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Abstract

Abstract

A Research on Oracle Bone Inscriptions Detection based on Deep
Learning Method

As a type of ancient script, Oracle Bone Inscriptions (OBIs) are
considered direct ancestors of modern writing systems, recording many
significant aspects of ancient society and holding considerable value for
contemporary archaeological research. However, due to the lack of
standardized handling of text in electronic data, retrieval of oracle bone
inscriptions proves to be extremely challenging. Moreover, the
interpretation of OBIs requires a substantial amount of known oracle bone
image data. Even experienced professionals expend considerable effort to
annotate tasks through manual comparison and analysis, highlighting the
relatively weak support from Al assistance in this field. Currently, research
on the digitization of ancient texts mainly focuses on denoising of rubbings
or classification of individual character images, with only a few studies
addressing detection and localization of OBIs. Text detection based on
deep learning has emerged as a hot topic in computer vision in recent years,
drawing significant attention from researchers due to its relatively simple
design and wide range of application scenarios. Combining text detection
with researches on OBIs can simplify the collection and organization of

OBIs data, as well as streamline the subsequent processing workflow,
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accelerating the digitization process of ancient texts and providing
convenience for archaeological research. In scene text images, there is a
clear distinction between text regions and background regions. However,
in oracle bone script rubbings, the distinction between ancient text regions
and noise such as scratches is not as evident. This situation leads to
unsatisfactory results when directly applying scene text detection methods
to oracle bone script datasets. Based on the analysis above, this paper
proposes two improvement methods by incorporating prior knowledge of
inscriptions into deep learning models. By introducing prior information,
the deep learning models learn intrinsic features to distinguish text regions
during the optimization process, thereby achieving more accurate
prediction results.

This paper first introduces a feature fusion detection model based on
cross-attention mechanism. The model simultaneously takes image and
text prior feature vectors as input. By employing a cross-attention
mechanism, the model integrates the text prior features with the
convolutional features extracted by the backbone network enhancing the
representational power of the intermediate feature maps, thereby
improving the detection performance of multiple base models. This paper
also proposes a detection model based on multi-class pseudo-label
prediction. The model explicitly learns distinct features that represent text

regions and background regions by incorporating a multi-class prediction
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task, after integrating this feature with high-dimensional convolutional
feature maps, it enriches the local information of vectors in the feature
space, achieving the goal of distinguishing text regions from background
regions.

Finally, this paper evaluates the proposed methods on both oracle bone
script datasets and other ancient text datasets. The experimental results on
the oracle bone script dataset demonstrate that the proposed method
improves the detection performance of the baseline models without
introducing excessive parameters. The detection results on another ancient
text datasets show that the model has learned the intrinsic features of the
inscriptions during the optimization process, therefore accurate detection
results can also be achieved when transferred to another dataset and
demonstrate the potential of applying transfer learning methods to the task
of ancient text detection and provide robust support for the digitization of

ancient texts research.
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BERIZH ESKIHZ B MG L0 IR A AT

2. 1.2 BMEMRMEEEET B&

A2 R 2 AR R 0] DL & — Al o R ek B, AR ) 2 40T LB I AR AR R 7
o M ERIR R LR 30 XU B /IME . FEVRBES2 STy, e i AN T RO DAL B
Bt/ MR BN Bk, 125 IR A FE R U7 [0 A I 2% S BBt AT IR AR, 1B
DRPUEF P BB N —HSH, Kt R

0, — Op_q — WV, woreererereeeiemniniiieiinnnn, (2.3)
Hrp, w2 %, RIS D EZRESH, fonfesias R
S5UFIR: VO NG ¢ DCERI BORREE, il B AOR SRR 2. e AR
THREE N IO AL SIS, sl EEA Adam EUOEE, IXECREAE AL
A, RPN I AR R SR R I B L2

