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A ARES H SRR A M R B EE BB E 28, &R 78 MS COCO ( Microsoft common objects in context ) 7l
Flickr30K PINEHE AR b8 R RIPPAG 5 i X B AT 30, JF 5 B MERIERY 12 PO kb AT LU S5, 45 0R3R
B A OB RE O T ATt 7 ¥k . Forh 76 MS COCO Bl 4 v, AH LE X8 LU Jr v vh M 8 fe AP (W #8578 BLEU-1
(bilingual evaluation understudy ) {E#2/5 T 0. 5, CIDEr( consensus-based image description evaluation) #5425 7 1. 0;
TE Flicke30K Bfii 8 i AH HL % He I vk P e e 92 8)  BLEU-1 2% T 0. 1, CIDEr $8F542 55 T 0. 65 [R, 1
TS 6 7339 965 AE T R IR A R 1 3 AR 18 A SR o P A3 T U 3 AR S vk R A A S N o A 1 TR R A
it ASNETEZMEBIREN Z 0T M br EBUSRALPERE, BEIE A R i SO 9 A i HER M, B ZTE K
XTI VA IR A 3R
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The integrated mechanism of hierarchical decoders and
dynamic fusion for image captioning

Jiang Wenhui, Zhan Kun, Cheng Yibo, Xia Xue, Fang Yuming "
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Abstract: Objective Image captioning aims at automatically generating lingual descriptions of images. It has a wide variety

of applications scenarios like image indexing, medical imaging reports generation and human-machine interaction. To gener-
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ate fluent sentences of the gathered information all, an algorithm of image captioning is called to recognize the scenes, enti-
ties and their relationships of the image. A deep encoder-decoder framework has been developed to resolve the issue past
decades. The convolutional neural networks based ( CNNs-based) encoder extracts feature vectors of the image and the
recurrent neural networks based ( RNNs-based) decoder generates image descriptions. Recent image captioning is driven by
the development of attention mechanism. It improves the performance of image captioners via attending to informative image
regions. Most attention models are based on the previously generated words as inputs when the next attending phases are
predicted. Due to the lack of relevant textual guidance, most existing works are challenged of “attention defocus”, i.e. ,
they fail to concentrate on correct image regions when generating the target words. As a result, contemporary models are
prone to “hallucinating” objects, or missing informative visual clues, and make attention model be less interpretable. So,
we facilitate an integrated hierarchical architecture and dynamic fusion strategy. Method The estimated word provides use-
ful knowledge for predicting more grounded regions, although it is hard to localize the correct regions from the previously
generated words at once. To refine the attention mechanism and improve the predicted words, we design a hierarchical
architecture based on a series of captioning decoders. Our architecture is a hierarchical variant extended from the conven-
tional encoder-decoder framework. Specifically, the first step is focused on the standard image captioning models, which
generates a coarse description as a draft. To ground correct image regions with proper generated words, the latter one takes
the outputs from the early decoder. Since the former decoder provides more predictable information to the target word, the
attention accuracy is improved in latter decoders. To ground the final predicted words properly in this hierarchical architec-
ture, attended regions from the early decoder can be well validated by the later decoders in a coarse-to-fine manner. Fur-
thermore, we carry out a dynamic fusion strategy to aggregate the coarse-to-fine predictions from different decoders. Note-
worthy, our manipulated gating mechanism is focused on the contributions from different decoders to the final word predic-
tion. Differentiated from the previous gating mechanism managing the weight from each pathway, the contributions are joint-
ed with a softmax schema from each decoder, which incorporates contextual information from all decoders to estimate the
overall weight distribution. The dynamic fusion strategy provides rich fine-grained image descriptions and alleviates the
problem of “vanishing gradients” , which makes the learning of the hierarchical architecture easier. Result Our method is
evaluated on Microsoft common objects in context (MS COCO) and Flickr30K, which are the common benchmark for image
captioning. The MS COCO dataset is composed of 120 k images, and the Flickr30K includes 31 k examples. Each image of
both datasets is provided with five descriptions. The model is trained and tested using the Karpathy splits. The quantitative
evaluation metrics are related to bilingual evaluation understudy (BLEU) , metric for evaluation of translation with explicit
ordering (MEREOR) , and consensus-based image description evaluation ( CIDEr). We compare the performance of our
model with 12 current methods. On MS COCO, our analysis is optimized by 0.5 and 1.0 of each beyond BLEU-1 and
CIDEr. Our result achieves a CIDEr of 69.94 on Flickr30K. Compared to the baseline method ( Transformer) , our per-
formance is optimized 4. 6 of CIDEr on MS COCO and 3. 8 on Flickr30K, which verifies that our method improves the accu-
racy of the predicted sentences effectively. In addition, our qualitative results demonstrate that the proposed method pro-
vides rich fine-grained image descriptions in comparison with other methods. Our method describes the number of appeared
objects precisely when they belong to the same category. Our method could also describe small objects accurately. To fur-
ther verify the effectiveness of the proposed hierarchical architecture, we visualize the attention mechanism and it shows that
our method attends to discriminative parts of the target objects. In contrast, the baseline method may focus on irrelevant
backgrounds, which leads to false predictions straightforward. Conclusion Our research is focused on a hierarchical archi-
tecture with dynamic fusion strategy for image captioning. The hierarchical architecture consists of a sequence of captioning
decoders that refine the attention mechanism. To generate final sentence with rich fine-grained information, the dynamic
fusion strategy aggregates different decoders. The ablation study demonstrates the effectiveness of each module in our pro-
posed network. Our optimized results are demonstrated through the comparative experiments on MS COCO and Flickr30K
datasets.

