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An Image Description Generation Model for

the Learning of Novel Concepts
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(Ministry of Education Key Lab for Intelligent Networks and Network Security, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A new image description generation model with deep compositional captioner based
attention mechanism (named Att-DCC model) based on the encoder-decoder framework is
proposed to better understand the “novel concepts” that do not appear in the training set for the
task of image description generation. A convolutional neural network with spatial attention
mechanism is introduced into the model, and global visual features, semantic labels and visual
information after spatial attention are well integrated. In addition, a multi-modal layer with an
adaptive attention mechanism is introduced to transfer the learning results to novel concepts,
which reduces the complexity of training process and improves learning performance. This work
extends the existing multi-modal fusion and introduces multiple attention mechanisms to enhance
the performance of novel concept learning. Att-DCC model is used to test and analyze 14 novel
concepts in two batches on MSCOCO2014 data set. The experimental results show that the
proposed model achieves average results of 42.56% and 42.14% for two batches of novel
concepts (8 and 6, respectively) in terms of the F, score, and in general, the prediction results
are more accurate than those of the representative NOC model and DCC model.

Keywords: image captioning; attention mechanism; convolutional neural network; novel concept

Wk H# . 2020-04-23,  FEHMIA: WA Q96—) & A4 AHGEGEES . B . 8lEgEz. HLTH. BHRES
WE & %) 95 Bh o H (2018 AAA0101501) 5 [ ZZ fa A5 R A &) S BB 0 H .
[P0 £ BRI T] . 2020-09-14 W 4% HY B AE : http: // kns. enki. net/kems/detail/61. 1069, T. 20200914, 1340. 002. html



38 [ . ]

P

R

1 554 &

U AR N TR AR RO Kk R, BG4 MR SOAS
HE = ORBES W 50 PR A 1 2 S N 4 AR
S BAF G A A I A A R R PG A R R R

T K 2 BRI A U Y 2 B T 4 B i
TOHESL Y . FE R BE 27 > 10 90 Z W, 38 8 T 2 T A
MR K )71 . Farhadi 58 KT Li 88 A F) JH A% 458
(14 PTG ) g of Az ) P61 45 b i i R DL B AT Y
PE 7 B SEAE B = e A, O G SOAR A R
BOKs = JC AL A R A R . 2015 AR ff ORI 5%
B >R FH 22 S48 27 > I A% 8 1) PGk I 8% O 2k T
TR J3E 22 B0 25 RE R A2 18 XoF 30 BB ke 3 41 38 /] - o i
JPH . 2015 4R Xu A5 A TR BE b 28 I 4% 3E AT 3
Xof i I 25 1A LR 5 3R L B T i D AT 55 1
PRUERESLE) 20 HE S8R 4 B A 22 I 4% (CNIND fE
Ry G R 2 ok B T AR R A L i K e 12 ) 2%
(LSTM) Ry fiff fih 45 5000 B — B 220 (%) FRL3m] O 15 IR
W1 T AL F G R A AT 55 v A
Xf G R AT 55 2017 4F, Chen 45 AFI Lu %8 N £
BERESE T X MR A T B T G BRUAS [R] 2 ] R TE
MRRIEAS B . JEIA T 58 ABFSE T a0l &1 X AS [
P Ja8 P BEAT I B 5 LB Tl R, 9 R TR R ) AR
FR 2 ), MG A 5 N A 2% 08 T it b i ok
A5 B K Rl A BRI ALY A
3 Ao E A 2% pR S I A E DI Y Oy 2K SR 4R o EIHR
TR AR P RE L SR, R IR A S R A
AU 1B FO I 2 B 1 N 25— BOMEREAT T 8 ™ A%
1 BR

T ey 2 FRHE AR Hh R AR T A B AR S T
R — A AW () R 3 ) R T AL AR R RE A
FMMAE . Anne JF AAE 2016 4F 1 YR T X —WF5E
[R]85, A PR SCA il A 5Hie 46 1) BL itk | L 5d 2o 0 1
1G5 i A RN SCAS TR ) P2 1) il B R 7 A A i A 3R 1Y
R, 2017 4K, Yao 55 AR HIALHT ST &
Wik, 2 7 LSTM-C BL RIS | [&] 4F, Venugopa-
lan % AW T SCHERC12 ] I 2R 05 36 38 1 3k
A 5 A IR Y F AR RRT . 2018 4R Wu 4§
A HRE T 5 R A5 R R M & 2B A A S S

Do 28, 3 Ao Ak 0 D 28 51 N 5 AR A R O B TR
AT 20— A 5L 1 4 A B A A B MR R 2020 4F,
Feng % AL 2R 21 5 5 B 20 OC 19 “ S 40 J1 iR 7 1Y
FEME, IR T B IE M 4% (CRND L FI| F 355 4
SV AR A 0 1 AR R BT R AT A R E iR
B b F 56 7 AR 51 A 5 08 BE & A 56 1 SCAR
L, 200 T UG OR SCAS 28 1) 38 43 45 6 6 R i &
A R BB

