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Getting started with the software package for BLE and sensors in
BLUEMICROSYSTEM1

Introduction

The BLUEMICROSYSTEM1 expansion software package for STM32Cube lets you read and display
real-time inertial and environmental sensor data through an Android™/iOS™ app.

The package implements application level functions based on the Bluetooth low energy protocol and
enables communication with Android/iOS devices. Developers can use it to prototype applications with
Android/iOS services, and transmit real-time sensor data with ease.

The software runs on the STM32 microcontroller and includes drivers that recognize the Bluetooth low
energy (BlueNRG) hardware and sensor devices. The expansion is built on the STM32Cube framework
for STM32 microcontrollers and comes with a sample implementation to kick-start development.
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BLUEMICROSYSTEM1 software description

Overview
The key features of the BLUEMICROSYSTEM1 package are:

For STM32 Nucleo expansion boards, complete middleware to build apps using:

—  temperature/humidity sensor (HTS221)

—  temperature/pressure sensors (LPS25HB/LPS22HB)

—  motion sensors (LIS3MDL/LSM303AGR and LSM6DS0/LSM6DSL)

—  compatible with the motion sensor LSM6DS3 DIL24 expansion

For the STEVAL-STLKTO01V1:

—  temperature and pressure sensor (LPS22HB)

—  motion sensors (LSM303AGR and LSM6DSM)

—  Gas Gauge (STC3115)

Very low power BLE (BlueNRG) single-mode network processor for transmitting
information to one client.

osxMotionFX real-time motion sensor data fusion (OPEN.MEMS license) to combine
the output from multiple MEMS sensors.

Accelerometer-only real-time recognition algorithms:

—  osxMotionARactivity

—  osxMotionCP carry position

—  osxMotionGR gesture

—  osxMotionPM pedometer

— osxMotionID motion intensity

Free, user-friendly license terms

BlueMS compatible application for Android/iOS (version 2.0.0 or above) for visualizing
information sent via Bluetooth.

OTA firmware update (for X-NUCLEO-IDB05A1 Bluetooth board only) using the
BlueMS application (Ver. 3.0.0 or higher)

Option to request and enable the OPEN.MEMS license using the BlueMS application
(Ver. 3.0.0 and above)

Gas Gauge STEVAL-STLKT01V1 visible using BlueMS application (Ver. 3.2.0 and
above)

Separate sample implementations for X-NUCLEO-IKS01A2 (or X-NUCLEO-IKS01A1)
and X-NUCLEO-IDB05A1 (or X-NUCLEO-IDB04A1) boards on a NUCLEO-F401RE or
NUCLEO-L476RG board and for a STEVAL-STLKT01V1 board

This software creates the following Bluetooth services:

1.

The first service exposes all the hardware features with the following characteristics:

—  Temperature

—  Pressure

Humidity

3D gyroscope, 3D magnetometer, 3D accelerometer

LED status

—  Gas Gauge: Battery %, Voltage, and status (charging/discharging/low battery)
only for STEVAL-STLKTO01V1

The second service exposes the software characteristics:

— quaternions generated by the osxMotionFX library in short precision

— magnetic North direction (e-Compass)

—  recognized activity using the osxMotionAR algorithm

—  recognized carry position using the osxMotionCP algorithm
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—  recognized gesture using the osxMotionGR algorithm
—  Number of steps and frequency using the osxMotionPM algorithm
—  recognized motion intensity using the osxMotionID
3. The third service exposes the console service with:
—  stdin/stdout for bi-directional communication between client and server
—  stderr for a mono-directional channel from the STM32 Nucleo board to an
Android/iOS device
4. The last service is for transmitting/resetting the calibration status, for switching on/off
the LED and enabling the following expansion hardware features for STM32 Nucleo
boards with LSM6DSL or LSM6DS3 DIL24 boards or STEVAL-STLKTO01V1 boards
with LSM6DSM motion sensor:
—  Pedometer
—  Free fall detection
—  Single tap detection
—  Double tap detection
—  Wake up detection
—  Tilt detection
— 3D orientation

This software gathers:

o the temperature, humidity, pressure, audio and motion sensor drivers for the HTS221,
LPS25H/LPS22HB, LSM6DS0/LSM6DSL (or LSM6DS3) and LIS3MDL/LSM303AGR
devices for STM32 Nucleo expansion boards

e the temperature, pressure and motion sensor drivers for the LPS22HB, LSM6DSM
and LSM303AGR devices for STEVAL-STLKTO01V1 running on STM32.

This package is compatible with the BlueMS Android/iOS (Ver. 2.2.0 or higher) application
available at respective Play/iTunes stores, which can be used for displaying information
sent via the Bluetooth low energy protocol. BlueMS Version 3.0.0 and above is required for
Over-The-Air firmware updates (for X-NUCLEO-IDB05A1 Bluetooth low energy expansion
board only) and requesting and enabling the Open.MEMS license. BlueMS Version 3.2.0
and above is required for showing the Gas Gauge information for STEVAL-STLKT01V1

Architecture

The software is based on the STM32CubeHAL hardware abstraction layer for the STM32
microcontroller.

The package provides a Board Support Package (BSP) for the sensors expansion board
and middleware components for serial communication with a PC.

To access and use the sensor expansion board, the application software uses:

e STM32Cube HAL layer: provides a simple, generic and multi-instance set of generic
and extension APIs (application programming interfaces) to interact with the upper
layer application, libraries and stacks. It is directly based on a generic architecture and
allows the layers that are built on it, such as the middleware layer, to implement their
functions without requiring the specific hardware configuration for a given
microcontroller unit (MCU). This structure improves library code reusability and
guarantees easy portability across other devices.

e Board support package (BSP) layer: supports the peripherals on the STM32 Nucleo
board (except the MCU) with a limited set of APIs providing a programming interface
for certain board-specific peripherals like the LED, the user button, etc., and helps
determine the specific board version. For the sensor expansion board, it provides the
programming interface for various inertial and environmental sensors and support for
initializing and reading sensor data.
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Figure 1: BLUEMICROSYSTEM1 overall system architecture
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1.3 Folder structure
Figure 2: BLUEMICROSYSTEM1 package folder structure
ra
Mame
. _htrresc

. Decumentation
. Drivers

. Middlewares

. Projects

. LHilities

| | packagexml

'E Release_Motes.html

The following folders are included in the software package:

e Documentation: contains a compiled HTML file generated from the source code,
which details the software components and APls.

o Drivers: contains the HAL drivers, the board-specific drivers for each supported board
or hardware platform, including the on-board components, and the CMSIS vendor-
independent hardware abstraction layer for the ARM Cortex-M processor series.