Key words: image captioning; attention mechanism; Transformer; hierarchical decoders; dynamic fusion; gating mecha-
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FZ A AL S (image captioning) & 78 X — i 4
NG A s A e 50 HARTE S iR . BURRMT
S5 AT LRI AHLA 3 B NS0 LA S R 7 5 18 40
HEAE R, B B R BN AT S a5 E
R A R GERE R IR I 5 A AR KR
R B R S SRR R R E TS
58, IR 2 Py 2538 3 L 80 5 10 7 2 Mo ik
TR, EGIRAESS BT EALI SR B 2815 7 Ak
AR LU e S 1R AL

FUBIFSE 8 S 70 B R 58 N 2, RIS T (5145
A R P, A3 BT AR TR B AR G &R | I X
S R Sy 3R] R T S A M B, (Farhadi 55
2010) . ARJE I H AR TR & BOR 1 40 i) 5 A Bl
TR RN R i e BE A il 38 BT 2 Ak Ry 5 88 ) 1 ik
1T EME $5 38 ( Kuznetsova 55,2014 ) o 8K 1M A5 He Al
I A I H BR T 1 Gl 3k 1) 22 R P AU R
B 88 AN T3 AR i

545 TIREE 2% 2] (deep learning ) ) & J&& , K i
AIFSE T A B R B 27 >0 1 T A 3l B AR A A 41 5
(Wan 5§,2022) , B TIREE 2% > 0y FELHEGLE “ Fi
T A —fifh s " AL Horh, G A 2% 40 A R (1 18
SN I 2H ERRHE 1] 1 5 AR v i Ak 22y
RIS 38 2o 18 5 A OB i s ¢ ) ERGA IA
TG Iy 2, B TR BE 27 ) BB 23 1 B
PRAAS ST BE A% A= iR K | 2 FEA Y BUSR F R
FEAERE R RS My T A AL, Pt BT
TRIES 20 09 J5 W0 1T A 2l B R STl i 32 3
B

& SIHLH (attention mechanism) [ ¥Z fill A 4w
T aS—AF A A HESE (Xu %5,2015) , H E2ARTE T
A AR IR TR AT R B A FAF I, AT D 30 25 b i 28 iy A
FEOE AR DAFE 5 SOAS 2R i, iR & 1 R A R
BB HERATE . SR, 384 PTG o A A Ak 0 A
R AL K A AN S AR R ( Liu 4F
2017) o BARHY, 7EA B A BRI 7 I HLE A
IF S TR AN T DI 1 A R B A AT At 122
T A 51 ( Hendricks 45 ,2018) 3 A B e i1k
T o, R 5 H AR AR OCAH A SE PR H 2 AY 4 14
(Rohrbach 45,2018 ) ; 47 i} 221 [ {5 i B 28 F b,

VB B R Y SR E = WL LSS S ILIf
JEHLRNE AR A AT g R S B0 R Y A
1) TR ¢ 20 A Bl I T LR AR A ¢ 1)
Z) Z B R B SCA P S g 46 T PG, 7R Ay
T i) B bR B 25 AT S PR AIL I M DA R
PSR IR X, 2) SO it 78 v 5 T A
BAGAPREE— 2R T R I HIL DT S 22 SCA 1Y
A A R 2E R

DR b IR AR SO — MG 2R U
T PN Sl 25 Rl -G ML B P SRR, AR S X
B TR 8 G i e — R A e 25 A RO 7R R R AR
I ¢ B2 2 T A SR AN R AT ¢ I 2 SO
Az AER A TN 25 2R RE W 4 A3 S A R S 5
B It — 245 S T R AL E AL 2 A R X
W, Y, BT A% SR 0 5 0 92 B T D BIL AR
e CRG Al . Horb 58 1 GRS A% R FHAR T Y SC
AT L | LA A 2 TN 4 B3] A A i KL
MG A o UK, e G AT & LA 2R A ) 45 1) i
I BRTR) R A o H T2 A TN A E bR SR S AR
K RSP RE S T AT 250 2R £8 3 IR Y SC A X
S, DT AR BB MR ) SCAS PP 97, O SR i iR 22 R
[y, A ST H — Pl iy 25 S A5 R 5 SR, AR 4R k2
irp At g r A Y SRS R R AR, A
HUHLBRS I SOARMR B e 4 i 3515 B & Hoife
W ZFER EUGHIE . ShZSRlE 5 H A2 J i o
FR B S S B A SCAR TR, S AN () J2 2% 14 fie
MEEESIA T WEE R Rk T G R A 1 2
Gy HE BB EE T R IE AR 2R T AR E

