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ABSTRACT

Chinese character has a long history, and there has also been a long-term and in-depth studies
on linguistics and historical documentation. With the rapid development of computer artificial
intelligence technology, characterrecognition technology has been integrated into every field of our
lives, and the use of information processing technology for ancient character research has also
attracted more and more scholar’s attention. At present, preliminary research has been made on the
intelligent recognition of Oracle inscriptions, but the cross-over study between the study of
characters in the Warring States Period and the computer character recognition is still relatively rare.
Therefore, in this academic paper, the few shot learning algorithm based on the siamese network is
used to identify the character of the Warring States Period. Main tasks as follows:

(1) Based on the fact that there is no suitable data set for the identification of the character in
the Warring States period, this paper proposes and collates the Bambooslips data set. For the
documents of the Warring States Period, which were initially sorted out by Anhui University, each
bamboo slip was taken out separately under the premise of maintaining high resolution, and stored
in correspondence with the Chinese character file. For the currently unavailable character, it is
realized by "making characters". Use the labeling software to cut and save the individual character
in each bamboo slip, and save the pictures of the same character in a folder to form the Bambooslips
data set. It is used for the recognition of the abbreviated character of the Warring States Period.

(2) Considering that the Bambooslips data set belongs to the category of small samples, this

paper proposes a few-shot character recognition algorithm based on the siamese network for



bamboo slips. The overall recognition accuracy of the algorithm on the Bambooslips data set and

the recognition accuracy of individual character are output in sequence. And introduce data

enhancement transformation into the original small data to increase the capacity of the data set. On

this basis, the original data and the enhanced data are trained and recognized separately, and the

recognition accuracy is compared. On the Bambooslips data set, the recognition effect of the few-

shot recongnition algorithm based on the siamese network of the bamboo slips is superior to that of

the other deep metric learning algorithms.

(3) In order to make the algorithm have practical application, this paper designs a character

recognition software platform based on Pyqt. It includes the functions of importing pictures,

zooming in and out of pictures, labeling text, cutting and saving a single character, identifying a

single character and outputting the corresponding meanings of bamboo slips. The software can input

bamboo pictures to be recognized, obtain a single character picture, then output the corresponding

Chinese characters in sequence by algorithm recognition.

KEY WORDS: Bambooslips dataset, Few-shot learning, siamese network, deep metric learning
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L=$Z,"{=1 yd? + (1 — y) max(margin — d, 0)? (2-2)
Horr, y AR MALLE S SRS, 24 y=0 I, FoRM AL
ARF—F: Hy=1 I, KW IMAERZR—ZK. dda,-b, |, 2%

AFEAR B EE RS . margin AP AAEAAS A ALY B /)N B PR 285 14D 00 12
24 d>margin H}, loss EH4%EN 0.
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2 W MKRIAE

oSS
4
weights
Networkl |« » Network?2
Inputl Input2

2-4 TR LR EEH

2.2.2 FFE MK 5K

Siamese network — 5 K XS FRGER N 2%, LA AN /N [R5 BEUGAE s N,
W O EBME AR, AW N sk B RSO R 8. Il
Siamese network 4 FME AT DLAR 4 40 N\ UG S A0 & 1A B 4 il 3 AN

AR, anpE 2-5 Fios.

Output Output Output
: A :
Cost Function Cost Function Cost Function
I I | | | I |
I | — | — | —
] L 1 1
I | [ |
| | [l | I I
| I | I I |
L |
| I ] | I | /"
I I | I I | [ |
I I
A B A B A
© ® ®

K 2-5 2R Lk P AN SE R

K AL B Rofem AR E



BT PR R 2D ) 7 S R EOR

ZiO: N AR B 2 A A M2 L5 5 2 A 48 70 30, REHREURTRFAIE
THELEATT A BE R pR A AR B B, DUEAS AT R X S B S 4530, A (R %
R EARK . AR LA RAEAR S5 73T

L@ AN AR B L B MK i 5SS I ML 7250 IR
B0 SCWTRR PP, X SRAF VR IEANIN 2 )2 B8 B Ja (AR E R softmax
log-loss PR ELAE AT PR AL

4G XA A5 B BINA SRR ML A, I R 2 A

MW, BTG T RAEST, BB =R E A T A B
55 . ASCMEH T 2O RI RN .

2.2.3 ZEE GBI ARSEPRN

JEB S ST B AS JEAE o7 I 8l < TB) AR AL, T2 A I ¢ S T B o
REAR 47 F) i 5 P D s Bl 2 5 IRl — 28000 BT, ZRAE 4 i N H B TR
KI

FAREAR 2 S AT LB AR 2000 40T, Li 258 APSTFR 97855 DU i 2E T4k,
AR RN R A 2T FH 45 7€ 2800, T DA FH 22 i 2 >3 3 i 288 260 R Sk
ATTM R T HRRE AR EHE 7328 . Lake 55 NPOVMIASIRL = 5 T2 2 IR DL
FEF22>] (Hierarchical Bayesian Program Learning, HBPL) 77 ¥2: F KA v #4511
B RREAZE S, LR AR R R L8825 21, SRS AL 88 AL BOHT 1 21k
SR, HBPL [A 75 ZEAE KR AR b2 o) 28 1 (1) A R, it DA S 50 0 B2 2% AR
PR T B B I - IR R AN ARG

AR A 2% H HTE & A SUSESE N A e . FEF B9, Motiian S5E0O0K:
Xt gs SR N A, FEE PR, SRR IR 2 5%, S/ MU
FIREEZE R . 75 HARERERUR, Li 55P10h 1 FR B2 45 45 0 o il 2R AR R 45
HIPRE AL, SR 15T R IRH A IR E R SRR A5, BT AR X
FEAE AR ADLRE o 7E/NPEAATIR, Hsiao Z5B25E 284 W45 PN N B
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2 W MKRIAE

(IR AU SR BEAT BAEAS B RA s AT AR 2525 X 28 46 B g AREAS R AR 10
VERE R HEAT A U0 s M5 AR T S5 5 2R A X 2 5 REAE AR DL T A 2t 17—
BT /INFEA S ) 1) F RS UCBC SRS o 10 AR SRS A4 T 32 2 A 0 2% 11 i [ i 377
WHHIAR

23 INERZEIFE
2.3.1 #iEiEE

TEMNAE BARIERI AR, KBRS ) EEA R T R 5 1. 28
FL FIA SRR EHA 7L EHE R I /EA S 3] B R &S U
T AR E M FMME . fEok FSL R, HEBE s —MT BT
o BITEFT LR SR AR mdidls, FEMFAEE, A8d 2 Ll e Bk
o M WL RS 3 9 7 VA S FH T TR 7 vk e e B s B v SR A B SR 9 A
WS, BFENT UG B Tefs . BIF . PR 4. 9T #ETEEE szl
AR 78

