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fEGoogleNet F14& H i InceptionBiHA R I GEfR 1 INTR X 285 3 Jse 1) 466 ¥ 2 A BE AR AR
)R, P 1B IS H AR, ARIETRH T — P T-GoogleNe tA Y ISt il 2 JG IR BEpi &2
WA AR, Bl A T A B 45 HHE R R o 5y o AN BT A T BGRB8 DA
S

(00891 (1) fit E#riHEILEAE BatchNormalization,BN)

[0090]  Fhe (X 4% v i A5 2 0K AN 58 3T, v TR)  — 2 A AN 088 0 A A A 2 RIS 40
AT BORZE 5, S BN 28 75 ZEAN W 2538 BT 0 2008 20 A, 23 IR Y YN ZR I e B2 . 20 1 5474
H B BN A A R i e 13X A 1) o A FR A AEABE A 1 A A] 2= GRS BRI T i 1 bR iEAl
AR B A ORE G 1A RV SR R P R I S 1), IR 1 X £ W SO L L AR AL T R 4 25 44 . BN
Tt ERAR T

[0091]  fEtn—HbAm AN BT X, x, o x, o 20 AR LB AN TG 2 , KA Rkis =0 (2) (3) pr

7N

k
1
[0092] pu=-) x (2)
2
| k
[0093] o= ||% > —wp? (3)
\i i=1
[0094] SRR —fbx B VA — AR BRI IME 0, T 2 A1, HA Rk 0an (4) fis
o i H
[0095]  *= == (4

[0096] 3 (4) HEx, A L ¥ 5% A3 25 1 B AR IR IX sk, 900 1 IR i, e /&
—MR/NKIEL, Dy TS5 22 03 BENO HANK TH B IE B -
(00971 R Ja X VA— A JE B AT B A , H e 2kik s (5) Froms
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[0098]  y;=a%,+p )

[0099]  Hra BRERANAILLE AR, H 2N T AMERBI R AR &t R IE /e /1, IR H
X J2 0 28 B 222 B 40 A

[0100]  (2) InceptionhFyhk 2 it

[0101]  HefE20154E4E H T vk ZE 450 , il I FES FNS B UE B TR AE I vE & I A i o ZE ]
PGAR IR, Bk 22 45 1 R 08 A 208 38 B V% 52 IR 7 R IR VK] 8% 3R A i) L, JHL ) IS+ g o 1 6 . 1)
A, 545 X 255 (1) 1 e AR 75 2 2 - o A RO A S AR AR ZE RN B TnceptionZs #H , X
Inception&5i AT T UHILAL ¥ 5 NFFAE 5 Incept ion&h A% H I RFAE HEAT 1 4 AE fik
& B AR HIE AR Z R InceptionfiH, #y 4 N Inception B.

[0102]  (3) Inception%h i35 AH o i A i

[0103]  FEInceptionv3H &t 1 AR 43 A1 & B4 A K R B AL A i R RR ) /N
T s 3 3 A KRR G AN o 5 — Fh 772 A3 x 3SR IRZ B 4t — 15 x S GBHRZ
5 R VR R nAkn 1 AL B e i L kn Fnk L) G AR AL AR JE AT HE B IX P R T VAR BE1E
S B AR GO , B S Hm I3 N5 2 AR 2R PR B8 T o WA I A R 3 PR A VR
InceptionfH AT 0, ¥ Incept iont&ER 1 13 x 3B 3240 N1 x 3F13 x 1587, 445
x BB N3 x 3R x 3,3 x LB, FRAEREANJr SC/F I T Batch Normalization,
BRI TR ZHE B TR RS 2 58 Inception4i 4, iy 44 A Inception
Co

[0104]  (4) SEVER fiib

[0105]  SEREHLEHISqueezeMExcitationi MEIEA K, HoA Squeeze & 4 715 B MK 4E
RN 2 — MRS R Excitationsg — M A2 3 K i F2 , SEREH 3 BRIl 1E 2 [A] (1)
I ZFR 5 T [0 245 388 T TR 3 450 SHe 1 0 DX 265 1) 27 2T e 0, MORRIBE VE & 77 - I8 A& SERL IR I 7R =
K.

