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1- Hardware and Software overview




Hardware Overview

Sample implementations are available for:

1. STM32 Nucleo with expansion boards
« NUCLEO-F446RE + X-NUCLEO-CCA02M2 + X-NUCLEO-BNRG2A1 +
X-NUCLEO-IKS01A3 + STEVAL-MKI1182V2

2. STEVAL- BFAO01V2B evaluation kit
e STEVAL-IDP0O05V2 + STEVAL-UKIO01V2 + 4-wire 2m cable

3. STEVAL-STWINKT1B evaluation kit with STEVAL-STWINWFV1 (Wi-Fi
Expansion)
« STWIN Core System + STLINK-V3MINI debugger + 480mAh Li-Po
battery + Plastic box
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Motion MEMS and environmental sensors expansion board

/

* The X-NUCLEO-IKS01A3 is a motion MEMS and environmental sensor
evaluation board system.

* It is compatible with the Arduino UNO R3 connector layout and is
designed around ST’s latest sensors.

Key Product on board

+ LSM6DSO MEMS 3D accelerometer (+2/+4/+8/+16 g) + 3D gyroscope
(£125/+250/+500/+1000/+2000 dps)
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LIS2DW12 MEMS 3D accelerometer (£2/+4/+8/+16 Q)

LIS2ZMDL MEMS 3D magnetometer (x50 gauss)

LPS22HH MEMS pressure sensor, 260-1260 hPa absolute digital output barometer

HTS221: Capacitive digital relative humidity and temperature

STTS751 Digital Temperature sensor D

DIL 24-pin Socket available for additional MEMS adapters and other sensors (UV index) /
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Motion MEMS and environmental sensors expansion board
STM32 Nucleo with Expansion boards - Hardware Overview (2/7)

X-NUCLEO-IKS01A3 Key Features a I
Arduino LSMeDSO
« The X-NUCLEO-IKS01A3 is a motion MEMS and environmental sensor UNORS ——
evaluation board system. Morpho LIS2DW12
_ ]
» All sensor sensors are connected on a single 12C bus o
. Interrupts
» Sensor I2C address selection
« Each sensor has separate power supply lines allowing power LPS22HH
consumption measurements
HTS221
» Sensor disconnection (disconnects the I12C bus as well as the power
Supply) STTS751
* Interrupt and DRDY signals from sensors
« DIL24 socket (compatible with STEVAL-MKI***\* MEMS adapter boards) b2
i
D3
hE
*is used as a wildcard character for related part number gg:
s

-
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Bluetooth Low Energy Expansion Board

/ Arduino UNO R3 connector \

* The X-NUCLEO-BNRG2AL1 is a Bluetooth Low Energy (BLE) evaluation
and development board system, designed around ST's BLUENRG-M2SP
Bluetooth Low Energy module based on BlueNRG-2.

* The BlueNRG-2 processor hosted in the BLUENRG-M2SP module , |
communicates with the STM32 microcontroller, hosted on the Nucleo conratid <E2 5 Souihngnase
development board, through an SPI link available on the Arduino UNO :

R3 connector.

c48
nn? D] 175
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Key Product on board

+ BLUENRG-M2SP Bluetooth Low Energy, FCC and IC certified (FCC ID:
SINBNRGM2SP, IC: B976C-BNRGM2SP), module based on Bluetooth® Low Energy
wireless network processor BlueNRG-2, BLE v5.0 compliant.

®

X-NUCLEO-BNRG!A 1

; Josssgcce [l

*+ BLUENRG-M2SP integrates a BALF-NRG-02D3 balun and a PCB antenna. It embeds
32 MHz crystal oscillator for the BlueNRG-2.

15090112325
Ud quv-p rguo

* M95640-RMC6TG 64-Kbit serial SPI bus EEPROM with high-speed clock interface
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MEMS Microphones expansion board (X-NUCLEO-CCA02M2)
STM32 Nucleo with Expansion boards - Hardware Overview (4/7)

Hardware Description / Morpho connector \

« The X-NUCLEO-CCA02M2 is an expansion board that has been N frduino UNO RS connector
designed around MP34DTO06J digital MEMS microphone. It is compatible o |E
with the ST morpho connector layout and with digital microphone coupon

boards such as STEVAL-MIC001V1, STEVAL-MIC002V1 and STEVAL-
MICOO03V1.

* The X-NUCLEO-CCA02M2 embeds two MP34DT06J microphones and

allows synchronized acquisition and streaming of up to 4 microphones
through 12S, SPI, DFSDM or SAI peripherals.

e 4 Qe - NN N W N e B

Key Product on board

 MP34DTO06J ultra-compact, low-power, omnidirectional, digital MEMS microphone built

with a capacitive sensing element and an IC interface.

D Microphone coupons housing D USB Connector/
"l [ Latest info available at www.st.com ]

X-NUCLEO-CCA02M2
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Important Hardware Additional Information
STM32 Nucleo with Expansion boards - Hardware Overview (5/7)

~

S S s S For only X-NUCLEO-IKSO1A3 you can setect 12C or SPI
connection mode for DIL24 socket by modification in the file
iIksO1la3 conf.n USE_SPI_FOR_DIL24 define as:

-
=

"

-
-

Opem thesessalderhidses: « 0 --> for enable 12C connection

SB5, SB12, SB19 and SB23

1 --> for enable SPI connection

I2C connection is enabled as default.

/

Modifications on the X-NUCLEO-IKS01A3 board for DIL24 + SPI connection

These hardware patch to be performed on the X-NUCLEO-IKS01A3 to enable SPI support on DIL24 socket:

« Open solder bridges SB5, SB12, SB19 and SB23
» Close solder bridges SB6, SB10, SB18 and SB22

Kyy 9
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Important Hardware Additional Information
STM32 Nucleo with Expansion boards - Hardware Overview (6/7)

BlueNRG-2 library does not work with the stock firmware that is loaded in the BLE
module of X-NUCLEO-BNRG2A1 expansion board.

For this reason:

o first of all, it is needed to solder on X-NUCLEO-BNRG2A1, if it is not soldered, a
0 Ohm resistor at R117.

« Then you can use a standard ST-Link V2-1 with 5 jumper wires female-female
together with STSW-BNRGFLASHER software tool (currently available only for
Windows PC) in order to update the firmware of the BLE module of X-NUCLEO-
BNRG2AL1.

You need to connect the J12 pins of the X-NUCLEO-BNRG2A1 to the pins of the
ST-Link V2-1 as shown in the picture and follow the steps show in the next slide.

In particular we have the following connections:
.

Pin 1 1

Pin 2 9

Pin 3 12

Pin 4 7

Pin 5 15 10
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https://www.st.com/content/st_com/en/products/embedded-software/wireless-connectivity-software/stsw-bnrgflasher.html

&7 BlueNRG-1_2 Flasher - Utility v3.1.0

File Tools Help

Mo Image file
Select Image file loaded.

Flash from Address:  0x 10040000 Flasl

UART

Actions

[ automatic Mode
Verify

[ readuout Protection

[] Mass erase

[ Update Device Memary
Device

Flash Programming

[IMaC address
MAC Address:

MAC Flash Location

Save MAC Address Log

o000 Mass Erase ) Ctrl+E

File Name

Set Mac Address...

Important Hardware Additional Information
STM32 Nucleo with Expansion boards - Hardware Overview (7/7)

- O X

47 BlueMRG-1_2 Flasher - Utility v3.1.0 - m] x
File  Tools Help

" | Sel
Verify Flash Content Ctrl+V
Flasl Flash Stop
Flash Ctrl+F
UART e
Actions [ MAC Address 47 BlueMRG-1_2 Flasher - Utility v3.1.0 - m] X
MAC Address: File Tools Help

[ Automatic Mode
Select Image file| C:/DTM_LLOnly.bin
MAC Flash Location d - *

Verify

[] Readuout Protect Flash from Address: |0x10040000 @ Stop
£aduout Protecton

[ Mass erase Save MAC Address  UART | SWD

[[] Update Device Memary Actions [ImAC Address

MAC Address: Start: 0wl

Device Memary Image File
[ automatic Mode
Start Address |0x10040000 | size [ox3000 F Device Verify HMAC Flash Location
o ] 2 3 Flash Programming [ readuout Protection
[] Mass erase Save MAC AddressLog  File Hame timestamp
< Device Memory Image File [ Update Device Memary
SetMac Address...
Leg Start Address |0x10040000 Size |0x30(
] 1 2 Device
Flash Programming
a 0%
Load Log... S Log... . Device Memory Image File
og
T
AP T Start Address [0x10040000 | size [0x3000 Read Write
0 1 2 3 4
Load Log... Save Lo < >
Log
. Board: (/0
Load Log... Save Log... Clear Log
. Board: (/0 0%
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install the ST BlueNRG-1_2 Flasher Utility and open it,
then select the SWD tab

Erase the flash memory of the BlueNRG-2 chip

Download the Link Layer Only firmware for the BLE
module from the following link DTM_LLOnly.bin

Load the Link Layer Only firmware in the ST
BlueNRG-1 2 Flasher Utility and then press the
"Flash" button

If you need to restore the stock firmware of the BLE
module of X-NUCLEO-BNRG2A1, you can repeat the
procedure using this firmware image DTM_Full.bin

If you should find some issues during the update
process, you can try to repeat the procedure closing
the J15 jumper on the X-NUCLEO-BNRG2A1
expansion board.
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https://github.com/stm32duino/wiki/raw/master/X-NUCLEO-BNRG2A1/DTM_LLOnly.bin
https://github.com/stm32duino/wiki/raw/master/X-NUCLEO-BNRG2A1/DTM_Full.bin

Multi-sensor predictive maintenance kit with 10-Link stack v.1.1 (STEVAL-BFA001V2B)

4 )

+ The Predictive maintenance kit with sensors and |O-Link capability (STEVAL-BFA001V2B) is an industrial reference design kit designed
for condition monitoring (CM) and predictive maintenance (PdM).

