SensorTile.box: Pro Mode
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Agenda

N\
‘ Hands-on #0 — Flash a binary
\

‘ Hands-on #1 — DataLogExtended example with Unicleo-GUI
\

‘ Hands-on #2 — 4D position recognition (FSM example)
‘I Hands-on #3 — Vibration Monitoring (MLC example)
‘/ Hands-on #4 — 6D position recognition (FSM example)

/

’ Restore the original FW
V4

Lys
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Hardware and Software check

What will we use?

Please make sure that you have:

v Installed Unicleo-GUI on your laptop
v Installed STM32CubeProg on your laptop (requires JRE)
v Installed Serial terminal (e.g. Tera Term) on your laptop
v Installed ST BLE Sensor app on your smartphone

v' Downloaded FSM & MLC examples from GitHub
v' Downloaded FP-SNS-STBOX1 (FW package)

-

N
sTM32” NI
CubeProgrammer
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Pro Mode

Discover sensors functionalities Configure and . Develop specific functions using
using pre-defined functions define new apps . development environment .
Programming using STM32 ODE
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-
sTM32" NP

Cubeprogrammer STM32CubeProg mm=

[ sTM32CubeProgrammer - O X
Flash, RAM, OTP memory
aress 008000000 - Size 0x400 Data width 32-bit -
Address 0 4 8 C ASCI

0x08000000 20000428 0800190D 080018E9 080018EB Cow o Bl B

0x08000010 080018ED 080018EF 080018F1 00000000 LIPS DAY PR

0x08000020 00000000 00000000 00000000 080018F3 ............ G... - ﬂ

0x08000030 080018F5 00000000 080018F7 080018F9 s PO, T P De b u g I nte rface (\] T G ] SW D)
0x08000040 08001929 0800192D 08001931 08001935 ) -...1...5.. -

0x08000050 08001939 0800193D 08001941 08001945 9...=...A...E.. Bootloader |nte rface (UART U SB)
0x08000060 08001949 0800194D 08001951 08001955 I M...Q...U.. J
0x08000070 08001959 0800195D 08001961 08001965 Yo..]...a.. e, O T h A OTA f ST M 3 2WB
0x08000080 08001969 0800196D 08001971 08001975 i...m...q...U. Ve r e I r O r

0x08000090 08001979 0800197D 08001981 08001985 R

0x080000A0 08001989 0800198D 08001991 08001995 ...

0x080000B0 08001999 08001990 080019a1 080019A5  ........ Aooaiio oo

0x080000C0 080019A9 080019aD 08001961 08001985 L= |
Log Verbosity level @1 2 . -

LI R A Spe— - Command Line interface

15:44:01 : 51ze : 36 Bytes

15:44:01 : Ezgk H Dxﬂ% 17701008 f . = ]
15:44:01 : Address : Ox t t th h t

15:44:01 : 5 : 28 B

i oo or automation through scripting
15:44:01 : Size : 1024 Bytes

15:44:01 : Address : OxE000000

15:44:01 : Read progress:

15:44:01 : Time elapsed during the read operation is: 00:00:00.005 .

Cortex-M4 e g,
- m a C .‘.‘
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FP-SNS-STBOX1 mma

* This is a simple zip of several application examples
* Directory structure is deeply nested and folders have long names

* It iIs recommended to unzip in C:\Temp\ or similar short paths
not to exceed the maximum path length

. 5TM32CubeFunctionPack S5TBOX1 W1.0.0

= . _htmresc

E

. Documentation

= W Drivers
FP-5N5-5T . Middlewares
BOX1_V1.0. .
0.zip i Projects
m . Ltilities

life.augmented



FP-SNS-STBOX1

DataLogExtended

| §TM32CubeFunctionPack_STBOX1_V1.0.0
B himsesc

. Documentation

N
J..-
STEVAL-MKSBOX1V1

Hardware evaluation board o .j_' PlﬂJECE

\es\\(\\oa 1. Utilities

Applications

Lys
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i FP-SNS-STBOX] mm

. Components
. Common
* Drivers e - Middleware
« BSP Board Support | lis2mdl » BLE Bluetooth Low Energy stack
Package i) » USBD Device library
« Components (MEMS) | IsmBdsox - FatFS Filing System
+ Board (SensorTile.Box) - FreeRTOS Real-Time Operating System
. SensorTile.box ® -
e CMSIS Cortex MCU | CMSIS S
Software Interface Std ' Core oo
- DSP Digital Sig Proc. | E:{:‘ | BlueNRG2
o NN Neural Net . J S-TMBE_L.ISB_Device_LiI:Irar}r
. RTOS ' Dsp . ThFlr:;Part_r,r
- HAL Hardware e | FreeRTOS
Abstraction Layer | NN
. BTO%
| RTOS2

J STM32L4cc HAL Driver

Lyy o
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FP-SNS-STBOX1 s

 Applications

- DatalLog save to SD card at max speed w/RTOS ' Projects
. STME2LARSAT-5ensorTile.box
 BLESensors stream to ST BLE Sensor app Aooficat
. Applications
« BLELowPower stream to ST BLE Sensor app W/RTOS e
« BLEMLC Machine Learning Core demo ' BLELowPower
- BLEFOTA Firmware Over-The-Air-Update | BLEMLE
. BLESensors
- Examples | Datalog
« Bootloader at 0x0800 000 with BLEFOTA at 0x0800 4000 | Exarmnples
« DataLogExtended stream to Unicleo GUI via USB Virtual COM . Bootloader
port . DataLogExtended
. Utilities
o Utilities . BootLoader
| STM32L4R971

 Bootloader precompiled binary

Lys
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FP-SNS-STBOX1

¢ B L Ese n S O rS Environme... STARTLOGGING :

 The BLESensors sample shows how to easily send
Inertial and environmental sensor output data of the

. . . . 3 a0 = 90% M 06:35
SensorTile.box to STBLESensor application via i e T
Bluetooth.

24.6 [°'C] Not available

- BLEMLC

 The BLEMLC application shows how to program the V/
machine learning core of the LSM6DSOX. In

particular, this sample programs the accelerometer
to run an activity recognition algorithm or a vibration BRI

monitoring algorithm and to send the results to
application.

981.23 [mBar] 42.9 [%]

Lo o
Lys
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DatalLogExtended

Lys

augmented

« The DataLogExtended sample shows how to dialog with the Unicleo-GUI running on a
PC connected via USB to the SensorTile.box, visualizing all the sensor data streamed
from the board. It is also possible to program and test MLC and FSM algorithms.

@ Stop

7 Settings

A Exit

Accelerometer:

| Enable All Sensors

E Unicleo-GUI
Device [COM? D Connect " Disconnect |
Info FW Management User Messages MKSB0X 1V1 Options
] Accelerometer - LSM6DSOX
Datalog
™S Enable: 4 Address: -
M’gz Full Scale: |2 M Value: v
= ODR:[12.5 =] |Map)| Get )| Set)
Environ-
e Gyroscope - LSM6DSOX
St Enable: 4 Address: N
w Full Scale:|245 > Value: v
riines ODR:[12.5 || (Map) Get)(Set)
Fav
Magnetometer - LIS2MDL
e Enable: Address: -
0 Full Scale: |50 b Value: -
FFT
ODR: |10 ~1 | Map) Get )| Set)
STMkroslectronics Unideo Verson: 1.10.0.8936

| Disable All Sensors |

Frmware Version = 6.2.0

ODR:|1 =l

Pressure - LP
Enable: &4
obr:[1 =]

Humidity -
Enable: &4
Humidity: "™~

Enable: M

msa/s = 1.0 Pre: 045 hPa e
B B I e
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FP-SNS-STBOX1

- BLELowPower

 The BLELowPower application shows how to use FreeRTOS = AccEvent  STARTLOGGNG |
and low-power techniques to send inertial and environmental
sensor output, the dB measured by the analog microphone perectedevent  Grematon -
and events of the LSM6DSOX accelerometer (like FreeFall,
Single/Double Tap, WakeUp, Tilt and 6D orientation) to
STBLESensor application via Bluetooth.

- Datalog I I I I

 The DatalLog application shows how to use FreeRTOS to
save inertial and environmental sensors and the analog
microphone output data of the SensorTlle.box to the SD card
without loosing samples (at max speed)

I8 % i0r = 90% M 06:38

oo 0
Lys
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Real-Time Operating System (RTOS)
- BLELowPower and DataLog: RTOS

« Enables low-power operation: microcontroller can sleep when there is no task scheduled
for execution (typical task samples sensors and streams over BLE)

« Enables max speed: microcontroller can buffer data read from sensors while write
operation on SD card is in progress

Lys
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FP-SNS-STBOX1

 Bootloader

« The BootLoader controls the Boot Sequence and allows replacing BLEFOTA firmware
with the new BLEFOTA firmware updated Over-The-Air (FOTA) through an Android/iOS
device via Bluetooth using the STBLESensor application

- BLEFOTA

 The BLEFOTA receives the new firmware from the STBLESensor application and saves
it before passing control to BootLoader samples

* |t is possible to control the initialization and connection phases and, on boot, it is possible
to define the name the board will use for Bluetooth advertising.

