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Quick Start Guide

SensorTile.box PRO: the new programmable
wireless box kit flexible to your expertise



Agenda

1 Hardware and Software overview

2  Setup & Demo Application

3 Documents & Related Resources

4  STM32 Open Development Environment: Overview
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1- Hardware and Software overview
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Motion sensors
6-axis inertial measurement unit
LSM6DSV16X

3-axis low-power accelerometer
LIS2DU12

3-axis magnetometer
LIS2ZMDL

Processing & memory

Ultra-low-power with FPU Arm
Cortex-M33 with Trust Zone

STM32U585AlI

Micro SD card slot

Motion sensors

Low-voltage local digital
temperature sensor

STTS22H

Altimeter / pressure sensor
LPS22DF

Digital microphone / audio sensor
MP23DB0O1HP

Connectivity
Blutooth Low Energy 5.2 SoC
BlueNRG355AC

NFC tag on board
ST25DV04K

Sense, process and connect




Power options and user interface

User interface

N\ | /
4 Programmable LEDs _!-
1
2 Programmable buttons ©®
+ Reset button O

Power options

USB-C charging port

Wireless charging
480 mAh long life battery Programmable Audio Buzzer m

e | @
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Meeting the SensorTile.box PRO
from the outside

SD card slot Reset hole Qvar
Button Electrostatic
Sower electrodes
switch
Programmable
o4 mm] button (B)
/
Programmable
User LEDs
Gasket

Power & charge
LEDs

‘_ Order Code: STEVAL-MKBOXPRO
S /4

life.augmented



Accelerometer
(LIS2DU12)

Bluetooth reset
button

MCU
STM32US585Al

Audio Buzzer

Battery Gas
gauge

5W wireless
charger system

Battery connector

S7
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Meeting the SensorTile.box PRO

BLE antenna

Temperature
sensor (STTS22H)

BlueNRG-LP

NFC tag

MicroSD Slot

USB-C power
protection

USB-C port

Audio Sensor
MP23DB0O1HP
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from the inside

6-axis IMU
(LSM6DSV16X)

Pressure sensor
(LPS22DF)

Magnetometer
(LIS2MDL)

Qvar connector

DIL24 Adapter

Additional
connector

Power supply
circuit

Power supply (V)
switch selector
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The kit overview: all with you!

Blister with quick
starting guide

STEVAL-MKIGIBV4
STLINK adapter with
programming cable

SensorTile.box PRO




ST ecosystem supporting learning and prototyping

SensorTile.box PRO ready-to-go lIoT node

Firmware

N STSW-MKBOXPRO-FS STSW-MKBOX-BLEDK
HO: Pre-integrated application example
FP-SNS-DATALOG2 FP-ATR-BLE1
FP-SNS-BLEMESH1 FP-SNS-STBOX1

STEVAL-MKBOXPRO 40 x 63 x 20 mm (L x | x h) BLE applications

www.st.com/sensortileboxpro ST BLE Sensor Classic ST asset tracking

Lys
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http://www.st.com/sensortileboxpro

2- Setup & Demo Applications



Setup

HW prerequisites

« STEVAL-MKBOXPRO

« ST BLE Sensor Classic Application for Android/iOS to be downloaded from Google Play Store /
App Store.

Android™/iOS™ smartphone with ST
BLE Sensor applications
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Demo 1: Sensor Fusion — Quaternion
Entry mode (1/3)

N Example Apps categories
%M
/ Connect one Device 4 E mental
% Log
Select the Board Type 3 AlaMLC

Create a new % User Interface

Application
)k Connectivity
AbOUt EXPERT VIEW
9 e Sy
ssrgt-ks sThRT o
I T W= < e =
Let's switch on the board [1], green LED Select SensorTile.box A list of Example
switches on [2]. Open ST BLE Sensor Pro as the board type. Apps Categories
Classic app on your smartphone. From the
: . appears, select for
main page of the app, click on Create a _
new Application [3]. example Motion.

