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1 I Sensorimotor transformations are essential for survival

Behavior "

from Supple et al (2020)
Current Biology 30: 645



https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.needtagger.com%2Fmastering-the-salmon-dance-why-high-quality-content-isnt-enough%2Fgrizzly-bear-hunting-salmon-320x212%2F&psig=AOvVaw1mWC6a0ojz7tB0D2luem8X&ust=1676192467259000&source=images&cd=vfe&ved=0CA8QjRxqFwoTCMjS1taNjf0CFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fbasepaws.com%2Fblogs%2Fnews%2Fhow-do-cats-hunt&psig=AOvVaw3b_H5lXy87OdMdTJEMF9sF&ust=1676192893877000&source=images&cd=vfe&ved=0CA8QjRxqFwoTCOCrmqKPjf0CFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHawking_%2528birds%2529&psig=AOvVaw0H6rDqPvLyxEuQyRBYPDm9&ust=1676192296900000&source=images&cd=vfe&ved=0CA8QjRxqFwoTCODdmYeNjf0CFQAAAAAdAAAAABAE

Building a model dragonfly

dragonfly eye
(not to scale)

drag
heac

~ desired location for prey’s
image

body




Model dragonfly turns to keep prey’'s image at eye's center Eﬂi
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» I Model dragonfly turns to keep prey’s image at eye's center Eﬂi
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A prey
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s | Coordinate transformations are needed if the dragonfly
does not fly straight at the prey
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s |1 Coordinate transformations are needed if the dragonfly
does not fly straight at the prey
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A sensorimotor transformation is :
required for calculating correct desired direction of
motor commands movement



7 I Neural network model for dragonfly sensorimotor m
transformations
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s | Neural network model receives visual input from eye

Model automatically adjusts ‘
head position to keep prey-
image at eye center |
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Head-position neurons encode head angle

head-position
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Sensorimotor layer multiplicatively combines visual and m
head-position information
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Motor output is a weighted sum of input from sensorimotor m
layer

motor output
head posmon
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> | Forward model of prey-image drift updates head position m

head position is updated by a
hdgsa— forward model of prey-image
poMtion translation (from motor output)
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13 I Prey-interception from dragonfly model
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14 I Prey-interception from dragonfly model

head position is updated by a

forward model of prey-image
head- \5 translation (from motor output)
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s L All animal nervous systems rely upon sensorimotor
transformations

head-position

motor output

is not trained

visual input

]
K ‘ Pre-calculated weights -- neural network

f :> (see Zipser & Andersen, 1988; Salinas & Abbott, 1995)
rom eye
sensorimotor Also see:
prey-image layer Chance, International Conference on

Neuromorphic Systems (ICONS) 2020 Proceedings

Plunkett & Chance, Neuro-Inspired Computing
Elements (NICE) 2023 Proceedings



s I All animal nervous systems rely upon sensorimotor
transformations

h eda d - p oS |t| on L Activatiop of a Single Sensorimotpr Neuron
motor output

Activation

visual input
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Prey Position

sensorimotor
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... reminiscent of gain fields observed
in parietal cortex (Andersen and
Mountcastle 1983)



7 I Dragonfly mechanisms for sensorimotor integration are
currently under investigation
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s I Dragonfly mechanisms for sensorimotor integration are

currently under investigation
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Can the dragonfly sensorimotor
transformation mechanism be
used to inspire novel
neuromorphic architectures?
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20 ‘ Neuroscience for next-generation computing

from Petrovici et al 2014

from Li et al 2020

from Benjamin et al 2021

Neural-inspired algorithms

Neuromorphic hardware I
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