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ABSTRACT

ABSTRACT

At present, most of the relevant research on Qin Bamboo Slip characters is focused
on literature, history, and other fields. Research on computer vision is relatively lagging
behind, and a set of systematic research theories and methods have not yet been formed,
making it difficult to carry out the digitization of Qin Bamboo Slip characters. In recent
years, deep learning technology has achieved relatively mature development in the field
of text recognition. However, there is still significant room for improvement in the
research on text recognition of Qin bamboo slips, which is also one of the focuses of
this paper. The use of deep learning technology can promote the digitization of Qin
Bamboo Slips, facilitate the protection and inheritance of Qin and Han cultural heritage,
and provide more abundant and reliable data resources for research in related fields.

In this research context, this paper focuses on the three aspects of database
construction, preprocessing and recognition of Qin Bamboo Slip text samples, builds a
Qin bamboo slip text sample database, and proposes a Qin Bamboo Blip text
preprocessing process and binarization algorithm, designed and implemented a
recognition algorithm for a single character of Qin bamboo slips based on a deep
learning model, in order to solve the three problems of lack of sample database of Qin
Bamboo Slips, unbalanced image quality and low text recognition accuracy.

Aiming at the current lack of a unified sample database of Qin Bamboo Slips,
referring to books such as"Liye Qin Bamboo Slips(1)"and"Qin Bamboo Slips
Collection", sorted out 66,973 valid character images, and named the image files
according to specific naming rules. Then, morphological transformations such as
erosion and expansion, affine transformation, rotation, translation, and adding random
Gaussian noise were applied to the sample to increase the size of the sample library, and
a classification storage method for the sample library was designed. Proposes a
binarization algorithm based on the adaptive threshold model of the image
signal-to-noise ratio for the unbalanced image quality of the Qin Bamboo Slips text
images. The image is first processed by size normalization, grayscale transformation,
noise reduction filtering and other technologies; then, the threshold is adaptively set
according to the image signal-to-noise ratio(SNR), and the binarization process is
carried out by using the OTSU algorithm and the Bernsen algorithm respectively.
Finally, the binarized image is selected according to the peak signal-to-noise ratio

(PSNR) and structural similarity (SSIM) evaluation index, so as to accurately extract the
1



ABSTRACT

text outline of the binarized Qin Bamboo Slips text image. The test results show that the
binarization result of the algorithm retains more details and outlines of the Qin Bamboo
Slips, and its peak signal-to-noise ratio and accuracy rate reach 25.61dB and 76.67%.
Respectively, which is significantly better than other classic text image binarization
algorithms.

Taking Qin Bamboo Slips text images with few samples and underbalanced high
signal-to-noise ratio as the research object, this paper proposes a text recognition
algorithm for Qin Bamboo Slips based on an improved lightweight AlexNet network
model. The structure of the AlexNet network model is adjusted to build a sequential
connection of four convolutional layers and pooling layers, and the InceptionA and
InceptionC structures are integrated into the first two convolutional layers to perform
partial localization of the Qin Bamboo Slips in the form of decomposed convolution.
The ReL.U function is selected as the activation function of the model, and the Dropout
layer is integrated into the fully connected layer to further prevent the model from
overfitting. The Softmax classifier is called to complete the text image recognition of
the Qin Bamboo Slips. The simulation results show that the network model has obvious
advantages in light weight and recognition accuracy, with an average recognition time
of 435ms, a recognition accuracy of 99.89%.The recognition effect is good, which
provides reference and reference for the theoretical research of Qin Bamboo Slips
character recognition

Key Words: Qin bamboo slips, Image Binarization , Deep Learning, Text Recognition
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YT ZR WSO R A FUED, (R M SN VX R SCHEAT T RIIR R . Rl
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421 F] K- 3 4T (K-Nearest Neighbor, f#i#K KNN)Z» 8 H5S2H 7 28 a7 507 UG R
WAL S T 70.53%. S MZRMH 0T 5 Hoph /DB RO ST 3L, SO0 84
SCHREEAT T ABE . Zhang SR H T —FhBE T/ INEAS B BRI SOOI AR, IR
LRGN Z AR AT SRR, AR 3 & A N Lo, I SCUAR BRI HERf
K51 98.84% . 47 4% LRI ] CRNN+CTC Sk SEBL T % H AR 75 F K SC 7 77 R 5,
BTF T SRR ABOR, IR ABIAER R 93.24%. Rahmati ZE4SI 7 — Pt T KA IS
TCAZAPEE WX 28 HF R TE SO UM B, B AR SR AL TR R, 7R A RER I SR
HEF R P IMEIL 99.69% . A T 1R Z R SCEUUNHEMR R, A SORTETR B 2 5] I 245 155 Y
(Rt FHEAT RANSGEE, T 5 AR S ARF R A A 5T R SR SRR 7T R SR
WL, FA E R AR ORISR B A E .

