2 oA KO 10459
2 R W IF S 201822362014377
£,

|

4

=3

oW ok Z

FZW i ENIEX

BT IREF 6T H LT 4]
HRBERT R

% F B & RWE

SO o & FER

+ W F L LAk IAEME

oAk R AR FAEIAEFR

& B A: 2021 $54

o



A thesis submitted to
Zhengzhou University
for the degree of Master

Research of Oracle Bone Inscriptions Detection and Extraction
Based on Deep Learning

Computer Science and Engineering
School of Computer Science and Engineering

June, 2021



FALR TR B 1 B

ANBEFEH: FTETHEMIRS, BANERIMPIES T, LTI
FITHUAS B RRCR « BRI QARSI R AESS, BRSO S AN s
e A REEES I IRITRCR . XA ST T 1F ) Z Tk 0N A RIS, 1
CECH LLBR T AR B . AR B R ST AE R A A K 3H.

TS Q= e X R
e 303) 4 61| A

AL E AR B

ARNAE IR T 58 BRI SO A R BTHRSAE M, =B 8 N K%
FRIEABIN AR 22 AR (A8 ST e, [R) 2 4% O B Bl ) [ 5 A 9501
AR IR AE W S ST ERPE AT B R, 0 VA SO A Bl AR s A AR BUR ) K2
A DURE AR 5210 ST A BB sl 20 g N A OCEE e dE AT R 22, nT LUK FHEZED . 4i B
B A R ) T BRTE R SCANE A L8 o ANBEA G R A #1183
W EZ AR S E AR R AR el R, 5 — 4 AL U AR BN K~
TR B SCLE R 5 N S L E

ORI B VS
A 309 % 6F | H

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



RS

HE

FR R SCRB R H R 22 0 — T S (T T N A, IS B 7 25 3t 2
WHFC S 1) 2 R . W SO AP B A AT 4R TAE, HAn MR E F L
SENL AT AL B i E NS . H AT, R TR ERTEEHXNSE T
%, dAHE SR KB HRCRIR T . 500, BRI AR, AR
THI 78 % 5 K IR MR 75 A0 5% P S BRI RO T30, ™ B PELRS - S T, ANA
TR SR SO A I SR AR, R R S e R R
BRSPS B, ISR HE SR SR I AR RITRAST T, BARAR I
L

RIS E S Rl B & i W ey LT SN ER SR v S o= R ol Er SR e oAl
ae R AR B RHEBE TR, 6 B3 B AR 2 i o B 5 A R s 18] X3 R R i
FAF RIS A e oo I ey 4 B O TN o L0, g i B 07 5 2 T HES ) K 3
(R I B (r) L, 74 X300 50 A2 AN A RO I iz AT o . a2
XA ] R i A T, R P — A 47 1 B0 (1 [ 45 AR B S5 VR A5 BAS 18 1) 7
L FHE

BEXT R ST SR WOCE e tliE — MEEOKT I SO SRS, N
PR AR SRS aY . SR, M T — LTI P A RO . 124
AT 73 M T 73 B0 5 95 108 S S 25 R Be NSt T AR O IR I S5 AR B ik
REST, R B T AR IUE S N R B BB B4R 55, R, DLAE BRI 48
PRI (Rt 2, R 70 D0 2% R N v g 4 I 4% LAV B4 P 19 S5t e A (5, DAY
S ST T OB 40 P BRSO R R AT BRI R SR &R o e, BRI &
S 4 HAH IS I B A A R A 4 R R R #S D ) ke ket A BSCHR FR R AT IR AR
17— 2R .



Abstract

Abstract

Oracle deciphering is an important research work in the field of oracle bone, which
has long attracted wide attention from oracle bones research scholars all over the world.
Oracle Bone Inscriptions (OBIs) detection is the prerequisite for character deciphering,
which the goal is to locate the position of the characters on the oracle bone rubbing and
determine the corresponding category. It is also an important research content in the
field of oracle bones. At present, these tasks require the participation of OBIs experts,
combined with professional knowledge and experience to complete manually,
occupying valuable expert resources and inefficient. On the other hand, due to long-
term natural corrosion, the surface of rubbings is filled with a lot of noise and various
cracks, which seriously hinder the visibility of OBIs, which is not conducive to
subsequent OBIs detection and recognition, and restricts the further promotion of OBIs.
This paper combines deep learning technology and machine learning theory to carry
out in-depth research on the detection and character extraction of OBIs. It is hoped that
it can provide convenience for OBIs research scholars and accelerate the further
research and promotion of OBIs.

For the problem of OBIs detection, this paper provides a simple and effective OBIs
detector, which adopts a non-anchor design and uses adaptive shape Gaussian kernel
to represent the spatial region of oracle bone characters. That is to say that convert the
detection of OBIs detection to the prediction of the corresponding Gaussian map. In
addition, to avoid the problem of regional overlap caused by the close arrangement of
some characters, the character regions are represented by multiple Gaussian kernels of
different scales simultaneously. Finally, based on these Gaussian kernel predictions of
different scales, a simple image post-processing operation is used to obtain accurate
character bounding boxes.

For the problem of OBIs extraction, this article first builds the pixel-level OBIs
dataset to provide a data basis for extraction work. Immediately afterwards, the paper
constructed the first specialized network model for OBIs extraction. This model makes
full use of the background noise removal ability based on the segmentation method and

the structure information description ability based on the generation method, and treats
1T



Abstract

the OBIs extraction task as image-to-image conversion task, and the segmentation
network is embedded in the encoder network to eliminate the influence of the rubbing
background noise, in order to establish a more accurate mapping relationship between
the rubbing image and the corresponding oracle bone character image. Finally, to obtain
the generated results with complete content and clear details, the model combines a
global discriminator and a local discriminator to determine the consistency of the

generated oracle bone character images.

Key Words: Oracle Bone Inscriptions, Deep learning , Text extraction, Text detection
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55, DLAE RSO 28 A AL IR Bt B B8, 4% 0 0 DX 28 4R N S 5 2 9 2% LA B 9
S SRS R, DU T S O 0 3 e AR S S R R R U TR 1)
MU R BJa, NIREUA R E R BTS04 s B, AR S A1
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2 FRRFAREL

2.1 EFRRZ L%

bEE 15 S A AT BB LR PRI T 2, BLRE 22 ST OB AE A
TR BERORIE AR TS T FHIGE 1 28, IFE 2 N rh # IS 1 BRI R
Ty, HhERMamsag (CNND fEuZEG, R, S, SCRSE#E 2 AU 2
TTHZIINH

AL W 2% B S FH AL 20 K241 Yann LeCun $2H, FERHAET 5 7475
et S (MINST) b o HoR AR AEREABUE L = HLH], — 5 b 1 BUE 1)
BEAERMZ S T, J3— 5 Rk 7 il E MR, {2 CNN M2 = 2HE K
2D B ALE, EBATLLEZE M RN, B 7GR B A T R ik
AESR I B s S (i f . AR, CNN P25 3L RENS F AT Il A R AR B 45 0
. U TR KB RIAR IR, FETRALRE « 4Tl S FAR T U il AN AR 1
B ERA RIFHEBIERIZERSE . 450, CNN MR —Fi il 25 E AN
HEZ M R I 28 250, LB R R EA =4 BRE LR, SRR, W
K 2.1 FR. SRMITESERRM A A, CNN BA BRI RIS EMY B, FHXAH
AESS 75K, RIEAE CNN PR 2% 2540 LS B AR 55 F R A R AR e A A
Rl BRI N DR = AN R R B AR 4

224 x 224 x3 224 x 224 x 64

//56/x 56 x 256
|28 x 28 x 512

7x 7T x512
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[ i

}
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() #HHReluilli®

() @itk
i Re LUl
Softmax!H—1{k

& 2.1 CNN [ 4% 251y
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(1) BHRZE

PRGN Z ML RIZ L, KZUATHEGZAEEPZ HREATH), X8t
BLSER BRI B ECE . BRI EAE SR MR A R, Xt
P BT G RERAE, S8 EE. BRBCERZEEN K & —>sxs 4R
BRI N EIG Y X, FEEUR I (G, ) Aebr i, SRR RO B -

S S
z Z kpq ® Xitpi,jrq-1 2.1

p=1 g=1

HILRs G B AR B AN (5O LA B AR I TC R AR, SR RANSRANS 25 HiH . X
MEBIERIT . WEBAKIGETER, [EGRZERER.

M ERN AR UL, SRR DB ERE N T B2,
XA BR AT B, BIREE R R T A R ARAE &, SRHUE R R AR AL,
A DR KL BB S 4 te4t, SRl — KNSRI AR IR R AR X
s, T CMREF HIPZ 98 BUR AR ERE, FHIn B A RS AL &, T
2 R SUE U, AT 1 BE 4 R
2) i)z

WA JZ A — PR SRR, A X AL 7 SRR AT B4 . ANF T 6 R
PR, b 2w AR X —MEAR, Wi KEECT I E e T KA
B Br T RREBRST 240, AL R AN — N b it — e REEE T . i
FeAANE, B4 B i BRI — i XIS 21, 36 T/ 0N B 1R~ 7 R e e A
U, (AR AT AR R RN IR S B M s — 5 IR 2%, NI 51K —
F IR SR ) L

A EE A A AR AL, BT B ARRAE 25 13 2RI
BIREAT 70 B o TSRS R 23 Sl e ) 0 AN AR AZ B, S T S SeH N g K
HECTEIERR B J5 T EMR . BHETBACRT S AL AR ) LSS 4, BT 2 4%
Ve B, e R AR E R, — RO ORI AT I RCR
(3) 4Rz

EIERRARAN G MG ] “ 0387 fEH, R B0 “ oA SURAIE
TR WU BIREARRIC A ] . — BB RKE, Wil aERRIEREH

BARJE MR Ik B v TR oot , DUMETHURTHR, R E S5
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AT AL .

2.2 XTI MILS

it 5 TR P 2 S HE N T RN T 1R R F R RG22 3 80110 ) 2 A 2R A T
gt . 2014 4, H Goodfellow A BFTHIMIZL ™, —FHAIN N 20 4R 45
5 2] U R L E NN B AR o AR O BT X 4% — MR B A R ATL A% 57 20 1 R
SRR G K 2B ) I — b E P AE SR, L H b A IR MR 4 A (1 B L
s . eSS KSR S 4e B A 1 Re 77, ISR EC N TR R AUk () — A
WG, HAEl GAN fE2ANSUAE R 2, WRGHR. 8oy, Uk
HARE RS, B O PN 4 2 B AR SR T R ) SGiE ok 2, GAN
SAEARSK I T P R I SN E L MER .

A BT X 28 B — AN AR A B AN — AN P B R A R . AR OB B T2 2] |
SEREABE IMEZ 3 A, I B A A A X R e AT 5 s PRI R AT 45 A2 45
SR BRI SR, T — AN N A B 2 B SRR AR S AR OB A e I
SRR, PR I 2 (R AH B4, AT 23 70 9 e e ATT IR A G 0 R0 0 1 e
{H GAN By JE B A (b, "F AR /-0 GAN IEEA R B, Hirek#, L
B A AR STRAT VRGN 2H

2.2.1 ER[RIE

A OGS TR 4 T DL A P AN X 2% (R SR A, A s i 4 e L e A B A
B, HKR &R, R4 R BHE PO R FSER, 1A R 45 3
AR SIS AR RE T, F AR AT RE A0 A s ) O 2 15 R LS

FSREA

BEH L 75

G F R

T !