R T T G b E R A AR A AT 55 o R
HEAT 2 2] R L A% SO 5 43 M 25 5 T 1 B 1 HL
FER I 8 T — Mo AL, ke
& 3 AEB4r - O A 25 8] B L 06 AR A 2 )
4% T EMR R AE s @2 T LSTM 1915 & $T,
FHF A SO o 0 B3] s @ 51 A A 3 B
HLH 9 Z B 2 B 18 UM R A& 2 2 25 i 78
BUHMAR”. ASCH EETTEANT

(DY T EA TP ZEERA T2, #2&ih
T — B SO BRSO B Rl T R

()G AZFEE PG E 2 [ A A
T I D AR TR A T ROR .

TE MSCOCO2014 %48 46 19 52 4 25 R R W], A
SO R AE AL 5B A I A b EL A A Y R A
AR PR RE .

1 P53 3 A R FE AR A5 7R

PG A 3R A AT 55 2 48 AR 8 — i R A il —
(B — B R i H 0 5 00l U SO, 1 s A
T B P RMR N 2500 R A SR E 5 F RS A5 B
Fab ik, E L EUGA R AE BUR R A B A EE
PG G i g R figp B 2 G o o B T B UIATLR
(R AE 1 SCAE B — R FH CNIN B AL fif i 3% FH
A A R P T R — AR T 3 A R 28 R 4% (RNIND
i H A LU LSTM 27 A0 8 RNN DL 5 5 %
AR ICAZ 35 5 B[R] BT PN 1 N 25 14 ) A, T A 3
AR SEE AR BRI 1 PR .

PG A A A5 S A T DL phy BRSO B4l 1647 3k
23 1 U1 25

L%

.
ein v
1 4

A group of people
is playing quidditch
with a red ball.

' ik
EF AL Y 4% (RNNs)

[ 1

NG N
;——V ‘ =1 L._ %—X%—)%}%%
e
L2 M 4% (CNNs)

http: // zkxb. xjtu. edu. cn

P 5 488 3 £ L ) B AR A A




12

RN S TR 16 ML A2 o S PG 3t A R R 39

2 ] T M o A A A AR Y

T DR X T MR s T Y TR AR A A AT
55 A SC TN Z T R SCAR RN 2R 4 D i
PRI B0 D= (L, To B L5 0 A
YIGRAEA TS BL A BAG T, S 1, HH G A9 0k SCAR
D iy N A UIGRREAS . A . 7 224 B 141 15 K 3
I Bl SCAS B0 1) S4B E A 2 4 e ik 4R T
Borb i B ATE D ZR g P A s BE &L i H AR L
ST N AE . R R AR RS L E B

(Y

o=
\s

FITE SCBR 28 5 22 43 ) A6 il B A5 5008 il By SeA
g b B . L H R E R T e A
{14 ] 8

ARSCHR Y B R A R T —— Att-DCC
HEZRNIE 2 firR , EEALEE 3 A8 Ofh & 28 [al i
B R UR I G B 22 ) 4% CNIN, 1 42 BRI 1 4
TR B AL 36 L B E AE A5 B OLSTM B
BT T TR0 A A B 20 7 AR BRI s O B R R
I BN ERE S RS G DL RTE B B
AR X AR R AT A B DA AR A

[Am] [hy,m,] [Ay,m,]
V xl x2 X"
LSTMiE 5 # %!

BERNER S X,

B 2 Att-DCC 5 %I HE 41 [&]

2.1 EFZEFENNWEBGIFERR

PG A 3 A 0B B AR B Y — i R ] AlexNet
VGG16 1 Googl.eNet 25 5 PR 28 B 25 A1y 4 1 #%
AR REAE B . 458 % B AL I 2= &5 2
JEHRCR R AR R VGG-16 W 45 18 K 4 15
BLOBER 13 N EZE conv3-512(RR LK EMZE
KH 3X3 BB GRUZME IR 512) 5 th
M TN SE 34 R 7, Bl TR 512 MRRIEIE S v, 56 2
MRS E FC-4096 (4096 F7n % 42 7% H2 )2 4 th iy
FEAE ) 52 48 B i o A R 2 R R AR R O VLK
FVAER BRI 25 A R AE RN . SR, SR A B — 1)
TR R — R G R 23 100 R s R R R AE L
N R ML) 2 BT NATT 38 8 25 B 0T FRAG v 118 5 26 of
ST A E RO K, R TR AG EAE ER
BIEFR N RO VGG-16 nyEEall E 5] A T =5 [\ i3
B,

