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From cloud Al to edge AI/ML to endpoint Al vVision

summitT
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Endpoint Al
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Cameras are everywhere vision
summit

© 2023 Edge Impulse

—
—~ EDGE IMPULSE



embedded

What is the "best/right” technology ? vision

summitT

Neural Networks

Neuromorphic
Computing-A
revolution in Al

RISC-V 64-bit
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embedded

But it is all so complex! vVision
summit

Reducing Edge Complexity: Edge Management and Orchestration,
and Low Code Approaches

Low Code

Applications §

Infrastructure Software
Stack ___ Management and

Orchestration

Network and Services

=

Physical Infrastructure

— © 2023 Edge Impulse
=~ EDGE IMPULSE



The leading embedded ML platform for any Ui
technology — Edge Impulse SUMTIT

The first fully
integrated ML T Smedews e s
platform

e Royalty-free business model,
therefore no impact on BOM cost

e Your IP, stays your IP

e Total explainability, no black boxes

TRUSTED BY LEADING ENTERPRISES

OURA p- poly SONY SAIC ¥ Lexmark’ 65,000+ 5,000+

Developers Enterprises

@ ECOLAB NOWATCH @©BoscH D oW
| i 161K+ 183M+ 14M+

ML projects data samples cloud jobs

— © 2023 Edge Impulse
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embedded

Typical development of EdgeML applications vision

summitT

Requires 20+ man years, expertise in ML and embedded to
build the infrastructure and integrate dozens of different tools.

Collect data, clean Apply signal Train machine Manually test and Deploy model to Manage datasets to
and label datasets processing learning model refine model embedded device improve models
*Requires silicon vendor- *Neither silicon vendor-
specific tools specific tools nor TFLite
kaggle 0 MATLAB PyTorch contain DSP
optimizations for edge
l devices
WHIVE TensorFlow
1F TensorFlow Lite
22 Dropbox

scale
p—

S

© 2023 Edge Impulse
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embedded

Develop EdgeML applications with Edge Impulse vision

summitT

An end-to-end platform for projects using any data or device,
built for developers with MLOps infrastructure built-in.

Sp—— o

Rapidly build Confidently develop Accurately test Easily deploy on any Easily improve add
custom datasets models & algorithms model performance target new device data

-~
‘_//-r'

o © 2023 Edge Impulse 8
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Some of the semiconductors & IP’'s we support \glﬂgn
U T

SQ.L.;S.;.,N LEBS @- LENESAS {'} TEXAS INSTRUMENTS

. N

“memryX SYNTIANT »
NORDIC’

,AA'-'TF ©)synaptics SONY intel SANVIDIA.
L @
&) ESPRESSIF = Himax & oo
Arm  brainchip  cadence  SYNOPSYS POYN_ __ &¥penmv
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embedded

vision

summit

e ° Getting started = E] @
=~ Studio updates

Start building your dataset or validate your model's on-device performance:

Data ac
ortex-M4F se.
A Impulst
® s E -
& i Add existing data Collect new data Upload your model
. ision
@ n . EDGE IMPULSE
@ EONTu
1 Dashboard < Step 2: Process "saved_model.zip" On-device performance
Retrain
# Devices -
o~ o \ Configure model settings for optimal processing. Mcus
v Llvecla 19
8 Daa acquisition board
Model input Other 5
B Modell & s s Input shape: (28, 28) DEVICE LATENCY RAM ROM RAM ROM g
Low-end MCU ® 124 ms. 7.2K 109.8K 9.9K 2 127.7K w178
P Version ®  Upload model Model output Classification v 0
Output shape: (10) High-end MCU ® 2ms. 7.2K 109.9K 9.9K <2 132.0K «221x
-
@ Deploy 5  Live classification + Al accelerator ® B 7 .
; 2K 109.9K 9.9K ~27x 132.0K ~221x
Output labels (10) class 1, class 2, class 3, class 4, class 5, class 6, class 7, cla 1
Model test Enter labels for your model separated by
8 noTaee Microprocessors 13 5252
GETTING STAF 2 or Kit
P Versioning 6
DEVICE LATENCY MODEL SIZE
@ Docum g Dpeployment MPU® 1ms. 101.4K 22
& GPU or accelerator ® 1 ms. 101.4K 24
orums
GETTING STARTED 6
)DK+

