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Agenda

Hands-on #0 – Flash a binary

Hands-on #1 – DataLogExtended example with Unicleo-GUI

Hands-on #2 – 4D position recognition (FSM example)

Hands-on #3 – Vibration Monitoring (MLC example)

Hands-on #4 – 6D position recognition (FSM example)

Restore the original FW
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3
Hardware and Software check

What will we use?

Please make sure that you have:

✓ Installed Unicleo-GUI on your laptop

✓ Installed STM32CubeProg on your laptop (requires JRE) 

✓ Installed Serial terminal (e.g. Tera Term) on your laptop

✓ Installed ST BLE Sensor app on your smartphone

✓ Downloaded FSM & MLC examples from GitHub

✓ Downloaded FP-SNS-STBOX1 (FW package)
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Pro Mode

Entry 

Mode

Expert

Mode

Pro

Mode

Discover sensors functionalities 

using pre-defined functions

Configure and 

define new apps

Develop specific functions using 

development environment

Programming using STM32 ODE 
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STM32CubeProg

Easy-to-use read/write/verify 

Flash, RAM, OTP memory

Debug interface (JTAG, SWD)

Bootloader interface (UART, USB)

Over-The-Air (OTA for STM32WB)

Command Line interface

for automation through scripting
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FP-SNS-STBOX1

• This is a simple zip of several application examples

• Directory structure is deeply nested and folders have long names

• It is recommended to unzip in C:\Temp\ or similar short paths

not to exceed the maximum path length
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FP-SNS-STBOX1 7
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FP-SNS-STBOX1

• Drivers

• BSP Board Support

Package

• Components (MEMS)

• Board (SensorTile.Box)

• CMSIS Cortex MCU

Software Interface Std

• DSP Digital Sig Proc.

• NN Neural Net

• RTOS

• HAL Hardware 

Abstraction Layer
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• Middleware

• BLE Bluetooth Low Energy stack

• USBD Device library

• FatFS Filing System

• FreeRTOS Real-Time Operating System
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FP-SNS-STBOX1
• Applications

• DataLog save to SD card at max speed w/RTOS

• BLESensors stream to ST BLE Sensor app

• BLELowPower stream to ST BLE Sensor app w/RTOS

• BLEMLC Machine Learning Core demo 

• BLEFOTA Firmware Over-The-Air-Update

• Examples

• Bootloader at 0x0800 000 with BLEFOTA at 0x0800 4000

• DataLogExtended stream to Unicleo GUI via USB Virtual COM 

port

• Utilities

• Bootloader precompiled binary

9
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FP-SNS-STBOX1

• BLESensors

• The BLESensors sample shows how to easily send 

inertial and environmental sensor output data of the 

SensorTile.box to STBLESensor application via 

Bluetooth.

• BLEMLC

• The BLEMLC application shows how to program the 

machine learning core of the LSM6DSOX. In 

particular, this sample programs the accelerometer 

to run an activity recognition algorithm or a vibration 

monitoring algorithm and to send the results to 

application.
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FP-SNS-STBOX1

• DataLogExtended

• 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.
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FP-SNS-STBOX1

• BLELowPower

• The BLELowPower application shows how to use FreeRTOS

and low-power techniques to send inertial and environmental 

sensor output, the dB measured by the analog microphone 

and events of the LSM6DSOX accelerometer (like FreeFall, 

Single/Double Tap, WakeUp, Tilt and 6D orientation) to 

STBLESensor application via Bluetooth. 

• DataLog

• The DataLog application shows how to use FreeRTOS to 

save inertial and environmental sensors and the analog 

microphone output data of the SensorTIle.box to the SD card 

without loosing samples (at max speed)
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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
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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 

• It 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. 
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The BootLoader example and the BLEFOTA application 

work together and they must be loaded together on the 

STEVAL-MKSBOX1V1 to work properly.
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Firmware Over-The-Air (FOTA)

BLEFOTA application and the Bootloader

• 0x0800 0000 Bootloader

• If the new app is ok, copy it over current app

• Run current app at 0x0800 0000 

• 0x0800 4000 current application (old)

• Receives the FOTA app over BLE and 

writes at 0x0810 0000

• 0x0810 0000 FOTA application (new)
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0x0800 0000

Bootloader 16K

0x0800 4000

Old app 1008K

0x0810 0000

New app 1024K
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Introduction to Unicleo-GUI

• Unicleo GUI

• 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

16
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Introduction to Unicleo-GUI