3
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e Middlewares: contains libraries and protocols for BlueNRG Bluetooth low energy,USB
Device Library, the Meta Data Manager, osxMotionFX (iNEMOEngine PRO) sensors
fusion library, osxMotionAR (iNEMOEngine PRO) activity-recognition library,
osxMotionCP (iNEMOEngine PRO) carry-position recognition library, osxMotionGR
(iNEMOEngine PRO) gesture recognition library, osxMotionPM real-time pedometer
(iNEMOEngine PRO) library, osxMotionID (iNEMOEngine PRO) motion intensity
recognition library.

e Projects: contains a sample application used for transmitting the output of the sensor
data and of the osxMotionFX sensor fusion and e-Compass, osxMotionAR activity-
recognition, osxMotionlD motion-intensity-recognition, osxMotionCP carry-position,
osxMotionGR gesture recognition and osxMotionPM pedometer libraries by using the
Bluetooth low energy protocol provided for the NUCLEO-F401RE/NUCLEO-L476RG
and STEVAL-STLKT01V1 platforms through the IAR Embedded Workbench for ARM,
RealView Microcontroller Development Kit (MDK-ARM) and System Workbench for
STM32 development environments.

o Utilities: contains the boot loader binary ready to be flashed for STM32F401RE and
STM32L476RG

Flash management
Apart from storing its code, BLUEMICROSYSTEM1 uses the Flash memory for:

1. saving the Open.MEMS license activated for the board inside the Meta Data Manager
2. allowing the Firmware-Over-The-Air update

To enable these features the Flash is divided into these different regions (see Figure 3:
"BLUEMICROSYSTEMT1 Flash structure"):

1. the first region contains a custom boot loader

2. the second region contains the BLUEMICROSYSTEM1 firmware

3. The third region is used for storing the FOTA before the update and for saving the
Open.MEMS license inside the Meta Data Manager

Even if the STM32F401RE (512 KB) and the STM32L476RG (1024 KB) cache sizes and
arrangements differ, we have used the same Flash arrangement for both to save the
FOTA. The Meta Data Manager is placed at the end of the FLASH (0x08007000 for
STM32F401RE and 0x080FF000 for STM32L476RG). For more information, refer to:

e (RMO0368) Reference manual STM32F401xB/C and STM32F401xD/E advanced
ARM®-based 32-bit MCUs
e  (RMO0351) Reference manual STM32L4x6 advanced ARM®-based 32-bit MCUs

3
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Figure 3: BLUEMICROSYSTEM1 Flash structure
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The boot process

The BLUEMICROSYSTEM1 cannot be flashed at the beginning of the Flash (address
0x08000000), and is therefore compiled to run from the beginning of the second Flash
region, at 0x08004000.

To enable this behavior, we set the vector table offset in Src/system_stm32f4xx.c (for
STM32F401) and Src/system_stm32l4xx.c (for STM32L476) thus: #define
VECT TAB OFFSET 0x4000.

We also changed the linker script. For example, the Linker script for
BLUEMICROSYSTEM1 running on STM32F401RE and compiled using IAR Embedded
Workbench for ARM is:
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define symbol  ICFEDIT intvec start = 0x08004000;
/*-Memory Regions-*/

define symbol  ICFEDIT region ROM start = 0x08004000;
define symbol  ICFEDIT region ROM end = O0x0803FFFF;
define symbol  ICFEDIT region RAM start = 0x20000000;
define symbol _ ICFEDIT region RAM end = 0x20017FFF;
/*-Sizes-*/

define symbol _ ICFEDIT size cstack = 0x8000;

define symbol _ ICFEDIT size heap = 0x800;
Using the above linker script, the maximum usable code size is fixed at 240 KB.

You must flash the appropriate bootloader binary for STM32F401RE or STM32L476RG ,
found in the Utilities\BootLoader folder, to the first FLASH region (address 0x08000000).

Figure 4: BootLoader folder content

1. 5TM32F401RE-Mucleo
1. 5TM32L476RG

| readme.td

On any board reset:

o Ifthereis a FOTA in the third Flash region, the boot loader overwrites the second
Flash region (with BLUEMICROSYSTEM1 firmware) and replaces its content with the
FOTA and restarts the board.

e If there is no FOTA, the boot loader jumps to the BLUEMICROSYSTEM1 firmware.

Figure 5: BLUEMICROSYSTEM1 boot sequence

1 2 | 3 )
[ Region |/ Region V| ! Region \
. . BLUEMICROSYSTEM1 FOTA & osxMotion Licenses
Organization

Y E S Copy FOTA from

- Erase “Region 2” ‘ “Region 3” to “Region

27

.

NO l Delete FOTA

“magic number” in

JUMP TO Region 3
BLUEMICROSYSTEM1 l

Restart the board

START kg

1.6 The installation process

The package contains in a single image in the Binary directory (in .bin and .hex format) that
includes the BootLoader for the BLUEMICROSYTEM1 firmware for each platform
(NUCLEO-F401RE, NUCLEO-L476RG and STEVAL-STLKT01V1). This image can be
directly flashed on the platform.
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When it is necessary to flash different BLUEMICROSYSTEM1 firmware, after having
modified the code and compiled, you just need to flash the BLUMICROSYTEM?1 firmware
at the right position (0x08004000).

To simplify the BLUEMICROSYSTEM1 installation by saving the BLUEMICROSYSTEM1
firmware and BootLoader to the right positions for each platform (NUCLEO-F401RE,
NUCLEO-L476RG, STEVAL-STLKT01V1) and for each IDE (IAR/RealView/System
Workbench), there is a script called CleanBlueMS1.bat.

Figure 6: Content of one project folder

« Projects » Multi » Applications » BlueMicrosysteml » EWARM » STM32L476RG-SensorTile -
Open Print Burn Mew folder

Mame Date modified Type

%] BlueMS1_ST.eww 9/21/2016 2:06 PM WW File
s | CleanBlueM5sl.bat 9/21/2016 2:06 PM Windows Batch File
laces || Project.ewd 9/21/2016 206 PM  EWD File

|| Project.ewp 9/21/2016 206 PM  EWP File

|| startup_stm321476x00s 9/21/2016 206 PM  SFile

|| stm32476:x_flash.icf 9/21/2016 2:06 PM  ICF File

This script:

e  Performs a full Flash erase
e Flashes the BootLoader at the correct position (0x08000000)
e  Flashes the BLUEMICROSYSTEM1 firmware at the correct position 0x08004000
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Figure 7: BootLoader and BLUEMICROSYSTEM1 installation
BN C\Windows\system32Zicmd.exe Su—— ' = | B |

/ -
Clean BlueMicrosysteml

Full Chip Erase

-

rd
STM32 ST-LINK CLI v2.3.8
STH32 ST-LINK Command Line Interface

-LINK SH : B676FF585852876767145452
—-LIMNK Firmware version : U2J24M11
Connected via SWD.
SUWUD Frequency = 4008K.
Target voltage = 3.2 U.
Connection mode : Mormal.

m

Size : 1824 Khytes
Device family :STHIZ2L47x- L48x
Full chip erase...
Flazh memory erased.