RUEASE R A 2Pk, 7E MS COCO ( Microsoft
common objects in context ) ( Lin 4§, 2014 ) #l
Flickr30K ( Plummer 5% ,2015) $(¥8 4£ L #E 475256,
GERRW, AR SCUCTE BB AR W35 1R BLEU
(bilingual evaluation understudy ) , METEOR ( metric
for evaluation of translation with explicit ordering) #/l
CIDEr( consensus-based image description evaluation )
G2 EAR B0 T HABXT L 71, oA sl
SRALIIE 1A SO RS £F R IR 9 RIS A4

1 #HxXxIE

I S G AT 55 22 DL St e — A4 o 12
BEOUA A A B U A R BT SCRAIE, 65 4%
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XoF i 45 100 i L 25 R EAT AL B TR 8 5 B A SOl
IR TR I 2 I 4 1 RTE I R R 1 R R
T3, AT FE AR SR TR B 25 I 285 3 31 ) G
TR AR A28 B 45 R AT A (T = 2% 45,2021)
bl |1z K FH A FRAH 28 M 4% ( convolutional neural
network , CNN) , 5l 4 | ResNet ( residual network )
F1 VGG ( Visual Geometry Group network ) Z5 1 )2 X 2%
HEAT EUR BAFE R R (B 45,2017) o i)
12 K FH G 38 #0245 ( recurrent neural network ,
RNN) FHC LI 1212 ™ 2% (long short-term memory
LSTM ) X B4 Y SCA J 9 R A 7 DGR (A ( 2 25 =2 1
TR5E5E,2020) o T T B2 il 25 90 244 1) 45 ) AN Ol
SCASKIN Az i) PR A R TRV R
L1 FEEHNH

BEA I MLTAE DL A% B U R iz
TR BR 22 14 T 50 1 L5 1A G A5 4 — e % 4 25 1)
Xu 55 A (2015 ) $ = ALHI 51 A B 3h BG4 R AT
55 R BB R SIHLE (soft attention ) |, 3 1 FRUIRZS
i AR AN [v) 25 () R o A AR ol — s 2] 114 S
AT AR BE F 18 0 b OC T G b AN ] DI, DT
P T — I 2 SO U Y AR . SR, TR AL
1l 27 > AR AR B v 2 A o e /D W A W R
5 B85, 2T B L ik A7 75 25 45 1] 3 ( Lin
45,2017) o RRVZIENL, Lu 55 A (2017) 42 H JF
ANFRABEAN A SCHR XS L ELAR A A5 DX, 135 20 1B
AT LIS EAE A5 00, 51 ARS8 15 R R
SOOI A AE A DR Y — b i S AR, 24
TR P A H 8 SRS J2 DRS00 ) B ] 4 Ay
R 38 S5 B M T R B AT SO TR
Huang %5 A (2019a) 38 3t 3 #fr 132 22 77 HL A T 4 235
S5y A BRLTA) (R AH S | B IBCRT 6 £ 20T TR 45 G B
REAE A AT [ B FEAT AR, LB TR T 2 AL Y
B ZER BRILZ AN, Zhou 25 A (2019) A5 A 44
WTEE G A E AR S, W B T Pl Y
o) o SR OB 3 vh Y 44 TR T RGO AL 1Y
PRvEAR BBl AT &S AR I A, Zhou 5 A
(2020) 4 H HE T GO SCAS 1 D BEASE 2D 1 47 3R
ZRAR ISR TR R WL e LR T BRAR T B
BEARIERAS,, Ma 55 A (2020) $1 H X5 Fu it 5.45]
AR R T AL A BRI Ak, D) e T AL
A S EMR IX 38, Zhang 45 A (2021 ) 3 1
P PRI T 7 RIS ) 00 S 4R 4 e T 0 L

Hl A HERAE . XL AR E R GE TR
BIL AR A M IS T PR
L2 EEEREE

T A A OB RY B AR T0I ) - v SOAS AR ) A
YT, BURS R AR 55 (018 F R AT L4y
28, —ZRJEFHT LSTM AIAE AL ( Vinyals % ,2015) , &
WML T U LSTM £ )2 LSTM #E 47 )5 51 13
s 575 —28 &3 T Transformer MR ( Vaswani 45,
2017).,

