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Abstract: The task of image captioning is an important branc image understanding. It requires not only the ability to
correctly recognize the image content, but also the abidity\to ggnesate grammatically and semantically correct sentences. The

traditional encoder-decoder based model cannot use of image features and has only a single decoding method. In

response to these problems, a multi-layer and decoding model for image captioning based on attention mechanism

named MLED was proposed. Firstl egion-based Convolutional Neural Network (Faster R-CNN) was used to
extract image features. Then, Transfofder was employed to extract three kinds of high-level features of the image. At the
same time, the pyramid fusion method was used to effectively fuse the features. Finally, three Long Short-Term Memory
(LSTM) Networks were constructed to decode the features of different layers hierarchically. In the decoding part, the soft
attention mechanism was used to enable the model to pay attention to the important information required at the current step.
The proposed model was tested on MSCOCO dataset and evaluated by BLEU, METEOR, ROUGE-L and CIDEr .
Experimental results show that on the indicators BLEU-4, METEOR and CIDEr, the model is increased by 2. 5 percentage
points, 2. 6 percentage points and 8. 8 percentage points compared to the Recall what you see (Recall) model respectively,
and is improved by 1.2 percentage points, 0.5 percentage points and 3.5 percentage points compared to the Hierarchical
Attention-based Fusion (HAF) model respectively. The visualization of the generated description sentences show that the
sentence generated by the proposed model can accurately reflect the image content.

Key words: image captioning; Convolutional Neural Network (CNN); Long Short-Term Memory (LSTM) network; multi-

layer encoding; multi-layer decoding; attention mechanism
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Fig. 1 Framework of proposed model
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Fig. 2 Model of extracting high-level features

Transformer HP %) 22 3 1 7 I WL BEAS 1A% Tl 1 51 ; ik

FYAS R E B, IFK R B B2 09 R AiE e 5 2R
[FJ A 224> Transformer BT, 7] LLARAS WIRHE , 5
JEUCRRAE 11 SCHE R B 5 B AUR IR
HEBNAZ B, BT ha(3)~(5)FmR:

£ (Q, K, V) = Concat(head,, head,, -+, head,) (3)

head, = f,,.,(Q, K;, V) (4)
Q.K!

Jaowa (@3> K V) = Softmax v, (5)
Vd

Forb: QK VIZHFIE A (B =AML R VE WSS 51, S i n = 84
Fioan BB Y 22 3 T3 D0 bRBL s d N B TR RT
(Q. K., V) , B RUER R A i A B S 3R R iy F 25 ), 24
Transformer 53 B¢ S ilE— 25300 T AN [6] 725 (A1 W A1 &, DT F
— IR T RO RIBRE ST TR 3T 4 Y I — 2 b
FETH I X (0 2% 3 BRAR ARG, IR AR SR ke 2 A H —
A7 2, B AE Transformer )2 H U EE R BLA  SFIEA L
it — )2 Transformer J& A% L 10 A7, FLad R A0 (6) I

A’ = LayerNorm (A + Transformer(A)) (6)
Hor : LayerNorm KIH—A4kZ ; Transformer BRECH L (3)~(5) fiF
TR o AR SCVE 3AAN[F Y Transformer J2, R4 FiR 2420, AT R
AR B AE S 512 (U RRIE AT AR BE R 256 BFRFIE A7 411 128
MYFFIE A", 5551 Transformer HF e f5 — F’%ﬁﬂﬂ
AR T 22 )2 Transformer (19 1, I HATT 1 5% 22 (19 AL,
#4 Transformer 4b 3 5 (9 FHAE 5 5 A FRAEAH RLG, 355

(AT RE A L1 0145 S Ui i AR B (AR 2% REAS T TR,
AR RIBE S o 55— A — AL R4 R e v
AARZME PREA LA DX, S JRE T 2 [ L, LA (i A5 A Y
I , s e S5t 7 o

TEA IR A ) 4 JE£ 09 185 2 UC B RFAE S, AS SRR ] 487 0%
TR 22 RO HEAE R & 07 SO RHIE AT A 3R o X0 A L
T ARl 5 2 RE G (4% i 2= AR ARG B S, %2 AR A5 3
#hIE, W 1R iR 7 T (7)) ~(9) 3R -

P =W A"+ b, (7)
P’ = WA + Wy A"+ b, (8)
P =W, A +W,A" +b, (9)

Hri . whBEGONmEDT . Zadas)E P P P YY)
15120 MRZHFAE P/ AERL A WU T AR A", AN A A
FE I TR 15 AR AT SR 25 5 K, ST SRR
ANERRE (HAFASE R R IR ) 2 B 5 59 — 7 1T, A R T AR
I E R RGN AME— & T E RSB 1k A A B A
HEIUAY
2.2.2 MBHE

