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Artificial Intelligence introduction

Al on the edge

Machine Learning Core in ST sensor

[Demo] Application state estimation with MLC







What is Al?

The evolution of Al

Artificial Intelligence .

Any technique that enables

Early Artificial Machine Leaming computer to mimic human behavior
Intelligence stirs excitement

©9

Machine Learning :
begins to flourish Deep Learning Subset of Al. Algorithms and

Deep Learning breakthroughs methodologies that improve over
drive Al boom time through learning from data

Subset of ML. Learning algorithms
that derive meaning out of data, by
using a hierarchy of multiple layers

i i i that mimic the neural networks of
1950’ 1960’ 1970’ 1980’ 1990’ 2000’ 2010’ 2020’ the human brain

Ky 4
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Machine Learning, why do we need it?

When a complex task or problem * An example of difficult program

Involves a |arge amount of data and lots « How to recognize the hand written digits?

of variables, but no existing formula or - Very difficult to define the rules!

equation can solve it « What makes all these numbers to be identifiable?

 Is there a pattern?

« What is it that makes a 2 to be identified as a 2?
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@ Machine Learning Core(MLC) in ST MEMS sensor

Pattern
search
DIMENSION
REDUCTION

Machine
learning

by
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/Tree Example\

@ Typical node

@ Input ©Condition

True Path False Path

ST sensors embed Decision trees

Decision tree runs Classification, i.e
algorithm that splits objects into
classes based on attributes known
beforehand

Supervised machine learning
technique is used to create decision
trees 6




ML model training Decision tree algorithm

What the ML model learn from the data?

Ctm salary
(>100K$/Y?)
. Number of rooms Ctm salary
will be used e 70KV
. Yes No
the Features will be used TN /\
(o f tati Domtbuy Numberof rooms
for Decision Nodes Distance j’fmmsa"’”
House price Parking lot Don't buy
(<500K$7?) ’
Don’tbuy House price Don’t buy

(<400K$?)

/\

Don’t buy

Training the same Machine Learning Model with another dataset (i.e. Houses in Milan),

the resulting Decision Tree is different to “best fit” the new data given for training.
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Al on the edge

[Feago]= b b

/
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Moving Al to edge computing

Move from Cloud Computing to Edge Computing Now!

Cloud computing Edge computing
@@ Heavy and expensive Optimized computation C
computation in the cloud in the cloud J
oriotio Large amount of data sent Smaller amount of data sent o1101
101001 over the network Centralized processing over the network 00

| \
~@  Time-sensitive applications are / I \ Add'tlon oflocal processing Time-sensitive applications are ~@
© @ O

limited by remote cloud computing not limited: locally processed

ST MEMS
Market needs: Smart sensors with local processing (Al) sensor with
m for real time elaboration and best power efficiency MLC
9
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@ Artificial Intelligence at STMicroelectronics

* Thanks to STM32Cube.Al, pre-trained Artificial
Neural Networks (ANN) can be run on STM32
microcontrollers.

« Advanced sensors contain a Machine Learning
Core (MLC), a Finite State Machine (FSM), and
advanced digital functions. They run custom
algorithms on the IMU and share the workload
from the main processor enabling system
functionality while significantly saving power.

Ly
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Neural Networks
on STM32

» Learn more

iNEMO

Machine learning core

 Learn more

10


https://st.com/stm32cubeai
https://www.st.com/content/st_com/en/campaigns/machine-learning-core.html

Machine Learning Core in ST sensor
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New X-Factor sensor products with MLC
LSM6DSOX, LSM6DSRX, ISM330DHCX , 1IS2ICLX

We create the new generation of sensors to allow
developers exploiting their potential by improving

"
S\

the overall system efficiency

« ST has all the building blocks for the Machine
Learning Core for tools and software

» QOur constantly expanding development Industrial grad

ecosystem makes design fast and help you P |
reduce the time-to-market

Lys
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Basic process of MLC development

How it works in 5 simple steps and with an intuitive use case

User defines classes to be Clean and label logs. Define
recognized and collects data features best characterizing
logs. the identified classes.

&

Capture data

Lys
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Label data &
extract features

Machine Learning tools build
tree based on logs and

features.

Build decision tree

ST tool generates sensor
configuration with embedded
decision tree.

& {

Embed decision tree

Configure the sensor and
run the application.