Lys
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Firmware Over-The-Air (FOTA)

- 0x0800 0000
BLEFOTA application and the Bootloader

« 0x0800 0000 Bootloader

* If the new app is ok, copy it over current app 0x0800 4000
* Run current app at 0x0800 0000 Old app 1008K

» 0x0800 4000 current application (old)

* Receives the FOTA app over BLE and
writes at 0x0810 0000

0x0810 0000
New app 1024K

» 0x0810 0000 FOTA application (new)

Lys
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Introduction to Unicleo-GUI

* Unicleo GUI

life.augmented

Displays data from connected sensors
(time plot, scatter plot, 3D plot)

Saves data to tab separated (TSV) or
comma separated (CSV) files

Program Nucleo with selected
MotionXX library

Reads from and writes registers
of sensors on X-Nucleo expansion

Connects over USB or BLE

Supports many platforms

 Nucleo-L476/F401/L152/L073 with
X-Nucleo-IKS01A2/A3 or IKS02A1
 BlueNRG-Tile

 SensorTile.box

F e

v 5
- s | e
]
oo
&=
557 Pedometer
i Information:
g Steps: 36
Cadence: 117
Cadence
105
105
108
114
18
118
116
115
i 114
pees
106
111
115
17 1
2 e ha cionos nctansty
- stgorthans were crested by Unico software.
The Ui Can b wied ol e v Sevelon snd b FS combaurston.
P States Reeters
[ ] [ ren—
o2 oo s )
Selectport:  [coM3 Comrect ¥ Discomnect | @stop | gk settngs *® et -
o3 rocsTins A )
Info  FWManagement UserMessages  MKSBOX1V1Optons ot TS S o=
= o oGNS Get) S8
=] —— Accelerometer - LSM6DSOX ——
Datalog oo ruaG sy ) 86
& Enable: Address: )
Motion Full Scale: |2 b4 Value: ~ 7] - . — et <
MEMS Unicleo-GUI
ODR:[12.5 =] | wap ) _Get ) (5et
(2 Select Device: |BCN-002 (C0:23:32:A%:72:40) i & Connect # Disconnect ‘ b Start Stop ‘ ¢ Settings ‘ K Bt
Environ-
el Gyroscope - LSM6DSOX Info  FWManagement  User Messages
b - o
e Enable: Address: ~ Ho —
Ny . Firmnare Descripton: =
= Full Scale:| 245 Value: | Accelerometer Caibration aa i %
T ODR:[125 = | (i) (et) (B —— KS01A2 TKS01A2 Ks01A2 k50142 Ks0142 IKs0182 1K50102
) (e (et €D o0 Acceleromete  ActiveTime | AdiipReco  AdivitReco  CarPositio  Datalogiden  Datalogexten
a h‘ 3 rCalibratio KS01AZ.bin gnition_IKS gnitionWris n_IKs01A2.0 ded_IKSO1A2 ded_XT1_IKS
Lirary Version: nIKSO1A2 01825 IKS01A2 in bin OtA2bin
FSM — " R | tl
Magnetometer - LIS2MDL ot u210 n n
il Enable: Address: ) Expansion Board:
GEe IKS0 142
Full Scale:[50 Value: ~ Mo Board @ f \' m
ODR:|10 = Map ) Get ) Set STMIATERG TKS01A2 TKS01AZ K501A2 1K50142 TKS0142 1 Ks01a2
ECompass IKS  fallDetectio  FFT.Demobin  Fitnessactiv  GesturcRecog  GyroscopeCal  IntensityDet
( Main functon s o show hor to use: O1A2bin  n_IKSO1A2b ities IKSO1  nition IKSO ibration Ik ection IKSO
| Enable All Sensors Disable All Sensor; X_NUCLEG_IKSO1A1(2) expansion board for| in in 1A2.bi 1AZ.bin 1A2.bin
demonstration of accelerometer calibration.
STMicroelectronics Unideo Version: 1.8.0.7230 Firmware Version = m ﬁ n @
KS01A2 K501A2 IKs01A2 Ks0142 Ks01A2
Pedometer Ik PoseEstimati  StandingSitt  Titsensing_
s SO1AZbin  sIKSOTAZ.  on KSOIAZ  ingDeskKS  IKSOIAZbin
ueeo Drive bin bin 142.bin
. Nuceo Drive NotFound .|

STMicroelectronics

Unideo Version: 1.4.12.6746

Firmware Version =v0.0.0

Expansion Board:




Introductlon to Unicleo- GUI __
HW Reqwrements

OPTIONAL

DIL24 Adapter
ASM330LHH |

AIS2DW12*
STM32 Nucleo Board ::ggalbpcc
X-CUBE-MEMS1 STEVAL-BCNKTO1V1 STEVAL-WESU1
ISM303DAC
NUCLEO-F401RE eMA20DLC
NUCLEO-L476RG : enim1
NUCLEO-L152RE CleoDuio
NUCLEO-LO73RZ
Expansion Board USZMDL*
X-NUCLEO-IKS01A2 LISSMDL
X-NUCLEO-IKS01A3 LPS22HH
LPS33HW
LSM6DSO STEVAL-BCNO02V1B
r LSM6DSOX
Y/ NUCLEO CSHaDSR- BLE DEVICES
*
life.augmented STTS22H
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Configure sensor
Monitor, display and store sensor data

Port:

K Unicleo-GUI

COM17 I Connect

¥ Disconnect | V Start

.+ Settings o€ Exit

=

Datal
[

Motion
MEMS

2

Environ-

Interrupts

am

FSM

Info  FWManagement  User Messages
- Accelerometer - LSM6DSO -

Enable: Address:[ -]

Full Scale:[2 -] Value:[ <]

ODR:|104 =~ Map ) Get ) Set

Gyroscope - LSM6DSO ————
Enable: Address:[ -]
Full Scale:[125 =] | Value:[ +]
ODR:[104 =] | (map) _Get ) (5eE)

—— Magnetometer - LIS2MDL ——
Enable: Address: =

Full Scale: |50 X Value: -

ODR: |50 - Map ) Get ) Set

STMicroelectronics

IKS01A3 Options

~Pressure - LPS22HH
Enable: Address:[ -]
Full Scale:[ =]| Value: ] 5]
ODR:[1 =] | (map) cet)(Set)

— Humidity - HTS221

Datalog Mode

[ Motion Sensor Plot O x

Accelerometer:
M oo

% T +125 dps

+62.5 dps

Enable: Address: -
Full Scale: Value: -
ODR:m Map ) Get ) Set )

Temperature - HTS221 ———
Enable: Address:[ -]
Full Scale:[  =]| value: ]~ =]
ODR:[1 =] | (map) Get) set)

-62.5dpsg

-125 dpg

Lys

augmented

Rl - Choose the file name: | ‘ Browse...
[Enable All Sensors [Disable All Sensors
| SRR TSN | MEUERE A RS P2 AR - Check the data you want to save:
My [ Select All ] [ Pressure [] Temperature [] Humidity
Unideo Version: 1.8.0.7230 Firmware Version = 6.2.0 Expansion Board: IKS01A3 ! [ cearan |
| | | 1€ -25| 1018| -253| -82¢| -7871 | | [ i [] Acceleration [] Angular Rate [] mag Field
I I I | I I | I | -403] -157I 123|
| | | 14 =271 1017| -227| -222| -723| | | |
| | | 151 -2€1 1018| -218| -8311 -7831 I I | 3 -
I I I I I I I I | -405| -les| 130 ~press Start or logging: (st ] [ sop ]
| | | 1€ =271 10131 -214| -848| =7511 I I | i’
| | | 15] -2€| 1lole| -288| -212| -200] | | |
I I I | I I | I | -40%] -1l€2| 1231
| | | 15] -27] 10lg| -253| -213| -73¢€| | | |
I | | 15/ -2€| 10le| -258| -813| -T7€5] | | | -
| | | L | | L | LR R P T TR

Magnetometer:

[&] Datalog Settings >

Save Data  Load Data

STMicroelectronics

Unicleo Version: 1.8.0,7230

Firmware Version = 6.2.0

Expansion Board: IKSD1A3

ST MEMS & Sensors training, Italy, November 2019 \‘Jir')



