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Abstract

Abstract

The bamboo and wooden slips are precious historical archives from the Qin and Han
dynasties and a treasure house of knowledge. With the rise of cultural digitization, modern
technology has been used to strengthen the protection, restoration, and comprehensive
utilization of ancient documents. Establishing a reliable model for recognizing and
detecting wooden slips can help researchers identify them more efficiently and accurately.
There are obvious differences between bamboo slips and modern handwriting in scale,
shape, structure, and other writing styles, and problems such as handwriting degradation
caused by the nature of ancient books have brought some difficulties to the recognition
of bamboo slips. In addition, in the text detection of the whole text, the difficulty of
detection is also significantly increased due to the variety of text sizes and complex
typesetting. Given the above problems, this paper takes Juyan's new script as the data
source and studies bamboo slips' identification and detection methods. The specific
contents include:

A deformable convolution classification and recognition model for monosyllabic
letters with variable font type. In order to solve the problem of text image noise caused
by changeable font, text scale and shape, and long-term burying, bilateral filtering is
adopted to reduce image noise and variable convolution is introduced to construct the text
recognition model DeConv Swin, which combines deformable convolution and Swin
Transformer. The irregular sampling characteristic of deformable convolution is used to
solve the problem of changeable font and shape. Swin Transformer features hierarchical
feature expression to solve the problem of complex recognition caused by changes in text
scale. The results show that compared with a single neural network, the recognition
accuracy of wooden slips is improved to 83.5%, which can solve the problems of
changeable font, scale, and shape in wooden slips to a certain extent.

Simple and multi-text YOLO detection model for complex layout. Aiming at the
problem of variable text size and position in images caused by the complex layout of
wooden plates and the problem of different sizes of wooden plates caused by breakage
and corruption, deformable convolution was introduced, and DeConv YOLO was
constructed, which combined deformable convolution and YOLOvS. Using the

deformable convolutional irregular sampling and learnable ROI characteristics, we can
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get more accurate changes in the size and position of wooden texts. YOLOvS8 multi-scale
fusion structure is used to solve the different changes of simple scale; a more accurate
text position is obtained using SIoU loss function constraint to test the model. The results
showed that the DeConv YOLO text detection model proposed in this paper was more
accurate, with an accuracy of 87.90% than the single text detection model or the target
detection model, which solved the problem of changeable text size and location in the
bamboo Slips images to a certain extent.

Design and development of bamboo and wooden slip recognition software. Based
on the above recognition and detection model theory, we design and develop a software
platform for recognizing bamboo slips. The software platform is composed of four main
modules. The main functions of each module are data import, text position detection,
detection box result editing, and text recognition. These modules work together to realize

the recognition and detection application of bamboo slips effectively.

Keywords: Bamboo & Wooden Slips; Deformable Convolution; Image

Classification; Paleographic Recognition; Object Detection; Paleographic Detection;
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1.2 ERIMARIIR 4

1.2.1 BEMGIRAIEEARINIK

1E 20 42 80 4FAX, £ 2 HNHL (Multilayer Perceptron, MLP) WK JEtrEE
THENET R I BT AR, ZRT R BB R /1, Rl 2
CPU MW AFZ IR HIRE], F3 MLP W RERFH T/ N 4R o« I BRI EA T R Ak
AeJ, MELLALFEE 4 BB EIESS . IR EHH MLP )5 FR, Geoffrey Hinton
S5 NOIG) NGB Z I S5 o 1% 7 92530 1t TG M 5 2% ST 46 e IR 28 A B >R 1 5 P 445 R i
PEERE T, RATEZ E VARG B eMAm i — Z Mg LR g A\ B0RE,
WX LSR5 I IR FE I 2% o 5 EAE N H Gt 85 802 IRBUR 22 2005, Rets mi4E
NTEOIRLER R, Bl e B2 RS U FVRAIE, 1207 1R AR 2 P 2% REAE AN 2 %
ARSI, S B RNERIR, ARES KR, LEIZRRFE A2 M
LEARIIVAT, FEEZ N OUSSEINE KR . 21 VIR IS, HIRMHE M
2% (Convolutional Neural Networks, CNN) 7ETTHHE AL RN . RASRH,
AFTEIREE S S RGN R FHRNES, HESHEIRR QPR B EAL o Al A7)
TUERAMNAE T8, B HE A @ KA SR I it B BT . CNN IR EE
RV, 12— AR 7%, eIl T S R o O] X 4% AN E R
FERFHRCE, DA MU R o« S e AE 38R R B 02 IR B2 1 P SR, BEA% AN
Wi RIS, BERERERES, LB SZE.

LeNet® I35 FH i 28 0 28 i 7 38 0 U1 R0 J2 4 22 0 2 oK B 3l A LG P 3 CRFAE (1)
W77, IF BHAE MNIST F 587 R38R FIUSHRIFRER: Alex Krizhevsky 4%
NTE 2012 442 AlexNet®, ZIEAIR A ReLU & B %L, {311 Dropout Jik/b i 1
H o R 5] N B 1 s A s e N A — R, o TN EREN =428 =,
WETRTE R IBEA G IR LSS I RE; 2013 4F Matthew Zeiler FI1 Rob Fergus #2 H!
ZFNet!"Vi i RS UZ R g /N, DL A ] E el Ak, SRR
W 2 25 40, F e BRI B AE T 22 s 2014 4R A8 R i AL o ) L ART 2 42 th
VGGNet!"], IR () G BRE T2 L 234 19 J2 10 3x3 BRI A 2x2 #YIAL)Z
W EE RS WM SR, R RGP 2 DLE TR RS8R 7 KA
Inception A1, I H 2 J5 20 ik AN ik o5 adk ) 24 25 1) SR AR A 1 e A R 4
B (R HERR ZR A ALRE /75 2015 AFATILBASE A4t ResNet! Ohdid {5 A Bk R £z

(Skip Connection) E{Jii% (Shortcut) HERFMARINEEEE, HFEMETTLIE
JUHEZE EAE, KiERI BRI R HERTE; 2017 4F Gao Huang %58 A\ ¥
th DenseNet! "HRf fUR FE AN Z Z [AF R L B, S1ESR BN A,
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AR EEW R Z BT A R IR EIE Dy N, 3X a5 e Bl s AL R AE ) 4%
W, AR, WOSHEE, I @R E A RN S ITAR s F4FE Andrew
G. Howard % A\ #& Hi MobileNet!"® 2018 H 7R 55 1] 73 B 45 7K B 50D v S s A Al
KA, RIS PRFRAR B s T HERf 1% s 2 )5 Jifeng Dai 55 A4 H T AR T 45 A1 ) 24 121
( Deformable Convolutional Networks, DCN) il i 7E bR AE & FR A 25 Al 5] NBAMY)
A5 S A i, G R AR AR A P 2250 T UART AR 4 R AR RE ), A ARSI A
ST EVEAAT S (P RS 2018 4E Xizhou Zhu %5 A$2H DCNv2i?2, £ DCNvI [¥]
Sl B XN AL G S R AR AT I 2, AE AT AR SR I TR, LR A
A 2225 2] B A, FEI8 2 > B RHIE IR L AT W6, {515 M 2 A R g AR
MREA ) 25 18] 3 AT MR §E0R 75 A R8OR I EG SR A e /1, DCNv2 32 3 1R
AR IR R, A8 FH 2B 28 SRS (I 2R3 TR 1 48 2
WHEE K, AT B RE 5 A FR A Transformert 541 48 5 3d 4 1 % J5
WaEEE N T B BRAES T, I HAR DRSS PRIV T ONN B8, 2020 4
Alexey Dosovitskiy % A #i& ML 3¢ Transformert? (Vision Transformer, ViT), i#id
BEBYI5 N 16x16 BEREMEL, B Transformer ZEH40HE, ToFR G M,
FER IR TRINGR G 5 (£ 2 i UG AR il 9 2 ik ) sl A 5005, (B B = 047
FEARRHITHREIUAR, PR e, ot BRI EAIE K 2021 4F Ze Liu A
FEH Swin Transformer®& !, Swin Transformer A% T VIT KA1 TU A,
MHBALE L, SEILEG RS G5, IF R 480, B B i RIg 1,
REREAEAS R I RUBE E e, A 20aE A TR 725 B AR RIS 3o 8IS TSN
WAT4S; 2022 4F Zhuang Liu 28 A$EH ConvNeXtPOUR A @ i A4 G AR 2 %1t
FINFALT Transformer B2 IH— TR 285, oRIIZRAe0E IR = Ttk RE

