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Image Captioning Method for Fusing Multi-temporal Dimensional Visual and

Semantic Information

CHEN Shanxue, WANG Cheng

(School of Communication and Information Engineering, Chongqing University of Posts and Telecommunications, Chongqing

400065, China)

Abstract: Traditional image captioning methods use only the visual and semantic information of the current
moment to generate prediction words without considering the visual and semantic information of the past
moments, which leads to the output of the model to be relatively homogeneous in terms of temporal
dimension. As a result, the generated captioning is lacking in terms of accuracy. To address this problem,
an image captioning method that fuses multi-temporal dimensional visual and semantic information is
proposed, which effectively fuses visual and semantic information of past moments and designs a gating
mechanism to dynamically select both kinds of information. Experimental validation on the MSCOCO
dataset shows that the method is able to generate captioning more accurately, and the performance is
considerably improved in all evaluation metrics when compared with the most current state-of-the-art image
captioning methods.

Key words: image captioning; visual information; semantic information; temporal dimension; gating

mechanism

I 5 B #: 2023-05-24 ;81T H #1: 2023-06-26



TR Foakd % uba g EALT S B ST B0 B R R K 7 ok 923

51

[l

BUAG A R BT 45 R 25 5 — IR G LT L 3l A i — 44 BB HLE BT [ AR5 &
W TRITEHIAE R R AR A A — A BBk R AT 5 . AR BEE H RN
Wy 2 JB |, TR A R O PRAGAG 28 A HILAE T 0 3 ) 225 O 42 410 1) I8 A R 17 R 9 7 L

T 0 AR A 3R 7 ik A B TR T vE R TR R 0 Uy ik o TR Jr e Sl AR
DR B 2 P B B AR, SR 5 AR 40 PR AR AR A DU TR0 45 iy s ) R s P 1) 5 T AT AR S X SR
RS R . Farhadi &7 8 SR RS b H AR 56 2208 MR 23R, 55 TR 1 19 = o0 AL, B
Jo R 3 G A A PR IE] S S BB R ARG . BE TR R A T S T RGO R ), T A 0 i A R
PG AR 1153 R 18] B ARARLEE |, SR 5 4 310 8500 4 vhoRE o) I8 i 4k R AR R 24 i 34 o Kuznetso-
va S5 S e B SR PR 2R N AR AR R AR 1%, SR 5 JE X 7 A il R T 3 Bl LR R 4
AR IR R AE R A ARTE TR . B 5 L, bR vk R R A R 4k = FR L TR A AR Y A A R
G Si =

g TR 2 (0 R W98 AT R S FH R JBE 2 >0 1 5 12 ] LA B e b gk DR X T 55 0 2 ML e R
(0 %, 4 B 2~ 2 14 ) 7 PR R TR A5 3 7 1 2 0 o Mao 25 R H T — 5 F 45 1 4 -1
fith 2% 19 S i 3R LY FR 4 m-RNN (Multimodal recurrent neural network) , i% 1 %l {ifi Ff % £ 4 25 % 4%
(Convolutional neural network, CNN)$& HUEIG B FRAE | S8 J5 1 B2 BRI (9 R 10F S5 A S48 25 pil 28 09 4% (Recur-
rent neural network, RNN) H1 3 Az s #1317 . Vinyals 248 th T —Fh NIC (Neural image caption) 1 %1 ,
K H CNN K 45 {242 W 4% (Long short-term memory, LSTM)AE A 4 5 25 Fl i i % , LSTM n] LIA 3L
S TR AP JEE 9 2 N R B4 1) T, R ST M0 i oA PRI 4 38 401 8+ = 0 %) A A 88