Process new data
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Data collection — ST HW and SW tools

Form Factor

SensorTile.Box
STEVAL-MKSBOX1V1

Evaluation board

STM32Nucleo expansion
X-NUCLEO-IKS01A3

STWIN: Wireless Industrial Node
STEVAL-STWINKT1

STM32Nucleo expansion
X-NUCLEO-IKS02A1

INDUSTRIAL

INDUSTRIAL

Professional board

Profi MEMS tool
STEVAL-MKI109V3

AUTOMOTIVE

INDUSTRIAL

CONSUMER

Software solutions

AlgoBuilderSuite

Is73 Nt
AIQQ NUCLEO "?\‘
Builder < UNICO

All-in-one software package facilitate
the programming of sensors for an easy
and intuitive experience without writing
any single line of code. 14



Features calculation inside MEMS
. Featres

A\‘IL Acc_X, Acc_Y, Acc_Z Mean Variance Energy
- ACC_V, ACC_V2 W =1

e . z
KR o i RN PR S
WL L WL WL &
@ Gyro_X, Gyro_Y, Gyro_Z
V. V2 . _
Gyro_V, Gyro_ » Peak-to-Peak Maximum Minimum
\l/ ExtSens_X, ExtSens_Y, W W /W
N~—~ ExtSens Z o
wL h WL i h WL -

@ ExtSens_V, Ext Sens V2

> Y
\ Zero crossing Positive Zero crossing Negative Zero crossing
‘
‘ /V\/\/\/ eeeeeeeeeeeeee 5 M /\J ,,,,,,,,,,,,,, AN f\ /\/
— VTV, T
S (- ' —— B
Filtered data Peak detector Positive Peak detector Negative Peak detector
(High-pass, Band-pass, R -
. /-\ 1 Threshold » /.\‘ 1 Threshold
IIR1 and IIR2 filters) LN\ XN 2N
""""""""""""""""""""""" \c//\m/; \e//i\/;

< = > <«
r WL WL WL

lite.augmented Note: the window for features computation (WL) is configurable (from 1 to 255 samples). It is not a moving window
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PROBLEM:

» Does the motor need replacement?

FEATURES (Inputs):

Acc_X Peak Peak
Acc_Z Peak Peak
Acc_Z Variance
Acc_V Energy
Acc_V Maximum
Gyr_Z Variance
Gyr_V Energy
Gyr_V Maximum

OUTPUT:

1S7;

life.augmented

Leaf node

Decision node (>100mg?)

TN

Acc_Z Variance

(>12mg?)

N

Gyr_V Energy

(<48mdps™27?)

TN

Acc_Z Peak Peak Acc_V Energy

Decision tree algorithm
Failed motor detection example

Acc_V Maximum -«

Don’t replace

_-/\

Feature

Acc_V Maximum
(>50mg?)

PN

Acc_Z Variance

(>8mg?)

Don’t replace

Threshold

(>60mg?)

N

—» Replace

(>55mgh2?) <

TN

(>70mg?)

PN

Replace Don’t replace

Don’t replace ACC Z Peak Peak Don'treplace

16



[Demo] Application state estimation
with MLC




Ly
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H/W: ProfiMEMS board with LSM6DS0OX

General-purpose MEMS sensor evaluation tool

Professional MEMS mother board Sensor adapter board

E
1
|
1
i
i
(|
|

1
|

T EETEEERE R N

ST MEMS motherboard with STM32F401VE Sensor adapter board
and compatible with all ST MEMS adapters for a standard DIL24 socket
STEVAL-MKI109V3 LSM6DSOX (STEVAL-MKI197V1)

18



"

T S/W: Unico-GUI(PC application)

UNICO

PC application for sensor evaluation

» All Motion/ Environmental MEMS adapter boards
(STEVAL-MKIxxx) supported

« Compatible with Profi MEMS tool (STEVAL-MKI109V3)

» Cross-platform GUI for Windows, Linux and MacOS X
« STSW-MKI109W for Windows OS
« STSW-MKI109L for Linux OS
« STSW-MKI109M for Mac OS

* Features:
. . . . . CONFIGURATION
 Device registers configuration, Data logging T UcFfie
 Configuration file (.ucf) creation & C code generation " - i mcu

« FSM/ MLC development support n "

p o S

Ky 19
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Creating a decision tree with Unico-GUI

Machine learning core configuration Operating Mode

Capture data Label data Build decision tree  Embed decision tree Process new data
& < %S
T
> Accelerometer > >
D implammstion ) D Sesttimetest >
. . Real time test
implementation

> Gyroscope >

> Features > Results
> External sensors >
Unico-GUI
Fa %/‘ _':?/' %f _':?/'
—@ —@ —@ —@ —@
UNICO UNICO UNICO UNICO UNICO

Filters > Classification

ProfiMEMS board

Ly
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Application state estimation demo with MLC

Detect the following 3 states with the Machine Learning Core!

