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Abstract: Diverse image captioning has become a research hotspot in the field of image description. Existing meth-
ods generally ignore the dependency relationship between global and sequential latent vectors, which seriously limits the
performance improvement. To address this problem, this paper proposes a hybrid variational Transformer based diverse im-
age captioning framework. Firstly, we construct a hybrid conditional variational autoencoder to effectively model the depen-
dency between global and sequential latent vectors. Secondly, the evidence lower bound is derived by maximizing the condi-
tional likelihood of the hybrid autoencoder, which serves as the objective function for diverse image captioning. Finally, we
seamlessly combine the Transformer model with the hybrid conditional variational autoencoder, which can be jointly opti-
mized to improve the generalization performance of diverse image captioning. The experimental results on MSCOCO datas-
et show that compared with the state-of-the-art methods, when randomly generating 20 and 100 captions, the diversity met-
ric m-BLEU (Mutual overlap Bilingual Evaluation Under study) has improved by 4.2% and 4.7%, respectively, while the ac-
curacy metric CIDEr (Consensus based Image Description Evaluation) has improved by 4.4% and 15.2%, respectively.
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& A m-RNN (Multimodal Recurrent Neural Net-
works ) BB AR 431, Hor I 2R 118 287 SRR B0 IE
%4 000 7K F 1%, K4 1 000 TR MR, HA ik R4
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BLEU-N (BiLingual Evaluation Understudy for N-
gram)"'”) METEOR (Metric for Evaluation of Translation
with Explicit ORdering)'"® | ROUGE-L (Recall-Oriented
Understudy for Gisting Evaluation: Longest common sub-
sequence) " CIDEr (Consensus-based Image Description
Evaluation ). /2N SE5F He , K # F Y Oracle 2 HE
I S B R YRR B . Oracle 55 HEE T 3K Pl
B LSRN A S A R — ik T, L
EAHERRVESRARTT 2 fie s B O R A A i SRS
ST i AR B D R A M 1P S (.

4.1.3 ZEMIER
FURT MR Z Rl 7 i R 2 R — Bt S T

BLEU (mutual overlap-BiLingual Evaluation Understudy) :
X T — R S B LA 5 A s e i a) TSR
IR A YA R 1 BLEU-4 4385, U 3K B 5 A4
RGBS RO AR P2 5 (4) Div-1 (1-gram
Diversity) : 75— 5K MK BG4 5 Ak 14 h
ANEE Y 1-gram 75 B, 1-gram £ JE T 5 A5 (5) Div-2
(Z-gram Diversity) i 2-gram B 1-gram, B
I Div-1.
4.2 KWigE

RN L] PRI GRRAIE | BT i A B A ) 4 3
P 512, FE o8 g i v, 4 A 5091 25 19 Swin-T
PR Sf P HUAE R P4 B4 1 536 - BE AR AIE , I 2k bk
WICIRS 380 512 2k ) k. AL BE S D 2 AN AR BUER R 32 Y
RSP, Horh Z2 ke 2o ny Sk Bk i N 8. F
5 a BB 43 B B 1 A0.1. Y ZRBi B, 1 B ALK
/NA 10, & SEF] H Adam (Adaptive Moment Estimation )
AT 12 R0 o R PIAEL PR AR A4 s AR 9K
XF 4 Jry 5 P 90 e o3 A 2 AT BN 25 . B, A A
> 25107 XA AIYN 25 30 4> [l 4 . 14 A0 20 B DT
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PyTorch 3.8.2 il 1 4~ Nvidia GTX 3080 GPU.
4.3 IWHEREESH

AR SO RS T 2 HAL R AR O ik k1T
S F . 368 )y A1 4 Div-BS(Diverse Beam Search)!" .
PoS (Part-of—Speech)L22J . AG-CVAE (Conditional Varia-
tional Auto-Encoder with Additive Gaussian)'?' | Seq-
CVAE (Sequential Auto-
Encoder)" | COS-CVAE (Context-Object Split Condi-
tional Variational AutoEncoder)" | DCL-CVAE (Condi-
tional Variational AutoEncoder with Dual Contrastive
Learning)rm 1 DivCon ( Diverse Concepts)[m. 1A
T 4 J7 ¥ AE MSCOCO K ds 2 1 1] M-RNN i 73 11
Oracle T HFJF S5 ST I HERTEFR IR 25 21, Horp , & 465
MR AR AT R R, 17 RN BB B R M e B
“lTRZ.