2.2 TR

Je A3 ARG AR A T S S RS I Ay o L B S RN —
PR . SZEARAE ST P RSS . SRl BT SUs A #0s U AT
JZ IR o 5 ARSI R AR AANE], i SO
AFE, 7 IR HE R AN 20T, DI TR 5 5 e 0307 R
T BRI Sy B AAY, B e B B P R IMER R R 5 S X
FHAERCCT X FNE . £ B, 75 2R AR5 1 2 T AL PR R 7n e A R
S X SRR I o AR BEAE NPHR AR o, AT 23 ) D S0 XA Bl F 52
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X IRGER, VR @ 2 T80 FHE AT 4 Lol /)N, 452 1 AUUE 75 307
O ZATE, EZXENEREH 1R, b S XS R RS 0 11
7o, M AESOR XIS ¥ 2 T8 XIS AT S5 LU M4 /)N, T RH 22 1)
TR N SR B TL TR o AE— 282 F ) AR, BT E AT — AN s ) — 4
e BT AT R AR R SRR, T AR HE O R R AL B Dy 2 v 7 0 A Y 1Y
B, BAEREPMESD, T FRELSNR R SO E S BAC, Nz FH T
BER AN ENE S fEJR B By, 75 ZEARYE A T F00I0 A S AR A5 21 SC - X sk )
FEIHE, X — DR AT DU i~ [ DX IR A S 0K A, 12550k T DLSRAS R Fr)
TEALEIAE, ] DASRAS AN (3 5 . Bl 5 5 LR 5 00 o0 45 R B 2R ) H B,
— S TAEIEE A A Transformer 2244 AT LA W0 T 528 14 5 Ab 20 R 110 A 3K
R FMER SRR B, Yair 55 NBIEEAE SR & W% 5 0 A
Transformer B3, #4 Transformer % H IR N5 B G R ) SORIE A 22 /N 25 73 52
43 50 58 ISR IR SR A AR 5% o D T 50 0 3 3 56 O IRBIMESS, H4E
N3 H 1) DeepSolo 5 Y B4 FH R0 28 X 28 S HUCSCAR BUERAFAE, 56T BMBRHAE
A2 il DU IR 247 i) s R SCAS LR FE L, B S Transformer FIARAS 88 P2 CR AR
RURFIEAT R AE, i H B 2 BSOS 73 2R T00 L 320 57 F0 - e 2 TR R ST 7

e IRTR
2.3 EEIVLHE Transformer %

2.3. 1 FERE I

FEERF T, N 75 BT PR OV 3 25 B 2 IR A5 B A e A
A IR P & B B AR PR 2R A WA B TR T
TR P S IR R (W E I o FERIHUR I TH SRR AT By b . B e R e
NG B BTSRRI 0 A, 3 N OREARGEE R 70 Aok S A5 2 B
e AT N DA [x0, -, xv ] SRR AR E AR S5 A R G
B TEGINADAEFHARNER, ONERAE q, JFEE—MT0mEok
2RSS PN EIk =i 1Kl ol 1 7SS Sl ANl T M < s (FLARL
B R A R RN 7] R 14 P O 2R B 9T 70 R B S B L 45 R

11
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FLECH F B AT 23 B O IR 5 0 170 e U AN A TROR B B 4T O B
FEAR SC A A8 TBOS AR T SR R 0 A, XM AR SICEL b T DL G R R R
P, MR E . HitE AT
x'q
VD
Hrh D NN R, s(x, q) =M EIER I M 2 kB a5 8. RS
TATor AETH SR A IR, I8 TH T 0 iR S R BN 2ok O AN [RME 7]
WRCE, BERAERRHESR, HitEA AW T

Attention(Q,K,V) = Softmax(s(Q,K)) -V «+eeeev- (2.5)

RN ER Q AMBIEXS (K, V) HIEFEECRE T F— M, MR NEHER
73 (Self Attention)!"*!, B iE R 7] USRI 351 2 8] (i B B Aok R U, B
e S S 4 BT AR 2 HEAT S RIS N 25 1 HARAT B AR SR A SRIERE L » W RAE & i AN
BAEXT R ERE TARM A E, W2 NI XIER T (Cross Attention), 32 X
R AEW A LRI S MR AR S (Embedding), 7] DU Wi 45 &
PR S A BRSBTS R L AEAS R AR S5 AT LU
BIA A AR R UST, ANTTEREAS A AR 551 55

S(x' q) Do teiiesrestettettatcsttsrcatcsrssrssrssrsstesee (24)

2.3.2 ZKIERT

T

| BRI

‘_ i f f
- (2= ) (sun ) (aun
Q K |4 Q K v

AT R 3 R 2 S & FIHLE

2-2 FEANENTERER
A0 B — BV E R AT 7 B B, SRR IME R 2 s R A . e
() R e 22 A ] DA AR 2 ) B IR N4 /2 (Linear Layer) BRES 2IAS[F] (1)
12



%2 F MERBIIRANE

r R B AR, AT ERAS BE SR I RAERE ), B 22 Sy R Ju Ll
Head = Attention(Q - WO, K -WK vV -W") oeevevn.
MultiHead(Q,K,V) = Concat(Head,, ..., Head,) - W ----
Horp, AR “Sk” BIRER TARKZLNEZ, KPS s A RS,
AR IS5 KT (RS AIE 22 18] o, SR VPR TR AE AN [R] 67 B DRV R B AN [F) 3R AR 22 18] (45

B PRECEEE WRME. THEE R IR B B B 2-2 .

