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Overview

° Sensors beyond audio and vision

e tinyML applications with this sensors

e The future of sensors and tinyML
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My new fitness tracker ...

Sensors + AIML Other features

» Heart rate detection » Several days of battery life

» Blood oxygen (SpO,) tracking » BT Connectivity

» Motion » Fancy colorful OLED display

— Activity type (sleep, walk, bike, ...)
— Wrist turn for display on Sensors + AIML are enabling new applications
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Where will health monltormg go In the future’? - @& p

FOUR MEN AND ONE WOMAN ON R SR .. PR \\
THE MOST FANTASTIC, SPECTACULAR o AN AU € T S NN
AND TERRIFYING JOURNEY
OF THEIR LIVES... A\

Source: Wikip%di
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Micro submarine health monitors in your blood vessels

Propulsion Motor

Energy Storage

e Energy Harvesting

Neuromorphic "Brain"

Pressure Sensor
Temperature Sensor
Accelerometer
Optical Sensor
Chemical Sensor
Biological Sensor

@ Wireless Communication

& Radar Navigation

©®
@ @9
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We all know this is possible for computers ...

My oldest
computer

Make
Mac/s

Size

Mac/s/mms3

Features

2021-06-07

1979 2019
~30 k 600 M
274x 146x 76 mm?3 14x 18.5x 2 mm?3
~ 3.05x10% mm3 ~518 mm?3
1.16e+6
SHiEs double every ~1.5 yrs
CPU only + Wireless

Copyright © Infineon Technologies AG 2021. All rights reserved.
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100 T

~0.1 mm3

le+12

+ Sensors
+ Energy
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MEMS Technology allow miniaturization of sensors (+ actuators) @& p

e e
T

Silicon Microphone

» 73 dB(A) signal-to-noise ratio
» 4x3x1.2mm3
> 900uA power consumption
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Intuitive Sensors — Giving things the (super-)human senses % infineon,

to make our lifes easier

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 is sparsely available

# of Datasets

'mage I, 505
Movie I 1392
Audio B 1094 » Missing Standards

Pressure
299 » Sensor specific

Accelerometer | 53 (e.g. radar antenna
Radar | 32 configuration)

Data for new sensors

Gas (Sensor) | 19 » Diversified (e.g. many

Liquid (Sensor) 5 gases and liquid)

Time of Flight (Sensor) 4
» |IP protection

0 1000 2000 3000 4000 5000 6000

Source: Search results kaggle.com
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Overview

° Sensors beyond audio and vision

e tinyML applications with this sensors

e The future of sensors and tinyML
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tinyML use Case: Motion Pattern Recognition
Sensor: Barometric Pressure Sensor

IFX pressure sensor detects

Precision: £ 0.02 m
Rel. accuracy: £ 0.5 m
Abs. accuracy: £ 8 m

» Single steps or gestures

» Motions: Sitting, standing-up,
walking, running DPS310

Staircase stepping

» Transient states -

5535
6 steps
553 |

552,5

Intermediate platform

W
=

Altitude in m
un
L
‘l-l
(¥,

551 ¢

5495 |

549
0 10000 20000 30000 40000 50000 GO0

Time in msec
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tinyML Use Case: Alarm System iofineon
Sensor: Pressure and Microphone @& p

Microphone Pressure Sensor
} !
MicrolAS Audio Data Pressure Data
| !
Processing Processing
| !
e.g. Glass Break Pressure change
detection detection

Time Synchronized

v

ARM Cortex M4-F 80 MHz
512 KB SRAM, 8 MB SPI-Flash Fusion of Glass Break and Pressure change

detection

}

Event detection

v

v

DPS310 — digital pressure sensor
IM69D130 — digital microphone
AIML based event detection

v

v
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Data Acquisition T fineon
Sensor: Pressure and Microphone @& L/

-
-

‘_ -'p.'. ‘;1 . ':\‘ !
AL
. SN V'

'-v:" . &"’ .'_, ?0‘? )

»an

. ) Glass break audio data is available but no pressure data O —— . Pressure
» Data obtained destructive experiment and manual labeling -t m— AU | Qu
,- ,_

iA = » This becomes expensive ... _ ’

- [P B
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Sensor: 60 GHz Radar @& @eo/n

Target detection & tracking

A

N
Hailar Data Cabe

' Romdar :';-I:."'I!.|| |'|'|l.-|."\-|'.:||"._|.' 1
1
! . 1
E I - FI-T- im FF'- MM L s | CFAR -ll-'ll"'lfrlﬁll-' Ll Trackmg | !
= Range Vielocity Age I
|
1
']

