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Evolution to neuromorphic
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Dr. Lila Landowski
@Rockatscientist

Page 2 Source:

Source: https://www.nisenet.org/catalog/media/zoom_microchip video
https://www.technologynetworks.com/neuroscience/videos/finding-that-connection-watch-tw
0-neurons-in-a-petri-dish-sense-each-other-and-connect-356588
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Limits of Traditional Computation Paradigms

von

Input Neumann

1 1 1

1 01 Memory Output
01 0 = 0 1 0
0 1 1 | 0. 0.1
110 ‘Boj;tleneck, —. 00
1 0 1 O 0 O
0 1 1 CPU

1 1 1

Traditional Computation Paradigm

* Separated computation and memory

" Limited compute parallelism

* Digital compute signals

" Dense data (continuous values and
synchronous data stream)
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Hochschule
Nurnberg

Typical Energy Consumption in 45nm Technology [in

pJ]
o N I
(32 bit)
Cache
(32 bit).
FP32Multiply
(32 bit)
FP32Add | imes more
(32 bit) | i
0 200 400 600 800 1000 1200

Source: Horowitz, M. Computing's Energy Problem and What We Can Do About It, ISSCC

2014
¥ Moving data from memory to CPU is energy intensive

and limited by the bandwidth between memory and CPU
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Overcoming the von Neumann Bottleneck

von In-Memory Neuromorphi
Neumann Compute C
Architecture Architecture
CPU t ¢
[ ]
A e °° o
‘Bottleneck’ H ° % TT
¥ tt
Memory

Traditional Computation Paradigm In-memory Computing Neuromorphic Architecture
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The Need for a New Way of Computing
Key Differences between Compute Paradigms

von
Neumann

CPU

A

‘Bottleneck’
A

y

Memory

Traditional Computation Paradigm

* Separated computation and memory

* Limited compute parallelism

* Digital compute signals

* Dense data (binary, continuous and
synchronous data stream)
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In-Memory
Compute
Architecture

In-memory Compute

Collocated computation and
memory

Massive compute parallelism
Mixed-signal (digital/analoq)
compute signals possible

Dense data (continuous values and
synchronous data stream)

WESPICES Lab
|Fohm =

Neuromorphi
C
A Architecture
11 "%t bt
tt

Neuromorphic Architecture

Collocated computation and
memory

Massive compute parallelism
Mixed-signal (digital/analoq)
compute signals possible

Sparse data (spiking, event-based
and asynchronous data stream)



The Need for a New Way of Computing
Neuromorphic Computing - Working Principle

Neuron Model

1 1 Neuron
+ 3 Output

Input Spikes | t11 11

Neuron integrates
Neuron inputs and fires when
State threshold (Th) is

Output 4 4 reached, followed by

, reset
Spikes

ESPICES Lab
TﬁT ohmiz

Spiking Neural Network (SNN)

o o0°
.0 [ ]
Spikin
Event-based > 2
Neural Actuators
Sensors
Network
bt t o t1
t 1 t
t t tt tt ¢t
Input Event Output Event
Spikes Spikes

= Neurons collocate weights (w,) and compute logic and allow mixed-signal implementations & SINNs allow increased power

efficiency

" SNNs exploit sparsity (inputs and weights are not dense) & SNNs require less data movement than DNNs
* Bio-inspired compute algorithms allow beyond-Moore compute concepts (e.qg. fully parallel designs) & Reduced reliance on

Moore‘s law
Seite 6
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Why do we need Neuromorphic Computing?

Energy efficiency

Uses far less power than
conventional methods -
enabling sustainable Al

Ultra-low latency
Delivers immediate responses
for time-critical tasks

Neuromorphic
computing
enables ultra-
efficient, fast Al
Future-proofing Al processing

development
Scales with growing Al

demands and complexity

Secure on-device intelligence
Enables local data processing
for privacy and low bandwidth

Page 7



Neuromorphic Sensing
Event-based Cameras

Contrast sensitivity under wide illumination.

. = . %ﬁh‘;”‘ ;- ;‘"“-l =

I
780 lux

Edmund 0.1 density chart
lllumination ratio=135:1

780 lux % 5.8 lux

Time resolution of events.

Stimulus Event times

A

| W/

standard
camera
output:

17 revaisec

_E_vent types

e

Qld
S ms

Young
Oms
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Hardware module Basic operation

-Efficient encodi
of local chonges i
seene reflecfance

BOmm

\‘SWF iernpujrgl
DVS128 sensor chip resolution (<10 us)

oxeenl I I BB Lorge ilkinati
! | range (120 dB).