T R A A R PN 45 (GAN)BY, GAN AT LB 78 I ZhEEFE
ARSI B EBIEN EH . KA A R %% (Generator) . H 51l 9 4%
(Discriminator). AE 5 25 (G(z)) ) 1E H AR HE BEN LRSS e 75 2 SRAE e AR )
il PP 2% ER AT P D) ) O A S A A R 75 e L SIE ), i LR AR R AR LS 2R . L
HE AN

ming max,V (D,G)=E,,_ [logD(x)|+E.,_ Llog (1-D(G (x)))J (2-3)

x RFEINGEFELFEAR, z f8F Generator HIHIFENLEES, Gt
Generator “ERUHIFEAR . D)RFRINZIE PREAR T LIIMZ, D(G(2)) Rk
AN EIMER - Han 25 ANBSHE W T 10 SR BE B30 544 b B RFE R AR IR 4 1
BEAURE A WGAN 572, 1275725850 FH Wasserstein #5945 H SR A 5 4 i
AR 22 1) 1 22 5 0] AR AP B 14T 1)1 25 - Giovanni Mariani 25 A BSHE HL ) BAGAN
TI1E 5 TR BT T AN T4 0 R v Bt D 1) )

13
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232 FBEF3I

IER 2] (Transfer learning) A2 K3 —AME 55 BCE A _E 27 3] B FIR BL
WA R AL 2 0N, BIAH SCAEASAR 3] A i s sk rp R A5 Bl 5. 5 oAt (1 22
S5 AAR, ERFEAFE RS BAMES, TS A2, &%
F W EO A HMES b AAEGRIZAES 2200, NGRS TS L 25
SE[E AR, MIER AR 1A R, I HARR IR . 1B
A DR B AR o/ Nt [ L, A 3520 5€ T M RE At e Sl #% . il
PATE W RN e, 2 DLE A3 o B LR, BATREIR PR AJIA IR
FEMRE . T IERE S S B IR IF I TR o oI RAE JR  UEIL  FS UEk B J 1
U, IERE S SIARESEIE I, BRI AR 1 — R A 2R

M 5 2] N AEAE/NFEA 52 3 o, 32 B2 AT SR AT A% b i At B RN
LR, ORI A ARSI A A R, HATSCRIZ . L E 2> RRikik
PELL K AR E AR o 45 H & B (Domain adaptation) B7HH & IE A% % > 1) — i,
B IR ARSI, (EE N RS . B ATEA D AN, R
R PP SRS, T 7 PRI F AR . RO/ IMEAR SR 2 5
A5 3] HR e B A TR BT 55 2 B R S 56 R TR i R AT 2 21 BRI /s
FEAR 2 3] GRS B AR RS 22 > RIS 17 DL IERE 52 21 H AT 24 2
T HAREI . BRI IREE G

233 TET]

J6% 2] (meta learning) JEBKYFHL/E learning to learn— 224322 3] o I H X}
THLAS S E, R — AR L AR PR F ), —MRSOR R % . SR, A
A ag T AR LU (1 20 560 PRSP0 L 4% T A o DRI, A BE LR BE A NS
— R LI FH 2 3 R 20 56 25 A PRI I ) 0 G 25 >0l 2 SIS 7 i) R SR 1) D —
o BT, ANERF ), RIS > B 1 250 POk & BT
TR S W TS o 02 2D 0 3 B AE T W e g — M AL LRI H 2 T & 50k
BEE SIS, M/NEAR 7 2 B AR T a0 L BT RIFiZ AGRE SR, [K]

I, I TS SRR PR AR 52 5] o) i — AN AN IR
14



2 W MKRIAE

HAT, Jos STl W TR R R I R 28 5 . P ol > . LA k4%
MBS H S /IMEA BB IR TT . O R TY 2 7 a8 Bes P8, F5
PR TS SHUES LS. SIEREIMLL, TR EE TR 2
—UUESS B 55— UL S IR, Moo W 2RSS RS . BRI T T
AT WD AEA S S R 2 N MR O IR, Ay B AR ZRIL B AT 55
R e i B EES ] o 2 B AR A gl ] LR 0 732 o BAT 19 B2 e B oo 2 > kAT
21 SKBLPRE S 2] e 71 Sz AR FT DO RE , AR RUAR Y g A 55 AT T 2K

AR A o i) A B BOANTRD, ANREAR 52 ST 50 mT 73 09 EaR B) =h: a1 i
TR Just > o Bt o e WA R AR A A E A AR R R AR B AN
175 B I 100 B B2 AL RE AN SR ) 1) s ST A =7 > 2 A S0 S #8 A v 24 B
BRIRGEY, R B AR U A A R B IR R T05E TR B 2 S s e 52 2
i . FO TR 2-1 s

R2-1 NMNERFEI A

w7
10 FETE: R Weks. B%e. 40 [
Kl b 5 AT, R RO
2. i GAN A e A

EB FEFRFAEMOL, BT ICRU, T ESHM
| BT REREWL, PN BT AL

FETCEE ST BN B o SR i v 1 BRI T0 57 21 15 A0 R e
S 3] A R ) A Y 2 A B g ST AN R B AR I 22 5%, A B 1 i
AR S 2 s TR A o 5 Sl AR R S5 Ry P e T BRI /MR T S
B, LA N AN AR R e TR TE5E 2T A RN BT — AN F
Hiknaatl, LRI 2ORTEBUNEARAE S 7098 ASCHIAEM T T E
PRI/ AS 5 S SRR EAT B g 37 BRG] . = AN JiA e B S5 sk 2-1 f
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F= 22 BREERGE

I
. Siamese Network[#®!_. Match Network47],
HETREEMITY )
Prototype Network[4®!
BT RER T Meta Network®l, Deep Meta Learning!>%!
TR TTE > MAML??

24 HEREEEFIHE
2.4.1 SoftTriple

SoftTriple Loss #& F SCHRE T H (% = e 414515 (Triple Loss) 5 softmax ]
ciidk. Triple Loss 5ed) B SCRRPZHR H, 38 W = AE ARG RO AERLEE PR3 FAE A
Triple /& —/N=Jt4l<a, p, n>, a fREMINGETBEPLGERFEAR, p ARIEHLIE
W5 a @ TFE—HIFEAR, n RS a RFEZAIFEA . =TCH MM S Triple Loss
A LL ] — AN RN (embedding) , iEMBIESAE embedding %5 18] B & AT
11, AEEUELE embedding 25 (A2 B . A RALIIR IR 2

IFG® = FODE+a < NF G = FMI (2-4)