State #1: Face-up State #2: Face-down State #3: Shaking

oo =il
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ST S
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T STEP 1- (a): Connect the board to the PC

E.L LT BB 0N

ProfiMEMS board
+ LSM6DSOX Sensor adapter board

Computer

0 Connect ProfiMEMS board with LSM6DSOX sensor adapter board to PC USB port
‘1[ 22
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" Log collection

T &5 STEP 1-(b): Execute Unico-GUI tool

UNICO

/. UNICO 9.8.1.0 IS72

@  Gosspiatiorm user Interface for MEMS demonstration kits

.ﬂ'

7| |

Device Type: Device Name:
 Accelerometers | |STEVAL-MKI160V1 (LSM6DS3) N
Gyroscopes STEVAL-MEI161V1 (LSMEDS0)
E-compasses, Magnetometers STEVAL-MKI176V1 (LSM&DS3H)
Environmental sensors STEVAL-MKI178V1 (LSM&DSL)
iNemo Inertial Modules STEVAL-MKI173V2 (LSM6DSL)
STEVAL-MKI182v1 (ISM330DLC)
. . STEVAL-MKI189V1 (LSM&DSM)
@ | Sclect ‘iNemo Inertial Modules’ STEVAL MKT193V1 (ASMI30LHH)
STEVAL-MKI194V1 (LSMGDSR)
STEVAL-MKI195V1 (LSMEDSRX)
| | wmummmm @ | Select ‘STEVAL-MKI197V1’
lv| Communication with the motherboard [Enabled] | STEVAL-MKI207V 1 (ISM330DHCX)
] Automatic Port Detection [Enabled] | STEVAL-MKI210V 1K (ISM330DHCX) ;I

€@ | Press ‘Select Device’ button

Kyy 2
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" Log collection

T @» STEP 2: Set ODR and Full scale

UNICO
©" Open ‘Options’ ta () ‘Start
W 'p f_ pl_' A Connect .&"Discumect I ¥ Start \ Press Start bUtton
jﬂg Info Registers Registers 2 Embedded Reg 1 Embedded Reg 2 Embedded Adv Page 0 Embedded Adv Page 1 Sensor Hub Registers Load/Save
Bars
ﬂ Easy Configuration Gyroscope Sleep Mode
T-t m;::'g:i;{e“m and set a default [ Easy Configuration ] Sleep Mode configuration: [Sleep mode Disabled Lﬂ
=
= Gyroscope Full Scale e Set Ger
Accelerometer Full Scale
il scale:
ntempt il Scale: 25 ] e ODR Power Down
F; Gyroscope Output Data Rate
Gl Accelerometer Output Data Rate Output Data Rate: [PDWET Down Lﬂ
FIFO Output Data Rate: (26 Hz ~|
o Gyroscope High-Performance Mode
FIFO 9 rformance mode bit: [High-Performance Enabled _1[|
@ accelerometer Low-ro P4l Set accelerometer
6D Ultra-How-power mode:
nced Features
r ODR 26HZ and FS i 29 nced features on Professional MEMS [ R J
Indin. - ! .
7
FFT Advanced configuration MLC+FSM
2 Advanced configuration MLC+FSM [ Advanced MLC+FSM... ]
FFT
i C code generation
MLC C code generation [ S . ]
7 -~
Pedomet.,
. ,l STMicroelectronics Demonstration kit = STEVAL-MKI197V1 (LSMSDSOX) Board = ProfiMEMSTool Firmware Version = V3.6.26 Unico Version = 9.8.1.0 24
life.augmented




" Log collection

T STEP 3- (a): Get the log file

‘ ’
Dismnnect| | start @ sStop X Ewit a Open Load/save tap

il Info Options Registers Registers 2 Embedded Reg 1 Embedded Reg 2 Embedded Adv Page 0 Embedded Adv Page 1 Sensor Hub Registers Load/Save

| Back | Select Port: [CDM4 I & Connect &

Bars
\
E L) L) -
Pt save Data ' Specify the save location and file name
Data - Choose the file name: | Cif01IMLC_test/stationary. txt | [ Browse... ]
Interrupt .
a - Check the data you want to save: {Accelerometer) [ise | Acceleration R ¢ . y
;Sn; {(Gyroscope) [isB [] Angular Rate e CheCk Only Accelerathn
gl ] Temperature LSE ] Temperature [C] || DedsionTree Results
FIFO
- Press Start for logging: [ Start ] [ Stop ]
d
FIFO
!;E;j Load/Save Configuration
®
Indin.
& - Click Load for loading a configuration from a text file: [ Load ]
H_—I'
% - Click Save for saving the current configuration to a text file: [ e ]
H_—I'
C
A
Pedomet,
'l STMicroelectronics Demonstration kit = STEVAL-MKI197V1 (LSMaDSOX) Board = ProfiMEMSTool Firmware Version = V3.6.26 IUnico Version = 9.8. 1.0 25
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./ Log collection