BGT60TR13C

> Antennas: 1x Tx, 3x Rx (integrated)

> Size: 5x6.5 mm?2

» Power Consumption: <5 mW (duty cycled)

» Bandwidth: >5 GHz, Range resolution ~3 cm
> SNR: Can detect people upto 15 m .
) Ramp Speed: 800 MHz/ S oM when® gt e Fo¥ Time series doppler spectrum for target 2

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.



tinyML Use Case: Gesture Recognition

Sensor: 60 GHz Radar

» Detect and classify three different
gestures

— Right swipe
— Left swipe
— Waving pattern
> Reject unknown gestures

» Signal the detected gesture using
a LED on the board

2021-06-07
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tinyML Use Case: Gesture Recognition fineon
Sensor: 60 GHz Radar @& L/

Unconstrained implementation: _
Radar Kit

» Standard Laptop

» 60 GHz Radar Demo Kit

» Python based application code

» Tensorflow Model

» Using a total RAM footprint of ~1 GByte

Standalone embedded implementation:
» Formfactor PCB

» Soli C Radar Sensor, 1xTx, 3XRX

» Uses Tensorflow Lite / Micro

» IFX-Cypress PSoC6 MCU
— Arm M4 Processor running @150 MHz
— and a total RAM footprint of 288 kByte
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Data Acquisition
Sensor: 60 GHz Radar

DAQ Kit for Radar

» Single depth camera for ground truth
generation

» Highly portable & minimum setup effort
» Flexible assembly on base frame
» Python package for data acquisition

RealSense
+ +
+

Base frame

3d printed radar housing Tripod

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Sensor: 3D Magnetic Hall Sensor Di &-/

TLI493D

Rotation movement 3D movement Linear movement

Bx, By and Bz linear magnetic field measurement up to £160 mT
12-bit data resolution for each measurement direction

Sensitivity 7.7 to 30.8 LSB12/mT

Sample rate 0.05 ... 7.8 kHz

VOV WV WV

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.



tinyML Use Case: Rotatable Joystick
Sensor: 3D Magnetic Hall Sensor

Simplified system 3-axis joystick
Two 3D magnetic hall sensors
Only one magnet
Complex field geometry simulated in Python
Sensor raw data:
Bx, By and Bz from two magnetic field sensors
» Desired output:
— Xand y tilt
— Rotation angle

A A

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.




tinyML Use Case: Rotatable Joystick fineon
Sensor: 3D Magnetic Hall Sensor @& p

Network architecture

1x FFNN for x/y tilt

1 x FFNN for rotation angle sine and cosine

Both FFNN 3 hidden layers, 637 parameters each

Position algo trained to NN with MathWorks Deep Learning
Toolbox

VOV WV WV

e

Implementation

IFX XMC2Go board with ARM MO processor

Code generation with MATLAB Coder

Quantization to INT16, no retraining

NN inference time: 23 ms

Embedded code size: 19 KB (incl. pre-/post-processing)
Free for application: 45 KB

XMC2Go

A A VA VS " A g

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.
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Sensor: Gas (e.g. CO2) @& (Infineon
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o300, 8
5 Gas#3,
B ogd
D 1
B B 4 2 0 2 4 B 8 10
PC1

XENSIV™ PAS CO2

» Photoacoustic Spectroscopy based

> Small form factor (14 x 13.8 x 7.5 mm3)

» High accuracy (£30 ppm £3% of reading)

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.
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tinyML Use Case: Air Quality Monitoring (iﬁneon

Sensor: Gas (CO2, CO, NOx, O3, ...)

Smart Sensor Indoor Air Quality

4

Embedded Sensor Processing with RNN
Gas concentration deliverd in PPM

12C and SPI interface

Embedded Flash 32 kB

Embedded SRAM: 4 kB

Ventilation Air Cleaning

VW

N

N

Outdoor Air Quality

Schanghai AQI: Schanghai Echtzeit-Luftqualititsindex (AQ1), S W
Mocderat
Aktualisiert am Donnerstag um 21
Temp.: 0°C

Current Letzten 48 Stunden Min Max
Mmwech 6 12 1% E‘M!Tn; 6 12 u
PMZE AT 5T l E 1 | | 50 190

TR e N N S R
G 11T LTRSS T
LLCEERE L) T SR BT
PSoC® Analog o i
5 LT [T 11T MR o S
Coprocessor = ii— .
(Arm® CorteX®-MO+) Sensor MEMS ::* “:‘3"..ll“lll'lllhﬂllllll_‘Ilm‘| ':'“-'.'ﬂ' =
S P B a ciosea by Google
wea o ypbmilelelelelebts, oo stttk : AdChoces
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Overview