2. 3.3 Transformer FHEZAY

Transformer #8V5 A 1H HAET SRR 2 AN 2, BEekTEEN
WL SZE A gmti 28 — D 28 20k U4, HpEgn 480 UL 18] 2-3 . Transformer %A &
ootk NJE (Embedding) BR M EIRAR R, 255 IEZREN B IS

At
Carz )
(| ™
Can— J—
IS
i ™) 21k
J2 A
S, LRERN
A 52 10X 4% — -
] AT
EIA—4k
[m’%‘% —~Fn )
! h A7 Sy 2=
2 IR SR
W, A )
Qp QY
BRI B R
A TPN

2-3 Transformer ZE5#JE"

13



% 2% HMAEBIRNE

I, fr B AR AR H B2 1S 41 2 R B IR A5 S, AR A
5y F I N H1 ) 2 (B BN R SR o Transformer 12 i85 FH 22/ AH [ (1) J2 HE
SR, FNEUREMEATH. 25k R ORI T 7 B AT R 2%
(Position Wise Feed-Forward Network), 7£T R [A]38 15 5% 22 1E A Z 0
k. (Layer Norm) #:{F. Transformer [FfAS28 tHA2 H 2 MHFIMZHES MR, fE
EFNEEE T =TS L2 L BRI ER “ gDt as
AE X BP0 B R AT R4, Somidas i, Rz E e
EHSER T TFEMHH M E. 78 Transformer B, 23k By S I 2
SKAE S R SR A R B 1 2 2 ORI R4t ) 2% () 2 B S mT DA ST

2.4 RB/NG

REFVEAMNA TN TATAEREEANEEHG, SR FEHAL MR E
2 H R — LB B R X 2% S5 B0 R BEALAL T35 e SR ik b o
SRR BT AR R A LA AR B L 9 £ 9 Transformer FE7

14
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3 F B TERIRLEE I B TR R

3. 1 ETER IS KR LR & i PR A

A B B TR U A4 AE A A A A Y AR s i N B 3-1 P, 1%
AR TR PR AR 1R 2 A AR A A B | 5 5 SR TR L] AR AL i 5 R R AT 3 5 4 A
BB = A, =A% HARHE REAES

R ] f PR R LS
i | —

RS — ERGE

D

Transformer : PEHTBUE BEGE « | AR R
R es ! !

KA L TmeRR
& 3-1 PLgEE AL E]
1. BEUGFRFE Y A A A BT .
X —HB 5 AT AR A B “ B 487, B TR A B RS s F
R AR B, adE— D0 3K v (R AR AT ] ot o 1) o 28 B T SR o AR IX AN IS A2
H, BG A iR ) T 4ERBR S A RN, R RS T RGBT EEER.
AR Aok R DU 3K 26 vy 4 5 o R T e SR AR 3, DA REAT S 28 (R TN R 43 #7 o
2. BT X R AL B R R A AR
ARG AE T E 9l N THER AU, HHE RPN ERERS
FEUER RS B AT Bl & o IX PR YR R AL AT DS ASE 2R B o v B 5 i SCAH
KBB4y, AR i P I VEE R P AN 5% . 1l A X ), AR E AR 2
RN AT S BT R PR A AR, AT B 4 bl 12 21 R 5 B SORE DR )

o
H
o

3. BNAPURBLEAL:
A HUR] R SR ) S 65 SR T BRI R B 2k o AR 2R AR
15



¥ 3% ATEEHFIEELSGTF LT

AT G B W A E DR M, T Eh A 10 A AR BRIE 1L %5 18 H
HIRER, MR SENA Ot BT X — A R . AR AR 2R
R, RTINS A TR 2

bR IR =ASEEER > A, AR EIEA ARSI 1R 32 75 V2 AR A4 2 bR 4
I o FEARSE 8 IR AR 3 g 2 ) DA I 2 B e s B P i SO SRR AR, T
S e TOUI PR TREBA 1 5 T RS A58 S B R R B DU e DRSS £ I i 2 AR 2
ARATES, WMIEREFRIIARCR . SGiakE, KMo ILFEMRE T —1 5%
BEOEAINELL, RO RO SN A T H B SO AR S5

3. 1.1 FEXBRFESLRIFE

A AR R B Am o 8 5 £ B B SR R S S B0 A8 ERIRTHE AL H i 4
Fr BT KSR ORIERE F7, AT A2 SEAS T A TR 4G R . — 4> RPN S50 15 S
RZE —REE T ST IATEMREFAL I S AR AT, B e iias i
AL R oK B R 8 00 3C 7 DX I R I A AT BR AR, DAL mT D3 I P AL i 5 AL
e J5 B S XA R 25 A A AL S AR T PR B N B 2 AT R o X 5 A A A
RULE AL BEAE BRI RENE 25 8 2 S0 7 I ZE AL IR AL, M1 S A sy ) i R T
S KRR B X

N T PAHRFE AT D, A AT HE 2 S 05 2R ZR— A R UKy
AU FR) B = IR 2 R0 2 0 F00I 73 S A R AR e e o SR 2% o LR an ] 3-2 I %
THRARHETEET € RS, § T ELIHRLAMERE z = f,(0) €
RE, If HiEid B R E T 200 e = hy(2) € RY, BEEHHESA 27 BIG bR