[0106]  (5) Tnception%s Hafl& 517 k2

[0107]  AHiE{EGoogleNet IR A {1 Ll I, fREE 7 A St Inceptionfidl , FA T
HAy % Nlnception AWK /R . F A 1iE Inception ARl FCHEHInception BAH
Inception CHEMHEATRLE , N H B 2 JEMGoogleNe t I ZE B A vh 3k ZHiIm A
InceptionAfiH, f Z M A Inception BRELH:, VR Z I A Inception CHIHR, Hrp AFIBRELHL />
AR T PR, CEEEGHREAE i) $2 BB A BE 70 S5, Fr AU 1 FLIK

[0108]  ZR& BIRTTVEAINGETT 20, $2 H T eleadh 2 J5 i G o R AT R R Ak 2 A P
EI10fT 7 o

[0109]  3.s2ie it 545 R i

[0110] A5 K FHwinl03/E R 48, CPUZ Intel (R) Core (TM) 19-7900X3 . 30GHz , GPUSZ
GeForce RTX 3090,Pythonfix A< N3.8.4,CudafiCudnnfig A< HN11.2F18.1.0,f#
tensorflow2.5. OHELL A SLIGIAEG

[0111] 3.1 HuEFEMLI

[0112]  VREEZ: B YIZG T REF , S H G B 2 G B e 2, (RSB 1k
LA R b, A F 35 SR FH 22 0 R S 56 1R AT 30, 78 R T A Y R AT I RN SR AL E )
277 0, #IR K/ Batceh size) 32, Hidt4T 71004 Epoch, ML it B 0K FAdam 5 1%
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(Adaptive Moment EstimationH &N a)& 1)3E M EFE A1) , 308 80,9, A E FZJRE N1
X107, BIHE%: 21 %50.0001 . 4 1 #E— 22 F7 IEI A B Dropout (B 5% 90 3, BIBEHL %
30% 1485 £, 532545 K FSof tMax.

[0113] 3. 23EM 4545

[0114] SN PPN R AR 95 , e B AL IA B Sk FE 50 (B) RS SSCR B TR VB R L 112k
B (L) <Top- 1#EHEZR (Ace) 1E BTN VPN FE A5 , Fo b AR TS SRR BLM o B vk 6 A
[) 2% A T X A AR AT SRR B () VA A TR S A2 22 0 2 ) A, 2K R HCR 22 0 R 28 X0
1k B4 (cross entropy loss) , HARRAERIE XA

K N
1
[0115] L= _EZZ"""IDgPE (6)
1 i=1

[0116] by JyBE i MEAIS LA FSEARZE s p, 9B I 2z B A A FiIIAE s NJ9 A4 5]
BN REAR S

[0117]  Top- 1HERAZ S e (4 52 1 1 5 SR v Ul 1E 1 ) PR o 4 3 1 0 R B LG 481 e e
TR AR B M GRRICR , B RiE Xy

_ TP4+TN
TP+TN +FP+FN

[0119]  HFHTP (True positive) NN A IER IEFEA ;TN (True negative) JRLAL T
MR EIFFEA FN (False negative) AR TN IE K AAFEA  FP (False positive) A
BT N 7 IERE AR

[0120]  3.37HRhsLEG

[0121] YRRk S 36 A RS Y Pk (R85 FH 51 5 A 8 T8 e M 190 285 A 70 o () B — 358 43 AR T
TRATEE LS IR 1 il 0ol P o) 2 A H o ) 288 A8 TR AGS 8 P 32 Wi AN D iR S 2, 3 — 25 i B S vk
()76 0 S A FR S SR FH I Rk S 3 0 %A e SRS 1) A AT BE AT B0 5 70 B 2% 1 g 1 ) 4%
T HROOT A5 R 2 () 520