A VGG16 M4 ) conv3-512 E W4 HIER KA v
v, H T v € RO RSN TS ¢ A
B IRE ] 5 o SR RREE K S TR AR A S
m=49;h,_, €R* £ixt—1 %] LSTM 1 22 5
WA . LSTM A ¢ i %] BAR S b, XPRRAE v, 1 563
FEJE @, W] DL R G0 F 23 8] 3 75 ) L Sk 1A

z, = witanh((W ) + (W h, ) 1) (D

:(Vl s Vo g ®°®

http: // zkxb. xjtu. edu. cn

o, = softmax(z,) (2)
K e, = (arsazs s an,) s W, B FRE B8 e
W sWi ol LSTM [ 2 4R 25 748 40 56 B 5w, o 91 1) i 5
1" RoRou RN 1 8947 & . X5 BT A AL B YRR
FEAT AR AR 45 Jay f A 5E R SCfF B e

¢ = ia,,ﬂh (3)
i—1

LR SR BT ¢ B 2 A i B i) B Y
M, 3 (1)~ () Hii i 1 43 8] 4 3 F7 AL xRy & 2
SN B VAES Wi
2.2 ZUMRFMEME

ARSCRH LSTM AR b ff i 2% - FLAE A 26 B4
WNE“BIE" A RIES . LSTM Bk A B4
SEAE A SR b — B 220 R R A e A ) R R RN
BN . ASCRMZ M Word2 Vec # 428 4%
(CBOW) A8 7Y 47 3CAR BALa] A i A i) o 35

AH BT DL A AR AR SCOKE 22 B 058 R AE 1T
TAHRMEA I HERT LSTM, Hd, ZH1F
MK A T4 RS FRAE 7] 5 VORN3E T3 bl
il B SE R SCfF B e, BLEOR H VGG-16 26 3 4>
G4 FC-1000 it ) 1 SCOME 2 br 25 H00 )
ro ARSCRHWNT kAT ZAER A O 4 R
FAEGIA 2R s R AE 17 B V 5] AR LSTM (1)




40 [ . ]

Ko

R

1 554 &

34 Bk Za) s O SO R AR R it 2 R R R AR B .
LSTM (4 iF 1242 4 1 68 75 40 463 16 220 51 A 114 R 5
FRAEAE B n LIS B e 2 i . 52 b e
FrfE (5 B iR Al 5] A 2= LSTM & A i Z1 1 5 A
Q“EBN7IRHMGER B IIA K 2 ad 1 = 1 HLH
CRUET A AL RRAE L B LR SC e, (EFBRR R
TAER e .5 LSTM f&EA~ I 20 i i i b, AH il
FIFMAZEREZ RMR A EGR AR O Xl
AREEGI O T A R R B R A AR R
AT Sy A5 B S A SO A R A BRI R
i 2 SR r 5 LSTM B 54> i 20 4 i H
Frma I 4m A Z B2 B2 P SO Bl i 1

K PRI AL 08 e AR A5 B, (4 Jm) B R A 1] 6
TLEZE I HLE A R 35 LT SOfE B A &=
LSTM 77 2 nT LA PRl O 75400 4R I8 204 4 )5 1
TR ) V B A E LSTM. [ LSTM A K i
AR TEA I I 220 A R AR AR B T3 B K
TC AL iy 0 R A ) 5 B4 ) T A RS 3842 1 A 5
OfE LSTM 4 —~ i Zal i A 283 1 5 0 At 1
Ja A sE B SCAE B e, o AR A [ I 220 2 30 B A
[Fi) AL T] L B A AU R e 8 L BV R v b T
AE B e 278 T LSTM A L3k BCE] R AR TR
J R R AR S B . i 05 1 R A 4
ik AT UM WL A BE 45 5 i 3k 1) B A 4 1 A i A A
F L T E ) 3 L 7 52 R R £ B
Zead THERITINAL, GE 4% 52 13t P & mh 5 Jn ok 6 (9 4
PRAF B A T AR R P 5 TR S B 4 3 PRI AR S
g et 170701 M7 2 A5 A R BT BB A )R
AR R AL BE R A
2.3 HABENTFENNFHRESES

AR SR FH 26 1 20 468 265 )2 O 3 i B 45 R ik B
i JEAE O 2 I 2R b (9 PR 8 3 A2 B R b 5 ACHT
. LM ESRMR I ERE A S TR
BB T A A AR I N R E O T 1A
BA5 B B A b — I 2R 25 R B AR SR 2 B 3S
BEEIAT BN T AR 2 k. H O Y
R EZAMRBT AR TR R s el et it
SRR () R SCH i e

g =ocW.x, +W,h) 4)

s, = g,&Otanh(m,) (5)

f. = wltanh(W_s, +W_h,) (6)
p. = softmax([z[,f, D[m+ 1] (7
¢ =Pps,+—pe (8)

J—EtEP:W.f Woow, W, ﬂ:ﬂwg ﬂ‘:’%ﬁ;}hxirh s, ﬁjnlu

http: // zkxb. xjtu. edu. cn

Frn LSTM A ¢ I 20 ) i L B o0 R R B & BT
i 1 ) s x, FEONAE ¢ B 205 N SR X R R A 1)
i f, R TIE S BRou AR € L0110 1\
Wz f ]G EE — P IT R KRR X
i e, FIBF AITHY T BRI . ¢ 20 500 23] 1Y
MR T 3E o AT