T &5 STEP 3- (b): Get the log file

UNICO

A
|H Back | Select Port: [COI\"H |:| Connec t vy“ Disconne ct | \» Start . Stop K Bxit

illa Info COptions Registers Registers 2 Embedded Reg 1 Embedded Reg 2 Embedded Adv Page 0 Embedded Adv Page 1 Sensor Hub Registers Load/Save
Bars

k=

Plot Save Data
Dol - Choose the file name: C:/01MLC_test/stationary. bet | | Browse...

Acceleration D Angle D Interrupt

[ Angular Rate
[ | DedisioriTree Restits

- emperawre emperawre
B [ [Erdbied] [ H( stop ]
1
1
|I| 'l [

Start logging with
T T ‘Start’ button and

| i Stop with the ‘Stop’
button

Acc Y =-119 mg

Gyroscope:
W ¥ [Enzbled]

Get a log file for each state
@ State #1: Face-up
State #2: Face-down

‘Y_l #3: Shaking 9%

life.augmented




‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

" Unico
I Back | Select Port: [cqm 1 # Connect " Disconnect ‘ P start Stop X Exit
il Info Options Registers Registers 2 Embedded Reg 1 Embedded Reg 2 Embedded Adv Page 0 Embedded Adv Page 1 Sensor Hub Registers Load/Save
Bars
2
Plot
& UNICO
Data
. / Cross-platform User Interface for MEMS demonstration kits
i
g Q
FFo GUI Version: 9.8.1.0
(% |
FIFO 1 Firmware Version: V3.6.26
*®
&D
e UNICO
Indiin.
2 Demonstration kit selected: STEVAL-MKI197V1 (LSM6DSOX)
=21
2 Board: ProfiMEMSTool
FFT
I Kyy
= life.augmenied
LaunCh M LC tOOI Lvht:SI'EVAL-I'UIﬂlg?Ul(IS\‘IEDSO){) Board = ProfiMEMSTool Firmware Version = V3.6.26 Unico Version = 9.8.1.0

Kyy | .
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

Core
=
Data Patterns nfiguration =

Load Data Pattern a

| [ Browse... J ( Advanced Ootions... |

e Press ‘Browse’ button

Data Patterns Loaded {

Kyy 28
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

o
i
T
311
L
1
s
(T

‘ Data Patterns Config
Open File

1904 2

i Load Data Pattern

e v A » ThisPC » Windows (C:) » 01MLC_ test v O Search D1MLC _test P

Organize v New folder ==~ [N o Advanced Obtions J

SCAN_165 N Name Date modified Type

Current Data Patte @ OneDrive - STMicroelectroni0 1_Log1_FaceUp.txt 2020/06/29 22:17 Text Document

—
- - =

Text Document

I This PC .

3 3:;0bjects Select |Og file
Desktop
&/ Documents
‘ & Downloads
ﬁ Music

Text Document

I _ & Pictures

B videos

am Windows (C:)

Set Class

CLEAR

Data Patterns Loat s common (\tkyna003.tky.st.cor ¥ < > ]

File name: | 1_Log1_FaceUp.ta v| |Data Pattem File (xt ".csv s v

Ly
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

Machine Learning Core

Data Patterns Configuration

1901 2

Load Data Pattern

C:/01MLC_test/1_Log1_FaceUp.oxt || Browse... ) (__ Advanced Ootions... |
Current Data Pattern
Sample [#] AccX AccY AccZ GyrX GyrY GyrZ ExtX Exty Extz =~
1926 34 392 926 0 0 0 0 0 0
1927 -63 376 902 0 0 0 0 0 0
1928 -47 411 965 0 0 0 0 0 0
1929 38 376 903 0 0 0 0 0 0
1930 -15 390 939 o 0 0 0 0 0
1931 -1 396 041 e 0 0 0 0 "
4] | ol
‘ y
semw-ﬂ face_upl 11l LOAD /1| Press ‘LOAD’ button
Data Patterns Loaded CLEAR
Set label [ )

Kyy 3
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¥~ """ STEP 4: MLC settings and decision tree creation