1.3 AICHEFTA B AR

1.3.1 fiIRnAR

AR E B FRABT T

(1) HRERFESCFREARSE, 58RO 2= 6 307 FEAS BREE R bniE

(2)  BRFEREXT T OGRS M AR 75 A2 % F) 2 18 SC 7 MR FIUAR PR AR o AR SO 2 i
T EB R TAC B B A S 0G5 5 T EA T . B Yk R AT IR e . R
FEn A — 25 (AT SR AL B, SR G X AL B 5 MR R T — e T R A5 M L
H & N R AR A SE, SEIRa R, 25AM EAE SRR T2 ZR
SCT T RFIEANSC TR, ABOLE ORI RS, HAE R AR A 1R TT

(3) WRFHETE RN A 2% [ 2= fa] 007 P A RO A, DLREAS D HR T Y = f5
M EE 2% 187 S 7 MBI FEXS B, 3R HH — Mk T B R 0 AlexNet [ 28157 f) 2 i 307
WL, BT RS AlexNet MZEARILEH), JFAEMZERZREE inception V3 1
B, A ERREAREAS SR, ARG A EAT R IR BE /7. SEER 4R
RWY, A S 285K R VR O3S R0t 2 ] SC 5 300 28 v ) A A0 IROn HE B R A ) T
99.89%.
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1.3.2 M5

MFTOR T RSO MR R PR . FAL BRI T L AL TP I B, RIS H 1 3
BRBERVA R, A SCAEREACR B . Bl e AR RN i 28 S (R 7 =4 AT
FAEBCRIM R AE, FARRIUAE LN =AJ5 1 .

(1) ZESCFREA PR R REBAAREARAE N AE . 80 [ A D& T i ZR AR e K,
EREVSREIE R, LARIFIE ARG IREAL R D, FEANZRBUR AR FE . HIKT
TG T PR B R B0 Mk o BEAMEXS 2 (8 507 P AT AT REE . Fpidi 703K
fd e, TR AN RFERI ) 5 RE TR R SE K, F HE 7 Z e TR br
TE 7 IRIbRHE, WG TN G B B R A AR R ZE e o IR PR
THRESCT IV SO, W12 1 Z= 6 SO AR A B R BT R

(2) ZHZFEEEE T RGN WRR, 227 BRMRMWMERGTI, i E)E
B A ORAF AR T ADUBIR R R 2, FL b ) SO XA AR ™ E MR 7 o X e e
HRZ I B 1 BEAT SO R R AR R, AT IR 2 AT, 2 Te 0 e
ISR A U, e IBOE T BRSSO AR R e s, v R 1 o oA
FRGAINE, e SR % 1 SR TARST T s SRl

(3) BEXFIFEFERNILMT . AEARSCREILH ) 1080 NPT M%) S FHEA T,
698 NFFRAM T E ZIEMFE R, 382 AP T R A BRI EA . XA
FEAS B AT T BOCF IR IR R IBCR A . B R R i fi &
TR AT e AR, DAIR R A2 A BE S AR e 2 o [R]IN R 7R EAR R TN
ARV RFIESEION 73 2R 5308, DL my B A ) e AR

1.4 ASCHREH

ASCIESCHB AT 5 BETNE, FEF PR ZH DN FroR:

B E L. HRMARE SRR R TR, SRS T
H A, RIS IR U [ A SN S BIR, AR 4t ( B R AR B 5 VR AN TR R
FAWITE, PR GAE Y, SRR b, 4R AR SRR T AT i
B Ut B 2% 31 1 2 B TR

%2 B OHEREREORMEIE . & SR ART BRI P E SR AT A, A
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GBI A SE; HORN R T SOR R RS, AR g i R B A AR
23 J7 18 B B TR IR 2 31 U7 ) A2 R 15 A R Inception V3 ARBR AR 41 1 B
N BER) SIS ANRIE TSt 1 L R BR SE R AN T 5 3

83 E RESCTREAEN A MR SO AR R R R EAT A, TR T
FBAEA R RIRE S UL, BT, W R R A e, JF
St 7 — Mo B ZR Sy B AR R, S R R A S S B R HER R

%4 B ETHRME MK ZR TSR/ RSt AlexNet 24415
RIS Z AL, FRAESEBER AT ot , I ad i S0 A Ik B A SCRIr st i iRl A 7
BENE X 2R il SO P AT REAT DU s R AR o

5 E S SRE. WM EEAT RS, JERE A T ARH S T EY
B, RN A SRk Ay R 1) AR BEAT TG S5 e 2R .
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2.1 BBHAEESAR

2.1.1 15 Tk

-y A e — Rt P AR ZR PEAR H o A IR AL EE AR, M Y B9 A2 48 T LUK g et J&
B PR CAN R AR PR BEAT X EE PR, RE A PR I v 3 A P AR ) PR AR X s E A7 7
1k, SR R ARG .

2.1.2 EREREIRK

£ 5 BEONL - Means, 5 NLM) 2 FL SO0 L O R 2 — T
FREIEPER PR e, AMLRERS IR T BRI, RS RO IR A SO R ER AN AR 1Y
(AR, T T 22 (S S MU AR o N
MSE i+ 5245 2.1 Fos.

MSE(A B)= 515 ()-8 )
e

0 TR AR A RIS GHIEEN: B B A
Brerb A R AL B R R R AE

NLM A B AR QR S BRAR B KNSR oR, ARABU B OR IR E R, HL AR5

nEEnES 2.2 Ars.
1 MSE (A, B)
= exp ——2)

NLM — sum (

sum AN RHE N T A E DB MSE 2 f1; O el REOBUE, HAf R
B A PR RO T . 193] T RNMERIEIRE, T A E R A R,
THEAR N 2.3 B, I NEEER, L, AFER.

