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Image captioning

a group of zebras standing in a field [Vinyals, CVPR15]

a group of zebras grazing on grass [You, CVPRI16]

a group of zebras grazing in a field [Yao, ICCV17]

a group of zebras and a rainbow in the sky [Peter, CVPRI18]
a group of zebras grazing in a field with a rainbow in the
sky [Yao, ECCV18]

a group of zebras and other animals grazing in a field with
a rainbow in the sky [Pan, CVPR20]

O REEBE
video captioning

a man is singing a song [Venugopalan, ICCV15]

a man is [Pan, CVPR16]
a woman Is [Pan, CVPR17]
a woman Is in the rain [Chen, AAAIT9]



Vision to Language

Al-created
Poetry
Online Publication
Chatbot
Image Domain Attributes

+ [Wu, CVPR16]
Semantic Attention
 [You, CVPR16]
Novel Object

* [Hendricks, CVPR16]
Dense Captioning

* [Johnson, CVPR16]

¢ Template-based
+ [Yang, EMNLP11]
* [Kulkarni, TPAMI13]

Dataset

+ [Flickr8k, JAIR13]
» [Flickr20k, ACL14]
* [MSCOCO, ECCV14]

Before) 2015

? CNN + RNN

* [Vinyals, CVPR15]
+ [Karpathy, CVPR15]
* [Donahue, CVPR15]
Spatial Attention

* [Xu, ICML15]

>

2016

) 2017
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Al-curated

Region Product

* [Fu, TPAMIL7] Description

Attributes , Region

« [Yao, ICCV17] » [Peter, CVPR18]

Adaptive Attention| Relation ¢ Attention on Attention

* [Yao, ECCV18]
Attention Fusion
+ [Jiang, ECCV18]
Convolution

* [Aneja, CVPR18]
Novel Object

* [Lu, CVPR17]
Policy Gradient
* [Rennie, CVPR17]
* [Liu, ICCV17]
Novel Object

* [Yao, CVPR17]

* [Huang, ICCV19]
Hierarchy Parsing

* [Yao, ICCV19]
Language Navigation
* [Wang, CVPR19]

Novel Object X-Linear attention

. [Pan, CVPR20]

Dataset
« [MSVD, ACL11]

. [TACO0S, GCPR14]

Video Domain

Temporal Attention

* [Yao, ICCV15]
Seq2Seq

* [Venugopalan, ICCV15]
Dataset

&+ [M-VAD, arxiv15]
« [MPII-MD, CVPR15]

CNN + Embedding
* [Pan, CVPR16]

ST Attention

* [Yu, CVPR16]
Dataset

« [MSR-VTT, CVPR16]
|+ [TGIF, CVPR16]

« [Peter, EMNLP17] * [Lu, CVPR18] « [Li, CVPR19]
([ J ([ J
2018 ) 2019
Attributes Dense Captioning Fourier Transform
+ [Pan, CVPR17] + [Li, CVPR18] - [Aafag, CVPR19]

Dense Captioning
* [Krishna, ICCV17]

Dataset

* [Visual Genome, [JCV17]
* [ActivityNet Captions,

e ICCV17]

Streamlined
« [Mun, CVPR19]



Mainstream: CNN Encoder + LSTM Decod@

RAREET

[Google15, Stanford15, Berkeley15, Baidu/UCLA15, UdeM15, Rochester16, UAdelaidel6, Virginia Tech17, THU17, MSR17&18, IBM17, U of Oxford & Googlel7,

JD Al18&19]
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Technology Trends

- Aim for a thorough image/video understanding for captioning
-> Direction I: enhance image encoder with X

- Explore the (1st, 2nd, ..) interaction across multi-modal inputs
(hidden states of sentence decoder & the encoded image features)
-> Direction II: integrate encoder/decoder via X attention

« Learn a universal encoder-decoder structure for VL tasks
-> Direction lll: vision-language pre-training
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Direction I: enhance image encoder with X

X = visual attributes X = object/entity X = region/relation X = instance/hierarchy
[You, CVPR16; Wu, [Yao, CVPR17; Li, CVPR19] [Peter, CVPR18; Yao, ECCV18] [Yao, ICCV19]
CVPR16; Yao, ICCV17]

Rainbow

o

[bananas: 1] [market: ObjeCt_Si
0.99] [table: 0.51] cat, suitcase-bag, luggage
[people: 0.43]




Direction Il: integrate encoder/decoder via X atteRaon

keys query

Query (Q): hidden state from
language decoder

[Linear [Linear]}[ Linear]} [ Linear } ( Linear ) ( Linear ] [ Linear ]

A SR S

K Vv K Q v

Keys (K) = Values (V): region-level
representations from image encoder

. | X = visual/top-down attention X = multi-head attention X = x-linear attention
basic concept .

: [Xu, ICML15; Peter, CVPR18] [Sharma, ACL18] [Pan, CVPR20]
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Evaluations on COCQO test server pc, 200
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ot Group B@4 METEOR ROUGE-L CIDEr-D
c5 c40 c5 c40 c5 c40 c5 c40

X-LAN Pan, et al., CVPR'20 40.3 72.4 29.6 39.2 59.5 75.0 131.1 133.5
HIP Yao, et al., ICCV'19 39.3 71.0 28.8 38.1 59.0 74.1 127.9 130.2
AoANet Huang, et al., ICCV'19 39.4 71.2 29.1 38.5 58.9 74.5 126.9 129.6
GCN-LSTM Yao, et al.,, ECCV'18 38.7 69.7 28.5 37.6 58.5 73.4 125.3 126.5
RFNet Jiang, et al., ECCV'18 38.0 69.2 28.2 37.2 58.2 73.1 122.9 125.1
Up-Down Anderson, et al.,, CVPR'18 36.9 68.5 27.6 36.7 57.1 72.4 117.9 120.5
LSTM-A Yao, et al.,, ICCV'17 35.6 65.2 27 354 56.4 70.5 116 118