LSTM AJ R i 5] 3 37 R 47 S48, Sy 2= il
R SCRP AN BEE T 3ebli, 72z b, BRI
FHOEZRASAES LSTM 1925 1 ANinl ] B A, K5 &
— I 22 AT — ) 221 F00 118 SCASAE Shy ) [ 2 F9) A
TR — B 220 ) % BRLiE] ( Vinyals 28, 2015) . 4R
T, 12 RO AR = A8 20 1 IR Y
MAE5 . Gu % A (2018) it T —F U2 LSTM
FRHAE AR, 26 1 2 LSTM AR SURL I () G i | 26
2 J7 LSTM DA% 1 )22 LSTM B9 A5 Rk A, 2B e
TERA 9 S HE 7 . Huang 55 A (2019b) #f—25 2L
22 LSTM 2544, £F X LSTM Fil il AS % v 1 11 ]
YR TR R R A5 R EAR R e e
T2 | NIRRT LSTM B 1E Bl 45 2R . Guo 55 A
(2020) $2 3 Sl R R LSTM AL H 58 B 1 1]
BAIR  BEFE 456 58 B AR 19 b SO 4> B ia] iF
FHEIE, SR, LSTM XK 1 J3 91 R RE ) AN AL
[, LSTM (il it P i ER AT 1Y, S B0 AL I 4
HFET

Transformer [YRHRIZER T2 T A 4K 15 7 Ab 21
D ( Vaswani 55 ,2017) , FFZ @0 H T H s KIS H
RAESS . ARUERY Transformer 4 f5 48R FH 2210 A
T2 S18AE (self-attention ) SEFLEMEZ ARG - F SCREK
A A0S A i ) BT SR P AR Y A e = #R A
(masked self-attention ) , H A SCAS F 51 /) [ F SCfE
KB, R BSR FH 5 A 25 R B T B (cross attention ) )
25 b IR EMR A R bt | DU R SCAS , [RIEE
TR STTRUNS B3 ) IR (SRR DS 1R /S
T, eI T AR R R BE B T A 6 32 T 2R el
BEH I e R X

AKX Transformer BIZEFY FEATH R 2 H—Fh
BRI 2 E R s ARG B BRI AR, 3%
PSR 3 A8 e Bt % 2 H0 S 3 1 5 T WL 7 o o kG
o, IFBCTTSh ARG A, [ I RS HORLRDR B
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SRR B BRSO A HERRVE . A1, Z2fif 1 b
FEH ARG, MR 2R HINARAE o

2 fEARGIT

AR SCELR SRS R AN L 1 o, ARETRR I
TS — At A 200 o X T AR 1, X I 9 1
BN v, HP T RO R R KK E,
T 25 B 2 ) 28 il JBCTRT A5 R AR AR ALE ( grid fea-
tures) o X T w x h (8 IARRFAE , B FEAE 0] 2 A0 0T
IO I RUGA RE DXC I v J2 0 R e A A

T FALHE S 5 (flatten ) , 3855 [ 7 2 HLHT#E—
A R A B R AL AR SRS X =
Xy, xy b HH, xR d 4ERYRFIER, N = w xh
JE RS RFAE A SRR D 5 U B T P 1R B4 A B 4 A1
T ER A2 TR R, AR T 0 v A A i
ARSCHE Y AR A R ORI 54 R — G i 4 LA
b G N 1) SCAR 48 5, LRI %
B TGRS 2 | AT A= js S T v e 1) P {5 A 3 TR
I, it Tk A N RS R 455 2 R IROOR
P i 1 5 B P 37 ) 2 TN e P45 44 5k B
e
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Fig. 1  Overall framework of the proposed method

2.1 IRAERREEIREE
AR SCHR S A A A S AS S5 44 2 AR 1E Transformer
fRAS A (Vaswani 55,2017 ) , (8 1 DEERIEEE N
BRERAN 1 ASSOAR A s, B RS T B A b 1o
LT IR W 7 B S AL ( dot-product attention ) £ AR
A GEMGZ A B E RSOk, BAKHY AL L
HIFEF Q e R™ B K e R™ FI{EHAA
V e RV A, AHEFER M A d 4w A,
SRERREFEAE Rl N A d g A, B, it
THEE AT TR [ 5 B I 2 T f AR AU 500 7 VA
ANE A ) i b AR R TR
@« =M0.K) =L (U) )
X, a = [a,,a,, -, ay] R TG BYE ] 5 X5
AT B A, A () ACE TR R, BRIAL
TP I A R ] S A R B AR OCERE R . B
25 G AR BRI R % A ) 98 {1 1) s AL R 5
(CEIESSORES-WILiIN P Sy e Bl LE e . AN KL )
Z = fyenin (Q,K,V) = A(Q,K)V (2)
T, fenion O FTEE LRI AT R B, TERISR