S lW(i,j)xlp (2.3)

i=0 j=0

(2.2)
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2.1.3 0TSU —{&t

OTSU “AHALSE R AL T IR M AR, AR BB B R R B 42 Jm) v Bl N s
BRME I B A TE S, AT ) B AL AR AT OB RIS Z TR 5 Z e KA o X T i
MXN KN ER Ioxy), EHABRIE T, M T8 1oy BUEAL 7> BN RT AT
SR DX, KR T TS R R SO BRI G RI L EIE Y ¢ HOPBIKREEY 1
J&T B R R AU BRI EGICN ¢ HAPRIREEN vo. BURRI 4 RIK LY
ECHE &, RIETTEILHN g BETFBRRIKEEDNTRIE TIERNEALHE N, BER
KEEAERT BUE T B READEELE N2, WA BREE R R B R AT

Nl
_ 2.4
“ M x N 2:4)

N2
_ 2.5
“ = MxN 2.5)
N,+N, =M xN (2.6)
c,+¢, =1 (2.7)
M= XC+ [y XCy (2.8)
g=cx(u—u) +Cx (-1, 2.9)

P 2.8 AN 2.9, 7T LIS 2 g &AL T Ja A

g:C1XC2X(/ul_/u2)2 (2.10)

S BB BEATIE T, 2T AR RAE R (RIS 2, A IR ZIE PR
ZEKBEE T, FARAEGHI2RRE, #ER-ETHRERPX D ERK. OTSU
BRI R I EA A B AR PRI 6, EAEZEER T, bTEBRAEEZ NN
I, T OTSU Sk R AEEH — A R B, ToiEARGF i B R i) 2 MM, RIEAE
ZIERG P 1 A EA A B A R R E

2.1.4 Bernsen —{E L

Bernsen ke —MmHE AHAEE, AR SR SR IR R I
RORIET OTSU ik, HAEZR DR B E 2 MVASHUE, HxiHEE B —&
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FRE PO, WHRANEEN bk NERSHUE, FS5 IR BER 2 MO HE
BEAT LR, DABE R N AE I BOZAR 3R A R AR o XM 5 3 m] AL (R A G A
SO NEA LN

2.2 IREFES] BB FMHE R %%
2.2.1 REFEI RHZ ML

IR % >] (Deep Learning, DL)J&—Fila8 %% ) 5k, O B RIEN 2 E 2 M
28 RAFAN N R EAT (5 B AL TR 2% > o R BE 2 21 1 b 2 S B (1 4 25 U1
TR SEAT 5%, G 2% > B vh IR A AE A SRl iliX — H bR o AR ST LA 2 o S A
bb, VRIE S SISk B SRR FE RN ARE ), BERE AL ORHIRE . 4R B
VP2 AU, WG EE RN BRE SRS, IR I AU T AR
RF MR, BN LRGeSk — AN E 25 3

TR 22 31 (% 0 P4 R0 2% (Neural Networks, NNs)o 128 2% [ 45 ¥ R g 52 £
NEWAERGHIE K FHEME 2 AT RO ZI0)H R, XL Ul I Y
JREAZ IR MG LT, AT ROk BRI — 219 s, IR imBcek 5
WOE B BCHEAT A, P AR R o R AR H DCRT DU AR RN, B
2 2 IS S A ML . 5 S SARARUI SR, 4 X 2% BE RS 120 = >0 B3040 v ) ARFALE
AR, AT SEIAT IR B 5328 AR TN EEAE 55 . #2002 5 A B s ) 1 o S 1 A
ZAGRETT, BEMBALEEORHIEE. R ROEE, JFRENS MEEE ST BRI AR ME R R

TR IE #2524 (Deep Neural Network, DNN)E —Fif&E R, HAG LA ERGEE
FEYEERY, AT A B 4 B AR A OB . AN E R AT AR, Y s IalE
ERATS BB . SEGMAEMZHE, DNN B ELZHZE%, KLl
B8 B 2 SO R R AR T (il SRR AN AR O R, AT S IR B v 8l B RS AR SR U %
No HAEEMGUA . AARIE S A 1B PSSR AR TN, FRET TS
AR TSR A R

AR L ] 2% (Convolutional Neural Network, CNN)J& —Fhgt i Bl 15 4b FRANHH B LAL
WAT S BT LSRR . & 1 B 2 3 RS R B R S AL RO, REfE B 3
MR G EG SR IUR AR, B A B AR S HOL =10 s, B ER & & T BB

12



=N e o ] W et DA 7' 5 AR EOREA

H. HAREI. BRSBTS . A CNN BRI F HARE 5 A3 S5, R AED
H BRI SCA e AR SRRFALE 31 5 1 SCA - FER R I M I HER P . AR 22
28 IRV 2Rl A R AR 3R 5, I AT S AN ZE IS, B M R
Z2o [N, Oy 7RG, GIRMAEM AL R T —SIENECOR, a0 dropout. L1
ANL2 IENAGEE o R f B A2, SRR I 2% (1 I 5 /5 2R R TSR SR cdis
I B BT BT R S R A 24, DAEE G IR P58V 2 Bt R o M % 1) il