RN, SEE R S X T A R R B 4 5]
I 26 56 43 2 9 45 SR B 20 F1100 A B s &, SR 5 i A
il R 0 25 A ] 22 FEAR I R TR ) . AR 1 7R  HCVA-
T-1CF 75 P Rl R T R4 0 25 A HE R V4 A 15 40 Y 00

Conditional ~ Variational

FHATT . 5 N TIE A B () CIDEY 48 45
1 HCVA-T-ICF & & 0 T HoAh 5 vk . HAKHL , 75 R A
20442 Jmy 5 7 A B n) 5 1 0 R, AH LT DCL-CVAE
5 DivCon, 43 913545 T 16.5 1 4.4 i CIDEr M RE4R T .
FEMTERAE 1004 Fa ) it &0 T, 40 I DCL-CVAE 5
DivCon , fERATE S HIEE T T 18.1 F115.2.

F& 29— 2% L T [ ARl — Bt RIS AR
PR EAR AR F 1 Z R R RS 4. P, HCVA-T-
ICF BRITE T A Z R R bR b 25 G VERE 4. 7RI RD
FHETF , HCVA-T-ICF 1 Uniqueness 5 55 43 51 ik 3] T
99.3% Fi1 98.4%. #F m-BLEU . Div-1 Fl Div-2 #§ ¥ I,
HCVA-T-ICF &3 L T HAh J5 ¥ 7 20 #1100 4> R A rh
A3 3545 0.72 F10.60 1Y Div-2 #5545 , 40 b T e 0
DCL-CVAE 73 %12 7+ T 10.7% H1 9%. M i 3F 55 1
HCVA-T-ICF B GRS AT 2L TH MG R i 2 FEbE . 1
A, 5 DivCon #8 L , 7E mBleu 3845 L 3 5 B F R T+ T
4.2% M14.7% X F£ AR Z 06 & B E N2 S
P . e Ah, M H T COS-CVAE , DivCon Hl DCL-CVAE,
HCVA-T-ICF T AT Ha 3 o A 4/ DL S Ass A it
YR TAE , HAT 4738 M

£1 MSCOCO ##EE B M-RNN X4 #0 Oracle EFHEF &4 TR E AR IETLL

RAESE ik BLEU-4 1 CIDEr 1 ROUGE-L 1 METEOR 1
Div-BS?! 38.3 140.5 65.3 35.7
PoS# 44.9 146.8 67.8 36.5
AG-CVAE™ 47.1 130.8 63.8 30.9
0 Seq-CVAE™! 44.5 144.8 67.1 35.6
COS-CVAE™ 492 160.4 70.0 38.2
DCL-CVAE™! 45.9 150.2 67.8 35.8
DivCon" 47.9 162.3 70.0 38.7
HCVA-T-ICF 49.7 166.7 70.5 39.1
Div-BS=! 40.2 144.8 66.6 37.2
Pos®! 55.0 166.1 72.5 40.9
AG-CVAE" 55.7 151.7 69.0 34.5
100 Seq-CVAE™! 57.5 169.5 73.3 41.0
COS-CVAE™ 59.7 181.2 74.8 43.6
DCL-CVAE™! 61.1 1823 75.2 42.8
DivCon®" 60.2 185.2 75.5 44.6
HCVA-T-ICF 66.1 200.4 78.4 46.2

F 3GV T AR Y HCVA-T-ICF B2 76 A [ %
FE (94 mil S 50 25 4L . o 1C-G-CVEN (Image Cap-
tioning with Global Conditional Variational Encoder Net-
work ) 1 IC-S-CVEN (Image Captioning with Sequential
Conditional Variational Encoder Network ) 43 %1 & 7~ 4 fif
P 148 4 J) I v 0 BRR 5 71 6 ) 1) PTG ik
AR . 7 CIDE #EB PEAE R L 1C-G-SVEN It T 1C-
S-CVEN, £ ZFEEFE b LI IR TF IC-S-CVEN. X2 F

