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Gesture

i Evolution in HMI (human-machine interaction) I

Cap to a new world!

TODAY

Touchscreen Keyboard Mouse

Etc.
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SGW/Q/ Evolution in HMI (human-machine interaction) I

Cap to a new world!

FUTURE
/A EEE
A 1@
Wave a hand Thumb up
Endless possibilities!




% Why gesture and hand posture recognition?

Revolutionizing HMI

Improved human-
computer interaction

Reduces reliance on
physical input devices like
keyboard and mouse
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computer interaction
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Improved human- Improved sanitation

computer interaction : and hygienic
Reduces reliance on Enhanced user Minimizes
physical input devices like experience contamination risks

keyboard and mouse

Immersive and
interactive experiences



Improved human- Improved sanitation

computer interaction : and hygienic
Reduces reliance on Enhanced user VN Efficiency and
phz(s;;&l);r:glgndde\rggissgke experience contamination risks Safety
Immersive and Intuitive system control and
interactive experiences reduced physical contact



SGW/Q/ Gesture & hand posture recognition I

Let's picture it!

S Flig




Unlimited markets
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Thermostats Switch Service robots Smart speakers / Laptops Tablets Smartphones
assistants
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Unlimited markets
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Thermostats Switch Service robots ~ Smart speakers / Laptops Tablets Smartphones
assistants
Hygienic El [l ‘II\ % E
Digital Signage Sanitary Elevators Vending machines ATMs
)| —
Safety 5 Q‘C ]
Kitchen appliances Industrial robots Production lines

Entertainment éﬁ. m .\ﬂ’

Toy robots Gaming AR/VR

"l Personal electronics, home appliances, industrial systems, robots & toys + Many more... 15



Exploring the hardware & software

life.augmented



SGW/Q/ Turnkey solution portfolio

A complete ecosystem in an all-in-one solution

1

One FREE software

=+ L

One turnkey solution

[ 1]
_—_—
VL53L7CX
or STSW-IMG035
Ready to use!
VL53L8CX
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Deep dive in Time-of-Flight sensors




FlightSense & Multi-zone ToF principle

Time-of-Flight Principle Multizone ToF Principle

A multi-zone Time-of-Flight sensor divides the field of view into
multiple zones, allowing it to capture depth information from several
points simultaneously.

RVAV DAY YAV A 4
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Multi-zone FlightSense ToF benefits

Cost-effective Low power consumption Low processing complexity

v' Inexpensive sensor, system v Low power ToF compared to v' Light data flow unlike radar &
architecture, and development other technology camera
v' Short timeframe easy to v Light gesture algorithm can v' General purpose MCU already
integrate, all-in-one solution be run on low-power MCU embedded in most architecture
# Radar

Privacy
v" Not subject to external factors: v" No image only multiple
target color, shape & size distance measurement

# Traditional infra-red # Camera

"l 20



Field of view

Resolution
Common features

Additional features

Driver

Interfaces

Distance Dark condition
ranging  ynder ambient light*

Power consumption**

Module size

Compatible with two multi-zone ToF sensors

VL53L7CX % % VL53L8CX

60° x 60° 45° x 45°
(90° diagonal) (65° diagonal)
Up to 8x8 (64 zones)
Autonomous low power mode
External synchronization pin

100% compatible

12C (1 MH2z) 12C (1 MHz) and SPI (3 MHZz)
350 cm 400 cm
65 cm 285 cm
4.5 mW 1.6 mW

6.4x 3.0x 1.6 mm 6.4x3.0x1.75 mm

21
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% Turnkey solution portfolio

Two ST solutions for contactless HMI

1
| |
' & '
| |
| Hand I
I tracking

I

: |
I R/L/UID Circular

swipe l

: |

: |

I Tap Level

Double-tap control I

: |

e -

KYI g’ MOTION Algorithm -



% Turnkey solution portfolio

Two ST solutions for contactless HMI

w?