FIRATE 55 b, DASCAR P 90 G A HE B Y AL 58 A S
X A, EERSTE RS E e X M Y @
I 2R IR A R SR A R R, O e
22 3K R B T — s 22 S e B X )
PERIALSE FRAE , I 38 1 BT 45 A 28 N 2% (feed forward
network ) ¥ H e X Y RRE A & F , B
Z = frmi (WY WX, W.X)
F = FFN(Z) (3)
X, w, W, FI W RAT I SH, FFN() 0T
[ YR A NTE 5 QR I R NS 1 LA B
b S ¢ AN BRI B TN AN ¢ B2 2 R Y SCAS A T4
W, B, SCAS P9 B S HRE Y FR AT 20 B 1)
T ] g, SRt HEREAR Y F R T3 (masked
self-attention ) i, B[
Y = SA,0(Fiaa)

K1, SA,,. () AR BT REL

IR T A R A RIS R B | S50 4 LY
PATA] I AR 23 43 A, LA TOIN 3% i 20 6 H bR e, B
L]

(4)

5/1 Nf‘soﬁmax ( WeF) (5)
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P& AR I 25 R 0 TUI 9 SCAR AT AEAE, DA
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i T ) EAR] 5 *ﬂﬁﬁfﬂﬂ’]ﬂ?ﬁ?ﬁ{)ﬂ'ﬁﬁﬂ Yot s
S HEREAR Y FE TR OO P 9 i,
A
V' o= SA, . ([y,nn7 ] (6)
A, [, -] BUHEERAE, XTH s SRR AR B
BB IEILL ER B0 R E i i X R SCA TR
SR SRESAE R Y SRt A X ¢ B 220 A4 0 B3] gk A 7
Topr, Bikh
Z' = frienin (WY, WX, W X)
F' = FFN(Z)
Y1 ™ feotinas (W, F7) (7)
[ 2 R 2R AR LT AR R RS A SIA T
BONSCARAE B v, R v MLy, R
SETIN )RRy, I, ACYY,X) AR Y T R AL
T LD S T R A R X A M
T B oo T PRL0R) A e P . BB v ARG B 3 3%
PETt | I SRR R 0 T B ALK T 0 v, DTV
PR w5 SCAS T ) A 1
2.3 ZEQMERAENME
fE R A IR AR L5 T SCAS FhORHL BRS04
W AE THIREGHNENFEF N, hitt—L4
e BRSO R P | AR SO S — i B il 5
1, DL RAGFI A [ 2 9 i as i 255 . B
A, FEF T THLH ( gating mechanism ) , 3 25 Hi 75 U
FUE B, LA il A [) e A 2 1) i b3 45 LI, &l 3
FR 5 s IR MRS AR AR B H v I HILHI B i
F° R ASCAR 9 ) gt Y e dee . B
¢ = WY, F]

TR R 2%

HIT AR R 2%

softmax soﬁmax
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Fig.2  Architecture of the hierarchical decoders
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Fig.3  Architecture of the dynamic fusion module
ﬁ =fsoftmax([clacz"“’csj) (8)
A, Lo, -] BOHERAE, W, e RV EAF AL
B, B = (B8, .8 ] ACERAF#AD &R AL

i, AN T ARG T TR BR85S T S
X B AL ( Cornia 25,2020 ) , A SCH 69 T TAHL I ]
g A 2 645 B, 51 A B B R DIHERY softmax PR
BUBAUN R 2 @i ae i LR SRS s 2R 1E R
L, LAE AR B [ S 3
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HAf Ry
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iR T ARG AR AE R 75 5y 7 A AR L T R B fi
RN R EMASE .

A 3 JR AR AR g 9, AR SCHR HY A0 K i A 25 5
HAbZ 2t a5 25 M A L, E 2O AN 1&] 4 Froi,
K E ARRAREg S 8%, D ORIREM SRS, y, &
ANERATSCA ) Fy7 Db Al O A5 2R | 2k i
SR B R A 2, 16 5, T2 2 St
Mg B4 R b AR SCA Y A R 45 4 LA — 20
o U A BLRL A 18 S 05 R B T — S
ARG RE o UK, 7 SCHR Y — ol /1 7 5 366 s 4R
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Fig.4 The architectures of different decoders ( (a) vanilla decoder architecture ;

(b) stacked multi-layer decoder; (c¢) concatenated multi-layer decoder; (d) hierarchical decoders)

2.4 FIRRE

ASCR I EG B sh 8 AR HEYI 257 15 ( Ren-
nie %,2017) BNl B2 AN BE . 565 1 BB
XA Z0) A 1A B TR] SR FH AC SCAR 4 2 PRI cross-
entropy loss ) #EAT I 25, 55 2 By BER FH AL 2% 20 %) 4
A BRI R T R AR

TE LSS SUR 0 2% pRECH H AR B9 I 2B B, 38 3
ALy, , TN 5 2% AR — a3l
BRI SECN 0, BURMEN Ly, o RATKLIRAE
T, A KA LS AR oy, B TR ELAR

Ly, (0) =- t Ilog(pe(yl [ Yiea))  (12)

A, T o) IR, 28 SN 51 K R KT N o A
fi B AR A BRIl S AL, = R B R TR R

PEFITATEAR 2 .

