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Abstract

With the improvement of living standards, the younger generation's
preference for diversified needs has significantly increased, especially in
the quality and variety of fruits and vegetables. Although the plateau
summer vegetable industry in Gansu Province is considered a provincial-
level characteristic industry, the classification standards have not been
promoted in the sales process due to limitations in manual sorting costs.
This article utilizes the advancement of deep learning technology to
propose a high-altitude summer vegetable quality grading method based
on image recognition. Considering the limitations of hardware resources in
the production environment, the proposed model minimizes time and space
complexity as much as possible, laying the foundation for the
implementation of the method. The specific research content includes:

(1) Build a dataset for plateau summer cuisine. To address the
challenge of insufficient data sets for high-altitude summer vegetable
images, a set of high-altitude summer vegetable image collection devices
has been designed and implemented. Using this device, four vegetable
images including cabbage, baby bok choy, cauliflower, and broccoli were
successfully collected, and an initial dataset containing 2400 images was
constructed.

(2) Expand the original dataset. In order to improve the accuracy and

efficiency of model training, this study conducted meticulous work in
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expanding the original high-altitude summer vegetable dataset. Firstly, the
background interference in the image was removed through rough
segmentation techniques to ensure the quality of the data. Subsequently,
the initial dataset was expanded using shooting expansion and data
augmentation techniques, providing richer and more diverse image
resources for the training of convolutional neural network models, further
optimizing the effectiveness of the training process.

(3) A multi-scale fusion ECA DS ResNet50 model was proposed for
the quality grading of summer vegetables on the plateau. This fusion model
combines multiple technologies and cleverly improves and integrates
ResNet50 and MobileNetV2. Firstly, ResNet50 serves as the backbone
network, further enhancing the ability to extract image features by
introducing ECA (Efficient Channel Attention) attention mechanism and
ASPP module for multi-scale feature extraction. Secondly, in response to
the high computational cost of the 7x7 convolution kernel and pooling
layer in ResNet50, the 3x3 standard convolution was replaced with
depthwise separable convolution, and MobileNetV2's DW (Depth
Convolution) and PW (Pointwise Convolution) convolution mechanisms
were integrated to replace ResNet50's conventional convolution,
effectively reducing computational complexity. At the same time,
introducing pooling layers after each convolution layer further reduces the

number of parameters, optimizes the network structure, significantly
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reduces time and space complexity, and effectively improves the
computational speed of the model.

This study trained the preprocessed high-altitude summer vegetable
dataset on an improved ResNet model and other classic deep neural
network models, and evaluated it through ablation comparison experiments.
The experimental results show that the method proposed in this article is
significantly better than other networks and the original unimproved
network in terms of accuracy and model recognition speed, which fully
demonstrates the significant advantages of our improved network model in

terms of effectiveness and feasibility.

Keywords: Plateau summer vegetables; Quality grading; ResNet network;

ECA Attention Module
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i

WA KCHEAR RN H T EAN A T B EIUR 2R U BB R
Heftth, WREERMEME KA S . ResNet Al MobileNetv2 HELB AN IE
BN

5 = v R SRR SR R R L TR B S EIEOR AR S FE AR T AR, Xt
KRB BEATHEBT, ¥R, X3 ARG IR RCR, RN IS A iR S
A7 I

55 WU B B IR B2 2 3T 1) ey JU R i o A R g g R A J i TR RIR A 4 T
Ji B3 B8 53 20 1) 503 J i 6 TN 45 1 5 2L R o B LS

LRSS R G M R SO R i SR R S AR AT 2R, Gl
R . Z40& . inference time (median) B ¥ BE [RI A REFP %L (FPS) PAK F
(BRI IE AU A HR PR AT AP R I T 2 [R) 228 2, o T i R s, 360 I DS A
RUMH T J5 M 28 e It

FARNF MG TAEHIR I R MR s FE B S JoT kR T —
LI

1.3.3 BlFET=



PN 2 e S DA TR 2 o) B v IR SO R AR Ak

(1) %7 ResNets0 1 7x7 HEAZANAZE I TH R AR = R AL K H
3x3 FrUEEFE M R B AT 2 BB, %5 MobileNetV2 ] DW (Depthwise
Convolution) #1 PW (Pointwise Convolution) #FHLHIHUL ResNet50 %} %:
H, AP T iHE =, FNEGEEREINBLE, E—DRb 8w, ]
W Z8 2R, RN/ T I B AT 2SI A B, A R TSR (V18 S

(2) I PIAS B SE BUR RHAE B AT B e 3R AR N, & I 5 IRHAE % N
ASPP Module, fEASCHXfHH] ASPP A5HL ) 2% 45 kg b (i vh [ 8 23, i AN R R
JEE RS2 B RS B I 2 RS B, AT B TR A e v M A s . 1
T AR 225 FI T ResNet50 A1 MobileNetV2 & [ AL 5, 85 i AR EL
FERA M Z KRR, BRI T BRI RS IR ARCE .

1.4 FENG

AEEMMER 7 HFFEE S TR TEFRBURA R M EENE. B
PR T B BRI T S SN BB, JFAR TR IO T RO T T
PRI N o FERLZ 5, XHSERTAE B BB 73 SEAU AT FEEAT 1 Zr G R, 5
-0 R LA 5 S AR B 2 S I 5325« AR 1 H 2 D Jim SR B B g 2k i
HEZRAIES i, B4 B B B A AR AL A e AL - X — £ AT B 15 S FEN
SUERIB W FC BB AT % B A RS LB TN SRR Z AL
X ALFERS A S IR FE T [ A BRT SR S A . SRSk UL, A& et 7 —4
7 R R B SR N B HTE MWL , A B T BRARAT TR O L AR AL 255Ky,
M 51 1 T R TER H AT %



PN 2 e S DA TR 2 o) B v IR SO R AR Ak

2 HXREILEAI TR

BRI 57 21 I B R 70 A0 3 SR B AT B TR L — o AFIRANIRT T B
SR G RN 03 R BB LR, ALHE X IRFE 2 S MG R & I 2 B AR 2 L T
JIHLHIEEL . ResNet AT MobileNetV2., % REZEFRFEFREU ARFN PyTorch VR 2]
MEZE o X — PR IR B AEIR N TR T Hh 1 0 i o 2 R R 1) S B B R RTHESE

BRIZ S JUIRIE LS 2 I — T4, RO REEMENIISAZ EME
[ 2% A S R S Bt 1) [ A R s FIRRAE o ' I B SE AR T 2 N s it 90, IR52 5
NIGAHHE R G SR BRI 5 K o R B 57 2185 22 A28 TC IR 70 J2 HE B AN EL SR
ITRFME S X PR AL . HARTE 5 AL RIS & R 5 S T
BRI, TESCHLEIE 22 K GOSN RIATL 25 B 19 S5 AT 25 1 BLRE L5 THI R A% T 5%
SR o WEIERE DT G SR AN AN 1) SE SO HES) IR FE S Ik R, IRIE IR
SR LN I R BB Tz A, A TS N A e BOR Ay #E A

2.1 G HEREIETR

gt N LA 2%, RIBORIE AL ARS8, BRI NN E 4 E
BHIREST o XA R LR AT £ W) R G AL TR TR B, X e 28 T RE Wi S A1k
FORIBF A G T AR5, IXEAE 5 i B PP R S8 6 1 A R i
Ly A SARYE I LR 2 X X SR SR ST IR B, gl TN T
g, BEAAL, NP ML 1A, S5kl 2.1 pos.

