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Motivation

Biological Sensory Processing
Subcortical processing is rapid

Multisensory
Moderated by cortical feedback

Computational Benefits
Real-time, intelligent signal processing

Sensor fusion
Top down vs. bottom up

Neuroscience

Computational Intelligence
Modelling Predictions
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Superior Colliculus

•
 

Laminated structure in the midbrain [1,2]
–

 
Combines visual, auditory and somatosensory stimuli

–
 

Sensory alignment of topographic maps: multisensory space
•

 
Causes gaze shifts
–

 
Prioritises

–
 

Multimodal stimuli
•

 
Moderated integration
–

 
Cortical feedback [3]

–
 

Task context [4]?
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Modelling the SC

•
 

No existing model of the SC with all of the following:
–

 
Superficial layer (vision)

–
 

Deep layers (audition, somatosensory)
–

 
Multisensory output

–
 

Cortical feedback
•

 
Models so far:
–

 
Have focused on the multisensory representation [8,9,11]

–
 

Integration of unisensory representations [7, 10,11]
–

 
Development [11,12]

•
 

We present a behavioural model of the SC
–

 
Development of unisensory

 
and multisensory

 
representations

–
 

Demonstrates key properties of cortical feedback
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Approach: Behaviour Model
“Cortex” “Superior Colliculus”

“Retina”“Inferior Colliculus”

“Superficial 
Layer”

Cortical
 Map

 (15x20)

Multisensory
 Map

 (15x20)

Auditory
 Map

 (15x20)

Visual
 Map

 (10x10)

Visual
 Input
 (9x13)

Auditory
 Input

 (13x25)

“Deep 
Layers”
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•
 

Abstract Gaussian blobs to represent spatial stimuli

–
 

Dense and non-dense regions (fovea vs. peripheral)
–

 
Auditory azimuth [-180°, 180°] and elevation [-90°, 90°]

–
 

Visual azimuth [-90°, 90°] and elevation [-65°, 55°]

Input Representation
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Neural Model

•
 

Topographic maps
–

 
Spatial representation [11]

–
 

Develops organisation
•

 
Competitive learning
–

 
Hebbian association [13]

–
 

Maps trained in layers
•

 
Integration
–

 
Map outputs as inputs

–
 

Unisensory →
 

multisensory
–

 
Cortex →

 
multisensory

Neuron output

Weight Update

Neighbourhood and learning rate 
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What are we trying to show?

Cortical
 Map

 (15x20)

Multisensory
 Map

 (15x20)

Auditory
 Map

 (15x20)

Visual
 Map

 (10x10)

Visual
 Input
 (9x13)

Auditory
 Input

 (13x25)

1. Development
Spatial organisation

Dense regions

Real-time, intelligent signal 
processing

2. Integration
Coordinate alignment

Sensor fusion

3. Feedback
Enhancement and 

suppression

Influencing integration
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1. Spatial Organisation

Testing on different examples shows spatial representation
Larger dense regions (52% vs. 39%; 15% vs. 7%)
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2. Coordinate Alignment
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3a. Enhancement and Suppression

0

0.05

0.1

0.15

0.2

0.25

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106 111 116

Multisensory - Coincident Multisensory - Non Coincident

117

Example 59

Enhancement: coincident higher activation (mean 0.138)
Suppression: non-coincident lower activation (mean 0.108)
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3b. Cortical Feedback

0
0.05

0.1
0.15

0.2
0.25

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115

Multisensory (Cortex On) - Coincident Multisensory (Cortex Off) - Coincident

117

With cortical feedback, coincident activation mean 0.138
Without cortical feedback, coincident activation mean 0.112

Change depends only on cortical feedback [17,18]

0

0.05

0.1

0.15

0.2

1 24 47 70 93 116 139 162 185 208 231 254 277 300 323

Multisensory (Cortex On) - Auditory Stimuli Only Multisensory (Cortex Off) - Auditory Stimuli Only

325

Unisensory Space
(Auditory Modality)

Unisensory Space
(Auditory Modality)

Approximate Unisensory Space (Auditory Modality)
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Summary

•
 

Demonstrated
–

 
Complete functional representation of the SC

–
 

Unisensory, multisensory, cortical feedback
–

 
Development and sensory alignment

–
 

Enhancement and suppression
•

 
Limitations:
–

 
Topographic organisation could be improved

–
 

Cortical feedback is simplistic
–

 
Abstract stimuli
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Motivation

Biological Sensory Processing
Subcortical processing is rapid

Multisensory
Moderated by cortical feedback

Computational Benefits
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Exploitation: Taster

Real-time visual and auditory integration:
•

 
Rapid facial localisation

•
 

Sound localisation (interaural level difference)
•

 
Integration: real-time speaker localisation
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