Han_d Raise Like/Dislike
tracking
L) N4 4
R/L/U/D Circular
swipe
Love

v ¥

Tap Level
Double-tap control

X N

Stop Pause

L____________J

"l Qa MOTION Algorithm ¥ POSTURE Processing 24



Gesture recognition software principle

Natural human interaction enabler

3 Associating motion with

Sensor data extraction Hand tracking gesture

Application control

<- <-
13 ” “Next
Left picture”
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Step 1: Data extraction via ToF sensor

Sensor data extraction

N
AN
7
L
N\
N
N
75\

Using multizone Time-of-Flight sensor data:
Distances for each zones
Signal (quantity of photons)

26



Step 2: Hand tracking

using the ST Gesture_ EVK



Step 3: Gesture recognition I

Gesture

Try anew Gestre .., Level Control

Wave
your hand!

0 0 0 0




Step 4: Application control

pd_20220111 064118216.mp. g 100 %

» 0 - @

ovous  Next  Pause /[Py Zoom

~N -+ Q a4 @ O A o Riow e

using the ST Gesture_ EVK



Hand posture Al workflow

Well known Al flow applied on hand posture recognition

Dataset collection Model training

¥ " 6"

Raise Like/Dislike

Ok
A X N
Deployment Solution integration

»

Open - R |

Development
Environment

!
STM32 .’ Vending machines Tablets DigitalSignage  Sanitary o oPoakers
ube.A
. HE E = 30
Productionlines  gaai0re Thermostats




Hand posture Al framework

A comprehensive ST Al framework based on 2 tools

Sensor data
extraction

Dataset collection Model evaluation

¥ " a

Raise Like/Dislike

Ok
\\\\llli II

Love Stop Pause

I Data collection !

\'-\ ;

.
Y :
. el A
N Ny
. ..\
R
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gy
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Deployment

9® STM32 Open O x| & B8
29 Devel t -
eve Opmen ptops. Gaming  Service robots Switch Sanitary
. onC
'. Environment B e 7 T

ustrial rob:

. VR T ts  Ind chen appliances
B ol %
'
STM 32 Vending machines  Taplets Digital Signage  Saniary o SPeakers
Cube Al
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Hand posture Al framework

A comprehensive ST Al framework based on 2 tools

0+06

Gesture EVK GUI

©01+060

ST model zoo and web app
Al Python scripts
0 GitHub ° ST public dataset

» Model topologies

Hand posture Web app
User interface

32



Demo

Create your own hand posture solution in less than 10 minutes

The application

[T m e 0

Collect data Deploy the solution

Organize the dataset Test your application

Train the model Enhance your model

LDE@W

Evaluate the model

HOEO
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Demo

Create your own hand posture solution in less than 10 minutes

The application

HOUO

Collect data Deploy the solution

Organize the dataset Test your application

Train the model Enhance your model

LDE@W

Evaluate the model
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Create your hand posture solution
G @ @ @ @@@ Collect data

Gesture EVK
,l Version 1.5.0

% User manual @’Gest.lre EVK Release notes
Com port =
C | COMs - STMicroelectronics STLink Virtual €1 ~ Home  Share  View (7]
Sensor driver v P <« GestureEVK.. » data v
o =
HANDPOSTURE _VL53L8 4"~  Name
F
Preset d This folder is empty.
axd R
-
=]
Start ranging
[}
Load dataset
¥
.
-
Tw ¢ >

0 items A=) =

1S7; 35



Create your hand posture solution
@ 9 @ @ @ @ @ Organize the dataset

= esture D\dat ) O . 5 | C\webinar - ] X
Home Share View o Home Share View 0
< v PN <« OSDisk (C:) » Temp > GestureEVK_v1.50 » data v Search data @ — v 4 > ThisPC > OSDisk (C:) » webinar v D Search we... @
A Name Do Name v Date modified
* -
log__Dislike__Yann_webinar__VL53L8__handposture_api__8x8_20250212_162205 This folder is.e
(] his folder is empty.
log__Like__Yann_webinar_VL33L8__handposture_api_8x8_20250212_162137
log__None_Yann_webinar_VL53L8__handposture_api__8x8_20250212_162228 i
» »
e €
€ L/
e €
- a
» a
[} [}
\ 4
» »
i i
S S
v < > v <
3 items z== 1 0 items

"l | 36



Create your hand posture solution
@ @ e @ @ @ @ Train the model

Sgnin) @ M) @ STMicro X @ STToF Hand Posture x| +
< C M ()  https;//www.st.com/content/st_com/en.htrr A A, a3 = - @
@ Ccareers 17 sample & buy v 4 Support & community Vv HAE  $X  English N‘

"l Q = Products Tools & software Applications Solutions ST Developer Zone About us g g)

MWC25 Barcelona, Mar 3-6

Discover how our semiconductor innovations

can enhance your next design

Meet our experts at Mobile World Congress in Barcelona and explore our latest technologies, products and solutions.

