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Stylized Image Captioning Model Based on Disentangle-Retrieve-Generate

CHEN Zhang-hui and XIONG Yun

School of Computer Science, Fudan University, Shanghai 200433, China
Shanghai Key Laboratory of Data Science,Shanghai 200433, China
Abstract Image captioning aims to generate a description text for the input image to accurately describe the image content. The
stylized image captioning goes a step further on the basis of image captioning and introduces the consideration of language style.
It also needs appropriately express the specific language style, which makes the generated text more diverse. In order to better in-
corporate style factors to the description text,a stylized image captioning model based on disentangle-retrieve-generate framework
is proposed. The model first splits the sentences in the stylized corpus into content and style parts,and constructs a content-style
memory module, then retrieves appropriate style from the memory module according to the factual caption of the image. Finally,
the factual caption and retrieved style part are input into the language model for stylized caption generation. Experimental results
on real datasets show that,compared to existing methods, the proposed model has better performance in various evaluation me-

tricssand can accurately describe the image content while expressing a specific style.

Keywords Image captioning,Deep learning, Text generation,lLanguage style, Encoder-decoder
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MFTA RS L1 1R A B0 T 3 ZL A - Mathews %19
Pl SentiCap A8 BUBR 53 9 1% 09 P48 4 38 L i 5 780/
B B 4 0 2% B HORE 58 7 AE . B 4 3R M 4 W 4% (Recurrent
Neural Network, RNN) A= 5 25 52 4 3] 1, f1 i 19 RNN [
457 j A KA B3R . Chen 250 78 K 48 W10 12 M 4% (Long
Short-Term Memory, LSTM) H1 51 A T KUK % B ) 7] 45 85T
FNZ R, I 2R JH A N 1 2 2 4 1 468 70 DA JRURS Ak i 3 A = 92 4
5 R R (1) 2 3] B B Ok A AR AR A R . 3R kT R
A AT 1 AR - XA b Al R E AT BRI 2, Ol T AR X —
5] B8, Gan 251058 5 43 i LSTM W 4% v il 2 008 B ok ol T/ 13
7 L R IR T A 485 3R L Chen 2570 0 LSTM W 45 14 1] 42 B
JEIRAN T 2 hR HE AL R AE . Guo ZEB R T 4 BT Il 45 A0 O
SR, 33 6 T AT 10T RO 1 S AR Az Bl 218 R 3R IBCOXUAS 3L, fole
Z % RURS R 22 S b AR L Zhao SEU S 28 12 12 B 6
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Bl o teAh . bk TAEHS L 2T BR800 58 F5 18 B H RNN 3§
LSTM W % B 43 A4 i WU AL R

AR SCHE T B AR AR R A Y R XU Ak AR A
FHI (Disentangle-Retrieve-Generate Captioning Model, DRG-
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TETH R A58 R SCAS 2Z [) 3 SC8 ) 04 [ B o AR A7 DR B8 T A A
B P i o MR B AR LA B v, SR G B 4 R i 1 % B T
Transformer #5281 3EA7 523, ) A RUAR Ak 38 R U2k 1
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rh R R I AR A AL 3 3R 88 28 %) 508 A 1R ) AR 5
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a" =arg max Sim(c, .c;) (5)
(c;rap) €My

Horf, Sim g AHARLEE (9 B2 5, AR SCOR JH 9 J2 4% 5% A B, 38 i
THEF IR R, M B BARUEE R R 5 e, A IT R 19 KUkg
WCa™ o FLAE R 4 3 S A o, R0 XU ] P e, 43 )
i ] R A A R EARRBE A EHE R e 5 e
B AFADLBE B . Dl 1A B SCAS Y ) A 3R L T LLSR FH B )
S TF-IDF [a] &, 4] 5 vh it A 546 Glo Ve i) ik 36 78 1) 7
BIE DL B a) F 9% 5 /Y 38 H A F 4 15 28 (Universal Sentence
Encoder)' il Sentence-Bert"'*' &5, FRATIN K, B3 4R,
TP 7 AR BE 8 72 B 5 ¢ ) B H B 0 XA 1)V B3 A
Se, HATE—R 3B NI HE . X T RS RN A %
0] DU X i A AR AR B 3 T 2 A T TR SR 1 A
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FH A AL T8 AT YNGR bt A X 7 1 A5 4 R il T S
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2.5 HEm
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2.5.1 Transformer 4£ & 1
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R 8 14 AR BB T A 22 3K T T ) A — AN i 22
4% R X — A 2 kB I AT T (Mask) #:4E , LB
L A At BTl B T B OR) MR S . AR SCHE A RV 1k
R RS A B BT AR TP A SR AR AT [ Style ] A
[(s) ], [StyleJ¥q5E T A= U i 0 XUAK , [ (D 1o A B ik 1 I
IbRic . A 2% DL g 9 2% 40 659 45 20 1 ) i R OR (21,205 00,
2, ) R BY 17 Az 1800 S35 i, R A SR B0 R — A i )
¢ YA R Ry T SRR

vi = Trans formerDecoder([z, 25 +*** +Zp |+ y1.—1 30p)
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Horr, 0, FRoR RS 25 Th S8, MBI AE LA SRR IR [(/s) ]
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2.6 EE%

