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Computer Vision
Computer Science Tripos Part II
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Adapted from Computer Vision - A Modern Approach
by D.A. Forsyth

Radiometry
• Questions:

– how “bright” will surfaces be? 
– what is “brightness”?

• measuring light
• interactions between light 

and surfaces
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Simplifying assumption: point light 
source
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Snell’s law

n1 and n2 are the indices of refraction of each material
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Specular Reflection
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Diffuse Reflection

• Reflection uniformly in all directions
– Matte (Non-shiny) appearance
– Eg, chalk

• Most materials are not ideally diffuse
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Specular Reflection

• Light reflects in a single direction
– Shiny
– Eg, silvered mirror

• Most materials are not ideally specular
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Computer Vision
Computer Science Tripos Part II
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• Occlusion

• Relative 
size

Lighting and colours
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Surface Orientation from 
Reflectance Models

x

y
z

i
e

g

i = angle of incidence
e = angle of emittance
g = phase angle
n, ng, and ns are unit vectors along 
the surface normal, view direction, 
and source direction, respectively. 

n ng ns

L(i, e, g) = s Cn + (1 – s) cos (i)  0 <= s <= 1. 
The larger the value of n, the sharper sharper the peaking 
in the specular direction.
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Craik-O'Brien-Cornsweet effect
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Knill and Kersten's illusion

The effect is gone

This illusion highlights
the importance of
scene interpretation.

and it comes back when
the gradient is not explained
by the shape.
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Shape/Object Representation and 
Recognition

Objects/Shapes

2-D (Planar) 3-D

Representation of closed 
boundaries (Recognition 
Sensitive to Noise and 
Occlusions) e.g., Fourier 
Descriptors

Noise and Occlusion-tolerant Representation of parts and 
their interrelationships (e.g., Connectivity, adjacency). 
Parts could be regular shaped objects  such  as circles, 
squares, triangles recognizable by Hough transform, or 
curve segments represented using polynomial forms (B-
Splines)

Volumetric/binary voxel 
representation (e.g. for 3-D 
medical image constructed 
from 2D-slices) 

Surface based 
representations(e.g. 
Coon’s surface patches 
represented by 2-D 
polynomials, generalized 
cylinders ) 
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Implicit Surfaces

• Quadric surfaces
– Implicit second-order polynomial equations

• Superquadric surfaces
– A generalization of quadric surfaces

• Blobby objects (metaballs)
– A collection of spherical density functions
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Quadric surfaces

• Double cones

• Ellipsoids

• Hyperboloids of one sheet

• Hyperboloids of two sheets

Dr Chris Town

Quadric surfaces

• Elliptic paraboloids

• Hyperbolic paraboloids

Dr Chris TownA. Pentland, 1986. Dr Chris Town

superquad(1, 1, 1, 1, 1, 100);

% SUPERQUAD - generates a superquadratic surface
%
% Usage:  [x,y,z] = superquad(xscale, yscale, zscale, e1, e2, n)
%
% Arguments:
%        xscale, yscale, zscale - Scaling in the x, y and z directions.
%        e1, e2      - Exponents of the x and y coords.
%        n           - Number of subdivisions of logitude and latitude on
%                      the surface.
%
% Returns: x,y,z - matrices defining paramteric surface of superquadratic
%
% If the result is not assigned to any output arguments the function
% plots the surface for you, otherwise the x, y and z parametric
% coordinates are returned for subsequent display using, say, SURFL.
%
% Examples:
%     superquad(1, 1, 1, 1, 1, 100)   - sphere of radius 1 with 100 subdivisions
%     superquad(1, 1, 1, 2, 2, 100)   - octahedron of radius 1 
%     superquad(1, 1, 1, 3, 3, 100)   - 'pointy' octahedron 
%     superquad(1, 1, 1, .1, .1, 100) - cube (with rounded edges)
%     superquad(1, 1, .2, 1, .1, 100) - 'square cushion'
%     superquad(1, 1, .2, .1, 1, 100) - cylinder

Matlab demo
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Blobby Objects

• A collection of density functions

• Equi-density surfaces
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High-level shape representations
Biederman: 36 geons and a compositional system
Compositionality
-- viewpoint-independent recognition

D. Marr had this idea 
first
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Stockman CSE/MSU Fall 
2008

Generalised cylinders

• component parts have axis

• cross section function describes 
variation along axis

• good for articulated objects, such as 
animals, tools

• can be extracted from intensity images 
with difficulty
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Stockman CSE/MSU Fall 
2008

Extracting a model from a 
segmented image region

Courtesy of Chen and Medioni
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Recap: Implicit Shape Model – Representation

• Learn appearance codebook
– Extract local features at interest points
– Clustering  appearance codebook

• Learn spatial distributions
– Match codebook to training images
– Record matching positions on object

Training images
(+reference segmentation)

Appearance codebook…

…
…
…

…

Spatial occurrence distributions
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+ local figure-ground labels Dr Chris Town

Implicit Shape Model – Recognition

Backprojected
Hypotheses

Interest Points Matched Codebook 
Entries

Probabilistic 
Voting

3D Voting Space
(continuous)

x

y

s

Backprojection
of Maxima

[Leibe, Leonardis, Schiele, SLCV’04; IJCV’08]

“Generalized Hough Transform
with backprojection”
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Surfaces (regions) have:
• brightness (mean luminance)
• colour (spectral composition)
• texture (energy at different 

orientations, scales)
• surface depth
• surface orientation (slant, tilt)
• surface curvature (bump, dent)
• transparency
• shadowing
• velocity
• velocity gradient

A given surface is perceived as part 
of an object or part of the background

Objects = surfaces (regions) + boundaries (borders)
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Inferences from images: figure-ground segmentation

Region analysis: surface attributes
• reflectance (colour, lightness)
• texture
• depth, surface orientation

Boundary analysis: shape
• orientation, curvature, angles
• border “ownership”

Bottom-up: feature analysis
Top-down: attention, prior knowledge