PN

.‘/-7 7-.\\"‘

X |

U W kR s
~ )

(o 22 N e LY,
N N

N W3 T

[ X3 |

N4 b

B 2.1 BRBRAYIRA

10
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b, X, %, X RIS S, FERFIERRR N X, wy, Wy, Wy SIS 5 BTt

NIBUE, FEREE RN AW, SwEEb K nBCRkifE, SIS Ry BN
RSN . XA FER IR N
Y =W,X +W,X, +W;X; +b =WX +b (2.1)
RN AR A A o) TAE R B, AbERBI BRI 53 R s . IR
ZARHBL, TR T Z2 2 REHL (Multi-Layer Perception,MLP) , ‘E/E T A
A ML RN, R REMZ R RIEM, G52 EEE. fRm2 =
LA RN 2.2 s :

WA Rt = i =

2.2 ZEBAPEE

ZZRBFHE S MANE X AR H 5 H,y, L DMRHRY .
Forfr, W AT b A ERGEUZ Hy FOBUEFERE AN WAL &, W, A1 b, ARSGEUZE H, BB R
FEAwA% &, W, A1, Nt 2 Y FIAUERE RV B, 178, %2 RIEFIPLA s
iy AT BARZS N

y =W;H, +b3 :W3(V\/2H1+bl)+b3 :W3(\N2(\N1X +b1)+b2)+b3 (2.2)

JEHIMEEGRUZ , B S R A IRFFERIE R &R, faon T OUEINZBOF A
AECLSEIUA R 2 2% TR, SIN T AREMEAR i, BIFEREASFRe ot B 7R
INARLAE R % (U1 sigmoid. softmax &), Mot FAEALEH, JrREWE (2.3) .

11
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H, = h(\le +b1)
H, = g(\N2H1+b2)
y=fW,;H, +b,) (2.3)
Horr, hyg, f OUBOE R IXEE, B NAE IS BRI N S AT AR AR
i BSOS AN AT B — R PR LAtk AR R ) 45
X IR 22 S 28 X 24 25 40 B 38 TS MR R E 2P e, 3o 1 FLAE S Rt
AT 55 P B Rk

2.2 ERMEM KRR

LALLM 4 (Convolutional Neural Network, fij#k CNND , & i+ S
AENG A FE A T2 A8 F () — SRR o BB AR AR 0 22 42 b IR 22 T 7
G B RIFFESR NG K08 . MENREMZE I —Fh, CNN i I
GRGR D TR Z 48 I N A SR, B2 & R, SRR Z
FRIESRIUZ A 73 RS A . M2t B N B ST BB B R Ge T8 RHIE
RS PR R 2 E B Mg b, ERXAERIMZEH, BURKERZ 8T Lk
THRBUR FBAFAE, TR B2 BENS 5 2] B B R R IE R OR . BOR R A 1 AR
B, RER e T MEEHIRIARE S, B 0R 1A RN AN A R A BE BE N . AR
R, N R Ky it 2 SR RRAT R R R, A Rt 1
FRAEE B RN, RN OREE T S R B RHE AR B o IR — R & 7B
R, M HA R T HZ AR ). I RAR G A R AR A, H TR
R AL RS 2R 5 HO SRS, ek R 7 SR B 55 o X — E 2R IR IE T
P A R 0o PR BEAT HERF 7 2R B SR

K 2.3 B G ARMA I ES, 286 B 1 — 0 32 A8 FH BOIR BE 2 DI R, 1%
BRI RENS A BB AP SRR B B, BAE R EUR . TG B 2R 5 B
224K F — R VFFE SR BGRAE——B AR WO A A —— % S A N\ 5 4
NEYERAEE], (73 BENE AR h SR B A SR, BRI TR 5, g3
HIHRFE B N )70 2R a5 Th o 70 SRae AR LR VPG B MR, JFIE FE % m] RE R H
AR A I o A ST 1) J5 B350 70 K IR AN AR A5 B 20 100 248 1 15 AR ZE A R A 38 T
fE, 4§ AT REM R -

12
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HHER iR R HER  pm
C6ax64x4) KT (32x32x8) (16x16x8) R1x128 1283 (105
i (32x32x4) _— (o

(64x64x1)

EBEER

& 2.3 BRMEMEEHREE

2.2.1 MAE

BN ZVE RSN D, ST RO A B I ZR AT s , X — kD
RO 3 e P 8 I SR80 25 90 L o A0 AR B o 8 P 110 777 92 B A 0l £ v AN el
PRUEALSE, X ESRORH DR A Bl FoA e 3, e 4B 1) Ja 422 1A 2K
KEERFO 5347 o

2.2.2 ERE

ERUZZ CNN [z, WG TAE, @l 55N 5
TRRFAE o I L8 J) 38 55 A0 45 R ORAF AL EA TR L B, B R LLTIUE Fr o4 2%
AR EANEUR, WA EREE . AR, BB fi
AEAT e IR) G5 R OR B 5 2 12 [R) G5 R ANAE R S8 6, 1% S P01 DR EF 5 P 2 )
R SR R R E I AL HI BT SO 72 i BB A BT R AR B S
To BANERRTFIFA X AR RS, BRI RRZN T B & T
DARAT SRS, GAREHUR LR AL gl thah, XA B T4
AFH G FFL B RUZ XA 2 7 DI RER 1 e A BRI 4 W 25 ) B 2y
Bt R B EET, 8] 2.4 JRIRHE G A BT i L RRAE R T SR

TEE 2.4 PRI B RUSH A, FMAEHEE KD X e R, BRI

P e RM™ | AT LAAR5% HREAE BT Y RS20 T
HE wb

R XX (2.4)
0

Yia+1'ja+1 _ZZ JJ ++i,ja+1+j

=0

—
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b, (%, j*) ot U RHE B _E RO AR AR, IR EARBRZIF THAR, 18T 2.4 P

KRAEERALE (0, 0) BIMIH 4R R 1x1+2x2+0x14+2x2=9, MEFZ R E LK N 1
B, JF H %A g N FIERR, 7 PUEE RS 2.4 B s B
BRI o IXAN IR R R 7R 1 i A AAE 11 AR 6 21 ] B AR ) B v 5 HY
i o

AFIEE T 5 1821
% —»  |11]15]15

113]1]2 12 ol 19118

6|8[3]|5

N B FHIE LS AL i G RFIE
B 2.4 HBFHE

FEINBUE 52 JE NN eR AU 2 /2 N # B (1 — A7, JF BT
K 3 2 S AR 22 W 9% 28 SR B o OO AP 07 A R DR D TSI A S A 7 A A 0
B P EAEAE I T B A%, ToiE A A A AR R RO s . 5INARZR I bR
HEVEREADERTE TR RRIERE ST, BA B T 14 i) el X L pR
B T 2 i 1 T A R AHEATTAE 3 B0 R IE i, X RE = B
RECY D ESEbuy NI TR R 6 ey SIS vy i LSk I SN AV &2 P | =
VAT PR F 04 RelLU BR3P KGHEI B4R #A5 B Leaky ReLU pR&SE, fEfit [
DUBFIHORTERE « X L8 pR 2B 5 O BRI M 2% th s I E i, ROV ENTRE
{3k SEAT RN ZR 0 SE 4 (32 4