* The hardware development kit consists of an industrial sensor board (STEVAL-IDP005V2), communication adapter board (STEVAL-
UKIO01V2), ST-LINK-V3MINI programming and debugging interface, a 0.050” 10-pin flat cable, a 4-pole cable mount connector plug with
male contacts and an M12 female connector with a 2 m cable.

* The package includes an industrial M12 cable for power or connection with a master port.

+ The connection is managed using a standard multipolar cable with one wire used for 10-Link data, one for the L+ line (positive supply
voltage pole) and one for the L- line (negative supply voltage pole).data acquisition campaigns

Key Product on board

» Sensor node (STEVAL-IDP005V2 - not available for separate sale)
32-bit ARM® Cortex®-M4 core for signal processing and analysis (STM32F469Al)
Ultra-wide bandwidth (up to 6kHz), low-noise, 3-axis digital vibration sensor (IISSDWB)
Absolute digital pressure sensor (LPS22HB)

Relative humidity and temperature sensors (HTS221)

Digital microphone sensors (MP34DT05-A) j
IO-Link PHY device (L6362A)
EEPROM (M95M01-DF) for data storage )

Step-down switching regulator and LDO regulator (L6984 and LDK220)
ESD protection (ESDALC6V1-1U2, SMBJ33CA) 7/

12
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STWIN SensorTile Wireless Industrial Node development kit (STEVAL-STWINKT1B)

* The STWIN SensorTile wireless industrial node (STEVAL-STWINKT1B) is a development kit and reference design that
simplifies prototyping and testing of advanced industrial 10T applications such as condition monitoring and predictive
maintenance.

» The kit supports BLE wireless connectivity through an on-board module, and Wi-Fi connectivity through a special plugin
expansion board (STEVAL-STWINWFV1).

Key Product on board

* Multi-sensing wireless platform implementing vibration monitoring and ultrasound detection
Built around STWIN core system board with processing, sensing, connectivity and expansion capabilities
Micro SD Card slot for standalone data logging applications

Wireless BLE4.2 (on-board) and Wi-Fi (with STEVAL-STWINWFV1 expansion board), and wired RS485 and USB OTG
connectivity

Option to implement Authentication and Brand protection secure solution with STSAFE-A110 (footprint)

Wide range of industrial loT sensors: ultra-wide bandwidth (up to 6 kHz), low-noise, 3-axis digital vibration sensor (IIS3SDWB),
3D accelerometer + 3D Gyro INEMO inertial measurement unit (ISM330DHCX) with machine learning core, ultra-low-power
high performance MEMS motion sensor (IIS2DH), 3-axis magnetometer (11IS2MDC), digital absolute pressure sensor
(LPS22HH), relative humidity and temperature sensor (HTS221) and low-voltage digital local temperature sensor (STTS751)

Industrial grade digital MEMS microphone (IMP34DTO05) and wideband analog MEMS microphone (MP23ABS1)

Modular architecture, expandable via on-board connectors: STMOD+ and 40-pin flex general purpose expansions, 12-pin
male plug for connectivity expansions and 12-pin female plug for sensing expansions

Other kit components: Li-Po battery 480 mAh, STLINK-V3MINI debugger with programming cable and Plastic box

Lys
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FP-IND-PREDMNT1
Software Overview (1/2)

FP-IND-PREDMNT1 Software Description

Overall Software Architecture
* FP-IND-PREDMNTL1 is an STM32Cube function pack including dedicated algorithms for
advanced time and frequency domain signal processing and analysis of the 3D digital Application
accelerometer with flat bandwidth up to 6 kHz. The package includes also pressure,

relative humidity and temperature sensor monitoring and audio algorithms for acoustic
emission (AE) up to 20 kHz, and ultrasound emission analysis up to 80 kHz.

* According to the designer's needs for connectivity and sensors, different options are
available and selectable by changing parameter settings. Middleware

*  With the NUCLEO-F446RE development board and the STEVAL-STWINKT1B kit with BLE
connectivity, you can monitor and log the algorithm output and sensor data using the
STBLESensor app.

Hardware

+ The STEVAL-IDPO05V2 included in the STEVAL-BFAOO01V2B evaluation kit allows Abstraction STM32Cube Hardware Abstraction Layer (HAL)
connecting a PC via USB to monitor and log the algorithm output, sensor data and
equipment status. T —
WiFi Adapter for STWIN
* By using the STEVAL-STWINKT1B kit with Wi-Fi connectivity, you can connect the device
to the dedicated DSH-PREDMNT web-based dashboard to monitor and log the algorithm Adapter board for standard STEVAL-
Hardware DIL24 socket BFAOD1VZB

output, sensor data and equipment status.

« The FP-IND-PREDMNT1, together with the suggested combination of STM32 and ST
devices, can be used to develop specific industrial predictive maintenance applications for development board

STEVAL-STWINKT1B | evaluation kit

(or STEVAL-STWINKT1)
evaluation kit

early detection of warning signs of potential failures.

*  The software runs on the STM32 microcontroller and includes all the necessary drivers for
the STM32 Nucleo development board and expansion boards, as well as for the STEVAL-

BFA001V2 and STEVAL-STWINKTV1 evaluation Kit. Latest info available at www.st.com
FP-IND-PREDMNT1

Lys 14
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Key features

FP-IND-PREDMNT1
Software Overview (2/2)

Complete firmware to develop a sensor node for condition monitoring and predictive maintenance applications, featuring digital or analog microphone,
environmental and motion sensors, and performing real-time monitoring of parameters and equipment status via:

user terminal by UART (available for the STEVAL-IDP0O05V2 evaluation board included in the STEVAL-BFA001V2B kit)
Wi-Fi connectivity (available for the STEVAL-STWINKT1B kit with the STEVAL-STWINWFV1 Wi-Fi adapter)
BLE connectivity (available for the NUCLEO-F446RE development board and the STEVAL-STWINKT1B Kit)

Signal processing (MotionSP) middleware for vibration analysis in time domain (speed RMS and acceleration peak) and frequency domain (FFT with
programmable size, averaging, overlapping and windowing)

PDM to PCM and sound pressure level (SPL) middleware for digital microphones (for NUCLEO-F446RE and STEVAL-BFA001V2B)
Acoustic FFT Analysis for NUCLEO-F446RE and STEVAL-BFA001V2B

Ultrasound FFT Analysis for STEVAL-STWINKT1B

Configurable alarm and warning thresholds for key parameters

Data logging capability through mobile app or PC serial terminal

Compatible with STBLESensor application for Android/iOS, to perform sensor data reading, audio and motion algorithm feature demo, and firmware update
over the air (FOTA) (feature available only when using NUCLEO-F446RE and STEVAL-STWINKT1B with BLE connectivity)

Compatible with DSH-PREDMNT web-based predictive maintenance dashboard for monitoring sensor data and device status (feature available only when
using the STEVAL-STWINKT1B with the STEVAL-STWINWFV1 Wi-Fi adapter)

Sample implementation available for the STEVAL-BFA001V2B and STEVALSTWINKT1 kits

Sample implementation available for X-NUCLEO-CCA02M2, X-NUCLEOIKS01A3, STEVAL-MKI182V2 (DIL24 based on ISM330DLC) and X-NUCLEO-
BNRG2A1 connected to a NUCLEO-F446RE board

Easy portability across different MCU families, thanks to STM32Cube
Free, user-friendly license terms

FP-IND-PREDMNT1

"l [ Latest info available at www.st.com ] 15
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2- Setup & Demo Examples




Setup & Demo Examples

« STSW-LINKOO4 (Link)
« STM32 ST-LINK Utility is a full-featured software interface for programming STM32 microcontrollers

* FP-IND-PREDMNT1

« Copy the .zip file content into a folder on your PC. The package will contain source code example (Keil, IAR,
STM32CubelDE) based only on NUCLEO-F446RE or STEVAL-BFA001V2B or STEVAL-STWINKT1B

« ST BLE Sensor Application for Android/iOS to download from Google Store / iTunes

ST DSH-PREDMNT Account

« Common freely Serial line terminal (i.e. TeraTerm)

,l 17
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https://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-programmers/stsw-link004.html
https://play.google.com/store/apps/details?id=com.st.bluems
https://itunes.apple.com/us/app/st-bluems/id993670214?mt=8
https://www.st.com/content/ccc/resource/sales_and_marketing/presentation/product_presentation/group0/5c/d3/4d/6c/aa/4e/49/23/DSH-PREDMNT_GETTING_STARTED/files/dsh-predmnt_getting_started.pdf/jcr:content/translations/en.dsh-predmnt_getting_started.pdf

2.1- Setup Overview: STM32 Nucleo

with Expansion boards




Setup Overview
HW prerequisites with NUCLEO-F446RE

» 1x Bluetooth Low Energy Expansion Board (X-NUCLEO-BNRG2A1)

* 1x Motion MEMS and Environmental Sensor Expansion Board (X-

) ‘e
mczcviu[rgjl L

NUCLEO-IKS01A3) N > G,

« 1x ISM330DLC adapter board for a standard DIL24 socket (STEVAL- NUCLEO-PA46RE STEVAL-MKILE2V2

MKI182V2)

