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Introduction:

Spiking Neural Models

® Neurons are excitable cells that fire an action potential
once a threshold voltage has been reached.

® This spike of electrical activity initiates the
communication between neurons. Its effect is felt by all
neurons connected to the one that spiked.

Postsynaptic Cell
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Introduction:

Neocortical Simulator

Features:

® High-performance MPI-based parallel architecture

® | eaky Integrate-and-fire (LIF) neurons with conductance
based synapses and Hodgkin-Huxley channels.

® Hebbian synaptic learning with Short-term plasticity,
augmentation, and spike-timing dependent plasticity
(STDP).

® Unique network mechanism for getting spiking
information out and stimulus information in.



e |ntroduction

o Spiking Neural Models
o Neurorobotics and VNR
o NCS

e NCSTools

o Motivation

o Design
e Examples

o Reward-Based Learning

o Trust the Intent Recognition
e Questions?



e NCSTools

o Motivation
o Design



NCSTools

Motivation

e Neurorobotics is a combination of very
complex disciplines.



NCSTools

Motivation

e Neurorobotics is a combination of very

complex disciplines.

e Previous tools required intimate knowledge
of both neuroscience and engineering.



NCSTools

Motivation

e Neurorobotics is a combination of very
complex disciplines.

e Previous tools required intimate knowledge
of both neuroscience and engineering.

e Changes in either the agent or neural model
required extensive modifications of both.



NCSTools

Motivation

e Neurorobotics is a combination of very
complex disciplines.

e Previous tools required intimate knowledge
of both neuroscience and engineering.

e Changes in either the agent or neural model
required extensive modifications of both.

e Previous solutions lacked reusability.
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NCSTools Design:

Software Engineering

Developed in C++ as a replacement for a
package named Brainstem.

Non-functional requirements
e Usability
e Extensibility
e Robustness
e Reliability
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NCSTools Design:

Configuration Language

The flexibility of NCSTools lies in its
configuration language.

This includes:

e Communication "Language”
o GUI

e UserlO
e Data Processing
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Configuration Language

input :
{
NCSReportCollectionl: {
num _reports = 500;
# The total period of counting, includes
# report collection and recovery.
period = 500;
# The number of reports.
NCSReports = 2;
type = "STANDARD";
NCSReportl: {
connection = "to_PMC1",;
command = "point_left";

};
NCSReport2: {

connection = "to_PMC2",;
command = "point_right";
}s
# Setup the plots for this group.
plot = "YES";
plotType = "BAR";
plotname = "Motor Activity";

tabIndex = 1;
plotIndex = 1;




NCSTools Design:

Configuration Language

output:
NCSStim1: {
type = "TIMED_OUTPUT";
command = "saw_red";
connection = "from_VC1";
# The static output to send.
output = "0.2000";

# How many ticks between stim inputs.
frequency = 50;
# The number of times to repeat the input.
num_outputs = 10;;
Jis
NCSStim2: {
type = "TIMED_OUTPUT",;
command = "saw_blue";
connection = "from_childbot_VC1";
output = "0.0000";
frequency = 50;
num_outputs = 10;;
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NCSTools Design:

Inputs

Inputs are signals coming from NCS.

e Spike Counts
e \/oltages
e Synaptic Weights

Two Types of Inputs

e |nput Containers
e \Windowed Input Containers
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Outputs

Outputs define the signals traveling to NCS.

These can be:
e Static
e Dynamic
e [imed
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Network Communication

Manages communication to and from NCS.
Provides a socket server for client
communication.
Client classes are provided in C/C++, python
and MATLAB/Java.
There are three types of client connections:
o |O
e Pacing
e Passthrough
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NCSTools Design:

User Interface

Configurable GUI for plotting simulation
information.

Written in Qt for cross-compatibility.
Provides three plot types

e Bar
e Line
e Raster
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User Interface

File
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NCSTools Design:

User Interface

Command line (touchpad) interface.

Users can bind single keys or new-line
terminated strings to stimulus and control
signals.

Signals can be sent to NCS, its control
iInterface or to connected agents.

There are three types of touchpad connections:

® |nstant
® Repeated
® Timed
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Example

Reward-Based Learning

"saw red"

——>| NCSTools 5

"poinf left"

Graded

6 Reward

NCS Simulation . S

Visual Premotor
Cortex Cortex



Example

Emotional Speech Processing

* Autocorrelation analysis is
performed on 20 ms of audio
with a 10 ms signal overlap.

P! ritchisiope f—

Audio Capture | Signal Processing | Data
MATLAB | MATLAB | Communication
DAQ Toolbox | Analyze 2 secs of speech |
I I
"I see what you've done" I :
I I
| ) ‘Meah ' |
900 Hz | |
Low-Pass | I) NCSTools
B | Filter I X I Server
I > Range! |}— Java Socket I :
100 ms Steps | y ' Interface §I
| il :
Speech Energy I 20 me ) Pitch\Mean — I gActivate appropriate
N - - — : :brain region
1, if > Threshold Wingow Statistical | :
A - "‘ V'-.‘,‘
! | ‘.utlo.c'orrelatlon _» Pitch 'Range f— I :
ini S z(n)z(n+m N é
* Audio is sampled at 8kHz | Vo2 | C++ Socket
I l Extract I Interface
* 300 ms windows are sent to I Fundamental P hV . I Brain
the signal processing blocks. | Frequency (Pitch) 'tgh Yariance | Simulation
| I
| |
| |
I |
| |
I I
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Premotor
Input Proprioceptive
Visual Feedback

Stimulus

Control
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Trust the Intent

User is Captured by Gabor Filter Program:

Image Capture. Up to 125 fps
Compute FFT

Padded Image (256x256)

Captured Image
(320x240)

Complex Gabor

Compute IFFT

Premotor

Send results to NCS simulation

) I n p Ut P rO prloceptlve using network interface Segm;rg:;ltered Filtered Image
Visual Feedback
. Result
Stimulus (128x128)

Normalize and average
each segment.

Control
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Trust the Intent

Premotor
Input Proprioceptive
Visual Feedback

Stimulus

Control

Robotic avatar sends proprioceptive
information to NCSTools and receives
movements back.
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Trust the Intent

Childbot
Gabor Input
Filter PM
Input Y v PR
v
vC
Premotor A AAA T Dierun
Input Proprioceptive A A A Horizontal  Vertical | Trist  Distrust
Visual Feedback
Stimulus

HYPO

EXC
CELLS

AMY

A A RAIN

Horizontal Vertical

Control

A A

NCSTools sends stimulus information to NCS
and received back neural activity.
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Trust the Intent

The information is processed based on the user

configuration.
Horizontal Concordant Horizontal Discordant
or sor HYPOTH
70 F 70 F 7= —
= 60f 60 | VG --oooe
<
P 50 F
& 40t 40 |
2 30 30 sy A
= R AT
ic 20} 20 B Y ]
10 | . ',,-‘v"."'.* 10 | : I\ : A
Premotor 0 I VI Y ) 0 1 PN 2y Y )
0 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Input ' '
. p Proprloceptlve Vertical Concordant Vertical Discordant
Visual Feedback 80 r
Stimulus R 70 b
N 60 |
o 50 F
5 40 -
g ol N
i H 20 | :
LI wof i pn
'H 5. LS 0 IL 1 RN P | 3
10 15 20 25 30 35 40 0 5 20 25 30 35 40

Control

Time (s) Time (s)
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