Wod KL 0 sigmoid A1 tanh, 70 T R SRR HUMEAE-1 2 1 Z 8] (1137
5 B XA 2.5 1 2.6 TREAH ] . X SRR, tanh 22
TR HIEEUZ - BIR tanh bR ECHE YAV AEXS sigmoid BREI i, (HIXPIAS
PRI SR B, SEOHE IR . BUAh, A I PR ek e AR AT
RPN, AT AR A T e BB S R R X BT BE A A
P8 ) 27 S TR o A8 R JEE 5 SRR R S0E 6 e R O, X AR R i 7 225 8 ) —
NREERIRI,

14
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o(X) = s (2.5)
0 =22 26)
e"+e

FEIRE 57 2] 93, ReLU pREUE —FhH BB £, FERFEIVERE
ROt R I ZRid R B B AU BE RV R ILR » ReLU bR 50k 75 184 ORI 6 2 T AN
W, XX T ARG A RS BREE, BRI R SN, ReLU bR £t
BARGSHHERCE, 5 ERMATE (sigmoid A tanh) AHEL, FESEERN
W SiA BE PR o T A it 1) AR AN BE PR R S0 BE A ReLU A & MR 27 2] 1 3¢
. ReLU BREUHIE LA

f (x) = max(0, x) (2.7)

AR ReLU bR EUAE SRl 40045 1)y T2 A R, (HEA — D RRTE: 28
FEAFEAERS, EFRESFBUCIEEH M RIBE .. Xt /& Leaky ReLUM IR K 4
TEFIRI30TT, ik T ReLU ZHRE M — > i SR —— 22 T I A ANE 51 - Leaky
ReLU pf #0523 TE FATE LT 2 2.8, 8 W bR B AR s s B aBRIAE N 0.01 .
ReL U b BRI AR i B it Of 1 2% R IV BT e oo A WL EAT TR AN 22 5
P HL ORI S S SR B R e L B e R S B A

o(X) = max(ax, X) (2.8)

2.2.3 HILE

AL JZAE CNN Al 3R A RFAE B AR R AL B R R s, R oK An
PR AR IOVEE T R BRI R R, > SRR AT R IR A 2.5 P
AR AL (max-pooling), RITHEL BT I N2 Jo & 0 S RAEAE vt
MEE R, Wibd K 2.5 2); 7 —F2 FEiE (mean-pooling), BITHE H;
AL E O A S e I E A v a5 R, AL RE LA 2.5 b).

— Ok UL, AL RE R SRR FRIE I I TE RS R R A g, RIVRFAE I
T T 304, IXEEFA T BB A h S IURF Ak w] BE 7 A iR 22 22 5%
B BERZZE AT AR T A E R, SRR TS HRE S BEUG T

15



PN 2 e S DA TR 5 2] 1) e JR R S R A A

PAE IR i % ABAL B AR rp QRSN R R A 2 SEIAS THEL 0 5 22 XA A R AR =
s M 2 A 2 D) 2% P ARFALE SR AR T AR PR AR, DRI AR K 28 R 2% PR Lo i T A
JERE L,

NG O] NS T4t A
i LY iy
- D) )
P> 3
g 6 ﬁ 3 6 o 4
5
P A
. -~
7 ity = max(3.2. 5.6)= 6 | V iy, = mean(3, 2, 5, 6) = 4
re -

a) AELETE b) CFEfEMLLL R

2.5 PRI

G 2% P 1AL )2 22 T B ARRR AR B e B T BRTU RS S AT
SBRINECR, DR T N N I G B E 2L, gAML RN T
FHEEI RN, BE T AR IR, SXMARFE U SO 58 1 A AN [R1 i\
FHEEREE I RE T o TR 5 — D EE N EX P RARNER DTk, %)E
PEASASE AR 06 B 22 M QTR 58 AL R AFAE T A2 EATE R R T s D)L &
B R 22 7 1 o O A% A e, AR B E S — BOtRAIRAIE . WAL ERAT X
—RFPERG 9 1AL % (BRI, LR TR R AR L R 4 P B A RE AT R Sk 5 T
KAEHE 2R B AR PO,

2.2.4 FEEE

45iE4%)Z (Full Connected Layers, FC) JEH #7408 —Fh 2 28 . 22K
R U H AT BN, HAh AT S AR A E T g, [F]
I HERRAT AT AEAH A8 2 B 3 . FE G 2 P 28 A b, FC 28 A7 140 H P
MBS . S F 2R — DN AE S RSB n R, a5
FURI AL B4 UG WS 21 22 4R AE 2 (R R . SRJS . FC B4R A FRAIbIX Bl m
REAE, A 0 8 7 5 R 8 A R IR IE, AT IR AR 1R 43 26 FC R 2%
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M2 — i HA R TCZ [ O IE R B AR M 2%, IX ST =280t EL #8 7 CNN
PN s Gl

2.2.5 mBE

i 2 A e 22 X 2 v ) 2 A P A R M58 A B R R B e oy 6
WA o IR 0 B AR PR SE L, AR A A T o R
bR AT B et k. AL, St R 7 S A s, RIS %)=
(e R LR O IR A R 1 R EE R . AR BUE B, Softmax pf H0E H 2
KA E L, ER AR A TR AUEMS B RSO R 2
A, PEAERIBER SR AU TR SO EL ], AT e DA RV REE 0 B 1 2
6], Ay 1, AT REREMER . Softmax bR A AT

= 2.9)
Horbx Fonf NG5, B2 5 M E e e S 25 i M2 o

B, n iM%

2. 3 ResNet RYEEISE A

2.3.1 REZT]

TERIE T8 B 43 S 00 00 AN, 368 T 4 422 B 2R (10 2 R 28 W) % 45 ) s 3 S AR
AP E, BINR R E T E L 2 MG, THEEARMEEE, %
GPU AT, KRR 7 ibE R, 327 7 s PERE, (H2 an 5 Wb b
CNN LR VR FE A A BESR =7 CNN BRI PERE, R CNN A5 284 HH A P2 ¥
RIZRBA,

BEXFR LAY ZR ) Bk, $2 T B T3k 22 M 2% (Residual Networks, ResNet)
ZERIY ResNet™WEERY, jiid “MESFMUGHER” @ TR IERE . XML At
FEREIE IR AR TR, AR G AT R IR 20, T HL i 22 Wt LU SR A i B 25 5 AR
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o FREMZRERILE 2.6 . EFRZER, RN ERMTH 2 2 7857
BLAERERS, (ML PR INI 2 RE 0% B MR A N 2 24 ST BT RFAE «

X

Y

Weight layer

F(X) Y relu X
Weight layer Identity
4
Me
F(x)+x N
v relu

2.6 BREMZTEE

TERRZHH, x BRI, FRZESTT LR A H(X) = F(X) + X, H(X) M
i X PR, FO) B EIESIH, M F(X) =08, H(X)=X.