1.2.2 B E LIk

HAT, —SHPNEEE E RS IREE . R-CNNPUZ IR FE 22 S 7E H Anfr il
ST I 2 A, R-CNN I8 45 XA O7 75 CNN 4%, 52542 & H br kil
HREEE, ST EHG FaR il H VB FE IR M R DX ATL ], Sl S7 b ) FH 5 Bk 28 ) 2% 42
HCRFEFN 73 20X 26 X 3, AT ARSI H PR R g% B B S SPP-Net SR, 7[R 4
FIEMAL (Spatial Pyramid Pooling, SPP) &% BiERI—/NREEAIHT, & VML
WAL B RSN EUE, T TSNS e, XY CNN [ — /> B ZE R,
CNN 7 Z5m N\ EBUR B A [ E fRT, 3285 PR 4 T 35 R AR 76 32 1 — J2 1 H i
T B —ANEE K RFAE ) & Fast R-CNNPISZEL b B 101 25, 866 Rl 44
BUAI I RIS B B AR R, HCTE ) TR R FE A fidf B 75 5K R FH 32 FHE [m] ARG
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L EbR, HE#SZEFRENL (Support Vector Machine, SVM) A Softmax 732K %%,
i — BRI SR 2 I3 B As il i S 2R FIRSFE s 2 )5, Faster R-CNNPOWg 5%
B2, SO Z (Region Proposal Network, RPN) SZEEE 1SCHE
L BRCE R fRUetERE EFR, RPN 55 Fast R-CNN JE S B AURGME, 2 kb BR T,
[ A I RIS AR R B, 28 s B UHE s BbAh, 2017 4 Lin T.-Y. %P1
PEHASE 4 TS M 2% (Feature Pyramid Network, FPN), FPN it H _Eifi T AIZEH
A m R, Tab RS S SCRRET 40T, B3R RERHERIERE ), X
15 FPN FEACEEAE RSTB H AR RIMR B, BEIR FPN 325/ B FrAs il i v
P, IR R SR RVE R BE 2 350, P RERCMABE A (R 203 e 70 R FH e
TEFRHUM 26 H I RFEEIE S, 75 2018 4F Shu liu %68P%, R EKEER AWML (Path
Aggregation Network, PANet), PANet 340 H KA S S84, FRFHIRGURFE )
= RS BN, SRR A AR N 2 R RIREET), 91N H & NAHIE AL,
PREANF R ERFE B S, 3 — 2 oudt /N H bRt U RE .

2016 5 Redmon J %¢, #2H YOLOv1B5] 4 s B B ARk I 503k Fmie, 4%
b AT BRI SH P ARG FE, AH LT Fast R-CNNPOUR 6 X 38 13 5715, Faster R-CNNE)
K H RPN Skpfiidtix —id#2, 5 Faster R-CNN AN[F], YOLOv1 ¥ H b5 5 28 F10 FAE
X PN B R G — 0, SRR T . 7R B AR TR AR I EIE B, YOLOVI
W BHE R 73 N k< k APk, BEAMREATTIN 2 AL FAE, AL FAE R A2
HoE S, WANHTHELFNE, —DNRYMAREERE: £ 2017 4F Redmon J
S5, FEHI YOLOV2PY, YOLOvV2 B HURFESR A 4%, f# ] DarkNet-19 /59 H A4
TEFRE 2%, ] ANt E A — AR v e S 2 92D AR R 2R A B AORSE, IF:
H 4 Faster R-CNNPO, s 4 fOHESR OO 12 SRAE,  $2 i A [R] RS A B A A A 1)
T RS 5 20K FH SR U 1 0 2R Sy N ANk BEARFAE , DL AHT S0 22 ROBE I 25 R s
YOLOV3PSERH £ R E T Al Darknet-53, —ANTEER . B8 3 A5 FR X 25 R IE 32
HEs, DA SR /INRSE B AR il g8 70 BT s AR AE SR B RE ) SR I X 45 o 1% )
AT 53 MERUZ, Wdy 48 DarkNet-53, YOLOV3 i 51 N = AN A R F4FAE
BERATIR . s ANRSFI AR, B As B i RSIE e . R, e il i 2 4
(== SR TR AR S, T E Softmax v, BGERLANT 2 R8540 AL BE; 2020 4
Bochkovskiy Alexey?® tH YOLOv4, X F| CSPDarknet53 A 5 5 K 1B - 25,
{55 Mish 305 B2 51 AN H 8 IE AL 7772 Cross mini-Batch Normalization(CmBN),
Self-Adversarial Training (SAT), LLJK Mosaic 3 5m k5 =AY 1z 1L g
YOLOV4 i&f A SPPNet?* Al PANetP2Z5 1y REGERFER L,  LLK& CIOU LossP71k
P FAHE R A A HERA . [F4E Ultralytics B1BA &K Ai YOLOvS, Ultralytics X A5 7
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SERANGRRARIEAT AL, (3 AE B AR IAT 55 L SeBps HLHERf RS YOLO
FH ) H bAS I Sk A J5 S SO 4k R YOLOXP®, YOLOv6P!, YOLOv7HOIAI
YOLOvS, H:A YOLOVS £ 2 Rl ilIh YOLO A fIEatE 1, 51N E T M 4%
FHT Ancher-Free #lSk, (2 H X T/N H bR ORI AR A

1E VITPH 2 JE AR 238K ViT R T B PstEl{E45, 2020 4 Carion N
SIS 3T Transformer 3 215t H Arf 7 DETR, HUE H bl (1) 5 b 2R
NP6 AR R, faitk H ARG RE; 2021 4F Fang Y 2216 ol 40036 28 4 28 7 A1
WAT 55 W2 5 REHEAT S /MR 2D 7% (] 45 44 Rk GO0 IX 3 ) R ) )l A, B
YOLOS H.1:, %8 3T R 451 Vision Transformer 2844, i# i & /b & o sSE HLAE
COCO X A MK 4 L J Rk fE; 2 )5 2022 4 Li'Y 25t i R 46 1) ViT
FAAE B ARG 0 B T 450X — [ i, $2H VITDet 53k, I iy 2 i B (O 4R 10E 42 7
BE LR AE FH & R R AIHLE], ViTDet £E COCO HiE 8 ik BRI (1 1 B .

1.2.3 X FEHRIIK

2 48 () v SCF VRN 7 25 R SR S 7 R ¥ PN AE A G AR A 1y =gk AT
PR R e A S AR U5 v R B TR TR O B OGRS
IX MG Je S REAE SR RN SO IV ARHAE o 3B B0 T 5 X S F 70 BT A8 10 2 4 3 22
HTF TESH AT R, AR B AR B SR BURHE AT R . X
o 77 v B — A S 3 PR ) R AR T T AR R B AN L, 31X W] Re TovE A T il 42
SCFHIBTE 4T AR A . PR, ARG i O TIR AR AT AR R A RE TGRS
FIHAE K

BT UR & S T SE AN I 98 o SO R0 A SR o L%, 2020 4EH
e (1 fif e it ] s 380 7 £ SC - VR e A, i 9T 3 2 57 44 S Bambooslips HIEHE 5
FEAESLEEAE 2 — iR Sk, G TN AR SR 3], ik AR A Y 2 AT IR
JERE R 2], A SRR v T By e AR S, 3R T1X e BEAR LAk 7 30 ARl
HER R, [F) 4 | A5 O H 5 1 503k AlexNet O HEF SO R BT v2s, B 1 1EE0 A
FFERRE SRR, RAFZEERZ BRI S AR, JHEd Sy
I RN 19 268 58 2 980/ 28, M B A 200 B R i SO R AE , o5t S 1) I 2%
PR R B B AR FAL S8 Tk 2021 SEFK IR B AT F B SO A R
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SEAF AR AR IX 0 37 Z T AR 22 57, AT B e AR AR HE R E « "B RERS R IS
JSE S B 2 B, AR ST AR I TS SO R IR o, W AR T 5 A RS B0 4 Ah B
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o B 1P

o2 T A S AR TR R S B AT AR G BRI AR Y

B REMZERIFARL, A S RUER IR A 68 1. TR A&7 =R
fc (2-3):

Hp)= D, w(p,)-x(p, +p, +4Ap,) (2-3)

PueR

Hrh, 3(py) Fontin R EIEAL B p, MR RIE: w(p,) REGPZAELLE p, IBLE;
x() RARANFFIEE s p, AR E O ALE S p, RARHES L A AL
B, J&TI0E XHIMIR ;. Ap, RAEALE p, AT 2 2 Wt &, e i 4l =
53], HT &R ARFOE B LTS o

222 XFREFEHEIER

R4 ) CNN AR, B AR =5 H AR (Feature Map) fER& G — M6
B, @ SWIEERR 2N EEE, X — IR 0 ST RRE B 3 4 oy — AN [ e
FERRFE A &, &R T FR I 7 ek B S5 . B, X T B8535, 1 AlexNet
B ot — > 1000 4E[a &, BF—4HCE M A KBRS THRIMRE. A, X
RIS SCA AR R, BT IS EE RSP R S N AN 2R, CFMREZRIRR.
W A i el ek U B4 TCEIAH RN, Al Re BT E BRI RE R K, wE
2-11 R, XK BRASAE AL 2 2] B4 ORI «