2.2.2 CNN &2

GRERERMAE MG WIZ0HRE Y. EHZNEPRAR, BN ER&ATUE
P — PRI SR IS o« BAUE HRT DL A K B G G2 B AR R (R IE . B B AE 1A
& B sy, XA E R R AT — RV FREAINEIE 5, IS 2] — AN iR
L. BRUZATAZ RMEBMEM, & R FRHAEEE T T — R . ZRER
HEZ T3, AT CALE 232 b4/ S0 e SR AN S AR ARFAE - AT SE 2t X 70 AN [ 2K 53]
I

EERMEM T, FNEREHS SR R EG T 5 s, P
BB A (RS I o XA A TT LIOE I IR 1A% 3l A5 KRG AN R (1 B R AR . A£G AR AR
2 ML, RN RUR AR S HAT I ERAE, Ko A B EHROH B2 B G AR CRIJE B &)
BEAT B D1 Bl . MDA AT DAREAT Y, DAE B S e B P O RF I A 2.1 7,
LR BEREs, XM B R N R AT 3, 19 204 M EH 0 — 48 . 1XR
BAET MEZ NS Z AT HES,  DUZWHRBCE Indh SN 2 4% IRFE, T SE 47X
DAFEZEA R EG  EEAF RN A A A, BRI R R LR EUH AR FFFAE, A
TSI BRI 028 AR5
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1 2 3 0
2 0 1
0 1 2 3 15 | 16
X 0 1 2 | —»
3 0 1 2 6 15
1 0 2
2 3 0 1
LN Ei TP B CERUD 6t HOHR

B 2.1 HREHTERIREN LIRS
TER BRI EHEAT TR )5, AT Ak — 5 A AR A 22 I 28 1R I DRORE s 30 SRR
MIBUE L . 2 X 2 rp 1) Je BN AR 5 A W) L R G AR AE R B I ER R . A
RAEST AN SRS SRR, — AL MBS B BT 38 43 T A1 S 1 A A7 B S Tt
111} G A AFAEAR MR . AHAT X 3 (A AH DG PEBE i, T2 B DX 3 2 IR AR DG 55 . 45
FUZTEM BB RUZT, RO R, R PSR IOH R RRIE, AT S B 30K 0
W 2.2 Fior, B 2284 EEERE, B 220008 RERiERSRE. ok, HHZH R
{E 3L AR e A g DAY (Y S8R, SRR A I ZRACR o IR BEF 12 CNN
R F A2 X 2 (R ARF 2 AL, (75 CNN FE B R A S5 AT L A R B IR A 34

O QOO 7& 7&
g1y ]
(a) 4i&Ed% (b) JRIIERE

E22 2&E5REEE
HE 2.2() FT LA H, A IR 4% 25 1) (R R A9 ml B0 5 T — 2 I BT 1 U
FREE ML RAE T E v LI B AFEAR T TR R, JRl B A0 — 2 M52 I
FRAERE X SRR S BRE A R IC 2 8] b, AT P A AR HERA IR 0 2R 85 . i 2.2(b) AT A
B, RAERE ST M TSI — 2R — i aoiliEsE, E—ZMEn R G
RN BN HT— JE WA TC IR BAE B o X P KA (1 1 Ak 2 7T DAY/ 4 28 X 246 5 B2 ST S 4
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B, AT R MZACRE . RGBT, R AR B R AL
RIEE, BOYEGET BRI PR YERE . @il RaEs, wpaepigsn] LU N
e S A PR T TR A ) LR B T B2 v R 5 £ o SRR P o (H BASER ] JRp 8
BRI, BTN S HIRKIBEOR, KR E S ABUEIL RS . @i
K HIBUE I 5 S5 BRI X I 2RI B 4% pr B AR R S H. TR B L HE I [a] .
ke 2.3 Froas ARUE L R R E A

Fn+l)E

B 23 MEHZRTE

BUEIEZHAR S, 2AME TG EMFERPUES S, XM =a905 0T DE— 2 1%
JE B 2% T ] S H R, R E MR TR I RUE I, e
P28 i AL = —HEUN S, AR N s R S — H KR E S H. XA
TE— R IR A M i B R, JHR Mz LaE ). B 2.3 F1, 28 ntl
FEHETCR 58 n BRH 3 MRE T TIER, B Maocy L BRI ot TiE
Eny, BUERMFR. Wi, We, Was BAFRMZ CHZREUE. EERET, PUEHE
sedia Al — IR BV B4 u L = BUE . AR E 3 2Kk 2 H G BURCRIR BN [RIR FE V)
HIRFAE, ANFEREZEDV A B eBUE R A8 SRR EUR A [FER 7 B MR 4
THREE, ) BIRRHIEAE A R AL E BRI .

223 M E

FER BB REAT A B I R R, I RS R P R MR SR EEAT U5, S RGN
LAY () TUR S EANISAT A, G b EEIR B o [R5 B R R S B R P i
HARRIERRALE B . 8 TIERIZAS B, GBI 2 2% bl DLk £ 48 F i A a8 A
FEX BT ERERAE R, A R] DLEE— 2D SRR A B R . H AT IR It
W7 A AN 2 AL P A 5 3 S KA 2 A 2 — X A I B KABLAE D
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TP A U 2 T B2 — DX N T B R P S i Y o X225 ] LA 2ot /b
FRAEE RN, IR B RRAAE(S S . AR, S 28 T AFEAN 2R RS
BITEDLR, KR ITH R, FrEm Mg Rz L ae /1, AMLREE PRt A
B P rb i AL 1 LR REOR B s S IS, 32D IR R B S S
K 2.4 JEoR I A OB AL R .