° Sensors beyond audio and vision

e tinyML applications with this sensors

e The future of sensors and tinyML
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> Processing — Meet application performance requirements with confluence of light weight ML
accelerators AND reduction in software footprint (tinyML)

» Sensing & data — Provide miniaturized low power sensors with training data
» Security — Deliver data privacy to latest, ever increasing, standards — starting with root of trust
» Ecosystem — Provide development system, lifecycle management, connectivity, could services

RO -
AN

Unlocking the value of Edge Al

Motion
Sensor

Voice

command

y

A

Edge

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.
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There are several ways to accelerate neural networks in silicon and
they can be chosen according to the respective field of application

CPU only

» Al In software

» Vector processing extensions

CPU with extensions VP
CPU

CPU + DSP/GPU

» Digital Signal Processor
» Graphics Processing Unit

CPU + NPU
» Specialized
Neural Processing Unit

3oUeLW.I0}Iad
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Benchmarking of ARM Cortex-M4 / M7 / M55 and Ethos-U55-xy % &—/

MC +
Standard MC Vector Ext. Al Accelerators (NPU)
Modell:

MobileNet _v1
1.0 224 guant ***

M4
(Cypress U55-32 U55-64 | U55-128 | U55-256
PSoC6)

Cycle count 2,903,927,184 2,770,050,574 504,600,758 20,418,884 10,500,041 5,741,145 3,338,857

Inference time

B o N ) i 11,615.70 11,080.20 2,018.40 81.86 42.00 22.96 13.36
Relative to M4 100% 95.4% 17.4% 0.7% 0.4% 0.2% 0.1%
Max. Frame Rage 0.09 0.09 0.50 12.22 23.81 43.55 74.85

in Hz

Data obtained by Infineon

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.



The next generation of MCUs will enable
new applications at the Edge

(infineon

Current
Gen
CM4, CM7

) Next Gen
> 100x performance increase

MCU

Predictive Maintenance

IO

Air Quality

Environmental Sensing eNose

m NLP
Radar Radar Multi Object

WakeWord Tracking
Visual Vision/Image

WakeWord

High FPS Object detection

Audio
WakeWord

00O

2021-06-07
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Securing the edge is essential to run trusted, distribute Al

| rawcsevces (|
Edge MCU

» Secured storage of device identity
and device authentication protocols uc Al
core engine
Data poisioning G | FErE
memaories Al models
» Secured communication protocols Secure
Malware u

Module

interfaces —

» Secured update of firmware and Al models
tinyML for Security

> Blometric authentication (e.g. fingerprint)
> Anomaly detection (e.g. intrusion detection)

e

» Secured storage and encryption

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.



ML on the Edge — MCU Software Requirements

(infineon

Support Many
Cloud-based Frameworks Support different
architectures

training &
databases

¥ TensorFlow Unified ML e

deployment flow fineon
» € ONNX  mmmmn) P

lineon
O PyTorch

ML Workload

Securely communicate data for iteratively improving model performance

Support standard
embedded software

paradigms

Security

I

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.

Wireless

RTOS

stacks




Evaluate and Deploy Models with Modus Toolbox ML

m/,g“&'efz\,
o :‘0‘...'.\':‘»

®: AN\ AN

NV vZ4

Trained Model
e.g. Human

Activity Detection l

Secure MQTT

)  aws

PSoC 64 AWS Standard
Secure Kit

CY8CKIT-028-SENSE
Sensor Shield

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.
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Deploy

Activity
Detected

N

Host PC




MTB-ML Configurator Tool — Model Conversion

Define the model prefix name
and the output folder

File Help

Q C:/Users/gondimlossio/git/ce/mtb-example-mi-profiler/MyModel. mtbml...

@& (infineon

Import your Model into the
MTB-ML Configurator

Tool Provides information on

— Size of model(Flash)

— Memory needed(RAM)

— Approximate
Computational
complexity(cycles)

2021-06-07

Output folder:

\ Output file prefix: [test_model

mtb_ml_gen

Model

Pretrained model: |pretrained_maodels/small_mlp_mnist.h5

Open a new window to
validate the model in the
Desktop

I
Framewaork: Keras -
Generate Source IVaIidate in Desktop

Output:

[INFC] Model | Cycles |  Model Memory | Scratch Memory |
[INFC] Floating | 51000 | 52032 bytes | 168 bytes |
[INFC] Intléxle | 50584 | 26028 bytes | 168 bytes I
[INFC] Intléx8 | 70792 | 13026 bytes | 168 bytes I
[INFO] Int8xlé | 50584 | 26028 bytes | 168 bytes I
[INFC] IntBx8 | 70752 | 13026 bytes | 168 bytes |

Ready

Writing eval data in
Writing eval data in

Writing eval data in

[INFC] Converting data for PC & MCU reference evaluation...

floating point representation...

lé-bit fixed point representation...