Confidential Edge Impulse Inc.
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BYOM-Bring Your Own Model

=" EDGE IMPULSE - Profile0
TensorFlow

O PyTorch

@ @ Python SDK

This new feature allows you to convert
and optimize your machine learning models

© 2023 Edge Impulse
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vision

summitT
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Technology Examples

EDGE IMPULSE

© 2023 Edge Impulse 12
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]
Industrial-Grade

TinyML Applications
with Silicon Labs

- EDGE
@ IMPULSE SILICON LABS

© 2023 Edge Impulse
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vision
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embedded

AI/ML capabilities of the EFR32MG24 with MVP vision

summitT

Bringing machine learning (ML) to IoT
applications reduces bandwidth
requirements, saves power, and increases a Buid a wireless applcation
device’s ability to make smarter decisions. EERGSIEA S

Silicon Labs supports machine learning in all !
Series 1 and Series 2 wireless SoCs Add
including newly released BG24 and MG24 ML as a Feature
products with built-in AI/ML hardware -

accelerator.

SILICON LABS

MG24

The MVP accelerator is a co-processor
designed to perform matrix and vector
operations. Using hardware accelerated
keprnel implemen?ations will reduce neural o /ML atthe
) . Edge with xG24 and Edge
network inference time, as well as off-load Impulse
the main processor to allow it to perform
other tasks or go to sleep.

— © 2023 Edge Impulse 14
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embedded

AI/ML capabilities of the EFR32MG24 with MVP vision

summitT

Bringing machine learning (ML) to IoT

applications reduces bandwidth

requirements, saves power, and increases a

device’s ability to make smarter decisions.

Silicon Labs supports machine learning in all 3
Series 1 and Series 2 wireless SoCs person
including newly released BG24 and MG24

SV TEIE &= =~ 0 =¥ -9
products with built-in AI/ML hardware e/ Nl Nl Nt
accelerator. © &

2MP Plus

—— EDGE IMPULSE

The MVP accelerator is a co-processor
designed to perform matrix and vector
operations. Using hardware accelerated
kernel implementations will reduce neural
network inference time, as well as off-load
the main processor to allow it to perform
other tasks or go to sleep.

64x64 Raw Image

ML-ready firmware and
Simplicity Studio Solution

— © 2023 Edge Impulse 14
=~ EDGE IMPULSE



embedded

AI/ML capabilities of the EFR32MG24 with MVP vision

summitT

For this project, we attached an Arducam
mini 2MP plus to the xG24 Dev Kit in order
to capture low-res images of people flow
from a real environment.

«—— EDGE IMPULSE

DDDDDD

E—~ O~ ¥~ ®

Label Train Deploy

ML-ready firmware and
Simplicity Studio Solution

14
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AI/ML capabilities of the EFR32MG24 with MVP vision

summitT

F> SILICON LABS

Machine Learning at the Tiny Edge

EFR32MG24 Developm

For this project, we attached an Arducam
mini 2MP plus to the xG24 Dev Kit in order
to capture low-res images of people flow
from a real environment.

—
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SEMICONDUCTOR
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ARM'’s latest CortexM55 & microNPU Ethos-U55

Mainstream Compute

Constrained

—
=~ EDGE IMPULSE

Armve/7-M Armv8.1-M

[l Cortex-M85

- Highest scalar performance
- Helium

« Arm Custom Instructions
[l Cortex-M7 e

- Enhanced Functional Safety

[l Cortex-M55

. Helium
- Arm Custom Instructions
- Enhanced Functional Safety

[] Cortex-M4 - Cortex-M33
Cortex-M3

[l Cortex-M23
Bl cortex-MO+

B cortex-mo0

© 2023 Edge Impulse

embedded

vision

summitT
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embedded

CortexM55 & microNPU Ethos-U55 vision

summit

Ethos-U class of NPU’s for Embedded Systems

Providing NN acceleration in highly constrained environments

Ubiquitous NN acceleration Orders of magnitude Easy integration into
presence in software increase in NN perf existing design