¥ s || Il

Microcontroller LFC4337 32bit ARM Cortex
= 0D for avent fetching & data transmission
= M4 available for custam application,
up to 204MHz, 136KB SRANM (104KE available)

Battery charging circuitry,

Reset button
auxiliary Lifo battery connector

Pawer switch Auxiliary power input, 3-8V

MNeuromorphic vision sensor{eDVS - embedded Dynamic Vision Sensor)

* individual sensor pixels react independently 1o changes in light intensity

* individual sensor pixels spike asynchronously

* spikes (events) contains information about its position, polarity, and a timestamp

‘Efficient encoding
W\ of local changes in
-\r’;*ffu:‘ scene reflectance
Same contrast,
different illumination | | *Good temporal
resolution (<10 us)
et T'"“
onevens|| || I B Il | ‘Large illumination
orcevens (| Il Il 11 11 I range (120 dB).
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Event-based Cameras

. O
standard .
camera -
output: -
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Event-based Cameras Applications

We combine a Dynamic Vision Sensor with a depth sensor

Neuromorphic vision for mobile robot SLAM

to an D-eDVS sensor producing a
sparse stream of 3D point events.

3 = '
w AR - .
. " Ta o .‘ ALY .-"I
~~ S T S -
. . )
1
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Nurnberg

pike-based
representation
and
computation

What can Neuromorphlc Computing do?

Real-valued
sensorimotor
streams

Motor
commands

(]
m Motor neurons
spikes .
t Y .:
N
L wii o @

Connectivi lnl ]
Neural
processing
algorithm

.x..__l
Mapping?d L~ | | Readzbaie

! Processmg

=

¥

-1* F 5

R B

ek e P
1o

Neuromorphic vision and sensor fusion for robotics
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What can Neuromorphic Computing do?

Trajectory stabilization
using event-based
optic flow




| o W¥ESPICES Lab
Industrial applications iﬁr ohm s

What can Neuromorphic Computing do?

. :. L o . T -.-_\,,- Source: https://miovision.com
s @0, r— |
' | e W ’

b 4! — ‘;ﬂ ﬂ “,._
lr- l u.

u “ -_' l \ u@

A u-"\ Ii ah . -y
' i -hl
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What can Neuromorphic Computing do?

¥ ATE.
Pl ¥

i

SPIDER

s://miovision.com




Technische
Hochschule
Nirnberg

Industrial applications
What can Neuromorphic Computing do?

SPIDER Ul

Stream: OFF
Algo:  OFF
Rec: OFF

[P] Play [V] V2E [X] Stop [N] NoiseFiltering [ESC] Quit
18:52:24 [info] run_dir = /workspoce/metavision—env/dev/qit/spjdgeThtyRWId[C] Live [F] Play—RAW [R] Rec [S] Stop Rec

[A] EM [0O] FlowML

EXPLORER € spider.cpp M X €+ PedestrianTracker.cpp M
* SPIDER-HD [CONTAINER METAVISIONV1.0.2-SLIM:LATEST (MV-GPU-NEW)] G+ spider.cpp > € char **)
i main{int argc, char** argv) { ensure_source_for_mv |Aaab, ¥ 203

ensure_source_for_mv
@ Sspider-build 4~ [ @ ---

5 Aborted (core dumped)
) @ -MS- : - 1 ider- r
e T T {.venv) root@igor-M5-7C56:/workspace/metavision-env/dev/git/spider-hd/build# ./spider

[info] run_dir = /workspace/metavision-env/dev/git/spider-hd/build
 SOURCE CONTROL: CHANGES

~ spider-hd I MAY O e

Available .dat files:
[@] /workspace/metavision-env/dev/git/spider-hd/rawsDK/pedestrians. raw
[1] /workspace/metavision-env/dev/git/spider-hd/rawSDK/traffic_monitoring.raw

~ Changes 1
& getTegrastats.py
spider.cpp fi2+m Enter the number of the file to play: []

¢ Container metavisionv.0.2 slimilatest (.. | Elspider-hd §¥ 1gor_mar & ®oAo Wo @euild O D ¢ 1goro602 (5 mon go 7 0 4 8 LF {} C++ EBFinishSetup Linux

i

|\> pbconsult
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