FEARLYN R AL 55 TN 2R A . BN ZRET, R 1B R -3 52
BB 5 D R NGRSO AR B X T 45 8 R o, BHGH R
TSy oA i Sl i e, SR T 53 S0 iR e, A BT 4R
D, ARy o SOAR A e SR 38 SO AT U 25 5 482K R B
ARKWT

Y =—log po,.s, (¥ ) an

DA £k it 32 B8 ek A 3¢ 20 S T DI 2 — A 15 TR BT E R
Z N GR B3 TINS5k mT LUKS Bl SCAS A Bl 48 50 47 1 A7 90 1R
ko FE SO By B, F R XURK 6 38 BE D, Sk Uil i SCAR A Bl A X
FAER R R 3 ek YR O N R oy R I I a, » 2%
JEMN 2.3 T iR B B Mp, A R I 5 Z DL e B XA RNE o,
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22 SRR S A — E T b AT LARAIE AR I SC A 19 P9 2
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e BB T P B, KUK Tt A W AR i By 4 238 ©
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3.1 HiESE
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i1 2994 F1 2019 A4) T #EAT YR AR ; X T 0 R KU A%
Sy B 2991 F1 1509 A~4) FHEAT N ZR ML . FlickrStyle
10K A5 10000 W B4, 4 1 181454 2 — A e 3R KU L — A~
IR T XA 1) 1 34 )RR JEAE B A FF TN ZREE i 7000
I P45 AN 17 19 416 38 4 F . 2% Zhao %7 Rl Guo %55 1y &l
4% 5 K Horh 6000 i EHRVE R U2 5080 , 43 (19 1000 i &4 H
TR, 55 50 % TR R AE YRR th sk i 100 1
SR AN T Rl
3.2 iEMiEtR

5 Zhao 517 Hl Guo 1 iy TAEHAIR . ZL@CJ%%U\W/\T
T XA R AT PP . 1) AR B IR 5 R Y P8 28 4 S , B 2
NRGETR N AN K i) W 7.k M BLEU-122, BLhU—S[m
METEOR™! #l CIDErH 35X 4 ANF84% 1 2 IF B9 A5 4 3 4 48
TR VT3 5 2) AE J0HE AR 100 JXUARS T A8 1, B2 75 4 5 XU A 28 T
8 78 1 A% 18 1 48 bl JXUA 43 2 T i 3R (Style Classifica-
tion Accuracy,CLS) Fl [#l 2 ¥ (Perplexity, PPL), CLS i it
I [T U9 3 2 28 1 5 B B XUAR TR 2B B 3 SCAS o I R
W BT T XA ) T (0 280 0 BT A A 10 R SR B i BT
X} F PPL, A SC{f ] SRILM T B A I 4 3 T = T H 10 5
TEIE AR T T A A TR R L R S BT B (E
TR W PE R A7 L B PPL (8 /R 2 A58 8 R R - 22 4, 3L
b A A8 S R A A A AR AR A
3.3 ELWERNN

AR AT TN G A A X ST T R ST
PE AT L B A AR XU A d i
3.3.1 LB A ke kb

H T 85 UE DRGCap A5 81 (47 &t A 30K 1 5 H i 76 &
1%2E’JWMH‘*LE%LﬁImﬁﬁ%E@ffﬁzﬂtﬁTttﬁ?“‘

(1) NICH 35 T 2 i 5% - fire 1) 2 4y P14 408 R A0 IR0, 2 A 20
i MS COCO H 48 58 Hh ot 1 Q-2 ST R AT U1 2% .

(2)NIC-FT . fdf F 4 Ffr JXUAK B9 10T 25808 43 5310 X5 I 5 58 1k
B NTC A5 3847 Sl e i 45 380 (o A Y

(3)StyleNet™ . ZE Il i i, 1 5 FH X 1) &1 -5 52 4 b
X RS TC 56 1 2 B A7 5 30 L 8RB A Bl RURS 1k 19 35 X XU
WA S RG]

(D SF-LSTM™ . XF LSTM BLH 47 T 2otk . & % 45 Fp X
AT X B B A T W A T

(5)MSCap™ + 5% X Bt Y1l 25 i) AR, i Y i sk 11 el 4 - =
S A AN AR B B RS T RE EAT U0 . B TN — K
8 T] DA B2 b RS 1 8 A

