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B v 7> a VAERIE, B> S BARASIETH
A ZER T 2 XA THD. NFT7 /77— 3
YENLWRBERE X ¥ T ayDRT[1,2] &
FETFT—2e LT, HRELVESIHE SN TE
72[3,4,5]. LH»L, RKEBZRFET—-KXTHHA—
FTHHEMAMENTH DY, G TE 2 EWEHP
TDIWBEIRLT /)T —>aYaR N Bhhb.

RUBABOF ¥ T a ERDIE, ERE * v
T a v DRTPBLVEYNIN LT, 7/ T—> =3
YIRLTHxFy T a YERETSRATH S [8,9].
FHICHBE X v 7 aryOXRTEHORNWI LT
CORMZED, DEREET VDT LA
&, 7/ 75— a YPAETREICHHATRER, R
T TRVEBRE X T AN LTHFEEZTS.

FATORSE 8,91 1%, B SR S h Wikt %z
BARXEBUF vy I a>e L, HERORHEYL
CO—XERORHE L 28013 282175, L
2L, BEF v 7Y a VIEEBRISHIG L RVED
BBRZLEENDZEVWSREND . Hl 21X, cat
& girl BEH X BRI T 250 F v T =
22U “a girl is holding a cat” *° “a cat is sleeping with
a girl”, “a girl is running with a cat” 72 ¥ &E X2 HN 5
3, BAIDXDIE L < %2 5 L 72501872 - 7285
&, ZHRLH DD “sleeping with” X “running with”

1) REFEWRTFT—XEy FTH3 MS COCO[2] TlE, YikiH
F—RIZEBRINTWS 500 DYHE S T3V DS B 400 23
Xy T a I—EBHE LRV 6. T, FHICHAWSH
LEERBD BT 8791 &AL 7], MRS COWT D A
N=LTWBRHEYMNRENTDH 5.

2) SEATEASE[8,9] TIX, H{RE Fx 7> a Y ORT7PERX
NV VWS EKRT, BEARLFYy I a EREMFIENT
W3 RAZTHS. LhL, TOHEMTRIYEKREETLE
BRT BRI NE L 2BZNDLDH 5720, KFETIEZZD
R2T EFAREH D F v 7> a VERE RT3,
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W RN ERICN U CRR - 2 BliE S 2 5 2
TLES5Zki2k2 (K1 AE).

Z DEGTHIIZFLR D AR =BT 2 7=, AR
e, RS — Mg e R0 —% - A—Buc
B35 2 BHUETES 2 A WT, Bk lED D 258
FEIC DWW TR EE D S AR LW X S ] 5
ZFERRRT 2. EBOMER, RETFIENLITH
HOMRER ERID, AR A—BEERTLI L
DOEEMIIREIN. T2, BEFEE, EFLOD
L FE e L CRITMROFE e lAaahbE 5 Z
T, X5ICHRERN X3 2 e RN,

2 FBEMRE

FHTF—RIZRVWEY R T A L LTI,
T — ZZH NI YR T o 2 R
L CiC#b 3 % novel object captioning [10, 6, 11] %2, ¥
i, B, BRI L T¥EE 7T — 2 vwillAaab
BOHEPITT A M2ITI0A (12, 13] R EDBD 5.

INBDERAZIE, R K- -HGE F v 7
YaVMRTANT—RDOREIDERZRE HN—TF
IR TR7 2 BHICHWS. RPZETH D v 7
Ta VAR ZDRMBED LT T R 218
EL, R7ZWCKE > TOWRWHEB L X T2HWT
¥ %175 [8]. 7272 L, novel object captioning & [Al
B, HEIEE LR HEE T Tl A
FHT 2. Z OUEREREHYR X R 27 T3 % unpaired
image captioning [8, 9, 14, 15] T, 5 Hiff & i
TEARTIHE>TWbDETEMS DKL T,
SELIEETH D F v 7> a YAERTIREGRE X Eh
ZHHNDV Y =2 oG L D2 HET 5.