/mﬂmﬂﬂmmm/
Install BootLoader
/mﬂmﬂﬂmmm/
STM32 ST-LINK CLI v2.3.8
STH32 ST-LINK Command Line Interface

-LINK SH : B676FF585852876767145452
IST—LINH Firmware version : U2J24M11

Connected via SWD.
SUHUD Frequency = 4008K.
bTanet voltage = 3.2 U.
Connection mode : Mormal.

Size : 1824 Khytes
Device Family :STHIZ2L47x- L48x
Loading file...
Flazh Programming:
File : ..~..s.. . soosoosUtilitiessBootLoaders5THI2ZL476RGBootLoaderLd. hin
Addre=zz : BxBE00HO0H

emory programmed in Bs and 468ms.
erification...OK
rogramming Complete. "l

/mﬂmﬂﬂmmm/
Install BlueMicrosysteml
/mﬂmﬂﬂmmm/
STM32 ST-LINK CLI v2.3.8
STH32 ST-LINK Command Line Interface

-LINK SH : B676FF585852876767145452
—-LIMNK Firmware version : U2J24M11
NConnected via SWD.

SUWUD Frequency = 4008K.
Target voltage = 3.2 U.
Connection mode : Mormal.

Device flash Size : 1824 Khytes

Device Family :STHIZ2L47x- L48x

Loading file...

Flazh Programming:
File : STH32L476RG_SENSORTILE“Exe“BlueM51_ST.bin
Addreszz : BxBE0E400H

Memonr rogramming. . .

Heading and verifying device memory...
y programmed in Yz and 58Zms.

Verification...0K
rPPngPamming Complete.

- — A d
The same script also dumps a unique image file containing the BootLoader and the

BLUEMICROSYSTEM1 firmware. This image file may be directly flashed to the beginning
of the Flash memory in the same way as the image contained in the Binary folder.
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Figure 8: BootLoader and BLUEMICROSYSTEM1 dump process

oo C:\Windcws\systemifi\cmd.exg._. - a‘. *_E" E@ﬁ

-

Dump BlueMicrosysteml+ BootLoader

rd 74
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Dumping Bx4@88 + 1578168 = 174194 hytes ...

STM32 ST “LINK CLI v2.3.8
—LIMNK Command Line Interface

-LINK SH : B676FF585852876767145452
—-LIMNK Firmware version : U2J24M11
Connected via SWD.
SUWUD Frequency = 4008K.
Target voltage = 3.2 U.
Connection mode : Mormal.

m

Device flash Size : 1824 Khytes
Device Family :STHIZ2L47x- L48x
Dumping memory ...

Addrezz = BxBEABHAEH

Memory Size = BxBHAZABT?2

188

I
Saving file [STH32L476RG_SENSORTILE“Exe“BlueM51_ST_BL.hinl ...
Dumping memory to STHM32L476RG_SENSORT ILENExesBlueM31_ST_BL.bin succeded

/mﬂmﬂﬂmmm/
RHezet STHM32
/mﬂmﬂﬂmmm/
STM32 ST-LINK CLI v2.3.8
STH32 ST-LINK Command Line Interface

-LINK SH : B676FF585852876767145452
—-LIMNK Firmware version : U2J24M11
Connected via SWD.
SUWUD Frequency = 4008K.
Target voltage = 3.2 U.
Connection mode : Mormal.

Size : 1824 Khytes
Device Family :STHIZ2L47x- L48x
MCU Rezet.

Press any key to continue . . . &
¥

For the Linux/iOS operating system, there is a similar script that uses OpenOCD instead of
the ST-LINK command line. The script for OpenOCD is included only inside the System
Workbench IDE for each platform and is called CleanBlueMS1.sh.

To make it function, edit the section of the CleanBlueMS1.sh below by adding:

e  The installation path for OpenOCD
e  The installation path for STM32 OpenOCD scripts
e  The Library path for OpenOCD

# 1) Set the Installation path for OpenOCD

# example:

#0penOCD DIR="C:/Ac6/SystemWorkbench/plugins/fr.ac6.mcu.externaltools.openocd.win32
1.10.0.201607261143/tools/openocd/"

OpenOCD_DIR=""

# 2) Set the installation path for stm32 OpenOCD scritps

# example:

#0penOCD _CFC="C:/Ac6/SystemWorkbench/plugins/fr.ac6.mcu.debug 1.10.0.201607251855/re
sources/openocd/scripts"

OpenOCD CFC=""

# 3) Only for Linux/iOS add openocd library path to LIBRARY PATH:
# For i0S example:

#export DYLD LIBRARY PATH=${DYLD LIBRARY PATH}:${OpenOCD DIR}"lib/"

# For Linux example:
#export LD LIBRARY PATH=${LD LIBRARY PATH}:${OpenOCD DIR}"1ib/"
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Firmware-Over-The-Air (FOTA) update

For the X-NUCLEO-IDB05A1 Bluetooth low energy expansion board only, the
BLUEMICROSYSTEM1 firmware may be updated Over-The-Air (FOTA) through the
connected Android/iOS device via Bluetooth using the BlueMS application (ver. 3.0.0 and
above) available on their respective application market stores.

The application sends the update and associated CRC (cyclic-redundancy-check) value,
which the BLUEMICROSYSTEM1 checks against the hardware cyclic redundancy check
calculation unit on the STM32F401/STM32L476 processor to ensure the update integrity. If
the CRC calculation matches the BlueMS CRC value, the new firmware is written from the
beginning of the third Flash region. A “magic number” setting signals the boot loader that a
Firmware update has been received and checked, and is ready to replace the current
BLUEMICROSYSTEM1 firmware (see Section 1.12: "Firmware-Over-The-Air update with
BlueMS").

APls

Detailed user-API function and parameter descriptions are compiled in an HTML file in the
package Documentation folder.

Sample application description
A sample application is provided in the Projects folder for:

e the X-NUCLEO-IKS01A2 (or X-NUCLEO-IKS01A1) and X-NUCLEO-IDB04A1 (or X-
NUCLEO-IDB05A1) expansion boards with the NUCLEO-F401RE or NUCLEO-
L476RG board

e  STEVAL-STLKTO1V1

Ready to build projects are available for multiple IDEs.

With the NUCLEO-F401RE and NUCLEO-L476RG boards, you can set up a terminal
window for the appropriate UART communication port (use the baud, data, parity and stop
settings below) to control the initialization phase.

The same feature is available for the STEVAL-STLKT01V1 when connecting the micro-
USB port to a PC. However, as it is necessary to register the USB device, this is only
possible when the STEVAL-STLKTO01V1 starts. In fact, a 10-second delay has been added
to the initialization phase to allow you to follow its progress.