SRR TRAZ ) R, AR S A8 SR A % R B0 2575
W9 0 YE MW ER1E, LL SCST ( self-critical sequence
training ) #4b2% > ( Rennie 45,2017 ) LAY I 2k 1)
55 2 BB, B A SO R PPN R bR . B
b, A A5 ) A AR O SRR 5 AR BRI AT A2
Hoo “ATHT RS — AN B S AR T o8 5
1 SCARFF S I , SEART W B — A2 il (reward) , A%
SCE SCHE Ay TR P P AR 4 ik 5 LSl AR 22 18] F) A
I, 5 S EM 5 b CIDEr $§38, ik~ >1 1 H
Frdedre/ M AT R il , By

La(0) == E, iG] (13)
A, Ly, W52 BrECHURIE, r( ) 23R %L,
BRI A= B SCAS Y CIDEY 1353 ¢ v, S BERUKHE p, i
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SRER IS SRR B ) TR, E ORI
SCST J7i B BE R AT LA AL R

Vil (0) == X (r(Gip) = B) ¥ Jogp(r,))

(14)
Ao, b FCRIERA Y AR B 1) G H 3R XoF 1 11 2 Jily
I ARSCR ST AE 5 1% (greedy decoding) 11 4
Tl
TEF 5 Y 0 i vy ) AR SR 4R TR 48 RS ms
(beam search) , BI&:A™ A 20 DA A 7 A M 22 40 A1 v
KA AR IR HT & A~ BRI 7E e A ik A2 v i 2%
FEAS BE BR ET kS SOR RS, BdE R E AR
J3E S5 v B PP AV Ay T %) SCAS A 3R

3 KWHERSSM

3.1 HIBEEMITEMISHR

SCHYFE MS COCO ( Lin 48,2014 ) F1 Flicki30K
(Plummer 55,2015 ) AFFEARAE L aEAT X EIGAE iB
FERIPEATPEHY . MS COCO B 4E U7 123 287 &l
1%, Flickr30K #HE4E L& 31 783 &%, P4 B
L) 2 ARG, BIRER IR 5 &2
Ak, SRR A Karpathy AT Li (2015) 2 H A9 1)1
SRR AR R 53 J7 O BB EA TN SR AN TTAL o X
MS COCO #¥E4E , 437 HL 82 783 .5 000 £1'5 000 i
UG B A R A Ry I 25 4 3 ik B A A . %
Flickr30K 4 , 43515 29 000 .1 000 A1 1 000 1
UG B AR IR B0 uE A AR AR |

PR A B MR A AR Y BT i, R BLEU-1
BLEU4 ( Papineni %,2002) . METEOR ( Banerjee
Lavie ,2005 ) Fil CIDEr( Vedantam %5 2015 ) 25 b5 fE )
FUG IR VPAR AR E S IER R I ROCR . DA B 48455351
iCh B-1 B4 M 1 C, B-1 #l B4 PF4 F iE 4] 5
BHAEMZ 8] 1 T 4 JeL L TR] H B AY L B | 1
T T A AR s METEOR iR ) 7 rh g4 |
5T R ] 4 SCAR SO, I i 4] 4 3 40 B 5 CIDEr fiff
FHIEE DEBC I A ) 5 2518 m) Z 0] i1 AR
I, 5 A BB F M —BL,
3.2 EHAT

AR CHETURPE 2 2 HESR Pytorch SEELRT IR AY |
B )1 5 Al 38 2 £ 2080TI GPU, 7 KIZ 1)
it 2535y, R Jiang 55 A (2020 ) B J7 24 HE]

BRI AR R o A% R/NR 7 x 7, A FRIESR
TN 2 048 AR, SCAS B S it R FH ARV 1 1l ik
AFRL ( Cornia 55,2020) , BIAYSEILAH T, AL
Z: M8 Transformer 19— M & K4 E 4 %R 512,
FFN f%) B J2 8 iE 48 B2 1% 0 2 048, dropout 4 HESR
J0.1, X FRZ@ELE, LN 1, RH ADAM
(adaptive momentum estimation ) {1 fk #5 # 17 #52 AU 11|
25 HEALFE AN (batch size) R 50, 7538 24>
BB, WG D %R 0..000 5, 2 ) AT S
MRS 5k i) — 3 ( Cornia 55,2020) , 4RI
Zrid e BNEAE Y CIDEr 2 F [ 5 AN I1ZR 5 1
(epoch) , Wik A fbaf > BB, fESmAb 2% 2 B B,
O)REE RS x 107, HIGUEERY CIDEr 48 F
K% 5 AN UNZRJRG BRI 2R b o, AElalad fE v,
ERMERD LIRS,