P redicied wora = softmax(Wee, +Wyh, +Wgr)  (9)
rpWe Wy Fil Wy J2 15 27 2 A AL 280, 138 3
NPT, 2R EEA KR
FEAEAR 26 I 1 A EE B W L SCARAR L BT X 0L A AR
AR FE Wy B SObR 2845 8O0 7 1) A [ W

TE UG R BB 5 | KT k& s 55 2 4R X 3
AN FUEE J I v 5 R M N B 4. S A
5% PR B B R B R SCAS O U 2 4 5 0 A A AR A
P SR v TR 3 . 8 B M S alpaca (R BE) FTE&
SCAS KIS A AR R B v 0 3R] 15 2 sheep (),
LUK N 25 4 b B ) 1 X6 R A A EE G B A T A
Bk b, Wk sheep BT XS B ) AE 46 A5 B L 78
# alpaca b ARICRH T HEITBERM delta iITH
HEUY L HEBEE RIS BB We Wy I Wy R
Xof IO ) A A A o A B B A A . ol iR
v, flv, 7352 sheep F1 alpaca 7F ia] #iL tfr 49 5 5, M
HETRBER W G ) =W Gy XF We Fl Wy
R HFEAEEEAE ., delta iR 16 1 HAR 05 2 0L 3¢
BkL12],

3 AR

3.1 LEHIEE

AT MSCOCO2014 % 4 4 17 52 %
o [, S T SR & A 2 ) B T R B
2 ) LA B A 4 AR B 1) SCAS B 8 4 % LR A
AR RN TE F AR R AT T 2, AR T2 B
MR & Xt 17 Y PG A B R SRR B & it ok . L
o, R ImageNet #1118 #4500k 1 115 20 9
4 ;% J Flickr8k. Flickr30K . Pascal-1K, MSVD 1
(1) SCAS TG /) bl Bl SCAS B 4R . T 0 R 1)
BRI R T MSCOCO2014 £ 4f5 5 5 X AR F SCA
i A 22 8] 110 S B R A7 2 2 e I 3 Pl 45 B AR A ol S

ALKy H T MSCOCO2014 #5404 iy 1 5 17
Mk, b 4 & 7 MSCOCO il 25 4 82 783 7k [&] Jr
FI413 915 4] 4 7 5 56 UiF 4 4§ 40 504 5K &
202 520/0) F A s B 0R EUR X L 5 AR SCA . T
3BT ABE A 2 >0 B 8O o 5 B Ol R A T




12

RN S TR 16 ML A2 o S PG 3t A R R 41

. ASEESR held-out Jr gt MSCOCO %4 4
O3 R PHASER Y — A3 S W B AR A
i MSCOCO G 1 80 AR5 R 2K R 8 ik,
NI 8 A A A A B AL B — A AR SO
I H % 8 T bottle. bus. couch, microwave. pizza.
racket,suitcase fll zebra 8 /™S A & 3E hy Hr HE &,
FEHE T A AL 53X 8 A MR & 0 TR A5 SCAS X B s A
MSCOCO VI Zr4E rh Z 4t 5 5 — o0 BRI A 38 732
TR SR 2] I 2R . MSCOCO #5571
G5 PR 43 s — 43 T T D0, — 8 40 1T T A g 5 74
SR 2 B
3.2 &I iE

AR VGG-16 1E ) £ B 28 W 4%, JF
LI ImageNet [ & ILSVRC-2012% | Il 45 fry 52
PR Sy T I A5 Y 5 Pl (4 SC A B 40 4 1)
SR R B LSTM; i J5 » F R SCA G 048
£ MSCOCO Hr {1y HE il £ 4 4 52 R SRR I 25
3.3 FMriEdR