S7
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Demo 1: Sensor Fusion — Quaternion
Entry mode (2/3)

Then select Sensor Fusion — Quaternion among
the Example applications.

A brief description of the application and an app
overview, schematized as application input,
function, output, are provided for each example
application.

If we focus on The Sensor Fusion — Quaternion
application, the LSM6DSV16X iNemo 6-axis
inertial measurement unit and the LIS2MDL 3-axis
compensated magnetometer are used to show the
orientation estimation of SensorTile.box PRO in
the 3D space. If we look at the block diagram of
this app, the accelerometer sensor, the gyroscope
sensor and the compensated magnetometer are
present. The Sensor Fusion (Quaternion) function
Is applied to these input data and the output is
streamed to Bluetooth.

Now click on Play button,
application overview section.

S7
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} Compass

)E Free-Fall Detection
* Level

% Pedometer

% Sensor Fusion - Quatemion

¢ Example Apps < App

Sensor Fusion - Quaternion

—|

Description

The app uses the the LSMaDSW16X iNemo 6-axis inertial
measurement unit and the LISZMDL 3-axis compensated
magnetometer to show the orientation estimation of
SensorTile.noxPRO in the 3D space.

The algorithm used is the sensor fusion algorithrm (MotionFX
library) embedded in the SensorTile.box MCU which uses the
sensors data as inputs {9-axis) and calculates the quaternion
coefficient and the Euler angles describing the orientation

of the SensorTile.box represented by rotation of 3D cube
model.

The senser fusion algorithm is basically an Kalman

filter that minimizes the sensors' inaccuracies based

on peculiarities of other sensors; it includes gyroscope
calibration and magnetometer calibration (to compensate
the magnetometer offset)

Z EDIT T PLAY

-

-

=

=]

EXPERT VIEW APP OVERVIEW

INPUT

{8} Accelerometer sensor

{8} Gyroscope sensor

5 Compensated magnetometer

FUNCTION

— =

=’
SENTORS START MOR

m

»

The algorithm used is the sensor fusion algerithm {MotienFX
library) embedded in the SensorTile.box MCU which uses the
sensors data as inputs (9-axis) and calculates the quaternion
coefficient and the Euler angles describing the orientation

of the SensorTile.box represented by rotation of 3D cube
model

The sensor fusion algorithm is basically an Kalman

filter that minimizes the sensors' inaccuracies based

on peculiarities of other sensors; it includes gyroscope
calibration and magnetometer calibration (1o compensate
the magnetometer offset).

/" EDIT | T PLAY
APP OVERVIEW

INFUT

ﬁt Accelerometer sensor

{8} Gyroscope sensor

5] Ccompensated magnetometer

FUNCTION ‘

2 Sensor Fusion (Quaternions)

OUTPUT

* Stream to Bluetooth
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Demo 1: Sensor Fusion — Quaternion
Entry mode (3/3)

The available board list appears: the

considered board is identified by its name
(in this case, STB_PRO). fvai'af'e b‘:agdsd N
Click on Play. A pop-up window called s
Overwrite Board opens: to load the current : T
application on the board, substituting the

old one already present, click OK. The

application is loaded, and the blue LED

turns on: a pop-up window appears, if you

click on Boards list, you can go to the list

of the available boards and select yours,

otherwise, by clicking on Auto Connect,

you can directly connect to the board.

Here it is MEMS Sensor Fusion - O
Quaternion demo: if you move the [ <« e m | [ <« e m |
SensorTile.box PRO, the dice is moving

accordingly.

Lys 14
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/ @ Connect one Device

Create a new
Application

About

ST BLE Sensor **
Version:4.18.2 (133)
© 2022 STMicroelectronics

Let's switch on the board [1], green LED
switches on [2]. Open ST BLE Sensor
Classic app on your smartphone. From the
main page of the app, click on Create a
new Application [3].