Signal Processing |:> Neural network acceleration

Common software development environment secures any investment made on software development

— © 2023 Edge Impulse
=~ EDGE IMPULSE
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ARM'’s latest CortexM55 & microNPU Ethos-U55 vision

summitT

Cortex-M55 Ethos-US5
Most Al-capable First microNPU
Cortex-M processor for Cortex-M

Up to

Versatile ML performance: Dedicated ML performance: 480x

Up to 15x ML uplift* Additional 32x ML uplift** ML
performance

uplift*

Performance

Configurable 32-256
multiply-accumulate (MAC)
engine

Arm Custom Instructions and

timization
Op 50 configuration options

Accelerated
Design and
Development

Corstone-300 reference design

for faster and more secure system-on-chip development
Speed to inference Energy efficiency

Faster responses
Smaller form-factors

Improved accuracy

— 16
=~ EDGE IMPULSE



Official support for the Alif's Ensemble family

Superset Device, Single Monolithic Die

Application Real-Time Al/ML
Processing Processing microNPU

2x Cortex-A32 2x Cortex-M55 2x Ethos-U55
Up to 800MH=z Up to 400MHz Up to 250 GOPs

High-Speed Transactional Bus Fabric

Abundant Abundant
On-Die SRAM On-Die NVM (MRAM)
Upto 13.5 MB Up to 5.75 MB
Digital Graphics, Security
Interfaces Imaging Enclave
H T
Sensor; Expansion | MIPI-DSI, MIPI-CSI Firewall Control
Analog Smart Pwr Mgmt
24bit 7 A ADC, 12b SAR ADC, & Domains,
DAC, PGA, Comp DC/DC, LDOs
Subset Derivative A
Subsef Derivative Z

—
—~ EDGE IMPULSE

MCU /Al

MCU /Al

SECURITY

MEMORY

MCU /Al

PERIPHERALS

MCU /Al

SECURITY

MEMORY

© 2023 Edge Impulse

PERIPHERALS

embedded

vision

summIT

MCU /Al MCU 7 Al

SECURITY MEMORY

PERIPHERALS

MCU /Al

SECURITY MEMORY

e} PERIPHERALS

22



Astounding AI/ML performance benchmark

ML Model

Object
Detection

Alif MCU

0.786 msec
Alif E3
Cortex-M55+Ethos-
US5 @ 400MHz

—
=~ EDGE IMPULSE

Inference Time

Performance
Improvement

Competing
McCU
17 msec

Broadcom BCM2711B0
| _Quad Cortex-A72 @ 1.5GHz |

Inference Time (msec)

M55 M55 Us5
only +US5  Uplift

600 8

ML Model

Image Classification
(Mobilenet V2)*
Keyword Spotting
(D5-CNIN-L)**
Object Detection
[FOMO)*
Face Detection
(55D Face + Yaw)*
Face Detection
(55D Face + Yaw +
Landmarks)*
Face Detection
(SSD Face + Yaw +
Landmarks)**

5%

24 3 31x

74 0.786 94x

394 4.1 96x

418 a.7 89x

1030 10.4 99x

© 2023 Edge Impulse

Inference Time (ms)

160
140
120
100
80
60
40

20

embedded

vision
SUMMIT

Inference Time = Adding Sight to your Sensors tutorial

7 fps
Q.5 fps
67 fps
- 285 fps 769 fps
e —
Himax WE-1  Portenta H7 Raspberry Pi 4 Alif HE Alif HP
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BIG IDEAS FOR EVERY SPACE
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Offical support for Renesas RZ/V2L
2 x CortexA55 and DRP-AI ML accelerator

I Other Al Accelerator DRP-Al
Pre-processing CPU DRP-AI
Inference
Post-processing CPU DRP-Al
o PU Pre/Post e
E Il DRP-Al Pre/Post-processing
[
o
£
g Improved
I} by DRP-AI Pre/Post-processing
o
4
o
< ]
Other Al Accelerator DRP-Al