H T SCFE B REAROR, 50 CNN AR Y 22 52 3 [ 5 J86 52 B (1) FR ],
FEOT A FREE ) S0 BUR A B SUR A . 1T Swin Transformer il i 5] A\ & 73
(&K, AT DAL BEANTR] RO AR, AT RLE LA [R]ROBE B SO BRI R
WREZAR N, HAh, %5 CNN BT ALK REEUR R A E A H . 1T 1%
4t CNN 2 )G AR R 2 3L T R B2 B (1), X T RREEEUE, 752 KT
BRI/ LT UER, Taﬁégriﬂllfﬁ*l]ﬁﬁ%ﬁ% E’Ji"“ﬂﬂ

2-11 P RPEARY
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[ RN e e A7

Swin Transformer 5| A3 /2 FIVER JIHLE], Q0B 2-12, A5 RERS £EANBE
TR T A 0L T A RO @R K RE B2/ BT EE. B Mes
CNN A 5L B 5E 1 RS2 B o A% 48 CNN B AL E H A [ e K/ KB AR
RHEAT GRARAE,  IXBR AR AN ] RO S B R AT A

RIEF

Stage4

Stage3

Stage?2

Stagel =— i
Image < -

] 2-12 Swin Transfomer 7= 1% = JIHLH

1l Swin Transformer 5| AJET% M0 HER IVLH], 8T 7R A RHIE B X5
ANFERE T, FREE DN AT BV TR, AR RE A AN [F] R I S0
BT @R . Swin Transformer I H A FELF AT IHERE /). 1E40 CNN RAAELL
HORREE G, 72 BRI NG AT Ab 3, SR 45 R PHEAE — il . XM
DIy Mgt B E 2 S BOTHEAIEE B IT4H . 11 Swin Transformer 38 1S H VE = /AL
IR EIN, AT DL B A A EG AT FRAT R L, B ) AP T4
BETE OB EEE N EZ S WS, — 8 & DN BERE

(Window-based Multi-head Self-Attention, W-MSA) A & I H{ER /7 (Shifted
Window-based Multi-head Self-Attention, SW-MSA), —FH #5774 an=t (2-
4) Fz (2-5)

T
Attention(Q, K, V') = Softmax ( Q\/Ig j V (2-4)
. OK’
Attention(Q, K, V') = Softmax N +M |V (2-5)

He, 0. K. VoralE# (Query). ## (Key). {H (Value) %[, EflHA
PG AR AT HA R d 2 QR K HEREZ4EE s, H AU RN,
B EEZYERL; Softmax H T IH—AE; TRRHIEERE: M 22—
IEHERY, AT SW-MSA FsCHlEM AL & DL, & RV %W DT BEE it
S, TR ORE a0 SR AR

22



52 F I R B AR R S B AT AR G BRI AR Y

223 kA

R FEALE I GRAR TR o 75 vp R FH A2 S0 2K BB 4 (Cross Entropy Loss) Foit 5 77
wm=R (2-6) fiow:

1 N M
L :_ﬁzzyi,c log(pi,c) (2'6>

i=l c=l1

Horbr, LRVWFEARIBURME: N 2BIWETHEANSE: M RN EE: y, 2
—AMERE, AREARETION B L, BN 0 p, —ABARTRINEEA i & T2
c BIMEEE o SR A SO 2% R BUAE AL A i AN SR R, X B TE U 2o 72
BRI 7 MR, ISR E BB & 2%, X T A IE# 7 R4 T H80K
(AR, JCIH I A A0 T SEBR 20 1) T A 2R AR AR, 7EAE ) Softmax BRI 1%
GUF, B R 2 A —1k, BRER T H T DURRE MER A . Softmax
s E T R (2-7) B

Zz.

e

i Y (2-7)

J=1

Hrb, p RFEARESN ¢ BRI 2, 285 10 JRUa e M 2 S 2

pi,c:

23 XWHERSVTIE

2.3.1 #EENE(LIEER

PRAE P AR R S 22 28 -7 R 1 ] s 37 BRI IR I, A 23 5 70 SR ME
K, B, KSR Fl-Score J45 & 1R HE R I Wy 22 48 5 AL A A e 35313 1 A
ZEVERE . AERRZR T DA EDIUABIRI TR S, BRI 2 RIS, IR 2035
s Il 3 R SERRIE SR A 2/ DA A TE A TR B0 LU )5 G A 8 T B ) o e A 1Y
TN IERBIREA R, SERR N IESSHIEE]; F1-Score S i A0 4 0] 32 (R 1 AT 1)
fE, T —F R RIEE RO DRI 2 RE R R, BRSO
S R -5 FROIIAEL (0] REAR 0L o TRIEFEBEUNSR 2-1 PR

2 2-1 IRIEHEE

IEFEAR AR
TR 1E A5 TP FP
T 2 A1) FN TN

23



[ RN e e A7

Hp, 7P HIEW, 70 2R8 IERAHC ST TN IR SO IR TV . B A,

Iy KA B PRI R AR E; FP: RIEW], 40 R E iR HoAth S

TN IER R FN - RSB, 20 888 IR SRS P g R S A
FRMERMZE (Accuracy) 1z (2-8):

TP+TN
Accuracy = (2-8)
TP+TN + FP+ FN
FERA% (Precision) &= (2-9):
Precision = P (2-9)
TP+ FP
HEER (Recal) HE AR (2-10):
Recall = P (2-10)
TP+ FN
F1 43%t (F1 Score) i+&H = (2-11):
FI Score = 2x Precision x Recall (2-11)

Precision+ Recall

232 XWIMERESHNE
ARSI AR 2-2 s SIS R SEL A 25N 4% o ARBEEE A SGD
FARAL AL EE , momentum=0.9, weight decay=0.0005, %] E ¥ 0.0001.
H GPU Il Zrid #2, 4 batch size W EN 8, IR INZIEREL A 40 K. 1EVI
SRITUR X B s AT 07 1% AR BE SR 2R B 100 DA, & 221 3K
RS L EIR S, IR R 8 1: 1 BIELBIRIZS VI ZREE . IR AR AR IF4E
%22 SIS BRI E

SEIGIA LR HARNE
BIERS Ubuntu 20.04
CPU Intel(R) Xeon(R) Silver
4210R CPU @ 2.40GHz
GPU NVIDIA RTX 4090
BAF 24G
WA 64G
TR 2 2] HEZE PyTorch 1.8.0
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52 F I R B AR R S B AT AR G BRI AR Y

= train loss
val loss

== smooth train loss
== smooth val loss

K 2-13 BERFEIZRAERNIAESE [ A1 R AR 1

£ DeConv Swin YIZRIEFE FC3 A — R A UIZREEMBIE R, AW A
W RUWEL Bl 2-13 FrsBiBire 15 AR FEAE BUEL,  f2% 40 X
AT AL

2.3.3 EREXFIRAREIF

A SEIGH FC T R ARG AR Swin Transformer /X245 2544, I0IEAS [R5 44 1
Swin Transformer - 5 X7 iR A 25 RN 52, AR TR B AR AE B A AN [R] 7 & DA
JeH s TR S5 R s o JE e LS T T AR T G A Swin Transformer AN [F]
SER SE U AL BEPEAG o SCIR IR IR FE R T I AR TR B AR R RER, BT
RN FEE A TC VL T I 2R, BRI RO6EEE— RN E W] AR TR 45 AR I 1Y
AL

DeConv Swin vl1: KH—ZEWZEERY Swin-small WA 4G, HHLEE
FRALE Patch Partition Z Al »

DeConv Swin v2: KM —ZA&LEME Swin-small A G, HHAIREE
FRALE Patch Partition < J5, ff Linear Embedding 2 i,

Swin-small: Swin-small FJ Ji 4545 )

2DeConv Swin v1: RAMZAZHGIRYE Swin-small K&, HMWZHEAE
Patch Partition 22 il -

2DeConv Swin v2: K H M Z T L& S Swin-small 12045, 4 Patch Partition
JAEPZ ] AR T[]

K 2-3 HhANE 2-14 45 SR T LUK IR AR I G AR HR T IRk 2 iy, NG5 2R
K Jx M & DeConv Swin v1 [ R45 R i i 1 <A 2] 83.5%; DeConv Swin v1
A DeConv Swin v2 Z [ £ & IGIE Patch Partition 2 /& 5 X T 1] 42 L B A B

25



VGBI R 2 A 7 18 S

R 20, e SEIR 45 AR WA AT AR L&A JZ L Patch Partition /= 2 J5 MRS BT
B, Ui B AT AR T AR B US4 PR R E 244 T80 Patch Partition /242 HLZ
Ja BB EU4FE . DeConv Swin v1 Fl 2DeConv Swin v1 fHEL 2 — 2 KA B 5
TR RN, SO A4S e A 45 A P N )2 AT TG AR 2 1 s
RS IREE, - SEOS G AR RE 2 2 > B EHER I A R0, AT 32X
ZAHERE R % . 2DeConv Swin v2 5 2DeConv Swin v1 #H L H 2 p A8 H i — 41 mp AR
TEBA AL B 5 AR S5 R ARAG Frse i, Ul B 9 2 AT AR T 6 AR I AL i &2
FBE, I FBUL A s kT H A B OB sz . Btk — 2l R RS HAE
Patch Partition Z Bl [ 3R A i, WA f5 SR I RRAE S2 B0 Bl B oKk