FEATHRSE [8, 9] ORIE A, WIh b HEMF v 7
¥ a v O—XERORHEE T BSRRHEE & oo
2K5%BT 50, 1HiTHEMLELXSI1Z, 5
Fx 7Y a RO BA B FEH-oTL
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WeIl(y:1) or v/||v]]

RETEME. €7 AANOANG, HiR, RESOEWESG, BEUX Y T ay (KE). 7 VIENF ¥ 7

varyhoREGEE, HREOMCEZERLEAOERT S X 58T 2 (KA). ERETFTLVOMN h, 77— bDfE
g, 7— MOERUBENES f Offlidzheh, 3.1, 32, 33HESM. WHRIYEROLBEAINZNWHERT.

F52TH5. B1IFET, MEHEELEED
IR LT, ZOEEN2YHRGEDODT a—Fhb
TEDOXEIETLT 2EF v 7> a VENSREYE T
5. ZOEMF v 7Y a VAR E R SR X
N BH U TGEA L, 2ol h%EZ 0B
W BEELF v S ared 3. 9] TX, HEL
LM INTMELEELLEZTDE R v
Trarve LTHWS., By 7Y aryeiik
X, EfREELF v S a Y ORBERICH LT, W
FF DR R R [8] S HEREYE (9] @A L T,
E§R B LF v 7> a v OMIGT REE T 5.

3 Fk
AT, % BEED B 2 B3R ERIC 5

ZEMMMEE & LTHOWZRW X S Wl § 2 FEZRE
5. FEROMEZN 1 ITRT.

BERETI

B Y v 7> a YAEBTIEES 1L TIE
fROX > 7> avynExohsh, SBUHKED D
v 7Y a VEKTIE, gD SBRHE XM E
PECIEROX § Ty 2RET 2. IBRFEOEAR
ERBETNCTIE, BRI ZDRMU*Y T a >
§=[91,... 7] Gr t&<eos> b —27 ) DER7INT
LT, RN EMHERp( | D =TI, pG: | $<. D) %

3.1

UFo X3 cEFMT 3 :
A exp(h; WoI1($;-1))
< ,I = N ) 1
P | <1 1) 5y exp(h W,II(9)) )]
Dec |2, h ift =1
h, ec ( (v l2 0) ! )
Dec(e;, h;—1) otherwise.

AINZ, v =WaEnc(I), e, = WIl(§;-1), ERAZ b
Vhye RY. 2 2T, TI(x) (X HEE x X T % one-
hot X7 ML % )15 2 BI%EL, Dec(-) {Z RNN, Enc(-)
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R FEE EHR2EE L2 CNN, W, € R4 [ZH
BREIT3 2REEHATH], W, W, € RN 1
RN OHFEHDIAAITHITH 5.

3.2 T—FMEBOEA

Ll v 7Y avig, 1 HitdhRZXS, HE
WHISLRWERZ &, ZOEBEEMUx v 7
YarveDEIHBR A —REERT 57D, Bl
¥y 7 arvHOKHEOERICHBORBEY
COREMS rEGIET S5 — MMEMEEAT S.
7= MEEII D) ZLTO XS ICEET S ¢

exp(r; WoII($;-1))

5, | §on D) = 7 3
PG| <, 1) S5 exp(ry WoII(5)) 3)
W,v

= g +(l-g)h;, (4
r: 8 Wovl +( g h; 4
g = sigmoid(tanh(Wyv) h;). (5)

ZZT, gel0,1]E7— bDfl, Wi, W, e R X
HGRRE IS 2B EHYTHITH S, =1 %
BT LT, XA AT v FTOHSCHEISREHY
B g DEANETHWRZ N TES. ZHUT X
D, BEUF v 7 a AR TEBICNIET 252D
Wik g ZREL, 25 TRWVWEHTICOVWTIZ g %
PNEL LT, HEBEEEX Y 7> a > DEnii
—H A EEETH I EAREICT 5.
FEREHFLF v 72 a v DBRTITRLT, ¥ —
FMEEMZETALRIUTORELY e Y —1E
Ly #E/MET 2 K 5%8 55 .