Register Map
Interrupt monitor
MLC, FSM

= Logic analyzer o x

NT/LIS2MDL DRDY
LIS2MDL DRDY )]

MINTL

LPS22HH INT1

10 TN

0
il

Lys

augmented

E Register Map

LSM&DS0

Basic Registers

LIS2MDL HT5221

Embedded registers

FUNC_CFG_ACCESS
PIN_CTRL
FIFO_CTRL1
FIFO_CTRL2
FIFO_CTRL3
FIFO_CTRL4
COUNTER_BDR,_REG1
COUNTER_BDR_REG2
INT1_CTRL
INT2_CTRL
WHO_AM_I
CTRL1_XL

CTRL2_G

CTRL3 C

CTRL4 C

CTRL5_C

CTRLS_C

CTRL7_G

CTRL8_XL

CTRLI_XL

CTRL10_C
ALL_INT_SRC
WAKE_UP_SRC
TAP_SRC

DSD_SRC
STATUS_REG/STATUS _SPIAuX
OUT_TEMP_L

OUT_TEMP_H

LPS22HH

Embedded registers - pages

Gt) (&) [
o) @ [
Get) (SE) [
Get) (Set) [ |
Get) (SE) [
Get) (&) [
Get) (Set) [ |
Get) (Set) [ |
Get) @D [
Get) (SE) [
Get ]
Get) (Set) [ |
) () [
Get) (Set) [ |
Get) (Set) [ |
Get) (Set) [ |
Gat) (&) [
Get) @D [
Get) (Set) [ |
) @) [
Get) (Set) [ |
& [
Get ]
@ [
@) [
@ [
Get ]
Get ]

s

Read Al Registers )

Datalog Mode

aa MLC

X

Sensor hub registers

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
oooooood

Sensor configuration

‘ ( Browse...

Example algorithms

o

Vibration Motior
Monitoring Intensi
Double-dlick to upload exan

Note: Loading ex|
Change of sensor ¢

All exam
The Unico can be u

MLC Status Registers
0x0d MLC_INT1
0x11 MLC_INT2

0x15 MLC_STATUS

MLC Source Registers

0x70 MLCO_SRC
MLC1_SRC
0x72 MLC2_SRC
0x73 MLC3_SRC
0x74 MLC4_SRC
0x75 MLC5_SRC
0x76 MLCS_SRC

0x77 MLC7_SRC

Sensor configuration

‘ Browse...

Example algorithms

66 6 660 @

Glance- Motion
Flip Up Flip Down Glance (XL) Glance (G) Deglance SEationacy
()
Pick Up Shake (XL) Shake (G) Twist Wrist Tilt

Double-click to upload example to the sensor. Current example is: --

Note: Loading example algorithm can modify the previous sensor configuration.
Change of sensor configuration in "Options™ tab after an example algorithm is loaded
can influence the example functionality.

All example algorithms were created by Unico software.
The Unico can be used in offline mode to develop and test FSM configuration.

FSM Status Registers

Latched Interrupt Read All Status Registers)

0x12 EMB_FUNC_STATUS Get ) [ | OOooooooo
0x13 FSM_STATUS_A _Get ) [ | DOoooooo
0x14 FSM_STATUS_B _Get ) [ ] OOooooood
0x48 FSM_LONG_COUNTER_L get) Set) [ | OOOOOOOO
0x49 FSM_LONG_COUNTER _H Get) set) [ | OOOOOOOO
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Dedicated window for each algorithm

Algorithms Support

augmented

E-Compass

Heading: 171.5

Clear Points

Goodness: 0

Time

11:04:36.87
11:04:42.85
11:04:43.84
11:04:44.84
11:04:45.84
11:04:46.84
11:04:47.84
11:04:48.84
11:04:49.83
11:04:50.83
11:04:51.83
11:04:52.81
11:04:53.81

Active
Time[s]
1]

PooNoounbswNn—O

State
Inactive
Active
Active
Active
Active
Active
Active
Active
Inactive
Active
Active
Active
Active

Current Status:

Active

® Sensor Fusion 9x

O Sensor Fusion 6x

Reset model

Fitness Activities

Time Activity Counter
09:39:44.09 Biceps Curl 00

;3 Biceps Curl 01
Biceps Curl 02

Squat 00
Squat 03
Push-up 00
09:40:22.12 Push-up 01

Vertical Context

Current Activity:

Push-up
Count: 01

15000 cm

14000 cm

-100 am/s

-200 am/§

ms .0
- g
Data Valid: 1 Altitude: 17422 cm
Vertical Context:  Escalator Calibrated Altitude: 17321 cm
Context Confidence: Poor Vertical Speed: -8 cm/s

Vertical Speed Error: 10 cm/s

Number of Steps: 30

ST MEMS & Sensors training, Italy,

November 2019 \'.T‘



Wait, this is the 15t Pro Mode hands-on...
..but programmers count from 0!

Hands-on #0

Flash a binary
Lys
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Flash a binary

Introduction
» The binary must be loaded using DFU (Direct Firmware Upgrade over USB)

* These are the steps:

1. Run ST BLE Sensor app to enter DFU mode

a) Connect to your device, open the debug console and issue the “DFU” command

b) Hold BOOT button during power up (e.g. when connecting to a laptop with a micro USB
cable while the battery is disconnected)

2. Run STM32CubeProg to program the device
» Select USB and push “Connect”, Mass Erase then Program new binary

BOOT button

Lys
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Flash a binary
Enter DFU mode

1. Press the button 2. Select your 3. Touch the button in
Connect to a device SensorTile.Box the top right corner
% 10 2 88% W 15:07 3 0 2 88% W 15:07 8 % o0 1 88% W 15:07
€  Device List B = SD Logging
Run the ST BLE @ TI!)‘EBQX_ . Press the button to start recording the
:59:38:FE:A0:87 data

Sensor app

‘ @

CONNECT TO A DEVICE

Go back to the <
main screen of 6 &’/
the ST BLE CREATE A NEW APP ABOUT

Sensor app s o o

© 2019 STMicroelectronics

Lys
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Flash a binary

Enter DFU mode

1. Select Open 2. Type “help” to see 3. Type “DFU”
Debug Console list of commands (all uppercase)

¥ 0 = 88% M 15:07

50 Logor I
Open Debug Console

% a0e 2 88% W 15:08 3 v 1 88% M 15:08

DebugConsole @ W ¢ Debug Console @ W&

Press the butto

[191119 15:08:14.196>]help [191119 15:08:14.196>]help
data )

Show Serial Console [191119 15:08:14.257<] 1191119 15:08:14.257<]

info info
} versionFw versionFw

Firmware upgrade i1 uid
reset reset
DFU DFU

[191119 15:08:35.636>]DFU

Your device is now
in Direct Firmware
Upgrade mode

o B
w
a
—
[(=]
o0
o
=~

Lys
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Flash a binary

1. Run 2. Wait for STM32CubeProgrammer
STM32CubeProgrammer to open
Lys
o
;Mizrﬁumb:rpmg STM32 .’
CubeProgrammer

e o
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Flash a binary

1. Select USB from drop-down [@smscseseme —

b
STM32 ﬁ
| | |e n U CubeProgrammer

== Memory & File edition

Device memary | Open file

2. Click Refresh

3. Click Connect

No data to display

Log Verbosity level e 1

14:46:13 : 5TM32CubeProgrammer API v2.2.0

Device information

Flash size

CPU

Lys
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Flash a binary

1. Check that Data is read
successfully

[ sTM32CubeProgrammer - O *

STM32 ﬁ

CubeProgrammer

= Memory & File edition

2 . Se | eCt E ras | N g & B Address | 0x08000000 |~ | Size | oxto0 Data width | 32-bit
P o g Famm I N g frOm the — 0x080,;‘:ld0m05; 200004028 08001940D 0800188E9 OSOOISCEB (v nn.b.. .6 .»T\SCH
menu on the left

0x08000010 080018ED 080018EF 080018F1 00000000 LI Y
0x08000020 00000000 00000000 00000000 080018F3  ............ O...
0x08000030 080018F5 00000000 080018F7 080018F9 [ R R
0x08000040 08001929 0800192D 08001931 08001935 )

0x08000050 08001939 0800193D 08001941 08001945 Eo oS00
0x08000060 08001949 0800194D 08001951 08001955 I

0x08000070 08001959 0800195D 08001961 08001965 Y

0x08000080 08001969 0800196D 08001971 08001975 i...m..
0x08000090 08001979 0800197D 08001981 08001985 Verrdowooiaaan,
0x080000A0 08001989 0800198D 08001991 08001995  ......iiiieiaaa.
0x080000B0 08001999 0800199D 080019A1 080019A5  ........ loootiaca
0x080000C0 080019A9 080019AD 08001981 08001985 B....... E- P T P

PR, AnsAA e P, P AnsAA e & ar I F

¥

Verbosity level @1 2

T DEfKE T UXO0U N
: Address : Ox1ff00000

: Size : 36 Bytes

: Bank : Ox01

: Address : Ox1ffo1008

: Size : 28 Bytes

: UPLOADING ...

