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Bats as a Model
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Peripheral Dynamics
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Components of Peripheral Dynamics
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Dynamic Biomimetic Sonar Head

R. Miiller et al.
Bats, Bushes, & Brains,
page 6 of 26




L

Schneider & Méhres, Z. Vergl. Physiol. (1960) Eckman, Miiller, et al., J. Acoust. Soc. Am (in press)

R. Miiller et al.
Bats, Bushes, & Brains, xz

page 7 of 26



Performance Gain Example: Direction Finding
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Natural Stimulus Ensemble

» 4 different field sites
» 220,000+ uncorrelated echoes
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Real-World Task: Finding Passageways in Foliage

* Foliage size: 1.5 x 1 x 0.8 m (LxHxW)
¢ Gap widths: 10, 20, 30 cm
e Distances: 0.6 —-1.4m

¢ Number of echoes: 12,000
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Real-World Task

. Finding Passageways in Foliage

amplitude

time
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Real-World Task: Finding Passageways
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Real-World Task: Finding Passageways
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Real-World Task: Finding Passageways
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Dynamic Biosonar & (Spiking) Neuromorphic Computing

1. time variance encodes sensory information
— timing matters
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Dynamic Biosonar & (Spiking) Neuromorphic Computing

R. Miiller et al.

. time variance encodes sensory information

— timing matters

short time scales (1 - 50 ms)
— computation based on a few spike times
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. time variance encodes sensory information
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Dynamic Biosonar & (Spiking) Neuromorphic Computing

. time variance encodes sensory information
— timing matters

. short time scales (1 - 50 ms)
— computation based on a few spike times

. fast (<100 ms) closed-loop control
— hardware implementation

. pilot data ...
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Neuromorphic Signal Representations

Sonar Head

Dynamic Periphery
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Linear Models: Symmetric vs. Asymmetric
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Dual-Resonance Nonlinear (DRNL) Model
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Spike Response Models

» Leaky Integrate-And-Fire:
» simple integration
» static threshold
» 3 parameters

» Response Kernels:
» after-potential computation
» reduced responsiveness after spike
» dynamic threshold
» 6 parameters

Ureset |-
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Optimization of Model Parameters

» optimization over entire parameter space
» objective: static/dynamic difference in coding capacity

» information-theoretic analysis (entropy)
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Information-Theoretic Analysis: Direct Entropy Method
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mics & Primary Signal Representation
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Peripheral Dynamics & Neural Coding Capacity

1200

1000

800

600

Entropy [bits]

400

200

1200

1000

3
o
S

Entropy [bits]
N B D
(=] o o
8 8 8

o
i
I

7 9
Time Constant [ms]

LIAF spike model

R. Miiller et al.
Bats, Bushes, & Brains,
page 23 of 26

10

-o=-5 mV

-9 mV

7 9

Time Constant [ms]

10

7 mV

=10 mV

20



Peripheral Dynamics & Neural Coding Capacity

effect of basilar membrane model
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Summary: Bats, Bushes, & Brains

» autonomy in complex natural environment is possible
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Summary: Bats, Bushes, & Brains

» autonomy in complex natural environment is possible
» hypothetical key components:

1. peripheral information encoding

2. primary signal representation

3. neuromorphic signal representation & computing
4. system integration & adaptive control

» pilot data: coding capacity depends integration of
peripheral dynamics, primary representation, & neural model
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Summary: Bats, Bushes, & Brains

» autonomy in complex natural environment is possible

v
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3. neuromorphic signal representation & computing
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Summary: Bats, Bushes, & Brains

» autonomy in complex natural environment is possible

v

hypothetical key components:

1. peripheral information encoding

2. primary signal representation

3. neuromorphic signal representation & computing
4. system integration & adaptive control

v

pilot data: coding capacity depends integration of
peripheral dynamics, primary representation, & neural model
future work:

v

» useful information
» better neuromorphic computing (paradigms & hardware)
» adaptive control
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Information-Theoretic Analysis: CDM Entropy Method

Entropy Calculation - Centered Dirichlet Method

K = 2N words
0 0 0 0 1 0 0 il 1 l, 0 1 0 il 1 1
g 0 0 0 1 0 0 1 1 0 0 1 1 1 1 0 1
; 0 0 il 0 0 il il 0 al 0 0 i 1 0 il 1
0 1 0 0 0 1 0 0 0 1 1 0 1 1 1 il

Mostikely ) ot lkely
Prior . . ' J
m|a,p ~ Dir « a a af « )

3
0O 0 0 0 0 O
2
Words ©d40@3104 Histogram
00 0 00O 1
00 0 0 0 1 .
0
0000 0100 0101 1100 1111
Posterior
Tla,p ~ Dir( 3+a ] 2+a I 1+aI a | « .)
R. Miiller et al. Vﬁ? VIRGINIA
Bats, Bushes, & Brains, TECH

page 26 of 26



Peripheral Dynamics & Neural Coding Capacity

Effect of Different Tracks
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