HW Requirements

+ +

STM32 Nucleo Board

X-CUBE-MEMS1

NUCLEO-F401RE

NUCLEO-L476RG

NUCLEO-L152RE

NUCLEO-L073RZ
Expansion Board

X-NUCLEO-IKS01A2

X-NUCLEO-IKS01A3

DIL24 Adapter

ASM330LHH

AIS2DW12*

IIS2DLPC

IIS2MDC

ISM303DAC

ISM330DLC

LIS2DH12

LIS2DW12

LIS2MDL

LIS3MDL*

LPS22HH

LPS33HW

LSM6DSO

LSM6DSOX

LSM6DSR*

STTS22H*

OPTIONAL

STEVAL-STLKT01V1

STEVAL-BCN002V1B

STEVAL-BCNKT01V1 STEVAL-WESU1

NUCLEO BLE DEVICES

STEVAL-MKSBOX1V1
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Introduction to Unicleo-GUI

Datalog Mode
• Configure sensor

• Monitor, display and store sensor data
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Introduction to Unicleo-GUI

Datalog Mode
• Register Map

• Interrupt monitor

• MLC, FSM
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Introduction to Unicleo-GUI

Algorithms Support
• Dedicated window for each algorithm
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Hands-on #0
Flash a binary

Wait, this is the 1st Pro Mode hands-on…

..but programmers count from 0!
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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



ST MEMS & Sensors training, Italy, November 2019
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Flash a binary

Enter DFU mode

2. Select your

SensorTile.Box

3. Touch the button in 

the top right corner

1. Press the button 

Connect to a device

Run the ST BLE 

Sensor app 

or

Go back to the 

main screen of 

the ST BLE 

Sensor app
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Flash a binary

Enter DFU mode

2. Type “help” to see 

list of commands 

3. Type “DFU” 

(all uppercase)

1. Select Open 

Debug Console

Your device is now 

in Direct Firmware 

Upgrade mode
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Flash a binary

1. Run 

STM32CubeProgrammer

2. Wait for STM32CubeProgrammer 

to open
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Flash a binary

1. Select USB from drop-down 

menu

2. Click Refresh

3. Click Connect
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1. Check that Data is read 

successfully

2. Select Erasing & 

Programming from the 

menu on the left

Flash a binary 27
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Flash a binary

1. Select Full chip erase

2. Click OK
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Flash a binary

1. Wait until Full chip erase is 

completed

2. Click OK
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Flash a binary

1. Click Browse and navigate 

to DataLogExtended.bin

from the Function Pack 

…\STM32CubeFunctionPack_STBOX

1_V1.0.0\Projects\STM32L4…\Exampl

es\DataLogExtended\Binary\DataLogE

xtended.bin

2. Check that Start address 

is set to 0x08000000

3. Check Verify programming 

(optional)

4. Click Start Programming

30
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Flash a binary
1. Wait until Download 

verified successfully 

appears, then click OK

2. Click OK on the File 

download complete

3. Click Disconnect

4. Unplug and plug the device 

to reset

31
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Hands-on #1
DataLogExtended example with Unicleo-GUI
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DataLogExtended with Unicleo-GUI

Main Window

* Functions are added to the vertical toolbar based on firmware functionality

Control Tool Bar

Vertical Tool Bar *

Unicleo-GUI version

ST.box FW version

Used expansion board

COM Port selection

(only COM ports with manufacturer set to STM 

and Nucleo boards with appropriate firmware)
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DataLogExtended with Unicleo-GUI

Connecting1. Click Connect

2. Click 

Apply

3. Click Start
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DataLogExtended with Unicleo-GUI

Expansion Board Options Tab

Read from register

Write to register

Enable/Disable sensor

Set Full Scale

Set ODR
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DataLogExtended with Unicleo-GUI

Register map

2. Read current values of all registers

Binary value of register

Hexadecimal value of register

1. Click MAP
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37
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
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DataLogExtended with Unicleo-GUI

Datalog – Save/Load Options
• Save options

• CSV (comma separated values) or 

TSV (tab separate values) format

• Possible to select which data should 

be saved

• Selection of values is adjusted 

according to used firmware

• File name is automatically generated

• Dedicated directory for datalogs

• Load options

• Possible to load and display 

previously stored data
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DataLogExtended with Unicleo-GUI

Plot – Motion Sensor

Time Zoom

Actual value

Enable or 

disable axis

5000 Sample memory

Adjustable 

window size

Auto scale

or fix scale
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DataLogExtended with Unicleo-GUI

Plot – Environmental Sensor

Time Zoom

Actual value

5000 Sample memory

Auto scale

or fix scale

Adjustable 

window size
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DataLogExtended with Unicleo-GUI