TER Y e, FRZEHE R T AL RSN GE 7T, TIAS G
FIETEINER , IR o e I AF SR 12 SR AR 22 I 25 1 — AN B R 3R« T8I B plIX
Bep, BR2ZE M EAMNEE E T A4 M2 I AR PERE, T Hos i s DB S 5 A
R SEILIX Fh St o IR b2 v R PN BTG 55 2% i B R I 34 k2 DX 8% 7 %A S0
AT A2 B A = A

H (x) = F(X) + x B 08 i 78 5 25 Hh 38 0 — AN “shortcut Connections”
KeszgibY, FREHRPEREME 2.7 () Fiw, #EUARPIS KB — Mk
MESERILE, XRS5 HA:

y=F(Xx{W})+x (2.10)

S AN AEEEANE], RS N — AN R, HatHE AW (2110 Fr

N
y = F(x,{W.,}) + WX (2.11)
FENGRd FE P B R, T ResNet BRI B EE Ty SUnT DL 52 =Pk gE, AT
FAE R REN PR AL S B 5 S, A RSO G fR T R T R 1)@, IX 2 1% ResNet
TEE TR B X 8% R ) — AN L el &, JCH A2 Bl A R B 3G .
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Rl xt TIRIZ ML, SIS LI ZRReR, JBLAE 3x3 AR AT
JEAEH 1x1 R Z AR N A RIS o RUE SRR ST AS A4 2 Y ek ] 52 2% 1A
PRI KN, (BB R 2 P e R A I ZRRCR o ISR R S5 F B4R ] 2.7 (b)
It

64-d 256-d
A A 4
3x3.64 1x1,64
’ Il relu
v relu 3x3.64
relu
S 1x1,64
ES
‘;/ relu ‘K relu
(a) i HUA R (b)fH F s
FI I N 2% I e AR A 19 2%

2.7 FalsRERER

2. 3.2 ResNet &RIZEH)

ResNet 1] PL43 4 ResNetl18 (18 Z). ResNet34 (34 )2 ). ResNet50 (50 ).
ResNet101 (101 /). ResNet152 (152 JZ). ResNet A= L5/ SEank 2.1 A
~o LA ResNetl8 H~1il, 2.8 5 ResNet18 M2 45414,

7 3 3 l ‘ 3 3 l 3 3 3 3
X X X X X X X X X
7 poll 3 3 3 3 3 3 3 3
Input > — | > > — > > —
Conv Conv Conv Conv Conv Conv Conv Conv Conv
64 64 64 64 64 128 128 128 128
3 3 3 3 3 3 3 3
X X X X X X X X
FC |poll | 3 3 3 3 3 3 3 3
Output  [4— [— — ] [ [ [ +—— [ +—
Conv Conv Conv Conv Conv Conv Conv Conv
1000
512 512 512 512 256 256 256 256

& 2.8 ResNetl18 ML LEHIE
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AN et A

MR 5 51 0 B SR 35

FAERIARAL

£ 2.1 AFEEHH ResNet MK S

LBRRAR i A 2R ResNet18 ResNet50 ResNet101
Convl 112x112 7X7,64,5=2
3x3 max pool,s=2
Conv2_x 56x56 3x3,64 [1x1, 64 [1x1,64
3x3,64 3x3,64 [x3 3x3,64 [x3
[ 1x1,256 [ 1x1,256
Conv3_x 28x28 [3x3,128 N [1x1,128 [1x1,128
33128 | 3x3,128 |x4 | 3x3.128 |x4
[ 1x1,512 [ 1x1,512
Conv4_x 14x14 [3x3,256 5 [1x1,256 [1x1,256
3x3,256 o 3x3,256 | x6 3x3,256 |x23
[ 1x1,1024 | 1x1,1024
Conv5_x 7x7 3x3,512 5 [1x1,512 [1x1,512
33,512 | 3x3,512 [x3 | 3x3.512 |x3
| 1x1,2048 | 1x1,2048
Average pool,1000-d fc,SoftMax
FLOPs 1.8x10° 3.8x10° 7.6x10°

2.4 MobileNetV2 HYFEL B AL

2.4.1 REFSEER

MobileNet § Andrew G F14&5

WKHIBAF- 2017 01 %, AR TIRAR. RE

R PEE A 22 X 22 A0 S RV U A o XD BT R R IR W 0 BB R E N St %
BUTERI BT % . MobileNet S8t 1 MR 52 WF 7T 7 5K € i & 1) Ris k. &

T AN TR A R S A T IX — R, SRV,

M5 S FH R PP BB 5K, (RIS A 250~ 4873k PS8 M 11,

MobileNet [ 244 X5 b3t briEG AR o0 i PRS2 -
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RMINEAA R 75 B RARaRsh, mH KR 7 2 E SRR A,
FEATZI 28 PERE AR D0 T4 R 1 THSROHEE . MobileNet #1454 U
K 2.9 for, &R 1R G AR A I 2% BT HRIHT T

W

Di «— N —»
(a) AR AEBFA L

Di —mM—»
(b) iR BRI JEas

2.9 MobileNet jd3&3

IR HEE R = AN RFIE ] F 2 B 4E3 Do xDxM , il FH IR #EE R K
52 D XD XMxN ,  Horb D ARRIE T TR AFHEE RS, D AREAREG IR LI
KN, MORERBOGEEERR, N AR HIBE S, 2B
K29 DgxDgxN » & 2.9 (a) fw.

THEARUE B I HAE A R

Gk I m= Z KI B mXFk+| —1,l+j-1,m
i (2.12)
X RAREE R E
D, XD, XMXNxD. XD, (2.13)

FrUEE R AT 5 00 NUR FE B FRANZ SRR, Tt I VR B B AR R/ N
D XD XM , 722 )% YRR A DxDxM , 10 2.9 (b) FizR. IR AT 43 B

HITH AT
kIm ZK k+|—1|+11m

i (2.14)



PN 2 e S DA T URIE 7 2] 1) v i S o AL

R K BB, K 195 m, A SRR ZER R E F 158 m,, ANiBiN L,
G 4 m, ASERHHL, FRIHIRRE AT 4 B AR T B

Dy XD, XMXD¢ XD + MXNXD, XD, (2.15)

RAE A (2.13) MR (2.15), ShpEERAMLL, RERT D BEERKTHEE R
FEREAR T, Wb

D XD XMXDe XD + MXNXDxD: 1 1
Dy XD, XMXNXD_ XD, D,’

(2.16)

MobileNet KR 0] 70 B EAR, WRSCE T RHE B SR FRET . fEiX F
TiEH, BANEREZ T HTRAEEIR—35, AL G0 2 %00 BN K 4T
BT o XA I B BT ROR > R T LR SR AR A 7R oK, 38 2k
b8 H 9 . XFE—NERUIHESLAE MobileNet $575&E & T 1HE T IRA IR A93R
58, WnFEsh AR N e 4, (R 7E AL EE A 2 B 40 o B 5 T ORRF = PR R