This feature for STEVAL-STLKTO01V1 is disabled by default. To enable it, you must modify
the osx_bms_config.h file by enabling the //#define 0SX BMS ENABLE PRINTF line
below.

#ifndef STM32 BLUECOIN
/* For enabling the printf on UART */
#ifdef STM3 2 SENSORTILE
/* Enabling this define for SensorTile..
* it will introduce a delay of 10Seconds before starting the application
* for having time to open the Terminal
* for looking the BlueMicrosystem Initialization phase */
//#define OSX BMS ENABLE PRINTF
#else /* STM32 SENSORTILE */
/* For Nucleo it's enable by default */
#define OSX BMS ENABLE PRINTF
#endif /* STM32 SENSORTILE */
#endif /* STM32 BLUECOIN */

DocID027485 Rev 6
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Figure 9: Terminal setting

Tera Term: Serial port setup 2
Port: COMA hd 0K
Baud rate: 460800 -
Data: |B hit v| Cancel

Parity: none -
Stop: 1 bit - Help
Flow control: none -

Transmit delay

1] msecichar 0 msecfline

When you first press the reset button on the NUCLEO-F401RE or NUCLEO-L476RG
board, the application:

starts initializing the UART, I1°C and SPI interfaces

determines which MEMS expansion board is connected to STM32 Nucleo board.

checks whether all the sensors are present and working

checks whether the LSM6DS3 DIL24 extension is present

For STEVAL-STLKTO01V1 checks if the battery is present and initializes the Gas

Gouge

e  checks whether the osxMotionFX, osxMotionAR, osxMotionCP, osxMotionGR,
osxMotionPM and osxMotionlID libraries have been initialized properly with valid
licenses read from Flash

e determines which BlueNRG expansion board is connected to the STM32 Nucleo
board (X-NUCLEO-IDB04A1 or X-NUCLEO-IDB05A1) and hardware and firmware
version information

e creates a random BLE MAC address

e initializes the BLE hardware service, adding the temperature, humidity, pressure, 3D
gyroscope, 3D magnetometer, 3D accelerometer and LED characteristics

e initializes the BLE SW service adding the osxMotionFX, osxMotionAR, osxMotionCP,
osxMotionGR and osxMotionlID libraries (if present in Flash).

e initializes the BLE console service adding the stdin/stdout and stderr characteristics

e initializes the BLE config service transmitting/resetting the calibration status and

enabling the LSM6DS3 DIL24 hardware features (if present).

If the LSM6DS3 DIL24 extension is present, or if the X-NUCLEO-IKS01A2 is mounted, it
can generate an interrupt signaling a free fall, tilt, wake up, single tap, double tap, 6D
position or pedometer event, which is transmitted over Bluetooth to the attached
Android™/iOS™ device.

3
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Figure 10: Initialization phase

* COM18:460800baud - Tera Term VT _

File Edit Setup Control Window Help

UART Initialized
[2C Initialized
SPI  Initialized

STMicroelectronics BLUEMICROSYSTEML:
Uersion 3.8.8
STM32L476RG-Mucleo bhoard
Accelero Sensor
D33 DIL24 Present
Gyroscope Sensor
Magneto Sensor
Humidity Se
Temperature S
Temperature Sensor2
Pressure Sensop
Accelero Sensor
Gyroscope Sensor
Magneto Senso
Humidity Sensor
Temperature Sensorl
Temperature Sensor2
Pressure Sens
osxMotion Licenses status read from Flash
FLASH contains a Initialized osx Licenses Manager
Enabled ST osxMotionFX x9/x6 vi.@.7
Enabled ST osxMotionAR vi.1.8
CHAL 1.3.8_8>
Gompiled May 27 2016 B8:82:57 (KEIL>
Send Every 38mS 3 Short precision Quaternions
Send Every 50BmS TemperaturesHumidity-Pressure
S8end Every 58m§ Acc/GyrosMagneto

== X

Debug Connection Enabled

Debug Motify Trasmission Enahled

SERVER: BLE Stack Initialized
Board type=I1DBB5A1 HWver=4%2. Flver=7.1l.e
BoardMame= BM1U308
BoardMAG = B:lc:4d:55:casab

Service W28T added successfully
Service W28T added succ ully
Console Service W28T added successfully
Config Service W28T added successfully
Calibration Mot present in RA
Initialized osxMotionFX
Initialized osxMotionAR

As shown in the console output above, the application sends:

e 3 short precision quaternions every 30 ms

e  Temperature/Humidity/Pressure data (and Battery status if the battery is present for

STEVAL-STLKT01V1) every 500 ms
o 3D Accelerometer, 3D Gyroscope and 3D Magnetometer data every 50 ms

This application reads the accelerometer, magnetometer and gyroscope values at 100
samples/second. The osxMotionFX (iNEMOEngine PRO) library combines these sensor

values to produce and transmit 100 quaternions/second to the client connected via

Bluetooth low energy to reflect real motion using a vendor-specific BLE service.
The above also applies to the STEVAL-STLKT01V1.

These definitions in osx_bms_config.h control how many quaternions the application sends

to the Bluetooth client:

e QUAT UPDATE MUL 10MS: defines the transmission rate for each set of quaternions

by multiple of 10 ms.

e SEND N QUATERNIONS: defines how many quaternions are sent on each Bluetooth

package.
By default, the application sends three quaternions every 30 ms.

The same osx_bms_config.h file also defines:

e 0SX_BMS DEBUG_CONNECTION and OSX_BMS DEBUG_NOTIFY TRAMISSION to

enable some debugging information for BLE communication

16/63 DocID027485 Rev 6
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e 0SX BMS MOTIONID to enable the osxMotionID motion intensity recognition
algorithm

The osxMotionFX (iNEMOEngine PRO) library includes an e-Compass auto-calibrating
procedure and the calibration status is transmitted via BLE to the client:

e  Onthe NUCLEO-F401RE or NUCLEO-L476RG boards, you can press the user button
to reset the library calibration status and force a new auto-calibration procedure.
e  With the STEVAL-STLKTO01V1, you can only do this through the BlueMS application.

The osxMotionAR (iINEMOEngine PRO) library can recognize the following activities:

stationary
walking
fast walking
jogging
biking
driving

The osxMotionCP (iNEMOEngine PRO) library recognizes and provides real-time
information about how the user is carrying the board, which equates to the phone carry
position:

on desk

in hand

near head
shirt pocket
trouser pocket
arm swing

The osxMotionGR (iNEMOEngine PRO) library can recognize gestures like:

e pick up
e glance
e wake up in hand

The osxMotionPM (iNEMOEnNgine PRO) library counts the number of steps and computes
their frequency.

