cnf.input_c,
kernel_size=cnf.kernel,
stride=cnf.stride,
groups=cnf.input_c,
norm_layer=norm_layer,

activation_layer=activation_layer))

# expand
layers.append(ConvBNActivation(cnf.input_c,
cnf.expanded_c,
kernel_size=1,
# norm_layer=norm_layer,

activation_layer=activation_layer))

if cnf.use_ca:

layers.append(CoordAtt(cnf.expanded_c, cnf.expanded_c))

# project
layers.append(ConvBNActivation(cnf.expanded_c,
cnf.out_c,
kernel_size=1,
norm_layer=norm_layer,
activation_layer=nn.ldentity

)

self.block = nn.Sequential(*layers)
self.out_channels = cnf.out_c

self.is_strided = cnf.stride > 1

def forward(self, x: Tensor) -> Tensor:
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result = self.block(x)
if self.use_res_connect:
result +=x

return result

class MobileNetV3(nn.Module):
def _init_ (self,
inverted_residual_setting: List[InvertedResidualConfig],
last_channel: int,
num_classes: int = 1000,
block: Optional[Callable[..., nn.Module]] = None,
norm_layer: Optional[Callablel[..., nn.Module]] = None):

super(MobileNetV3, self).__init_ ()

if not inverted_residual_setting:
raise ValueError("The inverted_residual_setting should not be empty.")
elif not (isinstance(inverted_residual_setting, List) and
all([isinstance(s, InvertedResidualConfig) for s in inverted_residual_setting])):
raise TypeError("The inverted_residual_setting should be List[InvertedResidualConfig]™)
if block is None:
block = InvertedResidual
if norm_layer is None:
norm_layer = partial(nn.BatchNorm2d, eps=0.001, momentum=0.01)
layers: List[nn.Module] =[]
# building first layer
firstconv_output_c = inverted_residual_setting[0].input_c
layers.append(ConvBNActivation(3,
firstconv_output_c,
kernel_size=3,
stride=2,
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norm_layer=norm_layer,
activation_layer=nn.Hardswish))
# building inverted residual blocks
for cnf in inverted_residual_setting:
layers.append(block(cnf, norm_layer))
# building last several layers
lastconv_input_c = inverted_residual_setting[-1].out_c
lastconv_output_c = 6 * lastconv_input_c
layers.append(ConvBNActivation(lastconv_input_c,
lastconv_output_c,
kernel_size=1,
norm_layer=norm_layer,
activation_layer=nn.Hardswish))
self.features = nn.Sequential(*layers)
self.avgpool = nn.AdaptiveAvgPool2d(1)
self.classifier = nn.Sequential(nn.Linear(lastconv_output_c, last_channel),
nn.Hardswish(inplace=True),
nn.Dropout(p=0.2, inplace=True),
nn.Linear(last_channel, num_classes))
# initial weights
for m in self.modules():
if isinstance(m, nn.Conv2d):
nn.init.kaiming_normal_(m.weight, mode="fan_out")
if m.bias is not None:
nn.init.zeros_(m.bias)
elif isinstance(m, (nn.BatchNorm2d, nn.GroupNorm)):
nn.init.ones_(m.weight)
nn.init.zeros_(m.bias)
elif isinstance(m, nn.Linear):

nn.init.normal_(m.weight, 0, 0.01)
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nn.init.zeros_(m.bias)

def _forward_impl(self, x: Tensor) -> Tensor:
x = self.features(x)
x = self.avgpool(x)
x = torch.flatten(x, 1)
x = self.classifier(x)

return x

def forward(self, x: Tensor) -> Tensor:

return self._forward_impl(x)

def mobilenet_v3_small(pretrained=False, progress=True, num_classes: int = 1000,
reduced_tail: bool = False) -> MobileNetV3:
width_multi= 1.0
bneck_conf = partial(InvertedResidualConfig, width_multi=width_multi)

adjust_channels = partial(InvertedResidualConfig.adjust_channels, width_multi=width_multi)

reduce_divider = 2 if reduced tail else 1

inverted_residual_setting = [

# input_c, kernel, expanded_c, out_c, use_se, activation, stride
bneck_conf(16, 3, 16, 16, True, "RE", 2), # C1
bneck_conf(16, 3, 72, 24, False, "RE", 2), # C2
bneck_conf(24, 3, 88, 24, False, "RE", 1),

bneck_conf(24, 5, 96, 40, True, "HS", 2), # C3
bneck_conf(40, 5, 240, 40, True, "HS", 1),

bneck_conf(40, 5, 240, 40, True, "HS", 1),

bneck_conf(40, 5, 120, 48, True, "HS", 1),

bneck_conf(48, 5, 144, 48, True, "HS", 1),
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bneck_conf(48, 5, 288, 96 // reduce_divider, True, "HS", 2), # C4
bneck_conf(96 // reduce_divider, 5, 576 // reduce_divider, 96 // reduce_divider, True, "HS",
1),
bneck_conf(96 // reduce_divider, 5, 576 // reduce_divider, 96 // reduce_divider, True, "HS", 1)
]
last_channel = adjust_channels(1024 // reduce_divider)
lastconv_input_c = inverted_residual_setting[-1].out_c# C5
lastconv_output_c = 6 * lastconv_input_c

model = MobileNetV3(inverted_residual_setting=inverted residual_setting, last channel

last_channel)
if pretrained:

state_dict = load_state_dict_from_url(model_urls['mobilenet_v3_small], model_dir

"./model_data’, progress=progress)

model.load_state_dict(state_dict)

if num_classes!=1000:
model.classifier = nn.Sequential(nn.Linear(lastconv_output_c, last_channel),
nn.Hardswish(inplace=True),
nn.Dropout(p=0.2, inplace=True),
nn.Linear(last_channel, num_classes))

return model
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