12 1 5 1 12 1 5 1
Max pool
0 o 0 U thfi(figtgr 6 9 0 0 Downsampling 12 5
- >
715 1/|8 71518 7 | 8
0 3 6 5 0 3 6 5

& 2.4 mXKitb{bayth{b 332
224 EFEENMSE

SRR B TR TG R B it AL 2 SR B R RS S AT B S AN R 4,
il 2 G2 AR A F A e . AERE T, B uEa M E AR
A LT o 3K A i B IS At ) A 3k SRR AT IRV, B b A A5 0 2% 1) g
SRR G EE R Z R ZE R IME. N TR BRI TERE, i)z R
TE B R R M ReLU BREL, 3XAF AT LS X 2% (1 AR 2R PR RF AL SE N Je o A iedie
JE AT LA R 8D W 28 I S RO AT SRR SR, RIS th m] LB e W9 45 FR 2 A0 E 70 ATTEE Rf
B, AT M AE AL B PR SR S I R B AR F5 . &1 2.5 DARATRz A 205 B AR
NG, IR T AR A N 2% B R A TAR AR .

s = B i

: S [ —

EN itk BN itk EERE R

B 25 HRWEMEMBETIERE
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2.2.5 Inception V3 &k

Inception FEHIOIRIZ O AR K dan N\ IO MR RHE 0 TLAE 2 DA B Z BT B,
AN ERERGIE . B2 NEREIAT BRI, K5 PRS2 RHESR
MU BB, TR — MR IR R RE o AEORFE JERE Y 25 M R IR ¥ (R BF, SR FH 5
B R v SRR, BRI TR R AR A 2R 1 (R e T A TR

Inception V3 BLRGIHIERMGIN T /GRS, S T EERET—ZH—
JE B SRR IR, FERER X N BRI ARG AR, AR DRSO B AR
IR, DB R S AT SR . BEAME SRR AL T SR (1 3 2 i B A\
(BN EE AL EE B, oK 3 concat() /7 SN &3, 7RI/ R R 4
(EERSUEENRISIIE PS8

Inception V3 #EHILH 6 ML L5975, HH InceptionA 5 InceptionC P42 &
RGP ) HE A W 2% S At B 2.6 MR 2.7 PO

Filter Concat

Base

2.6 InceptionA 4845+
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Filter Concat

1x1

Base

[&] 2.7 InceptionC M4& L5+
2.3 KRE/NG

AT T EN T BRI BEEBORFIR JEE 5 2] 5 AR £ 0 2% 1) i P R A AR S 2
Horb R IIAE BEEOR A R 52 —AE AL AN 7 AT 1 PR 4 o IS B AR AT
PAE— e RE B BB i AR ISR IICR s O JE SR A TR L 4y i B . L
DGR 5 2] 5B R 2 N Z BEAT VEAR ) 3, I AEASHIE FE 0 S 36 2 T x B IR BORBEAT A
R, SRALTEINTE M 0 S g L A BT 4 5
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WO 2l et o A5 R A 0 T RFIE R &, U 2R R B A SR AT
FANGR, VRIS R, BEEREESE SRR, CNN HIR AR R I 2R B
ARG EINE EL AR SR AR . AN 2 R AR A R I R ORI ZE A . O 1l
Z R AR R, TEREN SRR ISR e, (RS 1%
PRERHATING, AT RO SN A I U VAl 3R A — bRkl . AR AR ]
HHEEHAT IR, A Rt B3R W ISR SR 55 %5, AT BE 4y 3 45 3 AE S 5L
TRABARM A E

LR, BEE T HRA LRSS R RIS RABRN AR, BT 53 Bt
T H 3P Gt ORI TR R R RS AR T TSRS, A
Al AN 5 T7 A, W BLOY T 5 307 RO R RO R 7T 3 6k 5 22 i Bk i A B S8k
LT 5 3P B AR 1 R e o8 T 5 SO IR U AT Fe s 1 1 SN =R AR i
WONFERBE IR T 2R R XAEHRN], FECFIRMBARS S T E
BNASIRBIBIRES T, A IS EHE S B NG = A AR B R T 17

N RN ZR ST REARRE SR, w] MR EAE 2 AT IO . B 5, IXFEIAL
YEEETT O Z (6 S0 W SR I — g8 — s g b, TG vy i S50 F 72 7K1 A
M TT. HR, ESLZ RS ] LIS RORE TSR AL R 2 (B oM AE SCRF, AT HES)
PR QIHAEED « SR 1T H AT ZR (8 S0 R AU B — MR B s, JEikxt
AR BRI SR BEAT A IR B LUV, 0 i S T Fe e — AN 3L A O il
BEAh, AN FEN G A FH R SR T REAFAE 22 5, IX 2 RO MBI 7E 45 R 1 ] R B AT AT
FEME . IXRMIE N TR MR ST FEAS SR R 1 T SR IBAE S BE, XA B 3Rt 2= e 307 iR
SURAIAT T, I AN TR REIHE G )2 M 9-7E .