DataLogExtended example
See output data of all sensors
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Hands-on #2
4D position recognition (FSM example)
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• The Finite State Machine is a series of state 
parameters and variables that allows running of 
low power programs 

• FSM features

• Runs up to 16 independent programs 
simultaneously

• FSM can process axl, gyro data and external 
sensor like magnetometer or interface with MLC

• User-programmable thresholds, hysteresis, timers 
and axis masks

• Input from several sensors

• Development tools, documentation and support

43
Finite State Machine

FSM in ST sensors

• Smart Sensors and IoT

• Gesture recognition

• Movement detection

• LSM6DSO (6axis IMU)

• LSM6DSR (6axis IMU)

• ISM330DHCX  (6axis IMU)

Description Applications

ST sensors
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DataLogExtended with Unicleo-GUI

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

2. Select an example by clicking the desired icon

You can use latched or 

pulsed Interrupt mode
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DataLogExtended with Unicleo-GUI

FSM example: 4D position recognition
3. Perform desired action and check in Interrupts graph
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DataLogExtended 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 
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Hands-on #3
Vibration Monitoring (MLC example)
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• MLC is programmable logic able to identify if a 

pattern matches an activity in a user defined set 

of classes: e.g. running, walking, driving, etc.

• MLC features:

• Decision Tree logic embedded in sensor

• Up to 8 decision trees can be configured to run 

simultaneously

• Machine Learning approach

• Input from several sensors

• Development tools, documentation and support
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Machine Learning

MLC in ST sensors

• Smart Sensors and IoT

• Activity tracking

• Pattern recognition

• LSM6DSOX (6axis IMU)

• ISM330DHCX  (6axis IMU)

• AMS330LHHX (6axis IMU)

Description Applications

ST sensors

Get it here!

https://www.st.com/content/st_com/en/campaigns/machine-learning-core.html
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DataLogExtended with Unicleo-GUI

MLC example: Vibration Monitoring
1. Click on MLC

2. Select an example by clicking the desired icon
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DataLogExtended with Unicleo-GUI

MLC example: Vibration Monitoring
3. Perform desired action and check in Interrupts graph
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DataLogExtended with Unicleo-GUI

MLC example: Vibration Monitoring
4. See how the MLC Source Registers are changed when desired 

action is performed
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Hands-on #4
6D position recognition (customized MLC example)
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DataLogExtended with Unicleo-GUI

customized MLC example: 6D orientation detection

You can also use with   

Unicleo-GUI your own 

algorithm (created in Unico)!

We will now demonstrate how 

to upload external configuration 

(.ucf) file with using an example 

algorithm from ST GitHub…

1. Click MLC
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DataLogExtended with Unicleo-GUI

customized MLC example: 6D orientation detection

2. Click Browse and navigate to:

…\STMems_Machine_Learning_Core-

master\lsm6dsox\6D position 

recognition\lsm6dsox_six_d_position.ucf

3. Click Open

Example algorithms can be downloaded 

from ST GitHub -> click the ST GitHub

(with link) in the MLC window
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4. Check that the current example is 

lsm6dsox_six_d_position.ucf

5. Perform desired action and check in Interrupts

graph and source registers
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DataLogExtended with Unicleo-GUI

customized MLC example: 6D orientation detection
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Restore the original FW

56
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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
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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

Click on Get Software, Accept and log in to your myST

account or fill in your credentials

https://www.st.com/en/embedded-software/stsw-mksbox1-bl.html
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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.
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Restore the original FW

1. Run 

STM32CubeProgrammer

2. Wait for STM32CubeProgrammer 

to open
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Restore the original FW

1. Select USB from drop-down 

menu

2. Click Refresh

3. Click Connect
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1. Check that Data is read 

successfully

2. Select Erasing & 

Programming from the 

menu on the left

Restore the original FW 62
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Restore the original FW

1. Select Full chip erase

2. Click OK
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Restore the original FW

1. Wait until Full chip erase is 

completed

2. Click OK
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Restore the original FW

1. Click Browse and navigate 

to BLEFOTA_BL_1.0.0.bin

2. Check that Start address 

is set to 0x08000000

3. Check Verify programming 

(optional)

4. Click Start Programming
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Restore the original FW
1. Wait until Download 

verified successfully 

appears, then click OK

2. Click OK on the File 

download complete

3. Click Disconnect

4. Unplug and plug the device 

to reset
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Now, your SensorTile.box is 

flashed with the original firmware 

it comes with from the ST store!
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