T
! .
Lg=—;2;bgpwtbkhn. (6)

3.3 T— FADORLHEFES

32HITCTEALESY — MR, REF ¥ 7Y a
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BLEU-1 BLEU-2 BLEU-3

BLEU-4 METEOR ROUGE-L

CIDEr SPICE

Prev. [8] 41.0 22.5 11.2

12.4 28.7 28.6 8.1

Ours 495+0.7 27.3+1.2

131+£08 63+0.5 14.0+0.1

345+03 31.9+1.0 8.6+0.2

Prev. [9]

12.9 35.1 22.7

Ours 504+15 295+0.8

144+05 76+04 135+03 373+0.2 31.8+0.7 84=+0.1

|1 BT DL, ZERO ETIE, ZRENSITIFI Prev. [8, 9] DEBREEIHIGT 5. #2EFEDRaT7IE5
[\l D EAT D3 ¥ FEHERE . Prev. [9] @ BLEU-1 %25 3 ¥ SPICE D2 2 712 DOWTIE, s TOME DW= 2.

WHHIMEE 2525 2 2I1d TERVWD, UTD LS
WHEHIICBEIE S 2525 Z 23 TZ 5.

BUF v I a i, HED) oMW WiEY
PO EREYICEHEINE. 2070, WELLIND
BEEIZ DWW TIXHEGR & M5 LT 5 ATREME DM .
REFIETIE, ZoXGEFRZ U 7 BEEZETE
B fERVS. fiX, 3 DEG> S S 2k
HBTHHIHEEE =1, ThUHNOHEEE =0,
RA. D fRgIINTIHEEFZL LT, LTD
KLY bab—fFE Ly /MU % !

1 T
IJ:_TZHWH%&+U—ﬁN%U—&H~(ﬂ
t=1

ZIZT, ald fi=1 TOEELEAMNIT B A 0—
NRIRX=RTH5. ¥ I a P THRHYIEK
FINTRIR T % HiEE T 2 W DS 0 BEEIC R TR D
BV, a I ZDUREERLUIELZRET 5.
7 — M LR oRMEMES 525, @)
Mo, FEANIZ, MEHICOVWTEEGHER
filioTHEMKL, ZRLIANDHFBEIZOWTITEIZ A L
ATy TETOXRFHELZ - TERT 21
5. ZRUTKD, MIRBLIANT oW TSR
BB LR FE CE R RS KHE, EIC
—H LR WATREME O @ WL 2 Ei S0 ST 5 &
SEEHILTLES Zehironsg.

REF RO ZBRER L IZLTET5 .

L=Lg+Ly. ®)

3.4 A% TI— FADHIK

KA TE, =10 E, ko THUMNHEE
Wy [|Wovly 225 5, BFHlIEH 2. Dk,
DEFHVETa— FRICE YR ZEDIERL
HAOT2MEPEES. 22 Tra— R, ¥
FRHBICER IR TWAYE I TITVDI B, —
EAR L 2RI O WTIZEFRLIED X 4 4R
T v T TOERIERE 0125 2HIEMZ 5.
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Precision Recall Fl1

Prev. [8] 37.5 36.3 343
Ours 26.8 38.8 29.7

lu=d

Prev.[8] 243 176 19.7
Ours 34.0 22.7 26.0

Z ot

F2 HAOF > P> areZz0BBXy 7 arh oMl
L7z, Witk | £ OMMDEFED Bow OFE—HUE.

4 ER

41 EERRTEBE

FATHIECIE - C, FEIHES EHE T — &1
MS COCO [2] DB F—& [7], TF A T —XIZIE
Web 20 & EUf5 X L7z BREERASC [8, 16] 2 L 7.
7272L, TheDTFF R 7 —XIZIE MS COCO D
Xy FraviFEEhTtuwizwn, Jfiik, MSCOCOo
D FHifi i 7 — & 2% L T BLEU [17], ROUGE [18],
METEOR [19], CIDEr[20], SPICE [21] ® H B3 HHiifs
BEEBEHL TiT- 7. ROEIX TR T, MSCOCO
DTAMT—=XTHEH L.

