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The explosion of Al-enabled devices Is accelerating the
Inference shift from the cloud to the tiny edge

Inference

Cloud-centric On device-centric Tiny edge-centric
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Enabled by a different class of hardware
and software



Inferring at the edge brings substantial benefits

Ultra-low latency

Real-time applications Tlny Edge-CentriC

01 Reduced data transmission
10 Generate meaningful information

d’b‘

— Enhanced privacy and security
w No data sharing in the cloud

“, Sustainable on energy
Low data, low power

@ Lower cost of inference to
X/ enable a new class of operations
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The next leap for intelligent products

Technology is moving beyond simple connectivity

to on-device autonomy, where products can infer locally

Cloud-based Al

(loT devices) m SdgEn
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Al inference
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Opening a new range of embedded Al applications

Upgrade existing devices Reduce BoM by shifting from Offer advanced services
with Al-based services MPUs to MCUs without cloud costs

Arc Fault .
& People Object
(A Detection Classification
Sound Pose
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A few KOPS Tens of TOPS
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| Panasonic e-bike
%) y > Hundreds of thousands

\ | : \ ] | ,, of units annually,
: QN 4 starting in 2024
Virtual sensor \\x ()7,
Tire pressure measured / L
through the e-motor ”/l/: N‘\ AN
current consumption Wy 71 NN\
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https://www.st.com/content/st_com/en/about/customer-success-stories/how-panasonic-empowers-e-bike-riders.html

A washing machine uses advanced motor control
algorithms to weigh clothes and optimize water,
detergent, and energy used

~15_40% | , Leader in white-goods

Energy saving per == ) Production starting in 2024
washing cycle A for millions units
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Optimize laptop power policies
by avoiding overheating and battery drain

Smart context
detection

In/out bag - on table

"l ‘ @ @ Read the customer success story


https://www.st.com/content/st_com/en/about/customer-success-stories/how-hp-is-leading-the-way.html

Explore inspiring case studies

Gain valuable insights from
real-world case studies on
how to improve your
embedded solutions using
edge Al.

Qo

", Q = Products Tools & software Applications Solutions ST Developer Zone About us w

STEDGEAISUITE Vv Q Case studies Tools Community

.
Case StUdleS Discover how to improve embedded solutions using edge Al Q search our library X

INDUSTRY
Industrial 9
Transportation Panasonic @ ! id3 Technslogies
Smart o R K rusomar stz
Smart offices Cube Al 3 4 Cube Al
& = el =3

Smart buildings
INDUSTRIAL | SMART OFFICES | SMART BUILDINGS

Smart homes TRANSPORTATION INDUSTRIAL | SMART OFFICES
o " SMART HOMES
kel Enhanced safety and lifetime of e- Low-power anomaly detection on a ) I .
Expand Filters assisted bikes with Panasonic fan Face identification with ID3
Technologies
Tire pressure monitoring solution to improve Low-power anomaly detection solution
APPLICATION rider safety and convenience running on a sensor. End-to-end Al solution for face identification

running on STM32 microcontrollers.

Predictive maintenance

Context awarenes

Human activity

Edge Al case studies

Ass

®

NANOEDGE Al
STUDIO

Human

Biom



https://www.st.com/content/st_com/en/st-edge-ai-suite/case-studies.html
https://www.st.com/content/st_com/en/st-edge-ai-suite/case-studies.html

10+ years of research, development, and deployment

ST Neural-ART
accelerator in STM32N6

Research using Edge Al on ST Edge Al ST Edge Al Suite
ML techniques for Automotive MCUs 5

eveloper Cloud
visual search Edge Al P

for sensors (MLC) Introduction of AutoML

2012 2015 2018 2019 2020 2021 2022 2023

i ) SPC5 i Stellarf\ o
- l[s@‘g‘gz:" MLC x @& ' StUd'O Y & ISPU 1.0 . Ml z0 I l o0 x E -

First NPU test Edge Al tinyML Edge Al for Edge Al for Edge Al on
chip on STM32 membership STLINUX sensors (ISPU?%) latest automotive MCU
(EDGEAI

Foundation)

Lys
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*Intelligent sensor processing unit



A comprehensive approach to help developers
accelerate their product transformation

ST Edge Al Suite

e tools available in the ST Edge Al Suite

STM32 MCUs STM32N6 MCU
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Hardware  Software
platforms tools

tions to engineers and data
stage of their development,
[ Suite accelerates edge Al

adoption.