ARSI R BB 3 A= U1 2 A fie i HIE
Brda b BUE PEAS B S (BLEU) ™ 1 XU #12 0F Ak
TR (METEOR) # HE A7 PPAL o U Al 25 A2 X
RS A: i ) - F 2 25 ) 1 B B A B ) ok 0
2 DT ) B 4 A ) - B AR LR BE L 3C O Seeua s X
Jra = S R (e i g W A 1 e o LA LT i e e LT
[) S 1) DG T 45 5 A7 300 (%) o B 23 R0 A [l 232, P 0k 47
PAFIF2 38 4 Svereor o Swereor % 1 T 4 Bl 5, 1
S5 R B2l JEORS BE W FE BR Seieo B HEIT A TOF
WrbriE . TEAE G0 AR R AT 55 b, UL B IR $8 b
TRA R ABAEVEAL BT &2 & R85 AR A I 2
B IR T OAS S B AR S R AR TT LA ME B T i s R
KGO, JF B AT DL 3R A5 8 B9 Seeeva A1 Swereor
B . A 7 VEAR R AL A B 5 5 B R A& IR B R T AR
LHIAT Fo AR A8 AR  Fo=2pr/(ptr) Horp
P G350 2 s Al 3R 1A M S AR B AR R A [l
3.4 LHHER
3.4.1 AEM K &k (ablation) M X, K T 94 X
Att-DCC BT 5] A [6] B AGCRAE A5 B (RS 5
FRAE YIS SCPR 28 25 [R) 3 2 T AL AR B A oe I
T 3CAE BT AR IR A AR A ST T
Fh sz s R T Att-DCC B RILAE 3 FihfZ BB
T EYR B PR AR O AR AL, BHER A R L R AIE
VB LSTM By #L3E 15 B A s @ 1 UAR% . 8k H]
CNN #1475 0y i R ZEAE 9 LSTM (1) 40 i
BRI O4 R e R IE + 15 AR+ EE T, B

http: // zkxb. xjtu. edu. cn

Att-DCC F5# fir 5% FH A S50 1% 00 . R 25 SR an 26 1
IR .

M1 A LLE A Lk 3 R Bl SR 4
Ja AL R AE 418 AR+ B 17 E 8 LSTM 1 5
AT G At 3 A B R T AR & i i HL A B g ik
RE 78 A B R B4V R B O B LA B ARE 2 1Y) 3
PR, B R R] TR m R irE. HE
T R 7E EHRAE B AT T 38 /0 A LI 45 & F A
{8 LSTM B8 v 5 3 35 ) WL AR IE T SCAS A2 il i
T v (4 3] 5 PR G TP X BE 68 B S R 5. Ik
A N 1 AT LA W R 9 28 17 50 28 5 15 31 1Y)
i BRZE P B R TG 4 o) 50 R AT o i %
PG At R A A P . 3k 2 PRl i 8 4 CNIN (Y
S R RS B e e Ak o il UfE BB L
F B HL B R AE B T W R R X

A1 B R X 4 R

EIGRAE i
o Q u”g/ﬁ:\jﬁ‘it l:l SBLEU—I SMETE()R
EPOY
o delta iF % 32.64 61. 90 18.93
LB FRAE
HEIE  36.52 62. 60 19.51
o deltaiF®  34.89 64. 00 20. 86
i UbR A ‘
HELTH  39.78 64. 40 21. 00
MBEFFE+ delta T8 37. 14 64. 21 21. 69
AR+
FEEH  HELE 42.56 65. 18 21.95

TE BB A AL
1B T AT A2 delta 182 19 77 5
AHMEE I B T AR RS 27 2] Ik X 5l A&
AORZIR . H BOR B AN S B0 45 2R a] LA L a2 # o
AIXFTHME SRS AR E R . TR 2SR I 2R
Ml BHGER  0GE #% T U ZRAL . We (W Fll W
XS T delta 175, W 32 20 % 19 02 KR SR B &
Y G55 R T SCA B I 2R A 1 5 FROT R AL R Wy 1Y
2 » 15 UG 5 B HAU P S M 4T3 R ) ELHE T % . i
THITR S R 2% S U 45 3R R BT B WUR s A7
TR,
PRI L 7 I 52 1) S 38 v SR Y 2 B RS O ik
® 2R T AteDCC 7E 3 R LA IR X7 8 4
PRLSA AR TS R AT LUR T SRR 2 5
AT LMERR R Z BB o S SR B T A T
HERI A SCHR i Ace-DCC S 76 35 A& 2% ~J Jr T
HA M), B AT MSCOCO Hili BT 75 4h 6 4

ME & :bear, cat, dog. elephant horse #ll toilet, HiX




42 I PN 4§54 %
A2 BAEIGREZEERENHEAE F A K
o F
R ERE R EPS - : - F, ¥{E
bottle bus couch  microwave pizza racket suitcase  zebra
P58 FRAE 2.89 36.84  42.76 26.56 55.37  47.69  10.91  60.58  34.20
bR % 4.63 29.79  45.87 28.09 64.59  52.24 13.16  79.88  39.78

BEFRAE + 18 AR HERE S 8.96 33.84 48.56

30. 27 66.20  56.31 15.09 81.25  42.56

TE - RAAKE A e LA

6 ANHE & A 22 1 R SCAS B R 29 5 MSCOCO 1Y
8. 5 Y0+ K H: Ak FR Ay Hr A A% B AT BB Ik AR L 45

&4 At-DCC # 2 5 &4 #F 50 BE AL 49 1k 4%

*ﬁﬂ -U”é/é‘jj‘it Fl SI%[,EU—I SMI—I’I'E()R
%ﬂui%g }5)]15_\‘0 %%Eiﬁ%zﬁj‘{ﬁﬁﬁgﬁfuﬂ:?% 2 LRCNMHY %E*Z 54. 81 63. 65 19. 33
R E AR T B KR delta iT%  34.89  64.00  20.86
. N o , Sz
%3 KA At-DCC AR 46k FAb#r A eh F) M DEC w5078 640 2100
e NOC™  TiER 4879 21. 32
F, delta IT#%  37.14 64.21 21. 69
— AwDCC
bear cat dog elephant horse toilet HETH® 42.56 65.18 21.95