—
=~ EDGE IMPULSE

RZ/V2L Block Diagram

System
Arm Debugger Arm Cortex*-AS§5
(CoreSight™) 1.2GHz

Neon™ VFP
L11$ . 32KB w/Parity

Arm TrustZone®
16 x DMAC

Interrupt Controller | B

~ot
~Pll
U

Arm Cortex*-A55
1.2GHz

Neon™ VFP
L11$ : 32KB w/Parity

L1D$ : 322KBWECC || L1DS$ : 32KB wiECC A"p
L25 : OKB 125 : OKB Cortex®-M33

L3S : 256KB W/ECC

A | 200MHz

PLL/SSCG -
Standby Al Accelerator Memory
(Sleep/Software/Module)
DRP-Al RAM 128KB w/ECC
Timers = =
Video & Graphics
1 x 32bit MTU3 3D GPU Camera In
Arm Mali™-G31 (MIPI-CSI2 4lane, Parallel)
8 x 16bit MTU3 H.264 Enc/Dec Display Out
1920 x 1080 @ 30fps (MIPI-DSI 4lane, Parallel)
8 x 32bit PWM
Image Scaling Unit
3 x WDT 3 s
Security (Option)
A | Secure Boot Device Unique ID
naog Crypto Engine JTAG Disable
8 x 12bit ADC TRNG OTP 4Kbit

© 2023 Edge Impulse

embedded

vision
sumMmIT

Interfaces

1 x DDR3L/DDR4-1600 16bit
(In line ECC)

1 x SPI Multi /0
(8bit DDR)

1 x SDHI(UHS-1)/MMC
1 x SDHI(UHS-1)

1 x USB2.0 Host
1xUSB2.0
Host / Function

2 x 100/1000Mbps
Ether MAC

4x12C
2 x SCI 8/9bit
5 x SCIF(UART)
3 xRSPI
2 x CAN-FD
GPIO

Audio

4 x SSI (128)
1xSRC

20



Offical support for Renesas RZ/V2L \7??‘3}’1
2 X CortexA55 and DRP-AI ML accelerator SUMITIT

I Other Al Accelerator

Pre-processing CPU DRP-Al
Inference Al Accelerator

Pt prcessig RENESAS I Deploy your impuise

You can deploy your impulse to any device. This makes the model run without an internet connection, minimizes latency, and runs

DRP-Al

B CPU Pre/Post-process Dashboar with minimal power consumption. Read more

D ng
DRP-Al Pre/Post-processing

8 Device Create library
|mpl’oved : Turn your impulse into optimized source code that you can run on any device.
by DRP-Al Pre/Post-processing 7. Datasource
8 Data acquisition @ /{
i

Al Processing Time

Other Al Accelerator DRP-AI o
] g
Build firmware
® NN Classif Get a ready-to-go binary for your development board that includes your impulse.
EON r

Pt Secure Boot Device Unique ID 4xSS| (125)
X
na og Crypto Engine JTAG Disable
8 x 12bit ADC TRNG OTP 4Kbit 2=
© 2023 Edge Impulse 20
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© 2023 Edge Impulse
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embedded

TDA4VM multi-core embedded vision processor Vvision

TDA4VM

® 5 C7x DSP 2%
Dual Armi® 4x Arnf®
Cortex®-A72 [ll Cortex®RSF L Ce
1MB Shared L2 ] 64K L2 RAM 3D GPU PowerVR
Cache with ECC per Core Rogue 8XE GE8430

Navigator Subsystem
vowa_| eeron
oo |
oo
EZE B

Capture Subsystem

Ethemet Subsystem  Display Subsystem System Services

4K Blend m 2% CSI2 4L RX}
Integrated ol o comort W cp Timers fwwoT|ll cszetx |

Ethernet Switch™)

Memory Subsystem

MSMC
8MB SRAM with ECC

MCU Island

Navigator Subsystem 2% Arm®
Proxy §| Cortex®-R5F

(with optional Lockstep)
Channelized FW

Security Accelerators

Media and Data Storage Control Interfaces General Connectivity High-Speed Serial Interfaces

o)

4x PCle®2-Lane Ports'