2.4.2 BIFRELH

MobileNet V2 £ T 5 4 MobileNet 22K [ 25 AR, 13- Higk 5 2
KH T R ZELER, XA — 5 ResNet AR 2ZE S R RS, XL 4 (X Bk
HIZER AN ] 2.10 o BEAE MZS IR I I 2 S BUE K IZRiR %, MobileNet
V2 R iR 2 R T T O AR X — B A I R, LRk E RN
F(X)=H) =X o XA RICH0IRE G 18 BEVE SR R T B, 56 PRI S 30 6 2
7 BRSO 7 A AR SR IR o L AR, 122840 SO VARSI 75 229 J8 BT BN = i 5,
T 184 58 H S0 B 5 2% A 55 PR I 1A AT A

MobileNet V2 55 ResNet W45 [ [X 7] = 2Z7E T HARFAESR U7 i . EOR ResNet
KFIARUEL L, BIEI 4E T PR R 0.25 1%, SRIGHHAT B, SR 5 H1nges,
ResNet H X PP VETER 9 AT LLBE ELVEVDIRTEZAR . MobileNet V2 SR T A [H]
(RN, GRLAT IR B S R TR SR I . & E A S Y R 6 %, AR5 iHHT
H, SRERRAICHERE . G 211 P, A rTAAGI , Zd BT R R . X
PR 45 22 798 T MobileNet V2 818 8, Ttk T8 FIZCERAMERE,
R AE THER BEURAT BRI RS o
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WEFR)G, B2 mEE PR AcTE, FidfEd, w2 A E #7314k
FEERHME A, 724 R AR IIBUREE K .

Pool+Conv+Relu Pool+Conv
+Conv+Sigmoid Eé +Sigmoid \
. o Refined
Input Channel - ial g feature
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W), KA — 4B RIR R N HIE S kM SRIETE . X B K AR
BB LR, M HFR 4B ANE, kK BUEFTLLEE X, g
k=5, MATLASRAZ F,, e R ki Sigmoid s%H F,, HEAT IS ERAE,

HERERHEM, (F) e R™C, A 30A:

M_(F) =&(f*(AvgPool (F))) = s(f*(FS,)) 4.1)

avg

FEXH, f FRRBRRT WK BRI, By R T ilE, 6 &R

Sigmoid HuH K. A3 (4.2) i T —4EBRIZ NS HRHESRBUS TR . KL
HAK M, (F) SMASRHE F BN Jo s BT IR, ATER1SHT 1% R FL .

F1=M,(F)xF (4.2)

ECANet, RIsROEIEER /%%, 2XHEEEE LG s ZOE, @
R SENet BUM5RAR . ECA BERAE &7 T30 J5 ELEAARER L 1 Ix1 &
BUZ, Fpl, ERER 7 eERz . KRBT L RA ROk 1 FEYE, Heew
PN P A AT HL

ECANet )M REIEHE E R R/ DS H S H NS EAFRBE 4
KH—4eGRZ, B ConviD, DMEdtis(FIE(E SACH#. BRI IR/ IMRYE 7 &
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PREIAT SIS R, RVFRAEZEIENE ARG T 2 NS EER . iGN

loga(c)
14

ECA JE= IHLEI R SOl A T

(D &b, HRMAREE M b, w, cJFHONFEL 1, c]E.

(2) HRAERAE I A IE TE A5 B &R 4ES A% KD kernel_size.

(3) fEHZERIZINME B AR T SR E B A8 TE A

KRIHEAROES & 1 RCRAVERE, {8 ECANet NI 55 2% TR 5 2 2] JE A4
HHRFIE R R (5K TR

REEXN: k=

L0
14

’ :/H;EP)/=27 b=10

4.3 ERER

ResNet i FC I3 b (15 72 G5 M AR e 17 1R FEE A 20 D) 2% )11 2 o i DL PR P88 3 2
FOBAFERENE R R 76 ResNet W, — MriEMBRZERG S =ANERZE, B
IX1 BARHEAT B4 LAl > SR CR AR, AR50 3x3 BAREURHE, &5 fE
F 1x1 AR B SR AR 4

X P R I A IRy I Tk, B IRIERUD TR R R BRI, R
R 28 B K 22568 1. 510, MobileNetV2 Bl N 7 —Fhr Sir&it, #A
“IREEFRZELER , X FHEFIEE T ResNet T, R T “N-K-N7 K
e Bk, Efuidid IxU BREATYEEY R (BsREHE D, NS 1A
3X3 RER 7 AR (fRIFR 3x3DW R HHATA BUINRHEIRIL, 35, PR
FI X1 A RUEEAT B4 o TR TT 29 85 45 AU R bR v S R 2 IR A (L)
AN B AT SR AR SBR (A IxL BRE IR , BEFEd T
BER/NFITH TR SR o IXPRE 8 IUAR ZE G5 WTE T 1] 4.2 HhoB TRAETE A

RGi1 3x3 BRURAET, i AR 2 EE C MEE, BRI
3x3XCXC. MLLZ N, WRER 73 BAEPBUKH] 1 —Fh 5 m R S B eIl R
B RPN B IE 25— 3x3 IR BT/, BE)5FIH 1x1
BB S BB TE Rl & . X RIS T S8R, BOAIRE S RL
3x3xC M, 1 Ix1 BT E CxC M8, XFh B Z WD THRAKS
HOE AT H TR . MobileNetV2 SR FH (VR BE 7T 43 B 4671, ZEJ/IMSE BV AFURI THE.
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SORPERIFIS, VYOREF T RAFAIRIEERE . XA 12 M2 G & T BHR A BRI
155, (RIS I R DR R R HE R R

Ix 1R a4 1zl 4
3x3%EFH 3x3EBFDW
Ix1E R4 1x1EFIF 4
3x3 1 3x3 1x1

1 > —p —~— 1 —» Relu6, | ™ —

eluo,
Relu Relu Relu Dwise Relu6
| K | 4
+ +

(a) Residual block (b) Inverted residual block

& 4.2 ResNet50 5 MobileNetV2 BREZLEMIXTH

%5 R BITR T 00 B G BB IX LU 35, FATAEAWT FU Ao AR R AT 1T B P Y
it - F5 MobileNetV2 H 1R AT 73 B AR 51\ 25 X ResNet50 H1 & G = -
X SCHEANUORE BE RS T AR AR AN SRR, B IR B 1 2% H B 1Ry
MEFRECRE T o 2R AR IR T 1A A BEA IRIA B 1 SE PR AR, (LB
& TG M s, FINR T &R R X,
FATHIRE R A B Al 5 v R RE 2 1A SEBIL T 52 SR K14

4.4 ASPP &R

FEVRFE 25 314538, ASPP (Atrous Spatial Pyramid Pooling, %l %% 7] 4 35tk
) BEHL S — P i R RFAE SR BONLA o A% 0o SEAEL R R FH A [ 2 K 26 1 2 5 A0
(Atrous Convolution) SRR 2 REE R, A T WE A [F) R VA TE K15
TR S 2 EIRE ). ARRFTEH, ASPP BRHU B T M4 1 fa v, HET 2 RERE
SRS, X S R E I 1O EURRHE R IEE /1, ARARTE T PR K
FELA R s s AL BRRE /. ASPP BRI AN 4.3 iR, B R B H AR
BRI
7R A AR BT ) A RAE S G AR AL IS A (rT SR A 5 O U 52 B (] I R 3F
RAE I 20 2 0 7P I o G, SRR RS2 B 75 S8 ORI B U B A
AR R BCR 25K Cstride) , A B 732 3 i THI G v B 62 Jek KRN 4 7%
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HAARA A S TERUELF T T IX 5T R K : RS Y KIRA2ET, AR
RATge R oA, R ERBGRAGNMETELE . Fik, EARBRFEIA
ASPP PG FLE T M4 i, XS M EREE R I — IR AL, AT 1A
A%t R i Ab e