UNICO

.| Machine Learning Core

=
Ly
(g}
—
=)
=R

Data Patterns Configuration

Load Data Pattern
| [ Browse... ] [ Advanced Ootions... J
Current Data Pattern
Sample [#] ExtX t xtZ
Kl
|| LOAD )
Pattern [#] Samples [#] Result Location

0 1932 face_up C:/01MLC_test/1_Logl_FaceUp.txt

1 1759 face_down C:/01MLC_test/1_Log2_FaceDown.bd

2 1369 shaking C:/01MLC_test/1_Log3_Shaking.bd

ﬂ Label and load logs corresponding to all acquired states

Ly
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

100L D X

0 Open ‘Configuration’ tap

Machine Learning Core configuration

Device
Select the device: (LsMeDSOX ~|

@ | select “LSM6DSOX”

e Press ‘Next’ button

— ) N - | ( — )

Kyy 2
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

Data Patterns Configuration

=
=
0
—
=]

ot

Machine Learning Core configuration

Device
L (LsmeDsOX =
@ | set MLC ODR to 26Hz
Machine Learning Core ODR
Select the internal data rate for the Machine Learning Core: [26 Hz Ll'

@ | Press ‘Next’ button
R Y I———

Kyy 3
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

Data Patterns Configuration

=
| oy
0
—
o
{3

Machine Learning Core configuration

Device
Select the device:

(LsmeDsOX |

Machine Learning Core OD!

Select the internal data rate for the Machine Learning Core: [26 Hz ;“
tnputs @ select ‘Accelerometer only’
Select the Machine Learning Core inputs: [Acce erometer only ,'_"
Accelerometer
Full scale: [Zg Lﬂ 9
o &= = || Full scale: *+ 2g

ODR:26Hz

® | Press ‘Next’ button

( == I - | ( - )

Ly

life.augmented
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

Data Patterns Configuration

=
| g
0O
-
o
=

Machine Learning Core configuration

Select the device: [LsmsDsOX d | -]

Machine Learning Core ODR
Select the internal data rate for the Machine Learning Core: [26 Hz ;I]

Inputs

Accelerometer
Full scale: Lg g ;]]
ODR (26 H =l
o Set the number of decision
trees to create — Normally one
Decision trees
Number of decision trees: [ 1 ;[l |

@) | Press ‘Next’
(e ) D [ =) |Loutton

Ly
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

Data Patterns Configuration

=
| g
0
-
Q
=N

Machine Learning Core configuration

Select the internal data rate for the Machine Learning Core: 126 Hz v || - '

L L

Number of decision trees: 0 Set “Window Iength” to 26

Window length
Number of samples for the window of interest: [26 L[l

@) | Press ‘Next’
butt
s S |—on

Kyy %
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

Data Patterns Configuration %
Machine Learning Core configuration s
=
lect th ch [ ccelerometer on ly ;[]
Accelerometer
Full scale: [29 ;l]
ODR: (26 Hz ~|
MNumber of dedsion trees: [1 ;[I
::::rﬁofi?cf for the window of interest: a If yo u d o n 't use a fi Ite r ;ﬂ
Leave as the default
Filter configuration
Configure one filter: [End filters configuration L[‘
:9 Press ‘Next’

G T [ .. )| [Putton

Ly
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../ Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

L+ Machine Learning Core

Data Patterns Configuration %
Machine Learning Core configuration g
Number of samples Tor the window of interest: 3] i || :’
Filter configuration
Configure one filter: [End filters configuration ;[l
Features
I a
Festwe:  Mean Input:  ACC_X [Jenabled | [ Signed il i
Feswrer  Mean Input  ACC Y [ Enabled i [ signed Ll el
Festrsi  Mean | mem ACC_Z (4 Enabled II £ signed @ |
il [hve ax He== | €| Enable Mean of ACC_Z
Festre:  Mean Inputt  ACC_V2 [ Enabled | —
Feswe:  Variance Input  ACC_X Clenabled | [ Signed i'
Festeet  Variance Input:  ACC_Y ' [Jenabled | [ signed ﬂ]
Feswre:  Variance Input:  ACC_Z [JEnabled | [ Signed @ |
e B _g=== | @) | Enable Variance of ACC_V
|___Festwe: Variance Input: _ACC V2 [l Enahled | — =
*9 Press ‘Next’
) I - (s ) | | DUttON
Kyy | 3
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‘\_/* Labeling