TEARFFE 76 %

o ] R AL
[ 3-2 FORFHER I E AT 7R

16



F3F ETEENFERENT B LFTAMRA

VERI SRR R AL B 20 S T B4 WS TR TR, %SS4 7T LAk
BRI (R EHE R R X 43 75 ) B S e, B4 (5 50T DA OB R 5 X
SRR (D B AR A M5 T R B S S X R MO A £ B 06 A
T 90 4 o 1 WA AE DB 1 — 2 3 (AE R R AR T — M B W SO
SIS BIHE L Z = (20 ]i=1,2,.., N} € RVC L% S8 T BiAMER,
B o 2 9 R A BB — /N AL 5 S 2 2 L 5 PR R A 1
BT BRGNS s 5 B S TGS AT IR, 72
AR AL

3. 1.2 WL

AR Pt FROASIN 0 4 b S SR LR L, 70l BB R ik 2 R A AT
BT ER IR R SRR 6T BB R IR S B, AR AR F A2 b
FHF 25 Rl o B S5 it S5 28 28 N 4 . X ToA BB 1 e RS,
LA AR AR D 2 1 B B AR AE G B S R S8 s L 2 i B 18] 2 S AR Fe = Ep (D) €
REWIxA - g 5 — Ay Seep, o] A PR T 5643 1 (5 E 2 SRy P R A
[FIRLAS IS B — [FE AN BIHEZ 1) Transformer MRS, 1ZARIDES A &
i, 28 XL R MBI 2 28 R AL R BARSR U, X T AR 7 i Z €
RVXC, A MIER B HLEPRE L S SR M SRR R R, BRI T
CSUREL IS

Q= Linearq(Z) ........................................... (3_1)

K = Lineark(Fe) .......................................... (3_2)

V= Linear,,(Fe) .......................................... (3_3)
KT

Ffus = FFN <softmax (Q\/g > V) ............ (34)

Hr Lineary, Lineary, Linear, R LL% S R 1k, B IS XE R JH6

e, SV R ) BT AR TR S I 15 R IR o 8 10 B AT
2 IR BT . FFN A% R G 6k BT 5425 S e %
. R, BB B S 515 B0 o 5] 24E B A Transformer 2
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F3F ATEENHEREGTHRLFAMEY

AL 4815 21 A Rl B RPALE [RTEAE — 13 21 VT A F2 = Fe @ FI's, Jirp
M “ @ 7 Al ARPHEIRIE, ZAINEERE B e AR PR A R 555 . BUqf
&R R IEEAR A B th 24> ERFE R AR s & o, B E 9 RS S R R
IEFEIRZEIR, BIM = Do(F?) € RV, 2R b 15 3 (B R B84 Tl /&1 o
BR BT XA, ATTSEBL 10 5 XA

3.1.3 BERELERITE

JRan E& [X I ]
[ 3-3 AEIRZERIIEREE

T SCHTR, ART75R 7 B 7R TS 0 S X AT R, B ARG 2242
B T B AR I SR RS o 0 TR — 5K I ZRIE v, FE AL 3B B Oy H A
FFRARERI X I (Region Map). A B IX 38 K I R3990 SO R ok I 2R B R R i)
B S B () B B AR AR B AR SRR 55 R, AR i B = B 3-3 B
BARGE, X T8—kdnh, HAmER O SO BIHER) 2 B A AR AE T A
AbrRRN, BAERT — 144, B= {b;e RYi=1, 2..N}, H+F1 b; NsL
B VU4 m) SRS B AAE T AT BN ALSR, N Jy—5k i ERbRIE S
FIIAE o CEAE BARAE I, 383 SR AL PR — 4 v 0 20 A1 R 5 2 T R BOR TR,
FEIHENSMERE, HitiE AT

A (x_xc)2+(y_yc)2
27_[0_2 e 20’2 ................. (3_5)

P(x,y) =



$3F ATEENHIERRESNT FLFHmEA

H (x, y) ZARECEEANSMERIBIRRT] (o, yo) APSEREHRER
Ak hs, o] DLERBRIES B 2 EAAE S AR T RS R A B RE
TR RS - MER BRSO, R OB EZRILT 1.
MG AT UG, TR MRE e EHE, K8 EHER O fe e o8 —4Em i
ATt i, HARMEABEREME Y A ER A RSN, SEANERREZI
T P ] 4 A0 2840 /S PR 3 o e ot FRVRBE 3 5 8 e ) TF 5, v i 20 A PR R A
A DAL R S O XI5 2 R B s B A, M SE Sy XA G R R
FATHS BAR AR R E » IX R RS 2E RIS Bk HH SR I S Hpoe ) X 5
T FE R TIAR BN T (0 AR S5 T 2 % DX S R] e A 5 e S B AR R
i A AR R TE