STM32 MPUs STM32MP2 MPU

KKKKK

Stellar MCUs MEMS MLC/ISPU

"l @ Click on the products to find out more 11


https://www.st.com/en/microcontrollers-microprocessors/stm32-32-bit-arm-cortex-mcus.html
https://www.st.com/content/st_com/en/ecosystems/MEMS-Sensors-Ecosystem-for-Machine-Learning.html
https://www.st.com/en/microcontrollers-microprocessors/stm32mp2-series.html
https://www.st.com/en/microcontrollers-microprocessors/stm32n6-series.html
https://www.st.com/en/automotive-microcontrollers/stellar-32-bit-automotive-mcus.html
https://www.st.com/en/microcontrollers-microprocessors/stm32-arm-cortex-mpus.html

Enabling
major edge Al
technologies

ANOMALY DETECTION

= O
Software

tools for any NANOEDGE Al
) STUDIO
user profile

User-friendly AutoML tool
for STM32 MCUs

accelerated

STM32 product offering

AUDIO
O-II“H-O (“41
e
AUDIO STM32 ."

Cube Al

Al model optimizer and code
generator for STM32 MCUs

Kys

STM32N6

STM32N6 MCU
with Al acceleration

AUDIO

VISION

4

X-LINUX-AI

A complete Al framework
for STM32 MPUs

STM32MP2




* Profile and optimize NN

Software tools
and ML models

(L)

to develop Confiaure the MEMS
. » Configure the
In-sensor Al MEMS machine learning core
features Studio and ISPU

A broad range
of evaluation &
prototyping tools
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Sensor for running edge Al

Create end-to-end
sensor-to-cloud
solutions

ST AloT
Craft
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Software ecosystem

Jump-start your project

with an STM32 MCU

Follow these few simple steps fo get started.

MCU. Tools. Community.

Microcontrollers, boards

and hardware tools, 935n309g+ gggetmas li’f,;ooo‘“
software tools and

embedded software

backages, and so much



A broad collection of free tools

AN

DATA
Bring your own data (BYOD)

Bring your own model (BYOM)
‘ v * v ‘ v
N
STM32 .’ & ST Edge Al

i Developer Cloud
NANOEDGE Al Cube Al Al for OpenSTLinux p
STUDIO Neural network model optimizer Neural network model optimizer & app examples Neural network model optimizer & benchmark
Automated machine learning : n
TM32 .Al for deskt MP ffl | X-LINUX-AI ST Edge Al Developer Cloud
100! for STM32 MCU STM32Cube or desktop U Offline compiler [o] p
and smart sensors ) K — @)
CubeNX >_ — >_
LA =
STM32Cube Command Line ST Edge Al Core Al framework Online REST Board farm
ecosystem Interface for OpenSTLinux platform API

} }

Vool

sensors

|
‘fﬁ%

ISPU
Microcontrollers sensors Microcontrollers (MCU) Microprocessors (MPU)

Online tool

Desktop tools



NanoEdge Al Studio, the AutoML tool




Software tool: NanoEdge Al Studio

%
DATA
Bring your own data (BYOD)

NANOEDGE Al
STUDIO

Automated machine learning
tool for STM32 MCU
and smart sensors

| }

@ ISPU

Microcontrollers sensors

Desktop tools Online tool



Three machine learning algorithm families
to make your product smarter

NanoEdge Al Studio AutoML projects include three types of projects

| want to anticipate product failures

Industrial pumps learn their own optimal mode of operation and detect anomalies by themselves

Anomaly detection -

Classification N | want to identify the activity, the environment, the usage

Smart watches classify human activity recognition without using connectivity features

Extrapolation N -‘ | need to predict future states

Avirtual sensor for tire pressure in an eBike estimates pressure based on motor current measurements

"l 18



NanoEdge Al Studio workflow

Create your dataset Analyze, choose, and validate Generate an Train your model
And set up your project the best ML processing optimized library directly on the device

oJ é Project parameters

O.I I_o max ram, max flash, N\
microcontroller ref.