The osxMotionID (INEMOEngine PRO) library can recognize the following activities:

on desk

bed, couch
light movement
biking
typing/writing
slow walking
walking

fast walking
jogging

fast jogging
sprinting

The osxMotionID is enabled via the 0SX BMS MOTIONID define in osx_bms_config.h.

When an Android/iOS device is connected to the NUCLEO-F401RE or NUCLEO-L476RG
board (or for STEVAL-STLKT01V1 enabling the debugging messages), it is possible to
control what the board transmits (see the following figure).
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Figure 11: UART console output when one device is connected to the board
. COM18:460800baud - Tera i o o e

s e
File Edit Setup Control Window Help
UART Initialized
I2C Initialized
SPI  Initialized

STMicroelectronics BLUEMICROSYSTEML:
Uersion 3.8.8
STM32L476RG-Mucleo bhoard
Accelero Sensor
D33 DIL24 Present
Gyroscope Sensor
Magneto Sensor
Humidity Se
Temperature S
Temperature Sensor2
Pressure Sensop
[Enabled Accelero Sensor
Enabled Gyroscope Sen
Enabled Magneto Senso
Enabled Humidity Sensor
Enabled Temperature Sensorl
Enabled Temperature §
[Enabled Pressure Sens
osxMotion Licenses status read from Flash
FLASH contains a Initialized osx Licenses Manager
Enabled ST osxMotionFd x9/x6 vl.@.7

CHAL 1.3.8_8>

Gompiled May 27 2016 B8:82:57 (KEIL>

Send Every 38mS 3 Short precision Quaternions
Send Every 50BmS TemperaturesHumidity-Pressure
S8end Every 58m§ Acc/GyrosMagneto

Debug Connection Enabled

Debug Motify Trasmission Enahled

SERVER: BLE Stack Initialized
Board type=I1DBB5A1 HWver=4%2. Flver=7.1l.e
BoardMame= BM1U308
BoardMAG = B:lc:4d:55:casab

Service W28T added successfully
Service W28T added succ ully
Console Service W28T added successfully
Config Service W28T added successfully
[Calibration Mot present in
Initialized osxMotionFX
Initialized osxMotionAR

Sending: Cal=B Press=188184 Hum=578 Temp=257 Temp2=242
———>Enu=0N

Hum=578 Temp=257 TempZ=242
Hum=569 Temp=258 TempZ=242
Hum=569 Temp=258 TempZ=242
Hum=569 Temp=258 TempZ=242
Hum=569 Temp=258 TempZ=242
Hum=56% Temp=258 TempZ=242

Open.MEMS licenses
The BLUEMICROSYSTEM1 includes:

oakwN =

osxMotionFX (iNEMOEngine PRO
osxMotionAR (iNEMOEngine PRO

~

real-time motion sensor data fusion algorithm
real- time activity-recognition algorithm
osxMotionCP (iNEMOEngine PRO) real-time carry-position recognition algorithm
osxMotionGR (iNEMOEnNgine PRO) real- time gesture recognition algorithm
osxMotionPM (iNEMOEngine PRO) real time pedometer algorithm

osxMotionID (iNEMOEngine PRO) real time motion intensity recognition algorithm

~ ~— ~—

The algorithms are released under the Open.MEMS limited license agreement (LLA) and
are node-locked to a specific STM32 board; you need to obtain a license from
STMicroelectronics to use them. Licenses can be requested via the Android/iOS device
BlueMS application (ver. 3.0.0 and above) available on their respective application market
stores, or by using the OSX License Wizard if 0SX BMS LICENSE H FILE in
Inc\osx_bms_config.h is enabled.

Licenses are saved in the last section of the third Flash region so they are not lost on board
resets.

Refer to Section 1.13: "Open.MEMS license activation" for more information regarding
license requests.

3
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Android and iOS sample client application

The BLUEMICROSYSTEM1 software for STM32Cube is compatible with the BlueMS
Android/iOS applications (ver. 2.2.0 or higher) available at the respective Play/iOS stores.
Version 3.0.0 and above is required for Over-The-Air firmware updates (for X-NUCLEO-
IDBO5A1 Bluetooth low energy expansion boards only) and to request and enable the
Open.MEMS. Version 3.2.0 and above is required to display Gas Gauge battery
information (Battery %, volt, and charge status) for STEVAL-STLKTO01V1 board.

We use the Android application in this example.

Following connection, BlueMS starts with the main page shown below, where the values of
temperature, pressure and humidity are displayed.

Figure 12: BlueMS (Android version) main page following BLE connection

START LOGGING ¢

Z
Z
¥

24,3 [°C]
22,2 [°C] Not available

N’

1018,17 [mBar] 46,2 [%]
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If the osxMotionFX sensor fusion library is enabled, the following page shows a cube that

rotates with board movement.

Figure 13: BlueMS (Android version) osxMotionFX sensor fusion page

START LOGGING @

RESET C/(a

On this page, there are two buttons along the bottom:

o the leftis for resetting the cube position.
e the right shows the calibration status of the osxMotionFX library (black for not
calibrated, green for calibrated). Clicking it forces a magneto calibration.

DoclD027485 Rev 6
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When either button is pressed, the application pops up a window describing how to position
the board for correct cube rotation and how to move the board to facilitate calibration (see

figure below).

Figure 14: BlueMS (Android version) popup windows

Keep the board as

shown in the image

Move the board as shown in the image

OK

3
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On the next page to the left, you can plot any value from the sensor expansion boards.

Figure 15: BlueMS (Android version) accelerometer plot

PLOT LENGTH  START LOGGING

Accelerometer -

Accelerometer:
Timestamp: 62031
Data: (X: -25Y: -10Z: 998)

Time (ms)

3
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In the option menu below, you can open:

e  Serial or Debug (with stdin) console
e License manager
e  Firmware upgrade

Figure 16: BlueMS (Android version) menu selection

Settings

Open Debug Console
Show Serial Console
License Manager

Firmware upgrade

24,5 [°C]
22,3 [°C] Not available

N

1018,00 [mBar] 46,0 [%]

3
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If the Serial console is enabled, stdout/stderr is displayed, as shown below.

Figure 17: BlueMS (Android version) Serial console (stdout/stderr)

START LOGGING ¢

Z
-
¥

24,5 [°C]
22,3 [C] Not available

N’

1018,09 [mBar] 44,5 [%]

Sending: Press=101796 Hum=445 Temp=245
[Temp2=223
Sending: Press=101809 Hum=445 Temp=245
[Temp2=223
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If the Debug console is enabled, stdin is displayed and any message written in the Debug

console triggers a reply with the same message, as shown below.