& 4.3 ASPP k&1 &

4.5 HRILPIESE

4.5.1 LR

FERERIYIZRIN, 6 DR AR T IR BRI 400 2% 11 2 HARFRAS, AT o Ay
it 17 AR T IERAAR 2SN 2R, &5 5| RIS UG . R RS e B, ARt
FUIR A X E I R i, B AL B PR 2% o 28 OB AMAR 2E IR 7 73 S E 2
FEF, RIS A R R SR AR, R 1B B B AR 2 S AR . A8 Xad i vt
SR 2R A5 FR0I R ME 238 03 AT 5 TS 03 AT TR 1R 22 S R v Ak A 28 23 R R A 12
HEN T —2 57, DIRFARIMEREE . 0% b, S XEME T ES TR
FEALE b, WAMERNG (B pAlq) BIARRFEE, 28 RS iR BoER

H(p,q) = —2 p(x) log q(x) (4.3)
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7 LS, pO) FR S, a(x) RO R S 0

Ao A H(p, q) 2 VEX AR A 2 T AR &, (B, Hoz

SRR M K. M, (EBUN, BUNRER I TERIBER A 5 H S A K —
o BRBEMER S TNADFEA, AR A5 O 5k o 80805 508 -

H(p.6) =~ [y, log §,+ - y) log(d— 9] (@4

HEACOA p(x) IEF BATBER 341 q(x) BT BRI T % o 240K iR 2K

SRR RE & K, RAEPPAS R RER TR bR . B/ IMEAZ ORI A B 192
e R PR 00 XK 2

4.5.2 AdamW {E{L.28

FEBRAME MR, SRR B R i = 0 2. (KL, S8k
BRI BRI R B AE . AL RBEE N A TR RS AR R AU,
%712 OO R JE ABEHLES B R BE (SGD) , %51k it [ 5 2% ) SR [7] 5 W i pst
Rp A AL . SR, XA R IR REAE & 2 BRI B A, &
R BORERY, S8 ) ROR AN AR . R, FEAR &, BATERE T — P 7%
AdamW BEY, ey B — 0 58 Y ) 45 R i R e TR )

AdamW (Adam with Weight Decay Fix) & —fF T4 W 28 I 2R 0 A0 4
15, E X AR HE Adam AR AL SVE R kGt , B 7E B 4 A FEA EE 52 Rk (weight decay )
i) . A E L — FIEMMLEOR, T 7 IR E . BN & AdamW 5
IR :

(L ¥rats4e:

WA S 3 ORUE) : 0 WAL NIE S HI B LA .

VIR EVE RIS R (momentum) A28 m Flv 1L N

WESIEI . NEEFEEwWD GEFERANA) - LU LIS .

(2) EREHSHL:
MRS, HEBRRECR TS O E g _t.
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(3) B —Br A R i it
TR —BrREAS m R R A vt AT i R LR Sl T B R
I IR BT E
m_t=A1*m_{t-0+(1-pL)*g_t (4.5)

V_t:,BZ*V_{t—l}+(1—ﬂ2)*(g_'[)2 (4.6)
(4) 1&1ERZ (Bias Correction) :
H TR m flv B3R, ellefmzE, FibHEBIE.

m_t_hat=m_t/(1-p1) 4.7)
v_t _hat=v_t/(1-p2") 4.8)

MWRAFIEIE G B —Fr A e fboh, SR 2400 -

0, =6 —Ir*m_t_hat/(sqrt(v_t_hat)+¢&) (4.9)

KH, e & MRUNIELL 8 TR R BRSO

(6) [N FHAL -

ShriE Adam ANFEIE, AdamW R SRR FHAE S HCE B 2 i, 1 A2
et Sws R, el &ENSHEHN:

0 _t=60_t-Ir*wd*0 _t (4.10)

(7) HEE ERDEREPERIHUE FIE AR B i 215 26 .

AdamW [tk 22 — 2 R B S SN TR R S, AR AR
AT . XA BT S A S B BCE R ROR , B BT A AT K. e
HAE G2 g I R R A, AT PSR iR AL 2 AL TR fE

4. 6 ECA-DS—ResNet50 R4 Mg iE R HyzE

AT I8 I %o T4 9 4% 6 — R A B S, B T TR v SRR
¢ 1] ECA-DS-ResNet50 P25 1584, HA5M e T 4.4, 556, tEMZ I 1,
ResNet50 i@l f@ N ECA (ERUBIEER ) MU, B T 5 EUREFER
PEREST. FHIR, 5T ResNetS0 H1 7x7 BRUZ ML Z I mvh B, AHEAYR
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PR FER] 73 B AR B 4 5 3x3 FRifEBAR « X — MU AN 4k 2K T MobileNetV2 H
DW GREEBFD 1 PW (B mBHD MmBilf], EA 8K T Bk &
UbAh, BRI A R SRS I AL 2SR — P B S 0, AL T 28 520
XM 2 RIS R PRI TR R () SR B, A R VIS HACR. RJE, 8
I FINREEAT 2 RUE R (1) ASPP (23l 2% [|) 4 8t Ak ) REER, RN 7E 1 ik
GAFERICRE 7R E I, BRI T 0 2 RS B Ab A

1x1 conv

+ — — — —

pool
ECA-DS-Layerl
ECA-DS-Layer2
ECA-DS-Layer3
ECA-DS-Layerd

Conv

3x3 conv
rate=6

3x3 conv
rate=12

®

ECA-DS-ResNet-Extractor

l

classifier
o
3
<

3x3 conv
rate=18

pooling

ASPP Module

Conv
Bottleneck x 1

| Bottleneck x2
s
L&:{«k x4
Battlerlbeck 3
4"[4

MobileNet-Extractor

4. 4 HOHRML SRR

A P 2% BT NG T M Rl 7 = A E E ARy . ECA-DS-ResNet-Extractor
MobileNet-Extractor LA ASPP #5ith. fEACFRRAEH, EURHE s mliiid ECA-
DS-ResNet-Extractor I MobileNet-Extractor FHHFTHRAE SR, X P AMRER S
PR B REAE IR 5 HEA TR T A AL G, JiHh MobileNet-Extractor 7Efx g — 1
Bottleneck Z JGMMA T —A 1x1 (ERZ, HTSEOAERENY . MG RRFE
gt — 21k N ASPP #5EH, iZAHuiid As [F] RO RS2 B Al UG 1 2 ROEEAE B
A BERTH G I R AN S 1, fEASER T ASPP B A 1K 4.3
ASPP MBI IR = A BRE . w2, @l — AN EREN 8, bR
(Ko et iR

