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Spatial Encoding and Multi-layer Joint Encoding Enhanced Transformer for Image Captioning

FANG Zhong-jun'"* ,ZHANG Jing' and LI Dong-dong'*?
1 School of Information Science and Engineering,East China University of Science and Technology,Shanghai 200237, China

2 Provincial Key Laboratory for Computer Information Processing Technology.Soochow University,Suzhou, Jiangsu 215031, China

Abstract Image captioning is one of the hot research topics in the field of computer vision. It is a cross-media data analysis task
that combines computer vision and natural language processing. It describes the image by understanding the content of the image
and generating captions that are both semantically and grammatically correct. Existing image captioning methods mostly use the
encoder-decoder model. This kind of methods mostly ignore the relative position relationship between visual objects when extrac-
ting the visual object features in image,and the relative position relationship between objects is very important for generating ac-
curate captioning. Based on this, this paper proposes a spatial encoding and multi-layer joint encoding enhanced transformer for
image captioning. In order to make better use of the position information contained in the image, this paper proposes a spatial en-
coding mechanism for visual objects, which converts the independent spatial relationship of each visual object into the relative spa-
tial relationship between visual objects to help the model to recognize the relative spatial relationship between each visual object.
At the same time,in the encoder part of visual objects,the top encoding feature retains more semantic information that fits the
image but loses part of the visual information of the image. Taking this into account.this paper proposes a multi-level joint enco-
ding mechanism to improve the semantic information contained in the top encoding layer by integrating the image feature informa-
tion contained in each shallow encoding layer,so as to obtain richer semantic features that fit the image. This paper evaluates the
proposed image captioning method by multiple evaluation indicators(BLEU, METEOR, ROUGE-L.,CIDEr,etc. ) on the MSCO-
CO dataset. The ablation experiment proves that the spatial encoding mechanism and the multi-level joint encoding mechanism
proposed in this paper can be helpful in generating more accurate and effective image captions. Comparative experimental results

show that the proposed method in can produce accurate and effective image caption and is superior to most of the latest methods.
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£ 1T AT ET Transformer %5 0] f1 £ 2
2 3 4 o B B0 TR IR B B SEMIET 5 24§ 32 W 4 80 5 %
Fo gk B, xb Fe Y B B A 3% - SCNEP), LSTM-ASL, ARNDT
VS-LSTMI), NICH™, SAM, Adaptive™'?, SCA-CNNM#,
ETANY, ORTY, TSSME, pLSTM-AM, VRAtt-Soft-* il
VREAPU AL,

2 1 "m0, SEMJET 7£ ¥ fif #§ 48 BLEU-1. BLEU-2,
BLEU-3,BLEU-4, METEOR, ROUGE-L #l CIDEr I fy 4} %k
S8k 76. 9%, 60. 9%, 47. 4%, 36. 9% . 28. 4%.,57. 2%,
117. 3% AEZHUE Ar EAR T HAMBI AL, A8 1L SA, Adaptive
X A% G 1 o B A A % R B RN F L AR SCRE AL SEMTET
& BLEU-4 #8545 P38 F T 240 8.3% . Mtk ETA,ORT Al
TSSM i% $63E F Transformer AYF A, A SCHE B SEMJET 78
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Table 1 Comparison of indicators of different image captioning models
CHLAL: 20
Method 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 — —
Adaptive 74.2 58.0 43.9 32.2 26.6 - 108. 5
SCA-CNN 71.9 54.8 41.1 31.1 25.0 — —
DPN 72.6 — — 32.0 24.7 53.4 —
SCN 72.8 56.6 43.3 33.0 25.7 - 101.2
LSTM-A5 73.4 56.7 43.0 32.6 25.4 54.0 100. 2
ARN 72.8 56.2 42.3 32.3 26.0 54.2 102.0
VS-LSTM 76.3 59.4 44.8 34.3 26.9 - 110. 2
ETA 72.2 — — 31.9 25.7 53.4 99.2
ORT 75.6 — — 33.5 27.6 56.0 112.6
TSSM 77.0 - - 36.3 27.5 56.6 113.7
pLSTM-A 76.3 60. 0 46.2 35.2 26.8 56.9 108. 3
VRAtt-Soft 79.2 — — 36.9 28.3 60.9 114.3
VREA 77.6 - - 36.9 27.9 56.8 115.5
SEMJET (ours) 76.9 60.9 47.4 36.9 28.4 57.2 117.3
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AH b SCN, LSTM-A, ARN, pLSTM-A Pl & VS-LSTM ixX B AR A7 B 5 R L 1 SEMJET A5 58U 3 4 — F 87 850 019 25 [a] 4 i
Lo FAAME B A AL, A SO A SEMIET BEARURN T80 ALY 3k SR X 4 AN 056 R iE 3R 47 255 1) 4 B, DA TR A R 9T A 4L
S EE T X G A bR 9 23 (8145 R IF B X R 28 [ 45 R AT T B 52 2 1) (W AH 437 B 56 R MO 25 SRR B L A SCFE CIDEr
PE— A B A, DT 3R ICE B X G2 2 1) R AR X a8 (R0 B #AR B METEOR 4R 3T T 49 1.8% /1 0.5%.,
2 LU B AR T G b PR AR A S R Z A A E R, VRA- 4.3 EHBZWERSW
Soft 51 AKHE X G2 0 4 %oF A b 38 28 7 7 7 ML i LA 2 e X P2 G H T IH L 25 R I S 00 2 S A 2k
O] XT R Z 2 R . A SCHE g SEMIET £ % 5@ PR v %ot G R AE 1 20 B 1) 2 T 4% i 0 28 A5 A BUTDAS (3t F
T A7 B 2 A ML S LB S SR B o o7 S 2R B 0 R L E X 4 & S 42 R AF A9 Transformer #5145 & 23 18] 44 15 ML I 1Y
Z BV A X 7 8 56 2 T DU A M S BT 2 S B AN Transformer £ SET 45 & £ )2 B4 4 i HL &I B9 Trans-
X Z 8 [ B & R, SEMIET 78 CIDEr #8#5 LT T 4 former # %1 MJET F13E T Transformer 125 [8] 71 £ )2 B &
3% . VREA fi FFIRHE 56 Z 4 AR 70 4 i) 4 Xof 400 3 Xof 42 =2 (1] T HL I Y Transformer % SEMJET,

