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Vision and Language

➢Advancements in deep learning + large-scale datasets   →
great progress in CV & NLP. 

➢Building upon these advances, interest in solving challenges 
that combine linguistic and visual information. 

―‘Turing test for vision,’ i.e., the ability of a machine to use vision to 
answer a large and flexible set of queries about objects and agents in 
an image in a human-like manner. 



Vision and Language Tasks

➢V→L

• Image/Video Captioning

• Visual Question Generation

➢L→V

• Language Guided Image/Video Generation

➢V+L→V/L

• Visual Question Answering

• Visual Dialog

• Referring Expression (Visual Grounding)

• Visual Navigation

• Multimodal Machine Translation



Image Captioning
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➢Automatically describe images with words

A giraffe is bowing and eating grass



Image Captioning

➢Encoder-decoder (CNN-RNN)

Show and Tell: A Neural Image Caption Generator, Vinyals et al. from Google
http://googleresearch.blogspot.com/2014/11/a-picture-is-worth-thousand-coherent.html



Image Captioning

➢Encoder-decoder (CNN-RNN)

➢Attention

Show, Attend, and Tell  Neural Image Caption Generation with Visual Attention. Kelvin Xu, Jimmy Ba, Jamie Ryan Kiros, 
Kyunghyun Cho, Aaron Courville, Ruslan Salakhutdinov, Richard Zemel, Yoshua Bengio ICML 2015  



Image Captioning

➢Encoder-decoder (CNN-RNN)

➢Attention

• Knowing When to Look: Adaptive Attention via A Visual Sentinel for Image 
Captioning. CVPR 2017.

• SCA-CNN: Spatial and Channel-wise Attention in Convolutional Networks for Image 
Captioning. CVPR 2017.

• Attention is All You Need. NIPS 2017. 
• Bottom-Up and Top-Down Attention for Image Captioning and Visual Question 

Answering. CVPR 2018.
• Deliberate Attention Networks for Image Captioning. AAAI 2019.
• Attention on Attention for Image Captioning. ICCV 2019.
• X-Linear Attention Networks for Image Captioning. CVPR 2020.



Image Captioning

➢Encoder-decoder (CNN-RNN)

➢Attention

➢Reinforcement Learning

Steven J. Rennie, Etienne Marcheret, Youssef Mroueh, Jarret Ross, Vaibhava Goel. Self-critical Sequence Training 
for Image Captioning. CVPR 2017.



Image Captioning 

• Flickr8k dataset (2013)

• Flickr30k dataset (2014)

• MSCOCO Captions (2015)



Image Captioning 

• Flickr8k dataset (2013)

• Flickr30k dataset (2014)

• MSCOCO Captions (2015)

• Visual Genome (2017)

• Conceptual Captions (CC) (2018)

• Visual genome: Connecting language and vision using crowdsourced dense image annotations. IJCV 2017.
• Conceptual captions: A cleaned, hypernymed, image alt-text dataset for automatic image captioning. ACL 2018.



Image Captioning 

• Cross-lingual/Multi-lingual Captioning

Unpaired Cross-lingual Image Caption Generation with Self-Supervised Rewards. ACM Multimedia 2019.

Multi30K-CLID



Image Captioning 

• Multiple sentences
• Dense captioning

• Paragraph captioning



Image Captioning 

• Dense captioning

• requires a computer vision system 
to both localize and describe salient 
regions in images in natural 
language

• DenseCap: Fully Convolutional Localization Networks for Dense 
Captioning. ICCV 2016.

• Learning Object Context for Dense Captioning. AAAI 2019.
• Context and Attribute Grounded Dense Captioning. CVPR 2019.



Image Captioning 

• Paragraph captioning

• Image paragraph captioning involves generating a 
detailed, multi-sentence description of the content 
of an image.

• Recurrent Topic-Transition GAN for Visual Paragraph Generation. ICCV 2017. 
• A Hierarchical Approach for Generating Descriptive Image Paragraphs. CPVR 2017.
• Diverse and Coherent Paragraph Generation from Images. ECCV 2018.
• Convolutional Auto-encoding of Sentence Topics for Image Paragraph Generation. IJCAI 2019.



Image Captioning 

• Novel Object Captioning

• To encourage the 
development of image 
captioning models that can 
learn visual concepts from 
alternative data sources, such 
as object detection datasets.