R 2-3 IR AR T P4,

B T592: HER # [l 2 S F1 734
Swin-small 82.6% 79.3% 80.1% 79.7%
DeConv Swin vl 83.5% 79.9% 81.9% 80.9%
DeConv Swin v2 82.4% 73.8% 80.5% 77.0%
2DeConv Swin v1 82.6% 78.4% 79.6% 79.0%
2DeConv Swin v2 82.7% 78.5% 80.9% 79.7%
0.9 0.9
0.8 STAAYS U 0.8 v,
0.7 0.7 Rer2
0.6 0.6
# 05 0.5
€ 5|
B4 ) —DeConv SwinV1 w04 —DeConv SwinV1
0.3 / DeConv SwinV2 0.3 / DeConv SwinV2
0.2 2DeConv SwinV1 0.2 2DeConv SwinV1
0.1 2DeConv SwinV2 0.1 2DeConv SwinV2
0 Swin-small o Swin-small
0 5 10 15 20 25 30 35 40 0 10 15 20 25 30 35 40

0.9
08
0.7
0.6
05
E 04
0.3
0.2
0.1

0 5 10

L2 23

(a) MR

—DeConv SwinV1
DeConv SwinV2
2DeConv SwinV1
2DeConv SwinV2

Swin-small

15 20 25 30 35 40
VIgRse W

(c) M=%

P 2-14 7 A S 56 45 R AT AL

0.9
0.8
0.7
0.6

@
505
2

0.4

=
0.3
0.2
0.1

26

VIR
(b) HAFE

—DeConv SwinV1

DeConv SwinV2
2DeConv SwinV1
2DeConv SwinV2

Swin-small

10 15 20 25 30 35 40

R
(d) F1 4%



52 ) 2R 2 A R R R S 1 T AR T A AR U Y
234 S52HEG S KBIAN LD
IR Fi b AR Y 5 H A 33000 53 SR ) A 48 I 28 B AR PR bR, A B A T R
() Ta] S IR B R B BVl L R SR, 735 VGG %741, ResNet
Z%1, InceptionV3. ViT. Swin Transformer 51| LA 5 A& SCH) %) DeConv Swin. 1
K 2-4 Pron N BIRIR B S SRR T e SO IR AR SR SR 2 5, 2o D ARt
ZJE SR E5 R .

R 2-4 AR LI TR 22 R 2 1R R ) 4

S SICWRPS HiATES [ % RS Fl
VGG16 71.7% 69.5% 70.1% 69.7%
VGG19 68.9% 55.6% 68.5% 61.3%
ResNet34 72.9% 70.2% 72.1% 71.1%

ResNetl101 72.5% 68.5% 71.5% 69.9%

ViT 73.4% 69.3% 71.9% 70.5%
InceptionV3 70% 65.5% 68.8% 67.1%
Swin-small 82.6% 79.3% 80.1% 79.7%
DeConv Swin 83.5% 79.9% 81.9% 80.9%

M 2-4 ATA1, @I 5 A7 FE R 73 RIR A2 N 4% LU, AR SR 1Y
DeConv Swin A5 R AH T~ AR Y SRAF S5 i B VRO PR B o X 1 1] Fse BR S 2R A E 55
Kyt , AR TE A AR 00N AE A5 A5 Y X6 S0 I TR A AR A AR B S Nk 4H s Swin
Transformer FJ2ET% L B S L], 8 R ARE R E R AR &
FAE T NN AT BRI, SR RES B I S0 AN [8] RUBE I 307 R
AT SR, X R AR B R R Ao T T ) 2 22 AR AT SR PR () T AR TR AR 4 2K
iﬂ'ﬁﬁ@ﬁt%%ﬁﬁﬁ% RS A

it EST] pUtlES]

(a) Swin-s (b) ViT

B 2-15 TRVEREFE AT MAL 45 R

27



[ RN e e A7

(¢) VGG16 | (d) ResNet34

(e) VYIVIAléseptionV3 €] ]:U)‘;COIIV Swin
Kl 2-15 (28 JREFEFE AL A R

I Has i A R AE MR AR B RRIEFERE T VR, B 2-15 (b) IR VIT
X T AN [ 18 8 S 7 G B ARFAIE 2 S AR — 2, BT AN [F] G 2 18] L RN [ 2R 2
) () 22 e 2 21 10 22, U AR HER 22 2 B DeConv Swin F Swin-s Z 71 =1 1A
B 73.4%, 1H2 VIT &A% 2 330 F 55307 2 0] 1) 22 571 5 B0 RV HE I T A
WERE, HRIEERZ, K 2-15 (o) (d) & VGG16 Ml ResNet34 I IE
FERE AR S 5, T DAE A AT VAT EARRNT S0 MG 2 1) 358 A4 AiE 2 >
B2, BRENH R BT EUR AN Z 57, W F1L 284 R FREEA
5 ViT MR ZEANZ; B 2-15 () 2T H A DeConv Swin il i 1] #i
s Re LE WA i, DeConv Swin ) FN Al FP % 0 B ksb, A 2-15 (a)
5 (D XAy LRI, AR B H BB T B A A Swin-s SR U H A LR
SIBRARTE, AR ARSI AN, i 2-16 trlE HiEd 5]
ANAI LGRS Deconv Swin $#&7F AR TR X Al6e /., A5 H AT AR
BRI HA T I ) S

28



o2 T A S AR TR R S B AT AR G BRI AR Y

Deconv Swin
Swin
Transformer

HiE B

5
5
5t LA 18 #
Kl 2-16 F5r 3725

2.4 KRB

AR — P IR T A AR T SRR 20 0 28 1) 1 L R B A Y o 2 AR AR B AN S
FHEAE I 28 R 5 N, I8 I I 28 S B R IRRAE , 28 F5 3l 43 Ry Hh 4G
[P NA o AEE VEAHA 2R B SR A0 f SRR R DY 2 A5 A PR Ay et It AR, X B
(RIS JEAT PR PE R B EE B 40T o FE 28 A R it it A v, SR TR TR B R &
W2, it 5 NI TSR, NSRS B IG NH H BEE AL ARG B, A
10 5 B b 87 S 7 R AR A o S A7, SR FR R AE B X 32 - 2% K ] Swin Transformer,
FIH Swin Transformer 2 REAE 2 DAIE M fa e SCF IR EEARAL . SRR SRR, %
T5E 2R B 0% M R 1) T B S R R R S 2

29

HERM  https://www.cnki.net



VGBI R 2 A 7 18 S

38 HEERMERIEEZXF YOLO NEE

B H ARSI SR AR, S 3SR SO FE R IR, — B2 H TR 2R
A8k R PS8 2 ST BORARAG I 7 3077 o (B3 SO BRI A7 A2 — LU AP, K
HSREOCT ML SR AN, FBCREREBAAAERKEM S N7 IBAL . I B
fiE L HIRANA— BB 22, BB H ARk A5 A a2 S0 A I A Y
SPEOCCT IR ARG Y 1R L BEox DA (], A 0 S B 5 et SR FH U 8 i
DRAR MR S, BT T —Fh DeConv YOLO A5 856 ] i B A 1) JRUE 22 78
ST E 2 A IR JE I SN TTARIE AN, AR e B G b N ] S AL B
278, I8 PANet MIZ545H: 120 ROBERFIE Rl S BBk B3 fil it MR IR 248, JF
X5 R BOHAT R EE, DUAEBR FROAS I Jo S 38 ff o (R S

AT EETARAZHT : 3.1 /T, S ar iy s A A B8 i i 37 T 5
YaSe, 3.2 NTTVEAHUE IR SO T AR R AR i, 3.2 /N U 8 A Y
PETERR FRSHG AR SO A A R A Jd e 5 R ILEE R, DL AN
UESS R =H WA, &Ja i) 3.3 N T RTINS .