2 AABEBI I LS g R

Table 2 Ablation experiment results of each module

Method BLEU-1/% BLEU-2/% BLEU-3/% BLEU-4/% METEOR/% ROUGE-L/% CIDEr/% Times/min

BUTDA 75.6 59.5 46.0 35.6 27.4 56.2 110.5 763
Transformer 76.0 60.0 46.7 36.2 28.2 56.8 115.3 557
SET 76.5 60. 6 47.1 36.6 28.2 56.8 116. 4 636
MJET 76.6 60.7 47.3 36.8 28.3 57.0 116.7 504
SEMJET 76.9 60.9 47.4 36.9 28.4 57.2 117.3 501

2 2 ¥, BUTDA #1 Transformer #F47 %} L A] DLE TEAT bR LE B T &G T B AP AY Transformer 5
AR M Transformer PYAERIZE 4 (0 M fE B AR T2 e A4, SSCTIE BA A SCHE H 09 79 A BIL 2 T LA AR AR 328 1, 1T DA S B
B2 B 28 A 2SR . [, N BUTDA FI3%F Transformer 5 5 5 4 b B8 it A0 56 6 2 Z AL R S 2R L DL I 45 B 2 )2 4
A A ( Transformer, SET. MJET 1 SEMJET) i5 47 i &) AR % 3 DL IA B R AE 3 5 A 80R
XFHCAT LA B, BUTDA £ 9% T 763 min, 7£12 17 i} [7] J7 1 3 G T XA S S BGITIH RS S R S .
¥ZAET 191 min,iX & N k3 T CNN-LSTM Ay B 8 7 figt % T B B 2 A A DR B TS 2 R BT A R A S, T
AT A )25 A B A TR BB b — R R 3R R IO 0 )2 U A R T 2 I A R I UAE L AR S
Transformer A48 76 I 5 5 B 3 20 ff ¢ RNN P93 0 /o) 0 $2 M0 T 22 )2 G004 A AT AL sk Sk A1) R RS 308 /R0 0038 19 AR5 40F A5 L
e B IEAT P B AR BE 7 DL i) 3 4 A M B L 9 LT it %t SEMJET #8719 J2 800X — G S 40 3047 1 4 Al s
K2k BRI ST Transformer W858 5 P BE T 3£ F CNN- By, ARSCIE M0 SEMIET BIRIER N0 2 40h 6 2. id 2k
LSTM By4i7 , sld¥ SET F1 Transformer #f 17 %t , | A SEMIJET., #ATHAAL T 24 LIS K AENE o SEMJET-N,
AR SCHE 1 5 8] 4w B AL I Ok B i Transformer, 45 5 % W N R 2 b LU AR Z 50, b n SEMIET 465 7 () 45 1 )2 A
SET ¥ CIDEr #8454k T 55 55 1 1 Transformer {1945 5, §iF B s 2 Jg 8 JEME,i2 8 SEMJET-8, M58 3 mJ %0, A SC4R 0
TASCHE 1Y A3 ) G A AL R AT LA 3 B TR A A P AR A SEMJET 7¢ 4 5% 2 R 5 )2 09 )2 B8R 4 4 B, SEMIET #8574
BERT G Z B 2 B A B DG R . [RIB L8 MIET M1 Trans- T4 R 2508 bR I ROUR 4, SEMIJET-4 1Y CIDEr 48 45 i
former #EAT H A& B, AR SCHE Y W0 45 & 22 J2 0Bk A 2 B9 HIL it SEMJET ) CIDEr 845 1. 2%, 5 8 T 118. 5%, [A A
i Transformer 7845 T 48 #5 b 0 0 F L 88 " 19 Transformer SEMJET-4 {32 17 A i) th A7 X 4 0, 55 8230 7 h wlt vl DA 5E
AR TIE B T A SO 09 22 2 G G A A B T DA AT B2, X LB RLS Transformer 1945 A % i3 J2 14 45 1 7 2
i Transformer P T2 4 A% 2 09 4 th . DIARIRBIE £ B 0F G 38 09 9 i )2 10 2 B0k 32 BUR A 200 W& BUR s SUE B