B 2.2 A ot f i A R AE SE

—* True or False

K 2. 2 A R E AR R ARHESL, i A A R R R B BAR Y, A2

13



2 HIREAR LGl

FIAR R DL BE AL 75 R ) 2 SR HII A& 2 fF v, fid — 2 R IR ENH 2 M
28 RIS B — B R o A, AR BIE AR G(2) » PRJE IR 2R R AS AT S
AR RIENFI IR AT I o FP IR AR — A 70 2K8% (— il B e
IR SEHL, HE — DA SEIE A K . BEE UIZRIEEAT, =24 sl Al
PR IIREAR S HSCHEA LA 20, PRI B JE 0 HE R 1A I ) — A
T LSRR R A RO A N R GEIR BT, IIRGE R (I R 2 SRR
0.5,

2.2.2 BFREEH

PR RO R 8 I 25 1K bR LE 0 R e % B R P b Il X 7y JLSEREA
ANA AR R A R AR AS s [ I L A R 7R A R PR A R RT RE S AN LS A A
o AL AR G B /MEINT H AR R KL

In(1-D(G(z))) 22)

SRR 0 L R IR A G (2) A FCS R AR , UL S0
NI AHIER AR K, B G (D) MEMRESET 1, H ARSI,
ST IR, BE ISR AR AT RERO B LS, BT AL In D (x) X7
Wk D) MR BT T 1 02 OB A B AR T RERO BRI 0. 45
BRE, R A AR AL BRI LU SR

min; max,, V' (D,G)=E

X ~Para (X) [

In D)+ E._, ., [In(1- D(G(2)))] (2.3)

2.2.3 &M

A B T 4% I ISR 20 B BT A SRS FEAT 04K, A RSOASE ZRL R 1) ) A
TEMRAMN, BBESEFPEPRSNSGE R . RN FIEI T :
TEIN 1 1< HOREAEL
/15— BB IR
i 2 i<k:
e m A7 o A p, (2) IR 2, 2, 2,00, 2,
LNIEN S il P aara (X) FIREAS B PR RE e DR X5 Xy, X5,0005 X,
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155 I AT LA B b 3 SR PO B A, S A PR S B e P 1 B A OA
1 m
v, ;Z[ln(D(xi)) +In(1-D(G(z,)))] 2.4)
/1B B I ZRAE AR Y

e m AP 437 p, (2) BOWE PR = 2 oz,
{6 PR ML BAFEE T 8 2 T A ORI, A B S A B 1 A 50Ny

v, ii[ln(l -D(G(z)))] (2.5)

Hr, m RATRENSE, R Mini-Batch B T BEEHHLE RN . SMNETE
WP TAE AW, B ek AN ESAEA, FIZE SRR AR e m A,
FIX 2 m AREARINGRFI BRI . SR IR SR A 3 m RS, LIRS
SR R AR5 — Db, AR R R R R AR AR5 D, IR R R R AR
WIZRPARE AL SR R A2 AR T, DAY SR H b R BB AR IR 2E R
RIS FH (A0 T Rk, RO ZESR H b R AR B /ML

2.3 EREFRENREE

FEIRFE 2 21/ NV S8 2 1T, A& e B As kil 7732 32 2R i 3
T B T I o R B A, X SR TR SR N LT AR AIE A oy 2R
W, SRRz, MLANXTE R ER . B—J7H, KRR IEFHEKR
BB X IR, AN 8 FE v, WOR 22, JUIA S S A )/, AR 2
YN

BEE IR I 2 N, B AR TR R R, TR T — RAIE
R L, XS TTIEERT IR RE . S SRS T T BRI AR R AR
A FEEN A YET LM B AR A : Faster R-CNNL, SSDP3, YoLol*!
%,

2. 3.1 Faster R-CNN

2015 4, fa[glEHEE A$2H 7 B4R Faster R-CNN, iZ&VELE Fast R-CNN.
R-CNN HARE F, -1 7 RPN (S HEA: iy, [ ataea s KiRem, 7
603 B 7 T G N R, EEE T7E 2015 4R f#) ILSVRV FI COCO =3R48 £ 1
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F—

R-CNN F1 Fast R-CNN [R5 I e 72 #0355 fige e X A2 Bl PR AN ik [X
WAy, BEARMIE RIS 4 AP, Fast R-CNN XS H ) 3 DA 7k
Ae B RRAL,  EE SRR g e X dE v AR I @, X — 2B AR M E H GV GPU
FATHAL, STRE I A 20 R A AR K I BHAS » Faster R-CNN K fig s [X 35k (1) 52 B 5
TR % (Region Proposal Network, RPN) 23, f%# Selective Search H#.iZ:. it
g 34 X 3804 B R 28 SIEBL, Az X 4 A s I 2% 5 ol ) 2% L 2 B AR E 248, TRt
THEIHHAER N BIERRGEEMWE 2.3 s,

e [X 12
A =
RPN %
I
%
N R , ROt ooling AR
N P *
A} C ATl

K] 2.3 Faster R-CNN 5 Y #24k 2 45 45 #

RPN (5 N NERRHE B, Hath y— RV R IEHTEHE . RPN W28 %) f f5 —
M LZ B E RRAE BT B, 5 5eAT 3x3 B, KN BRI E
HRWR IR — A~ 256 4EHIRHIE )&, SR 70 AIE NP ITFI ) 1x1 B E AT AL 2E,
— M CHT BHARRIE 2K, #E XA X80 sk 2iis5t, 55— M @xH
PRAETEIENE, i 5E e e AR IR AL B KN
N AN TR) R/ B8 e EE B H A S A T — Pl s s (Anchor) LA o
LARRHIE B RN B R G R T I 2 AN FETEAE, X AR TE DL RN
Huty, AANERRNATE S L, AFRFEIE RN N T RA ER N H AR, ASFE
%5 b A TR IAS [FTEAR R B AR o Bldn . an SRR B R A k ARSI 1)
KN, BFRNE n FRAFRISE S b, R, RN E = A2 nxk AMEIEHE.
RPN i FH S [l A& & SR A BEATLRR B2 T Bl 25, O 1 23 RPN A I SR
RN N 28 BRSO, R T B Eng, BAR LI T
(1) A ImageNet fA4] 461k, Y%k RPN )24,
(2) H ImageNet BERIH)464k, A E—3 RPN 7 A B X 8 AE v,
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45 Fast R-CNN W%, LB A M6 — 2 RSEA LR,

(3)fFF 2 (2) P [1) Fast R-CNN 28 S H0) 44—/~ # 1) RPN, {Hi% & RPN,
Fast R-CNN L Z KRR Z 177 2] 2809 0, A BB RPN R I IR LL 2 &
gk, MRS DS ILE T A ALERE,

(4) [l 2 FHZ AL 25 2, 8 Fast R-CNN 54 1 Z WA, El—1%

— IS, RIZE, M Fast R-CNN A FH )= .

Faster R-CNN 1E A ST B Y BAS IUAESE, (57 7E 3R 8 RINAE, BTt
—BHISGHE, B0 2016 4F Dai %42 i R-FCN fi# ¢k T Faster R-CNN Fill % &
&I 1A A, 2017 4F Lin 2538 H T HHIE & 755 4% FPN, 55 ff ¥ Faster R-CNN
% R H ARASIN ) . 2018 4 Bharat 283 H —FloEr 10 15 & 785 R H—1k,
RS2 RENSGEAR, A2 REINZGITSE, Mo 1/ B bl a &,
2017 4 He %542 1 Mask R-CNN #i:%} Faster R-CNN [{JZhRE#E— 5 2B, 1
I Y #ANE Mask 73>, 15467 B AT -5 5251 9 3] R P AT

& X R-CNN R4 775 R Wrosodt, e RG B2 F R B 5E, (2 Tk
BTk B B SRR a5, AR SRR T TS A7 AR AE LA ST IR ISR o [RIE, HAth
Fe2EH A E R PR R E RO I G, 5w AR o EBAE T ok i 256 v (S 1 )

Uit o
2.3.2 Yolo

YoLo & 5 —Fh 2B HEF [0l )3 PRSI 532, %R EERE bR T B B 1% (n R-
CNN, Faster R-CNN %5) HHHEEUEE X200, & B FRAs il A —AN B 5]
A, BNEUR G — R, BRI A B AR BT E 2R, AE4E R
2 (63.4% mAP,VOC2007) [WHiHE R, IAE] 45FPS Frya il s & .

YoLo BEAARHELE H AL — AWML, RIS 5 R H bR Or B T A 4328, seil T |
TF 5 S b 2 B N ZR AT, 2 25 R 2.4 Bis . Felif],  YoLo #4A
EUE R 73 9 S x S A, BN 741 T3 V8 N A& 7 IR Cane o da iy Ao
AL BABARIE AN RIS T, AR Tl A STz 4D, frth B AN AHE
GRECLRE THMENMEGRE, ZEGEAE TWHIMEE: YulEEEE
FriEEe, DLAGZHTY & BARF T BRI . B SUN:

p(object)x IOU ™" (2.6)

pred
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b, EQHTFER S NI A BARIOBEER, 5 258 70 /& R (G B T A
BIATTREI H )RR A 55 sk H AR AR I A .

o

448

7
] -

f -

Il

12 2

56 28 A k)

7 7 7
30

3 192 256 512 1024 1024 1024 4096

Conv. Layer Conv. Layer Conv. Layers Conv. Layers Conv. Layers Conv. Layers Conn. Layer  Conn. Layer
7x7x64-52 3x3x192 1x1x128 1x1x256 3, 1x1x512 1,5 3x3x1024
Maxpool Laye Maxpool Layer 3x3x256 3x3x512 3x3x1024 3x3x1024
2x2-s2 2x2-5-2 1x1x256 1x1x512 3x3x1024
3x3x512 3x3x1024 3x3x1024-52
Maxpool Layer  Maxpool Layer
2x2-s2 2x2-s2

K] 2.4 YoLo 4% 45 #4)

FH X Bk R AT A B, AHES TR T IEBh & 1. RIZHE T7%, YoLo A
DA FH B R0 Bl RS S S, AT s A o 28 EH T IR 28 T Tt PR RE R LA
FAT R FAE R0, SRR A RN RS RS PE2E . 1 [l 28055 ] /L
JE4E, YoLov2PMEYEXT YoLo 47 1 it — i, EfE% | Faster R-CNN 1]
B UML), A5 FH i R HE B A () Tl 3@ 3 5] A\ BN (Batch Normalization)
W GRim 7 e oy R« A FHABRLARAIE S5 T B, 7 DR A S5 B (1) [R] I K B2 15 2
KIEFIHEF « YoLov3P'E YoLov2 HZEAth 4k pbadt, e % 1 5k 2= W2 18k
BRIERE, TE IR I 48 2 I LA SR 22 ROBERFAE, 271 756/ B AR 4 i s )
ROR

2.3.3SSD

FEFET 7 X d8l+-73 28 7 H ARAS I J7 21, R-CNN 241 (41 R-CNN. SPPnet!*7],

Fast R-CNN L J Faster R-CNN 45) HUf5 [ JEH 4 B9 RCR, (H 2 AE kil 77 1] 59 5k

B R I EL B« 7E 42 51 mAP(Mean Average Precision) 1] [F] B S B0 2, 3237 %

AR N 28 H RGN AT A SR B 3 . YOLO A6 53 B AR BE 8 1A 21 S ) 2%

R, 1 H mAP 5 EE T R-CNN RAIGIR KPR T (HEAAAE —LeBR . (1D
ARG BT — MK, & 5 E BUR AT (2) 0T B ROBE AR bR UK

(3) THR R AR AR IZ A e 82 . SSD W 28 781X 19 7 THI 5 A i e
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e, [FIR ST mAP ASZ PR EER .

