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What if your device was capable of ... p

...detecting abnormal patterns
in your heart rate, other than @
just RHR or HRV? -

...detecting movements &
repetitions during your workout )
with highest accuracy?

...giving indications of your
health based on snoring, Q))
coughing or other sounds?
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What if your device was limited to Cloud Al?
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& Data privacy

& Power efficiency

/I\ System reliability

& Latency

& Functional security

& Cost efficiency
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What if your device could work with Edge Al?
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Al moves directly into the devices...

. which impacts a variety of markets

Other 4,143

Manufacturing

On premise Cloud

™ Transport & Logistics
) SEIvers I utilities
Inte"'gent Gateway I smart Home
Constrained  devices ))

devices

Tiny ML*

<

Edge Al " Cloud Al

* Tiny ML = Tiny Machine Learning 23 24 25 26 27 28

Refers to Al inference on microcontrollers . . . . .
Total shipments of Tiny ML devices by vertical (millions)!

Source: ABI Atrtificial
Intelligence and
Machine Learning
(Q1/2023);
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Al at the Edge — Workflow
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Our intuitive sensors are enabling Edge Al — Giving things the imeon,
human sense

3D Time of flight
imager
Radar technology
based Radar technology
based

Highest SNR
microphones

Best capacitive
Sensing solution . . ‘ N Most precise air A
X | pressure sensor === ¥ ‘ World's smallest
=1 Real CO, sensor
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Infineon’s XENSIV™ Sensors — Adding simulated human senses (imeon
to digital systems to make our lives easier and better

O
' 4,

Sensor fusion — Combining multiple sensors to improve data quality and confidence

Infineon XENSIV™ sensors are exceptionally precise thanks to industry-leading technologies.
They are the perfect fit for various customer applications in automotive, industrial and consumer
markets.
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Public data sets beyond audio and vision are sparsely available &—/

Number of available datasets

mage | 20935
Movie | — 3381

Audio r 2089 Data issues for new sensor types:
- Missing standards
Pressure F 1291 - Sensor specifics (e.g. radar antenna configuration)
- Diversification for one sensor (e.g. gases and liquids)
Accelerometer F 176 - IP protection
Radar F 126

Gas (Sensor) | 43
Liquid (Sensor) 7
Time of Flight (Sensor) = °

0 5000 10000 15000 20000 25000

m 2024 m2020
Source: Search results kaggle.com (2024-04-24)
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Al at the Edge — Workflow

Training
:qub

&S 8

Cloud

Upload data
4

4
Train model

<
Deploy model
oo

Inference

—

Collect data

2024-05-14

(R
> —O
Model prediction

— _/
V

11_|F Edge Device

Copyright © Infineon Technologies AG 2024. All rights reserved.

> QO

(infineon

L]

| W—

Actuation

11



Al at the Edge — Workflow

Training
:qub

&S 8

Cloud

Upload data
4

4
Train model

<
Deploy model
oo

Inference

—

1

Collect data

— _J
Y

)))) Sensor

2024-05-14

(R
> —oO
Model prediction

- J
Y

1l | Edge Device

Copyright © Infineon Technologies AG 2024. All rights reserved.

> QO

(infineon

L]

| W—

Actuation

12



Ways to accelerate neural networks in silicon according to the (imeon
respective field of application

CPU only

Al in software

CPU with extensions
Vector processing extensions
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CPU + DSP/GPU

Digital Signal Processor
Graphics Processing Unit

uondwnsuod I3

CPU + NPU

Specialized
Neural Processing Unit

B
.
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PSoC™ Edge (imeon

Enabling a new generation of responsive ML Edge devices

Robotics

Y

Human
Machine
Interface

I Security camera

i Smart home

L
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PSoC™ Edge
Enabling a new generation of responsive ML Edge devices

System Resources Memory System

Embedded Embedded External

Interface
Memory

SRAM PRAM

Power
Management

Clock
Management

Arm® Infi NNLit Arm®
Cortex®-M33 AfNEon NEEIE Cortex®-M55

FPU

Helium™ DSP

Security System Peripherals & 10

Secure Enclave
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Low Power CPU System High Performance CPU System

Ethos®-U55
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(infineon

15



PSoC™ Edge
Enabling a new generation of responsive ML Edge devices

System Resources Memory System

Low Power CPU System High Performance CPU System

Arm® Infi NNLit Arm® Arm®
Cortex®-M33 AHNEON TNINEIE Cortex®-M55 Ethos®-U55

FPU

Helium™ DSP

Security System Peripherals & IO
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PSoC™ Edge
Enabling a new generation of responsive ML Edge devices

System Resources Memory System

Low Power CPU System High Performance CPU System

Arm® Infi NNLit Arm® Arm®
Cortex®-M33 AHNEON TNINEIE Cortex®-M55 Ethos®-U55

Helium™ DSP -l

Security System Peripherals & IO
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Inference and frame rate benchmark of Arm Cortex-M33, -M55 and (imeon
Ethos-U55 for MobileNet vl 1.0 224 quant

Estimated Inference time @ 250 MHz Maximum frame rate
[ms] [HZ]
100000 100,00 _ > |
833x higher 150x higher
12000
10000 6x faster §923x faster 10,00
2000
1000 154x faster
1,00 | 05
100 6X hlgher ‘
0.10 0,09
10 I
1 0,01
M33 U55 256 M33 M55 U55-256

