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A Survey of Image Captioning

MA Longlong, HAN Xianpei, SUN Le
(Chinese Information Processing Laboratory, Institute of Software, Chinese Academy of

Sciences, Beijing 100190, China)

Abstract: As a new multimodal task which connects vision and language, image captioning can be applied to text-
based image retrieval and network image analysis etc. , thereby has drawn wide attention from the research and busi-
ness community. Generally, existing image captioning methods fall into three categories: generation-based method,
retrieval-based method and encoder-decoder method. In this paper, we first present the representative work of three
methods with analysis of the advantages and disadvantages of these methods. Then we give the datasets, evaluation

metrics and several open-source toolkits of image captioning. Finally we reveal the key technical problems in image

captioning task.
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Three dogs play in the grass.

A person riding a
moctorcycle on a dirt road.

Two hockey players are
fighting over the puck.

A group of young people
playing a game of frisbee.
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IAPR-TC12 & @ PASCAL & SBU# Flickr8k &

2006 2010 2011 2013

MS COCC &

Flickr30k & Visual Genome & Multi30k & &

Flickr8kCN @ AIC-ICC®

STAIR »

2014 2015 2016 2017

2 2% PR SCAS fili ik K 4R Se R AR 1)

®1 BEEXAHRBEENREITER

Y G FAE BE BRI 4
Flickr8k 8 000 B i
Flickr30k 30 000 ko A
MS COCO 82 783 ko A
SBU 1 000 ki ¥
Multi30k 31 014 Y flE A
PASCAL 1 000 B J
IAPR-TC12 20 000 Wi fl I
Flickr8kCN 8 000 i H
AIC-ICC 300 000 i H
STAIR 82 783 H A
Visual Genome 108 077 I TG

4.2 FEMERAE

T P 19052 3 95 6 VD0 2 920 4
e 5 90 VYRR o T BB o AT
o B 2 R P B PR 30 TAS i
FIE IR HE 53 B3 74 4

| it |
! ! ! !

iR B &R EZ5ES
PRBRAE | | PFIBRAE | | PRIUBRAE | | PRORRME

f

| BLEU || METEOR || ROUGE || sPICE || cIDEr |

3 TR SCAS R 1 31 DU A 4 43 26

4.2.1  FEFEVEI0AR

H T 5T 22 R F A iU SCAS 1 3 ) 1 1 2 2%
) 22 [ 1 D J5C R B O A AR SCAS i 3R 25 R 1 1
2 FRATTRE R FH 3 28 T ¥ 1 2 D A 7 VA 28 = 3 17
R, 45 BLEU (bilingual evaluation under-

study)P . METEOR ( metric for evaluation of
translation with explicit ordering)®” \ROUGE (re-
call-oriented understudy for gisting evaluation)™*® |
CIDEr (consensus-based image description evalua-
tion)™ #1 SPICE ( semantic propositional image
caption evaluation) " i fj fif & 45 5. H# BLEU
M METEOR P 4 b5 0k 1 T Pl 4 8 %, ROUGE
U T AR B i CIDEr Al SPICE S48 i 181 1% 3¢
A IBAT 55 5 W HE AR o

BLEU J& % T N-gram $t 80 48 11 19 2F I 5 o
R EBSCATER s M N TIRENS%
SCAA R, BRSO R X Gy s) 89 BLEU {5
SEFRTE n JURERLS  BUR SUARH IR s 725 7% SUARH
BR FERER,

ROUGE 5 BLEU &4, & 24 T & 2R 1M
oL B2 A 5 v, AR UE T O B B9 R TR AT 4y Dy
ROUGE-N. ROUGE-L. ROUGE-W, ROUGE-S,
H.#f ROUGE-N # F N-gram i} & & ¢ %&;
ROUGE-L #: F & K 2 4L /# %] (longest common
subsequence, LCS) i} & #& 4 ¥; ROUGE-W 5
ROUGE-L Jel . & T4 KU 19 d K 3L /e 51 i 7
25 4% ;ROUGE-S £ F skip-bigram & 2% R
AR 5 I SCA S R G R R A 2R

CIDEr /2 T I A AR . 1 H 5 n ok &
BEAY (N-gram) 76 2 % il i /0] 1 R Y A6 i fir 97
AR IR . AR IR IR T 094 gl
WA T o, 5m ASHERR S, = {sin s —3
. BFSEIER , CIDEr 5 A @9 381 ) DT i B 47 F 15
P B 7

METEOR H F i858 EG 3 3 4] F i1 2 2% 4 ik
) AR AR BE L 25 T BRI A DT IRC | 1R W)
) AR SCAE PR R B T UK B ARG A 1
A 2 M LT 2 T & 224 BLEU iFll 45
#E . METEOR 45 3R 5 A\ TR 25 28 5 B A S

SPICE % [E1F X 4 @ N %45 (semantic proposi-
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tional content) , K45 {4 SCAS i 78 I A0 & B b A7 7
B8 L@, SPICE 38 i 8 A jl A% 45 i 4] 7
22 ) F Y55 B T B E LEROR L Bl e A
AT BGOSR B i . R ER IR AR E S
AR IR R P S T = W = N T S K R e R R s DO
ZURMMX R, sEMtE SRS WABrE
el FH 90 S I 25 %) MR A7 1 15 2% ST AR A A VA s R
BE TR DN 8 7 12 AR A R VR B B Ry 3 S 1
4.2.2  MERVFIAR