J& 2 W BIF 5 e BB 1) DG T 0 T G 0 B 2 3 BT PR AR E R, TR TR I ML Az i B R A
RS . Xu SR O T R AL A S R AR AR e A g A ) PR Y X R L AR
W LSTM Hin th Aty B geic R 28 R I 8CRe A i A 3810 102 2 7 AL o ok e s IS rp A T] DXl A AR 327 1 T LA
) 25 b 6 SR R A DX R R 4 S T 4R 69 A2 . Chen 25 242 T —Fh SCA (Spatial and channel-wise
attention) B AL B AU H] T )2 9000 75 1 HLTH 20 2 T BT CNIN S B EHRRAAIE O Bl 1 38 18 1 3
FIHLHI AN ZS () MU Lo PR T — b E I R R AR B R AT L ke A R 3
WRIE X AF Bb 2 25 B . Anderson 212 T —Ff Up-Down #5781 46 8 75 4 15 3 2 26 £ 1)
Faster R-CNN & £ B & 9 F71F , Faster R-CNN 1] L4 =) & 19 B A5 RR A 17 AS A2 42 J) 1) BEHR ReAE | T
W AT D sl A — S AN i DB T

T2t A PG A AR A Y — M e 3 AR 5 SR 40 2% pR EIOR I A B (B X R I 25 U A A ) e e
B AT 2 By B AR A7 AE B OG22, BV RYAE I 2R AN B B i A ] 23 i il iR 22 TR X 30k
G T8 1 A A EMEOARAE, IF H 28 SUR0 R RV BSOS it B HE X RS AT B PP 48 A i AT oy i 5. o T i
PR3 4 ) B F 5 N B A H A P 58 A 20 O R R e AR A AR 1) AT, Rennie 505 TR AL A% o 2
H T —Fh B FRIEM 51 A9 125 77 3 (Self-critical sequence training , SCST) , % J7 1 %5 1 B B Be 45 21 (4 15
WIE A VE N LR, B CIDEr M #8454 4k o MEAh 3£ T Transformer 4 )5 5 41 3% 7 137 F T 4]
A RAT %5 b . Zhang 25V FE i B 348 1] Transformer VE S i i 28 , 3548 1 13 38 I B He o 19 33 137 b 6 9%
R 5 A A W5 AR LA B 23] . Wang %5 % Swin Transformer Ji7 FH 1) B & il 8 T4 b, il
2ok > T B 220 1 T ) A A SR A R A LA A B A A AR 1 )

H AT BRI T B SR AN R B T o 7 ik A s S8 P >4 i B 220 ) 1L 0 A R A i AR B R A=
J ST 3R], 0B AT 2 I 2 i 220 R A SR SCAE L AT S B A 1 il R R ) BT i O AN R . BT X



924 R E B L Journal of Data Acquisition and Processing Vol. 39, No. 4, 2024

B [A) R, AR SCHE HE T — A 22 Bt ) 2 A 5 A BRY RZ il 38 7 35 (Fusion of multi-temporal di-
mensional visual and semantic information, FMDVSI) . %7 %38 7 0038 18 B ) FE S 2 1, B 51
Mol & T 3 L 20 A ALSE 5 BORE SUE B IR T — R T T3 BIL I R e m A 5 B AT e B R H -
1 AR B

AR SC LA SCRR [ 14 42 AR 4 R L E A A H2 T — Bl A 22 Ao 1) 4E B AL S T AR B R 3
R Ty MR EARKE R AN R 1 TR o 7 g i g ) s 4 RO B 4 05 3 S A AT R R 350 0 2 R AT, IR TR
FRRAE PEAT A 5 S A B SR 0 o A A iy G A O A0 B R A R A AR X MR YRR A AT R A L SR S
38 2 E T R RO S R ST B By ) e ok 2 sk 2 A R AR EURNE E B TR G i) el Il
B A AR E AT

i im figs
T emmp | R
MUBETE
— CNN it
*
B B = —
S 1479 S group of people
. [FHatad; mmgg‘i% & B = fHh (H>{riding skateboards
down a city street
L,| Faster TRy
fopeied 1%)%@?‘73
JR R RFE ﬁzwﬁm%XEE

BIT A SO R R (A A

Fig.1 Overall structure of the proposed model

1.1 EkEa

PRG3R B B b 2 A A — TR 45 B RR L B i — ) RE A R A KR N A R P 51 Y =
{3130 = 37 ) 3 ERYH i D Wy i) L 45 45 19 K h;

AN T AR TN i R B .

