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Computer Vision
Computer Science Tripos Part II
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Further resources can be found on the course website:

• Exercises (to be discussed in supervisions or examples 
classes)
• Links to demos, sample code, research papers, libraries etc.
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Computer Vision is concerned with automated 
interpretations and representations of visual 
information

General goals are the detection, recognition and 
characterisation of objects, scenes, and events of 
interest

CV is increasingly an engineering discipline
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Computer Vision systems are generally task-specific, 
brittle, and perform worse than biological vision 
systems

Paradox of “cognitive penetrance”
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Which two pictures show the same person?
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Intra-class variation

Dr Chris Town

Can you recognise the objects in the following scene?
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Who is in the next image?

Human face recognition only takes about 100 to 300ms.
It is highly reliable for familiar faces.
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Who was that?
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Computer Vision as an undergraduate summer project at 
MIT in 1966 – urban myth?.
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Biological vision is usually robust and appears 
effortless without cognitive insight

But: 

Biological vision systems also have a number of 
weaknesses and “failure cases” (e.g. visual illusions) 

Computer Vision is proving useful in an increasing 
number of application areas
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Some Applications of Computer Vision
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Some Applications of Computer Vision
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Robotics
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Industrial Inspection

R. Nagarajan et al. “A real time marking inspection scheme
for semiconductor industries“, 2006
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Optical Character Recognition

Text in images

Handwritten digits

Scanned documents
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Face detection
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Google street view
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Google street view
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Assisted driving
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Lane detection

Pedestrian and car detection

• Collision warning 
systems with adaptive 
cruise control, 
• Lane departure warning 
systems, 
• Rear object detection 
systems,
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Traffic monitoring
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Vision-based biometrics

Fingerprints, face, iris, retina, gait, earlobes…
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Some examples of biometric methods and applications

Forensics

Face recognition ??

“IrisKids” (US) missing children
registration and identification
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Iris recognition

JOHN DAUGMAN
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Iris recognition

http://www.cl.cam.ac.uk/~jgd1000/iriscollage.jpg
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Iris recognition

Sharbat Gula (1984); identified 
(2002) using the Daugman iris 

recognition algorithms (based on 
photographs taken by National 

Geographic)
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Medical Image Analysis
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Human-Computer Interfaces
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Content-Based Image Retrieval
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CV can be regarded as being “AI-complete” (requires 
intelligent interpretation of signal data, symbolic reasoning, 
inference, attention, goal directed behaviour, robust recognition).

Computer Vision as a Signal-to-Symbol Converter
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Vision as Knowing What is Where
• Vision is hard: noise, ambiguity, complexity
• Prior knowledge is essential to constrain the problem
• Combining multiple cues: motion, contour, shading, 
texture, stereo
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Vision as Inverse Optics or Graphics
• Graphics is concerned with rendering images given scene descriptions

3D 2D

• Computer vision seeks to do the opposite

2D 3D
-> an ill-posed, heavily underdetermined problem

Plato's Cave
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Vision as Graphics

pointlight.mov
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Vision as Graphics

Human visual perceptions are in some sense illusory -
elaborate constructs of the brain which are highly 
generative, context-dependent and knowledge-driven 
rather than accurate representations or objective 
descriptions of the visual world.

Vision as inference
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Vision has to solve an ill-posed problem

Sinha & Adelson 93 Dr Chris Town

Hadamard’s criteria for well-posed problems

• Solution must exist

• Solution must be unique

• Solution must vary continuously with the data
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ill-posed problems
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Magritte, 1957
Dr Chris Town
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Levels of Representation
• Much of computer vision can be regarded as lying on a 
continuum between appearance-based representations at one 
end and explicit models at the other

• In specific domains, these categories are also known as 
- view-based vs object-centred
- non-parametric vs parametric
- exemplars vs models
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