AR S RO T8 B SO MR AR 2 S S0 R W8 S8 A 1 X 2% 1 S0
PG b AN R R A Bl P (S ST o K TR I S8 FA B ke 2 i SC R 4 H i
BRZ G0 R ER L Nz U BRI SR O T BB SR . PTR R I L R A A R AN
SCAFEA TG BT X Zo ] SC IR AIME S5 Bt (1, T RSB E SR — A g — 158 ie
FE. HEAEENR, EREER T AEARHE EEL N — M=, eREdE

19



= DN Rl Wa B DA BT R SO AEAS N S A TIAL P

P IEMTEE o AR AREEREATIX T I LA, AR ZE a1 5 7R 5] sk {4t 5 n 22 i A
CEFIFESH

3.0 FEAERIA R

ARSI S 1 2 187 ST AR A Bl P B 2 AR ) ) % ] o A SOk R
RHARIBURT A Ze 3 vty 8 rp P2 IR I8 I A 1 AR AR . A B I PR 7 2 AT A
4.,

H R ST Bl = 58— BT &, R RS0 e RS . BB
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H: c AKERHEBAREG EEI 1 v ST, AR M R A
AR B & N ITVERE I y (RN, R
y=05, 0<r<05
y=1 , r=05 (3.3)
y=2 , 05<«r<1
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H/AME JEB 20.639
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13 TR R A R

TERIRE I ZR B SRR e, EH 1000 NIGUEEYE 5 H & {E VLSS BT,
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5X5 1 48 5X5 2 64
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4.42 SLYINERE

ARSI AE T BB R RN B E N 224 X224 X3, batch size Ay 100, A&
YRSB4 PV 5 8 Python3.7, WZSARRLEE T Pytorch VR E 5 SIHELEE ST, FR¥E
PRI INE R GPU _L3EAT, JIRkR%54% 2 -RA508 RTX3070.

FEARSCH R M ZR 18 S G IR 72 4 JZERZ T 40 lEE 11X 11, 5X 5,
3X3 A 3X3 K/ANABER, BRI Z RS E R 2 X2, BE R ECR A ReLU
PR WIAG 5 2] F B BN 0.01, BERS 10 5112038 4 556K 0.5 4%, batch size X E 9 100,
epoch ¥ B K 50, FH1E4siE4E 21 H] Dropout EH7 ik H I AR, XNSHEE N
0.5

S FEAFER A H—IRAE AlexNet B2 hi{i ] Inception V3 Btk 54
55 PR 0007 B 485 SRt s L IRk I 1 AllexNet B78 5 HL e G R 1 SI20) T 22 1
SCF UG IR R o

4.4.3 WEEUR K AR T

BARRF softmax A RIIZE N4 638, BIAHEA softmax B AL % 45 K8 X
R B HA K 6 T DL (R Py R ST R 5 L9008 9
SR IR R T

L= 3, Xy, log b)) “2)

Sofs LRGSR kOWRCRIGREA A N OREATIIAL o 5 § MR
FE ) 2 TSR oy I £ RN 85 ) KINTUIE . SRR TR
S5, RIS ST DLV BRAIES, AT

L:%Z; (—log piv ) 4.3)

Rofts Yo B s  MRERFTRIIIH, poo n s i A REARTERTRAS LI HR
S i softma. PRHCHH SB35 B 2 40 1 4 LR BIELO, 1 O ES LY softmax
BRI -
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e pay N i MFEAS SR j R TRINREE s 1) AR E 0 5 | AMFEARLESS j 56
Frfm a5 5 N AR SCAR RIS . TR i 28 R SR 2 14 SO RN ASE 3 BT A6 FH 1)
softmax loss % H J5 /A i1 T

e'ivY(i)
PINCE

A L NIGRIR: k AR IR RN n IZREE EZE W SOR MR v

NATEREE XA § ANFEAAE B SR L R Tl 25 5

1
L= P Z:‘:l(— log

) (4.5)

4.4 4 R R E KT IE R

ARICIRIC 4 FPpEAh BRI BRI 5 YL REFE R, 73 0 N HEH ZE (Accuracy)
K% (Precision) A [B3%% (Recall) ! F g (F-measure), 1TH AR T:

Accuracy = TP+ TN (4.6)
TP+TN +FP + FN

Precision = 4.7)
TP+ FP
Recall = ™ (4.8)
TP+ FN
F -measure — 2x precision x recall (4.9)

precision + recall

. TPy FP. FN HI TN 73 IZOR BRI IR E . BRI IR . AR A S ML S
B . HEMRZ R B R A BERE AR BB R BT G LE L, RS2 2 SR AE TN A IEFE A
HE T EIERWIEFEARE S E, HRERRAENGEIERIEFEASE S, FrkH
IEBREART S LA, F A RS B 2580 A [ A AP35 E o (5 B i 7Y g
BEARCR, WA T R R . S EE DA R R /N R I EA T AR
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ARICESERHE AlexNet B HT 2 JZERZE 1 RlE 1 Inception V3 BLHHH Fil S 56
M, 17 2 EERERRSZE RN AE N 9X9 5 5X5, FEISRAT T2l 1
Ri: ANE Inception V3 #ibt; Ry: HELA InceptionA 45#); Rs: HAEEA InceptionC 45 #4;
Ra: [AII 4 InceptionA 55 InceptionC S5#1H L T HIHMAEMR R 5K MEH. Kl 4.6 5E
4.7 oy algs T SEgE B4 S THBESEI 0T BT . SRR EUE A5 R AR 4.6 PR, RaSE
55 N 20T BRI R SR W B 4.8 s .
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08 F ——R,
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1.00 |
0.95 |-
S 0.90 |-
e
[
5085k
[$]
< —R,
0.80 |- —Rs
R3
075 | ——R,
070 1 1 1 1 | |
0 10 20 30 40 50