Watson Multimodal Rennie, et al., CVPR'17 34.4 63.6 26.8 35.3 55.9 70.4 112.3 114.6
G-RMI Liu, et al,, ICCV'17 33.1 62.4 25.5 33.9 55.1 69.4 104.2 107.1
MetaMind/VT_GT Lu, et al., CVPR'17 33.6 63.7 26.4 35.9 55 70.5 104.2 105.9
DLTC@MSR Gan, et al.,, CVPR'17 33.1 63.1 25.7 34.8 54.3 69.6 100.3 101.3
reviewnet Yang, et al., NIPS'16 31.3 59.7 25.6 34.7 53.3 68.6 96.5 96.9
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Direction IlI: vision-language pre-training

- Vision-language Pre-training
 Pre-train multi-modal encoder representation on large-scale vision-language benchmarks
« Fine-tune multi-modal encoder on vision-language downstream tasks (e.g., VQA, VCR...)
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« Dataset
- Image-Language: Conceptual Captions [sharma, ACL18, Google]
« Video-Language: Auto-captions on GIF [pan, Arxiv20, JD Al Research]

« Technology / Open questions
« How to design a good encoder-decoder structure and proxy tasks?
- How to pre-train a structure for both VL understanding/generation downstream tasks?



Pre-training for Video Captioning Challenge

http://www.auto-video-captions.top/2020/

 Task Description

« Leverage Auto-CapTIONs (ACTION 1.0) on GIF benchmark to boost research on an
emerging task of visual-language pre-training for downstream tasks (e.g., cross-modal

retrieval, and video captioning)

Auto-captions

Vision-language
pre-training

« Challenge

50 teams registered challenge
10 teams submitted results
Awards will be announced at ACM

MM 2020 ‘
Asia 5
Europe

® America

39

E»

A children is riding a
bike along the road

Riding a bike
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Video captioning

Cross-modal retrieval

Rank Team

Organization

Tsinghua University
Beijing University of Posts and

B@4 M C S

1 Old Boys L 2114 1738 2442 565
Telecommunications
Shanghai Ocean University
2 SYSU-CS Sun Yat-Sen University 2041 17.02 2380 539
3 IVIPC-King University of Electronic Science 1824 1646 2136 5.5

and Technology of China



http://www.auto-video-captions.top/2020/
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User

Recommend fashion
collocation based on scene
and personalized needs
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Scenario Il: Task-oriented multi-modal dialogue O REEBRE

- Task-oriented dialogue for E-commerce customer service
- Traditional dialogue: only focus on textual (or voice) modality
» Multi-modal dialogue: capture semantics across textual and visual (image, video) modalities
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Multi-objects

Scene
Attention 1.0 Video generation Semantic map, Scene-graph Layout generation Relationship
« [Mansimov, ICLR'16] « TGANs-C [Pan, MM'17] * [Hong, CVPR"18] * [Hinz, ICLR'19] * [Hua, arixv'20]
* text-image alignment, « low-resolution / short duration / * [ohnson, CVPR'18] « [Song, CVPR'19]
low visual quality digits motions * multi-objects scene * [Li, CVPR'19]
2014 2016 2017 2018 2019
o)
Conditioning Text encoding Stacked architecture Attention 2.0 Redescription
+ cGAN [Mirza, arXiv'14] | * [Reed, ICML'16] « StackGAN [Zhang, ICCV'17] * AttnGAN [Xu, CVPR'18] . [Qiao, CVPR'19]
» flagship work / digits / | * pioneer work / low « StackGAN++[Zhang, arXiv'17] * DA-GAN [Ma, CVPR18] * text -> image -> text’
low resolution resolution ® * high-resolution * sub-region details

Single Object




Direction |: Caption to Video

i

left and right

S
a cook puts noodles a person is
into some boiling cutting beef
water

[Vondrick, NIPS'16] [Pan, Yao, Mei, ACM MM'17]

digit 8 is moving left digit 2 is up and
and right down and digit O is

a long hair man who
wears a black vest is
playing Guitar

[Yu, arxiv'20]

Talking head/full-body
Generation

[Chen, CVPR'19, Wang & Mei, MM'20]
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Direction II: Multi-objects Scene

girl tree kite
an old clock next to a a herd of sheep ) \
light post in front of a grazing on a lush A dad Wilth on e
Steeple green fleld woman, man ant 4 ¢og man — wearing — pant

- standing in the snow

wearing — shirt

tree
kite

pant
a frmt stand d'5P|a){ . a young girl eating a Two rectangular slices of pizza I:E
with bananas and kiwi slice of pizza with multiple toppings

[XU, Zhang’ Huang, Zhang’ Gan, Huang, He’ CVPR"]8] [HInZ, He|nr|Ch, Wermter, ICLRI19] [Hual Ball Zhang: Mell arXIVIZO]
16



Trends & Application

« Trend 1 : Generative Pre-Training
« Background : Lang (GPT-3, promising) + Vision (ImageGPT, emerging)
 Lang-to-vision is naturally Generative Pre-Training for high-level V&L tasks

- Trend 2 : Knowledge
« Background : Knowledge has been successful in language domain (dialog, QA)

- Incorporating knowledge (besides data statistics) in V&L is important for boosting model
generalization, explainability

« Applications
- MAZRIEGRIER
- N/ ERIB DB E/AEE
» EFREMA - WHEILE B BExME L ZERIVAL
» NANRFIIMEIZR ( XA>FKE. B, i)
- ATER. WNEER B/ EIERE/ AR
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