S7
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ST BLE Sensor

Demo 2: FFT
Expert mode (1/5)

Example Apps categories

X Motion
)B Environmental

% Leg

Select the Board Type

4

% AI&MLC

% User Interface

SensorTile.box SensorTile.box-Pro

X Connectivity
EXPERT VIEW
== =
SENSORS START MORE

Select SensorTile.box
Pro as the board type.

A list of sample application
categories appears; click
Expert View to create a new
application.

»

< Custom Apps

Custom Apps
Upload and run the app on your board.

YOUR APPS +NEVWAPP R IF T PLAY

T
i

SENSORS START

=l
il

Click New Application.
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¢ NewApp

INPUT

Select input source

X TERMINATE

< Input sources

SENSORS

[] Temperature sensor

[C] Pressure sensor

[T Low power Acceleromter sensor
Accelerometer sensor

[l Gyroscope sensor

[]  Magnetic field sensor

[]  Microphone

[] RTC (Time)

+/ SET INPUT

< New App

© INPUT
1::3 Accelerome ter sensor

FUNCTIONS

Choose a function

+ ADD FUNCTION

QUTPUT

Choose output

X TERMINATE

Demo 2: FFT

Expert mode (2/5)

< Input options

ACCELEROMETER SENSOR
ACQUISITION TIME (MINUTES)

0.0

POWER MODE

@ Low power

O High performance

‘OUTPUT DATA RATE (ODR)

120.0Hz =
LOWPASS FILTER
No filter -

HIGHPASS FILTER

No filter v

FULL-SCALE (FS)

+ SAVE LONFIG

Select the accelerometer sensor as the input source and click Set Input. Now click on the gear to the right of the input
section to change its parameters: for example, change the output data rate by setting it to 120 Hz. Click Save

Configuration.

S7
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Demo 2: FFT
Expert mode (3/5)

AVAILABLE FUNCTIONS FFT (DFT- DISCRETE FOURIER TRANSFORM)

@ INPUT @ puT
O ARMA (Auto regressive Moving Average)

ﬁl} Accelerometer sensor ¢ Gl} Accelerome ter sensor ¢

@ FFT (DFT- Discrete Fourier Transform) ‘ O 16

®) 64

Frequencies to produce

O Pedometer

FUNCTIONS FUNCTIONS
O RMS (Root Mean Square) @ O 256

Choose a function 2 FFT [DFT- Discrete Fourier Transform)
O max o QO 1024
O min
+ ADD FUNCTION

QUTPUT O o |

Choose output OUTPUT

O ave

O Standard Deviation

Choose output

(O Threshold Comparison

X TERMINATE +" CONTINUE X TERMINATE +* SAVE CONFIG

In the Functions section, click Choose a function and choose FFT (Discrete Fourier Transform DFT). By clicking on
the gear on the right, you can change the number of frequencies to be produced. Here it is set to 64 and save it by
clicking Save Configuration.

’l 17
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Demo 2: FFT
Expert mode (4/5)

< New App < Output & NewApp &< ST BLE Sensor

APP DETAILS
AVAILABLE OUTPUT METHODS
©@ NpUT @ INPUT
Add a name and notes ta your App
ﬁ} Accelerometer sensor * D File to SD card {:T_t Accelerome ter sensor ¢
NAME
‘ ax|_fft_bt
[[] Stream to USB
(@ FUNCTIONS @ FUNCTIONS DESCRIPTION
2 FFT (DFT- Discrete Fourier Transform) O Stream to Bluetooth 2 FFT (DFT- Discrete Fourier Transform) Q
‘ | + FINISH
+ ADD FUNCTION D SrmesliEmn + ADD FUNCTION
\ | O @ cr 8 m@ -~ ¢
e © o BB AREEEE
Choose output X Stream to Bluetooth ¢
[

% v 1 =
qgwe r t

asdfgh |k
O z. x” c' v b nl mj &
X TERMINATE X TERMINATE + SAVE APP @ L? @ o ) °
IR RN I “
At this point, click Choose output and select Stream to Bluetooth as the available output method: in this way, the data will be

visible directly on the ST BLE Sensor app. Click Save app, assign a name to the app, e.g. axl_fft_bt (Bluetooth FFT
accelerometer) and click Finish.