KXAfD) . F(xP)s FOMHFRZTCATEA RGN SHEEZ AL
KIS BIFFIERE . a BRI, FEHIE SRR S, MW A 2
J& T [F—4 20

ERZEAEH triple loss YIZRIT, &R A —A/PNMEIRIEE T LUMER, triple
BB XA/ AP EURE, X 2 3 4 2 2] i F O SR S B - Softmax loss
HAR T L2 B4 RN, {2 Softmax &N HA — Ml ML RS EHE
i, —fREEL L T . FIHN softloss I AZ AT, XA —NKATLE
1At B — A0 T triple loss, [RIE#3H SoftTriple Loss, Azt 2-5 fr
7N SoftTriple Loss FJ BA H & SRR O AN G 7T RAZE 24N oG BE 4 4
TARBRIR 1 oA, BFOAE B T BT 28 W AZEASKT triple #EAT R
FERIRTHE N T .
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exp (e(S{_yi—S))

exp(s(s{‘yi—6)>+2j¢yi exp (sSl-"]-)

lSoftTriple (X;) = —log (2-5)

2.4.2 CosFace

CosFace FHSCHAPYEE H AR H large margin cosine loss (LMCL) J77E Il 445

B . i L2 H— AR E R E [ RV H BRI 284k, B softmax loss L HT

40N consine loss. Softmax loss A1 N :

1 1 T
Ly =Xl ~logp =Ty ~log = (2-6)

2j=1e J
Horr, p o IR IORERR, N ORUIZRIFEARR, C AZNEHE, fi#R
AT IBBEW,; HRAIE x (R
fy = w7 = [ llcoss, @)

Xt W 5 x 70 RIREAT L2 1AL #BRAE, 25 58 3| x || X6 70 Beisefr vk, R [ e
Ns,WENT, HILRE:

s cos (Hyi,i)

1
Lyps = EZl —log . (2-8)

j es cos (ej,i)
wJE I AN EMZIW consine margin, Elcos(8;) —m > cos(6,), 15354
H45 5% R LMCL

es (cos(eyi‘i)—m)

1
Lips =<3 —lo >
Ins N &i g es (COS(eyi,i)_m) +2j$y. S €08 (9]-,1-) ( )

CosFace Wl A2 fi AR BRI RF A1 22 8] mP AR R SRR EE - SIS ) 22 372 1) e K AL
MIENZ R i ME, ARSI N, iESR AR . EIIZRE B
LMCL fi& 3B R0 AN FZE B J 22 245 BROCR SZ IR B R AR AE DB B
M ABHm A\ 2 CosFae HAA S HURFAL, A8 )m i v SR XA U B2 ok AT

Bk R .

R ol

243 RHEEEE

Wang & NPHERE UL RE ORI 7 <8RRI G, BRI IIZad e,
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TR RS 2 R E R SRR

SE IR SEFR_E VLA 218 R EE R . 2T IRBLR, RS0l 17— s
HEALFE A7 (XBMD BEHORAE SN B B el 1Y) /M EARER (RIS R o IXRh VA RE
g RN R B E R AOREART, 92T pair-based FITR B L& 27 3] 75 10U
EORMRCRIRTT o SRA T IS R AL AR, IREF Mo 1 IR R 3
I Ko

X T PRERE A B AL i, — RBUASE A O e 28 A0 B i 2 SE 8. BRARIA S —
ERIRCR, HSEBESE0E L . AR, ISR iUie s mm. 1tk
A, Gu S APHEH T X FRA R (symmetrical synthesis) (145 B MERE AR 57
Jiide € AR AN BRAGHRFIE 53, 1 Yoo DMBCAT oo Bkl 2 R Dy ids
FRAEJE G AN O & i A ST ME G F2 98 5 e B8 B B R O K B A2 )
BURME. Ko & NP2 Rl & SHEREY 7RIR K, et 17— R e A a6
P9 B IR I 78 77 1 — embedding expansion. 1% 7715 B JG i I RFAE AU 2
A A A S Dy L, SRR A R HE SR 23R S S A T 25 2
FFIERR

ST bR T FEN UL AR U BE PP P (8 ) 2 Rz — o (B
FAAE BRI S (R B o SCHRBTIBR Y 1 —Fbond T IX 70 2k /NS AR T B
o B RARUE AT RO % WHE 1 T T He e B R AR AL B pm i 2
AT E AN B S M, $Em 1 AniE E B R B 4 _EVERE.

WXL ] 8 (Hubness Problem) f2 8 7E i 4E S (A, JEL8 fl e o K 2 Hm
IR AR o AR — 1), SCBRPSISE AR AR GL R 22 ST G2 T F AR
] Hubness Problem, JF&E IR 1 RZEBA T RIL, HITCRHER A AR
T REBE RS, —HERS AT Bl 1.

2.5 KRB

AT SN BRI MR HEAT T A R, X B I 45 25 =
SN S RN A5 T THTHEAT 1 ] SRR e o SR I 2R A I 28 ) LA JEAELL &5
T2 AL AR 1R N DA S INREA 22 2T B = RO i PR 4R, R By
BT AR R B AINPEA SC AR SR 1A SRR A G T TR R R S ) A A
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T3, ) Bk T IR L R B o S I R 7 5 - 1Rl B2

2

e

e 30

19



BT PR R 2D ) 7 S R EOR

20



%3 & AR R

EIE HEHYES

3.1 BIRERINER

i fik A ] e ARG RAE ARG R 2 i 55 LR L SCAS 85 307 MR 1 E EEAT R
e E RS ZE . s LS FE SRR L FKEIRDOR S
ye T fek foe AT AU 39T, ARk AW )a, SO ARIKIFAT L o8 B 28 2R R i fe Al
AR IR M BT R VR T SO IO e S AR I B R L A B ATk,
O b e PR R 7 7 80 s A 2 7T BT 101 CRaT AR <3 5 177D o T 8 K22 AN
2 T OOV Cag AR <9 B fa1 ) o b i A OB N A 2 g L0 (e ke b 1 g )
LR A NGB T 7 02 Cfag AR <22 KD 4% o 3 EA FERE f it ST 2 iR
FETRE SRS L AR BN A A5 SF B e B AR AT T, X 307 iR
5 N RGeS R A X T H ATIE R A I . ZTiZE 5T, KAL)
=R U NP U= B SEEN SR o a7 NI D L e T o €T SO R E A a2l
28 (R /NP AR 5 20 SRR FLREAT IR 92 ol P T S R 0T el N (MR

3.1.1 EEEXFERRIK

FEFIMEFE TN, AN R E TR S TRk, BT 2 ik ff i iF 5
—HEAEHT, BREZRMNF. XFE, BERAEA AR S RiEALY
BT B 5 ] 1 S = 1R R e e o BRI, BB 3 s et it 5 N
BRENEARSCF RIS &, NIaSm iR —MEniigs. Bar, BAARMT
S T S B [T R TS R~ NI 1

“ IR LRI NL) 1200 R —HEER E AET AT AT
PR NEEPHE R CT, H 2001 5] 2012 4, SILHRU, A% 60 225
b EAT R R B E R, R EAAEEAREE SATEAR XM AR KK,
et 7 AR ZARMESR, 5K 7R E w7 F2me AR E & 3-1 Fros .
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“THHERE 2008 A HIE AR 2SO ) — UL A b Y A I T, B I T A
T 7E A — 3L 2388 ML, AEBLANAAT a7 H B B 22 10—k XA K 2 2 DL
BRPEE T, WEFE, MO SCE AR T EENSEME, HAHRER
AR G Sk 5 I s A A . HARRE I 3-2 s