21.70 43.24 28.29 72.56 52.24 34.82 42.14

3.4.2 S A A AR At
DCC #5515 H Fi L 48 56 3F 19 JURR B A & 51 A A5 7Y
HEAT TR R R HE LR 3 A, D LRCN ##
i R S RO R s SR CE By i R SN V& S 2
(75 s ARZARE I TE 1 5| ABTREAS . BRIt A S 6
X LRCN I 25 b 4 ) 3 25 4 K5 07 AR 8 % I 1) 4
Pt A5 AE P o (A5 D11 25 A R 3 5 5L AT A TR 1 0 A
ZHAEW R E T LRCN M 68 78 K401 L F 2
B BRI, @DCC BRI AR SO R R AR
f JE A AR L, 23 1 R Y delta 1T 3% FI B 82 15 7% 64T
B . ©ONOC BRI SR Y o iF B 2% 2
)7 IR AT NS 1 15 2 A 400K R ECR 36 & /M b
PG SCAS B30 HI 4 Bl PR Hh s R | Bt SOAS B 40 4
R . DK L S5 AT LA Y Att-DCC A5 7Y 2%
RRZHCN O T LT HAJLAE R, T LRCN
R (R A vh A & T BT A 6T N 1 Bl PR O i
TR 0 3 A e 0 B S 1 O B 4, I F fH R
B 7 B s Ate-DCC BEAUAE F fH BRI AR T
NOC A, 32 22 R 2 Ate-DCC 888 7 &4
T SCAR B2 14 70 40 45 6 LA A B B B4 ARE 22 I 1
(A 3R s NOC #5578 ) 4] = 250 4 A2 780 1y 1 25 5 3k LA
P v A OB A TR R . R 53 AR T A 1
TR B8 AR Sievs B Swiereor s ¥4 3C Att-DCC A5
TR Al P o A 6 B0 MR S8 ) A5 8L DCC i NOC
AFXF . 45 R 2 W] Ate-DCC 15 3 7 T 4 1 2% > 45
SR IE A A SR H A A R o T i g S ARE A R 0 IR
G ik A A AR AE .

http: // zkxb. xjtu. edu. cn

TE R HE 2 Fre A

3.4.3 “HMATHRERET ANTERT At
DCC AU A B & R B/ 3 4 T 2 AN EIMR
i A B RE B . N 3 FTRLE B, £ i # 2% T
YR B AT H BB A 4 racket M suitcase H
16T EG S AR R B SR b, Ui Ate-DCC R R H Ay
i 1A BT 1Y g

RIIA

L~

e < N — |

el 7_ EIIN Aboy is playing
i TS tennis with a racket
? o on a court.

(a) X 9 i 2 “ racket” 1 4 AR IR 1L

A boy is playing
tennis on a court.

A car with a bag of
bananas in the back.

A car with a suitcase
and a plastic suitcase
behind it.

(b) X 38 HE & “ suitcase” f) i 3R AR
B3 7= AR A B AR G AR A A5

4zt B

BExt AR OC AR AR5 B Rl G R 8 1 77 1A
FEO AR R s AN SO T — o i 1] B MR s T £ 1]
AR A B T —— Att-DCC., AR SCHY 3 2 57 ik
5T EA TP ZEEREG IR T —
A RO R A SCA B ZS Bl 5 07 585 5l A Z PR




12

RN S TR 16 ML A2 o S PG 3t A R R 43

WL IR RS i BU RS EIRE S - R = BN VRE S WA R/ BA o
BE IR, MR TAERR L AR SRR MR
451t

(DIERDFREZEESMEMEZEZNEEE N
SRl b T — T [ R MR 2 2T B R A A
AR TH R S G 45 B UG UE T I A AR B B

(2)7E MSCOCO2014 %dls 4 E&Fxf 2 fit 24t
14 ASFHE R IEAT T IR 43 M, I 5 2 A A G A
DCC #1 NOC #47 X} e, SEde 45 R R W, Ate-DCC
LAY B BE AL T LA L 9 b A S AR A

(3) G A 3R A B v i) R 2 2 > S R
() %o T A 0 A 3 P DA R A8 e VR A A R R R
TR 70 UG A R A B R (M e B B B L
B AXHR TAEFHEREEHL X R AR
B (2018 AAA0101501) Fo E K ¥ B A FR A 8] % 3R A+
FOR B (A2 B 3460 K P98 4% 3 A 35 5% 75 A L Bl
28 6 R B,

S 3Lk -

[1] WANG W, YANG Xiaoan, OOI B C, et al. Effective
deep learning-based multi-modal retrieval [J]. VLDB
Journal, 2016, 25(1): 79-101.