3. 1.4 fUiLidHE

AT VFAEAG 2R S A B Y A A SO RN A A . B AT SUp 5 ok
BRI AR

1
Lb = NZ)}- logy’ + (1 _y) . log(l _y’) ............ (3_6)

Hoepiy y RE-MERNBEE, v 2F - AERER R ERTIE, N
RBRMEANE, SEGHIRSE R EARTES, BAIFIEHERE T
W B, (ARSHSEE, AS 55 R % BN SEGRI%E
PR BTN EE RS, PRk BAT v B B DX T SR IR AR SCIR BRI A T
IRAFEE R S0 A5 210 53 2 0 45 LA B A T DX SR Z5 M BRURFAE 2 = fp (I
Horb 12 N B R 3B A3 B XK F o B2 ok, AT RS e — YR 45 S ok
(1) 3N A A EE 8 i v SR T (X 38 ) B AR AR R S 3 AR i 7 L P R PR 2 1) e /DML
P43, HatH AT

w = min(||z%, 26|, [|12%, 26l2, ..., 127, Z€]15) oereeveeses (3.7)
A SRAE YR DA AR A 0 SO T DX, D2 XN A8 3R P B 5 R 5 A R A1
LRI SCHR B /3 FRER 2 50 3, Rk, BU/IMERI3RIE T LB 1R —Fish ik
I W 5 B — AN IR AR I %) SC = B BRARHAE B 1% 5 S 7 i Fh ) A [m) B AR AR
FEARL, AT R /IR ICRE B, BT T /NIRRT A T 1 X J 5 A
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FIERAAAR L, FATBORIRGREE RS, I BOK IR E
3.2 Wik 545 R

3.2.1 SLRBIESE

AR AR AS P B 22 B i 96 27 B 4 446 10 FF RSORS00 AR M2V AT BT 1) 52
5o ZAT I EE AR 9154 Sk IE RO R 1) SO AL BIRERRE . S IRIT LA
SR SR T B S R A AR B B, R TR 40 1 5 I ER IR R
SCFERIBER AR 5 AR, BOUE SR AR A, LLIK I 4% 0 MR L o
RANGREE TG 3688 TKIE Fr, WUESEAIE 900 TKIE F, MHXEMIE 4566 7KK
Fro BRBLZ AN, AT SRR, A TR T —ANH 125 22 Sy
Fr BT R SR, B S I R o A B BT A5

3. 2.2 VHGEfats

N T G P AT B T HE A B SEAE R UL ECRE B, A TR IR B FHHERG R (P),
HEZE (R) A Fy 4B 45 R . 78 SO A PR b Al A, AERR R 5 A
IER R TIMAE N2 (Bp) H AT ANANE (B) B bus, 32 5 ] ks i 2%
BEtas, HiEALN:

p = 5r 3.8

= g s (3.8)

A BRI ERA I AIHER N (Gp) HEHEEMFE (G) FEm s, +
ERAWIRR TR, HirE AKX N:

G

R = Ep ............................................. (3.9)

Fi1 %08 A B R AU R EA S, R EIRMTY, BUAETCEZE 03 1 2
(B, HatHE4E BRI ROR M, HitE AR N:

_2-P-R

'~ P+ R

N T RN — AN TRIIAE 75 TE 6 DA — N ST S b v HE A2 75 A0 I 381 v 02 T SR

TAEFN B SEhREAEAS H bl . BB R E 3-4 Fis. 24— N TIES

FEASELSZHE (A2 IF LK T AT B AR, 12 PRI g — A6 0 1 A 1 PN, %

20
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F3F ETEENFERENT B LFTAMRA

SCAHE N — ARSI ) FCSEAE o 25— DN TIIAE 55 i A3 SR R 22 5 Bl /N TP
BEBIERS, ROy —ANREIE ;24— FSCHE 5 Py TIINAE (9 52 9 LE AR /N T i
BRMERS, B MR IAE . BT, BERESERTLOY 0.25, 0.5 #1075,
Horpr 0.5 2% M HEON A FRIBLE, 0.75 M52 5 ™A% (1 EL#L

A

[ 3-4 ZHLITEREE
3.2.3 SLIHRE

AR TAEBIAAGEE T Python SEIL, KA Pytorch FEBEAT RIS . AT AL
BT AR T2 (0 G A 2 - AR AR Y £ AR R AR, 43 il UNet!7),
UNet“"fil HourglassNet B2 S - REZR AR, A A 18 5 1 A5 2 Fry o 1 ok
19 ZAME AL ] 5 X SEEA R BB R o 138 SR ST E R A4 3¢, AR T
TEAE ] 3 AN HES RS U R I3, BN E N2 LB W E N 4, FRAEN
EYERERCE Ty 64 DME T IR ZIEBRHER G . N 1 IRTHUR B U IR e e 46
PRRE, A TAECEHEAE T 34 J2 ResNet B2 g i 45 A REAIE 2 06 PO A
B AR TAREFAH Adam 1E ML SRR, FrE AL 2035 N a1
Bt I RIS, A AR 4R H0% ) S8 JE B AR B UOR A R 4 2 2 6, %20
HIERT VUG B PR, 1R SR RGP Ig 548 /N . I ZRid fE v,
ARTAERM T B s FIBEALE BT S AT O3, JF HE B R 6 4 e 2 i
BN 512x512. (RIS RV, T ToU BBHERHE E N 0.5. AiAESH
WHE K 3-1.
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3% ARTEEHFERENTFLFAMRA