• Incorporating Copying Mechanism in Image 
Captioning for Learning Novel Objects. CVPR 2017.

• Nueral baby talk. CVPR 2018.
• Partially supervised image captioning. NIPS 2018. 
• nocaps: novel object captioning at scale. ICCV 2019.
• Pointing novel objects in image captioning. CVPR 

2019. 



Image Captioning 

• Controllable Captioning
• Style

• Fine-grained level

• Show, Control and Tell: A Framework for Generating Controllable and Grounded Captions. CVPR 2019.
• Say As You Wish: Fine-grained Control of Image Caption Generation with Abstract Scene Graphs. CVPR 2020.
• Length-Controllable Image Captioning. ECCV 2020.



Image Captioning 

• Informative Captioning

BreakingNews 2016

GoodNews 2019

• Breakingnews: Article annotation by image and text processing. PAMI 2018. 
• Good News, Everyone! Context Driven Entity-Aware Captioning for News Images. CVPR 2019.
• Transform and Tell: Entity-Aware News Image Captioning. CVPR 2020.
• ICECAP: Information Concentrated Entity-aware Image Captioning. ACM Multimedia 2020.



Image Captioning 

• Informative Captioning

BreakingNews 2016

GoodNews 2019

VizWiz-Captions 2018

• Captioning Images Taken by People Who Are Blind. ECCV 2020.
• VizWiz-Priv: A Dataset for Recognizing the Presence and Purpose of Private Visual Information in Images Taken by 

Blind People. CVPR 2019. 
• VizWiz Grand Challenge: Answering Visual Questions from Blind People. CVPR 2018.

to assist people who are 
blind to overcome their 
real daily visual challenges.



Image Captioning 

• Informative Captioning

BreakingNews 2016

GoodNews 2019

VizWiz-Captions 2018

TextCaps 2020

• TextCaps: a Dataset for Image Captioningwith Reading Comprehension. ECCV 2020.

TextCaps requires models to read and 
reason about text in images to 
generate captions about them. 
Specifically, models need to 
incorporate a new modality of text 
present in the images and reason over 
it and visual content in the image to 
generate image descriptions.



Video Captioning 



Video Captioning 

• MSVD (2011)

• MSR-VTT (2016, 2017)

• TGIF (2016)

• Vatex (2019)
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Visual Question Answering

• VQA v1 2015
• VQA v2 2017
• CLEVR 2017
• GQA 2019
• Visual Genome 2017
• TextVQA 2019
• ST-VQA 2019
• OCR-VQA-200k 2019
• EST-VQA 2020
• TVQA 2018
• YouMakeUp 2019
• TVQA+ 2020



Visual Question Answering

• VQA v1 2015
• VQA v2 2017
• CLEVR 2017
• GQA 2019
• Visual Genome 2017
• TextVQA 2019
• ST-VQA 2019
• OCR-VQA-200k 2019
• EST-VQA 2020
• TVQA 2018
• YouMakeUp 2019
• TVQA+ 2020

• Joint embedding approaches
• Attention mechanisms
• Compositional Models
• Models using external knowledge base



Visual Question Answering
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Referring Expression

2

• RefCOCO 2014

• GuessWhat?! 2017

• CLEVR-Ref 2018

• Cityscapes-Ref 2018

• Talk2Car 2019

• CLEVR-Ref+ 2019



Visual Navigation

• Vision-and-Language Navigation (VLN)

• Embodied Question Answering (EQA)

• REVERIE

• Vision-and-language navigation: Interpreting visually-grounded navigation instructions in real environments. CVPR 2018.
• Embodied question answering. CVPR 2018.
• Mattnet: Modular attention network for referring expression comprehension. CVPR 2018.
• Tactical rewind: Self-correction via backtracking in vision-and-language navigation. CVPR 2019.
• REVERIE: Remote Embodied Visual Referring Expression in Real Indoor Environments. CVPR 2020.



Multimodal Machine Translation
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Aspects to be further addressed
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• Evaluation
• Evaluation metrics

• Evaluation dataset

• Multimodal Fusion/Representation
• interaction

• Unsupervised learning
• generalization

• Reasoning/Interpretability



Thank You!