ERRIEATIEREF, A 2RI 4 B ECA-DS-ResNet-Extractor Al
MobileNet-Extractor P~ 73 SCHFATRFIESR L, BHEEIATRHMER S, X —d
RE TR I o R S IR BE 5 N 2 ASPP BT iE— P 1) 2 RUEEHT
MERL G, JFmsamid 7 Kae 300 K8 R
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AW TR R SRS & T 2B HEEOR, JRAE ResNet50 A1 MobileNetV2
(Al AT T RE I I SO R A X PR A AR AL T ResNetS0 #l
MobileNetV2 % H AR H, T Hald @ R RESR I (5 SRS & 2 R AL
Hl, WEREE T BRI AT AR REAIRE

NTPRZE—TEGEN R 4.4 SO M2 5 1) = AN EE 53

(1) ECA-DS-ResNet-Extractor 4>

FEAHT 5 it R AL . ECA-DS-ResNet-Extractor [ 7E4H PN #5451 fe 7= T
K 45, R MHE 4.4 F1, ECA-DS-Layerl-4 ()& — E 2 HIx N & 4.5
YA B, X s, f— A 3. 4. 6. 34> Block 41E%, TfifE4 Block
#AEHT 1x1, 3x3, Ix1 HIGFRE M . B> Block PRGN ZE 1) f s £ ] 4.5 1
RELRHE T 7. HAEG 1x1, 3x3, Ix1 BRUZAE, thabF 3x3 @GR g
1 DS (R ED B, 2 =EERHE)E, HdERA ECA (mRuliEE
B B, A S HAN . KA BT 2R (GAP)
b 5 B E I A R E, 20T Sigmoid BB EE . AH R 4 RS B0
SCHEE AT, 13201 Scale 45 F 5 F WIS AN, AT 58 BO RAE £
SEFIRAL o

>
>
D
D
>
D

TS| || < | S| TS| S
00| v o|wo|w® ©O|lo|v o|lo|v
S = = S| = = S| S = =] | =
Max-pool | | E | E || E cllgf e e[| e || b= =
O O O+ O o O I+ O Of O+ O o] (o]
Q0| O (GR RGN NS QOO OO ©
RS | oo ol KoY ES) IRV ES]
xX | X | X X | X || X x| X || X X || X | X
S| ™M= S| m| = Slm| e S| || =

Block x 3 Block x 4 Block x 6 Block x 3

1x1,128
DS Conv, 128

ECA-DS-Extractor

B 4.5 ECA-DS—ResNet-Extractor £#E
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‘ Add ‘ ‘ conv 1x1, Linear

’ conv 1x1, Linear ‘ T

f Dwise 3x3,
stride=2, Relu6

Dwise 3x3, Relu6 T

Conv 1x1, Relu6

Conv 1x1, Relu6
' ;'ir{buftc") C input )
Stride=1 block Stride=2 block

4.6 Bottleneck HNESE

(2) MobileNet-Extractor 54y
FEAHE ST G AR, MobileNet-Extractor (45 /01 4.4 Fim. FAk
#|4> Bottleneck SREJAN L), W2 WKl 4.6. EHAFEEIE, Bottleneck ]
SR SRE AR K Cstride) A TR HEZEREIAAE, HBKN 1,
AR BT L HE R SR R N S B B 5 ) 45 AT RN o 0X — R A AR Y 4%
FEDRFRRHE B RS AR B [ER, AR S T A2 IRRHEE S, A 7
RO R AE SR B 22 ST BE ) o I X ARG 0o U454, MobileNet-Extractor 7
AR AR R RIVE L, Al R I 2 e
(3) ASPP #4r
ASPP R B TR S M) A 26 DU 5 58 DY 19 8047 1 /v el AEART T, A1
I 4.3 Fros ) ASPP e Hh (1 ] = AN G RUZ SRR 2 RUE S .. ASPP
bl 2 B AL W28 B Ja o, 0 I AR R SR AR AE B EAT B on s AR I, 2R
JEIEN ASPP 1EHUEAT 2 RUBAE B R A o 1% FhA T s 125 38 0 1T 256 5 R
FRIEHIPRANEE ), A R IRTT 1 BUR B F . VUGS BE DL R AR PR B 2 7 B e
JJe fJa, W — A EERE R G N R A KA, iR TR
RO AN HERA 1
ASPP Rl ALHE LU LA D IR
(1) ZREF AR : ASPP BEERAL T 2 N AFRFER (BIRRNEZIKE) [
TIRAEPRY BT . B EBHUE TSI AR RERAES, 7 LA Hotad 3R A
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AR RIS 2 AT i B 2 R S v
(2) ZaEM e THib: ASPP AREGERH] 13 B & v B AL 10 18
Mo BIFEARRERFER R AT RGN G, XS 2R RE AT AL 3R A
RFESRATA A U T I RFAE , BE— D4 5 1 R R0 AN [ RBP4 R S g
(3) FFAERLEr: ASPP RLBGEH 20t 2 A RO MRF L AT R, U A A
A F B B BRER R . 3K AT DAL ) B ZR R BT AT B/ E ok sE B

4.7 XEIEG

KREND T R E R E SR ITE, E M2 ResNet50 5k A 45
BTN, A5 SO R ) BAR SO TE AT IR, B, (ARSI ET,
ResNet50 JHidf N ECA (mRUBiEER 7)) Ml Ik, %7 ResNet50 H1 7x7
BRZANALZ B TR, AR R R W] 2 B RO B 0L 3x3 AR
o Mok, BREREGRUS I TR, #—0mb 73808, T
geettty, JEH, I AdamW AL, $EE MBI RHERR . &5, @il
NREREAT 2 REERLE (1) ASPP (23 2% (8] 4 - 5L B, A7 1 i R R
AESIEE SR RIS, AT 72 RUZAE B AL A
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5 SLWHRS5 R

5.1 SERERBERNS

TES =R, AR T — N R e 5 SR AR . R S A
PURDA RIS B S53RHUE SEEESE . SAEMTE =48 B s R A — P
DR TEER: FeR . — R g, RETER 12 MRS &), &
TSR T8N0 200 sk EMR, )z MBERY RMEs TR, ¥ R R4
5 360 Tk MG, B AR T 4320 K MG . v T HE SRR SR K 2 REVE R RS,
TABECIEGEAT T BN LA He, 045 90 FENERL . /K PRH % A2k BLRH AL,
T EE AT BRIV A — R LA 4. Bboh, St—EG T 7 A T
FEBDUER e P Bl TR A, (R R AR A BT 5000 sKIEMR . T REAT A RISk
APEAL , BRSO =75 IZREE AR AL, LLioh 7:2:1,
R 7RISR, 1 B D0 AN 5 Ak P 7

5.2.1 LIWAR

FEAS PR AR 52 6 1) vt o R SR SR AT BRI S PR BIME 55 21, D& AER
R PEEE (ImageNet) EFUNZRE A, DIbE O R 5E M X 7 ik i 5 4L
HIBETT o

T GRAsE R AR 5 5 ) RORIL & 2] U oo AR L Ay, JCH AR AE T
AR E LB TS5 . PRI GRAE AL ) 32 AR ] L

(1) I ZRid R A5 A TN 2R AT A 25 ek I I )