FERBE DFEMIE D TlX, FBATIHE (8,91 X2 h
FNRRBEBRIREE L > T3, I OVWTIX
18 A 2SRRI N0,

4.2 HATHAEE DL
L1WHRITHED R a7 L O ZRT. ST
HOWTNDHREICBVWTDH, TRTOMEFEET
REFELIATHIEE LM 2 2a7 2R LTED,
REFEOENEIHER XN

43 YMEBUNDERICE T B

RELLF v 7 a HTCHIRE DA KD D % AlHE
HEREHOCDRIELLILOHEETH 2 (3.3 Hi). 12
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BLEU-1 BLEU-2 BLEU-3

BLEU-4 METEOR ROUGE-L

CIDEr SPICE

Prev. [8] 41.0 22.5 11.2

5.6 12.4 28.7 28.6 8.1

Ours

495+0.7 273+12 131+08 63+05

140+0.1 345+03 319+10 86+0.2

Ours + Prev. [8] 50.9 +0.1 28.0 +0.1

140+£01 71+00 141+0.0 352+0.1

357+01 92+0.0

£R3 HEFELBATHHTE Prev. [8] DU HDIER. Ours EENZFEDR 713 5 HOFRIT DT L FHERZE.

T

ZEL DT, FRIYERBLIANOHEEEDERIZB VT
AT T 2EL D 2 Z e fFENE. 2
DRELHEIPD LD, HhFxy S arezos
X v > arns, WHRBHERICERIATWVS
YitkAh 73V OHGE Y Zh AN O HFED Zh 2k
fhH! LU 7z Bag of Words (BoW) Z1ER L, HJ1-ZHE~X
7T BoW O —HEZRH M L. HiRE, FEE
DN S ATV B FEATIRSE [8] 120 L TIT - 7.
205, BEFIEIVEG LIS D HEE DAL
THRATHZE 8] Z EHl o TWB Z e bn b, £
Precision TDENKENWI 05, FHITBWTH
WHR E DR —BEDZVEZITOVWTIE, Tz
BRICR L THEIMES Y LTEHE X%, o THIRIC
ST & N2 R REERPER I N T L E S5 D2
YEZOND. TR U TREFIRE, WiEHLL
AMEFEARIN BT SRR U THERE D B0 HEE 2 A AR
TREEEITS. AU X ZHEBRIID A, [Hif
W—HLZENTRYRT W edbhot.

4.4 ETILOMEALLFEL LTDER

RETFEPEBIIH L TN D B 2 HGE
FHEAFF R WEFICERZBE O TV S DI LT,
FATZRIZZ D DR IX D - T HERIC— X 2%
T 2FFICEREZEWNWTWS., MENPEHRL
TWAIHWIRRZRZBERZMO 12D, Zhbzli
BB ITFIEOEREIT - 2. JATHISE (8] DEER
WET, ¥HT7T—XOEBITH L THEBEADIERR
ETATCHRy FrarveihL, HBE Xy 7 a
YORTENERT B, ZDORT B THEG2 S F
DX ¥ I a v ERENRT ZFEERITV, LT
DX v 7T aERETLDNRT X—XE2HHAL,
Z D%, @@ D AT [8] OFEZEE S E .

K306, BEFEETMALHAGDELTF
i£ (Ours + Prev. [8]) &, TCOFENPLXBHIZRAAT
PR LEXEZZeRbhot. TORENIS, 1B
FEREFZENHALE LTI TRL, 7100k
FEL LTHHANCERZAS 2 EZ 60 5.
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Objects man, footware, uniform

@ Prev. [8] portrait of a happy young man in uniform
Ours young man in a white uniform holds a baseball bat
Ours + Prev. [8] | young man in a white uniform holds a baseball bat
Objects elephant

(b) Prev. [8] elephant walking through the river in the savuti , kenya
Ours a elephant in a elephants

Ours + Prev. [8] | a elephant in a elephants

Objects dog

Prev. [8] cute dog lying on the bed in the morning
Ours a dog with a cat and a bear