[2] FARHADI A. HEJRATI M, SADEGHI M A, et al.
Every picture tells a story: generating sentences from
images [ C]// 11th European Conference on Computer
Vision. Berlin, Germany: Springer Verlag, 2010: 15-
29.

[3] LIS, KULKARNI G, BERG T L, et al. Composing
simple image descriptions using web-scale n-grams [ C]
// Proceedings of the Fifteenth Conference on Compu-
tational Natural Language Learning. New York,
USA: Association for Computational Linguistics,
2011 220-228.

[4] FANG Hao, GUPTA S, IANDOLA F, et al. From
captions to visual concepts and back [ C] //Proceedings
of the IEEE Conference on Computer Vision and Pat-
tern Recognition. Piscataway, NJ, USA. IEEE,
2015 1473-1482.

[5] XUK, BAJ L, KIROS R, et al. Show, attend and
tell: Neural image caption generation with visual atten-
tion [C] // 32nd International Conference on Machine
Learning. Pitsburg. PA, USA. CMU, 2015. 2048-
2057.

[6] BAHDANAU D, CHO K, BENGIO Y. Neural ma-

chine translation by jointly learning to align and trans-

http: // zkxb. xjtu. edu. cn

late [C] // 3rd International Conference o Learning
Representations. Montreal, Canada; ICLR, 2015;
149801.

[7] VASWANI A, SHAZEER N, PARMAR N, et al.
Attention is all you need [ C]//31st Annual Conference
on Neural Information Processing Systems. Vancou-
ver, Canada: Neural Information Processing Systems
Foundation, 2017. 5999-6009.

[8] CHEN L, ZHANG H, XIAO J, et al. Sca-cnn: spa-
tial and channel-wise attention in convolutional net-
works for image captioning [C] // Proceedings of the
30th IEEE Conference on Computer Vision and Pattern
Recognition. Piscataway, NJ, USA. IEEE, 2017.
5659-5667.

[9] LU]J, XIONG C, PARIKH D, et al. Knowing when
to look: adaptive attention via a visual sentinel for im-
age captioning [C] // Proceedings of the 30th IEEE
Conference on Computer Vision and Pattern Recogni-
tion. Piscataway, NJ, USA. IEEE, 2017. 3242-
3250.

C10] JHIARF . K. 456 W08 T8 1 10 3 00 0 4% 22 72 45 19 &1

Bt Az AR [T ], AR ALE Bt 5 BB e i
2018, 30(8): 1536-1542, 1553.
ZHOU Zhiping, ZHANG Wei. An image caption gen-
eration model based on visual concept attention and re-
sidual connection [J]. Journal of Computer-Aided De-
sign & Computer Graphics, 2018, 30(8): 1536-1542,
1553.

[11] #mA. a2, 48, a G TR RYikis

HAR Y BG4 AR AL [T, v B R R BB 2 40
2017, 22(9) . 1251-1260.
TANG Pengjie, TAN Yunlan, LI Jinzhong. Image de-
scription based on the fusion of scene and object cate-
gory prior knowledge [J]. Journal of Image and
Graphics, 2017, 22(9). 1251-1260.

[12] ANNE HENDRICKS L, VENUGOPALAN S, RO-
HRBACH M, et al. Deep compositional captioning:
describing novel object categories without paired train-
ing data [ C] // Proceedings of the 29th IEEE Confer-
ence on Computer Vision and Pattern Recognition.
Piscataway., NJ, USA. IEEE, 2016. 7780377.

[13] YAO Ting, PAN Yingwei, LI Yehao, et al. Incorpo-
rating copying mechanism in image captioning for
learning novel objects [C] // Proceedings of the 30th
IEEE Conference on Computer Vision and Pattern Rec-
ognition. Piscataway, NJ, USA. IEEE, 2017. 5263-
5271.

[14] VENUGOPALAN S, ANNE HENDRICKS L, RO-




44 [ TS S R N S %54 %
HRBACH M, et al. Captioning images with diverse 202001007 ]

objects [C] // Proceedings of the 30th IEEE Conference
on Computer Vision and Pattern Recognition. Piscat-
away., NJ, USA. IEEE, 2017. 1170-1178.

[15] WU Yu, ZHU Linchao, JIANG Lu, et al. Decoupled
novel object captioner [ C] // Proceedings of the 2018
ACM Multimedia Conference. New York, USA.
ACM, 2018. 1029-1037.

[16] FENG Q, WU Y. FAN H, et al. Cascaded revision
network for novel object captioning [J]. IEEE Trans-
actions on Circuits and Systems for Video Technology.
2020,30(1): 3413-3421.