[0122]  ASEs TS Itk EFR AR AR L 20 0 S AN ZH & 48 F Inception A.InceptionB.
Inception C&5H4LA S ¥sINyE: & JINLHIX JUA 5 T 20 A % vh S5, He it 7745258, s
RL-T, LI AT R 3TN

[0123]  R3IVERLSLIG BT &

£y HtEdREk Mixup Inception A Inception B  Inception C SE #ikr
WS BE BD FEA A

[0118] Acc

Xx100% (7)

[0124]

=1 W=
< L L 4 L4 L X
R N
A o Ol 3¢ B o REh
=N 2 Bl < Bl s B
= o Bl e Bl e
=0 > BN > B ¢ B3

[0125] AT RASL LS RATLL
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SIS Top-1 HER2 /% ke E

1 ' 75.9 0. 882

9 77.5 0. 826

3 78.9 0. 785

[0126] 4 76. 4 0. 853
5 83.8 0. 674

6 _ 86. 1 0. 589

7 87. 4 0. 501

[0127]  SEEGEE FXT L iR AR it % 20 5L 30 45 SR T3 HH A N 4518

[0128] (1) fLEARHELLERAE (BN)

[0129] 523G 1 R A T Inception AREHR H ARXSBIARUMATAT 3], AGoogleNet JFALAY , 7E 5L
B2 N T BNERAE , XLl 45 B, S 36 2Lk S50 1 () Top - LHERRRIZTH T 1.6% , 3X Ut W BN A
Ak 7 W SR — e R L3R TH T AR AL R R

[0130]  (2)Mixup

[0131]  SZEG3 {5 A 1 Mi xup i 2B 58 J7 v 0 s SR BEAT T 9778 , X bb S8 294 i 2 A4
KA HERA ASFREE IO , 5 1R BB e sm A A 46— e R T R R T R B b i) i
B3 » 76 T LT T4 S 4 00 [R) (AR R B R L T B 4

[0132]  (3) Inception&sty

[0133]  SRIRAMBLAI ) Inception AREHRAEEE AR Z 4N Inception B
B HR AR HE R R B R B T 2. 5% 247, R BH — IR 1) HE B ik 22 25 MR N 9 X 48 AN REAR
P38 A FR A () B 4

[0134]  SEEG5A#fd FInception CHEHR, Top- 1AEMAZRAEF B3, YU IEL & @ A E
TR R 45 25 04, %) o5 GORRAE (S B I PR BOCH 36 T8 U 1 38R , el /b I 4 55 0 S 001D [ e 42
TR

[0135]  SEEG6LEA 1 SRU62. SEUGAMSZIGSMI#AE , K 7 =FhInceptiongs ffh &) 5 X
St St AR Y [R] BN B FIINER T P 2R Y, o) v GURFAIE (1 SR BB 4 T , i A 2 RN S fH
FHEL B s F Inceptionss M RUR BT .

[0136]  (4) SEA¥iHR

[0137]  SEESTIR %M 70 otk & J5 ) e A8 Y, MR P AT L H , AHEG 2 TR S5, I\ SE
B Top- LHERAZRRERE IR FH1 . 3% , AT U6 51 NV JIMLHI AT DLAEAS 38 0 ) 264 1% B3 9 5
FAS B 2 338 000 26 500 R 4 v 1 AR ) Top - LYERR R .