R T o A g A 3 R R [ U A RRAE E AT A Rk

o AR SCE R Z R RO LS Fg AL B % 25 M 4 3 )2 LSTM.,
EEP{EEF' LSTN&?&(%?{F , 155 2 LSTM Ab 2 5 J2 vk 4
fiE X Fh a1k WALH , H H 7 T XA A2 IR R AE 3
17 o IEAh, ﬁﬁﬁﬁﬂzi‘jﬂﬂﬁ%ﬂ TEREZRHE A
@ﬁ *ES‘ELTSU REAE AT A, ST iy 25

KEWEE(FE . LSTM E’J[ﬁé"ﬁﬁﬂﬁﬁ@ SEEN LT

%% *'Fﬁ@m?ﬂ:*%ﬂ%ﬁ 5B RAAE YRR [ &, FE X RR
TEROIAL , A IE A 345 2o AU A A o

25— )2 LSTM A5 A A 1 — B Z1 A5 B A% 2R 3m] A8 3 i A [
i, PR JZ2 06 0L 1) Gt B 2 R AiE P JE e fef 3 2 ML
it AR AE SEAT AU B, 123 B =8 (10)~(13)

vi’.z = WlT tanh (Wlpp: + Wlhhtl—l +0) (10)

a, = Softmax (v)) (11)
N

Pl =Y a,.p (12)
i=1

k! = LSTM-1(x, ,.p/, k' ., m' ) (13)
Hod . WO BB b R B 50 RN RS AR IR R
AR R N AR RIS i 4 s m) | 2 LSTM B 40 IR 45
TE eI 25— 2 LSTM W5 R k) o 55— 2 LSTM B% A {45
PR Zm A AR | e G A R 22 3 R L A
FEAEEETINGE, 55— 2 LSTM A% B BB 2R &
T bR SCERIE B8 R TR LSTM 4R HE X (5 .,

55 2 LSTM Wi ACh 55— J2 LSTM i H 1 BRORTZ TR &
B! IS J2 560 7 B 2 i 2 R AE P, TR 300 2 LA X 4
TR R R A T AR B i B AN (14)~(17)

= WzT tanh (Wpr,i/ + thhtz—l +0,) (14)

a, = Softmax (v}) (15)
N

=Y, p (16)
=1

hz—LSTMZ([p,,h] R, m? ) (17)

55 = 2 LSTM % A 5 — )2 LSTM % H i B gk o1k 25
B2 FIAS JZ 55 0 () i 2 A P, 3% 3 2 1) B 9 J2 LSTM A ]


http://www.joca.cn
http://www.joca.cn

%94 RS L TR E AN 0 BB R Y i Fo R 0 B A% i AR 2507

I 250 =2 LSTM Hi H =0 (18) i

h} = LSTM-3([ p", h*], h>_,,m’_)) (18)

TESE BRI Az b B 1] ) A2 50 AT PRER H 22 2 I L
See 1 Softmax PRI AR, 75 21 1) 5 KA B Ay £ ok B 1) 78 7] it
RG] BRI (19) R

p(y,) = Softmax( fy.p (h})) (19)

3 LB EHERMA

3.1 KBHIEREE

AR IC AT 2014 4 £ A7 ) MSCOCO (Microsoft COCO:
Common Objects in Context) A 1 % 4fi £ 7 17 455 1 46 3iF .
MSCOCO {4 12387 5Kk IR, A sk K 18 A S Adlik o A SOl
F BLEU (BiLingual Evaluation Understudy) 24 METEOR
(Metric for Evaluation of Translation with Explicit ORdering )™’
ROUGE-L (Recall-Oriented Understudy for Gisting Evaluation
with Longest common subsequence )’ | CIDEr ( Consensus-based
Image Description Evaluation )" PURRFE FR 5 TIEAR Y (145 201 o

SC 55 - 75 4 Ubuntul6. 04, fiff ] Pytorch TR J3 2% > HE 42,
GPU Ay it #7 8 GB [ Geforce RTX 2080, CUDA fit 4 4y 10. 0,
CPU J9&45/K E5-2630, NAF 4 32 GB.

It %% FH 1Y Faster R-CNN {# ] ResNet101 2Ll HESL
i H P X SR 2 B A 2 0408, R o 4 e Tl {4 e R e e 1
BR A 500 X T A A, FR A H R I B Ia] Fe 91 I RE O 20, 8
SRCHE Bt A v 22 /0t R 5 Y BT 2 R ) T 220 /N
5 A5 3 S A /N 10 201, Al A BOS 4y B
FEAI R AR A AR, “END ™/ A R P 4 i 4 g
“PAD” R AR 3 L “UNKNOW ™ 2 AN 7§ Mt
Priio

PN BEL A Adam“gﬁl‘:ﬂﬁ@@' 4 A,
M/ 2 2T 31 x 107 HEF T B 27 10 000 ¢, S8 e
FH 1 x 47 2z SRV 20 58 . 4 1 B IR 7E B2 o) 4% 4 By
Bt B JRE 3 % BB B AR M | A SCHE 2 i s R 0 T T B
KA —Ai gy =2, = (6) s, TEART A% 58 73 BOE 116 A
Wr, HE R A -0.1,0.1]. 7EMHRBYBE, f# ] beam search 5 I
BRI 35 73 s O 2k
3.2 KBHH