: Size : 1024 Bytes

Device information

jad operation is: 00:00:00.006

Lys
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Flash a binary

1. Select Full chip erase @ sthazCubehogarme - o x
stva* O

CubeProgrammer

== Erasing & Programming @ Connected
— asing & Progra g Connecte

2. Click OK ~ B
‘g File path T ez

Start address

|:| Select Index Start Address Size
|_| Skip flash erase before programming |:| 0 0x08000000 K S
Verify programming ] 1 0x08001000 4K
- : L 2 0x08002000 4K
|_| Run after programming —
m Confirmation e [ A
000 4K
e I rd
Automatic Mode o Are you sure you want to erase full chip flash memory? 000 AK
- 000 4K
|_| Full chip erase - - =
Download file “ oo aK
[ Option bytes commands | _op O 9 0x08009000 K
O 10 008004000 4K
O 11 0x08008000 aK
Log Verbosity level e 1 2

3
ID73%715 T pank T UXOoU
16:34:13 : Address : Ox1ff00000 é
16:34:13 : 5ize : 36 Bytes
16:34:13 : Bank : Ox01
16:34:13 : Address : Ox1FF01008 B
16:34:13 : 5ize : 28 Bytes
16:34:13 : UPLOADING ...
16:34:13 : Size : 1024 Bytes
16:34:13 : Address : Ox8000000

: : Read progress:

16:34:13 : Time elapsed during the read operation 1s: 00:00:00.006

) /4
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1. Wait until Full chip erase is
completed

2. Click OK

) /4

life.augmented

Flash a binary

m 5TM32CubeProgrammer

stma O

CubeProgrammer

— . .
== Frasing & Programming

Download
File path
Start address

|:| Skip flash erase before programming

Verify programming

|:| Run after programming

Automatic Mode

|:| Full chip erase

Download file

Option bytes commands | _gp

@ Connected

S Browse Erase selected sectors Full chip erase

|:| Select Index Start Address Size
O 0 0x02000000 KO
J 1 0x08001000 K
J 2 0x08002000 4K
m Message b 000 4K
000 4K
o Mass erase command correctly executed.Note: if there's any 000 AK
flash protection, it will not be erased. ax
4K
— 4K
J 9 0x08009000 K
J 10 0x080DAD00 4K
J 1 0x080DB000 ® o

Verbosity level @1 2

6735115 © Redad progre

16:34:55 : MASS ERASE ...

16:34:55 : UPLOADING ...

16:34:55 : Size : 1024 Bytes

16:34:55 : Address : Ox8000000
: : Read progress:

16:34:13 : Time elapsed during the read operation 1s: 00:00:00.006

16:34:55 : Time elapsed during the read operation 1s: 00:00:00.004

ST MEMS & Sensors training, Italy, November 2019 \ﬁr’)



Flash a binary

[ sTM32CubeProgrammer - O *

stvz* O

CubeProgrammer

1. Click Browse and navigate
to DataLogExtended.bin
from the Function Pack

...\STM32CubeFunctionPack_STBOX
1 V1.0.0\Projects\STM32L4.. \Exampl

== Erasing & Programming @ Connected
— asing & Progra g Connecte

Erase flash memery | Erase external memory

cnPack STBOX1_VL0.0\Projects\S] Browse Full chip erase

ile path A SThA befyncti
Start address | 0x08000000

Download

es\DataLogExtended\Binary\DataLogE : Ell_sle'w IS el e S
: ; B 0 0x08000000 K
xtended.bin O 1 0x08001000 a«
T O 2 0x08002000 4K
- ) O 3 0x08002000 K
[ strt Programming | OJ 4 0x08004000 4K
2- CheCk that Start add reSS . I 5 008005000 K
Automatic Mode —
I — . O 6 0x08006000 K
IS SEt tO OXOSOOOOOO L Full chip erase O 7 0x08007000 K
Download file |:| 8 008008000 4K
[ ] Option bytes commands O 9 0x08009000 4K
O 10 0x0800A000 K
h k H H O 1 0x0800BO00 4K
3. Check Verify programming - .
Log Verbosity level e 1 2

(optional) e s oo
15:25:02 : Address : Ox1ff00000
15:25:02 : 5ize : 36 Bytes
15:25:02 : Bank : Ox01
15:25:02 : Address : Ox1ff01008
15:25:02 : 5ize : 28 Bytes
15:25:02 : UPLOADING ...
15:25:02 : Size : 1024 Bytes
15:25:02 : Address : Ox8000000
15:25:02 : Read progress:

Device information

[0 & -

4. Click Start Programming

Lys
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Flash a binary

1. Wait until Download e s
verified successfully st O

(ol

CubeProgrammer

appears, then CI ICk O K E Erasing & Programming @ Connected

Download

2 CI k OK h FI File path CASTM32CubeFunctionPack sTBOX1 VL00Wroects's’ | ~ | ([ EEESD
- IC On t e I e Start address | 0x08000000 [ Message

d OW n I O ad C O m p I et e l:l Skip flash erase before programming o Download verified successfully

Verify programming

|:| Run after programming

3. Click Disconnect

Automatic Mode 0x08005000

(0x08006000

O Full chip erase
— 0x08007000

m Message *

o File download complete
T ErasTng ECTor ooLs HER AL

: erasing sector 0015 &: Ox0800f000 done
: erasing sector 0016 &: Ox08010000 done
: erasing sector 0017 &: Ox08011000 done Yevice information
: erasing sector 0018 &: Ox08012000 done
: erasing sector 0019 &: Ox08013000 done
: Download in Progress:

Download file

4. Unplug and plug the device O3 pton e commns
to reset

ST

: Time elapsed during download operation: 00:00:01.681
: Verifying ...
: Read progress:

) /4
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Hands-on #1

DatalLogExtended example with Unicleo-GUI



DatalLogExtended with Unicleo-GUI

COM Port selection Main WindOW

(only COM ports with manufacturer set to STM

and Nucleo boards with appropriate firmware) | Control Tool Bar |
ke Unicleo-GUI l - X
¥
Select Device: [COM7 i ~ Connect a“ Disconnect | Vv Start & Stop | ¢ Settings I XK Exit
Info FW Management User Messages MKSBOX1V1 Options
Datalog
2 Unicleo-GUI
m Graphical User Interface for Nucleo Boards and X-NUCLEO Expansion Boards
2 STM32 Nucleo + X-NUCLEO-IKS01Ax are intended for functionality evaluation and
B : solutions prototyping. The kit is not suitable for performances assessment. Please
mental life. ougmen’red contact ST representative or ST community for further infoimjngp
o 1 Unicleo-GUI versionl
Scatter GUI Version: 1.10.0.8936 <=
Im,;;pg Firmware Description: Sensor Datalog with Extended Functionality
& M@ Firmware Version: 6.2.0 < : ST.bOX FW version I
FSM Library Version: Unknown
oaa Expansion Board: MKSBOX1V1 == | :
Mc — Used expansion board I
@
FFT
I Vertical Tool Bar * I
‘ ’ I STMicroelectronics Unicleo Version: 1.10.0.8936 Firmware Version = 6.2.0 Expansion Board: MKSBOX 1V1

lie.augmented  * Eynctions are added to the vertical toolbar based on firmware functionality ST MEMS & Sensors training, Italy, November 2019 \ﬁyﬂ