SSD 454 YoLo Hf[a] ) FAEF Faster R-CNN H (48 siLal, 2 E &
AN B 22 RBE XS T B, BEARFE T YoLo MU BEAR 25, tH3el T 11 T Faster
R-CNN A IAERa 1, SSD MBARZE NI 2.5 s . BARBIRM 2 L) VGG
W2 e, HESRE SR IN— S8 G2, FT H AR I 2 RO RRE
PEHL. SSD k7K T YoLo A% s =l A i, (G —k e i Bz s
532%, A% Faster R-CNN A4 sHE IR B 7EAS 2 RRAE o A B on R B A

[ B e LU B SR B, 98D T INSRMERE , 55 i8I Softmax 43 AN 7 B A (1) 77 2
AT HSE H bRl FHE .

R SSD HIEMAFZ IR FIRHEEBH TR G, 18t TR AR B, (2
SHANEAR RS, A5 iZ i, DSSDMOME ] ResNet1010M/E A HFEHEEL
2%, FRECEIR ZIRIRE; $eH 3T A B M, R RS E %
G MEAEAE EoRAE s e, FETRIMY B 5l AFRZE ST, PAEGEAE AR 7
2. RefineNet[13]#2H T — 8 F Focal LosslOf 23 4k, BRI T RSB
FEARTLEISR A BT o5 AU, AT K B2 T BR B BRI A5V Rk 5

Extra Feature Layers
VGE-16 ; A

m——— Classifier - Conv. Jxdn[4x(Classas+d))

Y

(IR %
1N A
by N
(NN N N NS

|
|
|
I L
| o
| | e Conv: Ieds{An{Classessd])
: Lo 3
|
i 1 n“-w 3
|
|
i i

FOE
"~ "Conv: 3031024 Canv: 1x1 1024 Canv: 1515256 c.m111 11125 n.,,.,111
Canv: 3x3x512-52 Conv: 3cI25 v: 325651 Conv: Bx3x25hes1

K 2.5 SSD ¥ 4% 45 ¥4 &7

Classifier - Cornv: JxQe{fv{Classes+d))

74.3mAP
59FPS

L]

[ s ]
E § &
g =

L]

| Detecuorhs 8732 per Class |
| Mon-Maximum Suppression |

ot 5 g

2.4 KENGE

RET FEMIR TR SCR A CHER, HAENA T 2D BB ER—%
FARHZ N2, SRIEIT A T 240 B AR R U R0 AR A A —2E o B 28
B, 08 R H AR IS A fa] SEMEA , DT T SO e il RV £ Y B
JE B A o

19



3 R ORI

3 HEXFEMN

3.1 5l

FR SO ARSI R A U R E AT FUAE 55 22— o AR AP I AT 4R AR,
F b A2 B Fr b e A B 545 RO, B e A L R 55 2801 BREBIT, 1%
ERERE ALK G TWFRUL LR RG R, AMUEH T &M%
KPR, MHBCERACY, B, SR FE T A S S AR E, xR
a2t e ST R EENE .

K 3.1 AEAKIGEER B A SEG, BRSFECREE, ek EE

HI B SRR IRYE, WB S — B AR DB B 2 B K AR S . J AT
SAAFAE DB 53 P T R A0 R 0 R RGO DR IR TS LA 5 ) R e 1 0
HE SO R @, HAT LR — a8 K, BHEH R E P E 20 R
— OB AR B R IR O R SO A I AR R AN Bk AN F T
— B B AR R EOCR B, W R R T e — SR RO MR & 3.1 B
e B A ERHE ST AR, KNS, JUHE — SRS BOR R/
(K E AR, AIHERE RO Hk, a0 A BB SR IR A ™ 8, i ) S R AS
A, PR RENE SRS, M4, BRI D RS % h, P E
FAFEBROE AR, REERYRASCE B 5 Ha 7R LXK 5 &5,
W0 R AR R IR ™ R, JF XS R A S, BRI RE
. SRR, RSO DAL — FRE IR IR 22 RO /N B RSl i A, (XA ]
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7 it T e IR AR 2 T SRR BT R Y SCAE L R HE LA S ARSI 2 AR E S Bk . H
AN B 37y 5 SCAAS I A2 55 AR ST ST B - AR T B AR A AL WA 55
B b, XA b U7 IR B AR AR R D A S AR AL ] iy >R BE 22 £

2 g FJE Ko
ULEER, 2 e PRI IR ML SUR AT, AT AE DB TARH 7

FERLIAT 55 BT FE R BARIRR o HIXLE T3 R 2 00— 2a 2 g () H Fmder ) 5 ik
2ot g B hUm B N IR F i SO IR £, DAL, AR IR L HERRE B AT
FAAE—E B RPRYE . 13 FF i SOR A R B A 7KCP I S bnad , A RN
FAFHIAL B AR AE LA AR T8 2 1) 54518 SURFE, 80— SRR A7 R A, filan,
B2 TEFHRNE & T ER RN Z AT, Wl 3.20k) . ML
(K1, ZAEED A TR AT RERIANFE B &7, W 3. 200) s, 5
— 7T, R0 2 BOH TR I B SR RS T AR i, X9 R B R N 2%
BRI S AR 75 22 )40 DSSD'™ p 4 SUHERK) 40577k 40k, RetinaNet™”
R Bl RHE RO A 100k, X AE—SE RE LB R 1R AR 0

4l 3.2 Faster R-CNN iR EGFEG ez, JHe o 21 G HE A 2 (A 7 T3l 25 T ) 74+ 32 5
HEAN I SEF AL B FR D

AN FEIYE A SO R I RCR A HER AR 3R T, RO T RN H AT
SR PR B ARSI 2 5 A R Y AR Bl AR A R, A 22 RO i s
BT D R T ARARINAE 55 B e O N A e T R TN . SRR, PR
FARR A LI T 83. 2% F-Measure, KRR — L8 35 7 ¥ H ARAST 25 -
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3.2 SHiZHREFFNEE
3.2.1 HEFEFRNSFE N

AT TAE FE B2 BRI H ) CRAFIS JE & . 1Z LAEMEH BiE N AR
T T R R AT ) 23 1R X8, 4 DA S5 PRI A 55 3 48 DR o B2 7 4+ v 87 1T )
ToOm, PRI, ANSCRE SR 1 A RE ) 2, () B A AR I AT Y 2 5 =2 455 114 2 () [X 33
B EBCATTRE . FRATENE CRAFT B2 4/F 25 0] X IR s 77 20, A B & MR AR
ETZ RN TR, B S T B R X, il 3.3 fs. R0,
SEUS IR I, 1% e A% FE e AN AE A BEA B 73 A1 I 747 XS, AR e RUER,
AT — S XM, A5 BIX I ES N, W 3.4 B, AfgRIX
BEZSHEAEA R, ATIIN T 2 RE SRR dng, x5 HE 75 [H
A AASE RS, Hod REEER/N, PP R PR iR . SR 5 5 T IX LA [A]
JOBER iy B AZ 000, SR FH — b adh 1 A7 FROBE S e SR, R IDORE i ) 2 -7 120 FHAE
SCES R, TR RN R AR R ORI B A R A A R S b — S R R
H Ao ar I ASE 2 B AR R 25 2R

S652
Kl 3.3 BTl Ron B AR T AL, 22 e AR 2% A DX R A
A TR RIER
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B 3.4 PR RIZ AR T, AR 2R Fr e ST Pl i

B B SO R IAE 5 26K 0 B/ F S A — MBI S 1
(o T TR R 0 5 A 5 AT D, TR I R R 0 45 , 00
R P AT A B R et R R S o SRS I 3.5 R, &
S, FR I A TR 1, NS — A S 4 2 W T 4B 5 AR s 22
BRSO S B R AL 1, € RO BRI 1, 33 I 0 A R e )
A, P AR RN K s, s, s, Hobdg— s 2t —
R B NOF KRR, S, Fm i NR B SR BN, 17 5, Ferd
R BE I R D SR, T3 8 AR R BE (5 4 S SR, SR — R R
P A 5 M /NG B AR T TR A, D5 B FLAR .40 B8 1 5 4 X
W R, B 2 B R 2 A TR IR (R

hd
‘ i
3
f.
P e
L) s
i

I, Hourglass Network I

[ P P

Region score maps

K 3.5 BT 2 RUE RTIZ RS I B R R 5 190 2% 45 4
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3. 2. 2 Hourglass Network

NT RS AR, AR W R e I ES A VD U R %
(Hourglass Network) “{EAZEAFE 4L, Wi 8, I MS RNTEL M EAG—A
WiRTAR4, BT HAE T2 REERGE R, LA REIE SN E RIS,
VRN HAEZE 2 N T MR B THES T . VD P28 /2 — Fh I 45 74 (1) 42
BRI E LS, H— A NI R YOIRIEELE 7R 25 0 284l FCNIOT),
Fe il — RGN R AL 20 S N RFEBEAT R RE, AR5 PRl — &7k
KAEAGIEH HARE B R 465 HE 3. AN F B2, YRR YU A {4 H uppooling 1
VESURGRE, TR T A5 B 1 5 A0 b SR Rk BRI 422 56 il SRR
AN 2 VIR HR AT DS AN HES R, AR 2 0 %A REE B R 2

3.2.3 BFrRAH

NGRS, HE PRI s i S-Sy BN ES
7 XA R L A1 22 A [ i RURE S5 68 1 0T XA K Ly » FE B FRITE
/I

L=AL, . +(-A)L (3.1)

= ALsngey Zoomiap
A PSR Lo T Ly 21 (AL

Liuntgy = Lo (S(0),S™ (D)) (32)

Ly (T(p),T" () =Y, IT(P)=-T (D)3 (3.3)

PRTFIANMGEAMOLEANE, S(p) RFEFHRETMAS, 5°(p) BRI
PR

3.2. 4 IZFRICE K

e AR PR iz s B, — Pk T s e s e s 07 X, BT R AR B
AW e AR R R AL T B S, TR 2 RGBT S T2 R
TE AR LSS Al VAT 55 Hh 5 3 4 FH SR G D N A OB ) 3 1) X3, R S 7 DG o
PR RS M) A I 5 7 T R B B i Rs 1, H Rk
priy (Il
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Py = dexp(—(E=2) " =0, (3.4)
207 20,

Horp AR AR, X, Yo WL RARRR, 0,0, BT,

Aoy — R EIME Shrinking #E4E 2 REFR i, RiEH s
SCRE I s B PR AL K P I FAE AL, S e R RS 2/ R, SR T
R4 1R B9 o A5 1 A N B 3B T 4 19 21 n DA E REZ I /7 T B B
PRI, JBAESCHR [65] RS, EEDDIRIN T . 1) AR F B SR B s SR FR AL 11
FREKFIL GRS, EHSCER68] P S B B, & X n NG BE
D={d,.d,,...d}; 2)W5E#EF{ 240, SrEMER 2D sk Q) itES
W 58— AR RE B AR R (4) 5 w5 10 B b 2060 8 1) & 7 X %
FRAERI AT AL G & 3. 6 e

Character Boxes Score Generation Module Multiscale Score Maps

L LN R 00 000
d

Perspecti
Teansform ) (00

ULIYS

K 3.6 2 REFRmlibric £ e

3.2.5 FIERFAIE

RIS [ RUEE (1 545 DX AR 0 i v e, dlad — & 40 g 5 4R R AL B R AR 2R
TP FME . %5 A HE TE B BT B T 3CHR [68] Fh (1 RUBEREAR BV
HAR IR SE A — PN e, B2 0 7 AR, 9 e i el
HERNPE QR M3 500K  AEAR AR A, 2R AN FRZ mask map
] IR OC R L MR BED S X3k 73 05 2K, K fe /M R SRS X383 52 B IR I
B NI DX i o BB IRINTS - 15 Jaoxd JEUin i 22 RURE vy i B T AU T g 4
FITRALER, JRJRIE I — S A A FOR PR e i B b e s o Lo, 3 RORUE
IEARSLRIS A B B AT DXk K, THEE T EAIINE S 8 ¢ IR T AR s
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%% Label. ffm, FETXEHBLRIFRES, THEAEAERAM I /N IMEFHE IR LR