Learn more




Create your hand posture solution
@ @ @ e @ @ @ Evaluate the model

@ [ |® EdgeAltools-STMicroelectronic X & STToF Hand Posture x  + - @

<~ G 1] [a] https://handposturetof.st.com/#/trainingresults

Yl T ToF Hand Posture Recognition

® ® ® ®
Dataset  Training parameters  Training results ~ Download  Flash and monitor

Change dataset Training parameters Download artifacts

Training results

Training results are shown below: accuracy, loss, confusion matrix and training script logs

Plots of the accuracy/loss curves

accuracy loss
1.0 4 —_— run
—— validation
30 train
0.9 4
2.51
0.8 4
Z 2.0
g 2
® S
= 074 8 1.5+
3 g
g -
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Create your hand posture solution
@ @ @ @ e@@ Deploy the solution

\33 signin ) @ 0 \ & Edge Altools - STMicroelectronic X & ST ToF Hand Posture x BEs a
< C [ 2] httpsy//handposturetof.stcom/#/trainingresults =
None e EE B
predicted label Using 223 files for training.
Using 56 files for validation.
00 Model: “"Augmented_model"

NETRGEGN

() Show Graph

CUBE.AI VERSION OPTIMIZATION ALLOCATE INPUTS ALLOCATE OUTPUTS

8.1.0 balanced true true
MODEL FORMAT INPUT OUTPUT WEIGHTS SIZE ACTIVATION SIZE MACC
float float 1x128 float 1x3 10.1 KB 1.6 KB 8280

Nucleo F401RE
Arm Cortex-M4 with FPU | 84MHz

Internal SRAM: 96 KB
Internal flash: 512 KB

|




OOOOWEOO

@ [ |& EdgeAltooks-STMicroslectronc X & @@ STTof Hand Posture

& G ] 6] https://handposturetof.st.com/#/download

‘ , , life.ougmented

Create your hand posture solution

Test your application

ToF Hand Posture Recognition

@
Dataset

Download

Download model, application binary file or C source project

101
011

Download .bin

This is the binary file to flash on the NUCLEO capable of
recognizing the gestures you performed during the training
phase.

Download &, k

About STMicroelectronics

Training parameters  Training results ~ Download

® ® [
Flash and monitor

Flash and monitor

<> <>

Download firmware app
This is the STM32 Cube IDE firmware project.

Download model

This is the model file, results of the training phase
executed on the dataset selected at the first step.

Download &, Download &,

Connect with Us Browse

40



Create your hand posture solution
@ @@@ @@o Enhance your model

@5'9.«'") m o Edge Al tools - STMicroelectronic % & @@ ST ToF Hand Posture x +
o T

N G %) httpsi//handposturetof.st.com,/#/fashandmonito D A 0 Tt o =

,’ fm.cagmened ToF Hand Posture Recognition

® ® ® ® [
Dataset  Training parameters  Training results ~ Download Flash and monitor

Flash and run

Connect the board, flash the firmware application including Al algorithm just trained and start monitor the real-time inference executed by the application

Control panel Inference results

O None 0.00%

Device connection status: ® OPEN

[Hand Posture = #0 {None}
) Class #0 {None} : 0.000000
= Disconnect Class #1 {Like} : 0.000000

Class #2 {Dislike} - 0.000000

Device is streaming data...