- NANOEDGE Al n Library

— STUDIO g —

Automated Machine Learning tool

011001
100111 Dataset for STM32 MCU and smart sensors
110100 Collection of data
from sensors o .
111000 tolo _ Precompiled On-device learning
ISPU library (.a) to link to (for anomaly detection)
Sensors your main code

"l 19



Get the best ML algorithm for your application

Internal benchmarking tool picks the best algorithm for your data

I Ealanced accuracy [ Score [ AV [ Flash

12
70
&0 10

Balanced accuracy/Score(%)
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!\IanoEdge Al Siiulie And optimizes it to reduce
improves the performance footprint and latency

"l of the model. .



STM32Cube.Al &
ST Edge Al Developer Cloud

» | '




Software tool: STM32Cube.Al

AN

DATA
Bring your own data (BYOD)

Bring your own model (BYOM)

‘ \4 ‘ v ‘ v

sTM32 U & s edge Al (O
Cube Al Al for OpenSTLinux Developer Cloud
Neural network model optimizer Neural network model optimizer & app examples Neural network model optimizer & benchmark
STM32Cube.Al for desktop MPU Offline compiler X-LINUX-AI ST Edge Al Developer Cloud
V.. %4 — =
/)
- & = ] @
LA =
STM32Cube Command Line ST Edge Al Core Al framework Online REST Board farm
ecosystem Interface for OpenSTLinux platform API

} }

Vool

sensors

Microcontrollers (MCU) Microprocessors (MPU)

Online tool

Desktop tools
"l 22




One tool — two versions to deploy Al on STM32

- Generate
-
ST Edge Al model zoo @ @ Optimize your NN model optimized code

ring your own mode ‘
o - sTM32 U

Cube Al

STM32Cube.Al for desktop
g el — —

STM32Cube Command-line
ecosystem interface

L = %

TensorFlow @ @ = . Optimized model
ONNX ONNX p%r#g; R,AI::PS|T Benchmarking tool code for STM32

O PyTorch
Keras

MATLAB

"l 23



Start with edge Al optimized models
STM32 model zoo

Human activity Image classification

= || =

Motion Sensing Computer vision

‘ ' Hosted on GitHub

< | > Model training scripts
« Scripts to generate and validate

Audio event detection Obiject detection ” Application code example
« Designed to host optimized NN models
@ @ « Automatically generated from the trained
models
Computer vision « Easy to deploy for end-to-end evaluation

24




By bringing solutions to engineers and data scientists at every stage of
their development, the ST Edge Al Suite accelerates edge Al adoption.

@@ ST Edge Al
Your stepping stone to .. Suite

enabling edge Al on
MCUs, MPUs, and smart .
Sensors. g """f"'fwedm in 50"‘ case studies

your products

S

Resources and -

studies

10+ free software tools

Unified Al core technology

25
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@@ ST Edge Al

Free tools to run edge Al
on MCUs, MPUs, and smart sensors

Find the tools you need to optimize and deploy machine learning algorithms,
from data collection to final deployment on hardware.

Ideation

Case studies

ST Edge Al
@ Model Zoo

Bring your Bring your
own data own model

Model
optimization

Dat AutoML
aa End-to-end flow
GO High Speed M NanoEdge Al
=¥ Datalog WD) Studio

®I ‘ Hand posture

ToF Al

®@ ST AloT Craft

STM32Cube Al

N Al for
z& OpenSTLinux

MEMS Studio

Ser Stellar Studio Al

% ST Edge Al Core

Benchmark

@A sTEdgeAl

Developer Cloud

Deploy

£23 Code examples

Online tool &
resources

. Desktop tool
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Our technology
starts with You

Find out more at www.st.com

© STMicroelectronics - All rights reserved.

All other product or service names are the property of their respective owners.
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