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SOME APPLICATION SLIDES MISSING



Caveats
• Compression

• Like a 3hr “Introduction to Mathematics” or “Introduction to Physics”
• there are missing bits!

• There are likely missing references in the slides: look at chapters

• Scope
• entire disciplines are hardly touched

• On Web Page, see
• Slides
• Expanded versions of slides on topics
• Corresponding movies on topics
• Chapters from TNCV late draft



Structure

• What Computer Vision does
• What Images are Like
• Regression and Classification
• Geometry and Physics

• or, more details on what images are like

• The uses of correspondence
• or, elementary 3D, tracking, and so on

• Where it’s all going
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What you can extract from an image

Geometric information
…

Geometric information
Semantic information

building

person
trashcan car car

ground

tree tree

sky

door
window

building

roof

chimney

Outdoor scene
City European

…

Geometric information
Semantic (?) information – affordances

Walkable

Can be used to 
deposit trash

Can move

Horizontal surface, rough
Walkable, drivable

Can open, 
be opened

Vertical 
surface Vertical 

surface

Vision for action



Trad. View:  
  Images are fundamentally ambiguous! 



…still, vision is hard even for humans

Image source

https://twitter.com/nxthompson/status/1357147968328118272/photo/1
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The cornerstones
• Geometry and Physics

• Cameras, multiple cameras, etc
• Illumination, shading, color, etc

• For low compute regimes:
• Fast and distinctive local image representations
• Correspondence

• For high compute regimes:
• Learned image/video representations
• Learned decoding procedures

• Data Science
• Acquiring and cleaning datasets
• Clustering and matching
• Very large scale optimization

The border between these 
two is surprisingly 
impermeable.

Current computing 
demands are absurd.

They are justified only by 
our ignorance.



What we are good at

• Classification and regression
• Examples:

• image classification
• object detection
• depth/normal/X from single image

• Bolt together:
• learned representation
• learned decoding
• data engineering

Mostly, big compute, but you
can do a moderate job of classification
and detection in small compute



Classification



Detection



Detection and localization in 2D

YOLOv11 documentation by Ultralytics



Depth predictors work really well



What we are good at

• Segmentation
• Examples:

• Which pixels are the cat?
• break image into objects, known or unknown
• depth/normal/X from single image

• Bolt together:
• learned representation
• learned decoding
• clustering
• data engineering

Mostly, big compute



What we are good at

• Tracking and correspondence
• Examples:

• tracking people
• tracking by/and detection
• point tracking

• Bolt together:
• learned representation
• learned decoding
• data engineering

Mostly, big compute, but you
can do a moderate job of some kinds of
tracking in very small compute



Tracking Anything Results

Cheng et al.; DEVA: Tracking anything with decoupled video segmentation; 2023
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What we are good at

• Linking the visual and the textual
• Examples:

• Vision Language Models

• Bolt together:
• learned representation of images
• learned representation of text
• data engineering

No small compute here!



Evaluation strategies - I

A Survey of State of the Art Large Vision Language Models: Alignment,
Benchmark, Evaluations and Challenges, Li et al, 2025



What we are good at

• 3D Reasoning
• Examples: 

• localization
• reconstruction
• odometry

• Bolt together:
• in the low compute world

• Fast distinctive image representations; correspondence; geometry
• in the high compute world

• learned image representations; data engineering; learned decoding

Very different kinds 
of activity



Visual odometry

https://github.com/MAC-VO/MAC-VO/blob/main/asset/ICRAvideo.gif



Luche Bridge, Ministry of Land, Transport, and Infrastructure, Japan

Reconstruct: Inspect aging infrastructure
Derek Hoiem
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Reconstruct: Align reality to plans for construction 
management
Derek Hoiem



New technologies

• Generating images/video
• Unsupervised learning

• (not really new; but now actually becoming very useful)

• Learned 3D reconstructions