[17] MIKOLOV T, CHEN K, CORRADO G, et al. Effi-
cient estimation of word representations in vector space
[C]// 1st International Conference of Learning Repre-
sentation. Montreal, Canada: ICLR, 2013, 149796.

[18] RUSSAKOVSKY O, DENG J, SU H, et al. Imagen-
et large scale visual recognition challenge [J]. Interna-
tional Journal of Computer Vision, 2015, 115(3):
211-252.

[19] DONAHUE J, HENDRICKS L. A, GUADARRAMA
S, et al. Long-term recurrent convolutional networks
for visual recognition and description [C]// Proceed-
ings of the IEEE Conference on Computer Vision and
Pattern Recognition. Piscataway, NJ, USA. IEEE,
2015, 2625-2634.

[20] PAPINENI K, ROUKOS S, WARD T, et al. BLEU.
a method for automatic evaluation of machine transla-
tion [EB/OL]. [2020-02-18]. https: / www. aclweb.
org/anthology/P02. 1040. pdf.

[21] IBANERJEE S, LAVIE A. METEOR: an automatic
metric for MT evaluation with improved correlation
with human judgments [EB/OL]. [ 2020-02-20]. ht-
tps: / www. aclweb. org/anthology/W05-0909. pdf.

[22] tfi. rEsbk, 3R T —. 4% BETIREE S )09 BHRH A
WEoE [J]. A SWOE TR, 2018, 47(2): 9-16.
YANG Nan, NAN Lin, ZHANG Dingyi, et al. Re-
search on image interpretation based on deep learning
[J]. Infrared and Laser Engineering, 2018, 47(2):
9-16.

[ 2S48 5% SOk 5 4%

EXE.FA A KKREFRELASMARTAT ZFHR

£ EH . 2020,54(4):118-125. [doi: 10. 7652/ xjtuxb202004

015]

FREMEE, M. RALENEHBFITH LN/ T LA
SR B % K . 2020, 54 (1) 49-55. [doi: 10. 7652/ xjtuxb

http: // zkxb. xjtu. edu. cn

TRk R LRI RGN AR ER
% v 97 3. 2019,53(6) :117-124. [doi:10. 7652/ xjtuxb2019
06016

Bt HAHE, A T E KN A R E R KRR &
2019,53(5) :52-57. [doi: 10. 7652/xjtuxb201905008 ]
HmEAE HT . P RE. S5 &0 B GA&NITETRY
5%.2019,53(4):115*121.[dm:l(}.7602/x1tuxb201904017]
AWK REE. & —HEAILGRBENSRED
IR R AL A B AR o %) k. 2019, 53(3) :56-65. [doi:
10. 7652/ xjtuxb201903009 ]

. UAR.ER.E. KON ERARELEREL M EHR
& J . 2019,53(2):128-135. [doi: 10. 7652/ xjtuxb2019
02017]

HEORE KRy, - MBI FRETNEGESEE nHE
$%.2019,53(2):136-141. [doi: 10. 7652/ xjtuxb201902018]
AL KR, R A, % AR B R E AN E R R
9 #.2018,52(8) :49-53. [doi: 10. 7652/xjtuxb201808008 ]
KK IR BERKIFREATHNEGE 2 HFERAL
#.2018,52(7):18-24. [doi:10. 7652/ xjtuxb201807003]
KT ITX&.HFR.E. XRAER 22N ERELFH
By 3 A B R A R 7 3. 2018,52(4) :150-157. [doi: 10.
7652/ xjtuxb201804022]

BEW.RER . A4L.E IENSAEDEMNSFE
5 4 & 7 #.2017,51(8) :19-25. [d01;10. 7652/xjtuxb201708
004]

FAEHR AR, E N ZEHBFRTFHEGE LT &
2017,51(6) :86-91. [doi:10. 7652/xjtuxb201706014]
KA. EF X, FZE, S — AR B LEMEE MR
W % & E . 2016, 50 (10); 78-85. [doi: 10. 7652/
xjtuxb201610012 ]

AL IR IR — A B o S T AR R RO B A
& F . 2016,50(8):96-102. [ doi: 10. 7652/xjtuxb201608
016]

Bl B R &0 E. —HERTEGS#EN DSIFT & %
B 5. 2015,49(9) :84-90. [doi: 10. 7652/ xjtuxb201509015 ]
EBER®. K& P ALt DNA %28 B 4% o % 4 % 8 %
2015,49(9) :91-98. [doi: 10. 7652/xjtuxb201509016 ]

AP KL R IR F. AR REHARZ EN G A MK
AN H B Bh B % kR B E. 2015, 49 (6) : 33-38. [doi: 10.
7652/xjtuxb201506006 ]

R AN, FXH. 60 i BE AR E 7 . 2014,
48(10) :101-107. [doi;10. 7652/xjtuxb201410016]

EREEBRFEMNE, L BEOZEEGEE % 2014,
48(9) :37-42. [doi;10. 7652/xjtuxb201409007 ]

% x4 M)