3.1 HETALIE

AP v G AL A S AT S SE ), e R T 8 20 i A 1 fk 1 AP
TR XA R A 8049 TRk & . R IR N ARG, & BOFRE 77 3L
HARVE A, PRy H R SCARAESL 103282 A4, ARk B SC & Goit K W& 3-1,
P 13.03 A, HEZ KBRS SCAME 143 4, B RS SORME 14> B
BRI 3-2 Fos

The number of bbox min:1,max:143
mean:13.03 std:13.2

(00012020100011000010000100200001.3000200000000],
S R E000 DR R0NG™

B 3-1 JESE R A S EHE S v
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GalEspRIl

S 3 T A B AR AR 1 5L 2 57 YOLO Al

Pl 3-2 o S e G M 4R 45 S A KR 7

TR 2.1.2 /N X ST 1 SO B A b RT g, A B ATAE e R R A
TR i 20 1 T P A, 3 X A S ) 2 g AT T e 0 1) S e ST R R XL i
W, EErEER T T = (3-1):

x24y?

e 2 (3-1)

G(x,y) =

2
2o

He, G(x,y) Z24ES W nE, R AE () MRE; x My 2B R ME
FEX T H A AR, AR R IR R (0,0) s o brdEZE, B T ek L
()56 FE, BRuEZEOR, v T R B B 2T, IR 2R LR~ A R R

WA -1 AHEFH, m TR R — P T IEIE R A, HXLEAE
BEHIREERE ) 2 o FE2EF 1] G b 75 B 8 S A IR SCE B (Rt 2
FE I TS 515 B (RN BRI SC 1 AN St 2 A Tt . ARG P8 I v B R A
oA, (H A XU E AT P B R R B RE 8 IR FFID 2505 B o S 2K R g W3k
17 EUE B ] 3-3 fT s o

31

https://www.cnki.net



o B 1P

VAR R A A - 22 1 5L

e
e
EEUS

e
el

W
2

2 g

y:

(¥
%x.

[
n

B
=

A

\
\
e
Lt

3-3 Ji T A A R AR 1A

3.2 B FAEMIREY

AT —FET YOLOvV8 FIn] S JE SR B Rl & 158 DeConv YOLO, H 1]
JESCF T 2% - DeConv YOLO B4R 25 52 55T YOLOVS M%), YOLOVS A& Hi
Ultralytics 7%, 256 HEIAKER YOLO R457%. DeConv YOLO FEH LR =
ANER AT 2R T R A L RCSC A BRI AT AR T G AR S, SEEBURRE BB T X 45,
TSR REAE B H I 285 0 FH T [ VA G 0 S = AR ) 2k

Xof Rl UG S R E 28 A B 20X —RF s R, 3T SO 5 550
SCFALE W IR AN A S, DRk TR O G b DT I SC A B S R AL . TS
FUMRFE IR, 5808 8 B Tk 58 S VCEC S F ARk, BT LUR A AR S R
— BRI . P BARE bR dE SR LA 5] N AT 22 S ) mfe =, (H75 v AL
5 R RAT st FH AR A RR PRI U SRAE AR A AN SR A Gt ] 3-4, s JHC B 4 b DT P 3¢
FZAMAE . 5l BT EE A R SRR S SO0 e sk, ek
G MR EEZER R, FEEUGFFEESCT KA —, B TM 4 KA Darknet-
53 g2 A M 4% (Path Aggregation Network, PANet) %54 )77 sUsLE I £
REEFFESE I B Ja B0 S A B IS R A SToU S5 HRHIE fidii 2k (Distribution
Focal Loss, DFL) &5& 707 A7 SC7 A7 B i
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553 F I AR ) R ] 2 30 YOLO Al

(a) HERAAE (b) PRI

K 3-4 ARG RIRAE s =

DeConv YOLO #fR&5tnE 3-5 pis, B8 25 An R GHIEIE,
Darknet-53 il PANet 45 & FIHFESEEUZ AT SloU 5 DFL 254 i SC kel i Sk 41
o B8 AR LS Darknet-53 ZH %, A H B InE 8 £ st [R5 b S AR
PR 55 850 B PANet #AIRR, 32 BLR G E N 28 SR BRI REAE 3547 5 4k - i
B B IKARSZ AN [ RBER b & IR AT SO AL B B4 -

=)
v ; f 7 E]
- T —_— ps |/
1 L "~V y W
4 & a
e O PANet L= V g
/ /' L2 —_— V. /-—»
y y & P3 /4
7y V) 4 —

Bl 3-5 f JE ST A AR AR HE 28

3.2.1-3.2.3 /NP S VRN AR AHE L) AN 8 7)o

3.2.1 fEjRESC AR E FR%%

YRR e 52 B T Jek BN, B S T AR T B AR AT R AR SR B, X N T IR
AT BRI, AR BE MR RE ) B RHE R, I s T AR T AR
F ] AR TE [X 35 24 R4k, ( Deformable Rol Pooling) 14 N\ YOLOVS Y JR 4f 5 TR 4% .
AIAR T IX BRI AL ) TR A sl (3-2):

y(py) =max, g, \x(p, +A4p,) (3-2)
Hrh, y(p,) AL ERHEEEL B p, WI1E; B(p,) BnFlSE p, B bin FIIXIEH; x(p)
FMANFHEBRIFENLE p IME: Ap, 2X T p, AL E 5 2] B M s & .
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VGBI R 2 A 7 18 S

] AR TR X M i A P58 B R A ] 3-6 P

7z
g

Y

i R

AL

K 3-6 W AT X4 ikt Ak

YOLOVS HIH T M4 E7E Darknet-53 2% 45 1) i Al MR T SRAE L FE A 4
FE 1024 BRI, ZEBRMER R EEE, MRz hae /19 Hib
B SHUE 2 HR G2, B4Rl ZAERERM CSPLayer 2Conv 2%, AR
e 3-7 Fiaw .

P1 P2 P3 P4 P5
= ——\ G G T
> >
z <l = z z
8 o e || 8 e | 8 o || 8 o | 8
@) = =5 Q = Q = Q = Q
© ks ks Y ks Y 3 Y B i
— 28 5 S5 - = > i — S § — S > E — S > § —>

B z 2| 3 g 3 g g 2| B
S S) S = S = 5) E 1} b—}
© © o 17 © 7] o 7 o n
@) @] ©)] O O

B 3-7 fR] S0 AR AR R X 4%

YOLOV8 H' CSPLayer 2Conv 18I+ 8E T7 A S YOLOvVS H C3 FEEAHLL,
HEFELBN EE N GRERBRZ /N 6x6 BUN 3x3 BRI/ B2 BF Y6,
EREN T ERCRPIRAHE . 3+ H T C3 #a Lt CSPLayer 2Conv A8 N £
(B ZE RSN 7 B A, ] 3-8,

l—( Conv
v
Conv Conv ‘ —*LSPL
] 4{ Bottleneck \‘
nx‘ Bottleneck ] \an )
l ’ Bottleneck ‘
Concat ‘ «
l Concat
Cony '
Conv
N : T/

(a) C3HiHR (b) CSPLayer 2Convi#bt

P 3-8 C3 il CSPLayer 2Conv %514 &]
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53 % T 4R BT G B 7T % S0 YOLO KR
3.2.2 ZREFFERME L%

FEfa] SRS R R Rp AR Rl S B B, SR R AR SR & 4% (PANet) 45K, %
TR 473 (FPND 4% 1 o [A) R 2546 38 n— A R ) B a3, #
LA T FPN 4i#), PANet /2% FPN f)—M4b7e, A8 198 & A Rk AT LA
i, A RRERBREE SIRERE R RS, MR T 2 REERHENFRIE
Re it — P38 . A% DeConv YOLO Huill B2 fir fiff A (1 /228 PANet HIRHIERR
H LGN 3-9 B o B TR SO RN SCT, D)5 AN [A) ROBE IR RRAE &
KA AR BL RS, $End N R ST A AE A 1

P3

CSPLayer_2Conv
;; ConvModule ‘

L

Concat \
Upsample ) .
T P4

P3
—>| Concat ‘

CSPLayer 2Conv 5

CSPLayer_2Conv
ConvModule ‘

— | [

—> Concat
Concat \

Upsample ) )
PS5

CSPLayer 2Conv

)

P5

K 3-9 £ RJERHERA S50

WmE 3-10 A2 REERHIERLG S5 1725 (8 4732 (Syntax Parse Pruning
Fast, SPPF) HIZ5t), &5 05| NH T FZH TR G IR & 2 5 B v RS
] 5 PR PR 1) [ B A e PR DX BT 38 o 4 TS A 3 B0 AR A B AN 4 45 ) 7L
SPPF J= it 575 st (3-3):

S= (‘D,LZI (‘Dj’;l max(Fvﬁli?h[ ) (3-3)
Hrf, SOy SPPF R4, & DEEKEMFE, oAb bss RIERT L
D It e AR AR S LA e BRI R n N
DEFIRREG S IR T BT IS i MRS F), OVERHEE F A,
FEORF SR 12 B SR i AN WIRE (R DX 380wy, A By DR 12 A A 1) 0 B A s
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[ RN e e A7

—

1
,l
)

v
Conv2d
MaxPool2d
MaxPool2d
MaxPool2d
Concat
y
Conv2d

] 3-10 SPPF it

M AE 2 RBEERHIE & B T 255 ConvModule 1 E4 Bl H—
HHEE. —MithriE(L (Batch normalization, BN) ZEF—4> SiLU & pREL,
SiLU =& — M ESiArEus R, AT BEE M5 216871, JfF H SILU &
BRI RRIE, AR TR N IR 5.

SILU i e i vh 507 sl (3-4):

f(x)=x- (3-4)

l+e™
Hr, x Z2MEERRIGHA .