[0138]  3.452BRs5 504

[0139]  JET FIRHBERIA R , FRATIEEIR L1185 % ME N IR EE , 15 % 1 N IAREE , &Il 73 %
I B R UE 5 B BE AL T 2 B, A FR U TR VB R AR TR )1 kB RN AR 48 b DA B AR TR S5
b = AN 5 TH 2 A1 A B AR L 1 SR A R

[0140] (1) JRIBEHFE

[0141] A AHETY B F 215 G AR L i 4R b, 73 HE VRV IR AR5 T /s o JL A4S T
TR P O A T A A T L 8 R D % ) R AR R R VR R R R, X AR A
J2 TR AE A 0 RE AR B i, LAt 7 B 1) 2500 DA O 8 R A A B =

[0142]  F5MIKLE ) VR HFE
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HEEH PR AR HE 0 BER O RKE BHR O OWE A8 0 WX

[0143] ¥R | 15 2 0 1 0 0 0 0 0
S 3 32 2 1 0 0 0 1 1
BH 52 1 4 49 1 0 0 0 0 0
B 2 2 0 0 29 1 1 0 1 1
e 1 0 2 0 36 1 1 0 0
[0144] 1B # 0 1 0 2 1 37 0 0 0
it 1 0 0 0 1 0 9 0 0
.t 0 1 0 2 0 1 0 12 1
53 0 2 0 0 0 0 0 0 2

[0145] M ZRH AT LAAS 50, AR BT AN BH R 5T £E 73 R A% o 25 2y 3 TR VG , T IR 2 3 9 A
Ji AT RE A BONEEE I SRR  FSIA) 22 S 00N, Bt CABE Y ) K 3 R M AR Jo VR s o IS8 5 <
IS 5 ) o GRARFAIE I 5 DX ) T L AhAA 57, 70 SRR o L rp R TR 5 (8] TR 2R 2 R I
N BEAR B FE AR 2D, LRI S A 4R e ZEAR 5T 1 N K> 1, AR MU 4R 2R & 1) I ZRFE A
HARF 5 GARFAIE 278 o 500 Jo AN 20 5T i U n VA R B v 15 28 T IR AR 78 2, 5
RIREE 70 77 IS BUE RAFAE

[0146]  (2) YIZREEFAMIRLE IR 7] 25

(01471 11 1240 S R 1T 8 2 4 K (0 24, e o i 2
(1) AT LA Sz i 8 25 Epoch %6 £ 38 0 , 452 280 Y0000 PR A 1 AR A s 35 I A0 2R AR I 28 (2) o
BE & Epoch¥E £ 38 0 , 452 80 FROIME 5 0 SIRAEL 22 18] PR O 22 A8 B 15400, 450 5% AR BRI AR AL 11 i
VARG o2 B vy 5 U P ASE 2R 0000 8 P A 2 s o A R AR ) U 2R BT 3R 21 17 92. 2%, 0
JAE 0375, MR AR AR AR IA 2187 . 4% , 1 AH 0. 501 AHEL B B () oA [m] R BBt 5
AR AT A5 48 v () U TR i 26 RO E 1

[0148]  (3) FALNSLL 45 2R

[0149] 5 1 Ber kA R A5 A 2R (A 001t AN S 2 S B ORI B T R R ) T
TR AP X % R SR AT XS EE S5, B 122 A H BB 5VG6G-16.resnet-50.
mobilenet-v3-large.mobilenet-v3-small.GoogleNet JF AR 1 FpoAk 2 & st I 45 )1 2R 1Y
HERRZRAT L BT, Pl 5 AR B ) X 1) . 3 E M F 45 1 6 Fi A AL 1 Top - 114 7
B ARAB AL RIS Epoch$e 2 (B Sicid ) o FRATHE IS 1R 1 22 A R AR R0 EE I A
#E , PR O AR e B8 4 1) R A AR TR 0T B 4 B R 405 BE 0, XA RL 1 I 5ok A B9 HE R Y
PEAS o FEATY PPty o, RS RY TR B2 (A0 S 2R T W S0