1C-G-CVEN Il 5 F /5] 115 1k 45 44 22 FE PR B 8L, 1 1C-
S-CVEN J& i Huil g Z AR I R AE , H I 1C-S-CVEN fii
] T 5 N 2 RERYIE 4] . SR, 1IC-S-CVEN 1E42 T+ %
FEVE ) [R) I JE e e A P . A HE T 1C-G-CVEN Al 1C-
S-CVEN, HCVA-T-ICF B B il & 1 PR BL I A4 £ 05, 7
Y R4 SR e bR Y ARAR T B AR TR, BEAS W] B
FETH G A 0 AR A 2R

FAG I T RHE20 MR F 5T AR o F1 B
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F2 MSCOCO ##E % L1 F M-RNN X9 F1— B M EHEF B SRR REST tE AN : %
KA Tk Uniqueness T Novel T m-BLEUL Div-11 Div-2 1

Div-BS?! 100 3106 0.81 0.20 0.26

Pos®®! 96.3 3394 0.64 0.24 0.35

AG-CVAE™ 69.8 3189 0.66 0.24 0.34

Seq-CVAE™! 94.0 4266 0.52 0.25 0.54

20 COS-CVAE™ 96.0 4249 0.52 0.33 0.52

DCL-CVAE™ 97.9 4899 0.54 0.39 0.65

DivCon®" 98.7 4426 0.48 0.38 0.62

HCVA-T-ICF 99.3 4590 0.46 0.44 0.72

Div-BS?! 100 3421 0.82 0.20 0.25

PosS™ 91.5 3 446 0.67 0.23 0.33

AG-CVAE™ 47.4 3069 0.70 0.23 0.32

100 Seq-CVAE"! 84.2 4215 0.64 0.33 0.48

COS-CVAE™ 95.9 4411 0.67 0.34 0.50

DCL-CVAEP! 92.1 4607 0.66 0.35 0.55

DivCon" 97.2 3982 0.64 0.33 0.47

HCVA-T-ICF 98.4 4001 0.61 0.37 0.60
OO T B AR B Z AR E RMERR PRS2 e . FT VR RNARE s 2 BHO.L, [FI B a 43 B 0.8 1 0.6 Fif , #5575

B, B 1.2 F1 B EL 0.1 B, #5570 U4 BUAS T B 10
BLEU-4 \METEOR F1 CIDEr #E 8 4 45 45 , 15 & 7E Div-1
1 Div-2 ZHEPEFR bR T 091520 B IG5 24 o B 1.0 A1 BB
0.05 i, BERU S T B AL A0 Div-1 F1 Div-2 845 , 2R i %
7 P VR P A R AT 5 2 o B 1.0 1 B HL 0.4 I, #5711

HERR TR S BN et 3, 3 i TR eR 8P 42 SR e
I 95 ABE 23 43 A 22 [ f9 KL HICRE AU A2 /0, AT AR
TR 4 SR A )RR AE 2 7m 27 ST Y PERE 5 24 o 1.0
I AILO1 B R AR Z AR VE FERA M 2 [ ik 2 T —A>
B 041 A

&3 MSCOCO##EE EAYM-RNN X2 T MM S M E R LIE

PR Jrik o] 5zl BLEU-4 1 CIDEr 1 METEOR 1 Div-11 Div-2 1

IC-G-CVEN N x 45.6 162.7 38.2 0.39 0.63

20 IC-S-CVEN x N 488 161.1 38.8 0.44 0.72
HCVA-T-ICF N N 49.7 166.7 39.1 0.44 0.71
IC-G-CVEN N x 59.3 192.6 44.9 033 0.52