DatalLogExtended with Unicleo-GUI

Connecting

1. Click Connect

k4 Uniclea-GUI

— *
Select Device: |COM7 o/ connect B |» Start Stop -} Settings L Exit ]
NI e kd sensor List
Info FW Management User Messages
Selected Firmware Info Flease select which sensor you want to use.
|
Firmware Description: Accelerometer Sensor: | LSMBDSOX b
Unknown
Firmware Version: Temperature Sensor:  |HTS5221 bt
Unknown
Library Version:
Unknown
Expansion Board:
LT k& Unicleo-GUI = X
Mudeo Board:
Unknown Select Device: |COM7 :I # comnect & Discornect Stop | 4 Settings K Exit
Info FW Management User Messages MKSBOX 1V1 Options
Da%og ~—— Accelerometer - LSM6DSOX —— —— Pressure - LPS22HH
® Enable: 4 Address:[ | 3 Enable: Address: ~
m Full Scale: |2 X Value:| | Full Scale: ¥ Value: -
B ODR:[125 =] | ‘map ) Get ) (Set )/ ODR:[1 =l |(map) Get) (et ) |
Environ-
mental i
Gyroscope - LSM6DSOX ——— ——— Humidity - HTS221
Nudea Drive s;:; Enable: Address:| | Enable: Address: -
» Nudeo Drive Not Found - Full Scale:|245 ~ Value:| | Full Scale: = Value: -
e ODR:[12.5 =] | (map) et ) set) | ODR:[1 ~] | (ap) (Get) (5eD)
) ) ) SM H
STMicroelectronics Unidleo Version: 1.10.0.8938 ] ~———Magnetometer - LIS2MDL —— i Temperature - HTS221 ———
i Enable: 4 Address: | | 5 Enable: Address: ~
o Full Scale:[50 =~ Value:| - : Full Scale: > Value: -
FFT
ODR:[10 ] Map ) Get ) Set) ODR:[1 -] Map ) Get ) Set) |
‘ ' , STMicroelectronics Unicleo Version: 1.10.0.8936 Firmware Version = 6.2.0 Expansion Board: MKSBOX1V1

life.augmented

2. Click
Apply

3. Click Start
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DatalLogExtended with Unicleo-GUI

Expansion Board Options Tab

k4 Unicleo-GUI - X
Select Device: [com | 7 connect ¥ Disconnect | V> Start ' Stop | 2 Settings | K Exit
Info  FWManagement  User Messages  MKSBOX1V1Options
Da%)g ~— Accelerometer - LSM6DSOX —— — Pressure - LPS22HH
" Enable: Address:[  ~] Enable: Address:[ -]
Moten | Full Scale: 2 =l| value[ Full Scale:]  =]| value: [~ +]
2 ODR:[12.5 =] Map ) Get ) Set) ODR: |1 R Map ) Get ) Set ) )
Environ-
el Gyroscope - LSM6DSOX ———— —— Humidity - HTS221
s:t; Enable: Address:[  ~] Enable: Address:[ ]
- Full Scale:[245 =] | value:[ +] Full Scale:]  =l| value: [~ ~]
Inher:t.pts ODR: m Map ) Get ) Set ) ) ODR: ll—LI Map ) Get ) Set) )
S:M ~— Magnetometer - LIS2ZMDL —— Temperature - HTS221
i Enable: Address:[  ~] Enable: Address:[ ~]
o Full Scale:[50 =] value:[ +] Full Scale:] — =]| value:]~ 5]
i ODR:[10 =] | wap ) et ) (Set) | o ODR:[T ]| () (et (858D |
T T Enable All Sensors
Enable/Disable sensor Read from register — . O -
r Set Full Scale Write to register I
Y/ Set ODR
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DatalLogExtended with Unicleo-GUI

Register map
1. Click MAP

& Unicleo-GUI - X
Select Device: ‘ocm :l o Comvect ¥ Disconnect | ¥ Start @ Stop . Settings X Exit
Info FW g User MKSB0X 11 Options .
e Pressure - LPS22HH 2. Read current values of all registers
® Enable: Address: | - Enable: Address: | -
e | Full Scale: [2 ¥ Value:| - Full Scale: | -] kA Register Map e
ODR:|12.5 =N map ) e ODR:[1 -]
..?E: = ' Read Al Registers )
B Syroscope - ESMEDSOX Humidity - | | ovepsox  (IsoMDL HTS221 LPS22HH
Enable: 4 Address: | -] Enable: M
il i b n,a ) BasicRegisters  SPI2registers  Embeddedregisters  Embedded registers -pages  Sensor hu 4{¥:
- Full Scale:[245  ~] Value:| -] ull Scale: [ -]
imemos ODR: o ™ E "
Jak
001 FUNC_CFG_ACCESS | |
F'?‘ Magnetometer - LIS2MDL - Temperature - - GEt-J ~SEtJ oxo0 | CIOIOIOIOICION
. Enable: & Address:[ =] Enable: &1 0x02 PIN_CTRL Get) (Set) [ox3f| OOIMEEEEHA
;)r Full Scale: [50 > Value:| ‘v[ Full Scale:| -] 0x04 S45_TPH L Get ) Set ) W OO0O00000
ODR:[10 - (nap) flict) (550) ObR:[1 ]|
0x05 545_TPH_H Get ) Set) [oxo0] OOJOOOOOO
Enable All Sensors
0x06 545 RR Get ) [ set) [oxo0| OO0
STMcroslectronics Unideo Version: 1.10.0.8936 Frmware Version = 6.2.0 Expanson 0x07 FIFO CTRLL Get )  Set) |UKUU| N
0x08 FIFO_CTRL2 Get) (Set) [0 OOOOOOOO

Binary value of register

‘ Hexadecimal value of reqister
> /4 J
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DataLogExtended with Unicleo-GUI
Register map

* There are two ways how to read a register’s description directly in Unicleo-
GUI:
« Move your mouse over a row of the register
 Right-click on the register address

p— E
H Register Map .
1 Read All Registers )
H Register Map GemeUELetie=se sl MCBEOXIV1 Oplions LSMEDSOX  LISZMDL  HTS221  LPS22HH

arometer - LSM6DS0OX

o Connect 5" Disconnect | start | Stop

Basic Registers SP12 registers Embedded registers Embedded registers - pages Sensor hu 44k

-

Read A] Add A
- ress:| -1
— — — — 5 . Vale: 0x01 FUNC_CFG_ACCESS Get )  Set ) I o o
Basic Registers SPI2 registers Embedded registers Embedded registers -pages 55 -] | (@ o) oror e o= Se oo
. ap ) Get ) Se )/ 0xD4 545 TPH_L Get ) Set) OOOO00cda

0x01 FUNC_CFG_ACCESS Get ) (Set) [0x00 | [JCICICICICIR 600 7o L r6:on 545 time frame expressed in number of samples as described in the equation below. If TPH_H_SEL=0 and TPH_L [§:0] = d0, 545 s disabled.
ight Mouse Button click on address label will display this help permanently till next click.

0x02 PIN_CTRL IS | ox0s FrocTRI2 Get ) Set) o o o

PIN_CTRL . Map ) Get ) Set) 0x09 FIFO_CTRL3 Get )  Set) o
[7] OI5_PU_DIS: Disable pull-up on both OC5_Aux and SDO_Aux pins. Default / Ox0a FIFO_CTRLA Get) (&et) [mo] COOCOCD .

value: 0 (0: OCS_Aux and SDO_Aux pins with pull-up; 1: OCS_Aux and SDO_Aux
pins pull-up disconnected)
[6] SDO_PU_ENM: Enable pull-up on SDO pin (0: DO pin pull-up disconnected

1etometer - LIS2MDL 3 T ICmpSiawae trtgzzL TTT

(default); 1: SDO pin with pull-up)

0x04 S545_TPH_L Get ) | Set ) |oxo0 | CIIICICICICIC]
| 0x05 545 TPH H Get ) (8t ) lownn | CICICICCICICC] h

Lys
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Datal ogExtended with Unicleo-GUI
Datalog — Save/Load Options

- Save options

[=] Datalog Settings X
« CSV (comma separated values) or SwveData_BESSnats
TSV (tab separate values) format | - e
« Possible to select which data should .
b e S ave d [] Acceleration [] Angular Rate [] Mag Field
« Selection of values is adjusted L] ressre liengerticn L] Humidey
according to used firmware (] MLC Decison Tree Outputs
 File name is automatically generated | .
- Dedicated directory for datalogs B e L e
- Load options Z“s e
lear MLC Decision Tree Outputs
« Possible to load and display
previously stored data - L) (L m)

Lys
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|
Plot — Motion Sensor

[ Motion Sensor Plat O x

Enable or Accelerometer:
disable axis

I Actual value

Auto scale
or fix scale

+122.5dpg

_ 0Odps

-122.5 dpg

-245 dps

msgfs = 13.1

+30G

msgfs = 10.2 Mag ¥ = 190 mi

| Ty 1

Adjustable

:’_’- window size

augmented I Time Zoom I I 5000 Sample memory I ST MEMS & Sensors training, Italy, November 2019 \‘_Jivr')




|
Plot — Environmental Sensor

[ Envirenmental Sensor Plot O x

Temperature:

A I
I Actual value e uto scale
Humidity: or fix scale

msgfs = 1.0

532 hPa

981.5hP3

980.5 hPg
980 hPa

msgfs = 1.0 Pre hPa

I 1

Adjustable

:’_’_ window size

augmented I Time Zoom I I 5000 Sample memory I ST MEMS & Sensors training, Italy, November 2019 \ﬁvﬂ