[0150] 7 7% S0 1T bl S5 56 #1 K FH A Ske I 25 i 28 I 28 A8 70 1 7 25 B DRI 4063 A A 6 ¢
%S (H A AR A e % DL A b 1) Tl 8 3k 28 e v 1) Top - LAERFAZR , 98T . 4% o B AR A H 15 455 214 %
tt.GoogleNet . mobilenet-v3-large.mobilenet-v3-smallixX3FhfE Al S0E e, (H 2 A
FERIE ) Top- LUERE R . GoogleNe t BB 5711 .5% , timobilenet-v3-large i E17.1% , Lk
mobilenet-v3-smal I 519.5% omobilenet-v3H B I ALE TR A T IR E 7] 70 B4
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A, KR /b T iz E 8 M EE, BrbAmobilenet -v3 R F AR S X — 5 H AEH AL
P, B R AEAREE S B 5 R G BOR, BRI Fa e A HER AR I B ZE 1
Resnet-50M & A58 7E Top - THERA ZE A4 AR AR A B B 23N, i BH R 5 5k 22 45 R0 oy R
A S0 I ZRAERE 70 o BT AFRATTAE AR R R @ ik A2 b N 7 3 Z2 854, FE 45 & HoAth
SFE R, R R Resne t - 50 Top- 1HERIFRIE T 15.6% , lossfE FF¥ 170,112, It Sus
FEA /MIEFE T VGG - 1645 Y3 1 i W 48 2= KR ek 20 A8 ARAZ R /N KA TH AR I 250K B2
H & LEXT LU S50 A 2R 20 Ak BT, #ER R AUNT2.8% , AR GBI S a0 45 A
BORZEER , UE W BRI IR P 28 55 46 I AN REAR 1 1R SR B GURFAE o £E A F 1 ) 28 5 70 v 3
ATA N DX 285 TR B I 5% 6 et 17 S Y, a3 o VA g S 3k B 1 78 e S il B R i 2 A4
BB HRAE — AR T EARTRTE 1B TR B

[0151] KO LEFxf L

BB L LR LK Top-1 HTAR KA A F AR Epoch (i
SOEFE)
GoogleNet 75. 9% 0. 688 65
VGG-16 72. 8% 0. 752 80
[0152] Resnet-50 81. 8% 0.613 85
Mobilenet-v3-large 70. 3% 0.722 50
Mobilenet-v3-small 67. 9% 0.813 65
Z AL 87. 4% 0.501 75

[0153]  ZEG5 KA, A WG SGE 2 J5 PR 7R R 750k B T T e FL AR A AR 2 H 0K, HLUle 8
THEIE R H R AR A FRINAR FE (A S GOR T W SO T, AR HR A HH S A B 2R A T R A
e ERR AR LT ARG FPEIAL T

[0154]  AHIiE L T-GoogleNet#: H T TCR-GoogleNe tHEAY , My gt T B i o S 3 E 42 , 4]
I FRATTHH R 4k 2R AL MR, 3R B G R R , U R S5 SR 9T A $2 A4 B 5 K 1) 04
SCHF o ALY 7E [ 28 11 05 5 ARR FE AL 35 DA B 25 P S adE IR IRE R, 30 HE S0 v R B S A5
[P ARFAIE $2 B RE 77 FNES T B R 0K B o 1560 87 3 o P45 mT LA A 80T 331~ o S =08 o BH
J53 ~ B R 53 < 2 388 J0 38 O L8 J ST o AR B X S LR R AR TR, (R — e R LR T
R RFEEEE ML FREWIX— WA, F b 8 ) 2510 07 RO K G6 56 T 48 R i
(6], NS SR AL FE SR A 1A A .

[0155] BT H 2 MR S HE R R IE A B R K RS A, | G IR v LA HEE 1Y
78, FE ML FEA E R A HE AR ZAn n] LS B BRI R I B TR AR R 28, — A
NPT REAL S 22 M4 5T, BRI MG I A 70 v DAL G oy BB AR B IR ) 2 A5 28 % ST R T R it 2
ANE S IR FEAAL AT DL SRR A4 5T, BLAE O 28 i 500K 5 2 R0 R R iE 45 5 SRk B
TEIIA (I T TH R SR A Rt — P K &

[0156] A5 B 45 25N 50 7 >R st 2 1) 07 U IR , B AN 500 59 B A 100 B (1) 4T A 5 At B 4
[RIANTR) 2 Atk 5 2550 53 2 [8] A [R) ABARLES 3 L AHZ: ILEP A .