L P D00 o 2 SR T FRD 228 88 ke AP AN MR SCAR A ik
B AE B A PR A R 1 R A UL B T A o
THE R 2 B 2oE L=l (D Fror,

perplexity(P,C, ) = 2H"¢D

Ic
‘ é|2 log. P(C, | Cyri» D (1)
n=1

XH, PREEAAET2—1 ANBEER T — i
AR, C S | C | A5 i AR SCA il ik )
T TR C iR EE . H ZWEE. C, & C
M5 n AR, G S8 ) 8GR AR R4 I 4R 1Y
n—1 AR, R T A S0 I AR B IR R R L BT L
O 38 4 v i A AR A8 3 ) 1 I B R S84 L LA 3
B AT A BRI A7 04 TR ) AL
4.2.3  ZREPEVEIN bR A

A AR SCAS 4 38 B 22 B 1 VT B v A T
WY 2 REME . a0 R RS SCA 34 T vk B U™ A 1Y
SCAS TR A S —FE 1 ) 3X A BIR SCAHE 8 7 ik B
HEARZREYE . ZREE PRI bR 2 R (2 fiR .

H(P,C,D =

|F
diversity(P.F) =— > P,(F) log, P;(F)
i=1

PR = F ()

> F

F & 1-gram 5§ 2-gram A H K ALK HE R Al 1,
| F | J& l-gram B{ 2-gram 7%, F, 2% n 4>
l-gram B 2-gram 83, A BE 0003 00 A 19 1 2
FEBE B o0 A B 5] A B ), 1-gram B
2-gram HU 0] GEAE LA B T AE K 280 2 H
i FHAR 2D B JLAS BAR] |, B o IR SCAS 34 vt B
BT Y A8 Al 23 B OR DT A 75 SCAS 4 3 BAT 3R
ZHAE.
4.2.4 K RIFIARME

VF 2 A5 AR A6 38 1 5 ik A i IR 1 SCA
TR A VF I AR UE B 05 1R 4 b 4 5 5 T 498 =5 (A
HYRE R 5 vE M 2B S (B R R TR RE . KR

BB A L0 B8 A2 TE 0 B, IE B
58— 3R 0155 5 M T L R B DA 2

T S0 L L IR R 5 o A
e Y FE 00— T35« B 1 A 5 R o AT
HILE T4

4.3 AR

G v SCSCA 3R PEI 2 “ AT challenger 4>
BRPEARFE 1 HPEI N 2 22— AT T3 8
AHKK = F 2017 FERAH KR EHTY, ZFW
H AT 55 R B R 45 0 1Y R — sk I 1B g S — )
TR ORI AR AT B R TR E I TR A
BHMEEFER. WFEAY G IMEFNE.
XF S AT Y £ 58 A& W48 BR (BLEU, METEOR,
ROUGE-L #l CIDEr) 1 & M 48 #% (Coherence , Rel-
evance, Helpful for Blind) ##173F4fr. ¥ B iF LK
20 AR AT B AR AR 2017 4R 9% 58 T84T 55 1 e 45 L 1E
AIC-1CC ik % 45 B L 4§ BLEU-4 . CIDEr,
METEOR #1 ROUGE-L {g 435 & 0. 746 57.2.145 95,
0.431 9 1 0.721 72,

Microsoft COCO Image Captioning Chal-
lenge® ZRFKT 2015 47 HE ) BR 55 SCSCA Hif A
PRI, 32 A3 103 ANBMA S . 2 e iy & 48
i P APT P £ 52 52 [ e MS COCO il 18 £k
A DSOS ARG R . % B 5 S R $E 58
ZEWHE# ., BME 2018 4F 2 AR, R ABHRK
TencentAl FI AN B HE R G H— 44 .18 C5 BiE4E
4% BLEU-1,BLEU-2,BLEU-3,BLEU-4 METE-
OR.ROUGE-L #i1 CIDEr-D {8 43 5] & 0. 811.0. 657,
0.508.,0. 386.0.286.0.587 1 1. 254,

5 FEFEFEIEGEN

Fe T BB SCA 3 3R T7 95 B9 4L 0 H TR 322
THR T R REAT RIS an5E 2 PR,

x2 BEBGXFHAEANEEFERTIRESEN

1S wh
- L F GoogleNet I LSTM #y
G le NIC™7
coste 010 PRI 30 A i 8 7

@ https://challenger. ai/datasets/caption
@  https://competitions. codalab. org/competitions/3221 £ re-
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2e-gL.STM-scl'
e > P 4135 19 S0 A 5 7 7 ik
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6 XBEBEARYER
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(1) PR A WL 58 B 7 i B

PG B SCAS i 3 2 0o 5 1 5 45 B BT 55
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Pl 5 ) W 5 MR 2 4 TR 5 001 L 3 S £ B ARG ke
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HRPLA R B . H AT A A+ 20 . iAo &
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PR SCA IR B PERE . TH It » PR A0 P 5 A8E 22 32 HX
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L ZORBE TR RE 8 25 Hh 22 FhIE S0 I SO
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AR BEAT N T AR 10 8 75 2 HE 2% K 19 N 1 At
). PR iy s B PR 0 B 0 SCAR 3 R TR R
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PG B SCAS $i 38 3T JL AR A5 B BIF 57 ALl 1
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AT PR L A B AR B T B T A B M
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