SARIE, ¥ SET,MJET #l1 SEMJET #:47 &8 Al DL &k 30, 45 It H DA 25 09 i 55 )2 10 J2 B0k R AT A B4, DA TT B 47 1, IC 7E [
4T g HLH R £ R RS AP B Transformer #2504 R R TE A 1918 LB 4B,

# 3 ARICHR A SEMIET 45 8 ¢ 8k 2 B 1 il 52 4 45

Table 3 Ablation experiment results of key parameters of the proposed SEMJET

Method BLEU-1/% BLEU-2/% BLEU-3/% BLEU-4/% METEOR/% ROUGE-L/% CIDEr/% Times/min

SEMJET-8 76. 4 60. 2 46.6 36.1 28.2 56.8 116. 2 547
SEMJET-7 76.0 60.0 46.5 36.0 28.2 56.8 115.2 469
SEMJET 76.9 60.9 47.4 36.9 28.4 57.2 117.3 501
SEMJET-5 76.3 60.5 47.1 36.7 28.4 57.1 116. 6 419
SEMJET-4 76.7 61.0 47.7 37.2 28.3 57.2 118.5 409
SEMJET-3 76.5 60.7 47.3 36.8 28.2 56.9 116.9 408
SEMJET-2 76. 4 60. 4 47.0 36.5 28.1 56.8 116. 4 336
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4.4 EEXRWERSH

R T SIS A — A B R AR AR SCRE BT — e S0 5
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A IARE B4 F 1: A golden retriever laying down on the side of a pool.

A I ARIE 8 4 F 2. A large brown dog laying next to a blue pool.

A I ARIE B 4 F 3: A golden retriever sleeps at the edge of the pool.

A L AR B A F 4:A swimming pool in a yard that has a cinderblock wall all the way
around it and a dog sitting at the edge of the pool.

AN L FriE 84 F 5:A dog laying down next to a pool in a backyard.

A R B 3£ A large brown dog laying next to a pool of water.

A L AR 894 F 1:A bunch of people sit in an open court yard.

A TARE 8 4 F 2: A small group of people standing around a ball patio.
A T ARIE 8 4 F 3: A group of people walking around a parking lot.

A I ARIE 4 F 4: A group of people in front of a white building.

A L ¥R iE B4 F 5:Many people on a courtyard under a clock.

A R B9 4 3 . A group of people standing in front of a white building.

AN I ARIEH A F 1:A ram is looking at the camera and standing on some grass.
A I AR A F 2: A large sheep bends his head towards some grass.

A L A5 B9 4 F 3:A very large sheep is standing in the grass.

A LARE B4 F 4: A sheep looks at the camera, by the side of the road.

A IARIE B4 F 5: A woolly sheep stands in the grass looking at the camera.

A R B 3£ A large sheep standing in a field of grass.

{3 SEMJET #i%Y AL fi i PG A ik
Fig. 3 Captions generated by SEMJET model
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