+ 1x Digital MEMS Microphone Expansion Board (X-NUCLEO-CCA02M2)

* 1x STM32 Nucleo Development Board (NUCLEO-F446RE)

! ] . X-NUCLEO-IKS01A3 X-NUCLEO-BNRG2A1 X-NUCLEO-CCA02M2
e 1x Android™ or iOS™ device

+ 1x PC with Windows 7 and above ‘\
v

* 1x USB type A to Mini-B USB cable

Mini USB

"l It is necessary to connect the boards in the order shown in this picture 19
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Setup Overview
Start coding In just a few minutes (1/3)

r www.st.com/stm32ode

FP-IND-PREDMNT1 package structure

e
life.augmented Mame
. _htmresc
: Docs
9 . Documentation <
> Dri _ BSP, HAL and drivers
Select Function Pack: | UIVErs ) ) _
FP-IND-PREDMNT1 Download & unpack . Middlewares « BlueNRG-2, Audio, MotionSP
| Projects _Application example
 Utilities _ Boot loader binary
| | packagexml
'E Release_Motes. html a
T ™ \Projects\STM32F446RE-Nucleo\Demonstrations\Acoustic_Analysis
Android /105 smartp_hone and \Projects\STM32F446RE-Nucleo\Demonstrations\Predictive_Maintenance
ST BLE Sensor application
(V4.10.0 or higher) @

Use the pre-compiled binaries for registering your device, or alternative
re-compile the code adding your device certificate

s @ S]KEIL ©IAR © <

20
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Setup Overview
Start coding In just a few minutes (2/3)

1. How to install the pre-compiled binary:
« For each demonstrations, there is inside the package one folder called “Binary”

Projects » S5TM32F446RE-Mucleo » Dernonstrations » Acoustic_Analysis * Binary w

Mame Date modified Type

NUCLEO-FHMERE_AcousticAnalysis [2C_BL v2.4.0.bin 6/7/2021 &:11 PM Projects » STM32F446RE-Muclec » Dernonstrations » Predictive_Maintenance * Binary v D

NUCLEO-F446RE_AcousticAnalysis_I2C_v2.4.0.bin 6/7/2021 &:11 PM N

NUCLEOQ-FA46RE_AcousticAnalysis_SPI_BL_v2.4.0.bin 6/7/2021 6:13 PM MName Date modified Type

NUCLEO-F446RE_AcousticAnalysis_SP|_v2.4.0.bin 6/7/2021 6:13 PM NUCLEQ-FA46RE_PredictiveMaintenance 12C_BL v2.4.0.bin 6/9/2021 10:12AM  BIN File
NUCLEO-F446RE_PredictiveMaintenance_|2C_v2.4.0.bin 6/9/2021 10:11 AM  BIN File
NUCLED-F446RE_PredictiveMaintenance_SPI_BL_v2.4.0.kin 6/9/2021 10:08 AM  BIN File
NUCLEOD-F446RE_PredictiveMaintenance_5PI_v2.4.0.bin 6/9/2021 10:03 AM  BIN File

* |t contains:

» pre-compiled FP-IND-PREDMNT1 FW that could be flashed to a supported STM32 Nucleo Board using the ST-Link at the right
position (0x08004000)

» Important Note: this pre-compiled binary is compatible with the FOTA update procedure

» pre-compiled FP-IND-PREDMNT1 + BootLoader FW that could be directly flashed to a supported STM32 Nucleo Board using the
ST-Link or by doing “Drag & Drop” (the latter only for STM32 Nucleo boards)
* Important Note: this pre-compiled binary is not compatible with the FOTA update procedure

"[ 21
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Setup Overview

- | sme @ ©IAR STKEIL
2. How Install the code after compiling the project: CubelDI SYSTEMS STk

. i A Projects » STM32F446RE-MNuclec » Demonstrations » Predictive_Maintenance » EWARM

« Compile the project with your preferred IDE Nome Dsemocified  Type Sz

[E] CleanPREDMMNT1_IAR_F446.bat Windows Batch File 2KB

« On Windows: for each IDE and for each platform there is one batch script: O cdtvttimeancecs o

* |AR toolchain Embedded Workbench V8.50.9: Bttt i o

. CIeanPREDI\/INTl_IAR_F446,bat 1 stm32fdd6e flash.icf VM ICFFile 2KB

* MVision toolchain - MDK-ARM Professional Version: 5.32.0:
+ CleanPREDMNT1_MDK-ARM_F446.bat

+ STM32CubelDE Version 1.6.1:
+ CleanPREDMNT1_STM32CubelDE_F446.bat

B C:\WINDOWS\system32\cmd.exe - [m] %

» For Linux/iOS: only for STM32CubelDE and for each platform there is one OpenOCD:
* CleanPREDMNT1_STM32CubelDE_F446.sh

It’s necessary to edit this file for setting the right installation and Library path

* These scripts perform the following steps:

* Full Flash Erase

» Flash the right BootLoader at the right position (0x08000000)

* Flash the PREDMNTL1 firmware at the right position (0x08004000)
» This is the firmware that was compiled with the IDE
» This firmware is compatible with the FOTA update procedure

+ Save a complete Binary FW that includes both PREDMNT1 and the BootLoader
» This binary can be directly flashed to a supported STM32 board using the ST-Link or by doing “Drag & Drop”
» Important Note: this additional pre-compiled binary is not compatible with the FOTA update procedure

Lys
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Sector 0 16K
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128K
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Flash Structure for STM32F446RE

— -
Region

Setup Overview
Flash Management and Boot Process

FLASH o
Organization -

o -

APPLICATION

YES
‘ Erase “Region 2” ‘

Copy FOTA from
“Region 3” to “Region
2”

Delete FOTA
“magic number” in

JUMPTO Regions

APPLICATION

Restart the board
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etup Overview

FP-IND-PREDMNT1 NUCLEO-F446RE - Serial line monitor (e.g.Tera Term)

¥ COMT - Tera Term VT - [m] X

File Edit Setup Control Window Help

UART 1nicialized

STMicroelectronics FP—IND-PREDMNTL: Port: | COMZ20
Apl

plication — Predictive Maintenance
Uersion 2.4.8

8TM32F446xx—Nuc leo board
Baud rate: 115200 -

OK ‘

Code compiled for K-NUCLEO-IKSB1A3 hoard
1SHI3@DLE DIL24 Precent <SPI connection>
ccelera Sensor 7
O Gyroscope Sensor o |
OK Magneto Sensor Data: 8 bit
OK Temperature and Humidity (Sensord)
OK Temperature and Pressure (Sensor2>

Accelero Sensor T

Gyroscape Sencer Parity: |n0ne v‘
{Sensorl)
¢Sensorl)

(SensorZ> Stop: | 1 bit

Pressing the RESET User button on =< B fudte lait,, Gfutin Fryy;- dco
STM32 Nucleo board. You could see et e Bt St

the |n|t|a||zat|0n phase " 1-7-:15nnnoujnnnn Size-22 [bytes] Transmit delay

1_0>
Conmpiled Jun 8 2021 11:5@:55 CKEIL>
508n5 Lemperature Hunidity Pressure

Sond Bvery  Somg 45 nodsgMInete 0 msecichar 0 mseclline

Debug Connection Enabled
Debug Notify Trasmission Enabled

Cancel

Help

Flow control: |n0ne

SERUER: BLE Stack Initialized
loardName:
BoardMAG =

BTN comeeetally Configure the serial line monitor (speed, LF)

Console Service added successfully
ronmental function net defined
ok

BLE

BLE

BLE

BLE

BLE FFT Alarm Speed Status features ok

BLE FFT Alarm Acc Peak Status features uk

BLE FFT Alarm Subrange Status features

Features Service added successfully (Statn.,f [0

Testing BootLoaderCompliance:
ersion 1.3.8
Uersion Ok
Magichun 0K

28 i
Ofhseancass on
BootLoader Compliant with FOIA procedure

Uibration parameters have heen set as del‘ault ualue-‘
Recall the u)brat)nn paranmeter values from Fl
Uibration parameter values read from SH

fAccelerometer parameters:
AccOdr- 1660 AccFifoBdr= 1668 4

MotionSP parameters
size= 1824 win

1 tacq= 5008 oul= 75 subrange_nun= 8

Accelero Config
0k FullScale Setting
0k Set Output Data Rate
Ok measure and calculate ODR ¢ 1661.88 Hz >
OK Set Accelerometer Parameters

aci_gap_update_adu_dat.
>>>33>CONNECTED 5 hc 87:e5:2a

When the boards are connected to an Ef-f-:l..°"ngi’“'c'§¥§lﬁﬂgﬂgﬁéitéﬂﬁi"{ézf‘wi?1¢d

Notification on Service Change Characteristic
UUID Rescan Force

Android or iOS device, you can see Eindiny: Preosigensy Hunss 7

67
67

what is transmitted via BLE § f

67
67
{13
66
67
67
{13
66
67
67

67 24

Hun=631 T
Hum=631 67
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2.2- Setup Overview:

STEVAL-BFAO0O1V2B evaluation kit




Setup Overview
HW prerequisites for STEVAL-BFA001V1B(1/2)

« 1x STEVAL-BFAO001V2B Kit:
* One STEVAL-IDP005V2 sensor node reference design (10 x 50 mm).
» One adapter for ST-LINK programming and debugging tool - STEVAL-UKI001V?2.
» STLINK-V3MINI debugger/programmer for STM32 and STDC14 flat cable.
* One 0.050” 10-pin flat cable.

* One 4-pole cable with M12 female connector.

* One 4-pole mount M12 connector plug, with male contacts..