3.2.3 mKEH

YOLOvS At FH Bl 245 5% e 28 CIOU  (Complete Intersection over Union,
CIOU) 5 DFL % &3 T ki AHE (Bounding Box) IR, £ YOLOVS i,
Bounding Box iU A& 8k [=] A Sk SEHLE , 1 DFL DU 3 8B 3 AN [a] =3 75 - DFL
IR (3-5):

C
DFL(p,q)=-).q.-(1-p,) -log(p,) (3-5)

c=1

Hp, CRFEMMEE, EARTFPERCF Rl G —2K, FCH 1 g £HIRE
il ¢ I FLSE P ATIEE /2 — > one-hot B &;  p, A FINFEAS & 12871 ¢ B
y R NREBESH, DG FEARRIRE, BEINAMEFEAS KIRE .

B HIAE A2 (45 TN ) Bounding Box B INERF, A4 & H ks il il 14 e
CloU 45 2% bR BUAE TH 5010 SUHE 2 [R) B ARALYE I, 25 i S B 52 I LU (Intersection over
Union, IoU) PAK il FHE 2 [8] () e S A 22 o SR, 0TS0 R liAE 55, BT
T REEAER, CloU 4585 B AT B X /N RUBE 37 R Aar il 25 SR AN % 50K
CloU Hyit 57 s (3-6).
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553 F I AR ) R ] 2 30 YOLO Al

2 gt
1055, =1-1oU+ 222 | o, (3-6)
C

Hrf o (b, %) 43 SRR FMAE RN ELSHE R O RGRIE B . ¢ AR I 2 REAE (RN
A B TN AR A L S 1) g /) P, DX 3 R 6 e i

RFEGEXAN A B, 5]\ SIoU (Scale-Invariant Overlap, SloU) #14<%k, SIoU
171 2R R O I 51N RUBE AR SR I A )@, (145458 2% sR B8Ok H R R /N2 4k
HAGHM. SloU H kB Mt EET HisEZ RIMESEE, RIS HARHER
LI, BARTME, SloU #ik BR#uE L —MNREARRESERE, T ml
HE CHUNE HFRHE) 5 SEHE (FRvEi BARHE) 1A IARBAREEE, SIoU 432k bR %k
TR ARt (3-7), XAETF SToU 451 5% BRI 25 RE 0% B 1 Hh e 3 S Aan il A 55 v 1)
JRBEARAY, 383 f5 FH SToU 45 2k bR 450, B S Y fffy b 887 A U 20 S ATE 2 ) PR ARARAAE
S B 3 AN [ ROBSE SC o BRI 75 3R o S RE T DA vy A 2R /0 FROBSE S g e
HERf I, JEIE SRR RE AR S . DRIk, RA SloU 2k B LA N ST 74
MBI R H, A BT oA A (e RE AN RS e PE o 9 A SCAS ARG i HE A R ] 3-
1(b)Ffi7R .

_|_
L0SS,,, = 1-ToU+37%

(3-7)

ConvModule {—> Conv2d Bbox. Loss

£
=
B

ConvModule ;—> Conv2d Cls. Loss

(a) YOLOVS Head 451

FRAE )
— > ConvModule ‘L—> Conv2d SIoU+DFL

(b) A7 e ST Gl HE AR
P 3-11 fal s SO A i AR R

3.3 LWHERSTTIL

3.3.1 HENELIERR
Hf PR AR o) 17 Jst G A SO e AL HERA I, TEAR M BRI SE %2 )G
AREEATKH JUANA B B 18 b ke fli S A A1 B8, B4 UHERFI R Precision. 4
7] % Recall A1 Hmean B[l F1 1. JULAMEBETENFRFR 57 X0 T
(1) #EHAZE (Precision) M€ XONAERIRS 2 2 ) SCAMER & 5 ATk Il 21 SCA
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[ RN e e A7

MERCE A LUAE, ABE HERARS 2R 2 I SCARNE R M, B HERRRG I 21 SCASHE R 2K
M A5 =l (3-8):

Precision = (3-8)

(2) BIHIZ (Recall) [ CAHER T 2 2 1) SCAHERCE 15 7 E A 2= 1
AHERCE (I EUAR, ABE HERRAS 2R B I SCARHE AU E M, B8 HERR A I 2 SCASHE
IR My, Hort 5 7 A=l (3-9):

_M
Recall = v; (3-9)

b
(3) Hmean & CAKT AT S5 B ) 32 PRI FE bR < —, PR H SR I 1
7% (Precision) 5 #H [A1 % (Recall) 2 [8] 1) F1°F54L (Harmonic mean, H-mean),
154 Hmean. 10/ E NP, HABIFNR, N Hmean FIiH5E =00 (3-10):

PxR
P+R

(3-10)

Hmean = 2 x

332 LGB HIEE
A5 2 SIS 2 2-1 TR B SEIGFR B R SeEL R 25 4% . A ADAM

KA E, p1=0.9, f2=0.999, 2=>]F K E N 0.0001. FIFH GPU kIl
R, ¥ batch size BN 2.

3.3.3 YOLOVS & hESCFAE MR BT (g

ASLEGHEFUEE T YOLOVS [ 5] 22 FAG IIASE AR () X 4 2854, 3 b AN [RI AR AE
SR SR, X RN ) EE B . A R S AT A e AR T B AN T SR AR,
AR S5 R UE — 25 P AR T A RN T AR 2R 25 48] 1) 5

DeConv YOLOV1: 5T YOLOVS 5.7 2 ARl AL, Al EEF 8 T 3-
7 HRALE, 3FERAE 3-11 (b)) Fras S wa i Ak

DeConv YOLOV2: A5 DeConv YOLOv 1 A5 7 [t 52 A6 I 4 HH AR B (i i i
b, BRI GREE TH T PL, P2 200,

DeConv YOLOV3: AX7AE DeConv YOLOv1 R () T W2 454, K JRIA
YOLOVS e il i Hh AR o

DeConv YOLOv4: A3 DeConv YOLOvV2 AU H T- ML 454, KRR
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55 3 & R BRI 1 LR 22 37 YOLO s 7

YOLOVS Fyhar il i HH AR o

YOLOVS-D: J54f YOLOvS #2Y, FBrH fitillfa b i 328500 3, AR
EEDA=R 5alll

M3 3-1 Hszib 45 1] &K I DeConv YOLOv] 5 DeConv YOLOV2 H ] AR 35
TS T HR B @ SRR R IE R U, BB JR A BUR RRAE SR, JLARRE R I
RBELF, X m RIS R P AR BN, vi b v2 M RTEERE. BRIEM
Hmean SR, FFH o2 GRS BURRE B RRAEYE RS, n] B AN @ 4
R IR B RE, X —4518 53 3-1 FF DeConv YOLOV2 5 YOLOVS-D 15256 45
HHEIFH . DeConv YOLOv]l 5 DeConv YOLOv3. DeConv YOLOvV2 5 DeConv
YOLOV4 iX P S0 45 SRAUE B, AR A SloU B #J5UA ) CloU #HAT B I 25
Xof AR f A I 45 AT LA I IR T, 1% SR T B B TR A (1) 5 3] S B

e o

R 3-1 TSR R DAl 25

BTk R (Precision) HIElZ (Recall) Hmean
DeConv YOLOV1 87.9% 82.1% 84.9%
DeConv YOLOV2 86.3% 80.2% 83.1%
DeConv YOLOV3 86.4% 81.7% 84.0%
DeConv YOLOv4 85.3% 79.4% 82.2%

YOLOvS-D 86.5% 81.6% 84.0%

3.3.4 XJLESEEE

FEILSEAH SR N A, H BRAS AT 55 10 Js D R ARG T AE A 14, -t B R Tl 2%
B, JG e T PR BE A S bRl i OCHEE . wn AAS I F e e R B A 3 N IR
WIS, B DRATL AR 72 SIS PAEE TS IR S, W2 M 7oK DRI, ABEZRY ) P s
[8] (Processing time) R A& IHAEREM EEIGFR, RIS A EHETI-F 4
HRI ], SRS FET YOLOVS (5] 2 TR B R #EAT 25 5 VRO

R 3-2 MRS ALY R g

BRT5A qfﬁin <§Ef> Hmean ﬁﬁg@
DETR 86.3% 81.2% 83.7% 47.3
Faster R-CNN 82.1% 75.3% 78.6% 56.3
YOLOvVS 86.5% 81.6% 84.0% 48.8
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[ RN e e A7

43K 3-2 WM SO R B 0 L SR

s R A R HEFE S [A]
7573
BERLTrid: (Precision) (Recall) Hmean (ms)
DBNet 86.1% 82.0% 84.0% 47.5
DeConv YOLO 87.9% 82.1% 84.9% 49.8