2x USB 3.0 DRD®

Ethernet Switch®
(Up to 8-ports)
QSGMIVSGMIRGMIVRMII

10/100/1000 Ethernet®™

6x eHRPWM 2% WKUP GPIO"
zesosoo s | sono
3x eQEP

UFS 2L 3x MCSPI®

2x ADC"

Automotive Interfaces Audio Peripherals

3x [2¢%

2x CAN-FD*® 2x UART®

2x 13C™

=~ EDGE IMPULSE

Al model Training

1] o ©

Data p Model '] Model 9
Time eteauriog A weperisa Dk scemist
ML Experts Data
@ Scientists @

= EDGE IMPULSE

summitT

Al inferencing

Model Export

Vendoe spectio
sk fimowaoehs &
Afix

Virdo speific

Embedded
Developers

w3 TEXAS INSTRUMENTS

Texas Instruments and Edge Impulse together democratizing end-to-end embedded Al development on Tl SoCs

BeagleBone Al-64

Expansion haaders compartia with marty Boot bution
BeagieBone” cape a00-0n boards ‘Power bution
Rasat button

M2 E-key connector wen PCle,
USB, and SO for WIFVBlustcoth
and axpansion

16 pin microcontroller hesder

Gigabs Ethemat

Dusl USS super-speed
-~ {5Gops) Type-A host ports
5 user LEDs and o5 ibes) ype- host por
1 power LED Mini-DisplayPort
Wake-up domain 5V input power
serial port

-
Main domain seria port

USE super-5poed (5Gops) Type-C part
with power input (SVE34)

© 2023 Edge Impulse
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Industrial edge compute based on NVIDIA vision

summitT

"4 Lexmark

optra <X

NVIDIA.

edge

— © 2023 Edge Impulse
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And so many other cores are supported

Tensilica Datasheet

Xtensa LX7 Processor

cadence

High-performance, configurable, and extensible controllers and DSPs

Xtensa LX7 Processors for Today's SoC Challenges

Instruction
RAM
— Trace Part
4+ OnChin Debug ":‘.ﬂ““
-wCoreSight Debug and Trace Ll.:'lﬂﬂ!aldiel
Performance Maonitors. N Wide e
System
Bus
+—+  RAM
g
= < PN PN
32
> Intemupt Control tptional Functional Units: m EE B
QF 32 ;E
GPIO 32 m +—+  Device
and Lookups Data Cache
Data ROMs
Data RAMs
XLMI (High-Speed Interface)
LA R T
[ seandard Block [ confiqurable Block
RTL, FIFO, .
ptional wafigurable Option
Memory loy | Block Configurable Opt
| [ Designes-Defined Block | External Block

Figure 1: Black diagram of Xtensa LX7 processor architecture

—
=~ EDGE IMPULSE

ESP32-S3

© 2023 Edge Impulse

embedded

Vision

summitT

Espressif ESP32-53 Wi-Fi + Bluetooth® Low Energy SoC

CPU and Memory RF Wireless Digital Circuits
Xtensa® Dual-core 32-bit LX7 2.4 GHz Balun + External WLFI MAG Wi-Fi
Microprocessor Switch Main Clock Baseband
[ Cache ] [ SRAM J N g5 [ Y ] [ Bluetooth LE Link Coniroller ]
5 % = Oscillator
< 3 2
[ JTAG ] [ ROM J Nl o g [ IZER "°°“J [ Bluetooth LE Baseband ]
Loop
Peripherals Security
System [
FE e | ()8 B
purpose
Pulse Timers Digital
[SDIO Host ] [ By ] L [ DIG ADC J [ RTC ADC ] [ HMAC J [ Signature ]
USB Serial/ eFuse Flash
(oo ) (o ) = ) () () || (o) (ofen
USB OTG TWA® ] [ 12C ] [ RTC I2C ]
[ ] [ RTC RTC
Watchdog -
Watchdog Timer
[ UART ] [ LED PWM ] [ MCPWM ] [ e ] [ ] [ PMU ]
LCD Camera Touch Temperature
[ e ] [ Interface ] [ Interface ] [ Sensor J [ Sensor ] [ EX B Coprocesson ]

Power consumption

C— Normal

() Low power consumption components

ESP32-53 Functional Block Diagram

24
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And so many other cores are supported VISion