15 4 1 3 , % JH7E Visual Genome %1 4 4"
W45 Faster R-CNN 2 $ B — 41 X 38 4% i
YE ]y AR Jm) 38 0 & R AR, AT LA SRR ) V=
{01, 05, =+, 0, Ho Loy B 9 RUR B2 BURRAE 19 %R
5,0, € RYFIRAEA K I R FRAE | o 0 F#AE 1)
W YERE R/ A ISR AT ResNet-101 9 2% H f5

LSTM-S

N A N 4 €4 LSTM-V H= {h;’! h;""’ hrv—l}
Ja — A~ BUZ B9 i AR O PR B 4 R 3 5 R AiE :

Vo ST RH H R I R E 5 4 R 1
ER A TR V=01, 0, -+, 0., 0, ), Bl

A 588 55 A 160 B 4 R B 160 ", 5 N
BF BRI B2 R i

RS s g A A 2 Fr s o e Z0 B, B g B i Fig.2 Structure of decoding side



TR Foakd % uba g EALT S B ST B0 B R R K 7 ok 925

P2 HCE Y R AL V 20 1 34 (40 3045 317 2 R RRE 0. I 454 B A9 A 1] 4 o, A B — B a) B
LSTM(LSTM-S) By Bk 25 A L[] Sy A 219058 i LSTM(LSTM-V) i it A0 &5 A M 18 LA
B, Hilt®B£BInT

v; (D

v =

ldh

1
L

Ry =LSTM([ 9.2 h; 1. b)) (2)
k) ERY N LBE RS LSTM Y BROBUIR 25, 2 o0 BOBOCIR A5 1O 28 BE 5[« 38R 1) 2 22 18] A9 BF 42 38 1
LSTM,( « )RR Mo S LSTM 1912 5. .

A0 7 BT WL RS L 6E 5 LSTM % th 09 B A Ay R ARRAE VDL K b — SB[ 28 e B F
SCI) o) VB A5 2 2w R B R SO ) HO T S R e KR R

e/ =faav(hl Vel ) (3)
A [y (o) RARPEE BE F1PLH .

W SO B WL D A D LSTM i 09 BROBCIR 2 Ry P 39 B RRAE 0 LA K3 25 B 20 90 i A 1
LSTM i th 1) E%ﬁ#k?}&%%Hz{thé, h}ﬁ}?ﬁ%ﬁﬁ/\,ﬁ%iﬂ 24 i A ] 2 3 bR SC I ]
Hat B ] fmh

A=fran( b, 0, H) (4)
A faenl o) RANTE SCEE T1HLH .

J T AR A AR B ANE SUE B BT T — R T AL SR XL R SC I & ) ANE L B S
i 2 o) MEAT BE BRI o IR A5 21 A0 45 SR R0 S f 5 LSTM i 1 A9 BRIk 25 hy JE B A 215 5 LSTM
W LIS EE T LSTM fii A BROECIR ZS Ao TS R v] 7R

‘= G,(c'f,c?) (5)
h;=LSTM([¢. k7). B ) (6)
K G« )RARTTENH G LSTM (- ) KRB H LSTM Wiz 5.
A T 1R F LSTM it (9 B BOCIR 2 A5 e AR i 0 i) , 23k 0h
y,wp,:softmax(thf) (7)
X W, e R R HERE 5 p, o T B4 38] 1) HE 3R
1.2 MEFEEHE

