
Lecture 20a:
“Multimodal” Computer Vision

CMSC 472 / 672 Computer Vision
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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





Old Computer Vision

feline
tv set
teddy bear
pitbull
bullmastiff
cat

group of dogs
tv stand

fish tank
room
indoor
man-made
footstool
furnitureImage tagging / Image classification



feline
tv set
teddy bear
pitbull
bullmastiff
cat

group of dogs
tv stand

fish tank
room
indoor
man-made
footstool
furniture

tv set

cat, feline

tv stand

teddy bear

pitbull

bullmastiff, animal

fish tank

sofa

footstool

Object Detection

Old Computer Vision



feline
tv set
teddy bear
pitbull
dog
cat

group of dogs
tv stand

fish tank
room
indoor
man-made
footstool
furnitureImage Parsing / Image Segmentation

Old Computer Vision



New tasks with Vision + Language



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



Visual Question Answering





Visual Question Answering: Naïve Approach



What Features to use as input visual features?



CVPR 2017



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 from 2019 …  Multimodal Pretraining 
(typically 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/
From Recognition to Cognition: Visual Commonsense 
Reasoning







Multi-task Learning / More General Models

12-in-1: Multi-task Vision and Language Representation Learning
https://arxiv.org/abs/1912.02315
CVPR 2020

https://arxiv.org/abs/1912.02315


Interactivity + Language and Vision

Drill-down: Interactive Retrieval of Complex Scenes using Natural Language Queries https://arxiv.org/abs/1911.03826  NeurIPS 2019 

https://arxiv.org/abs/1911.03826


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 work: 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



All of this research by hundreds of people in hundreds of 
places …

culminated in “Vision-Language Models (VLMs)” 
that you have today (in ChatGPT, Gemini, etc.)

These ideas started as research projects led by PhD 
students and with enough academic evidence, led to 

companies and products.



Isaac Newton remarked in a 1675 letter to his rival Robert Hooke:

“What Des-Cartes did was a good step. 
You have added much several ways, & especially in taking the colours of thin 
plates into philosophical consideration. 
 

 If I have seen further, 
  it is by standing on the shoulders of Giants. ”
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