19 B A HIHERfI FEHE . Opency $R LTS U connectedComponents, morphologyEx

M mindreaRect Z ZEHIDIRERT LA T H W) A FHESKECEIS WIER 3.1 P
3.0 TR R S b T

L SRR s A S b B

N mEZINGE R z2=2.2,,...2}
it FRUHERS L

J71%:44 Prediction(Z)

VIR O MIEREE R M = (M, M. M, )
2. Ti¥i=1 to n do

3. WRZ(p)>oE M,(p)=True // &EBRIMEA 0.35
B

M <« morpholog yEx(M) //TEAZTF#AE

K « scaleExpanded(M) // JJaEff#EelE

C, Lable < connectedComponents(K) // tHHEIE# =

L < min AreaRectByLabel(C, Label) //K&/NohFHTE

R[E L

—_

O N e e

3. 3 SLIGIHIE

3.3.1 g iailEEsE

AR BT AR R BT AT SR 2 R T 2 PRV S e R SCAR R AR B S0 S SR A A
B MRS . BRI T A ORI ST, BRI E D R
73R AR AT B SCCRRUSC R R R 1 R R R R BT T R R R KT
FAFHE. AT B AR SEER, Faihh BIUREZRA UM RE:
RRRAE: W R, WA SO R, KRR Z R BIE T, B3 120 45T
AR I, $h P R AN Al e A E — € 10IR1E, HrP W] (R AFE K
MR, XU B AR RN, IF B e B sk BIR b, 28 W o
M55 H K TR IIBRAL
FOR: TSN KRIEES N, 2 RN ER A I, TR
PSP ZR o X EERRAE S A P AR RF AR F AL, B 2 SR N B 74
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3 HE SR

RFIE.

A [F—HEE A EG BN RAARPRE. Jim B mA—. ok, 1E
56, 743 MPE Fh, G 1,425 NFERF. M, S 366 AN LA, AFH]
F 500 >, FEILF 559 Ao A HE SCRIINEE L7 9500 X FE R A EMBIE SR,
HlggE . WRUFEANHERE ) AL & 8287, 436 Al 411 X EEic3%.

3.3.2 Mhistr

AR AT BN CRANHER I AR VAN A AR A (P B AAR P B o X 2854
BB, I ST ERNFE R AT A =48 b T U R R AR I R . TR
SR vk s I E e bR FEfE (P, A& (R) Ml F-Measure (F)
FH 00 S A R P A A i o IX SR AR AT SR R

P= e (3.4)
TP+ FP
R= i (3.5)
TP+ FN
% %k
F:2PR (3.6)
P+R

Hrf, TP, FP,FN 73R sHIE, RIE, BOHIREBIHI 4.

3. 3. 3 SLUGIFEE

AT A REFARISEIE T Pytorch JRFES SJHESLSZHL, A PUEL Nvidia
TITAN X GPU & R#ATHRAIZR, BASHBECEWNE 3.2 . BT HEXF
RS A E AR RAE R, ARSI e B /A R — ) HAr,
W — N HHER AR IL . FEM g B, JRAG I & 0 v BSR4 2
512x512 73, i H Adam RAGER XN S 80EAT O AL, IRIBE A1) 5
> BT 7 B E 2 0. 0001 F1 0. 0005,
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KI2WEF VB E
BIERS Ubuntu 16.04
GPU 3Kzl NVIDIA UNIX 440.100
CUDA 10.0
CUDNN 7.4
CPU Inter(R)Xeon(R)E5-2650 v3@2.30GHz
RAM 64GB
GPUi4 Nvidia Titian Pascal Xp @12GB

3.3.4 jHRRMIR

3.3.4.1 SEMZEIELIEIE

B 1 R T DL R R 45 XA Ak, b RS 2 o) — Rk . N T
PR s 2 T [ 22 57, AR S fa] S K A A DI 2R (LA Y B — RUBE I v
Wiiz) SR o BIRALREAT P . MR e 2R I PT AL I &l 3.6 w2
SR, TREH A A P R T X R R A X JF BRI T 5 R B A
LI ES M, mTEE T 5O AR R R O¢ A0 AT X I AT S A
BRAG I A X IAE T F7_E BN B o

oeﬁi

K 3.6 kil S R KRR LG BRI R Fr i\, DeepLabv3 i3 il # A5 4l
TR AGT I 25 e

*® 3.3 RS R RO B

A KT (P) A% (R) F-Measure (F)
DeepLabv3 0.626 0.638 0.632
Gaussian(ours) 0.776 0.646 0.705

% 3.3 WEME R TR, TERE (P) , BB (R) il F-Measure (F) fg#5 L,
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BT iz Ron ROTE W e T RIS R, X IR Y @ T AR
TAF A A DX B BAT LY, JUH A R HE 1 A X

3.3.4.2 ZRESHZLRMY

N T BIESXA L, A AT PR R 2 ROE Rz N, iy e
M EE N SR VAL A U R o B RN R AR, AR R AR A &
3.7THim. MWFEZRKESR, A n /T 61, FAEEEZ RE T2
ST IN, SRR AR R B, AR A e DN R stk o SR
RAEHn KT 61, FAEAGH N, B TS — REsIZ, 2 RE s
AT BOR B B A, XA — e AR R AR W (RN ) 2 ROBE sy iz s AN ALK
/N A DX A I RCR A R H AT 6 2

0.82

0.80 -

0.78

F-Measure

0.76

0.74

0.72

1 2 3 4 5 6 7 8
The number of scale n

B 3.7 v ROBEAS B i i

3.3.5 XTEEiFAh

3.3.5. 1 H5 A EEER

VPG AR B v i A A I AR U RSCR R S LA — I8 A A
PR IEAT B ARG, XS B T B AR A AL S i P BB AL 4 Faster R-
CNNP, A7 HAT I AL 95 1) BB BOR AR R 4 YoLov3P?L,

R 34 R 5T AR RO i AL R, aHERR R S, AT AF
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For AR TR B4 B 5 89. T% IR 73 O Tl T XA YoLov3  12%()ZEE. 2810, M
HER FE, AR PRI ZE, TP TRIR . £5HZ 0,
AN A AT B R IRLE T AR e R4 (NMS) ™ KA o 38 78 36 T4 s HE
TR B 2R, NMS /B4 N I @ SO BIE 250 g s — L T 3 E T
RIMGEIEHNE, PTREAZFIEBIN, HEm SECH B2 0w R - G PPl - R A 2
(RS R IR, AR SOk 2 LU IRORE i 2 A0 43 [R] 26 () 50 T B A F-Measure, [RIFEA S (1)
FAF R IR U5 i S 1 F-Measure 7555, HEBIRPUBEAL 5%, LRiRPrk, 2 RE
e T A% PR B A R U S AR A A P B ARG e . IbAMBAEAR R, (&
ST AZ T FE AR 10 25 (RS BB AT 4 ) 8 0 ARG DX 44 2 3] el SR 2 50 T
R XIE B, AR B A IXIBER, DRI B 15 21 S iR o il 25
F 3.4 55—k DAY RS i B A A A

P FEHIEE®P)  HPBIZER)  F-Measure(F)
Faster R-CNN 0.754 0.778 0.766
SSD 0.748 0.758 0.753
RefineDet[%”] 0.752 0.805 0.778
RBFNet!” 0.761 0.789 0.775
YoLov3 0.776 0.784 0.780
Ours 0.897 0.775 0.832

3.3.5.2 WEELE

AN LRV AR AR Y AR I e, Guit HHERLE B L BE S TF
sUZHE IS — I AR IR A AT H A

3.5 BN T 5N R RO L 45 R o TEAEEERE [, AR SRR
WA 7 SR IHEBLE B 23FPS,  Jf & T A dlig & 5 A 1) YoLov3 5FPS.  7EAE
¥ b, ARSCBIB TR E T /D 2, UGG 12, 73M [ AR, 1K T SSD
(1) 26. 290M. fEVF RIS HE R b, RSB EL YoLov3 55—, B 15 =4
gtz b R B S AR . ZRE1FHN, A OISR REAE 78 FHE M 25 52 7% L 1)
[ sy ECAS B P ) 4P T
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3.5 VR AR L ek

A % JiF (FPS) SHEM)  F A E(GMac)
Faster R-CNN 3 41.37 129.27
SSD 9 26.29 90.4
RefineDet[®] 14 34.44 97.94
RBFNet 15 36.64 103.65
YoLov3 17 61.92 50.06
Ours 23 12.73 57.34

3.6 KENG

AR EE T R H G SR 5 T PR A AR, ERiR R T ARi A My
EARAE R A, JFEE X IR Be Bk 5, Sl T — MR T 2 ROBE S i 1 FE i - R A
&, TR IRE FR, SRR . fE . ONIEBIR SO R AR
FE, P OTVERHAT I BRI SO LU VP4, SEER IR, 2 W AR DU AS SE I
T 83. 2%[1) F-Measure, K8 — 28 = H Anfarill 25 .
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4 HE TR

4 HEXFIR

4.1 5|8

HE R AR E SO EEEAR, TRy SR, KA A 2 f
FIEE T, B2 120 FEFTA BRI RIAE B AR, AT e — &
B InE 7S | SRR . XA B IR ™ S0 1 B S TR,
FA R S AR I 5 AR B AR SRR R IR RS o 25 RS 21 B 5 455 2 Y 22 T T
FFEORL WHE A EET B s IUR 5 T AT BT A A R,
xS F i SOE AL S A A AR R B

H SO AR BOE — MR R B R B A5 B 9B B, 1ZAE 55 0 I #8 R B A 1) HY
HH S, DUREAN K A SUE R, (a5 FE SOE BT v, B4R, 81k
7S R I B R e SRR, AR BT SO NS R AR, R B
TIRTHRLIN 5 IR RCR . BeAh, XEEAG B A B S G A B T oog
HE A SCAR R AR N R B, W08 SOl 3% A, s i RHLEOR B sh ik e
BOR B P B RS0y, AR AR AR TN T2 A J34h, XTI 75 K
Bk m] AR N BB SCBIAE dh R AL R A, BT — RO LA, Rekepb. =0k
) A e Bl Ko & T RIS, A B+ FE SO e LA .