B-bit fixed point representation...

[INFO] Conversion procsss complete.

Copyright © Infineon Technologies AG 2021. All rights reserved.

Convert the model into
optimized embedded variants




MTB-ML Configurator Tool — Model Validation

Select either randomly
generated validation data
(or) specify test data

Run test data into the
original model (reference)
on the selected
guantization

~

e

Sample count:

Quantization:

=

Dataset structure:  Random =

100 v

v/ 8x8 W 16x8 v 16x16 v/ Float

Tabular data of Maximum
Absolute Error of each test
set for all quantization

A

Print test results for each
of the quantization

2021-06-07

Infineon

Plot of data in a
specific test
data set

p-

Validate
7. KRR ED
Index MAE 8x8 Index MAE 16x8 Index MAE 16x16 Index [ Index: 32
52 0.0072 61 0.0004 3 0.0001 83 T
83 0.0062 3 0.0004 64 0.0001 15 - e
0.8 -
54 0.0055 64 0.0004 0 0.0001 24 m e
2 0.0050 96 0.0003 17 0.0001 14 = [Tt
48 0.0047 12 0.0003 8 0.0001 70 5 06y fon
27 0.0042 33 0.0003 60 0.0001 82 %’
2 o4t
96 0.0039 65 0.0003 6 0.0001 51 o
47 0.0039 62 0.0003 55 0.0001 86
20 0.0039 37 0.0003 54 0.0001 25
33 0.0038 49 0.0003 33 0.0001 71
16 0.0034 27 0.0003 1 0.0001 68 |+
[INFC] : Expecting log files: ["test_model_log.txt', "log_flt.txt'] -
[INFO] Model passed float relative accuracy verification
[INFCO] Model passed float mismatch error verification
[INFC] Model passed float scratch memory verification
[INFC] Saving Cross—domain verification outputs for float to cdv_results...
[INFC] Cross—domain verification outputs for float saved to cdv_results
[INFC] Owerall CDV Results

Float3Z2 model:
Intléxlé model:
IntléxB8 model:
Int8x8 model:

PASS
PASS

PASS

PASS

Copyright © Infineon Technologies AG 2021. All rights reserved.
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Useful Links/Resources

» New ModusToolbox Software and Tools Page

» Qverview Landing Page for the MTB-ML

y PSOC® 64 Standard Secure - AWS Wi-Fi BT Pioneer Kit (CY8CKIT-06450S52-4343W)

» l0T Sense Expansion Kit for MTB-ML for PSoC 6 Pioneer Kit (CY8CKIT-028-SENSE)

» MTB-ML Code Examples (mtb-example-ml-*) on GitHub Repository

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserve d.


https://www.cypress.com/products/modustoolbox
https://www.cypress.com/products/modustoolbox/machine-learning
https://www.cypress.com/documentation/development-kitsboards/psoc-64-standard-secure-aws-wi-fi-bt-pioneer-kit-cy8ckit
https://www.cypress.com/CY8CKIT-028-SENSE
https://github.com/cypresssemiconductorco

Cinfil
Conclusion @& Infineon

There are numerous sensors beyond audio |
and vision that benefit from tinyML ( < ) /

To enable "New Sensors" for tinyML we need

» Availability of good quality training data
»  Optimized network architectures for specific
sensors

» Embedded hardware acceleration for
performance and power

> An easy to use ecosystem of tools and
embedded reference designs

2021-06-07 Copyright © Infineon Technologies AG 2021. All rights reserved.
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Part of your life. Part of tomorrow.
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Intelligent Agent

Newton

Automated TinyML

Zero-code SaaS solution

Create tiny models, ready for embedding,
in just a few clicks!

Compare the benchmarks of our compact
models to those of TensorFlow and other leading
neural network frameworks.

Build Fast. Build Once. Never Compromise.

t: 2
g targe 100

0

i gmzjsﬂnsm_nating

3
L
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Arm: The Software and Hardware Foundation for tinyML

+ -* + +

Connect to
high-level
* frameworks

y Supported*by
end-to-end tooling

+ - + -
3
Connect to
Runtime
+ + + -
Stay Connected + +

B @ArmSoftwareDevelopers

s ’ @ArmSoftwareDev "

+ + -+ - + +* -+
Application
+ -+ . . " + .