DatalLogExtended example

See output data of all sensors

E’ Unicleo-GUI

: Icow D

|
|5 Motion Sensor Plot O *

" Disconnect I St # Stop | +# Settings o Exit Accelerometer:

Info FW Management

Enable: 4

S Enable:

User Messages MKSB0X1V1 Options

Accelerometer - LSM6DSOX

ODR:[12.5 | (map) Get) Set)

v Full Scale:|245 =~
iinin ODR:[12.5 x| (map) Get)(Set)

Magnetometer - LIS2MDL

: Full Scale: |50 v Value: -
FFT
ODR:[10 =] (map) et ) (Set)

STMkroelectronics Unicleo Version: 1.10.0.8936

Enable: & i Za\ T __

1l

msgfs = 1.0

+50 G

Address: - +256

| Enable All Sensors |

982 hPg

Lys

augmented

981.5hP3

msgfs = 1.0 Pre: Pa

[ B 0200 0 - _
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Hands-on #2

4D position recognition (FSM example)
Kys
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Finite State Machine
FSM in ST sensors

Applications

* Smart Sensors and 10T

* The Finite State Machine is a series of state
parameters and variables that allows running of

low power programs - Gesture recognition

 FSM features

* Runs up to 16 independent programs
simultaneously

* FSM can process axl, gyro data and external

sensor like magnetometer or interface with MLC ST sensors

* User-programmable thresholds, hysteresis, timers .
A ais sk Y + LSMBDSO (6axis IMU)

* Input from several sensors

- Movement detection

- LSM6DSR (6axis IMU)

+ Development tools, documentation and support . ISM330DHCX (6axis IMU)

Lys
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DatalLogExtended with Unicleo-GUI

FSM example: 4D position recognition
1. Click on FSM

2. Select an example by clicking the desired icon >
Sensor configuration =
&3 Unicleo-GUI = X
Select Device: |COM7 : I o Corect Y Disconnect I ¥ Start @ Stop .4 Settings X Exit
Info  FW Management  User Messages  MKSBOX1V1Optons
&= —— Accelerometer - LSM6DSOX —— Pressure - LPS22HH
B Enable: (4 Address: | ~ P Enable: Address: | -
Mot | | Full Scale: [2 -l Value - A5 Full Scale:] | Value] -l Current example is: 4D Position Recogrition
’ ODR:|12.5 :]' Map ) Get ) Set) ODR:ll j' Map ) Get ) Set) Click to upload example to the sensor.
m Note: Loading example algorithm can modify the previous sensor configuration.
i 5 Gyroscope - LSM6DSOX Humldity -HT Change of sensor mnﬁ:n’;mce.o.ﬂ;:?s tab ?ﬁg’;\ :I)i(tayr?de algorithm is loaded
s;:; Enable: [ Address: [ - ; Address:| -] All example algorithms are found on ST GitHub.
e Full Scale:[245  ~] Value:| -] Full Scale: [ ] Value:| -
. ODR:[1 =] | (map) Get ) Set) [ Latched Internipt Read All Status Registers)
Magnetometer - LIS2MDL Temperature - HTS221 - o get E}Sgggggg
= ox13 STATUS_A Get [ox00]
Mc Enable: 4 Address: | -] Enable: 4 Address: | - s g Get e
! e
o Full Scale: [S0 -] Value:[ - Full Scale: 1| Value: -] o o ' o) OOoOoo00
P _COUNTER | ) )
ODR:[10 =] | map ) et ) (8ek) ODR:[1 =] | (ap ) et ) (5ek) 0x49 FSf LONG_COUNTER H Get) Set) o o
Enable All Sensors Disable All Sensors Ly uR _Get) o
STMkroslectronics Unideo Version: 1.10.0.8936 Frmware Version = 6.2.0 Expansion Board: MKSBOX1V1

You can use latched or

pulsed Interrupt mode
Kys
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_— —_—
FSM example: 4D position recognition

Perform desired action and check in Interrupts graph

- Logic analyzer

E Unicleo-GUI

Logic analyzer:

= |COM7 D c " Disconnect St ¥ Stop . Settings A Exit

Info FW Management User Messages MKS80X1V1 Options

= fd:)u Accelerometer - LSM6DSOX I

2 Enable: 4 Address:[ ~] . Y /I N e AN N N NN AR AN ANERI NN AN ANEEN AR
Mgg Full Scale:[2 ~] Value:[ ] W paTTEAY

2 ODR:[125 =] (map) et (558D
Environ

Gyroscope - LSM6DSOX
Enable: 4 Address:

ODR:[12.5 x| | Map) Get)|Set)

FSM
Magnetometer - LIS2MDL

o Enable: Address: = :

msg 237
3 Full Scale: |50 ¥ Value: - -
g [ S MEEEEEET R
ODR: |10 v Map) Get ) Set) e ——
| Enable All Sensors | [msable All Sensors‘i
STMkroslectronics Unideo Version: 1.10.0.8936 Frmware Version = 6.2.0 Expansion Board: MKSBOX1V1
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DatalLogExtended with Unicleo-GUI

FSM example: 4D position recognition

4. Click Read All Status Registers to see how the FSM status registers (mainly the FSM
output register FSM_OUTS1) are changed when desired action is performed

son FSM

X

ion FSM

Sensor configuration

| [ sromse..

Example algorithms

90990@0

4D Position ~ Free Fall Motion
Recognition  Detection Stationary

Shake Glance Jiggle

Current example is: 4D Position Recognition
Click to upload example to the sensor.
Note: Loading example algorithm can modify the previous sensor configuration.
Change of sensor configuration in "Options™ tab after an example algorithm is loaded
can influence the example functionality.

All example algorithms are found on ST GitHub.

FSM Status Registers

o o
0x12 EMB_FUNC_STATUS _Get) |0x00 |

0x13 FSM_STATUS_A _Get)

Ox14 FSM_STATUS B _Get )

0x48 FSM_LONG_COUNTER L Get ) Set) I o [
0x49 FSM_LONG_COUNTER H _Get) Set) I o o
Ox4c FSM_OUTS1 Get I [ [

Sensor configuration
{ :i [ Browse... ]
Example algorithms

90000600

4D Position ~ Free Fall Motion Shake s Jadle
Recognition  Detection Stationary 'ag

Flip Down

Current example is: 4D Position Recognition
Click to upload example to the sensor.
Note: Loading example algorithm can modify the previous sensor configuration.
Change of sensor configuration in "Options™ tab after an example algorithm is loaded
can influence the example functionality.

All example algorithms are found on ST GitHub.

FSM Status Registers

[ Latched nterrupt Read All Status Registers)
0x12 EMB_FUNC_STATUS _Get) lxoo | OOOOOO0OO
0x13 FSM_STATUS_A _Get ) lxoo | OOOOOOOO
0x14 FSM_STATUS B _Get) loxoo | OOOOOOOO
0x48 FSM_LONG_COUNTER L Get) set) [oxo0| OOOOOOOO
0x49 FSM_LONG_COUNTER H Get) set) [oxo0| OOOOOOOO
Ox4c FSM_OUTS1 ﬂ)] [0 | OMOOOOO0

v
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Hands-on #3

Vibration Monitoring (MLC example)
Kys
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Machine Learning
MLC in ST sensors

Description Applications

* MLC is programmable logic able to identify if a + Smart Sensors and loT
pattern matches an activity in a user defined set o _
of classes: e.g. running, walking, driving, etc. * Activity tracking

- MLC features: - Pattern recognition

» Decision Tree logic embedded in sensor

» Up to 8 decision trees can be configured to run
simultaneously ST sensors

« Machine Learning approach . LSMBDSOX (6axis IMU)
* Input from several sensors

_ - ISM330DHCX (6axis IMU)
+ Development tools, documentation and support

- AMS330LHHX (6axis IMU)

Get it here!
1S7]
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https://www.st.com/content/st_com/en/campaigns/machine-learning-core.html

DatalLogExtended with Unicleo-GUI

MLC example: Vibration Monitoring

1. Click on MLC

2. Select an example by clicking the desired icon

saa MLC

ODR:[125 =] (map) Get)(5et)

Full Scale: [50 -
ODR:llO 'l Map ) Get ) Set)

Enable All Sensors

Unideo Version: 1.10.0.8936

@ Unicleo-GUI — S
Select Device: |C(M7 : | o Corect Y Disconnect l ¥ Start @ Stop I _,? Settings I X Exit
Info FW Manag User My MKS80X 1V1 Options
&= —— Accelerometer - LSM6DSOX —— Pressure - LPS22HH
B Enable: 4 Address: | - i Enable: Address: | -
m Full Scale: [2 ~] Value:| - : Full Scale: | -] Value:| -]
a ODR:[12.5 =] | (map) (et 558D ODR:[T =1 (map) (et ) (568)
mental
———— Gyroscope - LSM6DSOX —— Humidity - HTS221
se:; Enable: Address: | v Enable: 4 Address: | -
- Full Scale:[245 ~] Value:| - Full Scale: [ ] Value:| -]
Interrupts

et

Temperature - HTS221
Enable: &4 Address: | -]
Full Scale: | ] Value:| -]

ODR:[1 =] | (ap ) Gt ) (568
Disable All Sensors

Frmware Version = 6.2.0 Expansion Board: MKSBOX1V1

life.augmented

Sensor configuration

' Browse...

