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Superior Colliculus ”@3 SURREY

Laminated structure in the midbrain [1,2]
— Combines visual, auditory and somatosensory stimuli
— Sensory alignment of topographic maps: multisensory space

Causes gaze shifts

— Perioritises

— Multimodal stimuli
Moderated integration
— Cortical feedback [3]
— Task context [4]?
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(direct from retina)
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Modelling the SC ¥ SURREY

* 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 SURREY
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Cortical Feedback in the Superior Colliculus

Input Representation

» Abstract Gaussian blobs to represent spatial stimuli
_[(i—c)%(j—d)zj
X;j = Ae 2o
— Dense and non-dense regions (fovea vs. peripheral)
— Auditory azimuth [-180°, 180°] and elevation [-90°, 90°]
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_ — Visual azimuth [-90°, 90°] and elevation [-65°, 55°]
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Neural Model ”@3 %“i‘)”ﬁﬁw

Neuron output

m
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* Topographic maps
— Spatial representation [11]

— Develops organisation {1 u>1
. i fluy=¢ul<u<l,
« Competitive learning 0 u=0
— Hebbian association [13] Weight Update
— Maps trained in layers Wieij (t 4 1) = whi; (1) + €(t) Y5
* Integration it 4 1) — st D

XL wy; (t +1)

Neighbourhood and learning rate

— Map outputs as inputs
— Unisensory —» multisensory

. _[ '::tlr"l:é:'ﬂ :J
. — Cortex > multisensory B(t) = Trmin + (Fmas — Fmin)e © 273
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What are we trying to show? } SURREY
3. Feedback 2. Integration

Enhancement and Coordinate alignment

suppression
Multisensory
Viap

Influencing integration

Cortical

1. Development
Spatial organisation
Dense regions

Auditory Visual

Real-time, intelligent signal
processing Auditory Visual
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1. Spatial Organisation ) SURREY

Auditory Map Wisual Map
Maximum Output Locations Maximum Cutput Locations
B Azimuth: [-180, 180] Elevation: [-90, -45) 1: - B Azimuth: [-90, -30] Elevation: [-65, 55]
1 L]
B Azimuth: [-180, 180] Elevation: [-30, 30] ' B Azimuth: [-15, 15] Elevation: [-85, 55]
12
8 Azimuth: [-180, 180] Elevation: [45, 90] 11 B Azimuth: 30, 90] Elevation: [-85, 58]
o L ]
]
]
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Testing on different examples shows spatial representation
Larger dense regions (52% vs. 39%; 15% vs. 7%)

Example Auditary Inputs within g

Azimuth [-180, 180]

Elevation [30, 30]
(Dense Area)

Example Yisual Inputs within
Azimuth [-15, 15]
Elevation [-15, 15]

(Dense Area)
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Cortex 16 Multisensory
Map (e) 10 Map (f)
Auditory 10 Visual
Map (c) Map (d)
Auditory 8 Visual
Input (a) Input (b)
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Maon-coincident Example 1 Coincident Example 59 Man-coincident Example 117
1 a 13 9
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Auditory Space Visual Space Auditory Space Visual Space Auditory Space Visual Space
at (7,3) at (13,9) at(13,7) at (7,5) at(19,11) at (1,1)

Enhancement: coincident higher activation (mean 0.138)
Suppression: non-coincident lower activation (mean 0.108)
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—— Multisensory - Coincident —— Multisensory - Non Coincident
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3b. Cortical Feedback ﬁ%ﬁﬁﬁ?

0.25 -
0.2 -
0.15 -
0.1 -
0.05 -

0 FTTTTT I I T T T T T T T T I T T T I T T T T T T T T T T I T T T I T T T T T T T T I T T I T T T T T T T T T T T T T T T IT T T T T I T T T I T T T T T ITT T T T I T T T ITITT ]

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 117

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

With cortical feedback, coincident activation mean 0.138
Without cortical feedback, coincident activation mean 0.112
Change depends only on cortical feedback [17,18]
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Summary @ SURREY

 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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Visual Input Auditory Input
Current Example: 54 Current Example: 54

Activated Neurons on Visual Map Activated Neurons on Auditory Map

Activated Neurons on Integration Map

Activation Values of Integration Map MNeurons

AL
O NIt
T T T T

\

32 64 96 128 160 192 224 256

Real-time visual and auditory integration:
Rapid facial localisation

Sound localisation (interaural level difference)
Integration: real-time speaker localisation
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Thank you

Questions?

T: +44 (0)1483 689635
F: +44 (0)1483 686051
m.casey@surrey.ac.uk
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