» 1x Generic power supply (range 18...32V)

e 1x PC with Windows 7 and above

A USB micro-B connector.

mEE

Generic power supply
Micro USB (range 18...32V)

K’[ 26
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Setup Overview

HW prerequisites for STEVAL-BFA001V1B(2/2)

In order to program the board and run demo you need execute the following step:
1. Connectthe STEVAL-UKIO01V2 adapter to the STEVAL-IDP0O05V2 sensor node through the 10-pin flat cable.
2. Connect the STEVAL-UKIO01V2 adapter to the STLINK-V3MINI programmer/debugger board through the STDC14 flat cable

3. Supply power (18V — 32V)
4. Connect the STLINK-V3MINI to the PC through the USB micro-B cable.

Lys

life.augmented

Supply
voltage
1 8V...32Vh

Connect
14 pins

hA
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Setup Overview
Start coding In just a few minutes

r www.st.com/stm32ode

FP-IND-PREDMNT1 package structure

-
life.augmented Mame
. _htmresc
) Docs
9 9 . Documentation €
> : _ BSP, HAL and drivers
Select Function Pack: . Drivers <

FP-IND-PREDMNT1 Download & unpack Audio, MotionSP

, Middlewares

A

. Projects _Application example

. Utilities a
| | packagexml

E Release_Motes. html

A\Projects\ STM32F469AI-BFA001V2 \Applications\Acoustic_Analysis
A\Projects\ STM32F469AI-BFA001V2 \Applications\Environmental_Monitoring
A\Projects\ STM32F469AI1-BFA001V2 \Applications\ Vibration_Analysis
6 A\Projects\ STM32F469AI-BFA001V2 \Demonstrations\Predictive_Maintenance_SRV

Use the pre-compiled binaries for registering your device, or alternative
re-compile the code adding your device certificate

Standard User

s @ DKEIL ©IAR © <

e Teraterm

S Gt CubelDE Tools by ARM SYSTEMS

* Realterm
* HyperTerminal

» Docklight
‘ * Etc.
'l * Etc.

life.augmented
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STEVAL-BFA001V2B Startup & Hardware Info

Switch ON the power supply

Supply
voltage

18V...32Vk

Connect
14 pins

X

Push the Reset button on the STEVAL-UKI001V1

Open the terminal (or STEVAL-IDP005V1)

emulator

Terminal emulator settings

« Name: COM Port name

» Baud Rate: 230400 (*)

e Data:8

> Parity: None

» Stop Bit: One

¢ Flow Control: None

* New Line:
* Receive: AUTO
e Transmit: LF

life.augmented

Setup Overview

FP-IND-PREDHMNT 1
EVAL-BFABA1V2
Predictive Maintenance by SRU UART

BTMicroelectroni
Board -
Application
Uersion 2.3.0

TM32F4xx Libraries & IDE informations:
C(HAL 1.7.18_8>
Compiled Nov 25 2028 17:52:25 <(IARD

CU informations
MCU Dev. ID Bx434
MCU Rew. ID Ax1068
MCU unique ID Bx3937353031365108200430020
MCU Flash Size 2848 Khytes
MCU SYSCLK 180.80 MHz
MCU HCLK : 180.80 MH=z
MCU PCLK1 45.88 MHz
MCU PCLK2 98.680 MH=z

Starting project

DEDEIE 0202000262020 DD D02 D06 DD DD DD D606

»* Uibration Analysis Parameters »*
R R e e R B B B B S B s 2 o o 2

Accelerometer parameters arve:
- ficc. ODR : 26667 Hz
- FIFO BDR : 26667 Hz
- Acc. FS : 4g
= HW Filter : HP ODR/8GO
MotionSP parameters are:
= FFT in size 4096
FFT OUL 57
FFT window HANNING
Acg. time
RMS tau
- TD type
SubRanges

Would you change the parameters? [y/nl

29
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Would you change the parameters? [y/n] Type “y” or “Y” to change
Acc. FS?[2, 4, 8, 16][q]

HW Filter (HPF)? ODR divided by [4, 10, 20, 45, 100, 200, 400, 800]

FFT in size? [256, 512, 1024, 2048, 4096]

For each parameter changing the line is
FFT OVL? [5 - 85][%] i ”

overwritten. Type "Esc” to restart.

FFT window? [RECTANGULAR: 0, HANNING: 1, HAMMING: 2, FLAT TOP: 3]
Acq. time? [500 - 60000][ms]

RMS tau? [25, 50, 100, 150, 250, 500, 1000, 1500, 2000][ms]

TD type? [SPEED: 0, ACCELERO: 1, SPEED & ACCELERO: 2]

SubRanges? [8, 16, 32, 64]

Accelerometer parameters are:
- Acc. ODR 1 26667 Hz
- FIFO BDR : 26667 Hz
- Acc. FS : 16g
- HW Filter : HP ODR/800
Parameter summary
MotionSP parameters are: Press “n” or “N” to
-FFTinsize  :2048 start monitoring
- FFT OVL :75%
- FFT window : FLAT TOP
- Acq. time : 5000 ms
- RMS tau : 250 ms
- TD type : SPEED & ACCELERO
- SubRanges 18

Restart the
application

Would you change the parameters? [y/n]

Setup Overview

Parameters Configuration Details

Fs => accelerometer full scale in g
(2,4,8,16)
HW filter => Configurable inside the 1IS3DWB sensor

Size => FFT size
(256, 512, 1024, 2048, 4096)
FFT OVL => OVERLAPPING in percentage
(5 + 85) [%]

Windowing => Windowing method used for Spectral Analysis
0 (Rectangular)

1 (Hanning)

2 (Hamming)

3 (Flat Top)
Tacq => acquisition time in ms (0.5 + 60000)
RMS Tau => timing constant for RMS in ms

(25,50,100,150,250,500,1000,1500,2000)
Tdtype => Time Domain Analysis selection

0 (Speed RMS)

1 (Acc RMS)

2 (Acc and Speed RMS)
Subrng => number of spectral subrange

(8, 16, 32, 64)

30



Setup Overview

Time & Frequency Domain Analysis

bin Freg] AmpT1i tude Im/s2]

[Hz] X | Y |
: 7 .000] .000]
The measured accelerometer ODR is 26758 Hz .001] .001]
wait while isition ongaing for 5. .001| .001]
.002] .002]
.002] .002]
.002] .003]
.003] .003] . o :

Analvsi .003] .004] . 2 AnalyS|S

nalysis .oo*l .004] - Frequency
Start 004]

.004]| s Array

.003] . 004 .
-004| " 004 (Acceleration)
.004]

.004]

.004]

.004]

Time Domain
(Speed RMS)

]
CJ

0
0.
0
]
0.
0.
0

003
003
00
o0
003
o0
o0

. 003
ME:
.00
.00
.UJ

[ Y Y]

LJ

U-l U-l Wl W wwwp pw UJ

[T

|
|
|
|
|
|
|
|
|
|
|
|
|
|
| ; ,
| : . 004
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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Setup Overview

TDM & FDM final results with thresholds Status

FFT results:
Absolute Max Amp @ Freq

Lys

life.augmented

subrang

FFT AVG
numbers
—

\ 4

FFT Subranges Results
Max Amp @ Freq - Status

Time And Frequency Domain
All Thresholds Status

32



Setup Overview
Predictive Maintenance User Terminal Application (5/6)

FW -Threshold settings

User can modify the alarm and warning thresholds for Speed RMS, Acc peak and spectral band.
It is possible in precompiling phase using the MotionSP_Threshold.h file.
Spectral band can be subdivided in 8, 16, 32 or 64 subrange.

Open the PredMaint_SVR project from \Projects\STEVAL-IDP005V1\Demonstrations\Predictive Maintenance SRV folder (*)

Workspace * o X
FP-IND-PREDMNT ~ MotionsP_Threshold.t
Files ® — I
3 - .5%, I< THR . { AXIS ¥
= @ Project - FP-IND-PREDMNT1 W | TETTR i 6.5, #/1< THR_ALARM BXIS Z
B Doc # WTHE USER CAN CHANGE THESE VALUES T ADAPT THE ANALYSYS WITH HIS SIGNATURE MACHINE OR CONDITIONS™ E S
— L i
i Drivers . o _ || PR
E Middlewaras L static const sTimeDomainThresh t TDIpeedRMSThresh = } | /¢ WARNING and ALARM THRESHOLDS with SUBRANCE = 8 —+/
= -STEVAL—IDPI]I]E_Pred||:1|\:eMa| — {/* Valus in mm/s */ ]| fEREEERE AR AR AR AR R AR AR R AR AR AR AR AR AR ERS
& B EYVARM . 5.65%, // 1< SPEED RMS THR WARN AXIS X L
Lo @ User 5.65%, /4 1< SPEED RMS THR WARN AXIS ¥ 1 F] static const float FDWarnThresh Sub&[2][3] = {
o Patch - 5.65%, // 1< SPEED RMS THR WARN AXIS Z Ul 7 o ste, a5e) e arn ar Subrange 1 ¢/
9.65f A4 1< EPEED RMS THR ALARM AXIC X 3 + Farn Th thra 2 % .
console.c [ ] ' TSR - " H {1. /% Warn Thr Subrange 2 */ —
ata communication srv.c - 9. 65%, /¢ 1< SPEED RMS THR ALARM AXIS ¥ ; . /% Warn Thr Subrange 3 +/ Threshold values for Warning
o - 9.651L, /4 1< SPEED RMS THR ALARM AXTS Z i {1. /% Warn Thr Subrange ¢ */
dpl05_bus.c L] S E———— = = 3 . /% Warn Thr Subrange & #/
idp0D5_UART c . ’ e 7+ ara Tix Sabwange € +/ === Threshold values for Alarm
ST ) 1. /* Warn Thr Subrange 7 #/
) main.c . ° H /#* L {1. /% Warn Thr Subrange 8 */
_ mot\DnSP_'\CAanlg.h * Ebrief Values inserted considering the value for Acceleration Peak for Machine ERPM=3000-3600 b I
=] hdotio ' hdanager.c L ] - ped or idmsT ehs a . T . T 3
L : =] */ and using an 1deal shaker @60 Hz for the WARNING for the ALARM \ ) static const float FDAlarmThresh Subs[2][3] = [
I r = Hl B e a4
L] static const sTimeDomainThresh t TDRccPeakThresh = H £, £ /* Alarm Thr Subrange 1 */
strn32fdo_it.c . O {/* Value in m/s*2 * B P /* Alarm Thr Subrange 2 */
[ TargetPlatiarm.c . 3.5%, //1< THR WARN XIS X i S e
H Output 3.5%, /1< THR WARN AXIS ¥ ) 7% Alaym Thr Subrnge 5 +/
3.9L I THE WARN AXIS Z L /% Alarm Thr Subrange & */
6.5%, J# 1< THR ALARM AXTS ¥ g £}, /* Alarm Thr Subrange 7 */
6.5r, /i< TER ALARM AXIS ¥ 3 .5, 5.5f, 6.5}, /% Alarm Thr Subrange 8 */
5.5%, //1< THR ALARM AXIS 2 a=s
B