Epoch
4.7 HRFHTENRAERZEIT

% 4.6 AN[E) Inception V3 #RIRFELEIEEE _EiIX 45 RAY{E

W) 8% InceptionA  InceptionC ~ Loss  Accuracy/%  #EHf/ms Z¥&E/M AR /N MB
R — — 0.0342 99.12 659 57 217

R» N — 0.0187 99.68 426 17 64.8

R; — N, 0.0122 99.80 428 20 76.3

R4 N, N, 0.0076 99.89 435 23.2 88.5

H 475 BORT L 45 AT 1, AT AN Inception V3 ARHLK R1 AL, £ 50 Y%A
S IR AN AR loss EWCSIMEBER A, HAE 30 YOEARUGHEMR R AL 5] —4
BT R, MREET ace MEMRFNT A 99.12%; fE R2 BRI, 5 20 VIEACI 2RI
TR loss {E AN ace 10 IR — MEUFRIUSIERCR, ace (B & =i 99.68%, {HIIZR%E
I IR loss (EBS T R1 A R3 BIALE R2 BB (7 L4 BEARAL, S7EEE 20 ik
ARUNGRISHE I B AF I SOROR, EART R2 B8, HAGAN loss MEU B, acc
BB = 0 99.80%  7E R4 AU A, 55 10 ORI ZRIT (FHAS 1 A% BAR FIUS SIOHCR
H A iy (1 ace EILE] T 99.89%, AHELT-HT =Fouf LUBEAY, 23l T 0.77%. 0.21%

5 0.08%, HAMHTH) loss H 23 AIFEAK T 0.0266+ 0.0111 5 0.0046,
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T: ban  Widl: bao  TEM: bei WM. bei WM. bi T bing T bing  FM: bu  FM: bu  FM: cang
FUSE: [ban] L8 [bao] HLSZ: [bei] HLSZ: [bei] LS. [bi] FESE: [bing] FU%E: [bing] B [bu]  FY [cai] FIE: [cang]

IR EHA S aRXFTE

. chen  FiM: dao  FiM: dao  FHM: dong T kui B shi  FEM: shi B si T si T si
JL5E: [chen] HL8Z: [dao] HL3E: [dao] FLsZ: [dong] LSE: [kuil BLSE: [shi]  FLSE: [shi] EL5%: [si] S8 [si]  FL3E: [si]

Sl R B ox

- song  FWM: kui T ting  FEM: tu . wang M wen FMM: wu o TS wu xia . xin
He [song]l FLsk: [kuil s [ting] L% [w]  ELSE: [wang] ELSZ: [wen] 9% [wu]  ELSZ: [wu] Ea& [xia] prsz: [xin]

ﬁl%t@@t%ﬁ?

i‘ﬁi)” xing ?ﬁf)ﬂ xu . xun SIS yan  FESW: yang P s TR« i‘ﬁf)ﬂ yin  Tilll: yue
: [xing] : [xu] FSE: [xun] 3K [yan] FSE: [yang] HLSK: [yl] E% [yl] H [yl] : [yin] 3SR [yue]
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BcREzt 1+t I§¥

[ 4.8 Ry E T B2 6 T EHRIR IR
FE Ra B8 R REAT AR 50 TRZR S0 EE A7 49 1R BRI B 45 2K E 5
FAEARRF . ERIFR AN B A SO o, Ra BRI BIFERS N 435ms, BT HRK
FEINFHY R1 BRI 1 224ms, (HZAHEGET, FEMAIE Ry 5 R #8470 J) s 9ms A
Tms, AU HER A I iRt S80E SRR, Ra BEALREL Ry 74 8)
A RIEFER TR, RIS B AR R, HRHE— DR BT, B
Ry 5 Ry MY, Ra WAL R AUE AN J: E WK 7

452 KAXEZEHTIRANE XL

N T PSS )G AlexNet BERIFIPERE, [RIMIEEL 1 10 Fae iU 2%
TR GG A SCEAERT . O 7 A RS SiR ZZ P AR IR, 54T 1 50 IR
WO SES, R 50 ISR SR KT BMEAE NS A SIS R . 1] 4.9 JE & MRAL 2 ] 45
REREERISEE, 3 4.7 25 NI IR PR TR R RS BLEE R
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3.5
—— VGG
—@— DenseNet
3.0 F —#&— Res2Net
—¥— Vision Transformer
—&— Swin Transformer
2.5 F —4— MobileNetV3
—p— ResNet
—@— EfficientNet
2.0 —#— SENet
% —&— ShuffleNet v2
— O AT
1.O
1.OF
0.5
0.0 i — - 9 —9— 9
10 20 30 40 50
Epoch
B 4.9 ARMEERPIRKREELERXTLE
& 4.7 FEEE T CFIR A MG IgtRE Rttt
Rt Accuracy/% Precision/% Recall/% F-measure/%
VGG 94.18 93.42 91.87 92.18
DenseNet*”! 98.67 98.33 98.57 98.42
Res2Net[*®8] 99.42 99.24 99.42 99.32
Vision Transformer!>*] 97.70 97.92 97.42 97.53
Swin Transformer!*"] 97.25 97.16 96.38 96.70
MobileNetV 3! 95.67 95.07 94.51 94.55
ResNetb7] 99.86 99.79 99.89 99.84
EfficientNet!® 94.67 93.48 92.65 92.58
SENet?! 99.77 99.70 99.74 99.71
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ShuffleNet v2[6%! 95.62 95.25 93.79 94.06
AR TT 99.89 99.87 99.86 99.86

