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How do we describe images?

A cat and two big dogs staring at the camera

Object 
Importance
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Action
Importance

World 
knowledge



Referring to objects

The dog in 
the middle

The gray 
dog

The gray 
dog in the 
middle



GRE3D3 Corpus
 Viethen and Dale 2008

[20 scenes]

TUNA Corpus
van Deemter et al 
2006

Size Corpus
Mitchell et al 2011

[96 scenes]

GenX Corpus
FitzGerald et al 2013

[269 scenes]

Typicality Corpus
Mitchell et al 2013

[35 scenes]

Work on Referring Expression 



Referring Expression Comprehension
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Referring Expression Comprehension



Referring Expression Comprehension

2016



Vision + Language
A brand new era for computer vision!



Describe this image …
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Describe this image …

People, Objects, Nature, Buildings

Actions, Abilities, Affordances

World Knowledge, “Commonsense”

Inference, Speculation, Emotion



Images convey emotions



Vision + Language
A brand new era for computer vision!



Vision + Language
A brand new era for computer vision!

DOG



Perception+Reasoning needs Vision+Language

DOG



Computer Vision:  A Pyramid



PHYSICS-BASED

• Optics
• Computational Imaging

GEOMETRIC

• 3D Reconstruction
• Shape, Depth, ...

PIXELIC

• Image Processing
• Edge Detection



 
PIXELIC

(image processing, edges, texture …)

 

GEOMETRIC
(3D, shape, depth, …)

PHYSICAL 
(Optics,  Comp Imaging, …) Physics



Visual Question 
Answering

How many boats are in the 
water?

Image Captioning
People kayaking in a river

Multi-Modal Retrieval
Retrieve a similar image but in 

a forest background.

Reasoning about Cause and Effect
What will happen if he loses the paddle?

Counterfactual Reasoning
Will rowing have the same effect if the 

kayak is replaced with a surfboard>

Reasoning about Abilities
Is this person a professional rower?

Factual Knowledge
Are they in the Steel City? 



Semantics

 
PIXELIC

(image processing, edges, texture )

 

GEOMETRIC
(3D, shape, depth, …)

PHYSICAL 
(Optics, Comp Imaging)

 
DESIGNATIVE

COMMUNICATIVE

SPECULATIVE

Physics

“Commonsense”
Reasoning

Image Generation

Detection, 
Classification, 
Segmentation

Captioning, 
VQA …



 
DESIGNATIVE

COMMUNICATIVE

SPECULATIVE

Semantic Vision:
A New Paradigm



Multi-Modal (Vision + Language) Learning

Learning jointly from images and text has caused a paradigm shift in AI

Multimodal Learning:
Tremendous potential in

Robotics Embodied AI

Graphics , AR / VR Human-Computer 
Interaction





Visual Question 
Answering

How many boats are in the 
water?

Image Captioning
People kayaking in a river

Multi-Modal Retrieval
Retrieve a similar image but in 

a forest background.

Reasoning about Cause and Effect
What will happen if he loses the paddle?

Counterfactual Reasoning
Will rowing have the same effect if the 

kayak is replaced with a surfboard>

Reasoning about Abilities
Is this person a professional rower?

Factual Knowledge
Are they in the Steel City? 



Some popular tasks in Vision + Language



Visual Question Answering





Visual Question Answering: Naïve Approach



What Features to use as input visual features?



CVPR 2017



CVPR 2020



VQA Solution 5 years ago: 
Learn V and L features separately, and fuse.

What is the color of the 
jacket of the man on this 
picture?

?

?

?
Cross Entroy Loss 
Across 5000 
possible answers



VQA Solution today?  Multimodal Pretraining 
(typicall using masked language modeling)

What is the color of the 
jacket of the man on this 
picture?

?



Describing images with language 
(Image Captioning)

EMNLP 2011



One method for image captioning …







Visual Common Sense Reasoning

https://visualcommonsense.com/



Multi-task Learning / More General Models

Salesforce DecaNLP
https://arxiv.org/pdf/1806.08730.pdf

12-in-1: Multi-task Vision and Language
https://arxiv.org/abs/1912.02315



Interactivity + Language and Vision

https://arxiv.org/abs/1911.03826



General models for Vision and Language -
UNITER



Grid Features – Pixel BERT 

https://arxiv.org/pdf/2004.00849.pdf



Vision + Language + 3D

https://arxiv.org/abs/1910.01210



Multiple Languages and Vision

https://arxiv.org/abs/2003.05078



Video + Language Tasks

https://openaccess.thecvf.com/content_CVPR_2020/papers/Liu_Violin_A_Large-
Scale_Dataset_for_Video-and-Language_Inference_CVPR_2020_paper.pdf



Counterfactuals in Vision and Language

https://openaccess.thecvf.com/content_CVPR_2020/papers/Abbasnejad_Counterfactual_Vision_
and_Language_Learning_CVPR_2020_paper.pdf



Asking Counterfactual Questions to Reason about Physical Properties

Effect of Action



My lab’s focus: Perception & Reasoning with Robustness
Robust Visual Reasoning (Visual QA, Video Captioning, V&L Inference)

V&L Robustness: Logical, Semantic, Spatial
(use additional knowledge sources and sensors)

Gokhale ECCV ‘20; Gokhale EMNLP’20; Gokhale ACL’21; 
Fang EMNLP’20; Banerjee ICCV’21; Patel EMNLP’22

Understanding Agent Actions in Videos with Commonsense, 
Counterfactual and Physics-Based Reasoning



Novel Vision+Language Concept Description

• OOD detection: detect novel (unseen / unknown) objects in videos

• Few-Shot Concept Learning
• learn that concept
• assign semantic meaning 

(in latent space)
• Reproduce the concept 

(novel view synthesis)

Patel et al. AAAI 2024



Natural Language as a 
Visual “Sensor” 

Humans (ordinary/domain-expert)
describe visual scenes
in natural language 

(e.g. English, Hindi, Chinese, Arabic)

Vision-Language Alignment helps for 
reasoning “beyond pixels”

Commonsense inferences crucial 
when some sensors 

malfunction/uncertain/compromised

My lab’s focus: Perception & Reasoning with Robustness
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