MLC Status Registers

ox0d MLC_INT1 Get) set) [ | OJOOOOOOO
Ox11 MLC_INT2 Get) set) [ | OO0
0x15 MLC_STATUS Get ) [ ] ODooooooo
MLC Source Registers

0X70 MLCO_SRC I o o o
0x71 MLC1_SRC o o
0x72 MLC2_SRC o o
0x73 MLC3.SRC I o
0x74 MLC4_SRC I o o o
0x75 MLC5_SRC o o
0x76 MLC6_SRC 0000000d
OX77 MLC7.SRC I o o

Q O

Activity X Vehide
Recognition GRemgmym Act‘\]/;tny Stationary G;iafes
(Mobile) Detection

Click to upload example to the sensor.
Note: Loading example algorithm can modify the previous sensor configuration.
Change of sensor configuration in "Options™ tab after an example algorithm is loaded
can influence the example functionality.

All example algorithms are found on ST GitHub.

¥
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. . . .
MLC example: Vibration Monitoring

Perform desired action and check in Interrupts graph

- Logic analyzer

E Unicleo-GUI

B0 [

Logic analyzer:

" Disconnect | Start ¥ Stop .+ Settings A Exit

Info FW Management User Messages MKS80X1V1 Options

Accelerometer - LSM6DSOX

Enable: (4
Full Scale: |2 M
ODR:|125 =~

Gyroscope - LSM6DSOX

Enable: (4

ODR:|12.5 >

Magnetometer - LIS2MDL

Enable:
Full Scale: |50 2
ODR: |10 b

STMikroslectronics

Address: -
Value: v

M3ap ) Get ) Set )

N — A LIS2MDL INT

Value: - sk Full ScoEERabiy
Map ) Get ) Set) : 3 : |
p ) Get )  Set) S751INT

msgfs = 25.6

Address:[ <] e | TEEE e
Value: v Full S o
Map ) Get ) Set) ODR:[1 =l | (map) Gt ) (Set)
| Enable All Sensors | lOusable All Sensors |
Unideo Version: 1.10.0.8936 Frmware Version = 6.2.0 Expansion Board: MKSS0X1V1

augmented
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DatalLogExtended with Unicleo-GUI

MLC example: Vibration Monitoring

4. See how the MLC Source Registers are changed when desired
action is performed

MLC Status Registers MLC Status Registers

0x0d MLC_INTY et) Set) [ | OOOIOOOOO 0xod M.CINT1 et) Set) [ | OOOOOOOO
Ox11 MLC_INT2 get) set) | | OOOOOOOO Ox11 MLC_INT2 get) set) | | OOOOOOOO
0x15 MLC_STATUS Get | DOooooog 0x15 MLC_STATUS _Get) [ | 00000000
MLC Source Registers MLC Source Registers

0x70 MLCO_SRC I O 0x70 MLCO_SRC I O O 1 |
0x71 MLC1_SRC OOO00O00 0x71 MLC1_SRC OOO00000
0x72 MLC2_SRC DDDD[ﬁD 0x72 MLC2_SRC OOOOonOd
0x73 MLC3_SRC o o 0x73 MLC3_SRC 1 o [
0x74 MLC4_SRC o o o o o 0x74 MLC4_SRC OOO0OOOO
0x75 MLC5_SRC OOOO00Oogd 0x75 MLC5_SRC DOOOO00Oogd
0x76 MLCE_SRC I 0x76 MLCE_SRC I
0x77 MLC7_SRC I 0x77 MLC7_SRC Q0000000

Lys
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Hands-on #4

6D position recognition (customized MLC example)
Kys
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DatalLogExtended with Unicleo-GUI

customized MLC example: 6D orientation detection

& Unicleo-GUI - X

e e ; You can also use with
—— Accelerometer - LSM6DSOX —— Sensor configuration = =
Enable: 4 Address:[ ~] “,“,‘.J I | Browse... UnICIe.O-GUI your Oyvn .
- - algorithm (created in Unico)!

09006

ODR:|12.5 vl Map) Get) Set)
Vehide

; V4 Activity L
Vibration 6D Position iz Gym Activity S Head
Monitoring Recognition Recogmb;)n Recognition %::nom;r: Gestures

| We will now demonstrate how

Click to upload example to the sensor.

e to upload external configuration

Change of sensor configuration in "Options” tab after an example algorithm is loaded
can influence the example functionality.

e (.ucf) file with using an example

— Gyroscope - LSM6DSOX -
Enable: Address:[  +|
Full Scale:[245 =] value:[~ ]
obR:[125 =] | (map) (Get) (58D

Magnetometer - LIS2MDL

ble: Address: -]

Full Scale: |50

ODR:|10 '] Map ) Get )

Set
- MLC Status Registers . .
Cness) [ e E— algorithm from ST GitHub...
Ox11 MLC_INT2 Get) set) [ | OOOOOOOO
STMkroslectronics Unickeo Version: 1.10.0.8936 0x15 MLC_STATUS Get ) [ | Dooooood
MLC Source Registers 1 CI i Ck M L C
OX70 MLCO_SRC I o o .
0x71 MLC1.SRC I o
0x72 MLC2_SRC o o
Ox73 MLC3.SRC I o o o
0x74 MLC4_SRC I o
0x75 MLC5_SRC OO0O000000
‘ ” 0x76 MLC6_SRC I | O
0x77 MLC7_SRC I o iP 5
life.augmented > ST MEMS & Sensors training, Italy, November 2019 \T




DatalLogExtended with Unicleo-GUI

customized MLC example: 6D orientation detection

aaw MLC X

Sensor configuration

| —) 2. Click Browse and navigate to:

Example algorithms

Q0 990 @ 6 ..\STMems_Machine_Learning_Core-
e R master\lsm6dsox\6D position

Current example is: -

L . recognition\lsmédsox_six_d_position.ucf

Note: Loading example algorithm can modify the previous sensor configurati
Change of sensor configuration in "Options™ tab &eranex mple algorithm is lo d d
can influence the example functigg

e S 3. Click Open

MLC Status Registers
0x0d MLC_IN™ . =
saw Select file to open
0x11 MC_IN 4« STMems _Machine : Learning _Core-master » IsmBdsox » 6D position recognition v O Search 6D position recognition @
0x15 MLC_ST Organize ~  Newfolder ==« [ 0
Mame -

MLC Source R 3t Quick access

[ Desktop B
0x70 MLCO|  J Downioads P
0x71 MLC1 Documents

&=| Pictures
0x72 MLC2 91121_MEMS

Dynautics E I I 'th b d I d d

o mes, O xample algorithms can be downloade

0x74 MLC4]

<2 o from ST GitHub -> click the ST GitHub
e (with link) in the MLC window

0x77 MLC7

Lys
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customized MLC example: 6D orientation detection

aa MLC X

Sensor configuration

e 3 =) Check that the current example is

Example algorithms

o 0 @ 9 0 6 Ism6dsox_six_d_position.ucf

Vehide
Stationary
Detection

Perform desired action and check in Interrupts

Note: Loading example algorithm can modify the previous sensor configuration.
Change of sensor configuration in "Options™ tab after an example algorithm is loaded

graph and source registers

All example algorithms are found on ST GitHub.

