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Visual Pathway

Ventral stream
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Deep Learning

Convolutional neural network (HMAX model)
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Spiking Neural Network

Spiking neurons

ANN vs SNN
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Neuron Model

Leaky integrate-and-fire (LIF) model

Define neuron behaviors

Coincidence detector
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Spiking Coding Scheme

Spiking rate vs spiking timing sequence

Rank order coding (ROC)

Neuron is only allowed to fire at most once

First spike wave is enough for further processing
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Spiking Coding Scheme

One input image and its spiking pattern

Spiking pattern sequence
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Learning Method

Spike-timing dependent plasticity (STDP)
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Event-driven Continuous STDP Learning (ECS)

I State-of-the-art Methods

Spiking rate-based models

Vanishing/exploding gradient problem

Over-fitting, not robust

Incorporate global error information

Require long processing time

Not biologically plausible

Spiking timing-based models

Require supervisory signal, no strong experimental
confirmation

STDP is used as a local feature extractor

Not biologically plausible
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Event-driven Continuous STDP Learning (ECS)

ECS architecture
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Event-driven Continuous STDP Learning (ECS)

Convergence analysis
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Event-driven Continuous STDP Learning (ECS)

Robustness analysis
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Event-driven Continuous STDP Learning (ECS)

Experimental results
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Video-based Disguise Face Recognition (VDFR)

I State-of-the-art VFR Methods

Set-based methods

Sequence-based methods

I Research Problems

It is often hard to obtain the ideal face frames

Rely on the features which will be difficult to capture when
there are invisible areas

Does not incorporate disguise variations in current databases
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Video-based Disguise Face Recognition (VDFR)

VDFR architecture
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Video-based Disguise Face Recognition (VDFR)

dynamic facial movements
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Video-based Disguise Face Recognition (VDFR)

Flowchart
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Video-based Disguise Face Recognition (VDFR)

MakeFace database
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Video-based Disguise Face Recognition (VDFR)

Experimental results
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A Spiking LGMD Model for Collision Detection

I Research Problems of Current Models

Only incorporate spiking concept in final decision making step

Do not incorporate spiking neural network during detection

Do not generate the collision selection observed in LGMD cell

I Proposed model

Add a spiking encoding layer behind the P layer

Incorporate a Poisson point process to generate spike trains

Spikes are the only accepted information medium

Use an exponential level conductance-based LIF model within
S layer
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A Spiking LGMD Model for Collision Detection

Differentiate the post-synaptic membrane potentials generated
when approaching and receding the object

Generate a similar collision selection as the real LGMD cell

Compare with current models, it is biologically plausible
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A Spiking LGMD Model for Collision Detection
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A Spiking LGMD Model for Collision Detection
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Future Works

Finish the spiking LGMD model for collision detection

Investigate the proposed VDFR method against a complex
moving background

Propose an alternative competitive learning method to replace
the current STDP learning rule
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Thank you!
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