=- EDGE IMPULSE

Dashboard

# Devices

Data acquisition

A Impulse design

® Create impulse

EON Tuner

®

Retrain model
Live classification
Model testing

P Versioning

W Deployment

GETTING STARTED
& Documentation

% Forums

—
—~ EDGE IMPULSE

DATA ACQUISITION (ESP32-TESTING)

Testdata | Exportdata

summitT

e Did you know? You can capture data from any device or development board, or upload your existing datasets - Show options

DATA COLLECTED

17m 38s

Collected data

SAMPLE NAME

test.jpg.309ovvim

test.jpg.3090h912

test.jpg.3090gt8g

test.jpg.3090gj9t

test.jpg.3090gckt

test.jpg.3090g77a

test.3090fjdb

LABEL

test

test

test

test

test

TRAIN / TEST ...
100% /... & 0

ADDED LENGTH

Apr112022,.. -

Apr 11 2022,...

Apr 11 2022,...

Apr112022,.. -
Apr112022,... - H

Apr112022,.. - H

Apr112022,.. 3s

© 2023 Edge Impulse

Record new data [—e Connect using WebUSB ]

Device ®

esp-eye v

Label Camera feed

test

Sensor

Camera (64x64) ~

Ly
Start sampling

Click on a sample to load...

24



embedded

And so many other cores are supported VISion

Drive for better vision

ARDUINO

“*HX6537-A
WE-IPlus ASIC

—
—~ EDGE IMPULSE

summitT

SYNOPSYS’ ARC EM9D / EM11D Processors

DesignWare ARC floating point unit (FPU)

ARC processor EXtensions (APEX)

ARCv2 (DSP) instruction set architecture (ISA)

cJTAG
JTAG
Real-time
trace

3-stage pipeline
Instruction Data Data DMP XY
cache cache CCM M memory i Memory
(EM11D) (EM11D) (EM9/11D) §

Memory protection NVM I/F Interrupt MUL/MAC M CryptoPack
unit controller

- Licensable option

© 2023 Edge Impulse 25
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embedded

And so many other cores are supported \él%ﬁn
U IT

TensorFlow Lite LoRaWAN Al Sensor

.:t-// Hirmax
) Drive for better vision
1% P Sensecap AT1101
S 2
7

=" EDGE IMPULSE

ARDUINO

" HX6537-A
WE-IPlus ASIC

© 2023 Edge Impulse 25
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And so many other cores are supported \glﬂﬁn
U T

© 2023 Edge Impulse 25
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embedded

r business model vision
sUummiIT

Developer Enterprise

For enterprise companies with large-scale
projects

For developers looking to deploy ML on
any edge device

Free $ per project/mo [royalty-free)

*includes everything in Developer plus...

) Unlimited projects with 20 min per job
and 4CB/4hr of data per project

<]

Additional projects with unlimited
compute time and data storage

1 seat included & basic collaboration (10,000 min included in plan)

Automatic platform updates 5 seats included & full team collaboration
Managed platform updates

Community-based forum Hybrid data storage

o
V]
@ Shared data storage
o
o

Private pre-processing and deployment

Limited EON Tuner & Application Testing
blocks

Enterprise-grade dedicated support

00 0000

Full EON Tuner & Application Testing

Add-ons: Private cloud, white label, additional
users, additional compute time

— © 2023 Edge Impulse 35
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embedded

A platform that goes from data to algorithms vision

summitT

Source Code
Raw data

Algorithms
= - -
Unstrug:tu red —» libraries,
Noisy optimized for
hardware
ol ol
Sensor Audio Vision S — B
O 2= m' : . o
- Data management
- Data visualization and exploration
- Builtin optimizations for DSP + ML models
- Hardware virtualization
- Other tools for model validation and AutoML
© 2023 Edge Impulse 36
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COME VISIT OUR BOOTH

Amir Sherman

Senior Global Director, Semiconductor @ Ecosystem Business Development
+972-52-2240811

+49-173-3232288

amir@edgeimpulse.com
www.edgeimpulse.com

EDGE IMPULSE

© 2023 Edge Impulse 37
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