3.3 HEXWmE5SMH
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FOHWARSCOT AL 4.3, PHESS LS RMML, 76T
BRBETT T T, SR sigmoid 17 RREICHI A ] J2 e
FEHYRLE [ CIDEr 7 MS COCO B4 - FRE T
1. 3, 7F Flickr30K ##i54E L FRET 0.06, XEHKE
1T softmax FRVEG] AR JZ A 48 1) 1 SCOCHK
X TR as A A o, A, R T
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Table 1 Ablation study on different decoder architectures

MS COCO Flickr30K
45K AeRE  TTREL AREAE
B-1 B4 M C B-1 B-4 M C
815 FEifE - - 80. 1 38.8  28.7 127.2 71 28 21.6  66.1
XTH 1 B - - 80.9  39.1 29.2  130.4  71.4  29.4 22 65.6
XTI 2 PHE - - 81 30.7  29.1 130.2 721  29.5 21.9  65.9
XFEE 3 YLHK sigmoid vV 80.1 389 293 130.1 731 31.1 22.4  69.8
XFH 4 YrHx softmax - 81.1  39.7 29.3 130.8 70.4 285 21.7 62
AL YK softmax vV 81 38.9 29.3 131.8 73.5 31 22.7  69.9

TE UL 7 SRR % 81 Bl 4

TIY R S R (0 255 SR X M P T B B
DRI 76 48 /N Y Flickn30K 34 4 1 PEAE T B 3 fin
Bl

R — 2L S TG 25 A I A s, SRR S 1Y
SR N G A TR PR BE A R A T AT, A5 SR S
ME 6 Fras, aJLIE T, Y S B3 i, BEALAE MS
COCO F1 Flickr30K P4 M R4 ik 8 i fd:, X 5
FRAE Y Transformer HE B 1958 = — 2, I, 7E )5 22
132.00
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131.25F
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Fig.5 The impact of S on MS COCO test set
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Fig.6  The impact of S on Flickr30K test set

o = FORAUSIBREL, <NV FIRUN NN L BREL

SR RSO S BEE R 3,
3.4 XLEXBWE S

SERPRE 12 PARER T 5 AR SO R Y
T 2 & b3, 35 Up-Down ( Anderson 5§,
2018) .Transformer ( Vaswani 55,2017 ) . M2 ( meshed-
memory Transformer ) ( Cornia 4§ ,2020) . POS-SCAN
( part-of-speech enhanced stacked cross attention )
(Zhou %§,2020) . GVD ( grounded video description )
(Zhou %, 2019 ) . Stack-Cap ( Gu %, 2018 ) . AAT
(adaptive attention time ) ( Huang %5, 2019b) . RD
(ruminant decoding) ( Guo %§,2020) ,CGRL ( consen-
sus graph representation learning) ( Zhang % ,2021) |
Cyclical (Ma %5 ,2020) .SOCPK ( scene and object cat-
egory prior knowledge ) (VAMEZN 4¢,2017) F1 CMFF/
CD( cross-layer multi-model feature fusion and causal
convolutional decoding) ( ¥ £ % Il 42 4%, 2020)
Hrf Up-Down Fil Transformer J2& 3 fEA A, M2 & H
B PERE S B PR {54 IR 45 8L s SCAN  CGRL #l GVD
AL TE B ML v RS A R AR M 5 Stack-
Cap .RD Fil Cyclical i &3 5| A f# RS 45 K &5 49 32 15
P57 14 1 8 ; SOCPK il CMFF/CD 3 33t i 3% 5]
PRI RAE 7S 32 1 PR R RO MER 1

R 2 BN T ANF I AE MS COCO Al Flicki30K
R4 X gk

FEMS COCO a4 iy SL 4 45 R R W, A 3007
PGS T T Transformer [ 5EMERIRL | [A] B 15
FHAXT A, B, X F A 1 S R
PEAGTE AR, B-1 $84R EE M2 #2557 0.5, BE A SCHE
P AR RS TRY BERS A b i 8 3R PRI A BT 5 X T4 A
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®2 AREFEEMS COCO F0 Flickr30K Ui S 6914 A LL B
Table 2 Comparison of performance among different methods on the MS COCO and Flickr30K test set