(6)MemCap™ : Bl B T T KUAG iC A28 B, 3ok I &
J7 ML) Xt I AR B A XUAR AR A 2 BBOR B g, S R — vk Il
a0 A A - FESE T B

B RS 11 PR RS A 3R S B 5 SR an 2 1 in 8, 1T DL R
B, SCHE A R AR P R 6 M 9 48 AR BLEU-1(B-1),
BLEU-3(B-3) fll METEOR (M) , CIDEr(C) F # 4 T H At %
Lb 7 % o 3k 22 B BT A AR A AR A 11 S S R 6 XU b
AR N A A B B, AR TR U (Pos) L TR 18
(Roman) Fl {4 Bk ( Humor) X4 A9 CLS W 2& T 3k i 55 1%
MemCap, {H 3508 F FH Ath %t e 55 2%, il PPL 45 b5 08 F 3 il

SRR
8 5 915 JLA 7 T A4

X H B L A HH DRGCap A5 8] LA IE JRUAK £k $ s 16 XU o
k.

FL R URK BY AR XU A 1 3 S 0 5 2R

Table 1 Results of single-style image captioning
Method Style B-1 B-3 M C PPL CLS
Pos 47.6 16.3 14.9 55.1 25.6 22.4
Neg 46.9 16.1 14.8 54.0 25.4 23.2
NIC
Roman 25.1 7.0 10.6  33.0 61.6 24.3
Humor 25.5 7.2 9.7 33.5 57.1 25.5
Pos 48.2 17.3 16.6 54.3 20. 4 91.3
Neg 47.3 17.8 16.1 55.4 21.5 89.5
NIC-FT
Roman 26.9 7.5 11.0 35.4 27.7 82.6
Humor 26.3 7.4 10.2 35.1 31.8 80.1
Pos 50.5 19.1 16. 6 60. 0 - -
Neg 50.3 20.1 16.2 59.7 - -
SF-LSTM
Roman 27.8 8.2 11.2 37.5 - -
Humor 27.4 8.5 11.0  39.5 — -
Pos 45.3 12.1 12.1 36.3 24.8 45.2
Neg 43.7 10. 6 10.9 36.6 25.0 56.6
StyleNet
Roman 13.3 1.5 4.5 7.2 52.9 37.8
Humor 13.4 0.9 4.3 11.3 48.1 41.9
Pos 50. 8 17.1 16.6 54.4 13.0 99.8
Neg 48.7 19.6 15.8 60. 6 14.6 93.1
MemCap
Roman 21.2 4.8 8.4 22.4 14.4 98.7
Humor 19.9 4.3 7.4 19.4 16.4 98.9
Pos 51.6 18.8 16.9 54.8 12.7  97.6

Neg 49.3 20.1 16.4 61.2 14.1 95.4
Roman 22.4 5.3 8.6 25.5 14.0 98.6
Humor  20.7 4.9 7.8 24.3 15.8 98.7

DRGCap

2 IR 11 A5 IR A 45 ik 5 o 4 SR 5 B v 0 1 E B
2 I 4], DRGCap #L A 4 Bl XU A% L #1952 45 48 7 BLEU-1,
BLEU-3,METEOR #I CIDEr LA K PPL b 3740 T 3 i 5409k
T 7E KU A% M 5 38 (CLS) I, BUM (Pos) . 1 # (Neg) Fl b Bk
(Humor) 3 &t A% ) 4 47 % 22 T MemCap 51, 3X 55 51 KU A%
1Y) 52 86 455 B — B0 L B DRGCap #6580 R AL AT LA 37 45 5 R
8 A A B AT 22 AR A 2R

2 2 AU B PG XU A 3 S 6 245 2R

Table 2 Results of multi-style image captioning

Method Style B-1 B-3 M C PPL  CLS
Pos 46.9 16.2 16.8 55.3 19.6  92.5
Neg 45.5 15.4 16.2 51.6 19.2 93.4
MSCap
Roman 17.0 2.0 5.4 10.1 20.4 88.7
Humor 16.3 1.9 5.3 15.2 22.7 91.3
Pos 51.1 17.0 16.6 52.8 18.1 96.1
Neg 49.2  18.1 15.7 59.4 18.9 98.9
MemCap
Roman 19.7 4.0 7.7 19.7 19.7  91.7
Humor 19.8 4.0 7.2 18.5 17.0 97.1
Pos 51.4 18.4 17.6 56.4 17.8 95.2
Neg 49.9 19.1 16.9 59.7 18.5 98.0
DRGCap
Roman 21.6 4.7 8.3 21.3  19.3 94.3
Humor 20.4 4.5 7.5 20.8 16.5 96.5
3.3.2 HakEk
HARXMK R B ] AT T ARN R E, KT
PRETEE

(1) TF-IDF : 3CA ) 7 FI| il TF-IDF [/ #6472 .