Figure 18: BlueMS (Android version) Debug console (stdin/stdout/stderr)

< Debug Console

[160524 10:51:17.275>]test

[160524 10:51:17.331<]test

& 123 @& v dﬂ

J
c v b n

ef *f s * *f & *f ¢
132131415161 71819]0

P

k |
aaE -
& cl .
1@# | I .

)

+

There is another page where you can choose which hardware feature to enable (one at the
time) and view the events (see following figures) on the same page from:

LSM6DS3 DIL24 (if present) for STM32 Nucleo expansion boards

LSM6DSL for X-NUCLEO-ISK01A2 for STM32 Nucleo expansion boards

LSM6DSM for STEVAL-STLKTO01V1

The orientation hardware feature is the default setting.
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Detected event:

Figure 19: BlueMS (Android version) hardware features

= Demos START LOGGING 3

NONE

ORIENTATION

FREE_FALL

SINGLE_TAP

DOUBLE_TAP

WAKE_UP

PEDOMETER

TILT

w
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Figure 20: BlueMS (Android version) hardware feature examples: pedometer, wake up,
orientation, double tap

START LOGGING

ETART LOGGING

Detected event:  PEDOMETER

11 steps

Detected event

= Demos START LOGGING  § .

DOUBLE_TAP

Detected event: WAKE_LP -

START LOGGING

Detected event: ORIENTATION -

If the osxMotionAR algorithm is enabled, the page shown below is available, signaling one

of the following recognized activities:

Stationary
Walking
Fast walking
Jogging
Biking
Driving
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Figure 21: BlueMS (Android version) osxMotionAR activity recognition page

START LOGGING @

£ @

If the osxMotionCP algorithm is enabled, the page shown below is available, with
information about how the user is carrying the board, which equates to phone carry
positions:

on desk

in hand

near head

shirt pocket
trousers pocket
arm swing
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Figure 22: BlueMS (Android version) osxMotionCP carry position recognition page

START LOGGING @

If the osxMotionGR algorithm is the page shown below is available, with gesture
recognition information like:

e  pick up
e glance
e wake up in hand

3
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Figure 23: BlueMS (Android version) osxMotionGR gesture recognition page

START LOGGING

-

3
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If the osxMotionPM algorithm is the page shown below is available, with pedometer
information:

Figure 24: BlueMS (Android version) osxMotionPM pedometer page
B 3¢ L36%d 11:05

START LOGGING

19 steps
80 step/min

The following page shows the LED on/off control.
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Figure 25: BlueMS (Android version) board LED control

START LOGGING @

Click on the image for change the status

The last indicates the RSSI of the Bluetooth signal and, for STEVAL-STLKTO01V1 if the
battery is connected, the charge percentage, measured voltage and battery status
(charging/discharging/low battery).

3
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Figure 26: BlueMS (Android version) Battery and RSSI information

3 B 38% I 1356

Rssi & Battery sTARTLOGGING 3

. Rssi: -59 [dbm]

Percentage: 35.0 %

Status: Charging

Voltage: 3.828 V
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112 Firmware-Over-The-Air update with BlueMS

If the 'Firmware upgrade' menu option is available on the BlueMS main application page
(Figure 12: "BlueMS (Android version) main page following BLE connection"), the page
below appears.

Figure 27: BlueMS (Android version) firmware upgrade page

B w1 J40% g 13:58

< Firmware upgrade

7.1.e(BleMS)
File:

Select Ble

3.0.0(L476)
File Board:;

Select Board

The BlueMS application shows which version of the BLUEMICROSYSTEM1 software is
running and the board type. To apply an update, press the red button and select the
appropriate update file.
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Figure 28: BlueMS (Android version) firmware update file selection
SEoODT::r - @EOQrtr S REBSCEO0O®TAeL 3837 RE OGS

Open from = Internal storage = Q  iEECEESUUUELATEIELE

Fila

FP-5M5-ALL..NucleoLd.bin

Images

u 16/06/2016 08:05 EB20K |l BLE
B Aude 2.0.0( F401 )
FP-SMS-ALL..MucleoF4 bin fedeard/Download/HelloF4_WithBL.bin
q Dawnloads 160672076 0804 FLATE
BlueMS2_NucleaF4_01 bin
n' Location 15062016 16:32 182K
O calley FP-SNS_ALL..ensorTile.bin
15/06/2016 15:41 562K
File Manager
B BlueMS-2.3_14Jun.apk
S Gy 5/06/2016 15:36 5.32M
& Photas

BlueMS2_MucleoF4.bin
14/06/2016 15:10 173K

BlueMS2_Mucleold bin Q
14062016 1509

BlueMS sends the BLUEMICROSYSTEM1 a command communicating that it is going to
send an update of a certain byte size and corresponding CRC value.
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The figure below shows the terminal window with the debug information returned during
FOTA for an STM32 Nucleo platform when we use a UART to control
BLUEMICROSYSTEM1 behavior.

Figure 29: Terminal window information during FOTA

0 0 RO
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D D
0 0 0
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0 0 = 0
0 0
0 = 0
0 e 0
0 = 0
| | e 0 0
| | = 0 0 0
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During the FOTA procedure, the BlueMS application shows the remaining packets that
need to be sent, and the total update time when the procedure has finished.

Figure 30: BlueMS (Android version) application page during FOTA and on completion

B NG 36 448% @ 13:59 B NG 36 (48% g 13:59

< Firmware upgrade < Firmware upgrade
7.1.e(BleMS) 7.1.e(BleMS)
File: File:

Select Ble Select Ble
3.0.0(L476) 3.0.0(L476)
/storage/emulated/0/BlueMS Firmware/  /storage/emulated/0/BlueMS Firmware/
HelloL4_WithBL.bin HelloL4 _WithBL.bin

Select Board Select Board
load: 7163 Update done: 25.32

113 Open.MEMS license activation

If 0SX BMS LICENSE H FILE inInc\osx_bms_config.h is not defined, the Open.MEMS
licenses must be requested and enabled through the BlueMS android/iOS application.

If no Open.MEMS licenses are active, BLUEMICROSYSTEM1 can still read and transmit
sensor data values to the Android/iOS BlueMS application.

If 'License Manager' is chosen from the options menu in the BlueMS start page, the page
below appears.

3
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< License Status

Available license are:
osxMotionFX

Mems sensor REQUEST
fusion

osxMotionAR
Activity REQUEST
recognition

osxMotionCP REQUEST

Carry position

osxMotionGR
Gesture REQUEST

recognition

Figure 31: BlueMS (Android version) license status page

L MmE A8 BNE S R 1120

C

UPLOAD

UPLOAD

UPLOAD

UPLOAD

The REQUEST button opens the legal agreement page, which continues to the license

request page if you accept.
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Figure 32: BlueMS (Android version) osxMotionCP license request

< Approve license < Approve license

osxMotionCP osxMotionCP
Copyright (C) STMicroelectronics N.V. ("ST") 2014.