T+ <& STEP 4: MLC settings and decision tree creation

UNICO

¥ Machine Learning Core b4
, =z
Data Patterns Configuration =
2
Machine Learning Core configuration g
CONTgOTE OrE TITET: [ET THYETS COnTgurauon | _‘_]
Features
esture:  Variance input:  ACC_Z Enabled | Signed [F5) I
Fesurs:  Variance | Input: ACC W Enabled |
Feswre:  Variance Inpst:  ACC_V2 Enabled |
Feawre:  Energy Input:  ACC_X . Enabled I (+) |
Festre:  Energy | ot ACCY ' Enabled | Signed (+) |
Fesoe:  Energy It ACC_Z Enabled | Signed +) |
Feawre:  Energy Inputt  ACC WV Enablad |
Feawre:  Energy [ Enput ACC V2 . Enabled |
- Peak to Peak Inpu:  ACC.X " Enabled | Signed ) |
Feange: Dol ¥ Doal Inpti ACC Y ' Epahied | Sianed e |
- Ll Ll - L]
ﬂ— Save the input file containing the calculated features in ARFF format
Save ARFF file
ARFF file: |C:J0IMLC_test/Epen_features.arff j| Browse l . ;
9 Press ‘Next
b

button
| Reset ] I - | ( Next )

Kyy 39
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‘\_/* Labeling

T+ & STEP 4: MLC settings and decision tree creation

UNICO

. Machine Learning Core

jooL o [R8

Data Patterns Configuration

Machine Learning Core configuration
Feanre:  Mean Inputt  ACC Y Enabled |

| ne
Feawre:  Mean | tnpu: ACC_Z . Enabled | ned 3 |_
Fesure:  Mean Inpuz  ACC Y Enabled |
Fesnrs:  Mean I ACC_V2 Enabled |
Feawrer  \ariance Input:  ACC X Enabled | Signed ;I
Festret  Variance [ mom  Accy Ensbled | ed ;l
Feaw=:  Variance inpen ACC Z Enabled | ned | _.I
Featwre:  Variance Inputt  ACC V Enabled |
Festwre:  Variance . Inputt  ACC N2 . Enahled |

6‘?{Set output code for each class | srowse |

Decision Tree #1 Results
Insert the result values [from 0 to 15] for decision tree #1:

face_up face_down shaking
b | @« ) 8 |

@ [Press ‘Next’

[ ree ] N - [ e |outton
Kys S 40
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\ /’ Decision

7™ STEP 4: MLC settings and decision tree creation

UNICO

Machine Learning Core

oL W RS

Data Patterns ~ Configuration
Machine Learning Core configuration
s T II—I I_l-"—_I :J
Decision Tree #1 File - [Awvailable nodes = 246]
Max number of nodes:
- Click "GENERATE" to generate a new decision tree | 15 |

- Click "Browse" to import a different dedision tree file (e.g. generated by external tools)

Confidence factor:
1] [0.0 |

= Decision tree name:

( Browse ]| | [ort
i G Generate decision tree

IS7 | e ) I - | - )

life.augmented
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\ /’ Decision

rﬁ\. Tree creation

STEP 4: MLC settings and decision tree creation

UNICO

Machine Learning Core

Data Patterns Configuration

1904 2

Machine Learning Core configuration

Decision Tree #1 File - [Available nodes = 246]

Max number of nodes:
- Click "GENERATE" to generate a new dedision tree (15 |
- Click "Browse" to import a different dedision tree file (e.g. generated by external tools) '
Confidence factor:
(0.0 |
GENERATE =
Dedision tree name:
Browse | |:c:,'o IMLC_test/ST_decision_tree_20200701_110739_925.txt | [om1
Decision tree info

F1_MEAN_on_ACC_Z <= -0.843594: face_down (66.0)
Fi_MEAN_on_ACC_Z > -0.843594

| F2_VAR_on_ACC_V <=0.00292968: face_up (73.0)

| F2_VAR_on_ACC_V > 0,00292969: shaking (51.0) a
Number of Leaves : 3
Sizeofthetree: 5

Generated decision tree

class:
=> face_up, face_down, shaking,
features:
=>F1_MEAN_on_ACC_Z, F2_VAR_on_ACC_V,

oo I - —
7 | J [ )

life.augmented
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\ /’ Decision

7™ STEP 4: MLC settings and decision tree creation

UNICO

Machine Learning Core

Data Patterns Configuration

1001 27

Machine Learning Core configuration

Decision Tree #1 File - [Available nodes = 246]

Max number of nodes:
- Click "GENERATE" to generate a new decision tree (15 |
- Click "Browse" to import a different dedision tree file (e.0. generated by external tools) ' !