“IE R 2015 A2 RIOR A 5 i [ ARSI 7 E) BT O NGB —
R 7. 2 RE3HA 1167 A, KEA—, RKHZ 213, REKZ 484, fi
% 0.4~0.8, HEEFHL 27~35 2], TR %Z, HF5FMREERER, 92
M. AT SR, BTN R G e I AR A A s Rk 2 e K
et s 2 semk, HMCRIFEE TR LM AN A . AR E R 3-3 i
e Bl 3-4 JEIR T KT BT RN, .
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[ 3-4 ZAREEMBIITEE
X bt LA [T g, BRATTAZE I 2 KRy A SCAs SR AR O SR A . —
JIT R, 2K H AT kA E R T R SR A B, BT A A R DR S
e Ui, KRR L, 75 WA A BB, FiE .
B LR AR TR A S DU HIR IR, 5 (S A i Am ik 5 B

3.1.2 Ex[E 8 3 F IR 5 milE A X

AP St NSAERT v B sess, BB okl F 54k Ry
{8 T 5 A SCF IR A SIA F 5 RN SCH IR R Z . H R i

(1) i E oS AR R AT ARBIBRIAIL. 17. ARG A — €1
LU, WA SR, WE 3-5 (a) fiR.

(2) Fridi B dtAER FIZ0mE X, MR A THEREERS -
L. Bk, MERSTEYTE L N SRS R A IRTE I S SR, ] 3-5
(b) PR

(3) fife [ B EE A TR AR, VR 27T 187 400 #8 R R 3R g T3

DRI () A28, A7 1 S AL SRR L B ™ 8, 3 Py 1) Se ikl i A dDR, i
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(4) PRI IG, BEENRET S5 AE, Gl — RIEAEZ 5T RE
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(5) TR, SCF ARG AT R R A2 B o 2 Lk S
B4 S B TR, AR AP EVE 2 BN S ANAEAE I A, o R 4 1Y
PREEIE R T — g I R A

(a) (b) (e) (d

3-5 R EERER G

3.2 BiEEEA

321 HEERIEFAFAKRTAR

ARV SCHHE R B BORIR T 22 ORS8RI S Rr 22 ) #8731 pdf
SO, ST 7S R YT i T A A5 0 RO I R SCIE R 1 PRI 2 - 045
Cim) . (A TR, (X)) HR. &) NFR. () BR. E0D
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3.2.2 MARRIEIEE

PREAESS SRR, ARIEARTESS AR B P B8 — A A TR ER, TR
R ) S B B VA T LA () — S ST SR PAY o 3 328 25 B 5 AR RY B 7 AR B R AN
BEFH AR IEMR, TR T H 465 >0 MFRIESE R P 1L id & /IME A 2 2T 1 B2 1) 4L
HE B R 18 52 7 4 (Bambooslips) o BIAPT T A 256 REFR & R 28 Y
7, TIERIEREA TR IR B — R, BRI D7 A Ik, #R7)
IR EL L, IR AR R IR G AT AR S S BB B R

{H Bambooslips ¥ 247 7 A S AT 1), O 1 AR IZ ), ASCfE
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TR RS 2 R E R SRR

T BEsg 7. BFE R Omniglot 1 Minilmage 25 /NREZS 27 =) FH4icH 45
RIVEF— NIRRT 20 MFEGIE A o HIE S 3R B2/ T 20 fI29], A
Yo FOBIT R . BERE . A RS . & M I SRR R ok
PR 7 20, 5 oRE I Bl G R s S I R R L

AR 2 A AR B L IR RO B 1 5 (0 200, T ST R 23 A
[5] PR B £ -

(1) FEARE<S;

(2) FEARBRAE 5-9 ZIA];

(3) HAE>10;

(4) FEARBAE 5-9 Z ARG SRR BRI 20

(5) FEAF>10 MIZEH FBIGFEAREHARIS N 20,

(6) KA H A 28 0 O FE A B B 108 20,

DAL Bt £ a4 20k 3-1 phow.

%*3-1 RGN

(D 2) 3) “4) ) (6)
. . . Bambooslips2 | Bambooslips3 )
Bambooslipsl | Bambooslips2 | Bambooslips3 Bambooslips4
expanded expanded
[1—4] [5—9] [10, ] 20 each 20 each 20 each

PRI B SR 2 N B /b, B0 IR R 8 5 R AR I U P L% R
IR U B AT A 2H BT AR B

Bambooslips23: #5 (2) K55 (3) RERE L AR, I
BEACE>S HIBE 4R

Bambooslips23 expanded: 455 (4) K5 (5) FEIREA L —RAHRK,
T RFE AR>S 1285 & AR I OB AR B 708 20 AdEER.
R )\ AR VRS BRI 3-2 FR. HAp R E R s et m £ 0
Ky FERBBFRRZEIE R BRI R & FEAR S /N B R B & P REA L
H 3 3 fe/IME R S S B FEAS B B RSB B S R AR B H B B B KA
FNBHG R BRI R T AR .
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%3 & AR R

*® 32 WIRKIFAER

" e | TRHE FEA FEAE A& 1)
e S A I N I
ES -, B | RUNRE | RO | BEREEARE
Bambooslips1 332 1—4 634 163 41 1.91
Bambooslips2 81 5—9 545 22 11 6.73
Bambooslips2
81 20 1620 81 81 20
expanded
Bambooslips3 52 =10 1331 8 20 25.60
Bambooslips3
52 20 1040 52 52 20
expanded
Bambooslips23 133 =1 1876 163 20 14.11
Bambooslips23
133 20 2660 133 133 20
_expanded
Bambooslips4 465 20 9300 465 465 20

MEF R LLE Y, BE SRR A KA. & FEE L
Bambooslips3 5 FLARME A B 5 22 (183 £E s Bambooslips 1 /2 8 A i e /D 180 45
N TRV EHE R PR R A AR DR, 1 3-9 JE s 1 A ESCHE £ Hh AL b B R 8
DREARTR B o

ME 3-9 ATELBIR A Y, FEARAAAEAR 22 e s B il AN T 5 — 2R 4 el i,
R DU IR CAE 3.1.2 i 1 PRAE IR IR o BURARE A BAH SR Al R 30 T

(D SA— BT LT 2MEBEDS EEN, BT TFEFH—F,
B[R — Ay, B S AME, SEARKNZEM.

(2) BHREAIM . KFEAZ R AT R, Pl e s8s— AR
WEAR, mOBEEN1, REZEIREN 53,

(3) FRBRE: BRI AR R A 3. 5. 6 RSy E, HAEE
EANE T R B 3 R, 22§k, AR R 2 Ry <=
o

(4) FIEM A2 A By ih Rk B RS I A — . B 8
S, B4 RERTE .