S7
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Demo 2: FFT
Expert mode (5/5)

=  FFT Amplitude E

Custom Apps Available boards
Upload and run the app en your board.

Scanning for nearby boards. Choose your board to
run the apps.

»

YOUR APPS +NEW APP IF  TPLAY

STB_PRO @3B9C23 T PLAY

% axl_fft_bt TR

ST BLE Sensor |
App loaded successfully
400 ‘

BOARDS LIST QAUTO CONNECT

Hz

DETAILS
& o
SENSORS START

The saved app is available in the list of custom apps. Now, click either the upload button or the name of the application and
then the Play button to load the application on SensorTile.box Pro. The list of available boards appears, here we click play and
then ok to overwrite the previously uploaded application. When the application has finished the uploading and the blue LED
turns on. Now click Auto Connect to connect to the SensorTile.box Pro board. For example, move the board at 5Hz to stimulate
‘_ the Z-axis of the accelerometer; the corresponding signal is plotted accordingly on the app.
> /4

Z
=
il
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Troubleshooting for STEVAL-MKBOXPRO

When the board starts, for all the examples that use Bluetooth,
the board will use the blinking of the Blue LED for showing that
everything is well initialized and it's in discovery mode waiting
the connection from ST BLE Sensor Android/iOS application.

In some rare situation, the board makes one automatic
connection to the Smartphone, and so it' not visible during the
board discovery procedure of ST BLE Android/iOS application
In this situation the Blue LED is not working because the board
Is already connected to the phone.

If it happens, close the ST BLE sensor application and Switch off
and Switch on the phone Bluetooth in order to close the
connection with the board, in this way the Blue LED will start
blinking and it will be possible to reconnect to the board using
the ST BLE Sensor Android/iOS application.

S7
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3- Documents & Related Resources




Resources

Here are the main resources for SensorTile.box PRO

) st.com/sensortileboxPRO DB, UM

CAD resources (Gerber files, BOM, schematics)

Tools & Software (MCU Embedded Software, App)

ife ’l 22



https://www.st.com/en/evaluation-tools/steval-mkboxpro.html#documentation
https://www.st.com/en/evaluation-tools/steval-mkboxpro.html#cad-resources
https://www.st.com/en/evaluation-tools/steval-mkboxpro.html#overview
https://community.st.com/s/group/0F90X000000AXsjSAG/mems-and-sensors
https://www.st.com/en/evaluation-tools/steval-mkboxpro.html#tools-software
https://www.st.com/content/st_com/en/MEMS-Sensors-Ecosystem-for-Machine-Learning.html
https://www.st.com/en/evaluation-tools/steval-mkboxpro.html

4- STM32 Open Development

Environment: Overview




STM32 Open Development Environment
Fast, affordable Prototyping and Development

The STM32 Open Development Environment (STM32 ODE) is an open, flexible, easy, and affordable
way to develop innovative devices and applications based on the STM32 32-bit microcontroller family
combined with other state-of-the-art ST components connected via expansion boards. It enables fast
prototyping with leading-edge components that can quickly be transformed into final designs.

STM32 Nucleo STM32Cube
development boards Bay: $3M33 000 development software
#75® Development
\ Environment
STM32 Nucleo ; STM32Cube
expansion boards (X-NUCLEO) expansion software (X-CUBE)

Function packs

For further information, please visit www.st.com/stm32ode
17
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http://www.st.com/stm32ode

Thank you

© STMicroelectronics - All rights reserved. ’I

The STMicroelectronics corporate logo is a registered trademark of the STMicroelectronics
group of companies. All other names are the property of their respective owners. life.augmented
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