Confidence factor:

os |

Wi

Dedsion tree name:

Browse | [C:/DIMLC_test/ST_decision_tree_20200701_110733_925.txt | [om1
Decision tree info 0
) -]
=== Confsion Matrx ====~ e 1
ce_up face_down j <— dassi = =
focewp 73 L 0 D Confusion Matrix
face_down 0 86 0
shaking 0 0 51

Total Number of Instances 1 150
Correctly Classified Instances : 190
Incorrectly Classified Instances : 0

|_Kappa Statistic: 0.340332 —
Accuracy: 100%

Report : precision recal _ support 9 Press ‘Next’
button

oo I =
&7 : ) [ )
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7™ STEP 4: MLC settings and decision tree creation

UNICO

Machine Learning Core

Data Patterns Configuration

1901 27

Machine Learning Core configuration

’ : i 0.9 | )
Decision tree name:

[ Browse | [C:/0IMLC_test/ST_decision_tree_20200608_102941_608. txt | [om1 |
===== Confusion Matrix ===== -
Stationa Idle Writing  <-- dassified as
Stationa 24 0 0
Idle 0 31 0
Writng 0 0 26

Total Number of Instances : 81
Correctly Classified Instances : 81
Incorrectly Classified Instances : 0
Kappa Statistic: 0.337296
Accuracy: 100%

Report : predsion recal support

Stationa 1 1 24

Idle 1 1 31 e,
Meta-classifier

Insert the end counter values for the decision tree (allowed values from 0 to 14):

E3 H =3
Writing

2
r?ﬁ" f—-] T ) 0 Press ‘Next’
~1 | button

e ) I - | ( — )
‘YI
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N Decision
7™ STEP 4: MLC settings and decision tree creation

UNICO

0L DT [

- Machine Learning Core
Data Patterns Configuration
Machine Learning Core configuration
=

e (allowed values from 0 to 14):

Save the ucf file(Unico configuration file)

ﬂ]
including the generated MLC
Save Configuration File ] [—_l Press ‘Next!

Configuration File Path: [C:/0IMLC_test/Epen_test.ucf
= | button

( - ) I - | ( = )

Ly
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\ /’ Decision

L+ STEP 4: MLC settings and decision tree creation

? X

DataPatterns  Configuration %

2

Machine Learning Core configuration g
Dectuun tree info

<~ dassified as —I
MLC setting is

completed!

Information

Accuracy: 100%

Report : predsion recal support Configurati 5
ation File created:

Stationa 1 1 24 fiou

| 1dle 1 1 31

C:/01MLC_test/Epen_test.ucf
[] Load configuration on STEVAL-MKI197V1 (LSMEDSOX)

Meta-classifier == oK |
Insert the end counter values for the decision tree (allowe

#1:

&7

Stationary Il:;!le .'-,-'r.itin;
[0 | [o | [o |
Save Configuration File (Lucf) .
Configuration File Path: |C:/01IMLC_test/Epen_test.ucf | Browse | !

- I
‘—, 7 [ )

life.augmented
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Operation

check

SO
A
S

¢

STEP 5: Check the operation of the created MLC

=/ Unico
Id Back | Select Port: |00M4 || _# Connect " Disconnect ’ b Start Stop & Exit
ik Info  Optons  Registers  Registers2  EmbeddedReg1  EmbeddedReg2  Embedded AdvPage0  Embedded AdvPage 1 Sensor Hub Registers  Load/Save
Bars
2
Plot Save Data
S - Choose the file name: _ [ Browse... ]
Interrupt }
X - Check the data you want to save: {Accelerometer) [Mss Acceleration [ Angle Interrupt
cal
FSM (Gyroscope) [ s Angular Rate
) [ Temperature LB [¥1 Temperature [C] [~ DedisionTree Results
FIFO
- Press Start for logging: [ Start J [ Stop ]
(s}
FIFO
@
Load/Save Configuration ¢ )
& P Load’ butt
o @) Press ‘Load’ button
Indin.
% - Click Load for loading a configuration from a text file: Load
FFT
% - Click Save for saving the current configuration to a text file: Save ]
FFT
MLC
Pedomet.
STMicroelectronics Demonstration kit = STEVAL-MKI197V1 (LSM6DSOX) Board = ProfiMEMSTool Firmware Version = V3.6.26 Unico Version = 9.8.1.0
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\ /. Operation

T~ =, STEP 5: Check the operation of the created MLC

Inico - ><

I Back | Select Port: [com v # Connect " Disconnect [ b start Stop X Exit

iﬂa Info Options

Bars

Et Save « v » ThisPC » Windows (C:) » 01MLC_test v O Search 0TMLC _test 2

=] Organize v New folder =~ M1 @

iy A Nam B Date modified Typ Browse...