[ B P AR AR 55—, BEXT A SO BRI L, HET LR A H.
[FIRE B 90 7 et B S R R 2 % A SR B AR R LA . AR T — M
B EGE M FOCREE, Ba i BIG RIS ™ BRI {55 )
Wk 4.1 B, RERSRIGH B BE R I H B AE TR PR A e PR (R Ak 2
[, HEERIE: (D FEHAFREEEKEARNFIRS, XL
oA fEdh Fr BBSR I, AT RPRFE R, 38 2 8400 74 $R IR A i
WA M. (2) HE R REAAES RN R TI, REERIREAARPR
FERFAIRIF HLAE SN _EAT B 545+ A AeL, ™ T B 4 iR (3D H
TR A BB EGE R JU SIS RAE, T RPRHE A &
LR FAFAE ) B s e b, AR TR BBEAS .
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ZURTIL

B 4.1 BB R R BRI R

AR, BB TR IR 2 SO BRI S A, L 7 —sefE B e ERE
fi B4 A1 12 ) - SR U R h W P AT I i . IR ST KB A K
Je: TG A ) 7 iR AN 3 T B 7 B U5 12 o R A AR U7 125 (A Pix2PixPo1)
B B FAF ISR B — ARG 2 B B AR 55, U SR — Ao B (1 o 242
P2, 27 3] ¥ v PR 5 R R 44 PRAG T F i o 5 T R 40 8 19 77125 (i U-Neet®)
K WA PRI E R 72 AT 55, RIX 30 B BB AT IZ B R 2 2, B
FEAESH P BB P A X 8. SRTM, HR T IR EE T EAE B I IR 5 8 e e s
SR TIER R, PRIAE SRR P A SR HOSOR _EAFAE — € (R BRIk o 383 AR S S
RIL, BT RINTrEBABERN X 040 Fr BB AR & T IR, (B2
A EUGALAE LIRS, AFE T AP B EREIE . BOMISE R R, i 4.2 () B
s M AR T B R A BRI S5 BAIRRE T, A 8 AR R B2
A0 _E SR, (EAEE R 2 R A BRI T, WA 4.2 CHD Pos.
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SegNet"If 3 EILEH, Pix2Pix 14 s

BT LRSS, AT E I T B AR U, 2R
TP RIBE SN BB B BB e B AT 55, DA R 28 U R AR fR) S At 7 22, Rt o0
1 W 258 0\ i B 2 0 48 LAY B P 19 SR MR A (s, DUSYISEE S RN HERR V040 A
P 5508 L R 75 PR ) R A 5 5 0SB SRR W], AHEE T — L8 iR T R
A AN R BT, AR RENS 2R CEINTE T BRI R A R

4.2 BEFFHEIMLS

BT JE 8 WA SO AN SR 5 AR, Amid 7 — DL TR E 7
FEHREUM S o 12 28 0F 7 A5 58] BN SUE B2, IRRIN Ao =% HE
SRR o FER 285 b, AR DA SO T 28 A 2, BN 2 2]
I3 TATE RN SO 2 AR R R SRR DL S R P AR A Bl THRE 2 36 1%
TAF SRS ) S AR A B AT 2

4.2.1 MZIRBIEIA

A 1 ANRNE, Z T RINT5REAT RIFRH s KERAES T, T2k
JRITIEINAG o A RS BIARE Ty, AEARMIEMSE &, W 7 — 1 a
B A SRS o ALK F A SR IUE S5 N B R B B R e A 55
CAA: ol 0 226 DA R () ik R 22, g 70 S5 19 4 HER N 2 B 2 X 28 U B9 1 S e
PSR, LAY 37 S O R B 90 AR S0 B R A R IR U DG &R . B
PRI, (1D N T St Fr BB Pl S0 A AT SR I T8, 2 2 R A Al
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AL E — MR 2] 79 37 (Embedding Learning Stream ) PASZIRFAE R A 25 (6]

HB T SO B R AT IR E R 2 2T 5 (2D & Bk b AR i 275 K

/NI AR AR T A BT T 0 B 0 T i A BUR, i R P AR ZZ B (Residual Block)
Mz REERHEIEEER:, EAERMNETE T — DRSS (3 N TER

I HH B e 7 R FE i LR T I (RIS CRAIE P AP A S (A S5 4 B i s e, AR i 4%

FIIFH 25 0] 2= SJ# 7 (Spatial Attention Model, SAM) X AN 73 37 1) 45 B 4T il

B (D APRIEA U B 2R/ BUR B AR 2 2 HLA a0, B REH GAN

SERILIIAGERL, 530 N2 JR A R0 4 VA A B ) B A BRI — U, 4% 1)

BRG] 4.3 FoR .

Embedding Learning Stream

Ac i
/ 2 N Conv |8

5i Local Discriminator (L)
(4

|
: : i % ..... > n —» fake/real
R S bolp

-

m—)Spatial Attention Module
E—) Residual Block X o
—> Concatenation — g 2
=
49— Addition
$4—>Pointwise Multiply - - -
Spatial Attention Module Residual Block

4.3 HB T SR HUBAL [ 25 25

4.2.2 RANFINX

RN 2] 00 OB a8 g R A R R 2], S IR T
(] rp 27 S EATTH AT AR NRRAE , DAGEAR TS SRR RS L RN F AR i
K, BT RIS 3] IR RN 23 0] A BHR N R AE 2% ) J T R I 4 11
PERE . W DeepCluster! 7215 73 WX 28 (R ALl A7 525, R R4 RE IR E S
M 25, HT B R E Y ) s 5k AR Z TR 50U A F]

RIS, I sdfib e TAH R Se B R R o M RN b FEl, ez M. 2RI, X
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BTN R Z BRI N 355, AT 25 RS B H AR SL B AL R AL Jw 1, A BEE
BN B 7R SR UL SS

PRS2 20 70 OB B2 3 19 SARFAE AN P AP R Y “ SR — Bk R ST w] )
BRFIERN . B e, A3 28 52 i R R s SRR IR R A RE ST, S0
FUE AT B AR R 2, TR F) 5 > 1 SN 4 B AT AR AR H . 2805
BT CenterLoss!) B 3 M3 9 AN [/] (48 21 001 27 21 5 5 FORSAE o0, IS0l
TRl 2RI B RN RFAE W1 AR DL FRRF AR A o FEIT o IX A, RN ST 0 SCAMVBES
5 ] HUE T SR B R T R AE, (RIS R OR BE AT TR B @ 1k o AR

VB S EIBR L, RIS L, KIRCEZIE R
1 S i i i i
Loy = —WZIM xlog(AL)+(1-1},)xlog(1- 4.) (4.1)

i=1

Horp, 1, RonEH ST BB R R, R 1, TR S, N ROR
1, MR REH A e (0,1) FaRiRN I3 SCH 545 X It 5 &

1 N
Lcenter = EZH [E,. _Cyi ||§ (42)
i=1

Horr, 1, ARIRA D STH RN 1, 3 i MR &, C, R 1, P& 3
v, BVFFAE G ) B

FEMIZRS5HE _E, BN S22 70 SO fl L, AN — i s AT S SRR Z 4
o Hor, bR T RIERZE, I BRI RO N ERALSORT VGG 16
B NG RE T, gt as | xR andh i B A M N AT R S5, DASR
W AN RERIEE. SHEEMNKE T (Conv_l\ Conv_3. ConV_S) HIRFAE B A
R ERAE | IR EIATRE S T BE)S, SR RIRF L gl A
EBRERZHAT BN RS . A, BVE R RRIE o A 2 AN IFAT I 3x3
G, 3B RARIRFIEIR A B 1, A7 37 XS 70 B 4., BARZSRANIE 4. 3 2k t0
HEF o

4.2.3 EfRIEIBRSTE 5]

G RSME L, WE PR IUE S a9 R B0 BB 2 H i 45 1
R IF] R o AR 2 B0 BB B R e 4 S0 — FE 0 Pix2Pix. CycleGANIY, 1%y
PSR 28 o 1) 3 5 A By SO I Y 5 — AN S AL 2 B 45 AT A ) 27 31 40 P B 1R
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506 N AR TR RIS o O S G A PR AR 0 1 45 e A Ao 2 ot Y 7 i K g
FEORZGRT-PUR & Sl Ao Hefliat — 2 et .

BARE, AR AR R0 SCHIFEAE b 51N S AH R AR 2 A% 0 N 27 21 9 32,
RN 5% 20 00 OB ¥ 7 BGOSR 0 FAE RN R L 23 17 5% ) B 7 SR 7 4+
PRI RT DB, TR i A A R SO AN R R IR X 7T, LR v
P15 b 5228 (R A RN T AP A R T3 B, FAEAE IR IR R, AT X
RN T — A EERRS (SAMD X AR 70 S 25 R BT R . SAM A
KEH TN ISP F R X R A, 18R R SO RS R
P IX I, BARZ Rk 4. 3 Sl OHERTR.

4.2. 4 FE)EBAR

B ST IR ZAE S G I%, DR OR2E UK - S 54 25 TR 54 b e B 4k
AL GAN FEOR S5 A, FICLREN PR 2 R 45 M e . & — SRz 4b
JIE—FEUSCRR (75, 76, {5 FH 42 JRy A ) i 0 ] 45 VP A A B ) 7 135 BB 2 TRy A =)
PRI — Bk Horp, 2R g LS B A R I v, BB R
ST R I 2R — B, AR S SNBSS L BRI, 1R & )
LR T AT BRAE RN, LU S SR R B Ry o — 2ok, i & R AT A
YT LR TR A M N R A R AL, AR
PR AEIZN R FB R #2118 Yok B s T ARk, SR R i
HFAFBARZEMDS BORRAE T Rk, F A IBIE 4 AT SAE O = B A
eI, DL IE A S 22 R I 3R HUR 2% FR i 7 St B AP RFALE o ARFIT R R0
GAN TENZRd e Afe g & Z R, AT Ik BB e . Uik
SR LSGANUT, AR RN 2% G, 4 AR B8 70)4% Dy, D, F0 K B Bk ik
W

Lglobal(G’DG) = E1

C~Fhata (IC)

[(Ds(I)=D’1+E [Ds(G(1,)’] (4.3)

[0~1’dam (o)

L,.(G,D;)= Elc;f,dma(,c) [(D(T())- 1)2] +E,

Hob, P, RUIGEARINGI AT, 1, R B RN, 1, 267 53
B B LS T R RR, T Forth sy IR 1
B B 4 SR I, 0B PatchGAN (BB, T — A NXN

[D,(T(GU)] (44)

O~Fiara (I 0
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O R e 1 £ 5 B 2 S Sl - 1 [ S G RS 2 o 4 e I g S P L o e 2 B RIS R
HIZER S EOR ENER 4.1, R 4.2 FiR.
4.1 ERHH LSS

Type Kernel Stride OutPuts
Conv 5x5 1x1 32
Conv 5x5 2x2 64
Conv 5x5 2x2 128
Conv 5x5 1x1 64
Conv 3x3 1x1 1

R 4.2 SR AR A R VR

Type Kernel Stride OutPuts
Conv 3x3 1x1 32
Conv 3x3 2x2 64
Conv 3x3 2x2 128
Conv 3x3 1x1 1

4.3 LIRISIE

4.3.1 BAENIRINHIESE

HAT, TSI SUR, LA R 2 JF Al ik i - SO e sia £, A
T S B B SRR B TR SR T I . R SOV Dy B B A SR
T EEORAFAE T B 3 R BOSORAE i B R MR 2 s, AR EE T S R A B R
Fr 8t 2 ZR A FH RS A B S S i T ok . MARSE B3, XS4 T
SR $0 Fr R R T AE AL ™ B RAR AL, (ER ARG R AT fiaf 5, AN B 7
CRLAE T S A B 2O M E PR, Hb s s, PRS0
AR B, PRI S A B, 0TS AL o BT RE R LS,
S, AU AR 7B B AR BB ™ 5 #h R R AT N 2R A
W, ALIE 405 XFNZRFEGI CH B ¥ BB B 3 745 B8O L 35 Xt IRl i
B0 300 FK I A6 -

N T W IR AL RENS S S HERA IR IE R R, RS IR 4 A BRI 2R
B, WFEARBAT R Y 78 § 7 B R LR RAE: (1) 2RI e ik, #8Y.
FAL L #AE (2) 7T BEHLIEE: . B . TRHRAE: (3) BB H: BRI,
XHECRESETT . TR B AR (D IR BRSSP RGERAE. 5%, FIA
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THBA I EBUE R 3R BT & 57, MR WEFR7 I R)E, mloE Tk
Bt B AW BUR IR R b i R B 2055, A9 B i 15 5t e A 7%
FHAFEYE ST ERAS, BAmE 4.4 iR,

&, BE—AEE (405+2825) XFIIZRFEF]. (35+165) X IGAEFEH
(300+200) WMEFE R4 FE B 0 S 2k

e i BARKTEER

K 4.4 HiEh R EESHE ARG ERAS ER

4.3.2 1E{HIERR

AT NP A BEX B8 1) A5 B OB AL (9 14 REEAT VAL . UG A B
HTEE I3 F A1 L

MG A AR R, A T AR A5 16 . (PSNIR) NS5 M ARBLE (SSIMD $8 A5kl
BRI AN B 92l 2 (8] 22 . PSNR A1 SSIM & — i WAk B BB B 1 %
MFR#E. PSNR HI SSIM (MR, AR A7 G0 Sy, B4 FLsk
ffi. PSNR. SSIM it T

1 h  w
MSE =—— F(G, )-GG@, )| 45
MWH;H(ﬂ @) (4.5)
MAX
PSNR =20%*log, (——L 4.6
glo( MSE) (4.6)

b, MSE A BB S5 NI SE BB IR 22 . MAX, s BB ) ek
fH.

