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Motivation and objective

* A “build-to-comprehend” paradigm

* A compositional approach to built
complex visual descriptors

What?

* Design and test a multilayer SNN for motion estimation that functionally mimics
the cortical motion pathway

How?
* Translating principled firing-rate computational models into event-based SNNs
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The Architecture
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Event-based dataset

» Synthetic stimuli: sinusoidal drifting gratings with

different orientation, spatial frequency and speed
« @:[0°180°) evenly spaced with step of 15 °
e sf: from0.2to 1.6 cyc/deg with step of 0.2
cyc/deg
e v,: +1,2,3,4 deg/sec

 Natural stimuli: drummer's movement

Universita
di Genova



V1 receptive fields (RFs)

) Feed-forward kernels:
| _‘ x% /p? + y2
i g igfb hepr = 1 o ﬁ/zaj%f )
TR LT m 7 2npoyy
X9 = XCo0S + ysin (19 — E)
| @ i , m\  Recurrent kernels:
hep ® Y9 = — XSin + ycos (19 — E)
(x129+d)+ 3’5 (x129—d)+ y§
1 ( - 252 - 252 )
hep = e %b + e b
27Tp0'fb
Receptive fields
X even symmetry
Static Gabor-like RF:
g(n) = Ce t/Te ™M co5(ky *n + ¥)
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Spatial frequency
and orientation tuning
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Motion Energy Unit
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Spatio-temporal RFs:
g(n)=C g~mn/’ cos(kg *xn+ W)
l time
gin,t)=C e‘t/Te‘"*"/‘fzcos(ko * M+ wyt)
where:

Wo = Vf *ko

Approx. “Energy Unit” response:

E(nt;0,vr) 572N (n,t;0,v5) + 12V (n, t; 0, vf)

w127 (n,t;0,v5) + 127  (n, t;0,v

Motion Energy
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Decoding stage
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( On
DeCOding Stage vx(n, t) =% Z Ugi(n, t) cos(6;)
10C*

V(v vy) =4 9= 61

On
v, (n, £) =% > vp,(m,0) sin(6)

\ 0= 01
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Y¥G(n) * E(n,t; 6, 7% Estimated Optical Flow

vgn,t) =
o(n, t) e+ XVG(n) «E(nt; 6,vp)

* Intersection-of-constraints mechanism




Conclusions

NATURAL
What is the “take-home-message” ?

* Reverse engineering the brain

* We presented a bio-inspired spiking neural network architecture

 “perceptual engines” provide computational primitives that

can be composed to obtain more powerful image descriptors ARTIFICIAL
* High usage flexibility both in firing-rate and spiking contexts L;\?gre;N
| laver2
Layer 1 B
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Neuron index
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- Extra -

Origin of the “time-variable synapses”

Gabor-like functions of any phase ¥:

perceptual emgines

Atk gn)= ah(n —d) + Bh(n) + y h(n + d)
ﬂvﬂwﬁs« JzﬁAﬁf\‘ __@\Qjﬁvg :: i \mﬁ&?& ~ Ce_t/Te—n*n/JZCOS(kO s+ W)
'LB TN _: where:
e | e el
v Gabo e e ’\_Jg\f\' a = —Bsin(¥) — Acos(¥)

odd Gahor-like kemel ﬁ = COS(‘P)
(a) (b) ¥y = Bsin(¥) — Acos(¥)

Fig. 5. Generation of even (a) and odd (b) Gabor-like filters through a combination of perceptual engines.
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- Extra -

Neurons and synapses model

* Adaptive Exponential Integrate-and-Fire
neuron model (AdEx)

dv, (Vm=V7)

Cm — = ==91Um —E) + gibre 5T —w+1
d

o0 =NV = E) - @

If the membrane voltage crosses a certain v Vv
threshold voltage V; , spike is emitted, and = Vrest
the neuron is reset: w > w+K

e Synapse: exponential function

t—to
T

(——)

Isyn (t): gsyn e

C,,: membrane capacitance
V,,: membrane potential

V- threshold

E; : leak reversal potential

g1 leak conductance

Ar: slope factor

w: adaptation current

I: input (post-synaptic) current
1: adaptation coupling parameter
T,,: adaptation time constant
T: single time constant

K: spike - triggered adaption
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