DRER TR AR 5 H A 32 R DA B R e, A B LR BT A A ) 1T s SR
ML EREATVRAL, 400 H bRl 9% DETR. Faster R-CNN. YOLOvV HI5C
TRl 5% DBNeto B 3-12 R ARIBAZE NN B G b kil 25 5, v LUE
DeConv YOLO #5841 E AT DU I H MG A (19307, BUARAKIAAE 343 ST AR Rl
MRS T oAl LR RSk i g R mT LR 2, 4068 o & MR BRI A 1R (1 S0, 38
BRI A ) S0 o 3R 3-2 SR S PR I AR 2R AE i8] Fse S R s 4R 1 1)
PPA SR, B ST XU B PR 7772 Faster R-CNN,  H T~ XU B A 28 45 44
SEHA EHE EIERAAETRS, IF H A &5 SRR g i 2 1. ok, Xt
A A P A A YOLOVS, EA YOLOvVS H 5| AR LG S H A &
I T S BCHEEER (R 135 1, DeConv YOLO H A B & AR 5] AN FidE N ¥ %
RN B Z B IENNERE, FIEfEmRZE, A 2N Hmean WHE . 2
JEE/&5 CNN 454 Transformer (A% DETR, %775 T3 KH 2 RIEFHE
KA T BO /N B A il e 77402, DRI IHG A ] o S A 0 25 4 4 v i 3R S g 1
AR A, H DETR AR I ZRi St (el K - AR . % Je 5 5074
Mrh 22 JL59% DBNet, S48 DBNet il i 18 F Al foo) B B AR, fai A e 0381
TSR TT 1, 3% — r A SIREe 45 5L rb th R ik B A E R s, T
FLAE R Ry i N JO iR B S R S 22 ) el ek RR, T 3 BRI AN A SR
AT

HAmEE 7 o 2E B ek &5 3, Wil 3-13 (a) frs, 7] RAE AR ERR A ] DA
Ttk 0t 7 e MR S A B o ASCWCER B8 s B T SR B H 6], IR iE A
SCRERY (BRI AL RE 77, AR A X = U T st PR A AT RN, 25
W 3-13 (b) s, AE PR FEAR AT DU il Hh b2 017 o AR S0, E B AR AR AR
(SRR PEAZ AR R, H SR TR B SR A I AR, 3 2 5 R T s U]
AT ALY B I 25 o
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GalEspRIl

S 3 T A B AR AR 1 5L 2 57 YOLO Al

Faster DeConv
DETR R-CNN YOLOvS8 DBNet YOLO

K 3-12 S HEAEN S EA R AT

(a) Ji S ] (b) MLy L]
P 3-13 Al S AR R 45 R e
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[ RN e e A7

3.4 KB

AN [ T A R R B s SO R R R . O RN HALEE
AR TR R AT PR TE o A G ARG DN S5E925 A T XX 2 ) s 2 &t UL s e AR A ) 17
Olo NREDIZX— 18, ESESINTAGIR, XM Eehs Had i SR IR
R . @A AT AR A5 A, DeConv YOLO RE % 5 47 HiUE B {7 fsk b S0 1)
ZFEPEA R R ZE IS e XM G AR REE F 2 B ST AEAN R R A & B
HIRFAE, AT SRR RCR . feA YOLOVS AF Rl Z8Asy,  Jysd i fagfisé b
SCF RN R B 2 AR RGO, R R R KA R 5T SToU 42Kk b
B KA BRI AN R RS A AR A IIAE L - SToU 4 5k R 85075 18 H A ) RUZAZ A
AE % B e A B g st _E S A OR/NAN — [ 0 o JE AR i s S A T B AR K
BE BRIV A R . 2S5 R W], DeConv YOLO A58 7E i) fij fik B v ST
TR LR L SRS — HAL B 2 AR IR B A B iiE M. RIS T
R &5 R HERAVE, A7 8O R et SRS By th IR IR AR AR ) 8
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48 BB TR

PAEF FEXFIRAINREPTES L

D SEBR R ASCHR I RE, FRIRUE HAA R, AR K TR PR 5 T A SR
(R SC AR A SR A A, I ) 87 Jel ST~ TR A M A o AR R H A& LT &
LOiRe: MBS CEAER B SCFHERRIR ], BRI R
R RAE . I IX AN AR, H AT RL BRI IR, RS0 B skl 150 EE
R SCF N, IR 2N 7 DL IR R . ARSCHIBE 7T 5 T
PyTorch 1.8.1 #E4%, ffif] Python 3.8 4mF2 SEIFTA vk . B R B2 IR 48 i 22 4K
¥ &, AFEEH PyCharm M1 PyQtS #H AT R4t St it 5 Dy eI % . PyCharm
{FN IDE, AR . A A HI &SR IIEE, IR_IFFRE .. PyQts ¥
Qt £ 5 Python &5 &, (T E-F & GUI G, HFEHEAMER I T, T
BESE A S P AR I ) BT

ARFEH I ZRGTT RIAEE N & B RHER AT R E A A, BEEVEAIN24
AR & S A Thaetsie, RN RGTH . &G0 B8 RGP 61
SMUN VAR

41 TR FIRBR AR

4.1.1 XFRANRKEFEERTH

FERFFE RS B, HRTEAT SO SCAPRE N TR IR ROV SR, & T30
BAT SCAMERIHEZ . RT3 AR AR, XS E A R HARI o 9 R
R, ARSI e S ] SO IR B A B R SR AN R B R I SCAS AR A
PT7 5 BLERAFRENS H 2 &R 2 SCAHE, FF 78V F P S s U A ) R /N
B, RN SRR AL BOARE RS « EEXAT 6, SRENTETR AR ia v EE K
PP A o A e, AT AT DAL 42 AE AR R SRR ) G 235 R Ak b, X AN B ) SOA
HEREAT O o X FPINEAMR F IR SRR, 1 B RN TS 2T
ERR R, SCFRBIEATT S RN 2 B DUT L

MR PRI B R RE RS, T AMERAAS I MR h i SO AL, FFRTE
5 G R A ST T BEAT PRAE AR AB DS R AT, e it B R o R 25 2R JF HL
Xt F AR R A TR SO AT DA [ B R R A5 B

fEEENE: FI AR B 2 . BRI P Rtk -5, A B3
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VGBI R 2 A 7 18 S

WHRRBIRAE, W LR RSB R E NSO, SRR AR 45 2R

4.1.2 MFIRFIER T G EERHESS

iz G5 THRAE R RIRESC R A . 2 EETh RERE X fay A\ f i Fet
P& b S BAT AN 5 1R o 1 o 5 N A A m 1 st R R AT Bt e B, O
K 35 HBCRR) B84 AP PR RS M A PR R AT SC oo B AN s G R S A IR R e A 00 8] )
AL EAR BAE R IR EUER P ARIR s S 2l I SOy R R AT R B S R
AT R A RS R . RS R ) R G R BRI AR W A 4-1 R

NG T LT
B ez £ R \ -
i DeConv YOLO FH P AR 38 S Br
| SRS THE ML R
il
gk
25
; (i?ﬁﬁ@ BN
Bv
G i/”\ e E—
il
gk
xR ‘ .
s (s TR 45 R ILAD DeConv Swin
ITﬂJAm M N 1 > NElE
BA T EG IR

B 4-1 Aok SO IR A R AR B £ 1A

(1D FAFFRBMFEREEGR, HFANTEEAD RN, AR
N

(2) SABIhZ G, #IH DeConv YOLO FAIFEATHGM, I &om EG 0
ArE, HA RSO AP TR IR R &R R ORAE N xml 3
.

(3) H Bkl 2h 3R, 56 e 347 Hak 307 BUE B 3REL, A Deconv Swin
BRI S 7, B i RN 5 SR, R R 45 SR S0 B T RC 5 LAOSC S R 77
RAF

4.2 XFIRANREFE LI

AT =X SR R GEHITT AL L 75 SR A & BRSSP E g/ 4, R
TRMNRGRIE R OB SR SO R = MREBREAT TR 4, JF R
ZE ) VIR
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54 & fRRSCT IR S IR

42.1 ERSAER

Zor G e B R T AR RE, AT LE AN 5K A5 1R
DT ER . RGESCRF 2 A0 HIEBA% 3K, Bl PNG. JPEG. BMP 55, iXHF
PRIV T 5 8 2 T BOAE T SO A5RT B A7 1 kA% 2, (075 P Be g O [ ks |
CAA DU T B A B & P AT AL BRG] . AR R AR T, &
gr o Xt R RS AN BEAT SR AUA o G RS A 22 BE A SR I B B s 5L &
g AR N PR S S, SRBEA P TR £ A A RO . KRR BT RE
5 38E G HI P IAOA B AR V0 30 N T3 B0 AR R Il 2E AL E N . N st R
AGME B ATIREARIES T, K 4-2 o e BT G R T KBRS AR A,
F a3 EW, 7 AT AR G 2 AR R 515 2 XA I B 645
FH 7 8 Rk i A 1t 5 B LR N R A