(2) $EmthRE: XN THIREBNIMES, MR T BEA 215 2]
RAFHITERE, DR RL AT BEBAT A2 8 AR R 27 2 R 2R IR . TN SR 2L A Oy
O KBRS B2, FrAREWS iPE S 4 & IS IEAE 2, SEmim & AR5k
RS

(3) FEAREIEA M. RSk, B R AR, FRBCKEARE
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B T e AR R RN 55 5t o T ZRAR 7Y T AR oAt Qs PR R R i £ _EEAT I 2,
SRR IERS BRI, IR R R EAE 17 K

(4) RPCFEEL: TR ml LAy s R I RF LR B ds . (£ — 22N,
A DLEL A S A 7R 1 g EEAE D9 RR AL S N B T B B a2 SRR R 3k AT
ReHABAE S

ZR ERIR, WA SR S I GRRCR . oA R VR RE L i R EE A A2 [
PR A RIS 27 3] (R A 55 0 T A 4455 SR B A

NA VPG SO A RE, AT AR R BN 2R SOREAT TIRA R B
PRI, AR PAT IR 2R L B0 LR G B 73 G 73 FSX = A
S IA R BT THER N H &

(1) BEARAN R 55— AR o) B 5 5 S A e 73 G S 1 RE 7T
PN T AR R A /) IS5 S5 [ 26

(2) XPANF G (ER S AT 7 P 26 A N4 T 2R X 3 AN A o &
SR BR S TT T A RRE L, Xt DU R SR A 1) vy i S S AT 1 IR AT et AR A )1
Zr. WUERZR . FIE. S8E. HEMIERE (inference time (median)) F&EF)
Wik (FPS) S RMEVERETEbrdtAT 1A AR LB 73, DA B AR A i R /0 4%
FIIA RN . B SR G MR LB i, fde, DL RIH s
S5 IR LSS B R ) ELBHOE AR T O A BRI AR N R 2R, T e
UEREA B SIS HL R SRR AT A 25 o 3 — 4t (9 73 BT AN s T et Ja A AR
ThRE, VRN T A 10 AL BE DTk e K BAR G 55 Th RE

R 12 DAFRZRAN G, AT FCRIN #EAT 1 ASHER) 7028 5 70 S Ab ..
FESRTIRCRTTIH, — RVEAL B2 AR, 18 1IN RIS, @ 1 X
i A B MIEAT 70 SN 73 G ) B AR o e SEIG AR T 1 AR AR Kb P AR A AT HE TR 11
111y HLad 1 o 1 AR (32 AL RE T AT IaE A, ST i R S SR 1 5iAT A
BORSCHF

5.2.2 SRR ESHLE

A IgRE AutoDL V&, %V G- —H s GPU IRES B ALY
5, WHFEEHEF R THRS SRS T GPU :RTX 3090(24GB) * 1 ;
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CPU:16 vCPU Intel(R) Xeon(R) Platinum 8350C CPU @2.60GHz; Hf5 Cuda 11.3
PIANENESE, 80G W AF. IREF M EIMNIAELA PyTorch 1.11.0 Python 3.8
(ubuntu20.04), A5 FH H A RR 2 2% 2] TR AR TH RSB Jo B S B 55 R
e VEMZEE IR 5.1 R

®51 LRSHPRE

RS H 44 PR TG
Batch size 32
Epoch 75
Ema_rate 0.999
Learning_rate le-4
Ir_decay_type cosineAnnWarm
Optimizer Adamw
Weight_decay 0.1

5.2.3 it

R JEE 2 SRR 1) Ty 280 e it A FH % e b B A AT UL B SR 0 » AR
TR T H, AT S LI I A Z A F RR VP Al AT 3 ) ResNet50 o 2% 76 %
o SR SR R AT 4y R OT I RE FT o A, 3 PSR S50 K/ SR R E I &

Zet, [FIRS# F inference time (median)H {E #EEE IS [AIFNEEAP IR (FPS) RiFAh
VAR 8] 52 2 o IS A B 0o AR A R AT i AR Y R AT A T LU, A
BT SRR (AT A ) BR A

HER R B I T AL AR AR CEIRIEZR S 6020 BRI LB, 2
TRALPERE R FEA TR bR o 13 [ 32 U T4 S 280 T IE SRR AR IR0, 48 A
P B S IR, A RROE IR 3. 28 TR S A Rl A1 AT 2
58 BN IL P, TR 5 A R R A R O L . TERE SR, R

SHG AR RER RS A REREMBGR Y, Oy — A BER LS N ER. R
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IR 1 2R WA AR R (Y 28 R BE INT AT 2 A7 RO o T HER AT £ []
Z 1B} AT JE -

TP+TN
Accuracy =

(5.1)

E:N+ﬂI¢N

Hp, TP YR IEGIFEAS, RIEHRE PR IEFEA, TS5 RO IEREA,
TN AEABIREAS, BRI R AAEA, TS Rty A N i
A AL

“inference time (median)” & HEIEFRRS ], —FhiiT ENL2SF IR B R S5t
FEPATHERR CRIUBASNT i AN BE 21T Ab 2 9125 H 25 S 1) It Re I vPAN 78
Fro BARKUL, EIRRE:

inference time: HEFN A2 MBI (n— ik EHER . —BIEES) 3
PR (I RARAE . R EE RS TR BN A] B R A R AR R A B R Y B
FEAR bR,

Median: 07 #0 —Fhgiit &, FRonfE— RAEEE AT R EA B IE .
FEIX L, AR B PR (] 8 AR 2 R EBRERAE b, BT HEELA 8] AN B HES
AT LA AN BN I A . B — P IE B &R St febr, BRIV EAS%
Bl v (L R R0

224k, inference time (median)” HRAt T —ANSE TR S2bris AT
PRI R R SERE B, RN A 7R B e B R R 3 s CAnSEE s b B L R4
M55, X —4RAR U E E o B A EiHE 2L [R) A A Y B8 B bt
AEPRA N FFE A5 I, X AE V22 2N BT SIS A B A R B B MR RE AR AR .

FPS f& “4FF0ii%” (FramesPer Second) , J&—™F ksl & 5 b 3 ik 57
MEESH . FoRRKRFBAFP eI B R KA 2/ DiiEIE . FPS s, &
A P {5 Ak L3 B R

(5.2)

5.3 ERSRAArH

o3 X IR 45 ResNet AR (R ik, FRATTE fmy Ji B S A I AN e 2o 48 15t
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PN 2 e S DA T URIE 7 2] 1) v i S o AL

SR RUHEAT TSR, R — . PR =AAEER TR EHAT T 752K
SKIGA R VE WK 5.2,

R 5.2 =R IR RS0 M RN E

ResNet50/% 23t ResNet50/%
|
HERf % F1 HERf 2R F1
R 100. 00 100.00 100.00 100.00
—Z% 99.78 99.64 100.00 100.00
—7% 100.00 100.00 100.00 100.00

RN TERR . — SR 00X =N ANTRI 3 1 DY e s i 2 e i 4 |
XUk 5 1) ECA-DS-ResNet50 #5278 5 54 ResNet50 #5271 (R A R A F1 B AR 01
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