% 3-1 XWBSHRE

HZH 18
WIZREEEL (epoch) 90
fLE KN (batch size) 8
a7 > % 0.001
BB R 512x512
ToU HI1H 0.5

3.2.4 SEIGAE RN

% 3-2 AMRE LN EELEBLER

Backbone  Additional Precision Recall F1-Score Size

HgNet[32] wio  0.668 0.635  0.651 13.7MB
HgNet(Ours)  w/  0.694 0.701  0.696 11.4MB
UNet[47] wio  0.672 0.684  0.678 7.0MB
UNet(Ours) w/ 0.693 0712  0.702 7.6MB
UNet[46] wio  0.722 0.718  0.716 4.5MB
UNet(Ours) w0757 0.739  0.748 5.5MB

K 3-2 JeoR 1 O B VA L R R L AT AR Ry B IR TR 4R AR
XTHES R DA &R SO Bt I TEER A SIAE 2 S8 TE T,
PETt 7RI AT IR I . BAKT F, X T HourglassNet, 3k ()77 5242
T T LB MR : WEFIRIET T 2.6%, BEERTET 6.6%. AT AL
PE3E B2 XEE IRHIER S B S, UNet FEE S FHER R T 2.1%, A
[FIZE$2 T T 2.8%. 5 UPNet LA R L, Gk ) 7 AR 2 3R T 3.2%,

22
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HABFRETE T 2.1%. WNIXEEEFKE, UNet & 5 1E & A0 F FH & SC Rl il 43 1
T, OB A A R D IR R 2, E AR S AR . IXR
BE T IR AESR A I P RE 5 T R AT SE 4 7, 10 LS LABU NN B4 S AR K

KX — HFF.

5548 5565
3-5 th R Bl SHREa AR 1E
N T HEEMI s FE SO ARl ROR, B 3-5 oS 1 AR EERE R
e BRI HAE K 3-6 2 ] 3-8 o 1 ARAAR AR 1 28 SGAE R 0 R AL
A5 PR AR AR b HREA AN AI L, RN T Se 05 2 R AL R R

5548

S0118
52.408

554 8 5565

B Ei i
3-6 HourglassNet #RAIHG M 25 R IFEE
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FRRT AN S X35, T HL 67 B BN I3 SC 7 ] DURS B X 7 EATTA I 5
M 3-6 TTRAE Y, 7255 BB A, SEEMRLR RO BN Sy 5 R B
ISC PR T (R — 25 505, TSGR R ) DA R G 3 X AT TR, R A
RISC - A I 21 s £E58 =FI A DU F A1 Fr b, BEZRRIAY b B e A 1 — 0
3O BN T el AR R G IR DL, AR 3-7 (0 A, BRI
Ik 7 /NRSF I Sy, (B SRR A TN 2 A2 28 = FI A ey, SRR
X TR G I A SO A T AR BTN T AR AR AR i R AT R 3 IX sk ) S
FARIM K, FEEEDUSI IR A, SEEAR R A BRI A R ST — IR, 2
BTN F I FAT T HERI TN, e TX AR OL. fER 3-8 Y, iR A A
FERT LU RTINS 7P AR A T . (E2 N 3-6 A1 3-8 FR5F DY 51 T 45
ATUVE Y, oA RT3, A T ARIRI AR

S0118
52.408

BLE Y

5548 5565
@i i
3-5 UNet 1REVHGMZE R XL

24



$3F ATEENHIERRESNT FLFHmEA

S0118
52.408

5548 5565
LRl

S0118
52.408

P3RBT
3-6 U'Net HREUHMZERITEE

3.2.5 VHREhsELG

AR TARAE=AN I EAT T IHRSES . O 7 UEBI NN A28 SO R LA A 2L
Ve, ARSI BN S B, A TARIEFT RS AR A T M2 5 IS
XF R I Z AR 2 [ R BOR . a3 3-3 s, $e Mg ) 22 2] [ S 8 s ml
A3 iy 5 R RE /T (BN X R A N S AR AR A B IS BRI DL T
CIE>NEE TSk St

% 3-3 HRESHIHR KN 4 R EE

Precision Recall Size
U?Net(Large) 0.749 0.736 75.5MB
U?Net(Ours) 0.757 0.739 5.5MB
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N T BRI ST R AR s, AR AR S T AN [F RN R R AR i
BEANHIRIGEAN, W3R 3-4 Fiw, HERERR A 1058 SO R I HUR 8 H i =
TG, SR R A REI R T, B R B B T AT DA BR AR AT
JiiEs R FHBENLHIAE A NS, B (R TIOSOR A F F , ANUnR A SO e
VENHN, 7= AR I T G (0 S DR 2 B Do) 48 B A 58 3 3 U AR K 2 58 A
EAAR TN G BB S HL, A N TGRSR B e 5 B, 2
AR [ A A o T T R