"l 41




Quick visit to the ST GitHub model zoo

1 [ | EdgeAltools - STMicroslectronic X | @ @@ ST ToF Hand Posture X ) GitHub - STMicroelectronics/stm- X - - D X

ee/main [55)

< G Gﬁ E’ https://github.com/STMicroelectronics/stm32ai-modelzoo-sen

O Product ¥  Solutions Resources ~  Open Source Enterprise Pricing Search or jump to... / Sign in ‘ Sign up |

H STMicroelectronics / stm32ai-modelzoo-services ' Public O Notifications % Fork 2 ¥ Star 20
<> Code (O Issues I Pullrequests () Actions [ Projects @ Security |~ Insights

¥ main ~ ¥ 1Branch > 1Tag Q Gotofile <> Code ~ About

Al Model Zoo services for STM32 devices

KBOUSTM Updates: @@ 96336¢ - last menth L) 4 Commits
services ai stm32 stm32f4 st
application_code Release Al-ModelZoo-3.0.0: 2 months ago stm32f7 stmicro modelzoo stm3214
B R stmicroelectronics  stm32h7  stm32mpl
audio_event_detection Fix broken links in READMIE files and code typo. 2 months ago
stm32u3 stm32n6
commen Updates : last month
[0 Readme
hand_posture Fix broken links in README files and code typo. 2 months ago &5 View license
human_activity_recognition Fix broken links in READMIE files and code typo. 2 months ago @ Code of conduct
&5 Security policy
image_classification Fix broken links in README files and code typo. 2 months ago e
A~ Activity
instance_segmentation Updates : last month E Custom properties
Yr 20 stars
object_detection Updates : last month
& 7 watching
pose_estimation Updates : last month % 2 forks
semantic_segmentation Fix broken links in README files and code typo. 2 months ago Report repository
F s in READ il e typc 2 mon
speech_enhancement ix broken links in README files and code typo. 2 months ago Releases 1
tutorials Release Al-ModelZoo-3.0.0: 2 months ago © Release Al-ModelZoo-3.0.0 (Largst:.
on Dec 10,
[} CODE_OF_CONDUCT.md Release Al-ModelZoo-3.0.0: 2 months ago
[ CONTRIBUTING.md Release Al-ModelZoo-3.0.0: 2 months ago Packages
[ LICENSE.md Release Al-ModelZoo-3.0.0: 2 months ago Ne packages published

™ pEAnKaC e

’l 42



https://github.com/STMicroelectronics/stm32ai-modelzoo-services

What is available today?



% Get started with your development

Where to find all the resources

Evaluate our solution

Hardware Software links STSW-IMGO035
ToF, X-NUCLEO, STM32 GUI Gesture EVK
¥ 7 @ Link
vli K]
VL53L7CX | Link ¥ & @ m

aaaaa

VL53L8CX | | ink

%
%

44


https://www.st.com/en/embedded-software/stsw-img035.html
https://www.st.com/content/st_com/en/st-edge-ai-suite/case-studies/hand-posture-recognition-without-camera-module.html
https://www.st.com/en/imaging-and-photonics-solutions/vl53l7cx.html
https://www.st.com/en/imaging-and-photonics-solutions/vl53l8cx.html

Conclusion




Market leader in ToF with key benefits

VL53L7CX

% . 90° wide FoV

Up to 350 cm ranging

18'[ ‘ VL53L8CX
. Ambient light

immunity
o Low power
65° wide FoV
Up to 400 cm ranging

* 100% privacy (no
camera, no image)

» Easy integration due to
all-in-one module

* Low cost

e Robust

ST Gesture & hand posture recognition summary

Two unique software solutions

with
] s|AILE
& ¥ :[:t
Elu ise
rackin

Like/Dislike

E 8 & a
S )

Thermostats Switch Service robots ~ Smart speakers /
S|

assistants

Hygienic |:| |~,“.=I rli %

Digital Signage Sanitary Elevators Vending mach
1
Safety g « B
Kitchen appliances Industrial robots Production lines
Entertainment Sr? m ﬁ
o L )
Toy robots Gaming ARNVR

Unlimited markets & applications

oo @

Laptops Tablets Smartphones

Future
» 3DToF: VL53L9CX
Current
VL53L7CX
VL53L8CX

Lys
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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.

ST logo is a trademark or a registered trademark of STMicroelectronics International NV or its affiliates in the EU and/or other countries. ‘
For additional information about ST trademarks, please refer to www.st.com/trademarks. ’ l


http://www.st.com/trademarks
http://www.st.com/
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