Qu.p, +c)o, +c,)

SSIM (x,y) =
) = s i v a0+ +c)

(4.7)
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S, oy NIRRT G, . u Nx y T 2. 2 Nxs I
Ji%, o Mxs yHIWE. o oM BIESL LG 0.

B EI R, TR HOR TR OERE A1) BT 1
CFRFD LR — SRR I BRAN ), AT AL 462 1 5 0 R 00 — Fk
FOREI 50 B (4030, FIFIR S BB VPR AR, A 586 mIoU A
BN IIAE I ToU (char) , 48 BINEEAR W1 545 195 7052 Tl o A
SRR DA% R 5 S 0 S O SRR . 2ok, mIoU 5% ToU FOH 7B,
VB9 22 B TE T 20 OB RR AR , A Bl 05 15 B S 0 AR B
BEAN, Hh TR R R A AR A A K SR B R T 0, (RN 0, 1T
SHFEIRH ToU THETRAAEAE SR IR . N T REE IR ToU {8, 7
10U #8223, 5 B0 AR AR 5 0 R A7 (L A B . LT B AR 236

WE, Az, ZBEREAN 0.2, IoU MIHERIAWT:
U TP
TP+ FP+FN

Hr, TP, FP. FN RoRpRERNEIE. BRIE. BRAMBERDE

BEAt, Jus UER A NG BIRT- PRI RE ST, A S8 XS A B 745 PR BRI
HEAT T Hith X TARK PR EUR, R T S . a7
TN R, TGS S A2, AT ] A RS T s AT ERR, TR
TP R DASE PR L A SR R B, B Jm SRR T e @ 7 2R 4t
HAMg. BAARBFELLIT 5 MR

SR 1S R ARIE o AR (4. 9) PO THELEN, BERRE R
IR L AR, AR AT 5.

Mask=1,x(1-1;,) (4.9)

BB, 2 fE A IS SO R O RIR T S AT IR R il B, BRI
HHE SR R, 193 2 A B R

BB 3 RS FUR PSR, HFRRTHERNEES .

HBB], 4 wGREANEE S E, FRRANT 30 MERK/ANIER X .

S| 5 WA REE BRI, REAE R TRER ERRIR B

ASEERH, BEHLA 190 SFBEERIC R Pl 50 SR AEAGTHAEAS, RIS
RIS R ANER 4.3 Jios.

4.8)
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R 43 ZRNM G

Type Models Counts

BiclyGAN#! 304

(a) Pix2Pix 272
CycleGANU 268
PSPNet 1196

(b) SegNet 190
U-Net 174

(©) Ours 18

4.3.3 jEiphsCLy

4.3.3.1 FIBIIRL R

AR FETHE R B AR R BB BB A A8 XU R L AR O R L3R RIZ)
RN 2 43 3 1) H i 8 S A0 R A I RT HDIR NRRIE % 2 o RIS
PRI R, B H 5 M P A SO R L« XA DiscLoss ™ 34T %t
o TESRIGUWE b, B THURREIMAE 2 A1, BEAH B 2155 A i B 4 4 J
HSHBREYRMFER . & 4.4 BR TERFET KRBT LRSS

MR 4.4 FATUEH, XAIL Ly, E&Tams DA &R 2. HIEF AT
RE A TE B R ) PO SR R, 52k 7 SRS bi J@ 1 (Aol Ao 1 4
N, HRNEFAERA ) Z A 7 SR o AHEE T X B AR, A8 SO IR Ly 3R (FE
mloU. IoU. PSNR, SSIM #8435 b, 437l$2F 7 0. 63, 1. 18, 0.51. 0.43 NEH 7
B BRI, TEREATIR (Lp + Lo) WIMET, W iRm0
e, TESTFRIRI R m A 1 o 1X 3R BHIEA 28 SR 2 A b0 451 2K R e TG 1) T
AR AT RN AR 1 25 S R0 R 2 A AR 2B

F 4.4 AFRT AR H R A

Loss mloU IoU PSNR SSIM
Lg 87.03% 76.35% 23.25 94.73%
Lp 86.4% 75.17% 22.74 94.3%
Lg+Lc 88.07% 78.28% 23.83 95.17%
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4.3.3.2 RNFEINX

NGESFIR R BB P | BRI T ARHR U, A SR U AL 51N T A1
IR 2] 93 30 N T BSUEIRAN S 2] 03 SCRIAT R SRR 52 21 90 SEN T A S
BRI R bR . BEREIVHGSER R 4.5 @) Fin O TETHIER, RIS
RSB AL 7 BT 5 R0, A58 LR 4.6 o)

M 4.5 BRBIR, BERRA SR, PRI IERE B2 T (&
4.5, (a) Al (b) (c) (d) MIFIFRIRLED « XTEI RN 2 7 SCHAF
FEXT B A S O R SR BUOICR A 8.2 94T

R A4S FRFA AR AN R A PPl 25 R

ID HE mloU IoU PSNR SSIM

(@ CGL 82.60% 68.81% 19.46 89.04%
(b) ECGL 87.7% 77.6% 23.11 94.44%
(c) ECGA 87.63% 77.46% 23.52 95.00%
(d) ECGLA 88.07% 78.28% 23.83 95.17%

R 46 TR SR 7T 5 38R

iR &

E N1 3
C TR S
G 4 JE HI 3
L JR 2
A 7 [A) AR

4.3.3.3 FE;FEER

2 SRR R A ER, TR AT SRR AL IR F A A A Ot L ) R A
BR . iz i, FE s e A BEP A BE BRI . vk, AR

KRR, FINT A EE R (SAM). SAM FIH KB THN 5 2140 3
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FXEE R, 1BSFRAERD SOF EREEMN 2/ X, 8 TIUEBE R SAM 1
AR, ARSI B F AR B R ) SAM BREGHAT R R, B IR IR PRAl 45
R 4.5 b) i,

IR 4.5 (b) F13€ 4. 5(d) WL T EUE H, BRPRTZANEERLE, 7
FFHE B 1 1 B8 HH /NI R % o A EL T SAM, BiBLAE mloU 10U PSNR,
SSIM F&¥5_F, 2 AL T 0.37. 0.68. 0.72 F1 0. 73 DNEI> . X(E—EFLE
R, EAERMKEIARRE, i SAM X R BUR AL M R R A 2R .

4.3.3.4 FERFIBIZS

HEFRIRZHE . SR N e i BRI EAE . NARAE
R A AE A (A 25 40 b () SE Bk, A ARSI 1) J 8 4 o) 2488 DA 7 ARF AR A 1) = 5
— B o IR R ) 28 2 (R 20 SR A ROME, FEVINZRITIA], K Rk 28 F2 B
MR E I R WK 4.5 (o) Fim.

MR 4.5 () FIFE 4.5 () WMHERTLLEE, BRESARNSE, F
R U B M BE R — 3 B R B AR B TE R R0 2%, BB 1Y £
mloU. IoU. PSNR. SSIM #&#x E43 K T 0.44. 0.82, 0.31 #1 0.17 ™MH
Iy e XK, ST FH R ER A A 2 IR A I R S 4 T IR e B A R

4.3. 4 FFEEIESh

4.3.4.1 52 HEGE IREIMLE

Aoy, BFAFIRINER S — 52 0 B R 3 BAR 5 B Y
(Pix2Pix, CycleGAN, BicyCleGAN) HEAT LA AN, BEHEAEH 1 iX L
R E T RIS BRI P S HOR B o MR E VPG 8 VRS LA R RR Gt 45
R 4.5, 4.7, 4.3 Fiw.
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Wk 4.4 o, i EHGEE RS S — e FR R _E Rl LRI
B FRAEE, JFRECR BB R BT . SR, XS REEN AR
FI TR AT REGCANE (W1 4.5 AT ). HIk, AR T AT B L5
AKEAFRFRAE LA U B BOR T 0 (AnB 4.5 25 = PUAT o). A
B BIASC AT AR AR A il 1 7 A R LR 0 i B35 B a0k, JF
BRGNS Z WA MEZIR T (W 4.5 81D, EMWEE, RCIRHBRF
PR U AL A il 1) R B A R B 2B S R, I SN e B AR T3

(a) Input (b) GT (c)Pix2Pix (c)CycleGAN (d)Ours
Bl 4.5 W v RN 2 g i MR A B () - A 4R s R

*® 4.3 (a) on A R A o 24 1) 5 5 R 2ORIETR 7 I 5 B
PR EIX =R 4 R ARSI TR AR, Horh Pix2Pix MG 5D,
B EIA 268 4. K 4.3 (¢) feon T AP SRR R I ek a5 A, IR 18 4,
AR T HE =R, XYY, AHEE T seg i R 2 BB AT, 2 B
RN ZOR TR AN AT R -

R AT JER T AR AR R A e 0 4 R AE PSNR R SSIM. b 1
MELE R REAR, AR AT AR PNE br BRI RN, JFR
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AR R AL 45 B Pix2Pix () WIAEMR 5. 27%, 5. 93%). X FH, AL TiXL2 i
FUE B EUR A 8, AR SCHE A B AR A 28 A B 7 455 BEZ 5] N
/b [y P AR TP I R B 2 (0 A Rl 4T .

i bATR, BWRARIESINE LB PSNR, SSIM |, KB H#EEHF
FFPE U R S AR RO, TR0 3 1) 32 L4518 & IE R 1), AH bE i b2 i
(1) UG B R A Y, AR B 74T 0 2 0 A RS B R 8 A RS NS BT o 5 e BE 1)
FrER .

% 4.7 MM EMG A A R AL AR A

Models PSNR SSIM

BicyleGAN 17.90 86.40%
CycleGAN 18.03 88.25%
Pix2Pix 18.56 89.24%
Ours 23.83 95.17%

4.3.4.2 SHRBSETTENEE

REZHFHFREMGEE O3—)5) BT 1, Bk, el
R E R AN — R IR G B (2. R E R e s i 5 —
ME GBI A (FCN16. ERFNet®l, U-Net. SegNet) #H47EbH. b4k, H
T BUE ARG AN AR R AE LA ™ B e, PERERL ISR BATE], BR
WAREAN 73 BT A A 5] 1R 288 1) P R et s DASRAS BN () 75 23 B R o 25531
S SRS R B AR SRR W R

o 1 N, =0
C j—
W = {2 —% otherwise (4.9)

Hopr, w© REARFFALGIIE RS, N, B NG AURERER cHRIE R
A A BB SRR AL

4.6 o 1 AR BRI > B ) 7 A SRR . MALE 5, 731
A TR A 1 54 XIS T L ok, JF HL ST T B e A s Tt 2R
([P Ba ) s e 21 S oS e S e i R e R g S N
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EEAAEEEEAGER B (K 4.6 —. =, WUSIFTR). Hik, BT49E
(BT AR e B B BRI IXSE S, FRRA W E R E AT H A,
— Se R A I AF LR S LS A U A — 2501 i) L ] 4. 6 28 AT AT AR
AR FRF B R 30 Fr G AT B, AR R 5 R A 45 0 8 9T b
HAETE G — (WK 4.6 2B HFIFTR).