AT AR RE T R B2 AT B AR SCEAL GE i B T HLE A SE R AR T — RO T L
(77 v, A M TR 3 7 o %7 IEBI AT EOE TR O HAE A — I ) A b — I ] 5
LR SE BAE N LR 2 A5 B, DL AR B S B A
PLBE 0 B PE . AR I A A 8B T = S L

T BEZ K o) R Ry EAT PEEERAE RN L S R
FROE VAT AL A, LS 8 BHR B9 9585 B 0 A ¢, i f it
HWARMT

w,, = w! tanh(W,0,+ W[k}, ¢/ ]) (8)

3 MR 4

a, , = softmax ( uz’,/) (9) Fig.3 Structure of visual attention



926 R E B L Journal of Data Acquisition and Processing Vol. 39, No. 4, 2024

L
c,= E a; v, (10)
i=1

Ariw] €RVY, WoERY WL e RN RUER AR
et R [ B ) A — ol R U A A A R Y S T A7 R ML ke s o R £ A O
AR TERLSE AR5 LSTM s il SUIE B & s, Kt 2 B s
2, =o(Wox,+ W,k ) (11)
s,=z, tanh(m,) (12)
KW RV W, € RO RUE ;O FoR B G R AT ;m, LSS LSTM 91812 5000
o( + ) FR sigmoid G PREL .
P T B T HL 0 R S ) T DL G DA B IR AR AR
c]':/;’,s,—O-(l—,é’/)c, (13)
b g, €[ 0, 1A LU fl— A TE ¢ 20 59 KU A2 B, 6 B I 220 /22 A i A2 4, 5 LT LA 3 07 b 16 4% ¢
TE S B ILBE A B 1) B o, 8 2 G TR TS UAE B i s,
NI, TS A o, AT AR R A EE AR, R I,
JG—NICRMER B W, AR
u,, = softmax([u{_t, w] tanh(WSst+ WIIh,V>D (14)
Bi=u, [L+1] (15)
AW eR", Wy e R I E AL
1.3 BEXEEHANE
i 2 B 2 00 1 SCAR BT DL R AR R A 3 Sk
FA R HEE B AN TE . b 1A AR S i 25 2 Ry TR
SAF B AR ST T — Bl R SO LR Ok ]
SERGUNTE 4 TR o T AR A I A D G 25 i 2 Y
W SCIE BHEAT O, S B AN 1 T 4 (it 78 R 1 i AR
S, DA DR 30000 £ ) f o B 1
TEREAS W] 2D R T 2 A 38 S5 B, Y 53 25 mf

ZE S H =Ry, by, - by AT BT B —A B4 SRS
Hr E@iﬁ)‘({%‘ﬁ%é\{ hy, Ry, e, h;’}o I3 3 B4 1y Fig.4 Structure of semantic attention
FRAE o X SR SR G I T R . HIRgH R R T
yo.=w] tanh(W, 5+ W,.h}) (16)
2, = softmax(y[',) (17)
L
A=>1 =k} (18)

=
Xfiw) €RVY, W, RV, W, ERY ORI IR .
1.4 [T3EHLH

ST L BE T R L R SCTE Ry L) g L 2 Sk (20, 2210 R L BRI T — AR 4R AL
il o B AT LATE B AN B 18] 25 3 25 bt W0 38 A5 B R A B A AR o B SR A R L e A ) D)



TR Foakd % uba g EALT S B ST B0 B R R K 7 ok 927

Z AR TR B A A i COC FR A W AR T UE R
IR HLE AAE L SC ) o) AN SR SO o MR R R T T . A S IR
g=o(Wye/ + Wyel) (19)
é=[cO(1—g). Og/] (20)
X Wy € RO
1.5 Y& B+
A AN By BEX SRS HEAT U Sk o FES 1 B, {28 SO 4t 2 XSS A0 o A7 1 2, 3l ol )11 25 IR XF
;1 2 25 4 3 SR A 28 SUIR A 2R 3k B B/, BRI