5 SRS = o X
|

yeEEy | EHS  EPF22 151Dbmp =

XN

—

154
i
74
i
B
)
_. g
SREREIE (29
7 BIER
%
EAIFHE i
w2 BB
e :
o '
BIRREIE g3
B 3y
25 =
-1 B2
5 B2
REER ¥4 W RSl
i;ﬁ'r 4 ;"F’
el
] §7R
=
N i
2 2y
il

li‘
vy
e

K 4-2 RS AT

422 FHRMER

AR MBIERAE 21 & Wi B PE R, & BeE A I % fst & Hh B A S0
TERMG IR, R 35 SO R R LA (3 FRE (S B SRTT, ol T i e I
GAFAERFE | SRS . BB R 2, CF IR EZE i TFi. A
FR XA B, %R S| N BT RE, (545 T LU R I 45 BT AR 1E
IS IEAE AR AN IR 1030 7o R, 2R R IE 6 5 TE Ja 19 S0 F-HE LA (00 S 72 fRT ik
B, FERVER PR EA SC RIS o BT, K A R G0 S R
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Hh | &N

VGBI R 2 A 7 18 S

PRAFAE— 3L

FEITHUR R B SR FIE A R 2 AL, FFIR AR 45 R . 1
A DAL S A AR A, A A R T B AR X TR Sy, R B
PR S Br e L FAE AL B, DRRR IR R DL XTI i sy, HPF
IS IR R FRIIL FAE i ORBOH SR AR T 305 o KRR RT3 T PR AT DR HL A4
TROLHET RiG R B, SR I as R HER T .

NEF R EE MBI G AR, 2 55 307 HE LU (0 o £E il 2 1A
Brb o XFE, FHP R CAE O SRR SO AL, A AT RE 25 B 2
o BEAh, FPIE R BLE R ORAF A SO I BIR, DUEJR SRR FEA 0 o XA 19
B A RENS J5 (IR IBOTF 5 BEAEAS SC7 10 BB EdE - B 4-3 s AT &
AT SO AN ) S . K T R S A5 R ORAE S xml SCHE

|
yeEEy | EHS  EPF22 151Dbmp =

AR T
2

XN

FRtREE

{ERURERE

BERREE

(RIFER iRE

Kl 4-3 i s G R N S T

4.2.3 XFIRAER

SRR, 8 SR A TR B S HE SR BN B SCE IS, 2 JE
T EMGH N SCF AR R AT SO, R RN R ) SO AE AR HE
B P 4-4 FT oo 3F ELRT LURR F P EAT 45 I, P dhe 2 )5 1k BT 17
fiti, [A—ZCFEUGARAT BN R Ay 44 B SR o RIS SOV S, NS S
FEZR I BARFI SCFE B
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54 & fRRSCT IR S IR

5 SRS - m} X
|
wEEA BRE EPF22_151D.bmp =i

e v

XN

i
i
IR
L3
2
:i,{, L
FIREHE T
= RBIEE
& :
7r +— AT PR RE R E RSN
et o BRI ER RN S AR B B
A e
7
i< 4
g 5
BERHE 2 A
1}‘} sl
Sl E -
(iR 1],-}) . ; Pt
Ll el
Al 7R
= i
2y
2B
vy
2

P 4-4 e B ) St

43 XFIRARETFaNHE

AT G RENS DA I AR ) fi] i LA AR B S5 4 H O R L7 o 3K T
A SR PR L SC 7 IO T 5 T AL T IR B AT I i 25 5 v ARk A+
BEAT DR TR Rt Fe SR BEAE A o A, K2 BV L 303 (KR 5] AR E AT Ll
NERFEA, XA SRR B EREm AT, RN sA . SR, it A
AT, AR N th e s PR A R DR AT B

AT B DR BT B A I AT SO R o 8 RE A v At e
H e R R S AL B W SC BITEE A DX S8 S i TH AL R EOR
BRAT R W g T DX B ST B 0 R LT o I RE BRI i 3, KRR
M N AT DR SR FT R IR B RTRS 77

FEREX AT &, ARk Nt mT BLd s AR e fil s B, PR IR A X
LTRSS TR MO M B o I (R AP TS DU TR BE T 7
225 AE HEE S ERRT FUR TTRE, (858 2 i N RENE 2 5 20 DUR TR it
SCFIBT TR, HEBD SR SO DR ST AT g SR SE R N B

s A2 R DY AR N 3R PR R DU T8 S B BE 7T, R
AR BEDARIRT BT 70 10 R J o B RS R 1 R v M A AR AT i o B Iy e A8, A
PURSCAE I SURIAE 7R AR ) B2 TR
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VGBI R 2 A 7 18 S

4.4 KREINE

A EFHET PyCharm. PyQt5 Ml Python Wit SEILPARRIEESC IR RS, 7T L
BROEE L AERA M L T SR R R, HARIE A ST s SC7 2E T YOLOVS Ky
FALA 25 A U I N [ - 7R 2 A ) fsk B S0 1) AT AR B 0 SRR AR AR [ Rl 4T
5 S
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FEERS0HS

AR 3L AN AR T A R R JR A 45 6 AN [F] B 40 20 X 28 1S 8, TfF 9 B T s S0
AG PR TR ) i) R 57 B 17 Pl PSR D SC Rl 1) R 0 B 18 Js S 5 R B0 AR ) il
G TR ST TR « SRR R 28 S5 )/, 42 HhORE R IR Al R 7 %80 T
6 R8T JER BRI ST A I, B ) 2 9 7 e e e 7 s SCAR 110 0 5 2 2 5 3
[R5 R NFAL B AL, S BUR R AR 1 ) @ 56T DR 7 R, 4% in
MM, BRI BRI AT VRN AR, IR ) BB B
e il S5 50 5 NS iR Skl A, =S B DL R AT s s DU R 4

(1) T ) = 2 22 780 a7 Jol B S 7 B A AR TR A R 2 IR AR Y o 87 J S 72 T b 4
RAEFBARAF, F—CFEAFAGE, FECFRESMEHZL . BERAERK
INAS—FIERA AR R IR BR ] S BT REZ A . £ LLE A @A SCHE Y DeCony
Swin RS F AR, RS AN R E R, BT AR TG R A R A B
J3F1 Swin Transformer [])Z 2833 & AL ) 2 RBERHMESEELRE 77, 7T LA 250 v 4]
SCFTEAS « AN R 22748 5 350010 7 st S Rl M P e 8t o et S 06 bl A AT R
DeConv Swin AEAR #F HEAT 187 Je SC- R0, RS B AER 22 L RS 2 F0 13 [ 22 43 0l Dy
83.5%-~ 81.9%F11 79.9%, F-i izt 4 filt S B0 UF B A AMEER A 2k, UE AR R R T
B,

(2) FETF YOLOVS [ 5L 18] 22 A8 5 YR A AR o K B 1] (10 o 156 75 ] st 4
LR RAENE, X FECREMN BB A S KRS SCF . thah, #s b
FHIRSIAG —, B R, X R A13% G010 H dn il A sl o A s A e
JS7 FH B 25 5 HE B A AN R AGE PR I o 5%F DA il B, AR SR FH T G B SR R B
ICEME TS 5o A, 42 —F DeConv YOLO #5781 Sk 18 S a7 Jik B4 o S0 57 R~ Y
ZAEPERGT B AN T Ve BEALE IS S T AT AR, SR 1N S A B AR IS
NifE 1 [FIRT, 2% PANet PS8 ciedt, SEOl T 2 RBERHIE A 3G, LG R
AR o Jehh, XY ()45 Kk R HGAT 1 A4k, DAAR ot e 2 5 i S0 B
(RS IR 12 o BT RN SR 7R 3R, AR SO 2 o A 3 i S A I 2 4 dd s
BT LA AT S, AR AR R AR e A6 7 Fsk BRGSO B AT AN, AR (1) M T
RAH B HN 87.9%F 82.1%. FIi i 71 Ml S50 IE W &M A 3k, 1E W
R St
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[ RN e e A7

(3) JEIEF T S IRBNERAT T G o A SCHE RS T8 e ST - R ] 5 R A R 347 2
WHTFT AR, FBTEFC R R LS N, A BRI T S BLSE I A 4 1 2 TR
JEE 2 3T R Ji S 1 S VR S A I 5 vt R A R R S R . % R
BFEHAE TN SCFARN L RIS SO SR S5 DA SR, i X LA
I A, SEEIN ] Ji 3T AR TR A AT U0 P S B B2 FH o

SEARUL, ARSI TR T RESCHRAAFAE RSP AR S %, P RIE. B
ASTNEE R 22 AR (A, R ] i S AR I P S R R /N RIS B AN 5 (19 ) i A
Wi ik, JF BAEAR B 4 B kAT BOAIE 7 V2 A Rtk o X N e Fe A ST e 4 A4t
AR ERESR, ARESCTINRE ORI AR i gtz

MRRE

IR e = DU IR R IS D35 58, 2 by i 3T e [ R IR A, B 8ok
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