7 3-4 WA IHR SIS Ruttt

Precision Recall F1-Score
Random Init 0.719 0.705 0.712
Self-Attention 0.727 0.719 0.723
Shape Prior 0.757 0.739 0.748

AR AR XS 38 NS 25 AT A ARFALE B Rk 5 00 AT T RS, AN AR 20 iR
FHEALN,  Fa A 3R A0 H 2 5 B2 1) 5 2O B g it i 1) A R RN S ST 0 J= i i
W% 3-5 P, A0y S 7R RRCRIETE, M H, SHHRI7AME, %
A& 5 3] LB DR R ) S 5

% 3-5 A A HRSIILE R T EL

Precision Recall F1-Score
Add 0.757 0.739 0.748
Concatenate 0.729 0.721 0.725
Multiply 0.725 0.718 0.721
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3.2.6 TR

AREHR T TS O R R Rl A B SO AR Y, AR R
W0 R Bl B _EREAT NGRS VPG, SCO8UE B So3k AR Rl LSS i FR B SO Al 4
55 o BUAh, R BB S0 B Bt S BN RIT AR R A2 B 6 RO SR AR I 6 50
AP S, MRAR AT DU ANVER AR, LT 45 SR L K 3-9, #ERESK I,
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3.3 ARE/NG

ARE A E SR T AR AR A BE T 28 X AL 8 S A
PR P EEARGE R, 45T R T S R SOy Rl 1 SRR AR AN PP 753, e
A ST R s AR S B AR AR A R SO AR I OR B RS . AR B (1 AR f
T EETSRIG R A R S RIS R 78 7, AT SO SRR AR R SR IR T
RSN AE 77 BA EEWTFUOME . BUAN, KA TARSR Hh AR AT A% & HAh o o0y
HE MR IE P DL R A7 ROAS I 45 R, UE W 1 AR 78 T £ € 0 ANAE o S A
AL S5 M 22 ST AT RE .
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4.2.1 WEERTHE

A AR 7 9 A SR T 303 IX s ) X B AR 25 AR AN A S 745 R D 26
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PREEMIAE R, A TAER M S5 =AM RT3, A Bl 2 A Bt 5 8 12 R 00 6
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=R EI 5% ResNet TG SCF M LA RIZRE], B F oAk X B o
(KT MR BB R 3 BT B bR A K
LT SEWIABIRE, 10 42 Bis, RRISCE K B RRGS 6, BRET
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4.2.2 MLREER

AR ARG R H IR o 5 AE R ESR IR T 2% EC), ST T4 B
I € RFW>S, BN Hgmit oA 5 FE S5 R s 4ERAERIF = E(I) € RPW>4, 3§
HRAERG, 1 SRR e BE N B 05 2 bR 2 TR AL e, A2 f 3E 2B 1 A0
JZ, B IA— L EFAE LR BOE B R, Dy S TR R AR 5 4\ PR RFAE 5
MERFZRM,e = f,(F) € RFEWXd, JLhdg A B 8RR TG R8T 4
ANFIOTRIAE A o % S AR PR M B T DAL AR R 4 A7 250 A S 5 o A5 4 1 g
IR, 523 Liv 2N TAER B REY, A TAE K S5 50 54553 UM 285 H 1
RFAE B 4% EAR IR RIS HFIEE F' = F @ My, , SaCHUE ARHES SR
B JFIARHEE P, SRR ST IR RS B BT R, X I TR A HR AR 4 i
ERHIE B R A X TR M, = f,.(F) € RV, H A B ERR
T HUR T3 X IR AL PRI ZRBIT B, R it D 28 i T30 P 00 X 3 o
AbATTIR] IR A8 T S A s RO bR 25 P B s E SRR B, A5 it DX I ¥t 1l P 1A e
JEEERERR, ENBA RTINS R .

4. 2.3 FIREEK T

AEVIZRL TR, Xk UM FELAN D25 90 UM PSR4 1, DT P 0 A, 0 2,
T MR ORE, A AR T,
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4.3 LWRIFE54R
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A TAEBIAAGEE T Python SEIL, KA Pytorch FEEAT B IEHE . AT AR
7 =R FIV U R T B Dy B R4, 2302 UNet™, UPNetoTAl
HourglassNet 2, S F i B T M 2%, @& e 17 AR 1) iEE 2 fi 15 =AM
] 7 S AR F R R T o Adam /E AR TAEMIU RS, IS4
B BEAI A RN S, T8 P FEH 2y ) 3R B SR AE R G A P B 2 )
NGRS, WA B @B O T B a g or, LIRS 5 2 R B,
I HAFIKE R 1 PR B BN 512%512. SEIG AR SR ATl FR bt 2 R A 5 56