Optimized models for embedded

- - -

+ -
Profiling and
debugging
tooling such as
Arm Keil MDK
+ +
+ +
+ +

A

K - v

Runtime
(e.g. TensorFlow Lite Micro)

A

- - +

Optimized low-level NN libraries
(i.e. CMSIS-NN)

A S 2

RTOS such as Mbed OS

Arm Cortex-M CPUs and microNPUs

Resources: developer.arm.com/solutions/machine-learning-on-arm

+ + + +

+ -

+

4

+ + +

a

Al Ecosystem

Partners
+* - >
+ + +
+ + +
+ + +

‘ arm



TinyML for all developers

Acquire valuable ' Enrich data and
G B training data train ML
securely algorithms

OO,

ARDUINO Edge Device Impulse
Real sensors in real
Arduino library t|me
Open source SDK
M Embedded and Test impulse
edge compute with real-time
deployment device data
WebAssembly options Test flows

www.edgeimpulse.com




Qualcommwn

Al research 0 @

_ . ®
Advancmg Al Id oo e loT/lloT

o recognition, contextual fusion

h to mak =
researcn 10O make .
]
efficient Al ubiquitous | Edgecloud &=
Reasoning
Scene understanding, language Automotive
Power efficiency  Personalization Efficient learning understanding, behavior prediction
Model design, Continuous learning, Robust learning
compression, quantization, contextual, always-on, through minimal data, —
algorithms, efficient privacy-preserved, unsupervised learning, =
hardware, software tool distributed learning on-device learning ACtion I
Reinforcement learning CIOUd

for decision making

A platform to scale Al
across the industry Mobile

Qualcomm Al Research is an initiative of Qualcomm Technologies, Inc.



SYNTIANT

Syntiant Corp. is moving artificial intelligence and machine learning from the cloud to edge
devices. Syntiant’s chip solutions merge deep learning with semiconductor design to produce
ultra-low-power, high performance, deep neural network processors. These network processors
enable always-on applications in battery-powered devices, such as smartphones, smart speakers,
earbuds, hearing aids, and laptops. Syntiant's Neural Decision Processors™ offer wake word,
command word, and event detection in a chip for always-on voice and sensor applications.

Founded in 2017 and headquartered in Irvine, California, the company is backed by Amazon,
Applied Materials, Atlantic Bridge Capital, Bosch, Intel Capital, Microsoft, Motorola, and others.
Syntiant was recently named a CES® 2021 Best of Innovation Awards Honoree, shipped over 10V
units worldwide, and unveiled the NDP120 part of the NDP10x family of inference engines for

low-power applications.
g @Syntiantcorp

www.syntiant.com
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Part of your lite. Part of tomorrow.

www.infineon.com



Pre-built Edge Al sensing modules,
plus tools to build your own

b R e a I |ty AI , 'Reality Al so.lgtions \

Prebuilt sound recognition models for
indoor and outdoor use cases

Solution for industrial anomaly detection

Add Advanced Sensing ; <

Pre-built automotive solution that lets cars

to your Product with \ Homger s !
Reality Al Tools® software

Ed ge Al / Ti nyM L i Build prototypes, then turn them into i

real products

Explain ML models and relate the function
https://reality.ai ) info@reality.ai W@SensorAl [ Reality Al i to the physics

Optimize the hardware, including
sensor selection and placement




Gold Sponsors




Adaptive Al for the Intelligent Edge




Dc-cl mi
SensiML

Build Smart loT Sensor
Devices From Data

SensiML pioneered TinyML software
tools that auto generate Al code for the
intelligent edge.

e End-to-end Al workflow

e Multi-user auto-labeling of time-series data

* Code transparency and customization at each i
step in the pipeline | Ao

641
8 10 E6 E3

We enable the creation of production-
grade smart sensor devices. sensiml.com



LEMEA Silver Sponsors

emsza GREENWAVES ’”

visual sense TECHNOLOGIES

BHOTG (s (Qeexo
Lys

life.augmented

seeed

The loT Hardware Enabler
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The presentation(s) in this publication comprise the proceedings of tinyML® EMEA Technical Forum
2021. The content reflects the opinion of the authors and their respective companies. This version of the
presentation may differ from the version that was presented at tinyML EMEA. The inclusion of
presentations in this publication does not constitute an endorsement by tinyML Foundation or the
sponsors.

There is no copyright protection claimed by this publication. However, each presentation is the work of
the authors and their respective companies and may contain copyrighted material. As such, it is strongly
encouraged that any use reflect proper acknowledgement to the appropriate source. Any questions
regarding the use of any materials presented should be directed to the author(s) or their companies.
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