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Computer Vision
Computer Science Tripos Part II
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Digital Images

• Film is replaced by a sensor array
• Current technology: arrays of charge coupled devices 

(CCD)
• Discretise the image into pixels
• Quantise light intensities into pixel values.

Image source: Michael Black
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Pixel sensing elements in CCD arrays can be roughly 
the size of photoreceptors in the human retina (3 
microns).

Spatial resolution depends on detector density and 
lens quality.
Luminance resolution depends on signal to noise 
ratio.
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Re-cap from Part IB Computer Graphics
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Re-cap from Part IB Computer Graphics
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Colour Sensing in Digital Cameras

Estimate missing components from 
neighbouring values (demosaicing)

Bayer colour filter array

Source: Steve Seitz

Twice as many green elements as red 
or blue to mimic the physiology of the 
human eye
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Colour plays a surprisingly small role in most 
computer vision applications

HSV/HSI often preferred to RGB
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Video

• PAL: 768x576 pixels at 25 Hz, interlaced

• NTSC: 640x480 pixels at 30 Hz, interlaced
• HD: 1,280×720 pixels (720p, progressive) at 60Hz or 

1,920×1,080 pixels (1080i/1080p 
interlaced/progressive) at 50Hz 

Dr Chris Town

Common image/video formats:

• JPEG

• MPEG

• GIF/PNG

• TIFF

• BMP
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Nyquists’s sampling theorem:

The highest spatial frequency in an image is ½ 
the corresponding pixel dimensionality.
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"There’s more to vision than meets the eye"
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Perry, Oehler, and Cowey, 

Neuroscience (1984)

1011 neurons, 1015 synaptic connections

Highly distributed computation and information storage

No distinction between computation and communication.

Asynchronous operation, relatively slow impulses (300Hz)

Stochasticity as a computational strategy

About 2/3rds involved in vision

Excitation required movement: saccades, conscious gaze, 
eyeball tremors
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• Cornea responsible for most of the refractive power, lens 
performs “fine-tuning”

• Iris - colored annulus with radial muscles
• Pupil - the hole (aperture) whose size is controlled by the iris
• Lens - changes shape by using ciliary muscles (to focus on 

objects at different distances)
Dr Chris Town

The retina is 
part of the 
brain
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Cones: 6 million
• cone-shaped 
• less sensitive
• colour vision 
• adaptive across 7 orders of magnitude
• can distinguish about 100 tones 
• 3 types, so about 106 hues

Two types of light-sensitive receptors

cone

rod

Rods: 120-150 million
• rod-shaped
• highly sensitive
• gray-scale vision 
• can distinguish about 100 shades
• adaptive across 11 orders of magnitude
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Rods and Cones in the human retina

• Non-uniform sampling grid to prevent aliasing
• Blue cones relatively recent in evolutionary terms, 
and only 7% of cones are blue receptive

Dr Chris Town Dr Chris Town

Electromagnetic Spectrum

http://www.yorku.ca/eye/photopik.htm

Human Luminance Sensitivity Function
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Mantis shrimp
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Chameleon

“Four-eyed 
fish”
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3-dimensional world    
(? unlimited information)

Retinal Images
> 10^12  bits/sec

Optics

Optic Nerve
> 10^9 bits/sec

Retinal processing

Attentive
scrutiny

< 10^4 bits/sec

Attentional bottleneck

Long-term
memory

~ 30  bits/sec

Memory storage

The Psychophysical Correspondence

There is no simple functional description for the perceived
color of all lights under all viewing conditions, but …...

A helpful constraint:
Consider only physical spectra with normal distributions
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The Psychophysical Correspondence

Mean Hue

yellowgreenblue

# 
Ph

ot
on

s

Wavelength
© Stephen E. Palmer, 2002

28

The Psychophysical Correspondence
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The Psychophysical Correspondence
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cytochrome oxidase “blobs” 

“interblobs”

ocular dominance stripes
Dr Chris Town

Orderly 2-D map of preferred orientations (optical imaging)

Blasdel et al.
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Distributed hierarchical organization

Felleman & Van Essen, 
Cerebral Cortex, 1991

Maunsell & Van Essen, J. 
Neurophysiol., 1983

Single Cell Recording

© Stephen E. Palmer, 2002
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Retinal Receptive Fields

Receptive field structure in ganglion cells:
On-center Off-surround

(Isotropic)

Stimulus condition Electrical response

Time

Response

© Stephen E. Palmer, 2002
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RF of On-center Off-surround cells 

Receptive FieldNeural Response

Center

Surround

On      Off

Response Profile

on-center

off-surround

Horizontal Position

Firing
Rate

Retinal Receptive Fields
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RF of Off-center On-surround cells 
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Retinal Receptive Fields
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Cortical Receptive Fields

Single-cell recording from visual cortex

TimeTime

© Stephen E. Palmer, 2002

Cortical Receptive Fields

Three classes of cells in V1

Simple cells

Complex cells

Hypercomplex cells

© Stephen E. Palmer, 2002
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Cortical Receptive Fields

Bipartite Simple Cells: “Edge Detectors”

C.  Dark-to-light Edge Detector

 Horizontal Position

Firing
Rate

D.  Light-to-dark Edge Detector

   Horizontal Position

Firing
Rate

© Stephen E. Palmer, 2002

Cortical Receptive Fields

Tripartite Simple Cells: “Line Detectors”
A.  Light Line Detector

   Horizontal Position

Firing
Rate

B.  Dark Line Detector

   Horizontal Position

Firing
Rate

© Stephen E. Palmer, 2002

Cortical Receptive Fields

Constructing a line detector

Receptive Fields

Retina LGN

 Center-
Surround
   Cells

Simple Cell

Cortical
Area V1

© Stephen E. Palmer, 2002 Dr Chris Town
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Cortical Receptive Fields

Constructing a Complex Cell

Simple Cells

Cortical Area V1

Complex CellReceptive Fields

Retina

© Stephen E. Palmer, 2002

Cortical Receptive Fields

Complex Cells: spatial invariance, 
oriented movement

STIMULUS NEURAL RESPONSE

Time

00o
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Cortical Receptive Fields

STIMULUS NEURAL RESPONSE

Time
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Complex Cells: spatial invariance, 
oriented movement

Cortical Receptive Fields

STIMULUS NEURAL RESPONSE

Time

090o
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Complex Cells: spatial invariance, 
oriented movement

Cortical Receptive Fields

STIMULUS NEURAL RESPONSE

Time

0120o

© Stephen E. Palmer, 2002

Complex Cells: spatial invariance, 
oriented movement
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Cortical Receptive Fields

Constructing a Hypercomplex Cell

Receptive Fields

RETINA CORTICAL AREA V1

Complex Cell End-stopped Cell

© Stephen E. Palmer, 2002

Cortical Receptive Fields

Hypercomplex Cells

Time
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Cortical Receptive Fields

Hypercomplex Cells

Time

STIMULUS NEURAL RESPONSE

“End-stopped” Cells
© Stephen E. Palmer, 2002

Cortical Receptive Fields

Time

STIMULUS NEURAL RESPONSE

“End-stopped” Simple Cells

© Stephen E. Palmer, 2002
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