MS COCO Flickr30K
st

B-1 B-4 M C B-1 B-4 M C
Up-Down 79.8 36.3 27.7 120.1 - 26.4 21.5 57.0
Transformer 80.1 38.8 28.7 127.2 71.0 28 21.6 66. 1
M2 80.5 38.9 29.2 130. 8 73.0 30.9 22.4 67.7
SOCPK 71.0 28. 1 23.9 88.2 62.7 21.7 19.7 43.9
CMFF/CD 72.1 31.0 24.6 94.6 64.6 19.7 19.1 39.5
Cyclical - - - - 69.9 27.4 22.3 61.4
GVD - - - - 69.9 27.3 22.5 62.3
POS-SCAN 80.2 38 28.5 126. 1 73.4 30. 1 22.6 69.3
Stack-Cap 78.6 36. 1 27.4 120. 4 - - - -
AAT - 38.7 28.6 128.6 - - - -
RD - 38.6 28.7 128.3 - 26.8 20.5 57.0
CGRL - - - - 72.5 27.8 22.4 65.2
A 81.0 38.9 29.3 131.8 73.5 31.0 22.7 69.9

TE IR R R 44 51 B A2

AP AR bR , M F8 BR AR LT L 7k v i i
U SRS 23 . X TR SCHUPE R FE bR,
CIDEr 42 JH 55 i 25 | AH LU S A e AU 0 M2 4t i
1. 0, Ui AR Y B T - b i 11 55 N2 3 A A — B0
AT, X EE Transformer M2 |, Stack-Cap . AAT Fl1
RD 7EA-Ifahn L B PERE, A SO A MERE R & T XS L
Tk, (HASEE A, 7E Transformer Fll M2 254 H
B MSH L WE R 3, SR XMZH S BUE—3L,
FIAASCEAVEG 2 5 Transformer F1 M2 55 X] L5
P WA AR T A SCHE Y B IR BE R BHY
ARE

TE Flickr30K £ b i SEg a5 R B A SOt
RITERE/INECHE 4 b R O5 DR 47 R AP iR OR . Bk
Mo, AR M2 BB A SO 78 CIDEr B4R T 2.2,
B-1 B4 Fl M ¥ 18 T M2, AH T ARSI E
BB SCAN FI GVD J7 ik, AR SCHE 3 (4 455 780 7
CIDEr #545 43 Bl 0.6 f17.6, DL 250,
AR BT [R] A DG T T RIS AR R HE R 1 s
PEATE LR IERYE
3.5 AL SR

K7 B T AR SCHE R 5 Transformer i 7 A5 AU
FE MS COCO MAE [ X & 43 UG B Fli iR XT L

V=T FRIRZITE I SORAR B

TR, A S5 v RE % it S o 0 R T Y R
TR, N &7 5B 1 AT A OB R A MR ST H
Misz /NS a box of donuts , AN & toy ; &7 5
2 A7, AR SO R AR A% 75 W) 2 1y 14 8 42 B 2% 1 I
B i), O 1 2D UE 2 R U AR A A AR
PR AR SO SRS T 2 LI BEAT FTAAR A0 B . H
K 7(b) AT WL, Transformer J AR Y SC7 A0 L5 X Jak
SO, R SR TIRBOR, B, B 7 AR AT R
FIRLHI R O T 407 J5 5 B 1 5% DX, DA T %) il
TR A B PR BT T, XS IR 7 (o) AT,
AR SCHE H A GG A A 45 K BE 8 HE 1 5 o 2 R 1Y
AH DG DX Ik, DA T A R85 hn vRe A 1) SCE AR, A B
FTRAR S BT 25 2R DN 5 — A FE Sk 1 A SCO7 i A
R

4 % it

RSP T —Fhal & 2 2 a8 M sl 2SR5
AL PG AT 3 i B i i A SR B 45 4 51
B AL i 2k O A, b, R R ) i
fr LURZ SRS e i TN EE RO A . i Tz A
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(a) JsA

(b) AR STHHY

(c) FEERAY

AR A black cat guards what's left of a box of donuts.
FLERSAY: A black cat sitting on the floor next to a toy.
HALHR 10 A black cat sitting next to a box of doughnuts.
B 2: A black cat laying next to a box of donuts.

AR Two motorcycles are parked next to each other.
ﬁi&frﬁm' A red motorcycle is parked by a sidewalk.

HAHHA 1: A couple of motorcycles parked next to each other.
HSHHR 2: Two motorcycles parked near each other by a sewer.

K7 AR S Transformer FEAEFRIZE MS COCO MIREE F 112 FI AL ] M4 45 S R A i ad 3 3R %) e

Fig.7 Examples of image captioning results by Transformer and the proposed model

((a) original images;

b 5 £ 30 P50 O B DX, DA T A S B A A ) SCAR
FPIl, AN, Bt T — R A e sh Al A SR AR
BRS04 ) 30 25 b R R R AR 1
Rl HOHLEDRS BSOS B, 48 1 SR i B 1
Rl ZhAs Rl & A R RS a5 | A EE S
— PR T RERES A Ty A IR R R LR il
PRI R HOIARRE . (HUR: A S A A Y R Rk
At BRIV R, T2 TRt ER
FIE 25 LASR i PR R 1 F o 1, DA TR A
A AEFITE 5 R 0 SCI LAAR i A Sl R F R T
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