HiF&] 4.9 25 58RI RN, AR SCOTEAER R RBUE EIBF) T 10 Fowt LU R (B qE, AR
F YA SCHR[STT I H 0 Loss MHI#MK T 0.2455. t#R 4.7 /%01, 7 4 THABIVEAG TR
S, AN 3 IEARIA S T A . EVERR . KM F-measure 8 _FARE T
UAR I SCRR[231 7 V65 3T T 0.03%- 0.08%F1 0.02%, 7E 7 [81 R AT F A it STk
[221759:H1 % 0.03%. AHELTSCRR[4, 21, 23, 25], A& TR BB R Bk
YTl o ARG, ASCITVEAEN B M b 10 25 18] S0 B AT IR B A A T oA EEASS
RYA] DA 5L 1 07 L BOR

1.6 FE NG

AFEUER T BTt 0 28 ] 307 TR SRR 3R i Ul 2 0 T BV R 3 A Rk .
X L SEEGAE A, R IR B0 5 B B AlexNet P28 107 %) 28 ] SC- 347 1Rl B 1
FIREIRA RSP . ZRPAFIRRES A BB AR LA E B, R %
B, AT e 1R B HERR PE M AT SEME . RIS, ACSRE I SRR 0 fif M0 v A
HA— € I SERIVEANSE 1o DRI, AR ARSI RS 8 2 ] SC 7 IR 40 b 5 4% B 22
TER, FFEOAARSCAI B TSR AT 2 I B %5

BhE HBE5RE

5.1 &3R5

ARSI I 0} 2 187 SO VU ) AT A BT AR 5, BT — RAUE SR 7 AN
ko MIAUAREAE: YIP5Em § R SCTREA R T U EN ORI RIS W%
{830 7 BERBEAT FRAL B, JREEX UGB & R R 2 T S BHR SR T — PR TR
W EE B N R AR ) AR . @ A R S RACTR bR T AT R, 2SR A BR
Ze il 37 BB A B KB 0 W A AT HE, A4S 5 SRR R S I oGiEZ OB B, i
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PR SCRE AT LK e Y i S 6 55 0 b AR R AR AR (7 L4 R S A TR b
BOIE T A SC O A BB B AlexNet 945 b F 8 2% ] SO MG 24 b 1A Rtk

5.2 AR EEAF K

(1 BEZRGECTEGEEARIEZE, B 7207 E A % 6507 s E SR 2 H

(2)  Ax BB ITEASTHT 10 Z 6 307 BB SR 1 — 2 1 B 1 L 1 3 o ) B A
R AEAC SIS . AR T E BRI EE KR, S EER) AR IR T
B2 R ZR A S AR IE AN SRR, MO B A ORI TAEA SRS, R RESR IR
HA W ESRT.

(3) DIRfEME LR S EGOIE N 5, X AlexNet MZ83EATCAE, $RHY 17— Fb
BT RBE R AlexNet W25 1 Z= 1) SOy R A FL% . BAAE B8 A B ARs RO RN 2%
M LE SO BB R s IR R HE R 3, B8 T A SCA A Rk

53 R TiEREYE

H /02261 SC7 U5 B TAET AL TP B T %7 TR, @ seh i
ST SIS A R BRI R e . BT S, ARSRAURE L TAE W LA BA R JUAN 7
AT

(1) FRSCFREABHRENY RMEE . AT I8 R R TR BdE 5
HALIEIEF RGN B, FEARRBIARRE R E TR R 307, Mt fra fEA# i E (1
HRZEfdiag) « CHEPZRER) AL (RRIEHE) fENI 8 A4, FILERH M7
TR A 78, TR 2R . 540 B A 5 50 R A rh BT SR FH 0 SO 4 44 4%
A S, R HE T AR S IR BUE D& F BEAT HE P g ', B S AT
AEEFREA R G, FEAWT e B RRACREA iy 42 i 20, 8RS AE LR D & 2 BER 23
i S0 iy 44 i NS ph I 0L, B R J5 SR AU HE R 8 o (RIS PR 2R B I R
TETEANEAE AL EOR , DLk — PR a8 i e n L A m] %, N Z i S IR R |
BIF SRS FFT T SE I R S i Bt 33K 26 AR 1) 58 K B T4 70 01 58 3 28 1 SCE R AR
Pae, A BN A R AEAR

(2) RISk o A SRS ot T 1A T b SRS 1) 2 17 S0 7B A BEME R AR
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