Ours + Prev. [8] | a dog is sitting on a bed with a cat

2 Bl Objects IXHEHIGH & MH X =ik,

45 WHHH

M2 icETAAOF Y T a v HAOBIERS. ¥
EH LI DHEEIZOWT, FREFIEDHIE P i
RV OHFSHE O WHEE R 1) 3 A A
HBDIT LT, FATHI [8] 1, “portrait of”, “in
the savuti, kenya”, “in the morning” 72 ¥ ¥k & D Hjid
SHEE D R R VR 2 AR T 2 EAS AR 5 h 5.
2D XS RIEHEE KR WEERIE, WIhoflics
WTHHEHBE =L TWARWV. N, Yisfico
WTIE, (b) & (¢) D& RKIREFIELRF %
T AEADD B, (c) TX, BITHRDOFIELZHAS
bEZZETIOYMELDIRD BPWHEINLTVS.

5 &HDHIC

AWFFL T, BEBEAID D F ¥ 7> a VERICE
WTHHLF v 7> a2 VBT L TE 2 I —3K
LEVWHEBEICERL, ZoHlEED D 2557 %2 iz
FLUTHEMES L LTE X RV SIS 2 ke
REL. EBOMRE, REFENITHIEDMRE
Z bED, EBPEETID D F v 7> a VERICBWT
FROMEZERT S Z e 0EEIIREIN. &
72, BETFIER, EFLOPULTE L UTRITH
FROTFIELHARDLEZ T, X512z H L
IHDB PRI NT.

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



BE Xk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Peter Young, Alice Lai, Micah Hodosh, and Julia Hock-
enmaier. From image descriptions to visual denotations:
New similarity metrics for semantic inference over event
descriptions. TACL, 2014.

Tsung-Yi Lin, Michael Maire, Serge Belongie, James
Hays, Pietro Perona, Deva Ramanan, Piotr Dollar, and
C Lawrence Zitnick. Microsoft coco: Common objects in
context. In ECCV, 2014.

Oriol Vinyals, Alexander Toshev, Samy Bengio, and Du-
mitru Erhan. Show and tell: A neural image caption gen-
erator. In CVPR, 2015.

Kelvin Xu, Jimmy Ba, Ryan Kiros, Kyunghyun Cho, Aaron
Courville, Ruslan Salakhudinov, Rich Zemel, and Yoshua
Bengio. Show, attend and tell: Neural image caption gen-
eration with visual attention. In /ICML, 2015.

Peter Anderson, Xiaodong He, Chris Buehler, Damien
Teney, Mark Johnson, Stephen Gould, and Lei Zhang.
Bottom-up and top-down attention for image captioning
and visual question answering. In CVPR, 2018.

Harsh Agrawal, Karan Desai, Yufei Wang, Xinlei Chen,
Rishabh Jain, Mark Johnson, Dhruv Batra, Devi Parikh,
Stefan Lee, and Peter Anderson. nocaps: novel object
captioning at scale. In /CCV, 2019.

Andrej Karpathy and Li Fei-Fei. Deep visual-semantic
alignments for generating image descriptions. In CVPR,
2015.

Yang Feng, Lin Ma, Wei Liu, and Jiebo Luo. Unsupervised
image captioning. In CVPR, 2019.

Iro Laina, Christian Rupprecht, and Nassir Navab. Towards
unsupervised image captioning with shared multimodal
embeddings. In ICCV, 2019.

Subhashini Venugopalan, Lisa Anne Hendricks, Marcus
Rohrbach, Raymond Mooney, Trevor Darrell, and Kate
Saenko. Captioning images with diverse objects. In CVPR,
2017.

Peter Anderson, Stephen Gould, and Mark Johnson.
Partially-supervised image captioning. In NeurIPS, 2018.
Jiasen Lu, Jianwei Yang, Dhruv Batra, and Devi Parikh.
Neural baby talk. In CVPR, 2018.