NPU
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Memory and storage benchmark of PSoC Edge, Apple A13 Bionic (imeon
and Nvidia V100 for ResNet-50 and MobileNetV2

©_—

Cloud Al (Nvidia V100) Mobile Al (A13 Bionic) Tiny ML (PSoC Edge)
Memory (RAM) 16 GB 4GB <5 MB*
Storage (SSD/Flash) TB~PB >64 GB Afew MB* 7

ResNet-50 (float32) MobileNetV2 (float32) MobileNetV2 (int8)
Memory (RAM) 7.2 MB 6.8 MB 1.7 MB
Storage (SSD/Flash) 102 MB 13.6 MB 3.4 MB A

Source: J. Lin, L. Zhu, W. -M. Chen, W. -C. Wang and S. Han,

"Tiny Machine Learning: Progress and Futures [Feature]," in

IEEE Circuits and Systems Magazine, vol. 23, no. 3, pp. 8-34,
* Data added by Infineon thirdquarter 2023, doi: 10.1109/MCAS.2023.3302182
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Al at the Edge — Workflow
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Al at the Edge — Workflow p
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End-to-end model deployment flow with Ethos-U55 p

Optimize for Ethos U55 Build target image
Training ] Inference
R{g}O > — > - > J\O‘L > > I'I_'%
A I 7% @ —®—
s @
Train model Compress Compile Integrate in C/C++ Build and Model prediction
model model application code deploy image
— _ A _J
"FTensorFIow é%ﬁ ModusToolbox™ iLIf Edge Device

) =g
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Model optimization: Two common compression techniques

v
Training l
qu}o , =
A 7
Y
6.43 6
13.65 14
4.46 4
1.04 — 1
3.02 3
72.69 73
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Applied during or
after training phase

®Q5 Goal: Reduce the
size of the model

Quantization:
Floating point to 8-bit
Integer conversion

,Costs of Compression®:
Decreased model size leads to...

...decreased memory size D/b
...decreased inference time DA_"}
...decreased power consumption Db
...decreased accuracy q{n

Pruning:
Remove unnecessary
weights and nodes

Copyright © Infineon Technologies AG 2024. All rights reserved. 23



Model optimization: Model compiler
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1x1001

1%1001

IR Ap.pl.led after @
" =2 training phase on

compressed model

Graph level optimization:
A set of graph-level
operators for model layer
NEDUEIE ST fusion and mapping

Tensor level optimization:

A set of tensor-level operators
for loop unrolling, vectorization,
parallelization...

RECIPROCAL

Copyright © Infineon Technologies AG 2024. All rights reserved.
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Goal: Convert the model
Into machine readable code

,Costs of model compilers®:

Hardware dependence:

The choice of compiler depends
on the hardware

Compiler support:

Layer fusion and mapping not
supported for all types of layers

24



Memory and accuracy benchmark for dense and compressed (imeon
(quantized and pruned) keyword spotting models
Dataset: Google speech commands

Memory footprint [KiB] Accuracy [%]
3000 100
96.84 Accuracy
95,88 96,27 o o, '~ 96,08
2468 o5 94,91 ) loss lower
2500
15x smaller than 1%
2000 90
1500 85
1062
1000 13x smaller 80
500 75
170 7x smaller 160
Small model Middle model Large model Small model Middle model Large model
mfp32 dense ®int8 pruned mfp32 dense ®Wint8 pruned

Source: E. Trommer, B. Waschneck and A. Kumar, "dCSR: A Memory-Efficient
Sparse Matrix Representation for Parallel Neural Network Inference," 2021
IEEE/ACM International Conference On Computer Aided Design (ICCAD),
Munich, Germany, 2021, pp. 1-9, doi: 10.1109/ICCAD51958.2021.9643506.
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Al at the Edge — Workflow p
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Al at the Edge — Workflow &—/
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Al at the Edge — Infineon Offering for Consumer IoT g/
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Al at the Edge — Infineon HW/SW Solution for Consumer loT p
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Introduction to Imagimob (Videolink for external)

https://e.video-cdn.net/share?video-
iId=FW5JRqijjDXxSe VCwGcbZ&player-
id=2t2W2ykrDB RisZ10QorEJU&channel-id=101646
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Imagimob Studio — Graph UX is an intuitive interface to visualize

the end-to-end machine learning workflow as graphs
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Ready for the edge: Our offering of production quality, ready to (imeon
deploy ML models lets you easily add new features to your device

The fastest way of taking edge Al to market: Ready to go, fully trained, and comprehensively tested
machine learning model that are ready for production.

Fully trained and tested models

Y

Easy to integrate, ready to
commercialize

i )))) Production quality — developed by
: . experts
: @
h -
; @ High accuracy
Coughing Siren Snoring Baby Cry Acoustic
Detection Detection Detection Detection EZ(;%ENSETM

Available Now

Find out more or get your model: https://www.imagimob.com/ready-models
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Key Take-aways

75 Edge Al enables the creation of @Qﬁ Biggest challenge for models: memory-
o< completely new applications efficiency while maintaining high accuracy
& Several advantages over Cloud Al, e.g. =1 New generation of microcontrollers are

low latency and power efficiency optimized for Edge Al applications
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Questions &
answers
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