Lyg(0)=—">]log( py(y/ly1. 1)) (21)

Sy, Ry GG L 0 2 25 434 5 0 S BRIV 19 280 L e 327 8 FH 28 SUH 61 2 19 01 250 X
TEAS 2 By BE 0 A1 3% F o Ak 2% 2J 19 SCST YN %5 0y i %t CIDEr B 0 Btk A7 Ak . JLUI 45 H A5 by 5
N B il R A 43, D
L(0)=—Ey_,[r(Y)] (22)
Ao (V) FRAERAER Y 1 CIDEr #5535 Lo (0) 27 i 58 Ak 2% 2T 1l 2k 07 =X
SCST Wl 25 J7 12 AT LAAT 280 Hb fift e A5 80 7 11 25 B B3 R0 3 I B3 A 7 110 B DY 15 22 [ ST, 1 755 261 1) 4
[C RN FNOE-Pie

2 KBWERSHW

2.1 HIFEBESEMIER

RS MSCOCO 2014 % 421 Sk UF W1 B850 (9 A 200 . % 80 4 — 36 & A 123 287 sk {4, 3t
T I 2R 4 IR IR 4 43 0] 5 A 82 783 FN 40 504 ik BRI HLRE K MRS & A 54 N ToAric iy ik o ) o
MR 4l SR [ 24 104 7 2 08 42 47400 43, DA BSCHE 4 rh B AL IE 45 5 000 5K AT il i 4 , 5 000 5K BHEAE
J YR AR HAY Y 113 287 ik R 43 /E Ml 2k .

F A BLEU"™ METEOR™ ROUGE-L" CIDEr 1 SPICE® . % 3 # 45 7 3 4 12 45 70 (14 M 6% .
Ho \BLEU n #8418 1) 5 2 2% 4R 18 1) 2Z2 8] o JC 40 19 3 4 A% B s METEOR 155 5 1) 22 Ji] o
B 232 A 101 26 09 P8 A 3448 s ROUGE-L 38 3 1H 53 1 28 3 79 90 ke i &2 /) 9 E B 1 s CIDEr 353 4=
B TR T ] 5 S R B ) 22 1) 19 43 3% AR DL 5 SPICE 3@ o 15 4] ] 47 5% T8 1 F A% 8 M R 6 28 ok i
e SR FR AL
2.2 ZWHTIEE

TESZI o RGRRAE (0 4 3 15 B R 2 048, LSTM B Beujik 4 i 152 8 Ry 1 024, Tl i A [n] o0t B4 4 5 i
N2 048, TE YISt B b, S 00 A UM 2 i 0 I 2% 30 %, 8 Adam D k2 0 x A5 R 3 AT AR
AL B U2 2 KA BN 0.000 5, 31 ESEUE B oM 0.9, B 3H I — K, IR IR BN 0.8 4% J5 i FH SC-
ST 2575 B RN 4k 20 %8, W) B 2% 3 58 K 0.000 05, [7) BE K 5 356 2608 — 1K, B WOR R E 5 0.8, 1E
3 sk A v P SR RO AT RS, SRR S O 3.

2.3 LRI

T BAIE AR SC 75 B FMDV ST 1946 2 v 8 FH Up-Down B8 78 g FL 28 #5578 75 MSCOCO %L

Wt EREAT S0 . R, R T R SE G A T, B AR IR SC EMDVSTRE R [R] (19 B 8. 5



928 R E B L Journal of Data Acquisition and Processing Vol. 39, No. 4, 2024
Ry gk S an e 1 PR, Hoh XE 3o il 58 SUR R 26 19 07 sCE A7 U 45 R 38R i i 3% F s Ak 2 S 19
SCST Jr %t CIDEr P4 $8 bR AT AL

F1 AXFESELEEEMSCOCO HIEE FAEREXT L
Table 1 Performance comparison of the proposed method and the baseline model on the MSCOCO dataset %;