HEARTCHRE Y B9 L T BT AL A 22 )2 U 2 8 R e 1 1) 5

Ft s o SEEGXF HE T NIC (Neural Image Caption) ' | SA (Soft
Attention) "' | DSEN (Dense Semantic Embedding Network ) "' |
Adaptive (Adaptive attention) ‘' | Bi-LSTM'"*’ | DHEDN-3"* |
FCN""  Recall (Recall what you see) ™' 3% T 1 & T HFE H 1&
W %5 1E (Attention Feature Adaptive Recalibration, AFAR) %
#1129 HAF (Hierarchical Attention-based Fusion )& 11/

FH 2 1 AT, AR SCHR Y A 895 7645 47 BLEU-1(BLEU with
1-gram) |, BLEU-2 (BLEU with 2-grams) . BLEU-3 (BLEU with
3-grams) , BLEU-4 (BLEU with 4-grams) \ METEOR , ROUGE-1,
FI CIDEr I #4 43 43 5 K 75.9% . 59. 7% 46. 1% 35. 6%
27.3%.56. 2% .112. 5% , 45 RALF HABKLRL  HHF DSEN H
Adaptive S8 5 ARV HE T 29 2411 73 5L, A X Recall #E4
FIHAF BB 535 82 T+ 29 34~ 6 4y s M LA B 5 sl LA DSEN
) ZARERIRI ] T 2 )2 UCRAE FDB LSTM , A SCRERUAH T
DSEN, 1] Transformer £ T JZ UCRHIE , X HHAF A5 1 12
—BRE , fieJE FHZ U LSTM XHE J2 U AR b , R g 45 2
6T DSEN. AR AT H AW A T R Iy ML A BEAL Attention |
FCN LA X Adaptive, AR AR AE Transformer HP A FH AY
2 3K TE B8 WL LA K X 451 LSTM ) i A P 400 B 1 L

il , ot — %Xﬂ%ﬁ A7 7 BRSBTS 0
gk JH:% ’*'JEI’J SRR LR 75 iU — e R

LﬁifﬁlTé TELA RS GERRAE 75 5 AT EIR

mwmm

XoF HE S BG 25 5 A0 B Transformer F1 B LSTM 1) 4%
7 SLED (Single-Layer Encoder and Decoder) . JC4FAEfl-&

x;yﬂl MLED-NF(No Fusion ) SZ K45 5

H1 3% 2 W] 41, A4 F MLED, SLED #8§ bR ¥ (% F MLED , 2
b RS I A5 A — B R EE BRI T X AL (Y SRR BT e
J1 B E T MLED B8 22 )2 0 G it 0 it % 649 47 2t . MILED-
NF JCRHE Rl A L2, 1 MLED /9 B LT~ i@l & o i — e
TR ) ARFAE SIS AR P 5 T0U 2 1) AR A R 22 T Bl o Sl 1%
5 IR BE BEZ U2 A T 2R AE , AR B BE SR B TEAL 1Y A

3 S BEALPE L AR, 4G B R BRidi iy 5 mg i DL K
B Rt DA o AT LU AR SCRT AR H A MLED A7
REASAR AT H Al 32 R I S RN 2y, 19140 P 3 A 491 1 19 “large”
F“lush” FEW 2 1 “metal fence” LA K FEAG] 3 B9 “ covered slope”,
X R ) RE S I T PR A S AR RN AR, O HBEAY AR G

BRI MLED 5 24 5] £ SR T 0] 1L, SE g4 SR sk 1 BRI SEAAT G TR AN
F1 AEEGEREEERIERT L B %
Tab. 1  Comparison of different image captioning algorithm models on indicators unit: %
B BLEU-1 BLEU-2 BLEU-3 BLEU-4 METEOR ROUGE-L CIDEr
NIC 66. 6 46. 1 32.9 24.6 — — —
SA 71.8 50. 4 35.7 25.0 23.0 — —
AFAR 69. 4 52.3 38.6 28.5 23.3 — 83.6
FCN 71.2 51.4 36.8 26.5 24.7 — 88.2
DSEN 75.3 59.6 45.7 34.7 26.2 55.6 106. 8
Adaptive 74.2 58.0 43.9 32.2 26.6 — 108.5
Bi-LSTM 74.5 59.3 45.5 36.3 28.7 55.8 99.7
DHEDN-3 75.5 59.5 46. 1 35.6 27.1 56.0 109.7
Recall 75.8 — — 33.1 24.7 — 103.7
HAF 75.9 59.5 45.4 34.4 26.8 — 109.0
MLED 75.9 59.7 46. 1 35.6 27.3 56.2 112.5
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Tab. 2 Ablation experimental results
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