(5) HAMRE RS G20 AT TR A B IS0, B B2 55 T A v 28 S A Ik,
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TR RS 2 R E R SRR

B 2 1] 5 2 ) RO ST B s R — 8 B R A

=

[FRE

B
E=r2E

=

S bkl bbb
e RERE
, Al BRe

3-9 AR
3.3 FENE

AT S Bambooslips AR A0TSR T VRO A, BIUOAHH 4 2R
KRR — At S b AR B E ) B AR FCRIBLIR, DU IS BT i 37 R
PR HE AR S BT o RS 17 A B0 B B R v a8 380 1) DR Y S bk T v, Fided
FITAE P 2P T % o Je BB R ) S 7 IRUm M 2 3 SRR R
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5 4 &R CT RS

B 4T REfXFRMNEZE

XFAEG RIS IR, BRI, Ky CNN HA —
B oIS R PERE, X T BB AR A R AT RORCR, fERELL T T L A pE NS
HNRBEST. A1, CNN — s e I Rt , DRy B = >) Bodfs i) s
ik, RFFEEIEHESE. A DMEATFL T, CNN R I AZR
BAH R i SO Bl SR N SO R B #R 2D BRI A CNIN A
G RBIF RBIBCR . B, AFERGIRAPERSEN M T/MEARS S, R
BEAT 3 ) S 700 o AR A SR ST IR B D R DL, IR T USRS
o BRI R R

4.1 ETFEMER/NMEREEF X FIRANEE

THY 1v1) 4 e i R 5 S R R R, AR T AR AR I IORE SR, ik — N1
M 25 SiameseWord 55 TR EETL 7 2% Resnet50 ZRAERI%% Siamese
net (Resnet50) o [FJI, 4 T RIS HIFEAREA R BRIG, 1R T 8B4 EE,
PR TSRO R, )5, SRR 8 KRBT 74,

4.1.1 SiameseWord M FIRBIE %

(1) MLty 528 E

9216

1@105X105 64@48X48 128@21X21 128@9X9 256@6X6 4096
I. e
L= h R
Input img1 ] B,
| [ L l... -...
— U5 SNN Mode:1

Conv,,ReLU,Max-pool Conv,RelU,Max-pool Conv,RelU,Max-pool Conv,RelU Flatten Fully connected

1@105X105

Fully connected
o

Input img2

Conv,ReLU,Max-pool Flatten Fully connected

Conv,RelU,Max-pool Conv,RelU,Max-pool Conv,RelU

4-1 SiameseWord X 4& &5

31
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BT PR R 2D ) 7 S R EOR

fil ] ] SC 7 AR A58 FH ) ) 8 A R R 2 A o 2 A R 254y, RS Z5A f] 4-1
P . S ISR 2 R A % HH 45 RO — 81 4096 4ERTRFIE R R . BB E A
FGF 105%105, SN EE— Xt R ARG RN — M hn&s . #n2808 0 AR IEEXT T
PSR A — Ak, AR 1 FoR -G PR R ] — k. MR ai T,
PNERZZ G/ ReLu BUH R AL WALERIER SO0 f | )R R 4
JZo MZR RS 51 4096 (A& . MR HARSHINE 4-1 s,

3% 4-1 SiameseWord MRS

HERE | BRI LN HIE LIPN i Y

Convl 10*10 1 1 105*105 96*96*64
Pooling 2%2 2 0 96*96*64 48*48*64
Conv2 77 1 0 48*48*64 42%42%128
Pooling 2%2 2 0 42%42%128 | 21*21*128
Conv3 4*4 1 0 21*21*128 | 18*18*128
Pooling 2%2 2 0 18*18*128 9*09*128

Conv4 4*4 1 0 9%9*128 6*6*256

FC 6%6*256 4096

(2) FEEIHE

BT TAT IR T JE 68 25 SIS 5532 (48 2k BR U 3 e 2R Al = e L1,
PR ERRTRFAE I 1 L EEASH R B o ZE AR 22 B 7 ) RIS 0 7 EA AN FIRE A 2
) AR AL P, SR A 0 2 T SRR A TR R g™ K PRPR 29 2 i s AL ) R Y
FEBE, a2 2 4E 2 8] T A U TR 20T R B, RS 1A T A4 B8 (B R AR 1) 48
XF 25, BT CA— MM T 75 22 NGRS ) EE RS AR I 22 S 1 23 T

A SCAYE FH R B 2 SR T 791 o i S 4 R AR B P A 1) B i N BT A A
AR AR B E X 4.0 Fi.

D = {Gy(X)-G(X¥ 4.
o, Gy (X)) = (%P, x), Gy, (X,) = (x, %, x59) . [,

WA B 2~ T Aoy in (4.2) Fos st
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4096 )
DzJEXAD—ng (4.2)

—RAEOL, S VEAEE m, 2 D<m I, FORHA KB TR
—ANFs B De>m R, R BB AR AR A

(3) K

PR BREL (loss function) J&— At AR A opr S S 5 TR 72 S R R .
FIBRECA log XPEHUR KA. FREBURRE. X HHURREL. Hinge 1% 4L
PR R BRI AT o AEAFAIE S TA) TP A S EE A5 % B AT DO R A S 24T R 48, AR
[ A A 22 T P A B i FL 85 SRR ARBA D, (B AN [R] AR AR il P 4 A PR 45
BAT 5 2253 P o R PUAR 2K R BOPE R AR UL R 5 TR A B BB RE D, DR G AE
AR P 2% R Pz B B T B2

S AREARE (X, xR S s A R na(4.3)FR .

HO = fO*gD + A-FD*(m-E(D (4.3)

Hor, EY R i AMREA (X0, x{) B HRHER KBRS . A
WME @R .m R FE . 1O e {0 G FRE i MEARITHFRE, 4 =0 I,
FHZHEAW AR E AR ER, SRR EH Y =m-E): 2 fV=]
I, FORBE A A RSO IR, SR LR H Y =B« HY
BN, RS B

B’ =l1Gw (X,") =Gy (X;") I (4.4)
Hodv, Gy (X{™) 5 Gy OXG™) AR PG00 22 1 90 2% WL J i L (PR E

N TR B A UG, ST N R, SRR X 2% — A BNtk
FRE R (mini-batch) F5H - HbACEE . KL, #22¢ sREUA A &4 LU T s

LM”Z&EEF”) 4.5)

i=1

b, mb FORBHLIAL B IREA KR
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4.1.2 EF Resnet50 MMZ&HY SiameseWord B j%

N T EIFIEAT R LG, AR SO R A FBUCRIR Z IR I A5 A ——Resnet503H
FARLMZEA ML L5 HH . Resnet LA 1218 T & FFESE IS FH A, 24
RIS 2] 48 2 HOBRIR N, B B RIKRE ). (R BRI N 4 IA 3 —
EMIREEG, FIE, oRERAaRE, ke SR glisiss, s
WK, PRI AT IR B (i X — i)l 3% 5T Resnet50 KN, —
FE A8 FH Resnet ‘B MR AL T ZRIBEAL . RN T R A e 2 55080 i il K 2
BHRIIGARE, AT UG, ARG SE R, BRI LFRRCR . H
75 4.1.1 WISt & Bambooslips s 58 A IR SO 87 B IR, A SC
AL FH B SR I TN S5 8, T {3 ResnetS0 445175 Bambooslips £(#
£ EMKIIZR. JETF ResnetS0 [ZR4E A AL K 4-2 FToR.