‘ ’l (*) to change thresholds and recompile firmware it is necessary install one of the supported IDEs 33
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Setup Overview

Environmental Measurements Parameters Overview and Restart

% pnvironmental Measurement #F%

Environmental
Measurements

TEUpEPatUFE
Humidity (HT

-
Pressure (LP

Accelerometer parameters are:
- ACC. ODR H
- FIFO ODR : 26667 Hz

- ACC. FS H: .
- HW Filter : HB ODR/800 Parameter Overview

MotionSP parameters for the Next

FFT in size ;2 analysis
FFT OVL HEy4

FFT window ! HANNING

Acg. time : 5000 ms

RMS tau 50 ms

TD type : SPEED

SubRanges T 64

wWould you change the parameters? [y/n]

‘Yl 34

life.augmented



2.3- Setup Overview:

STEVAL-STWINKTI1B evaluation kit




Setup Overview
HW prerequisites for STEVAL-STWINKT1B (1/2)

1x STEVAL-STWINKT1B Kit:
« STWIN Core System board
« STLink-V3MINI debugger

+ Battery

« Plastic Case STEVAL-STWINWFV1

1x STEVAL-STWINWFV1:
« STEVAL-STWINWFV1 Wi-Fi Expansion /

1x PC with Windows 7 and above

STEVAL-STWINKT1B

MicroUSB Cable
1x USB type A to Micro USB cable for the STLink-V3MINI

1x USB type A to Micro USB cable for the STEVAL-STWINCSV1 Core System board

Wi-Fi Router or access to a Wi-Fi network

Lys

life.augmented
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Setup Overview
HW prerequisites for STEVAL-STWINKT1B (2/2)

* How to re-program/debug the STWIN

—
!

’l 37
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Setup Overview
Start coding In just a few minutes for Bluetooth low energy (1/3)

r 0 www.st.com/stm32ode

life.augmented

FP-IND-PREDMNT1 package structure

Mame
@

. _htmresc
Select Function Pack: e
FP-IND-PREDMNT1

-~

Docs

A

; Documentation

) BSP, HAL and drivers
. Drrivers

A

Download & unpack

. Middlewares BlueNRG-2, Audio, MotionSP

A

. Projects Application example

A

. Utilities Boot loader binary

A

| | packagexml

'E Release_Motes. html a

Android™/iOS™ smartphone and

o A\Projects\STM32L4R9ZI-STWIN\Demonstrations\Predictive_Maintenance_BLE
ST BLE Sensor application
(V4.10.0 or higher) @

Use the pre-compiled binaries for registering your device, or alternative
re-compile the code adding your device certificate

s @ [STKEIL ©IAR ©

38
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Setup Overview
Start coding In just a few minutes for Bluetooth low energy(2/3)

1. How to install the pre-compiled binary:
» For each demonstrations, there is inside the package one folder called “Binary”

5TM32CubeFunctionPack_PREDMNTI_V2.4.0 » Projects » STM32ZL4RSZI-STWIM » Demonstrations » Predictive_Maintenance_BLE » Binary

o

Marne Date modified Type Size
D STM3ZLARIZ1-5TWIN_PredictiveMaintenance_BL_v24.0.bin  6/11/2027 %:52 AM BIM File 283 KB
D STM3ZLARGZ]-5TWIN_PredictiveMaintenance_v2.4.0.bin 6/11/2021 9:52 AM BIM File 272 KB

* |t contains:

» pre-compiled FP-IND-PREDMNT1 FW that could be flashed to a supported STM32 Nucleo Board using the ST-Link at the right
position (0x08004000)

» Important Note: this pre-compiled binary is compatible with the FOTA update procedure

» pre-compiled FP-IND-PREDMNTL1 + BootLoader FW that could be directly flashed to a supported STM32 Nucleo Board using the
ST-Link or by doing “Drag & Drop” (the latter only for STM32 Nucleo boards)

» Important Note: this pre-compiled binary is not compatible with the FOTA update procedure

"[ 39
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Setup Overview

s ®  ©IAR SKEIL

CubelDF SYSTEMS

Tools by ARM
+ » 5TM32CubeFunctionPack _PREDMMNTI_V2.2.0 » Projects » STM32L4R9ZI-S5TWIN » Demonstratio
e . . MName - Date modified Type Size
2 " H OW I n Stal I th e C O d e after C 0 m p I | I n g th e p roJ eCt " [E] CleanPREDMNT1_IAR_STWIN.bat 5/7/2020 11:44 AM Windows Batch File
@ PredictiveMaintenance.eww 5/7/2020 11:44 AM IAR IDE Workspace
. . . | Project.ewd 0 EWD File
« Compile the project with your preferred IDE | Projectewp EWP Fil
| startup_stm32l4rioes Azzembler Source
. . . | stm3214r%ec_flash.icf ICF File
« On Windows: for each IDE and for each platform there is one batch script:
* |AR toolchain Embedded Workbench V8.50.9:

CleanPREDMNT1_IAR_STWIN

uVision toolchain - MDK-ARM Professional Version: 5.32.0:
+ CleanPREDMNT1_MDK-ARM_STWIN
STM32CubelDE Version 1.6.1:

CleanPREDMNT1_STM32CubelDE_STWIN

» These scripts perform the following steps:
* Full Flash Erase

Flash the right BootLoader at the right position (0x08000000)

Flash the PREDMNT1 firmware at the right position (0x08004000)
» This is the firmware that was compiled with the IDE

» This firmware is compatible with the FOTA update procedure
Save a complete Binary FW that includes both PREDMNT1 and the BootLoader

» This binary can be directly flashed to a supported STM32 board using the ST-Link or by doing “Drag & Drop”
> Important Note: this additional pre-compiled binary is not compatible with the FOTA update procedure

Lys
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Setup Overview
Start coding in just a few minutes for Cloud Application

, Mame
life.augmented

,’ www.st.com/stm32ode-fp FP-IND-PREDMNT1 package structure
@ | ’

. _htmresc
) Docs
g . Documentation <
~ . BSP, HAL and drivers
> ; Drivers <
Download & unpack _ P .
9 P | Middlewares < AWS, mbedTLS, Wifi, MotionSP
Select . Projects Application example
FP-IND-PREDMNT1 - Utilities

__| package.xml
Configure and Monitoring the application € Release_Motes.html

« TeraTerm (v. 4.97 or higher) ’ -.q'

ST DSH-PREDMNT

e Compile/Flash and Run the project
38 GIAR KEIL
Eﬂjhenr’ SYSTEMS DZ Toals by ARM

\Projects\STM32L4R9ZI-STWIN\Demonstrations\Predictive_Maintenance_ WIFNAWS\
OR
Load the pre-compiled binary using STM32 ST-LINK Utility

\Projects\STM32L4R9ZI-

"l PLL GG 45508 2 STWIN\Demonstrations\Predictive_Maintenance_WIFI/AWS\Binary\STM32L4R9ZI-

41
Jife.augmented B STWIN_PredictiveMaintenance_WIFI_v2.4.0.bin


https://www.st.com/content/ccc/resource/sales_and_marketing/presentation/product_presentation/group0/5c/d3/4d/6c/aa/4e/49/23/DSH-PREDMNT_GETTING_STARTED/files/dsh-predmnt_getting_started.pdf/jcr:content/translations/en.dsh-predmnt_getting_started.pdf

Setup Overview

FP-IND-PREDMNT1 STEVAL-STWINKT1B with BLE connectivity - Serial line monitor (e.g.Tera
Term) Sp— o x

File Edit Setup Control Window Help

SN TMicroelectronics FP—IND-PREDMNTA: Tera Term: Serial port setup e
pplication — Predictive Maintenance
Uswsio .0
STHSALARIET STUIN hoard
Code compiled For STUIN boand Port: COM9 A 0K
OK Accelsro Sensow

OK Temperature and Humidity <Sensowl) Spt:t:d: 9600
OK Temperature and Pressure (Sensor2>
Pressing the RESET User button on fosa baca Mansgor tengaonot. 515" Data: 8 bit v Cancel