Notice: Username

This Software (including, as the case may be,
software in binary form, )

documentation and other related items) is provided E-Mail
by ST under the terms

of this license.

By using this Software, you (the licensee) agree that Company Name
you have read,

understood, and will comply with the following
terms and conditions.

All rights not expressly granted under this license
are reserved.

LIMITED LICENSE AGREEMENT FOR ST MATERIALS
EVALUATION
(OpenSoftwareX LLA)

IMPORTANT-READ CAREFULLY: This Limited License
Agreement (“LLA") for ST

materials is made between you on behalf of yourself,
or on behalf of any entity by

which you are employed or engaged (collectively
referred to in this LLA as "You" or

“Licensee”) and STMicroelectronics International NV,
a company incorporated under the

lmiiie afdle e Madl e dle e c okl e Faalbh e accccane =F

DISAGREE AGREE

Enter a username, valid email address and company name, and click the red arrow button
to generate the email request.
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Figure 33: BlueMS (Android version) generated license request email
Q=90 DT 2N BI04z

¢ Compose @ » i

0SX Open.Mems: <MotionCP v1.2.0 -
Carry Position Recognition=> license
request

User name: curtis

User company:STM

User email:
salvatore.curti.work@gmail.com

Library name: OSX_MOTION_CP_V120

Board model:DiscolL476VG

Node Code:
Send mail... E5258D54A968409AFEA2A3[385?BDQDISD

¢ 2 & B &
a Email : 2
102131415167 )1819}10

aShafe'-i"k QWER T Y U I OP

I Sl I ‘:Hlﬂ‘ ‘:bnls
The following page is shown when the email has been sent.
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< License Status

Available license are:

osxMotionFX
Mems sensor REQUEST

fusion

osxMotionAR
Activity REQUEST

recognition
osxMotionCP
Carry position

osxMotionGR
Gesture REQUEST

recognition

REQUEST

Figure 34: BlueMS (Android version) send request email

MDYz AE RINESCRE 1157

C

UPLOAD

UPLOAD

UPLOAD

UPLOAD

Sending message...

If you receive an email response with license details, select and copy the details as shown

below and press UPLOAD in the License Status page.
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Figure 35: BlueMS (Android version) copy license details and select UPLOAD

< License Status

Available license are:
0SX Open.MEMS: MotionCP osxMotionFX
v1.2.0 license authorization ** W
curtis @ STM ** inbox

fusion
osxMotionAR

Open.License - recognition
tome osxMotionCP

7 days ago View details Carry position

osxMotionGR

recognition
Thanks for your interest in the ST
OSX_MOTION_CP_V120 software library.
Please find here below your personal activation
license (node-locked).

#ifndef _OSX_MOTION_CP_LICENSE_
#define _OSX_MOTION_CP_LICENSE_
uint32_t osx_mcp_license[3][4] =

(Ml“{‘llﬂ. OxBSE19F18, 0xF1586969,

{ 0x039ABD1F, 0x194B7AS5A, 0x04FA1787,
0x7ACOF20E ),

{ Ox68FBE380, 0x05370B61, Ox8EECEBAF,
0xCA1B6B8A }

X
#if // _OSX_MOTION_CP_LICENSE_

Mems sensor REQUEST UPLOAD

Activity REQUEST UPLOAD

REQUEST UPLOAD

Hello curtis, —— REQUEST  UPLOAD

Paste the license code in the Load License page and click the red upload button.
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Figure 36: BlueMS (Android version) paste license details

< Load License < Load License

osxMotionCP

Paste license code

osxMotionCP

Paste license code
1

{0xA018018B, 0XB5E19F18,
0xF1586969, 0XOEF85CA6 },

{ 0X039A8D1F, 0x194B7A5A,
0x04FA17B7, 0x7ACOF20E },

{ 0x68FBE380, 0x05370B61
O;IXSEECEBAF, 0xCA1B6B8A }
}
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Once the correct license code is loaded, you can proceed to reconnect the board.
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Figure 37: BlueMS (Android version) load license

< Device List : < Device List

License load

BM1V300
BE:2B:BA:F7:26:13

A green tick mark indicates license acknowledgment.
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Figure 38: BlueMS (Android version) osxMotionCP license enabled

R 1221

D me @z A8 2N 2

< License Status

Available license are:
osxMotionFX

Mems sensor REQUEST
fusion

osxMotionAR
Activity REQUEST
recognition

osxMotionCP
Carry position

osxMotionGR
Gesture REQUEST

recognition

C

UPLOAD

UPLOAD
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Open.MEMS license activation with osxLicenseWizard

If 0SX BMS LICENSE H FILE in Inc\osx_bms_config.h is defined, the Open.MEMS
licenses must be requested and enabled through the osxLicenseWizard.

Figure 39: osxLicenseWizard

CAX Licwrnzs Wizar - w1 1100 -‘ﬁ __"'_"’ - B o

Tosth  Helg

Nacleo board: Liner informariion
B e -
' , Hash s Corpary
g i Erd

e e chra o

Siccde coce

e cade

For each license:

ook w

Open osxLicenseWizard

Selected the library to be activated (osxMotionFX, osxMotionAR, osxMotionCP or
osxMotionGR)

Click 'identify STM32 Nucleo board...'

Click 'generate license request...' and accept the terms in the license agreement
Click 'send license request email...'

Send the email
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Figure 40: osxLicenseWizard generated email

B

7 Cakbr

sifid

LIS r name:
LT COmpaTy:
User amai:
Library mama:
Bowed modet
Node Code
e Code:
Licenss Code
Licenie Type

Yo Dpen MENT: hoense reguest " 5T S roelecirora Mesape (41 T 1] B X
ISERT DR TICINS FORMAT TEXT REVIEW
il - K & L-Ll L o Sittach File ™ Foligw Lip - ,'l\
e -
- = = #5 & - ’ Attach Bem - ! High Importance
- Addeess L hech N L DT
= i TR p—— £ Segrafture - Lo Impodasts
ret - lareet ide 13 <~ Faon -
S LTS

O Open MRS icenar regues] ™ FTRETsslefionigy =

Eindly relegse 05X Open. MEMS <MotionF v1.5.0 - 6x 9 Senior Fution®> boende for the below node indtallation:

ciariis

STMicroelecironics

sabaiore. curti@st.com
05%_MOTION_Fi{_V150

MuckaaF301RE

208587 T3 T TSR IDAEITFFABFSISETAT
FEEEMAAT 354 | AR TROIEAEDORRAEFF TR
BB00 BEGCF ASAAALSCS I DTDMFORSSDDAT
EVALLATICN

This émall had been generated by the 05X License Witard v1. 110,

Open the received email and place the license details in the respective osx_license.h files
in the Middlewares directory. To enable the osxMotionFX license, for example, place the
code in Middlewares\ST\STM32_OSX_MotionFX_Library\osx_license.h file.