256@56X56

Conv,BN,ReLU,Max-pool | | | |
{ X3 { X4
Conv2 Conv3 Conv4

SNN Mode:1
SNN+Discriminator Mode:2

256@56X56

Conv,BN,ReLU  Conv,BN,ReLU Conv,BN,ReLU Conv,BN,ReLU
Conv,BN,ReLU,Max-pool | | |

‘ X3 ‘ X4
Conv2 Conv3 Conv4 Convs

4-2 ET Resnet FYZEHE MLEIREY

4-2 Firos A, — M ResNet50 %5 T RGB (=838 2t KR 73 - 1E 55

Un7E ImageNet FFIIZR; T 72 FmE BRI ZRFTINAE D o ARSI B 2% 1571
SRR, 4 ResNet50 & X0 & A% SCHUE 4R 1Y) L@ TE BRI 2. SN
W RN R 224%224, BB —ANERR, BHZN 747, HARN 3, BKHN
2. BEEAE 4 MREDR, R -MRERNE -EERES, gl 141 %
FRHFAE BIEAT B4, fi— 7k 33 HIBRERME, B)a Prmid 11 BRIRE 4EE .
FRIEPR UG /& BN A1 ReLU K3 KA SR, 2 5T i &4 Block, KH]

SR ALEAE, F softmax SCILIENH (5 Y Block Z5#2R40L, TRt AF 34T —
34




5 4 &R CT RS

—AR) . BAESEINR 4-2 Pk,

3% 4-2 ResNet50 &5 3

GRE LA AN Hw LETAN it
Convl 77 2 3 224x224x1 | 112x112x64
maxpool 3x3 2 0 112x112x64 56x56x64
1x1, 1.0 56x56x64 56x56%64
Conv2 x 3x3,1,1| x3 56x56x64 56x56x64
[1x1,1,0 56x56%64 56X56x256
1x1, 1,0 56x56x256 | 56x56x128
Conv3_x 3x3,2,1| x4 56x56x128 | 28x28x128
[1x1,1,0 ] 28x28x128 | 28x28x512
1x1, 1,0 28x28x512 | 28x28x256
Conv4 x 3x3,2,1| x6 28%28x256 28%28%256
[1x1,1, 0] 28x28x256 | 14x14x1024
1x1. 1,0 14x14x1024 | 14x14x512
Conv5 3x3,2,1| x3 14x14x512 14x14x512
[1x1,1,0 | 14x14x512 | 7x7x2048
avgpool %7 1 0 TxT7x2048 1x1%2048
FC 1x1x2048 2048

s RAPHEESEC IREGRUZR N SR Rl {ETEENE,
Conv2 2 HI%I NN (56,56,256) , stride=1, JGI#AHA; Conv3 2 HIf AN
(28,28,512), stride=1, H AR LM HAH A ; [FIFE, Conva_2 %I 9(14,14,1024),
stride=1; Conv5 2 HIMINA (14,14,1024) , stride=1; BRItz AHA > 5 &4
PeiE— Z A .

RS 40,1 A FE R EE RS s B 5K 3, AEUE A BT BER

42 ETHEREEEF IBENKE R FIR5]

J& £ % 2] (metric learning ) BF 8 WA £E —/NMRFE AT 55 5% 20— AN BE 5 ek L,
{5715 1% 0 B9 bR B RE 8 5 BT AR 0 L S B e R . IRFEFE &5 2] (deep
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metric learning) & &5 3 [ —F 5%, B M H AR 2 R AR AIE 2R 4E
A (1 1) B s 1A AR RS, A5 R SR RAE RN 22 8] v HSR A BE S B0, T AN )28
FRIXT B2 8] B B0 » F T, B TR P L2 2] T VAR 4R AU AE 4R Cars196.
NG HfE 5 LEWISIEHEIUS 1 AR RCR A7 B LR FT/NEA Bambooslips £¢
Yo SAE AR P R 2 ) (5 1% B RE S BUAS BUF R B BCR . 8 T 5 4.1 1P
SETE AT G, A5 R AL P 257545 ] resnet50.

4.2.1 EF SoftTriple BIKK [E B X FiR 7 &%

SoftTriple 7% 3 A& 045 2k s £ 1 25tdt o SoftTriple Loss 5 BN _Inception ¥
gg ] LG5 G T/ NEEE A AR5 . BN Inception & BL GoogLeNet Inception V1
Frt, 5INTHUKIA—1E (Batch Normalization) 55 KK — 4G FUHR LA
BUNYEFEARRRI NG, (50 B A 2 B B (AR AL i R A KR IR £k, A 4E
o0 PR 25 = SRR T 3 B AR R B e 7, I ELAE AR TR SE 22 L 0 = 1) 23 (B ARRAIE
SN 2 FEVESE D7 TR 40 IO RBCR TG, v DU S40R:, b ik B .
T 5 40 b R T AR A A (/N R AR R RO SR TR R B, AR
BN_Inception /4% & 45t 4 Resnet50 2545 A 5% B JEAl N 4% o 14 SoftTriple Loss
55 Resnet50 MZ% HEAT 45 G, FITASCAT R AR SR 00 . SRR AE I an il 4-3 Fir

7N
Image Resnet50 vg_pooling Linear
H—— K |_size=7 | — — L2- i m i
3, 224, 224) (1024, 7, 7) ernel_size (1024, 64) L2-normalize Embedding
(1024, 1, 1)

Sim_Class

Label SoftTriple loss

4-3 SoftTriple P4&LEH
BRI B RN 224%224, B K NI F feed I Resnet50 4%
SER TRERAT 7*7*1024 FH HARHIE ) & BT — NP RO 1 W E E o8 7R 1Y
PEIBAR S A 1024 BFFIER & $Em FC Z4ERE, fE34RA 380w LA
AET M0 MA L2 H— SRR OES, BIERFE A 5 1 e

36



04T E RSO R L

BH 5 5 et ML T A SRR A AR AL , B¢ 5 TH & softmax loss. .
WRRBUE T 2.4.1 T4 SoftTriple Loss #2555 sk, fEHAF T
R