@ OneDrive - STMicroelectronics it el e
F| 2020/07, : '
’“‘"j“’* v Bl This PC 4] 3state test.ucf 2020/07/01 11:15 UCF File "

cab

it B 3D Objects -

B Deskctop 0 Select the created .ucf file kcsionTree Results
FIFO » @& Documents

FII% ' J Downloads

» J\ Music

6D Load & Pictures

[ ] ) i Videos
i v i Windows (C:) ]
?} .android

%) O1MLC _test v < ]
FFT File name: | 3state_test.ucf v‘ Unico Configuration File (*.ucf) ~

A

Pedomet.
1 )
STMicroelectronics Demonstration kit = STEVAL-MKI197V1 (LSMEDSOX) Board = ProfiMEMSTool FQEVJ Press Open bUtton

Ly

life.augmented
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\ /. Operation

T > STEP 5: Check the operation of the created MLC

UNICO &

/K
%P,
e

Unico

IH Badk | Select Port: [Ecm ¥ # Connect 5" Disconnect l m Stop X Ext
d i i dfSave
‘ﬂg Info Options Registers Registers 2 Embedded Reg 1 Embedded Reg 2 ldeg ¢ y 5 Loa
s Press ‘Start’ button
L7
Plot Save Data
= ‘ ’ . -
Doto @ Open ‘Data’ window —
Interrupt i
: - Check the data you want to save: {Accelerometer) LsB Acceleration £ angle Interrupt
F; (Gyroscope) i Ls8 Angular Rate
] [Z] Temperature LSB E] Temperature [C] DecisioriTree Results
FIFO
- Press Start for logaging: [ Start ] [ Stop ]
o
FIFO
@
&0 Load/Save Configuration
[
Indin.
E - Click Load for loading a configuration from a text file: Loaded l Load ]
Fr
% - Click Save for saving the current configuration to a text file: l Save ]
FFT
MLC
#
Pedomet.
STMicroelectronics Demonstration kit = STEVAL-MKI197V1 MSOX] Board = ProfiMEMSTool Firmware Version = V3.6.26 Unico Version = 9.8.1.0
"I 49
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\ /. Operation
,zﬁ\. check

Select Port: {CCM‘! v ¢ Connect

p‘Discrn‘lect‘ \» Start

STEP 5: Check the operation of the created MLC

@ Stop XK Bxit

Interrupt

g

.

: g* 2i 15 Is fe@ s

Ly

life.augmented

Info Options

Registers Registers 2 Embedded Reg 1

S 90 3
&

Embedded Reg 2

Embedded Adv Page 0 Embedded Adv Pag

State #1: Face-up

e

2 st

2 [ o |
Decision tree ‘g_utﬁﬁﬂt
0: Face-up < | |0 et
4: Face_doWn PR ‘_ - ‘LSB
8: Shaking - e
e
B 4 [} B! 0 | 3| o | 4. | - s(0..| 6] o

Demonstration kit = STEVAL-MKI197V1 (LSM&DSOX)

Board = ProfiMEMSTool

CO070-16-8

State #2: Face-down

ef

State #3: Shaking
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\ /. Operation
(ﬁ\. check

é

STEP 5: Check the operation of the created MLC

Paava =
UNICO 645
v.“:!‘,
Unico
Il Back | Select Port: [50”4 E ¥ Connect 5 Disconnect l P Start @ Stop X Exit
illy Info Options  Registers  Registers 2  EmbeddedReg1  EmbeddedReg2  Embedded Adv Page 0 Embedded Adv Page 1  Sensor Hub Registers  Load/Save
Bars
I;%t Save Data
Pee - Choose the file name: . _ Browse... l
Interrupt .
- - Check the data you want to save: (Accelerometer) [liss Acceleration L] Angle [ interrupt
F;: (Gyroscope) (s (] Angular Rate
J [] Temperature LS8 [ Temperature [C] DedisionTree Results
Fﬂ‘: - Press Start for logaing: [ Start ] [ — MLC It I N
) 1) result logging
-r\.' Ll Ll
* T — is also possible
[
Indin. y
%) - Click Load for loading a configuration from a text file: Loaded l Load J
5 ol B
% - Click Save for saving the current configuration to a text file: [ Save J
&1
MLC
A
Pedomet.
STMicroelectronics Demonstration kit = STEVAL-MKI197V1 (LSMEDSOX) Board = ProfiMEMSTool Firmware Version = V3.6.26 Unico Version = 9.8.1.0
‘ ' l 51
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Thank you

© STMicroelectronics - All rights reserved.

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.

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