Vibration GD Position
Monitoring

Head
Gestures

Gym Activity
ognition

- Logic analyzer

MLC Status Registers

S Unicleo-GUI i
0x0d MLC_INT1 Get) Set) | OOO sl Logic analyzer:
= [cow D & Disconnect | ¢ ¥ Stop . Settings X Exit
0x11 MLC_INT2 Get) set) | | (JOOI .
i Info FW Management User Messages MKSS80X1V1 Options
DXLYGMLCISTATS $Get) L—‘ HE = td:zu Accelerometer - LSM6DSOX Pres:
MLC Source Registers % Enable: 4 Address: - i Enable: 4
Moton | Full Scale: |2 - Value: - b D our 3 -—4 —4
0x70 MLCO_SRC | mmE Il (i 2
= - = ODR:[125 =] | (map) (Get) (82t)
0x71 MLC1.SRC | OOC s

Gyroscope - LSM6DSOX
Address:

0x72 MLC2_SRC [ ] OOg
0x73 MLC3_SRC [ ] O0f
0x74 MLC4_SRC [ ] OO
0x75 MLC5_SRC [ ] Od
0x76 MLC6_SRC D O Magnetometer - LIS2MDL

0x77 MLC7_SRC 7‘ oo ™ Enable: (4 Address: -
Full Scale: |50 b Value: ~

Enable: 4

ODR:|12.5 x| ' map) Get)!Set)

& ODR:[10 =] | (ep ) cet) (568

:_- | Enable All Sensors | | Disable All Sensors |

STMkroelectronics Unideo Verson: 1.10.0.8936 Frmware Version = 6.2.0 Expansion Board: MKSBOX1V1

augmented ST MEMS & Sensors training, Italy, November 2019 \‘i%‘
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Restore the original FW

life.augmented
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Restore the original FW

Introduction
» The binary must be loaded using DFU (Direct Firmware Upgrade over USB)

* These are the steps:
1. Run ST BLE Sensor app to enter DFU mode

a) Connect to your device, open the debug console and issue the “DFU” command

b) Hold BOOT button during power up (e.g. when connecting to a laptop with a micro USB
cable while the battery is disconnected)

2. Run STM32CubeProg to program the device
» Select USB and push “Connect”, Mass Erase then Program new binary

BOOT button

Lys

life.augmented
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Restore the original FW

1. Download STSW-MKSBOX1 BL - SensorTile.box firmware OTA
function restore

https://www.st.com/en/embedded-software/stsw-mksbox1-bl.html

B Products P Applications § Tools & Software

Embedded Software > Evaluation Tool Software > STSW-MKSBOX1_BL >

STSW-MKSBOX1 _Bl_ ‘ Save to MyST Share via Email

box fimmware OTA function restore

E Download databrief

Tools & Software Resources

Click on Get Software, Accept and log in to your myST
‘W account or fill in your credentials

life.augmented ST MEMS & Sensors training, Italy, November 2019 \ﬁvﬂ


https://www.st.com/en/embedded-software/stsw-mksbox1-bl.html

Restore the original FW

2. Press the BOOT button on SensorTile.Box, hold it and connect
SensorTile.Box to your PC with micro USB cable. The device will enter the
DFU mode.

gmented ST MEMS & Sensors training, Italy, November 2019 \ﬁvﬂ



1. Run
STM32CubeProgrammer

5TM32CubeProg
ramimner

life.augmented

Restore the original FW s

2. Wait for STM32CubeProgrammer

to open
Lys
O
%
sTM32” P
CubeProgrammer
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Restore the original FW

1. Select USB from drop-down [@smscseseme —
m e n u s{mﬁg‘;gammer

== Memory & File edition

Device memary | Open file

2. Click Refresh

3. Click Connect

No data to display

Log Verbosity level e 1

14:46:13 : 5TM32CubeProgrammer API v2.2.0

Device information

Flash size

CPU

Lys
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5 ) /4

Check that Data is read
successfully

Select Erasing &
Programming from the
menu on the left

¥

Restore the origi

m 5TM32CubeProgrammer

stma O

CubeProgrammer

= Memory &

Address 0x08000000

Address
0x08000000
0x08000010
0x08000020
0x08000030
0x08000040
0x08000050
0x08000060
0x08000070
0x08000080
0x08000090
0x080000A0
0x080000B0
0x080000C0

oo
: Address :

: Address :

lad operation is:

ST MEMS & Sensors training, Italy, November 2019 \ﬁyﬂ



Restore the original FW

1. Select Full chip erase @ sthazCubehogarme - o x
stva* O

CubeProgrammer

== Erasing & Programming @ Connected
— asing & Progra g Connecte

2. Click OK ~ B
‘g File path T ez

Start address

|:| Select Index Start Address Size
|_| Skip flash erase before programming |:| 0 0x08000000 K S
Verify programming ] 1 0x08001000 4K
- : L 2 0x08002000 4K
|_| Run after programming —
m Confirmation e [ A
000 4K
e I rd
Automatic Mode o Are you sure you want to erase full chip flash memory? 000 AK
- 000 4K
|_| Full chip erase - - =
Download file “ oo aK
[ Option bytes commands | _op O 9 0x08009000 K
O 10 008004000 4K
O 11 0x08008000 aK
Log Verbosity level e 1 2

3
ID73%715 T pank T UXOoU
16:34:13 : Address : Ox1ff00000 é
16:34:13 : 5ize : 36 Bytes
16:34:13 : Bank : Ox01
16:34:13 : Address : Ox1FF01008 B
16:34:13 : 5ize : 28 Bytes
16:34:13 : UPLOADING ...
16:34:13 : Size : 1024 Bytes
16:34:13 : Address : Ox8000000

: : Read progress:

16:34:13 : Time elapsed during the read operation 1s: 00:00:00.006

) /4
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Restore the original FW =

[ sTM32CubeProgrammer - O *

stma O

CubeProgrammer

1. Wait until Full chip erase is
completed

== Erasing & Programming @ Connected
— asing & Progra g Connecte

Download

2. Click OK Fe ot & - Pl e

Start address

|:| Select Index Start Address Size

|_| Skip flash erase before programming |_| 0 008000000 K =
Verify programming |:| 1 (0x08001000 4K
|:| Run after pregramming |:| 2 0x08002000 4K
m Message b4 g A
000 4K
Automatic Mode @ oy ety 0 .
|_| Full chip erase -
Download file K
[ Option bytes commands | _op O 9 0x08009000 K
O 10 0x0800A000 4K

O 1 0x0200B000 ®

Log Verbosity level e 1 2

6735115 © Read progress: ~

16:34:13 : Time elapsed during the read operation 1s: 00:00:00.006
16:34:55 : MASS ERASE ...

16:34:55 : UPLOADING ...

16:34:55 : Size : 1024 Bytes

16:34:55 : Address : Ox8000000
: : Read progress:

16:34:55 : Time elapsed during the read operation 1s: 00:00:00.004

v/ N
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Lys

life.augmented

Restore the orig

m 5TM32CubeProgrammer

stma O

CubeProgrammer

Click Browse and navigate
to BLEFOTA_BL_1.0.0.bin

— . .
== Frasing & Programming

Erase flash memory | Era

Erase selected sectors Full chip erase

Check that Start address
Is set to 0x08000000

|:| Select

Check Verify programming
(optional)

Start Programming

Automatic Mode

|:| Full chip erase

Download file

|:| Option bytes commands

Click Start Programming

Start automatic mode

Index
0

[ R = T ¥ B P R

=
= oo

Start Address
0x08000000
0x08001000
0x08002000
0x08003000
0x08004000
0x08003000
0x08006000
0x08007000
0x08008000
0x08002000
0x0800A000
0x0800B000

Verbosity level @1

@ Connected

Size
4K
4K
4K
4K
4K
4K
4K
4K
4K
4K
4K
4K

T DEfKE T UXO0U

: Address : Ox1ff00000
: Size : 36 Bytes

: Bank : Ox01

: Address : Ox1ffo1008
: Size : 28 Bytes

: UPLOADING ...

: Size : 1024 Bytes

: Address : Ox8000000
: Read progress:

: Time elapsed during the read operation is: 00:00:00.006

Device information
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Restore the original FW m=

Wait until Download

m 5TM32CubeProgrammer

stvz* O

CubeProgrammer

verified successfully
appears, then click OK

— . .
== Frasing & Programming

Download

File path

Click OK on the File
download complete

Start address | 0x08000000

|:| Skip flash erase before programming

Verify programming

|:| Run after programming

Click Disconnect

Automatic Mode
|:| Full chip erase
Download file

|:| Option bytes commands | gh

Unplug and plug the device
to reset

CASTM32CubeFunctionPack sTBOX1 VL00Wroects's’ | ~ | ([ EEESD

m Message

o Download verified successfully

@ Connected

Erase flash memery | Erase external memory

Erase selected sectors Full chip erase

(0x08005000
(0x08006000
(0x08007000

m Message

o File download complete

UULE ET
0015 &:
0016 &:
0017 &:

T ErasTng ECTor
: erasing sector
: erasing sector
: erasing sector
: erasing sector 0018 @&:
: erasing sector 0019 @&:
: Download in Progress:

Now, your SensorTile.box is
flashed with the original firmware
it comes with from the ST store!

: Verifying ...
: Read progress:

: Time elapsed during download operation:

UXUEUU
0x0800f000 done
0x08010000 done
0x08011000 done
0x08012000 done
0x08013000 done

00:00:01.681

Cortex-M4

Lys
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