422 ETF CosFace BILLE B S FIRFIE X

CosFace /2 7E SphereFacel®JEfili I udt 70 RFAE ] & 0 — (b AG R T R %14
Gt G A AR SE R 0 T I B R A SIS ) 2 S PR B R A RS 1 222 e 1 e
Mo RSN CosFace J715 F T I 61 SC - HRIARN), T e A5 7E AR ST AT
HAEAE RS AU AR

SCFRAI A IR

(D HorT: AR CFRE R

(2) MFF: Ko FEmbr R, PU/E AKX 55 307

(3> WAl KX TR TAREAT N, AR A R e

CosFace EE M T4 (3) 0, Ml T BEvEER IR AX A L =2 )8 T A7
¥y, HSit—ANaRnd. AT H FREIEIEETLL, W2 4584 Resnet50,
PR R E FH 2.4.2 F5 R B2 ) Large Margin Cosine Loss (LMCL) ##%5 B %, It
LR HCN SGD, #EIRK/INN 64, BUEZEREUE 0.0005. 7EUIZRETE, LMCL 5|
3 CNN {5 AN R S0 1) ) R e 2 =) U M 0 SC AR i o AE DU B, R
SR B R AEREAT ROZAHUBE T 6, 2R E, FREATIIES 0.

4.3 SLUGIEIT

FEASTT h R SRS IR B TH A SR 40T o AR SR AT MR R IO & L 55
IR TEREE B L SRR AT AT S A0 Bcdim HE % AR LG SER 25 RN — S5 S 4 L

431 REHEE

AP
Z9:: Windows10 ] 64 {7 #:4E RSt
AbFEZS: Intel(R) Core(TM) i5-1035G1 CPU @ 1.00GHz 1.19GHz
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ZAENAF: 16.0GB
ZF: 1080Ti
AT -

Python ik 4: python3.6

4.3.2 TN EFR

N T PN 7 S BEE AT S5 IR, — s Bt ik R LB RE . W
MR ETTAAHERR R . BRI, HRERE, BT HFNN AR L&
J730 A SR ) 1, R AR T SIS AT 5 ) I TN S 45
N DY G I«

* 43 TUNZERIEE
BRI S
=45 3
| TP (HIE#D | FN ()
&%l | FP (RIEFD | TN (HRED

HLE

¥

TP: WAL TN I B IEAEAR ;

FP: AR Ty IE SRR

FN: AR T A 47 TEAE AR

TN: AT A G SR AR
#EZ (Accuracy) : R IEAA 73 2 I S48 g A 5 o 0 S 491 e vy e A,
T RN AR ERE ST THRA N

oo TP+TN
TP +FN +FP+TN

HRZ (Error Rate) R 12 73 S B S /S 280 o 0l s ) 5 B
AN

(4.6)

ErrorRate= FP+FN 4.7)

TP+ FN+ FP+TN
KR (Precision) :(WHNBUER, KInIEMH A0 BN B b B4 ) S22

RIbLB, THE A
38




045 IE RSO R L

TP
TP + FP

A 1A (Recall) - W IY A 4%, FKIR IE#A 3 2 IEBANE Y S2FRIEB AN B0
T ARA:

Precision = (4.8)

TP
TP +FN

AN TR R S B L 42 5% 5 AR ARG I 7 56 B AR S5 A FR PR REFE B T5 A AR S5 I AN A,
FEETBABAR, WRMERERE BRI, X IZAE S KU RE 2 RAR R ZE [
BOR o 25 R BIA SRR N2 — AL BGOSR bR, JE xR B A
IR AR B L, TN AR o 45 T ARAE 5 SRR R AR S5, TN B3 1
B e, FIMrERR. A BB R A A SOHE— I PP bt . 2 SR
:

Recall =

(4.9)

_sum(predict _label ==test _label)
N

Horr, Ace RontlEmIZ, N RRMNEEA S 2

Acc

(4.10)

433 BEX 2

FEAT BRI 2 /T, — T SR BN AR S 70 8 . RIEER .
TS o INZREE RIS Y s 30 UE AR A0 FH A8 IR B i s DL A28 s kA
FRAEAS BERL P B o A SRR R0 4E 3.2.2 TP BR R0 SR I3ERE 1, K8
B AR INREA R 8: 2 LU/ NUIZREE (train) HIRE (test) o X
TIEFEARRT 5 A1, ATLMRAE Z XI5 train 5 teste X T JEFEAR/NT S
HOE3 7 B -3/ T S b

HIFEREAE=4, train/3 7K, test/1 7K;

MFEAEARE=3, train/2 7K, test/1 7K;

MFEAEARE=2, train/l 7K, test/1 7K;

MFEREARR=1, test/l 5K,

IOAIF AR SEAE VI R gk (S Al 4k 845 8. 2 M ELIHEAT R4, AR 1000 Y
IAESEIIE— U W SR LGSR HERG R AE 10000 3B B S sk & 15 1RV 5.
H A R0 IE SR VB
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434 BIEER

SiameseWord &7 |84 128 A ) 2 [ S0 AR AN R IR 5 Ty [ et o
NZEHE PP L SR B (Y 5 SRR P 3 2 IR IO BE 8, AT P I A B 2 kel
P (B AR R . B R A Z AR, A 2B 5 B 3| A RN
o —FEN, BT DAL B AU RS B B ) — Bt . RN AL B HEAT
A, FRESA SRS

b BN ZRBE AR 31— AR R B R, A (R SC R B IE 2
RAESEI . BRI ATFRISCFREARE, REZRETIERIEN, ARFE/IMEARY:
SIIREA R T R MORSCREA T /IR S 21 I 84 5 Omniglot LR AL H
CU A 58 42 Bambooslips 32E4T % L3 #r o

(1) Omniglot 4 4EC4: A5k B 50 FRFIE S 1 1623 NMNHF 5 745,
TAFREH 20 MR MR LR M0 . IR EILH 30 FE S 1E NGRS, T
[¥] 20 Fl/ENIRAESE . FESK B R IR 22 105%105. HIF B . FiEmw . 1T
MFHER. MoFrHFEGWE 4.4 s,

LT U am
Al 2] Y e «

[&] 4-4 Omniglot HIEE I FHFEI&

(2) Bambooslips $(#i4: Bambooslips $Hi5 A B Ui % [ & 3¢
FHARE . ZHIREH 465 N HTTRE ST AR, JREIRE L) 2600 K, &k
KA B s 5 555, K/AVA 105%105, ¥INEEREG. 5 THhak
8%, WP IAAEIRSREC T ANTE S B A T G 4-5 Fis.
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o 4 5 R R SCT IR EE

[ 4-5 Bambooslips HIBEE IS FFEK
AR R 2SR AN R K B 5 — MR AL, BRI AE SR A By,
BEIA AT AR A N IR EE , R R — A S B FRIE 8 1, ANFEISC
FHIEBFRC A 0, 4% 8: 2 HHLEIA B GRER SMllatAE . R ik [ fi 2o 4
BN IR A i D, FER BRI ZRRI BOR R E— A i 3 O X 28 AR S d il —
SESCI . BTN EE, SEa 2R A Mgk i AR, A N GR B s AR B, R T
BRI A . AR A Ol BRI SR 4-4 s
R 44 BRNGECXTRREERIZ