(b)ERFNet (c)U-Net (d)SegNet
Kl 4.6 HIE4h Fr BHGAEE S UG o SIS 1) A Hi 2

R 4.3(0) o T AR 7> SRRy 1 (10 74 R RO EE o AL H
F1 SegNet. U-Net 5| T AN I ZIR, RT3 4. 3 (a) H A9 EIHRAE AR AL .
EARS AR SCHR I A SR IO, (57— e 280, Xk, R
SLZE L) o BB, % AT SRS AR B AT SR 2R T LA e 3
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* 4.8 FIER BB R B L i g R

Models mloU IoU(char)

ERFNet 80.9% 64.5%
FCN16 83.3% 68.7%
U-Net 87.48% 76.48%
SegNet 88.6% 78.5%

Ours 88.07% 78.28%

4.4 NEINGG

REATRIE T — DR R E TR L, %M 4 DL GAN {E N4 42,
1E R A UG AE U 2% Pix2Pix LR E, BIN T BN 0, LR
B RYRET- PN F AR 500 o HR ARG 4 B 2% X 73 A R SR8 R RHIE
(17 B 7 19 [ B 30 e 5% 2 o DX 48 41 3R 2% [R) &6 W (P Re P, BB A Bl i T i 11 R B 7
FFEUE . FESLIRBY B, 2 il A 22 B G AR A 2 40 Pix2Pix . CycleGAN #l
B 7> BN SegNet. U-Net #:47 7 L4, E BT H AR RLZE P fig b DL e 2
A 3B R R
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51 R&

HE SCRIE S NI E COR IRl 2 R R e B2, Bl
B TR, HAdSE 3600 SE AT WIsE RIARE . BANRS. &
rA P PR A 2 AR AT T I, X T A I DR S R B A AR
DR M SO RO R BRSO AR I H R SR T AT A — TR
LW FCAZ, SR Z AT T A I AR EH B2 e KNS5, XA RRK
FEOREGE, HACGRIRT . tbsh, S K E AR, B AR imR ™ =,
T B AR ANS 7 SRS R SO AR, AR T S el
ARG HET 55— RS TR AHxTiX e, ASCEZMEE TR .

L AE B SCAS N 5 T, $R i B Dy il B LA R R AR I S, A
2 R i i R 8 2 7 75 DR AT i, D508 1 4 X2 [R5 5 X3 B
[ AR A 2 3] A X SR AR O P RE, A A ARl B R i 4R T . S
s RTRZ KA P R S 1 2 B R e T DA SR Bl R HE R 75 22, ORI 62
kR . AR R ORI AR b, BT F-Measure =135 83.3%IH L4,
T — SR IR IE A AR

2. MEWEICFIRPUTHE, ERME T - MEERERESRIEESE, NREEH
BRI AT R AR SRR S AL . RS CIR I T — A R AT S
WUREAERS, TEJF A BG4 HESE Pix2Pix MEEAL L, SINT AN Y
210 SC VAT BRI R T S ISR, DA ST R O HER 40 R S
FEMRIAII U K &R o i, VRN R 5e B HLANT IR A A e R, i
TR 8 5 A FH 4 Ja) ) 1) 4 AR ) 8 0 ) 8 R A B R B R AR R AT — B A
Ao ERE ARSI, AT Oy R MR SR AN B 5 7 F
W5, RERS A EINTEMT . SEEEM A AT R

5.2 RE
AR BAR R UR S A ST EORAE P8 SOt e 8t Eig i, SR 2 RUE
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e A% R R AT ) B A DX, R AR I SR R R A 8 Rt . s A )
T, A3 i A A I A R o a5 F i i BB Rl e, 20 IR R B 5y
FITIE MR A SO A WE Bt BRI, e R BB 0 31 R 2 A 1R
AR 2% % AR, M T R TR B AR R, Y LR B T M
A B AT R . BT R SCRLI LR A SR I AR AR Ak 1 TR
JEB Bt AFAEARZ IRl A Ao, ARORaEE— 2D ek nl LIAT LR LA T :

(D) BERHAT, F a2 b gt — 0 R E ol Bl g, K2 Bla i e E
SO R AR A B et SR BEAT T 2R LA S OVE SR, IR AR ANA
TANE R SRR B, Rk, R — AN G — B SR B e 2 )
BRI — DN EEAE S5

(2) ARFIFA RN, IR SRR I GRS R b B SR, T B KT
AP AFF AT A SO AR — MBI . AU TR, PO R i BARAE
REBMATHR TR, EEAERE, (OB TENCA, 208N 14
PEEEMIFRIAERE . BRILZAh, WE R P AHE B R IERFIN, MZ ARk
MBI PR SUE B AM TP AR BIUE S5 Bk I 55 R B 5T, A,
PRERAE 59 0B DLRSROR R 61 N 00 B 3 A5 A -5 B2 IBUEE 55 2 R R IF ST
— N EE T .

(3) HE At KR BRIk, 2R 78 5 A KR AW A AN & AR A 2R T,
IXEET-PN -5 HB SOAR G AL AT 55 i SRR K RO RE I o RS AR SR A 231
28 K 55 1 A AT B 15 S5 B D PR AL, (B S PR 5 M RCR MARATRR » (LI,
PRE A R g B 5 30 e e s AN BRI T8, 36 i 482 - SO R
BRI AR REE,

49



2% 3CHk

S22 3Rk

(1] BRES S AETS0UR 1B 5T ORI BLEE FE ()]S0S 5 B KL, 1954, 5: 3-8,

[2] XI55, Bk ta[M]. 5Tk CREDA) |, 1903.

[3] BRASR. BROE b RELEAM]. dbath )R, 1988.

[4] Z=2%8), S2ARTE. FROUE T B A0 AW FE M. bt bl £E HE AL, 1996

[5] Cheung C. The Chinese History That Is Written in Bone [EB/OL]. https://www.sapiens.or

g/archaeology/chinese-oracle-bones-history/. 2018.1.23
[6] XK, A AT AL B SO AR 5 SERI ] o SENL AR R AT (17):139-140.
(7] BREHIE, S/NGE, Mpaing. S5 0 dh 4 S5 B R SCR N G B TE[)]. SO B AR,
2008, 22(4):123-128.

(8] myl, REFE XK, S5 BT SCRAT I F B OB IR R B D], B EOR T

£, 2014(30):67-70.
(9] WZH3E. 2 T 40 AN ECHE 0 F R SO IR R, THEALS By TR, 2016, 44(10):2001-
2006.
[10] BT i STk 4 S8R 1 B 5 B )], TR 2481 7T,2010(12):37-3.
[11] 2 55, e 26 Do 7 BB S mT PR B S A R 0. 7 L 5 BRARAE, 2015(5):30-34.
[12] Z4&, RS, XK. T R H R ST SEBAL a8 B BORBIEFE[I]. Bl 20 i 5 Ak
W,2012, 28(5):48-54.

[13] A&, im0, SR 55 EE . R ORI REBE At 5000 PO SUPZ ST E 0] Hiia 0 i 5 FiRR
I, 2015, 31(2):7-14.

[14] BRigER. Bmi PESCT R RGHETRN]. Ll $RITTE K, 2007.

[15] LAKSHMI T R V, REDDY C V K. Object Classification Using SIFT Algorithm and
Transformation Techniques[M]. Singapore: Springer, 2019: 403-408.

[16] LIENHART R, MAYDT J. An extended set of Haar-like features for rapid object detection[C].
International Conference on Image Processing. IEEE, 2002: 900-903.
[171ALJAROUF Y A, KURDY M B. A hybrid method to detect and verify vehiclecrash with haar-
like features and SVM over the web[C]. International Conference on Computer and
Applications. IEEE, 2018: 177-182.
[18] DALAL N, TRIGGS B. Histograms of oriented gradients for human detection[C]. IEEE
Computer Society Conference on Computer Vision & Pattern Recognition. IEEE, 2005: 886-
893.

[19] APOOR R, GUPTAR, JHAS, et al. Detection of power quality event using histogram of
oriented gradients and support vector machine[J]. Measurement, 2018, 120: 52-75.

[20] SUBAS A, DAMMAS D H, ALGHAMDIR D, etal. Sensor based human activity recognition
using adaboost ensemble classifier[J]. Procedia Computer Science, 2018, 140: 104-111.

[21] FARIS H, HASSONAH M A, ALA'M A Z, et al. A multi-verse optimizer approach for

50



2% 3CHk

feature selection and optimizing SVM parameters based on a robust system architecture[J].
Neural Computing and Applications, 2018, 30 (8): 2355-2369.

[22] VIOLA P, JONES M. Robust real-time object detection[J]. International Journal of Computer
Vision, 2004, 57 (2): 137-154.

[23] N. Dalal and B. Triggs. Histograms of oriented gradients for human detection[C]. 2005 IEEE
Computer Society Conference on Computer Vision and Pattern Recognition,2005, Diego, CA,
USA,886-893.

[24 R. Girshick, J. Donahue, T. Darrell, et al. Rich feature hierarchies for accurate object detection
and semantic segmentation[C]. Proceedings of the IEEE conference on computer vision and
pattern recognition, Columbus, OH, 2014, 580-587.

[25] J. Redmon, S. Divvala, R. Girshick, et al. You only look once: Unified, real-time object
detection[C]. Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition, 2016, Las Vegas, 779-788.

[26] J. R. Uijlings, K. E. Van De Sande, T. Gevers, et al. Selective search for object recognition[J].
International journal of computer vision, 2013, 104(2): 154-171.

[27] K. He, X. Zhang, S. Ren, et al. Spatial pyramid pooling in deep convolutional networks for
visual recognition[C]. European Conference on Computer Vision, 2014, 346-361.

[28] R. Girshick. Fast r-cnn[C]. Proceedings of the IEEE international conference on computer
vision, 2015, 1440-1448.

[29] S. Ren, K. He, R. Girshick, et al. Faster r-cnn: Towards real-time object detection with region
proposal networks[J]. IEEE transactions on pattern analysis and machine intelligence, 2017,
39(6): 1137-1149.

[30] Everingham M, Van Gool L, Williams C K I, et al. The PASCAL visual object classes challenge

2007 (VOC2007) results[J]. 2007.

[31]J. Redmon, A. Farhadi. YOLO9000: better, faster, stronger[C]. IEEE Conference on Computer
Vision and Pattern Recognition (CVPR), Honolulu, 2017, 6517-6525.

[32] Meng, L. Two-stage recognition for oracle bone inscriptions[C]. Image Analysis and
Processing - ICIAP , 2017, 10485:672-682.

[33] FEibte. FETIRES I H A Sl 5 P [D]. [ LA ], oM HEm 3T
K2, 2019.

[34] J. Xing, G. Liu, and J. Xiong. Oracle bone inscription detection: A survey of oracle bone
inscription detection based on deep learning algorithm. Proceedings of the International
Conference on Artificial Intelligence, Information Processing and Cloud Computing, Sanya
china, December 2019, 1-8.