(2)GloVe: ¥ a] T it 4 B4 ] GloVe Il & #E 17 £ 7R,
SR BT (B S ) F 1 1) B R

(3)U-S-E: % JH§ Universal Sentence Encoder i %l %} 4]
HEAT G A A5 2 1) B ROR
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(4)Sent-Bert: 2k F Sentence-Bert 2 i1 5 4] T Z [a] A% #H
wEZ.

(5)w/o R: ZHLRG SRABLHHEAT 230, RO XS T 45 %€ 19 N &
AR ARG R 5 Z AR T BC i KUK )3, 72 4 B, Transformer
St & A A A NSO,

Hor 2% 77 2K A TH Rl S 30 45 R AN SR 3 B B L 7E AT XU 1E)E
B A R AL 1 Sentence-Bert R0 R & 4f  # i Glove 18] ] &2 54
HR 2 BB R (w/o Retrieve) I, PPL Al CLS 35 br 48

2 TR TR RS TS JXUAR T Hl 3 JRUAR T o 2 ) B

3 o RUMS PR 15 R A A g% O =T il S 2 AR
Table 3 Results of ablation studies for retrieval methods on single-

style image captioning

Method Style B-3 M C PPL CLS
Pos 18.5 16.7 56.2 13.4 96.1
TF-1IDF
Humor 4.7 7.5 24.0 16.3 97.5
Pos 18.2 15.8 55.4 14.1 95.7
Glove
Humor 4.3 6.9 23.1 17.2 95.6
Pos 18.1 16.2 55.7 13.8 96.0
U-S-E
Humor 4.4 7.1 23.5 17.0 95.8
Pos 18.8 16.9 56.7 12.7 97.6
Sent-Bert
Humor 4.9 7.8 24.3 15.8  98.7
i Pos 16.3 16.0 49.9 25.9 72.4
w/o R
Humor 4.1 6.8 21.5 25.3 59.8
Pos 18.8 16.9 56.7 12.7 97.6
DRGCap
Humor 4.9 7.8 24.3 15.8 98.7

Xof TN G SR HT Y 45 25 BRI AT 2230 1 LU R LM E

(Dw/o xe L A T R -Z5 551 38 X SCAR g 2 #3647
TN 2 5 ORI RS A e R DI

(2)w/o rec L: B HL T 78 WS b 18 K T 580 A B 46 i
R AR A RS- SRR X AT U4

(B w/ocls L: Edw [ 72 WAE AL i8R U250 43 28 245 42
B 43 281K

Il 2450 2 T b S2 6 2% AN % 4 T A, T LR Y, E A
TR BREL (w/o xe L), 45580 Az i SCAS Y P4 25 4 56 1 A XU
s WERA AR 32 B T 5% 0 5 25 98 T A B K pR A (w/o rec L) BT,
IR A SO AR B PN 2 A D6 2 B Y 2 R A /N L PPL A CLS Y
BURI TR 5 4 XU A3 B R (w/o cls L) B, 50 A 1Y P 25
A BRI, HF B T 588 W DRGCap S8, {0
PPL 28 2%, 1 CLS I 2 8 T [% .

4 B RUMS 5 3R VI A G 1 il S 2
Table 4 Results of ablation studies for training loss on single-

style image captioning

Method Style B-3 M C PPL CLS
Pos 18.3 16.2 56.0 14.2  96.5

w/o xe L
Humor 4.2 7.6 24.5 18.6  96.9
, Pos 18.4 16.5 56.3 22.7 92.5

w/o rec L
Humor 4.3 7.4 25.0 24.2 89.7
Pos 19.5 17.3 57.4 14.5 69.8

w/o cls L
Humor 4.6 8.1 25.2 17.8  52.3
Pos 18.8 16.9 56.7 12.7 97.6

DRGCap
Humor 4.9 7.8 24.3 15.8 98.7

3.3.3  BEABBMSH
A SRR AE B KUK | BLEU-1 fl CLS 48 #7 Bifi XU A% #F
REE o MMM LWME 2 xR, " LLEH, BLEU-1 {4 8

B o A3 A BT TE , CLS {8 ) B B {5 o B9 38 K 1 06 /N .
M AR AL AT LA H 2 o BUE R 0. 8 Af . BLEU-1 38 45 &
w LA BT 52, 3, Ji CLS{EHA T3] T 80. 3, il g 43 #rml
%u Mo WA AR BT, G 97 433X — 25, 45 30 i XUAR 30 T 5 B
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FFNCANEOE AR T KB R 0.8 L HR 40 B RUR i
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3.3.4 R4
DRGCap £ 1 A= i 0 KUAs 5 b &5 R an & 4 s, X F

H— IR R, 18 2 Positive FR%8 B, 87 A B A9 B 34 0 “ beau-
tiful cars are sitting in front of interesting buildings”, H:
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Fig. 4 Examples of stylized captioning text generated by DRGCap
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