—EAFERBE . HA BB S B E W& 4-1.
®A41 SWBSHKE

HZH [l
WIZREEEL (epoch) 90
fLE K/ (batch size) 8

LRSS 0.003
B 512x512
Pl R Ay 1
Tl AR E A, 0.1

4. 3.2 SEIEE RN

R 42 RN T AERIE AR EE BB T W 4% 5 o ik VA 5 R . TR
N7 BT 4 52 2 J& > HourglassNet 57 (14 1 A 56 {5 R 74 [B] SR A 76 A4 13
B BCKIAR T, AEWIEIN 66.8% 4 THE] 1 70.9%, HEIZFM 61.5%52 T3] 1
68.4%; UNet B8 (JUERZSETH BN, A 43%04E7F, BAREEE 14%MiE
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Tt; UPNet BERFIHERH A —E RITH, B8] T 1.9%, HARBFRNA 0.7%H3%
Tty SETHEUIN . T SCY S5 BT DU Y, B 9l NS TN 7 32 AR 2 S T 1
555, ZIRAPRZEIRME T ST X (E 5, AR REAE X SC 7 XA
rISRTE, ATHRTT 1A AR .

x 4-2 HEXIIESEMAIKEXT LR

Precision Recall F1-Score

Lot SR S v 1156 SO 7AW" S aTik SO 7S

HgNet 71.4 66.8 67.9 61.5 69.6 64.1

HNet (ours) 71.3 70.9 68.3 68.4 69.9 69.6

UNet 69.0 67.2 69.5 68.4 69.2 67.8

UNet(ours) | 719 | 715 | 703 | 69.8 | 71.1 | 70.6

U*Net 73.1 72.2 72.5 71.8 72.8 71.6

UNet (ours) | 738 | 741 | 721 | 725 | 729 | 734

A AR LA 1 et ¥ 5 ik 5 1L [l WA A 2R R S A A 7R 1 596 kB AN
B LA IRCR, ARARMSER S HON, HEERILE 4-3. 5307k
AT DBNet AHEL, SO MR RENS UG BELF ISR . S EENLAT IR LS H K
WIZRA RetinaNet FARPIAT YOLO HEAYPIRELG, ek i) VAR v 2 A0 4 [l 26
fRbr L#IUS 1A AR . SAEH T /E ImageNet b FIIZRPSRL (AL E 44616
1 YOLO f (L& YOLOMMHLEL, BudIrikiifs 1 52 HIE 4R, SRMAE

kgt b, SRR AN PR T S8R, 1 Hag e 1 IR R s AN R] 2>
[ e B B A A SR AR AR KAE S B4, SEBL 1 X AR R fg £
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Precision Recall F1-Score Size

KAEgE WS muEskE WA RIEE TsE

RetinaNet 573 56.1 | 564 554 | 569 554 |60.8M

YOLO-v3 441 463 | 456 469 | 448 46.6

125.2M
YOLO-v3* 732 7377 | 728 741 | 7277 739

DBNet 688 694 | 645 652 | 665 675 |104.1M

HgNet (ours) | 71.3 709 | 68.6 684 | 69.9 69.6 |6.6M

UNet (ours) | 71.9 71.5 | 703  69.8 | 71.1 70.6 | 6.9M

UNet (ours) | 73.8 741 | 72.1 725 | 729 734 [59M

4. 3.3 IS5 RATARALRT EE

Kl 4-3 2K 4-6 73 JEIR T FREAE Y 5 A AR5 i sk 77 24 [R] B R
BRI e P 25 SR BT L, 5K R B 22 M Dy R AR R U 45 3R, Aoy
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HR] DU H A 0 e A TR ) 00 25 SR P A R I 31 2 R AR R B S, X
W] SR AR R0 AR IO 7 T BE AR 3 1 R 5T, TR T SRS TR
TS5 R o i B BT X T LU I, SR TR b 0 IR IX 45k i) i
D, Xk — 2D AR AR R TII A5 R o IR R SO e R A TR TR
47 46 36 60 URAE 9% il 284 RN JFL At DG 5 X 48 T 2 I 5 n oA 4-4 R T
HourglassNet B8N LA R, M REBORIIE R LB, HSREHEAHELTL,
BSOS TR SO Oy 3 R I X R I Y 17 S DA o )3 5 T B 7 » 32X 3 B et
R e SE AERA LR 0 SO 2 T I 5, AT 5 B A 307 e 7
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(a) HG-Net (b) HG-Net w/ pseudo label (Ours)

4-4 U-Net PZEFRMLERIFLE

(b) U-Net w/ pseudo label (Ours)

4-3 HourglassNet [Z&FRMZE R %L
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(d) UNet w/ pseudo label (Ours)
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FRIFIIN 45 R r, A T LA (05 B 45 B A 1) 7 B AR i b B B A ik
W SRR R DU SO o3 AT BN S SR IR DL 7™ A HERfR R T 45 AL« 4228 — 571
ANER DU R AT ML 28 SR, A AR AR 1) O SR 31 7 S R 0T T30 X o
SR AR B AN T 5 DX S AR RHME AN 82 1 X3, (RIS AR T S Abis B A
YR X, i ELAE A IR DX Bt 5 50 7 XA AN A, i B A e vy
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(a) HourglassNet

4886 52.2424

(b) UNet
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