WIZREE A

(1) BEHLHECH TR SC T BR A S Ay (A €S, A, eS) , S NTTRISCFHL

L,

() A A F—KEIR, Mgk (D

(3) & AE A RFA—ACFIAFEIG, BR2eh 1 B0, %988 0, H
WZRFEA T,

(D) EHEMNGREAEN S, HTeS, WK TMAR S #HTesS, M4kgsb
L QDI

(5) S HINGRBUHRFEAX AR e, 4

RYER 4-4 VI REE L R A, P 4-6 45t 1 Xt o7 (A G e st AR D e %o )
iR Hrh AL B. C. D BARAFRSCERIE F, ERPIFEANZ(A,B,0). (A,C,0).
(AD,0): A, A1, Az, Ay BRFE—DNCFHER, BHFHRIEE. EWE. 74
SR ER, EREIFEARIEAALD (AALD. (AA3]).
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A
I I
Ag A As B C D

& 4-6 MLECKS SASPLEC X B & w5l

43.5 LGS

siameseWord 5 siameseWord (Resnet50) HikHH ZANSH, HAE D SH
A LAEWIR ) 2 JE B S H B . HEIROK/N (bath_size) « BRI &5y
FAT 5 I N BRI 255 (N-way) « IEARK %L (max_iter) FEEH T30
W, RERE, BARENT:
bath_size = 64
N-way = 20
{E siameseWord 1, [FIMZE 4514, B wiml, KEZHMNGERxis
RS A . S 2 UG ISR, EBUEARIECH 20000 250
siameseWord (Resnet50) S92 K [ 45 £ 1) B2 2% FE GG, SR AR EUIUE Y 60000

Bk 1 s e
4.4 SEIGZERSH

4.4.1 INERZF I FFIEXS L

N T UE B T AR R 4 /R AR 2 ) B AR 5T T B SR I T, AR
SCAE S R 2 AN S HEAT 40 B . #E Bambooslips23_expanded. Bambooslis4 %
5 5 Omniglot B4 EXTEE T BUA IR /INFEAR 5 S 50025, in ANl s 2 oo 2]
JEAS DA 4 DTG I 208 S SR R R A 6, 45 Rk 4-5 B
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5 4 &R CT RS

%% 4-5 Omniglot 5 Bambooslips23_expanded ##E5E FRISLIZER

SRS Omniglot | Bambooslips23 expanded | Bambooslips4

R
MAMLIE] 95.8 46.25 60.62
Prototypical networks(®’] 99.0 33.17 3771
1-Nearest Neighbor 21.7 19.7 21.53
Matching nets[®®l 93.8 37.26 52.64

SiameseWord 94.0 73.34 75.1

SiameseWord (Resnet50) 951 75.76 76.77

2 EXRLEH, f£ Omniglot ##54E F, SiameseWord 45 SiameseWord
(Resnet50) {11 iR I HERf AN % 51 s (H & 7E Bambooslips £##4E I, SiameseWord

55 SiameseWord (Resnet50) BRI BRI T HoAth 5% . SiameseWord (Resnet50)
7t Bambooslips23_expanded #(#54E [ It SiamesWord #2 & | 24% 4L 4, 1E
Bambooslips4 Z#i4E [ It SiamesWord #2151 1 1.6% /44

FrILZ Ak, AR T SiameseWord B8 1) 25 A X 2% 51 5 3L T+ Resnet50
TR ) A8 A X 2 R0 PR ik _E X Bambooslips B 4R AN [F] 40 R0 s . R e
B BREE 2 AT 5258, SRAFR I HER RO IME . 45 R 0%k 4-6 P,

#< 4-6 Bambooslips & MR ERILE RITEE

R CR7S SiameseWord | SiameseWord(Resnet50)
Bambooslips2 70.23 68.45
Bambooslips2_expanded 72.59 64.32
Bambooslips3 71.15 66.15
Bambooslips3 _expanded 73.17 68.8
Bambooslips23_expanded 73.34 75.76
Bambooslips4 75.1 76.77
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PWAIMERE . AT T SoftTriple 5 CosFace W5 FIAR & &% > vk, 1EVTTR £
£ ERBON R BT T . SRk 4-7. 4-8 PR

%= 4-7 VL Resnet50 AEME LR A ERHER

oy RS SoftTriple CosFace
Bambooslis2 14.5 29.1
Bambooslis2_expanded 8.4 324
Bambooslis3 49.6 38.3
Bambooslis3_expanded 55.2 43.2
Bambooslis23 expanded 35.6 46.5
Bambooslis4 19.4 48.3
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#< 4-8 LA Inception AEARIE LR A ERHE

HpRAE Bk SoftTriple CosFace
Bambooslis2 35.1 36.5
Bambooslis2_expanded 32.8 38.4
Bambooslis3 90.7 58.3
Bambooslis3_expanded 88.1 59.4
Bambooslis23 expanded 71.2 62.5
Bambooslis4 17.5 64.3

W2 A IR, Bambooslis2 ¥ G AN E R AE U b gL 2 2 afe 4
S IR, MR SR R AS, (]33 50 Bambooslis23 HHE 4R 1 HERf 2
ik F Bambooslis3 ZHE4E L 1) 20% 74 47 . UEH HLBIREARELE 5~10 Z A 5dE 5
PRl A TR 7 AN S5 B R AR E S A e 2 R I AR I TR 3R o BN R TE JiR 400
XA AT B B R B R AEAB TN 2 45 KN resnetS0 Jig X AT T Hidis S IR 51 5
HARROREAS U A ST H (2R A B4 032, TR T AR SO BRI A Rk

AR A X 2% — oty 1) o ) 5 R 3D i O T TR O SRR AT L, K
ASCHRE K 1 DA i 2 ) B3EAE Bambooslips23 expanded FUUERGR . I ZRINH]
DRI )L AT KO INEEAT S0, e 4-8 PR BIE 2 BN EEAS R B0, AT
ST, A3 5T 2 A I 245 11 Gt AR BB SRR v T R L T ST RO AR R R, (H
FEZS RIS BT ) LAV FE B 2 8K . BRI AT DL Y, A5 A 2R A I 445 1) B vk
2t SoftTriple 5 CosFace FIRAIMERMZ my, IIZRINAERL, ERT 7 A SCEILR)
A RE

7 4-8 BIEMREXTEL

: M — EANEN I3 B ] BRI
S N (FPS) (MB)
SiameseWord 73.34 2.56 3.56 56.2
SiameseWord(Resnet50) 75.76 7.68 4.01 94.3
SoftTriple 35.6 9.2 2.62 100
CosFace 42.1 7.8 3.22 114
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