STEVAL-STWINCSV1 board. You could see Hobe hnke Eaa:n“sr:e 25 tngeon

Parity: none “
the |n|t|al|zat|0n hase < éﬂﬁ{;ﬁ;ﬁﬂ;ﬂ’s 2821 13:53:41 CHEIL)
F) Sond Ev 5@anS Tomperatupo Humidity/Prossure . 5 Help
’ o /| t -
Sond Bors  Simd AB nagpe/Meamete Stop bits: 1 bit >
Dsbug Connection Enabled
Debug Hotify Twasmission Enabled Flow control: nNone V

[SERVER: BLE Stack Initialized
oardMame= PM1U248
BoardMAC = d7:6h:dB:25:4e:88

Transmit delay

successfull
ead request environmental Function not defined
nuironmental Features o

Inertial Features o

Audio Level features ok

Battery Features o

FFT Anplitude featuwes ok

Time Domain features o

FFT Alarm Speed Status Featuw

FFT Alarm Acc Peak Status feat

FFT Alarm Subrange Status Featur
Features Service added successfully (Statu

Testing BootLoaderConpliance:

ersion 2.8.8
BL Uersion Ok
MagicNum

K
[BootLoader Compliant with FOTA procedure

Uibration pavameters have heen set as default ualueF
[Recall the vibration parvameter values from
Uibration parameter values vead from FLASH

fccelerometer parameters:
Accodr= 52 AccFifoB
Mot ionSP parameters:

size= 256 w oul= 75 subrange_num= 8§

fccelere Config
K FullScale Setting
Ok Set Output Data Rate
Ok measure and calculate ODR < 53.88 Hz >
OK Set Accelerometer Parameters

>>>3§§50Nﬂggggnagu dgtad0¥1 iBa:l.

it
When the boards are connected to a Call to ConnecionConplocodiuncelon
Nﬂtlfﬁnatlnn on Service Change Characteristic

Android or iOS device, you can see what is T -

. . geng?n Hum=:

transmitted via BLE et
[Sendin Hum=463
[Sendin Hum=463
[Sendin Hum=464
[Sendin Hum=464
[Sendin Hum=465
Send?n Humf465
[Sendin Hum=464 . 42
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Setup Overview
Predictive Maintenance Cloud Application (1/5)

STWIN Power ON/OFF

 Battery only (no USB cable):
 Power ON
* Long-press the PWR button until the red led turns off (~1 sec)
 Power OFF
* Press the PWR button

* Plugged mode (USB cable)
« Power ON

 When USB is plugged-in, the STWIN is always on. It
doesn’'t matter if the battery is present or not

e Power OFF

« Unplug the cable and, if the battery is connected, press the PWR
PWR button.

"[ 43
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Setup Overview
Predictive Maintenance Cloud Application (2/5)

« Connect STWIN to the PC using a micro-
USB cable

» Setup->Terminal

Set parameters as below

* Open TeraTerm (v. 4.97 or higher) Ters Term Terminal etop W ..

. . Terminal size New-line
« File-> NewConnection o« T I oK
¢ SeleCt the rlght COM port 7 Term size = win size Transmit: LF - | Cancel J
Auto window resize
Help
‘ Terminal ID: (VT100  ~ /' Local echo
i 2iC NOLLYN VA3 ¥o4| . e 4 Answerback: Auto switch [VT<->TEK)
2 - @162-11-060S1 1N C s
v 3 ) 5! : " i Coding [receive) Coding [transmit)
Tera Term: Mew connection o = \
UTF-8 ~ UTF-8 ~

© TCPIP myhost.example.com

History
Telnet

@ SSH SSH2
Other

* Press RESET button of STWIN.

22

UNSPEC

Port: [COM:ZE: STMicroelectronics Virtual CC ~

Reset Button

44
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Setup Overview

To change Wi-Fi network follow the instructions on the console:

* Press the STWIN USR button within 5 seconds o

0 Push the User button (B3} within the next 5 szeconds if wou want to update the Ui
i lFi network configuration.

Your WiFi parameters need to be entered to proceed.

Enter S51D: [J

 Provide new Wi-Fi credentials: =

« SSID
« Security mode
» Password

Push the User button (B3» within the next 5% seconds if you want to update the Wi
Fi network configuration.

Your WiFi parvameters need to be entered to proceed.

Enter S55ID: loT
You have entered loT as the ssid.

Enter Security MHode (B Oy 1 WEP, 2 Wrh, 3 WPA22»:3

You have entered 3 asz the security mode.

Enter password: FiFifif[] *

45
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Setup Overview
Predictive Maintenance Cloud Application (4/5)

G Register and provision QConfigure AWS Credentials and load the certificates
the device by downloading the

certificates

* Press the USR button within 5 seconds

« Enter the AWS loT Core endpoint

» alazohj3ky8ktj-ats.iot.eu-west-1.amazonaws.com (example for
Predictive Maintenance Dashboard)

 Send via terminal the

Y H File Edit Setup Control Window Help i " Tera Term: Clipboard confirmation ‘__EX |
Certlflcates Obtalned from the E¥ﬁ?:ng§;%ge name: (example: mythingl>
1 N I P --—BEGIN CERTIFICATE-—— -
dashboard when the device K- e
e ——— ADASMQswCOYDVQQGEWIVUZEPMADGA Cancel
. b24gUmAvdCBDQSAKMBAXDTE IMDUYNY |
WaS Created . Updating TLS security credentials. MAKGA 1LEBRMCVVMDZANBONVBACTEK | =
Fntor the 4589 cortificates or kevs ac | [UETEEHEREIEN B
. . nter the x589 certificates or keys as
» Directly drag and drop the file or copy s BEGIN CERTIFICATE-——— 920 | e el eyt
'YMPGn8u6?GBIt +_aEH1'5P+lg|nl gNhlLTl.' +/43 1i5_l| ‘ TFAGbHQoLKm +a/sRxmPLDGH3KKHOVj
and paste the text R7EUQINIZ/SGY.jGr8KnkspliuEunEF/Bibyc +E1 1| [feitermvbrefriiscy

------- 93Fcimn/BplCyzikrlAdby LW hxceeVO

JoSubIriggOCAWEAAGNCMEAWDWYDVRD +
b

Do you want to update the root GA certificate(s>? [y/nl

v
Enter your root CA:

46

life.augmented



Setup Overview
Predictive Maintenance Cloud Application (5/5)

G Add to the dashboard g Experiment thresholds

Device ID : STWin_4356932
~” Trend
Environmental ©-s— 55 bration A e and Frequency Do e 0] '\ myBoard x

[} * Remove
= Pressure (mbar) 2% RMS speed (mm/s)

1 194198 I Humidity (Y%rH) v
& Humisity %t ~7 Acc Peak (m/s?)

74 -19.79-33.8

nverted gauge scale

& temperature (-C) @ FreqiMax Amp (Hzlmis?) gaug

83 . .

20 46
6.521]|20

35.868/20
78

Vibration Analysis - FFT Domain @_s— 30s -
© ALERT 90

X[y [z @
T RN A
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2.4- Demo Examples

ST BLE Sensor Application Overview




Hardware Features — Android Version

Demo Examples
ST BLE Sensor Application for Android/iOS (1/9)

07:56 » &

=  Rssi & Battery

15:36 Gd » & Nt 10:59 @ » &

= Plot Data = H = Plot Data

Magnetometer ad - Mic Level

J 217[¢] a0 B
¥ 21300 1200

1,600

) PM1V240
C2:96:FF:DA:BD:BE

o’) Rssi: -77 [dBm)

0915 * Q@M »

72
1,400

1,200 6

Rssi & Battery

1,000

l 1013.45 [mBar] l
v 600
p ” 5
200 =
0 /™~ \ ." e o
-200 " ¥
\ 57
87.8 [%] 40 y
-600 &
-800
-1,000 51 \J

- 48
1,600 J

& PM1V240
l’ D7:6B:D8:25:4E:80

Mic Level (db)

0’) Rssi: -66 [dBm]

Charge: 68.0 %

' Status: Charging
# Voltage: 3.918 V

Magnetometer (mGa)

RSS & Battery Page for NUCLEO-F446RE

-1,800 45
2,000 T :aqzle!:nezm Timestamp: 19799 Data: (X;-279Y.54Z:-31) CRYEE V) Mic Level: Timestamp 27322 Mic1: 54 Mic2: 50 I I I
I @] < I @] < 1] @) <
Environmental page Magnetometer Plot Microphones level plot

RSS & Batteerage for STEVAL-STWINKT1B

Ly oo o

FP-IND-PREDMNT1 for NUCLEO-F446RE & STEVAL-STWINKT1B
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Motion Signal Processing — Android Version
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£ Nl @ W 12:04

FTT SETTINGS  START LOGGING :

Demo Examples
ST BLE Sensor Application for Android/iOS (2/9)