(01571 5o Py 2 FF 1) S e A5 1) o 50 B, A5 A A3 Ml R N 53 e % S I B A FH AR % PR
X 3K 6 ST 491 1) 22 PG C5O AR SIS B M B AR N SRR LR R 25 MR, A R R BT e X
F18) — P Jir B AT DUAE AN IO A B (1) R A B 6] P I 00 I, 0 e S g S B AT b, A
BFR AN 2 9t IR 1) T4 R A BT s 1) SISt 81, 17 2 A 5 A B U BT A 110 D 25 AR U A
— B B B B L
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SREURFRI 0 R MG, A I 2R 1 esoadt 1)
LR 2% GoogleNethR 2 %) 455 12 A ) 75 %
BT IR, BEE R4 R

R B R BRI 45 SRAE A% B 28 3 AT J o

K1

OF -¢-p3 @ EREHE Q@ EXERH @ JRmEE 6 RIS
&

= i

= ¥, TCR-GoogleNet
|:> q g 1 I:> Model IZ> E
N . Construction
1 ]
1
E&matE

i

W W BE @R

K3
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[ DepthConcat I

conv conv conv
3x3+1(S) 5x5+1(5) 1x1+1(S)
| conv | conv | conv | conv Maxpool
I1x1+1(S) I1x1+1(S) I1x1+1(S) I1x1+1(S) 3Ix3+1(S

Inception B

K6
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[ DepthConcat ]

BN
$
conv
B 3x1+1(S)
[
conv conv
3x1+1(S) 1x3+1(S)

conv | conv | BN
1x3+1(S) [ 3x3+1(S) |
1

conv

BN BN i 1x1+1(5)
t t 1

conv conv conv Maxpool
1x1+1(S) 1x1+1(S) 1x1+1(S) 3x3+1(S)

Inception C

K7

TS

Hi’ .

<8

DepthConcat

conv conv conv
3x3+1(S) 5x5+1(S) 1x1+1(S)
I'y A A
conv conv conv Maxpool
1x1+1(S) 1x1+1(S) 1x1+1(S) 3x3+1(S)

Inception A

K9
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input

conv+ BN
X7 +2(5)

Maxpool
3x3+2(S)

¥

l SE

¥

conv+BN
I1x1+1(S)

conv+BN
3x3+1(S)

Maxpool
3Ix3I+2(S)

¥

Inception A(3a)

Inception A(3b)

v

Maxpool
3x3+2(S)

|

| Inception B(4a)
¥

v

Inception B(4b)

Inception C(4c)

Inception C(4d)

I Inception C(4e) I
v

Maxpool
3Ix3+2(S)

v
I Inception C(5a) I
| inception c(sb) |
v

Average Pool
Tx7+1(5)
¥

(s
¥
e ]
v

| SoftmaxActivation |

Softmax3

[ == |
I .
Average Pool
5x5+3(v)
[
conv
I 1x1+1(S)
v
Average Pool FC
5)(513(\:) FC
conv v
I1x1+1(S) | SoftmaxActivation |
PG Softmax1
FC
v

[ SoftmaxActivation l

Softmax2

K10
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Accuracy

0.1

Accuracy

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

Epoch

—&—train acc
—i—val act

60 70 80 90 100

K11

10 20 30 40

Loss

—o—train loss

—a—val loss

—— GoogleNet
——VGG-16
—+— Resnet-50

—+— TCR-GoogleNet

—— mobilenet-v3-large
—s—mobilenet-v3-small

50 60 70 80

Epoch

K12
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