[35] G. Liu, J. Xing, and J. Xiong. Spatial Pyramid Block for Oracle Bone Inscription Detection.
ICSCA 2020: 2020 9th International Conference on Software and Computer Applications,
February 2020, 133-140.

[36] Wang X, Yan H, Huo C et.al. Enhancing Pix2Pix for Remote Sensing Image Classification[C],

51



2% 3CHk

2018 IEEE International Conference on Pattern Recognition (ICPR). Beijing: IEEE, 2018:
2332-2336.

[37] Goodfellow I, M Xu, B, et.al. Generative adversarial nets[C]. Advances in Neural Information
Processing Systems (NIPS), 2014: 2672-2680.

[38] Alec Radford,Luke Metz, Soumith Chintala. Unsupervised representation learning with deep
convolutional generative adversarial networks[EB/ OL]. https: / / arxiv. org / abs/ 1511.
06434,2016-01.

[39] Ronneberger O, Fischer P, Brox T. U-net: Convolutional networks for biomedical image
segmentation [C]. Medical Image Computing and Computer-Assisted Intervention (MICCALI).
Munich, Germany : Springer, Cham ,2015: 234-241.

[40] Wang X, Yan H, Huo C et.al. Enhancing Pix2Pix for Remote Sensing Image Classification[C].
IEEE International Conference on Pattern Recognition (ICPR). Beijing: IEEE, 2018: 2332~
2336.

[41] C. Wang, C. Xu, C. Wang et al. Perceptual adversarial networks for image-to-image
transformation[J]. IEEE Transactions on Image Processing,2018,27(8):4066-4079.

[42] C Wang, H J Zheng, Z B Yu,et al. Discriminative region proposal adversarial networks for
high-quality image-to-image translation[C].Proceedings of the 15th European Conference on
Computer Vision(ECCV),Munich,Germany,2018:796-812.

[43] W Chen, J Hays. SketchyGAN:towards diverse and realistic sketch to image synthesis [ C]
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition(CVPR),
Salt Lake City,UT,USA,2018:9416-9425.

[44] M Liu, Y Ding, M Xia, et al. STGAN:a unified selective transfer network for arbitrary image
attribute editing[C] Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition(CVPR),Long Beach,CA,USA,2019:3668-3677.

[45] T Park, M Liu, T Wang et al. Semantic Image Synthesis With Spatially-Adaptive Normalization
[C] Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(CVPR), 2019, 2337-2346.

[46] J Long, E Shelhamer T Darrell et al. Fully convolutional networks for semantic segmentation
[C].2015 IEEE Conference on Computer Vision and Pattern Recognition (CVPR), Boston,
MA, USA, 2015, 431-3440..

[47] L C Chen , G Papandreou , I Kokkinos , et al. Semantic Image Segmentation with Deep
Convolutional Nets and Fully Connected CRFs[J]. arXiv, 2014.

[48] L. Chen, G. Papandreou, I. Kokkinos et al. DeepLab: Semantic Image Segmentation with Deep
Convolutional Nets, Atrous Convolution, and Fully Connected CRFs[C]. IEEE Transactions
on Pattern Analysis and Machine Intelligence,2017.40(4):834-848.

[49] L Chen. L C et al. Rethinking Atrous Convolution for Semantic Image
Segmentation[J].arXiv.2017.

[50] H Zhao, J Shi, X Qi, et al. Pyramid scene parsing network[C] Proceedings of the IEEE

52



2% 3CHk

Conference on Computer Vision and Pattern Recognition, 2017: 2881-289

[51] H Li, P Xiong, J An et al. Pyramid Attention Network for Semantic Segmentation[J].
arXiv.2018.

[52] FulJ, LiulJ, Tian H, et al. Dual attention network for scene segmentation[C]. Proceedings
of the IEEE Conference on Computer Vision and Pattern Recognition,2019, 3146-3154.

[53] Liu W, Cheng F, Dragomir A, et al. SSD: Single Shot MultiBox Detector[C]. ECCV2016, 2016,
9905: 21-37.

[54] J. Dai, Y. Li, K. He, et al. R-fcn: Object detection via region-based fully convolutional
networks[C]. Advances in neural information processing systems, Barcelona, 2016, 379-387.

[55] Lin T, P Dollar, He K, et al. Feature Pyramid Networks for Object Detection[C], Proceedings
of the IEEE Conference on Computer Vision and Pattern Recognition (CVPR), 2017, 2117-
2125.

[56] Bharat S, Larry S. Davis. An Analysis of Scale Invariance in Object Detection[C]. Proceedings
of the IEEE Conference on Computer Vision and Pattern Recognition (CVPR), 2018,3578-
3587.

[57] He K, Gkioxari G, Dollar P, et al. Mask R-CNN[J]. IEEE Trans. on Pattern Analysis and
Machine Intelligence, 2020,42(2): 386—397.

[58] Redmon, A. Farhadi. YOLO9000: Better, Faster, Stronger[C]. IEEE Conference on Computer
Vision and Pattern Recognition (CVPR), 2017, 6517-6525.

[59] Redmon J, Farhadi A. Yolov3: An incremental improvement[J]. arXiv preprint
arXiv:1804.02767, 2018.

[60] Simonyan K, Zisserman A. Very deep convolutional networks for large-scale image
recognition[J]. arXiv preprint arXiv:1409.1556, 2014.

[61] He K, Zhang X, Ren S, et al. Deep Residual Learning for Image Recognition[C].Proceedings
of the IEEE Conference on Computer Vision and Pattern Recognition (CVPR), 2016, 770-778.

[62] Lin T'Y, Goyal P, Girshick R, et al. Focal loss for dense object detection[C]. Proceedings
of the IEEE international conference on computer vision, 2017,2980-2988.

[63] FuCY, Liu W, Ranga A, et al. Dssd: Deconvolutional single shot detector[J]. arXiv
preprint arXiv:1701.06659, 2017.

[64] Lin T Y, Goyal P, Girshick R, et al. Focal loss for dense object detection[C]. Proceedings
of the IEEE international conference on computer vision, 2017,2980-2988.

[65] Baek, Y., Lee, B., Han, D, et al.Character Region Awareness for Text Detection[C],IEEE/CVF
Computer Society Conference on Computer Vision and Pattern Recognition, Long Beach, 15-
20 June 2019, 9357-9366.

[66] Newell, A., Yang, K. and Deng, J. Stacked Hourglass Networks for Human Pose Estimation.
Computer Vision—ECCV 2016, Springer, Cham, 483-499.

[67] Jonathan L, Evan S, Trevor D. Fully Convolutional Networks for Semantic

Segmentation[C].Proceedings of the IEEE Conference on Computer Vision and Pattern

53



2% 3CHk

Recognition (CVPR), 2015, pp. 3431-3440.

[68] Wang, W., Li, X,Liu, T. Shape Robust Text Detection with Progressive Scale Expansion
Network. IEEE/CVF Computer Society Conference on Computer Vision and Pattern
Recognition, Long Beach, 15-20 June 2019, 9336-9345.

[69] Zhang, S., Wen, L., Bian, X., et al. Single-Shot Refinement Neural Network for Object
Detection. IEEE Transactions on Circuits and Systems for Video Technology, 31, 674-687.

[70] Liu, S., Huang, D. and Wang, Y. Receptive Field Block Net for Accurate and Fast Object
Detection. Computer Vision. Computer Vision—ECCV 2018, Springer, Cham, 404-419.

[71] Badrinarayanan V, Kendall A, Cipolla R, et al. SegNet : A Deep Convolutional Encoder-
Decoder Architecture for Image Segmentation[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2017, 39(12): 2481- 2495.

[72] Caron M, Bojanowski P, Joulin A, et al. Deep clustering for unsupervised learning of visual
features[C]. 2018 European Conference on Computer Vision(ECCV). Munich, Germany:
Springer, Cham 2018:1139-156.

[73] Soetens S, Sarris A, Vansteenhuyse K. A Discriminative Feature Learning Approach for Deep
Face Recognition [C]. 2016 European Conference on Computer Vision (ECCV). Amsterdam,
The Netherlands: Springer, Cham,2016:181-184.

[74] Park T, Isola P, Efros A.et al. Unpaired Image-to-Image Translation Using Cycle-Consistent
Adversarial Networks[C]. 2017 IEEE International Conference on Computer Vision (CVPR).
Venice, Italy: IEEE,2017:2242— 2251.

[75] P Isola, J Zhu, T Zhou, et al. Image-to-image translation with conditional adversarial
networks[C]. Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition(CVPR),Honolulu,HI,USA,2017:1125-1134.

[76] Lu Y, Wu S, Tai T, et al. Image Generation from Sketch Constraint Using Contextual
GAN .Proceedings of the European Conference on Computer Vision (ECCV), 2018, 205-220.

[77]1 Mao X, Li Q, Xie H,et al. Least squares generative adversarial networks [ C]. Proceedings of
the IEEE International Conference on Computer Vision ( ICCV ), Venice, Italy, 2017: 2794-
2802.

[78] Zhu J, Zhang R, Pathak D.et al. Toward multimodal image-to-image translation[J].ariXiv,2017.

[79] B.D Brabandere, D. Neven L. Gool. Segmentation with a Discriminative Loss Function
[EB/OL].[2017].http://ArXiv.org/abs/1708.02551

54



o

Hist

G Ef, FTar P LR MLT A ENRE—F. AXZFHELKX
BENAREEREY, HOXH S, LRFBENE — S PHEF T L HHIE
FHE, F¥. AROPCE B E AR X F, w1

AXREFWXERHRECHTT ERE, E0 XL, KR T EHHE .
Bihatt . BEAEEZR XWET R ER, NEHETRECHIERTAN
B, WX T RHEANATE P SEE AT AT K,

ERFNAREEEER, EXNHTNHST, RWELHREUAE, BFT
BB B TR A TERIE, ANEREZEFHFIRUMFLmIR, 0%
xRt FAEMFES . EERIAREEZANTERET T AHRAZNROERE S,
My X Ve & b B AR T e An AR, 8 X AF A By N B A
THHE. NEZFFENFEARBLE, T EREFSE G AR THEER,
K Rk Ay R S B BEAE

BXHBFIRLE R, FAL BRI TE, AR EZRETRENUE!
Et//\ ﬁhﬁiﬁﬁfﬂéﬁﬂﬁ"ﬂiﬁi'%/\ iuiﬁtﬁiﬁﬁﬁl’]xﬂ Jr%fF%%it%”\

Iﬁlffﬁﬂ(é’ﬂéfha 7\:1@%?' ME, Wﬂ]é}’]?ﬁuﬁc%ﬂ&k%?dﬁ&

55



AN AR R AR SCE 0 TR

PMABF ERHELZRNFRRLSMHFAR

PMAEN

MRk, 5, 1993 4E 8 HA=, W[FgfE 0 N. 2014 4F 9 H 2018 4F 6 H wtisk 22 FH I i 22 k5%
THENSE R TR L, 2018 4F 9 H B4k T H M K3 B TSl
HARE,

A l‘—‘ll AN Y AY
BE&FRINFEARNILI
[1] — AR EE P E F AR [J]. JHITR ARk B AR AR (23D
[2] An Oracle Bone Inscription Detector Based on Multi-Scale Gaussian Kernels[J]. Applied
Mathematics,2021, 12:224-2312

{TIEIE S

[1] — st & 2 I 200 R A JCIR 2% (0 B 90 BB 7 AP SR IO TR (SRl i vp, LR
20210300152. 3)
[2] A O TUR 28 ) FH B 30 R SCARBEIUAR S v (A& D

EaTiEnl=

[1] BARFAREEIH 2 TRE S B SO SR 07T OUH 2% 5. U1804153)

56