7 M 2 N0 s D 12:01

Predictive... STARTLOGGING ¢}

2 NG B I 12:04 2 8200 B I 12:02

. RMS Speed Status
FTT SETTINGS START LOGGING H

100 200 300

ST BLE Sensor: FFT Amplitude

400 500 600 YDO 800

DETAILS

ST BLE Sensor: FFT Settings

ST BLE Sensor: FFT Details

X: Alarm
Frequency (Hz): 498.70
Max amplitude (m/s*2): 17.64

Y: Alarm

X: Good
FFT Window type RMS Speed (mm/s): 3.13
[ B Hanning - V- Good
: ; Sensor Output Data Rate (Hz) '
1660 v RMS Speed (mm/s): 0.71
FFT Details FFT Size oo
- : Goo
Frequency Data Info 81 L Full Scale (g) o
ensor Full Scale (g .
X:Max: 33.9142 @ 498.74 Hz 2 . RMS Speed (mmy/s): 2.84
Y: Max: 8.5678 (@ 498.74 Hz Number of Sub ranges 8
8 - c Acceleration Peak Status
Z:Max: 33,1629 @ 49874 Hz G
Overlap (%) c X: Alarm
) Q
Time Data Info 75 = Acc Peak (m/s*2): 19.54 |
X: Acc Peak: 39.44 m/s*2 Acquisition time (ms) a
RMS Speed 5.99 mm/s Y: Warning
’ 5000 =
Y: Acc Peak: 11.33 m/s*2 (O] ADY-
RMS Speed 1.51 mmy/s > Acc Peak (m/s*2): 5.39
=
Z: Acc Peak: 38.95 m/s*2 Q Z: Alarm
RMS Speed 5.87 mm/s 8 ;
i A | bt Acc Peak (m/s"2): 19.59
o
; =
o
n
C
Q
0
L
-
m
—
0

FP-IND-PREDMNT1 NUCLEO-F446RE: Condition Monitoring & Predictive Maintenance Demonstrations
FP-IND-PREDMNT1 STEVAL-STWINKT1B: Predictive Maintenance BLE Demonstrations

Frequency (Hz): 498.70

Max amplitude (m/s*2): 4.02
Z: Alarm

Frequency (Hz): 498.70

Max amplitude (m/s*2): 15.99

50



Demo Examples
ST BLE Sensor Application for Android/iOS (3/9)

Motion Signal Processing — Android Version

Node: PM1V220 @373C30
Touch Start: 2020-03-2512:20:03
# Components: 3
3 N2 I W 12:20 # Sample: 512
Frequency Step: 0.407227
Compose ® >
- Frequency AmplitudeX AmplitudeY Amplitudez
T el v 0 0.00039 0.000195 0.0004
: : IST BLE Sensor] BlueSTSDK Log Data 0.407227 0.000145 0.000073 0.000067
mz 0.814453 0.000255 0.000197 0.000209
- 1.22168 0.000316 0.000471 0.000357
T ——— 1.628906 0.000362 0.000555 0.000543
the ST BLE Sensor 4.3.0 (30) application 2.036133 0.000604 0.000393 0.000791
runRingon; 2.443359 0.000449 0.000483 0.000567
Device manufacturer: ASUS
" _ Device model: ASUS. Z00AD 2.850586 0.00046 0.000816 0.000748
Android version: 6.0.1 (23). 3.257812 0.000633 0.000483 0.000976
9 123 =] ) = 3.665039 0.000649 0.000339 0.000767
1lalslalslslz1sls!]o 4.072266 0.000459 0.000469 0.000978
o el #f s al -l - ) 4.479492 0.000693 0.000814 0.001144
alwlelr|t|lylulilo]p 4.886719 0.00068 0.000691 0.000891
‘ ; 5.293945 0.000542 0.000653 0.000959
als|d]lflglhlilk]l 5.701172 0.000656 0.000738 0.000966
, " I | . 6.108398 0.000759 0.000517 0.00117
T lz|x]e]v]efnim a 6.515625 0.000734 0.000604 0.000907
R R A A @ o Tel T u 6.922852 0.000546 0.000692 0.000637
7.330078 0.000419 0.000665 0.000898
DETAILS After Stop Logging, you can compose 7.737305 0.000571 0.000636 0.001215
a mail with the data log in attach. 8.144531 0.000617 0.000503 0.001173
8.551758 0.00053 0.000574 0.000593
ST BLE Sensor: FFT Amplitude 8.958984 0.00037 0.000592 0.001126
9.366211 0.000329 0.000677 0.001264
9.773438 0.000566 0.000803 0.001172
10.180664 0.000379 0.000745 0.000803
’l FP-IND-PREDMNT1 for NUCLEO-F446RE & STEVAL-STWINKT1B o1
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Motion Signal Processing — Android Version
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Acoustic Analysis Demonstrations

ST BLE Sensor: FFT Amplitude

Demo Examples

ST BLE Sensor Application for Android/iOS (4/9)

10:37 @ » & N o

=  FFTAmplitude =

20

-30

-40 FFT Details

Frequency Data Info

.50 X: Max: -23.2843 @ 5031.25 Hz
-60

Time Data Info

-70

ST BLE Sensor: FFT Details

80

0 1,000 2,000 3,000 4,000 5000 6,000 7,000 Hz

DETAILS

[ @) <

FP-IND-PREDMNTL1 for NUCLEO-F446RE
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Settings — Android version

Lys
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Demo Examples
ST BLE Sensor Application for Android/iOS (5/9)

15:36 G 2 b NE Rl 15:36 Gd 2 B Nl m 15:37 G 2 B N=oalm
=  Environm & Settings < Node Configuration

Log Settings
Set how and where store the log

Local Name
3 2 Show Serial Console M Modify the Bluetooth Low Ei
Y & et and Set the node cOMfiguration odity the Bluetooth Low Energy name

Node general settings

Open Debug Console

2

Firmware upgrade

Set node time
Click here to synchronize mobile and node time

e
Wi-Fi Credentials ¥ “ ‘
Click here to s‘it‘(vl-? ﬂ*‘a‘\o
co®

Local Name

8 l p 1013.45[mBar]
e

PM1V230

[ omes o
87.3 [%] L a\ja\

I @] < Il @] < I @) <

Menu Option Settings Node Configutation Local Name

If Settings is chosen, it is possible to change the node name using the node configuration

FP-IND-PREDMNT1 for NUCLEO-F446RE & STEVAL-STWINKT1B >3



Demo Examples
ST BLE Sensor Application for Android/iOS (6/9)

15:36 G 2 » 10:57 » &

08:28 Gt -

Environmental

& DebugConsole @

Settings
Open Debug Console Open Debug Console
[210615 08:28:25.736>]info
2 Show Serial Console 24.4[C] 2 Show Serial Console (210615 08:28:25.827<]
5 24.3 [C] 5 STMicroelectronics FP-IND-PREDMNT1:
: Version 2.4.0
Firmware upgrade Firmware upgrade STM32F446xx-Nucleo board

(HAL 1.7.11_0)
Compiled Jun 82021 11:50:52 (KEIL)
Code compiled for STWIN board

1017.39 [mBar]
1013.45 [mBar]

8 l p 1013.45[mBar]
|

82.9 [%] © ® ™ $ 3
87.3 [%] 87.3 [%] 1

2134516171891 0
giwlelrjtiylullifolp
aflsidifigfhlitky!

el z (x| clvibln|m K8

Serial & Debug Console — Android version

Temp2=244
Sending: Press=101728 Hum=827 Temp1=243 # Italiano . Send
Temp2=244
Sending: Press=101739 Hum=829 Temp1=243

1] @ < 1] @] < 1 @] < I @ NV B

ST BLE Sensor: Menu Option & Serial Console (stdout/stderr) ST BLE Sensor: Menu Option & Debug Console (stdin/stdout/stderr)
‘ 'l 54

FP-IND-PREDMNT1 for NUCLEO-F446RE & STEVAL-STWINKT1B
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Demo Examples
ST BLE Sensor Application for Android/iOS (7/9)

1548 M W™ N am 16:05 G B & » N Rl m

¢  Board Configuration )

= Board Configuration [E)

Available demos

@ Board Report

# Environmental

STM32 UID
& FFTAmplitude
Version Firmware
& PlotData
Info Info
© Cloud Logging E;ﬂ”&gﬁ,ﬂgﬁg’ﬁ, Set the Board Name
Help Version FW : '
- Version 2.4.0
\C}’j Predictive Maintenance L4R9 FP-IND-PREDMNT1 2.4.0 STM32L4R9ZI-STWIN board PM1V240
Power Status - - BlueNRG2 HW ver1.2
@D Rssi & Battery BlueNRG2 FW ver2.1.d
(HAL 1.13.0_0)
i Compiled Jun 8 2021 14:18:14
Firmware configuration @ Board Secu rlty (KEIL) CANCEL

OK

x Board Configuration

Demos on other boards

o Board Control

<7 HighSpeed Data Log

& Board Settings

Set Name

®&> Mems Sensor Fusion

B soLogging Read Custom Commands

Board Configuration — Android version

I O < [ O <

FP-IND-PREDMNT1 for NUCLEO-F446RE & STEVAL-STWINKT1B o5

life.augmented



Demo Examples
ST BLE Sensor Application for Android/iOS (8/9)

1605 M B & » Nl m 16:06 G B & « ATl m

16:07 2 ¥ Gd »

= Board Configuration ) = Board Configuration [E)

©® Board Report
STM32 UID

Version Firmware

Info Custom
Commands FFT_Overlapping

SensorFullScale

Example of Enum Integer

SensorOutputDataRate 5.<= Valid Value <= 95

Help

Power Status

Example of Enum Integer

O Board Security FET WindewType CANCEL
Example of Enum String

FFT_Size

Board Configuration — Android version

Q) Board COI'ItI'OI Example of Enum Integer
NumberOfSubrange

& Board Settings <FFXT_Ove,,appmg >

Set Name . .
AquisitionTime

@Custom Co@
1] @) < 1] @) <
"l FP-IND-PREDMNT1 for NUCLEO-F446RE & STEVAL-STWINKT1B >
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Demo Examples

1536 @ B » NETol m

"1 COMY - Tera Term VT - [m] X

File Edit Setup Control Window Help

|
| Settings { ART Initialized

Open Debug Console

2 Show Serial Console

[STHicroelectronics FP—-IND-PREDMNT
Application — Predictive Maintenance
Uersion 2.