Mitja Nikolaus, Mostafa Abdou, Matthew Lamm, Rahul
Aralikatte, and Desmond Elliott. Compositional general-
ization in image captioning. In CoNLL, 2019.

Jiuxiang Gu, Shafiq Joty, Jianfei Cai, Handong Zhao,
Xu Yang, and Gang Wang. Unpaired image captioning
via scene graph alignments. In /CCV, 2019.

Fenglin Liu, Meng Gao, Tianhao Zhang, and Yuexian
Zou. Exploring semantic relationships for image caption-
ing without parallel data. In /ICDM, 2019.

Piyush Sharma, Nan Ding, Sebastian Goodman, and Radu
Soricut. Conceptual captions: A cleaned, hypernymed,
image alt-text dataset for automatic image captioning. In
ACL, 2018.

Kishore Papineni, Salim Roukos, Todd Ward, and Wei-Jing
Zhu. Bleu: a method for automatic evaluation of machine
translation. In ACL, 2002.

Chin-Yew Lin. Rouge: A package for automatic evaluation

[19]

(20]

(21]

[22]

(23]

— 1511 —

of summaries. In Text Summarization Branches Out, 2004.
Michael Denkowski and Alon Lavie. Meteor universal:
Language specific translation evaluation for any target lan-
guage. In the ninth workshop on statistical machine trans-
lation, 2014.

Ramakrishna Vedantam, C Lawrence Zitnick, and Devi
Parikh. Cider: Consensus-based image description evalu-
ation. In CVPR, 2015.

Peter Anderson, Basura Fernando, Mark Johnson, and
Stephen Gould. Spice: Semantic propositional image cap-
tion evaluation. In ECCYV, 2016.

Matthew Honnibal, Ines Montani, Sofie Van Landeghem,
and Adriane Boyd. spaCy: Industrial-strength Natural
Language Processing in Python, 2020.

Diederik P. Kingma and Jimmy Ba. Adam: A method for
stochastic optimization. In /CLR, 2015.

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



A REREREFFH

Training Text Object Detector Image Encoder Text Decoder

[8] Shutterstock Faster-RCNN trained on Opnelmages-v2  Inception-v4  1-layer LSTM of 512 dimension
[91 Conceptual Captions Faster-RCNN trained on Opnelmages-v4 ~ ResNet-101 1-layer GRU of 200 dimension

R4 AT 8, 9] Z BN DREMIL B E

REBRERTEED 41 HTRREZLBD, BT B, 9] TREZNZNRRER - EBHREL L > TS, R4ZZDE
DNEIEEOHE. FEBOFMIICITI (8,9 ZSHBI Nz
Bl v 7o a>ornE EHE»SMEXAEMELDOE Y MITH LT, 220U EBRHIAEBEZZDIH5DRTD
HMAGDEEZHEL, SXTHEGENTVEXEINELE. 2O &, WHRAKAOEBIVORE BiTM%e(8]) =FAL
T, BNOYEREIERIE TEFNTVAXBEET 3. INELXXH, S, BHNOWEKRLSEEL-ZAED D D %%
AT 270, XHTEHNOYERT ORIZ 4 DL TOHELIPEEN RV ERD L. 2, BOWHEHRT H
BB L THELTWA X EERIT 2720, MMEKEREED & > TV A XUIE D BRWi=, BRI, SFEEROYERIZOWT
SXERINEL. I TIEXNZUITH L TIE, BERNOYHARIZOWT X Y FMliidio d 2 X EEHNT 2720, BN
OYE Y TR BT A EREFADOMIC 2 DU TOHEL»E TRV EID L7z, HEMEHT 881213 spaCy [22] D
en_core_web_lg & F 7z,
EFRATL—2ay HEOWRGEEESTZ 2D, FERTELRLSBZYWERTTITL—a vy &2iTo7.
BYMERTIZONWT, ThAZEOCERLBRLUX » > asE2 3 Y LU TEBICHWS. £, UIKRRT7THFDOEY)
RIZOWTHRRRICY > TV Y e B/ ETo72. Ny FH A4 XE 8 & L, validation £ v +TO CIDEr 2372320 T
Ry ZHEGETHEHNINLRL RoRETEE L LD, RELIZIE, Adam [23] ZERXOHEIE ST X — 2 THW -
aDE K7IKOWT, a=16 & L7z, LD X512, FEHIEIYWHERT L 205 5 0KBEOYIREZ B LTTbR
27280, Y7 U FEINXDOFTHHIATZWRICHIGT 2HEEZ 292 1Ol y. 2L TTF R b
F— R DRI, AT (8,9 TENZEN 1202 107 TH 2. ZOMEYHREREITEDHERZZEBL T2 DERE
BhoikbMREN S 125 o TR UIAR, XE [/ BEWHER (=1), 158V, a=16 &b EWVIEREEZ R L.
FITHEETIINEILD O DELF ¥ T a Y ORINIE 44 HOFETIE, 287 — X OEBRICH T 2 IREFIEOH
HERUF Y 7> are LTS, 20 E, BRI L T2 BRINBDOEMUFy 7 a v 252232 2
®, ROFHLIEZEIT -7z, R SBHE XN 2 oL ED 23551, 2 0 EFN o0k E G NUF vy 7> 2
YDA, MHINMED 1 2DEEIX, ThE2ELRMUFY > a v OAEE L. I ORI X720 EEL
Fx I a v IZoVTIE, HfE & HIHRITMEETAMCD D DFEEF— X oM LT .

