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PlanPlan

Ultra Rapid Processing of Natural ImagesUltra Rapid Processing of Natural Images
•• Certain key stimuli such as animals and faces can Certain key stimuli such as animals and faces can 

be detected in complex natural scenes in as little be detected in complex natural scenes in as little 
as 100 msas 100 ms

Biological plausible processing algorithmsBiological plausible processing algorithms
•• FeedFeed--forward modelsforward models
•• Computation with a wave of spikesComputation with a wave of spikes

•• Rank order codingRank order coding
•• Spike Spike Time Time DependantDependant PlasticityPlasticity

A mechanism for unsupervised learning of A mechanism for unsupervised learning of 
frequently occuring visual patternsfrequently occuring visual patterns



Ultra Ultra Rapid Scene ProcessingRapid Scene Processing

Scene Processing in 150 ms
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Rapid Rapid Animal Animal Categorisation TasksCategorisation Tasks

Mean RT 
~ 400 ms
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(Kirchner & Thorpe, VR, 2006)
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400 ms

UltraUltra--Rapid Detection Rapid Detection of of Human Human FacesFaces
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ResultsResults for 8 for 8 subjectssubjects

0

5

10

15

20

25

30

35

40

45

Reaction Time (ms)

N
um

be
r

Correct

Errors

0 50 100 150 200 250

Accuracy = 89.3%
Mean RT = 140.7 ms

Minimum RT
Around 100 ms



Fast Fast trials for one trials for one subjectsubject

• All trials with RTs of  ≤ 122 ms
• Correct on 22/24 (91.6%)

109

122



What Pathways are Involved?What Pathways are Involved?



A temporal A temporal saliencysaliency effecteffect??

Primate Faces

Non-Primate
Faces



Decision Level Response Motor System

WhatWhat couldcould bebe the the mechanismmechanism??

High Level 
Feature

Combinations
IT?

Intermediate
Level Features

V4

Preprocessing V1/V2

Input Level
Feedforward architectures are enough,
But......



The Temporal The Temporal CodingCoding OptionOption

•• Spike Time Spike Time DependentDependent PlasticityPlasticity
•• WithWith repeatedrepeated exposureexposure, , highhigh weightsweights willwill

concentrateconcentrate on the inputs on the inputs thatthat firefire firstfirst

TwoTwo Key Key IdeasIdeas

•• CodingCoding withwith a a wavewave of of spikesspikes
•• The The mostmost stronglystrongly activatedactivated neuronsneurons firefire firstfirst

Song, Miller & Abbott, 2000



Rank Rank BasedBased CodingCoding

1% of the population active 1% of the population active isis enoughenough for recognition !for recognition !
((VanRullenVanRullen & Thorpe, 2001)& Thorpe, 2001)



Rank Based coding with STDPRank Based coding with STDP



STDP Based LearningSTDP Based Learning

With Rank-based
coding and STDP, 
neurones naturally

(a) become selective
to repeatedly
presented stimuli 

(b)  respond more 
and more quickly



STDP with a population of output cellsSTDP with a population of output cells

Neurons compete to grab parts of feature spaceNeurons compete to grab parts of feature space

Synapse
s

K-WTA 
circuit



STDP Learning with Natural ImagesSTDP Learning with Natural Images

First layer training 

Second layer training 



Learning Learning ObjectsObjects



SceneScene ProcessingProcessing Conclusions 1Conclusions 1
Temporal Temporal constraintsconstraints have have gotgot eveneven worseworse!!

•• Key Key visualvisual patterns patterns suchsuch as faces as faces cancan bebe detecteddetected in in roughlyroughly 100 ms100 ms

StrongStrong evidenceevidence for for veryvery rapidrapid feedforwardfeedforward mechanismsmechanisms
•• Serre, Oliva & Serre, Oliva & PoggioPoggio (2007)(2007)

ProcessingProcessing usingusing SpikesSpikes
•• The The mostmost stronglystrongly activatedactivated neuronsneurons firefire firstfirst
•• AnyAny flashedflashed image image willwill generategenerate a a wavewave of of spikesspikes
•• STDP STDP willwill systematicallysystematically concentrateconcentrate highhigh synapticsynaptic weightsweights on the on the 

earliestearliest firingfiring inputsinputs

An An unsupervisedunsupervised mechanismmechanism thatthat guaranteesguarantees short short latencylatency and and 
reliablereliable responsesresponses to to frequentlyfrequently occuringoccuring input patternsinput patterns



SceneScene ProcessingProcessing Conclusions 2Conclusions 2
AnyAny naturalnatural image image isis likelylikely to to containcontain at least at least somesome visualvisual

patterns patterns thatthat cancan bebe detecteddetected withwith a a feedforwardfeedforward passpass

ProcessingProcessing time varies time varies dependingdepending on the on the visualvisual patternpattern
•• FastestFastest for faces (100 ms)for faces (100 ms)
•• FastFast for for animalsanimals (120 ms)(120 ms)
•• SomewhatSomewhat slowerslower for for otherother stimuli (140stimuli (140--180 ms)180 ms)

The The fastestfastest processingprocessing willwill occuroccur for the for the mostmost important important 
frequentlyfrequently occuringoccuring visualvisual patternspatterns

The The feedforwardfeedforward passpass cancan thenthen bebe usedused to guide feedback to guide feedback 
mechanismsmechanisms for for otherother important important operationsoperations
•• FigureFigure--groundground segregationsegregation
•• AccurateAccurate localisationlocalisation



ThanksThanks!!
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UnsupervisedUnsupervised learninglearning

MotorcylesMotorcylesFaces



DeveloppingDevelopping Face Face SelectiveSelective CellsCells



Inversion? Inversion? 
Transport versus Human
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