Temporal Pattern Classification using Spiking Neural Networks

Master’s thesis Artificial Intelligence, Olaf Booij Begeleider: Hieu Tat Nguyen Afstudeer-docent: Marcel Worring

Overview

• Temporal Patterns

• Spiking Neurons

• Learning-rule

• Experiments

• Conclusion

Temporal Pattern

• Audio recognition

• Video recognition

• Robot-control

• Weather-prediction

Spiking Neurons

Spiking Neurons

Presynaptic neuron

Axon

Pulses

Postsynaptic neuron

Synapses

Spiking Neurons j

t −→ dji i

Spiking Neurons

i j

t −→ wji

Spiking Neurons

i j

t −→ ϑ

Spiking Neurons j

t −→ ϑ i

Spiking Neurons

i

t −→ ϑ j

Spiking Neurons

uj(t) = wjiε(t − tfi − dji) + η(t − tfj ) uj(tfj ) = ϑ

ε(s) = exp − s τm − exp − s τs H(s)

η(s) = −ϑ exp − s τr H(s)

Learning-rule w ^tf tf

−→ u

t −→ ϑ Δw

t(f) ^ t(f)

Learning-rule

w −→

−→

E

Δw

E = 12(tf −^^tf )2

Δw = −η ∂E ∂w = −η ∂E ∂tf ∂tf ∂w

Learning-rule

w −→

−→ t u(t, w) = ϑ

du(tf (w), w) = 0

∂u(tf (w), w) ∂tf (w)

∂tf (w) ∂w ! dw +

∂u(tf (w), w) ∂w dw = 0

Learning-rule d

Learning-rule

Learning-rule

Learning-rule

Learning-rule

Learning-rule

Learning-rule

Learning-rule

u

t −→

−→ ϑ

−→

E

w −→

Experiments

Input

Class A

Class B

Experiments

Exclusive-OR

early late early late

Experiments

Lipreading

{3, 4, 5}

Experiments

Lipreading

"four"

"three"

"two"

"one"

"two"

Method Accuracy SNN 57% HMM 65-90%

Conclusion

• Spiking Neural Networks can learn temporal patterns • Spiking neurons are more powerfull then conventional neurons

Future Work

• Learn transmission-delays besides weights • Apply on audio, trackdata, etc.

Questions....