IND-PREDMNT STM32F446xx-Nucleo hoard

A4 ode compiled for K-NUCLEO-1KSB1A3 board
2 [8M33@DLG DIL24 Fresent <SPI connection?
Firmware upgrade 0K feceloro Sensor
OK Magneto Sensor
OK Temperature and Humidity (Sensori)
OK Temperature and Pressure (Sensor2)
fccelero Sensor
Gyroscope Sensor
Magneto Sensor

0801 @B & L 0B:04 @+ B - Al Temperature <Sensorl)
1013.45 [mBar] Humidity (Sensowrl)
bl Temperature {Sensarl}
Pressure <Sensor2)
<Audio Preq.= 16808>
= 64>
Board Info Board Info ota Data Manager wsad from Flash
Iy P-Iy IMM Mame: ND-PREDMN a
. ) M " _NAME Siz [bytes]
87.3 [%] pe: Fa icu L UIBRATION PARAM Size=22 [hytes]
CHAL 1.7.11_8)>
Gompiled Jun 8 2021 11:50:55 CKEIL}
Send Every 580nS Ienperature/Hunidity /Pressure
Send Every 5@mS Acc/GyroMagneto
Send Every 50nS dB noise
t i 146F tiveM G € ul € L RE_F e
pebug Connection Enabled
Debug Notify Trasmission Enabled
Upload completed
EERVER: BLE Stack Initialized
Upload finished in 512.16 seconds Boal'gusg Pgigg‘lgf daibdib
ard is res oar c2:96:ff:dazhd:be
The board is resetting, please restart [ 1uesT-5DK UL
the app. onfig Service added successfully
onsole Service added successful
Harning: Read reguest environmental function not defined
BLE Environmental features o
Inertial features ok
fAudio Level features ok
FFT Anmplitude Features ok
Time Domain features o
load 0 FFT Alarn Speed Status features ok
FFI Alarn Acc Peak Status features ok
FFT fAlarn Subrange Status features ok
Features Service added successfully <(Status=
esting BootLoaderCompliance:
0759 @ & N=ag Version 1.3.0
BL Uersion Ok
D load HagicNum _ OK
MaxSize =3c000
owm0aags oTAStartAdd OK
< BootLoader Compliant with FOTA procedure
B NUCLEO-F446RE_PredictiveMaintenance_SPI_v2.4.0.bin ibration parameters have heen set as default ualue..
. : ecall the vibration parameter values from FI
§ KB BINS ibration parameter values read from FLASH
fAicce lerometer parameters
B NUCLEO-F446RE_PredictiveMaintenance_I2C_v2.4.0.bin 0 1668 ReoRifoBdes 1660 fom o

Nl otion§P_parameter
: ize= 1824 wind= 1 tacq= 5000 ovl= 75 subrange_num= 8§

B NUCLEO-F446RE_AcousticAnalysis_SPI_v2.4.0.bin

ficce lero Config
186 kB, BIN fil M ok Full§cale Setting

Ok Set Output Data Rate
Ok measure and calculate ODR ¢ 1661.08 Hz >
OK Set Accelerometer Parameters

Firmware Upgrade — Android version

NUCLEO-F446RE_AcousticAnalysis_I2C_v2.4.0.bin .
& 3 ol gap update_ady data

0.
3IN file Tt te dasboras
a1l te CnnnectlnnCnmpletedFunctlun
[Error: ACI GATT Exchange Config Failed
otification on Service Change Characteristic

§6 Temy=267 Tenpz-261
np1=267 Tenp2=261

Tﬂ CRC—chEcked
ill be installed al: next hnal‘d veset

FP-IND-PREDMNT1 for NUCLEO-F446RE & STEVAL-STWINKT1B i
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3- Documents & Related Resources




Documents & Related Resources (1/2)

FP-IND-PREDMNT1
+ DB3864: STM32Cube function pack for multi sensors node with signal processing to enable predictive maintenance —
+  UM2566: Getting started with the STM32Cube function pack for multi sensors node with signal processing to enable predictive maintenance —

X-NUCLEO-CCA02M2

« DB4016: Digital MEMS microphone expansion board based on MP34DT06J for STM32 Nucleo —

+ UM2631: Getting started with the digital MEMS microphone expansion board based on MP34DT06J for STM32 Nucleo —
X-NUCLEO-BNRG2A1

« DB4086: Bluetooth Low Energy expansion board based on the BLUENRG-M2SP module for STM32 Nucleo —

« UM2667: Getting started with the X-NUCLEO-BNRG2A1 BLE expansion board based on BLUENRG-M2SP module for STM32 Nucleo —

X-NUCLEO-IKS01A3

» DS3851: Motion MEMS and environmental sensor expansion board for STM32 Nucleo —
* UM2559: Getting started with motion MEMS and environmental sensor expansion board for STM32 Nucleo —

‘Yl Consult www.st.com for the complete list -
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Documents & Related Resources (2/2)

STEVAL-STWINKT1B
* DB4345:—

*« UM2777: How to use the STEVAL-STWINKT1B SensorTile Wireless Industrial Node for condition monitoring and predictive maintenance
applications 3.0 —

STEVAL-BFA001V2B

» DB4059: Multi-sensor predictive maintenance kit with 10-Link stack v.1.1 —
» UM2663: Multi-sensor predictive maintenance kit with 10-Link device stack —

White paper
» Capacitive MEMS accelerometer for condition monitoring

DSH-PREDMNT
» Cloud based web application for condition monitoring and predictive maintenance

‘Yl Consult www.st.com for the complete list 60
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4- STM32 Open Development

Environment: Overview




STM32 ODE Ecosystem

FAST, AFFORDABLE PROTOTYPING AND DEVELOPMENT

The STM32 Open Development Environment (ODE) is an open, flexible, easg/ and .
affordable way to develop innovative devices and aﬁpllcatlons 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.

The STM32 ODE includes the following five elements:

o STM32 Nucleo development boards. A comprehensive range of affordable development
boards for all STM32 microcontroller series, with unlimited unified expansion capability, and
with integrated debugger/programmer

o STM32 Nucleo expansion boards. Boards with additional functionality to add sensing,
control, connecitivity, power, audio or other functions as needed. The expansion boards are
plugged on top of the STM32 Nucleo development boards. More complex functionalities
can be achieved by stacking additional expansion boards

o STM32Cube software. A set of free-of-charge tools and embedded software bricks to
enable fast and easy development on the STM32, including a Hardware Abstraction Layer,
middleware and the’'STM32CubeMX PC-based configurator and code generator

STM32 Nucleo STM32Cube

development boards

development boards

..-.‘ STM32 Open
. . . . Devel t
o STM32Cube expansion software. Expansion software provided free of charge for use with '. Erioron
STM32Z Nucleo expansion boards, and compatible with the STM32Cube software STM32 Nucleo

framework expansion boards (X-NUCLEO)

STM32Cube
expansion software (X-CUBE)

o STM32 ODE Function Packs. Set of function examples for some of the most common
application cases built by Teveraging the modularity and interoperability of STM32 Nucleo
development boards and expansions, with STM32Cube software and expansions. Function Packs

The STM32 O&en Development Environment is compatible with a number of IDEs including
IAR EWARM, Keil MDK, mbed and GCC-based environments.

Lys
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http://www.st.com/stm32ode
https://www.st.com/en/ecosystems/stm32-nucleo.html
https://www.st.com/en/ecosystems/stm32-nucleo-expansion-boards.html
https://www.st.com/en/ecosystems/stm32cube.html
https://www.st.com/en/ecosystems/stm32cube-expansion-software.html
https://www.st.com/en/ecosystems/stm32-ode-function-packs.html

STM32 Open Development Environment:

The combination of a broad range of expandable boards based
on leading-edge commercial products and modular software,
from driver to application level, enables fast prototyping of ideas
that can be smoothly transformed into final designs.

To start your design:

* Choose the appropriate STM32 Nucleo development board (MCU)
and expansion (X-NUCLEO) boards (sensors, connectivity, audio,
motor control etc.) for the functionality you need

* Select your development environment (IAR EWARM, Keil MDK, and
GCC-based IDEs) and use the free STM32Cube tools and software.

+ Download all the necessary software to run the functionality on the
selected STM32 Nucleo expansion boards.

*  Compile your design and upload it to the STM32 Nucleo
development board.

* Then start developing and testing your application.

Software developed on the STM32 Open Development
Environment prototyping hardware can be directly used in an
advanced prototyping board or in and end product design
using the same commercial ST components, or components
from the same family as those found on the STM32 Nucleo
boards.

Lys
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The building blocks

Accelerometer, gyroscope

all that you need

Inertial modules, magnetometer @ S COLLECT
Pressure, tem;.)eriature.,humidny k ense ". STM3 2 open
Proximity, microphone Developmerﬂ'
Bluetooth LE TRANSMIT Environment
Sub-GHz radi
ST N\ Connect
10-Link
Touch controller ACCESS

‘ HMI

LED drivers

Stepper motor driver - ACTUATE
DC & BLDC motor driver ' Move
Industrial input/ output POWER /
Energy management & battery POWer
UsB

Software

General-purpose microcontrollers PROCESS
Process
securemicrocentralers _
.\
-
e

Power supply
through USB
or external
source

Integrated
debugging and
programming
ST-LINK probe

STM32
microcontroller

Complete product range
from ultra-low power to
high-performance

ST morpho extension header

Arduino™ UNO R3 extension 63
headers
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