100 IC-S-CVEN x N 65.2 191.0 43.9 0.37 0.61
HCVA-T-ICF N N 66.1 200.4 46.2 0.37 0.60

F4  MSCOCO HHEEE R 20 MR FE M4 F#E S BUE X A HI =2
a B BLEU-4 1 METEOR 1 CIDEr 1 Div-11 Div-2 1

1.0 0.05 46.2 36.6 151.4 0.51 0.78

1.0 0.1 497 39.1 166.7 0.44 0.72

1.0 0.2 495 39.0 164.4 0.37 0.60

1.0 0.4 — — — — —

1.2 0.1 52.4 412 171.4 0.35 0.58

0.8 0.1 482 383 162.4 0.46 0.74

0.6 0.1 483 38.0 160.2 0.49 0.77

T " FRoR AN AR E

4.4 KEEREMESH

P 5 T 1 Ak A I T A0 A e B0 3] S A i o 245 e
JG— Z TR AE I . B 2@ RIR 1 X IR R AR
JSAH S RTINS X2 DX B ) A i DG T B2 By . DA ET T LA

AR T ARRE B (A “a”) , T4 i 7 VA AR AT
DA 25 )il SO A O A RIS IX I, RIVILSE B i) 4
Wit B 22 [ Bl A G RS SE AR 2 BEBOR T T
JIACEE, TR 13 35 LA B 5 AL fy T



1312 I - 2024 4

BPE. B 6P VXt Lo 145 AR U R R TR A BT AR BRI BRI . AN 6T Ly ] T AR R U T
HL EDWHL T, 5 A A L AT A USRI $R A HCVA-T-ICF J5 k34 AT DA i [ SR I RE 4
UEBA AN 248 . WK 6 fir7s , HCVA-T-1CF a] LLAERATR 5 H LB, A AR AL S T TR 451 “brown and white”,
G A 1Y 5 G, g A e D) A B T A HER 19 5 1) U&Z:'ﬂn%éﬂE"Jﬁiﬁj“identical”%ﬂ“wading across” 4 .

ﬁ b

i

(a) JFAREG (b) AR D" (¢) A “man” (d) H:h “kicking” (e) AR “a”

(N R “soccer” (g) A= i “ball” (h) HR “over” (1) AR a” () A= hk“field”
5 s g A st AR b A ee T = AT A R B R

Div-BS: POS: Seq-CVAE:

- a black and white cat is sitting in a suitcase - a cat is sitting in a suitcase on a bed - a cat is sitting on a suitcase on a bed

- a black and white cat siting on top of a piece of luggage || - a cat sitting on top of a suitcase on a bed - cat sitting on a piece of luggage

- a cat is sitting in a suitcase - a cat that is laying down on a suitcase - a small cat sitting on the back of a suitcase
COS-CVAE: DCL-CVAE: HCVA-T-IC:

- a cat sitting on top of luggage on the floor - a cat lays down in a packed piece of luggage - a cat laying on a small piece of luggage

- a cat curled up on a piece of luggage - a cat s sitting inside of a piece of blue luggage - there is a c at that is sitting inside of a piece of luggage
- aclose up of a very cute cat in ared suitcase - a cat laying in a piece of luggage on a floor - a brown and white cat laying inside of a suitcase

(b) 7 X IR ER 1 AIFIREE XS L

Div-BS: POS: Seq-CVAE:

- a couple of birds standig on top of a river - two white birds are starding in the water - the birds are swimming in the water and one is on the
- a couple of birds standig on top of a pond - two large white birds standing in the water top

- a couple of birds that are standing next to each other - two birds are standing in the water together - two birds are standing in the water and drinking

- a group of birds on some water near water

COS-CVAE: DCL-CVAE: HCVA-T-IC:

- two birds are standing on the water at the beach - a group of birds with orange beaks in some water - three identical birds are seen wading in the water

- a couple of birds standing on top of a lake - a flock of three birds wading on the water - a flock of three birds wading across a pond

- two red and white birds standing next to each other - a couple of birds on a body of water - a group of three birds standing near each other on a

body of water

(c) WHRTEI{% 2 (d) 457 P XTI 2 B RRAEHRT He
Fl6 ARSI AL S E AT I
5 it SE
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