T BLEU 1 BLEU 4 METEOR ROUGE-L CIDEr SPICE
HLL AR (XE) 75.8 35.7 27.5 56.3 111.7 20.5
FELEBIRI(RL) 79.2 36.6 28.0 57.6 121.4 21.5
FMDVSI(XE) 76.6 36.9 27.8 57.6 116.9 20.7
FMDVSI(RL) 80.2 37.8 28.6 58.4 125.2 21.9
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Table 2 Ablation experiment %
7k BLEU _1 BLEU 4 METEOR ROUGE-L CIDEr SPICE
LR T 75.8 35.7 27.5 56.3 111.7 20.5
FMDVSI-AttV 76.1 36.0 27.7 56.5 113.1 20.6
FMDVSI-AttH 76.0 35.9 27.6 56.4 112.8 20.6
FMDVSI 76.6 36.9 27.8 57.6 116.9 20.7

[ s, g 1 9 1145 HL A 09 AT 5, AR SORE B T AL 19 07 3 5 LI D 45 ot A S 1T S
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H2 7 kA CIDEr WO 48 b5 L BOAF 20 4@ i 1 3.7 00, AR W] 1 1 T4 ML) mT LAAS 280 00 9 5 £ 8 A i SCAR R
HEAT AR
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Table 3 Performance comparison of gating mechanism method and splicing method %
ViR BLEU_1 BLEU 4 METEOR ROUGE-L CIDEr SPICE
R IR 76.1 36.0 27.8 56.5 113.2 20.6

[T HL ] 76.6 36.9 27.8 57.6 116.9 20.7
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Table 4 Performance comparison of different models on the MSCOCO dataset %
T BLEU_1 BLEU_4 METEOR ROUGE_L CIDEr SPICE

SCA-CNN 71.9 31.1 25.0 53.1 95.2 —
Adaptive-Attention 74.2 33.2 26.6 — 108.5 —
At2in(XE) — 31.3 26.0 54.3 101.3 —
Att2in(RL) — 33.3 26.3 55.3 111.4 —
Up-Down(XE) 77.2 36.2 27.0 56.4 113.5 20.3

Up-Down(RL) 79.8 36.3 27.7 56.9 120.1 21.4
ELMo-MCT 76.2 34.2 — 56.0 111.5 —
A_R_L 75.9 35.8 27.8 56.4 113.7 —
ASIA — 36.8 27.7 — 116.7 —
SCHK[35](XE) — 36.6 28.1 57.1 115.9 —
SCHK[35](RL) — 36.8 28.0 S57.7 124.8 —
FMDVSI(XE) 76.6 36.9 27.8 57.6 116.9 20.7
FMDVSI(RL) 80.2 37.8 28.6 58.4 125.2 21.9
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“ocean” , # 555 347 K 1 15 A) P 1Y “cow " Al “building” o [R) BF A= A G 5 A 15 ) AE X _E 0 am | g
BB 55 147 IR R 15 A F A9 A group of people” b FE £ A1 A A A “ A man” 5 I AER
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x5 TWHHER

Table 5 Comparison of visualization results
iR 1547

Ground-truth: A group of people are riding bikes down the street in a

bike lane.
Up-Down:A man riding a bike down a street.

Ours: A group of people riding bikes down a city street.

Ground-truth: Young boy riding large breaking wave in open ocean.
Up-Down:A man riding a wave on top of a surfboard.

Ours: A man riding a wave on a surfboard in the ocean.

Ground-truth: A cow standing in a grassy open field.
Up-Down:A couple of animals that are in the grass.

Ours: A cow standing in the grass in front of a building.

®6 KMEH

Table 6 Failure cases

R

Ground-truth: A plate 1s piled high of orange slices while a bunch of
bananas sits next to it.

Ours: A bunch of oranges and oranges on a plate.

Ground-truth: A large long train on a steel track near a barn.

Ours: A model house with a small house with a house.
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