B Ablation Study

‘gate filter  unique image ‘ BLEU-1 BLEU-2 BLEU-3 BLEU-4 METEOR ROUGE-L CIDEr SPICE

Ours (full) | v v v v 49.5 27.3 13.1 6.3 14.0 34.5 319 8.6
w/o filter v v v 0.0 0.0 0.0 0.0 0.0 0.5 0.9 0.3
[8] | w/o gate v v 40.9 21.5 10.1 4.8 12.7 32.1 17.6 6.0
w/o unique | v v 47.2 26.2 13.0 6.4 14.1 34.9 28.3 8.5
w/o image | v v 433 23.3 10.8 5.1 13.1 31.7 25.5 7.8
Ours (full) | V v v v 50.4 29.5 14.4 7.6 13.5 37.3 31.8 8.4
w/o filter v v v 44.5 25.4 12.2 6.2 12.4 36.7 29.2 15
[9] | w/o gate v v 44.5 24.2 12.0 6.2 11.6 342 19.4 5.8
w/o unique | v v 47.9 27.1 13.0 6.4 12.6 36.3 26.9 74
w/o image | v v 47.1 26.0 12.8 6.6 13.1 34.7 29.7 8.0

5 Ablation study. ~EFRD L FiE, ZHRZHILITIIGE (8, 9] DEBREICHET 5. BEFHEDZ a7 5 BORTD
g, Zofti—RoORITORa 7.

% 5 12 ablation study DFERZ RS . who filter 1& L, 721 2 HR/IMLU72E TV, wio gate 1330 (1) DEFT LT L, 2 %
BMELZE TV, wiounique & 3.4 HiD T a— FHEHWREWETLTHS. 2B, 3.3 HORELUAEMEE f &7 —
MEBIIN L TEZ 6N DROT, 7¥'— MEWZ L TRUBEIE S 252 5 €TV (wo gate w/ filter) (X HHR L 72
W, wioimage 1&, BISRHHE v OO DIT, BiRH) SBE SN MEBOBREREEO T2 HWETLTH 5.

WD FEBRIREICBWTD wo filter TRICHFA TS Z 25, 33 HiOUBHEMES SRR EICKELFS
LTW3 2k, 32807 — MERIZNEMATIES EWRELRVWZ b o7, F£72, Ours (full) H3ZEH L TR 2
THENWZ S, REFREIIRTHAGOEZIRECTROYRERIET 2 2 L PHIETE 5. wioimage DRI 7H
BN Z 2IiZoWTiE, HOICYEHEESROR Y BMEE LD D0RZ L AohTEY, ZhALEREEEZIONS.
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