You must then compile the BLUEMICROSYSTEM1 to enable any new licenses.
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Figure 41: Received license activation email

H =0 s o Opeen MEMS: McbonFX v1 5.0 koense spthonzation ** curtn @ 5T, T Il - 0 X
MESSAGE
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s Delete Bt £ Move 9y, Teanslote Zoom
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Open.License
05X Open.MEMS: MotionFX v1.5.0 license authorization ** curtis @ STMicroelectronics ™
Te I Sshators CUETT

n W removed estra ine breaks freen B mesage.

Halle urti,

Thariks for your inberest in the 5T ﬂ!!_h‘ﬂnﬂﬂ_F:_\"ﬂﬂ salPteane bErany.
Please find here below your personal activation likense (node-locked).

sifnde! _05X_MOTION_FX_LICENSE_
Bdefing _O%M_MOTION_FX_LICEMNSE
uint 32t osa_mifx_license[3][4] =
[
[ eBOIECHEA, 033 1FR0ED, (eAADDTAGF, DxIBFGICRT |,
[ OB BODTT, O SHAOF S, (xS2605C10, CmC 1426106 |
[ O PESTCTIC, O TCI0M2CS, DwSB1NELS, OnFS4IB6FE | |; wendif /f _O0SXK_MOTION_FX_LICENSE_

Ty s Thee Above acthvation licenss just copy The st belween The lines and paste it imto the iafal “osx_likense, k"
file an your PC. The lile i boated in the \Middiewasnes\ ST\ 005X _Library_Mame> folder.

Enjoy developing with 5T OpenSoftwareX and have great ideas turn imto fe_Augmented.

Basn regards,
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System setup guide

Hardware description

This section describes the individual hardware components needed for developing a
sensor-based application.

STM32 Nucleo platform

STM32 Nucleo development boards provide an affordable and flexible way for users to test
solutions and build prototypes with any STM32 microcontroller line.

The Arduino™ connectivity support and ST morpho headers make it easy to expand the
functionality of the STM32 Nucleo open development platform with a wide range of
specialized expansion boards to choose from.

The STM32 Nucleo board does not require separate probes as it integrates the ST-
LINK/V2-1 debugger/programmer.

The STM32 Nucleo board comes with the comprehensive STM32 software HAL library
together with various packaged software examples.

Figure 42: STM32 Nucleo board

Enabled

=

Information regarding the STM32 Nucleo board is available at www.st.com/stm32nucleo
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21.2 X-NUCLEO-IDB04A1 expansion board

The X-NUCLEO-IDB04A1 is a Bluetooth BlueNRG expansion board usable with the
STM32 Nucleo system. The BlueNRG is a very low power Bluetooth low energy (BLE)
single-mode network processor, compliant with Bluetooth specifications core 4.0.

Figure 43: X-NUCLEO-IDB04A1 expansion board

UM1863

Information regarding the X-NUCLEO-IDB04A1 expansion board is available on
www.st.com at http.//www.st.com/x-nucleo.
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X-NUCLEO-IDB05A1 expansion board

The X-NUCLEO-IDB05A1 is a Bluetooth low energy expansion board based on the

SPBTLE-RF BlueNRG-MS RF module to allow expansion of the STM32 Nucleo boards.
The SPBTLE-RF module is FCC (FCC ID: SONSPBTLERF) and IC certified (IC: 8976C-
SPBTLERF). The BlueNRG-MS is a very low power Bluetooth low energy (BLE) single-
mode network processor, compliant with Bluetooth specification v4.2. X-NUCLEO-IDB05A1
is compatible with the ST morpho and Arduino™ UNO R3 connector layout. This expansion
board can be plugged into the Arduino UNO R3 connectors of any STM32 Nucleo board.

Figure 44: X-NUCLEO-IDB05A1 expansion board

© FOR EVALUATION ONLY - |.
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Information about the X-NUCLEO-IDB05A1 expansion board is available on www.st.com at

http://www.st.com/x-nucleo.
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X-NUCLEO-IKS01A1 expansion board

The X-NUCLEO-IKS01A1 figured below is a sensor expansion board for use with the
STM32 Nucleo board. It is also compatible with the Arduino UNO R3 connector layout, and
is designed around the STMicroelectronics humidity (HTS221), pressure (LPS25HB) and
motion sensors (LIS3MDL and LSM6DS0). The X-NUCLEO-IKS01A1 interfaces with the
STM32 MCU via an I?C pin, and the user can change the default I°C address and the
device IRQ by changing one resistor on the evaluation board.

Figure 45: X-NUCLEO-IKS01A1 expansion board
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Information about the X-NUCLEO-IKS01A1 expansion board is available on www.st.com
at: http://www.st.com/x-nucleo.

The LSM6DS3 DIL24 adapter board in the figure below can be plugged on top of the X-
NUCLEO-IKS01A1 expansion board.

Figure 46: LSM6DS3 DIL24 adapter board
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X-NUCLEO-IKS01A2 expansion board

The X-NUCLEO-IKS01A2 is a motion MEMS and environmental sensor expansion board
for the STM32 Nucleo.

It is equipped with Arduino UNO R3 connector layout, and is designed around the
LSM6DSL 3D accelerometer and 3D gyroscope, the LSM303AGR 3D accelerometer and
3D magnetometer, the HTS221 humidity and temperature sensor and the LPS22HB
pressure Sensor.

The X-NUCLEO-IKS01A2 interfaces with the STM32 microcontroller via the I12C pin, and it
is possible to change the default I>C port.

Figure 47: X-NUCLEO-IKS01A2 MEMS and environmental sensor expansion board
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STEVAL-STLKT01V1 SensorTile development kit

Description

The STEVAL-STLKT01V1 is a comprehensive development kit designed to support and
expand the capabilities of the SensorTile and comes with a set of cradle boards enabling
hardware scalability. The development kit simplifies prototyping, evaluation and
development of innovative solutions. It is complemented with software, firmware libraries
and tools, including a dedicated App.

The SensorTile is a tiny, square-shaped loT module that packs powerful processing
capabilities leveraging an 80 MHz STM32L476JGY microcontroller and Bluetooth low
energy connectivity based on BlueNRG network processor as well as a wide spectrum of
motion and environmental MEMS sensors, including a digital microphone.
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SensorTile can fit snugly in your 0T hub or sensor network node and become the core of
your solution.

Features

e FCC (ID: SONSTILEO1) and IC (IC: 8976C-STILEO1) certified
. Included in the development kit package:

SensorTile module

SensorTile expansion Cradle board equipped with audio DAC, USB port, STM32
Nucleo, Arduino UNO R3 and SWD connector

SensorTile Cradle with battery charger, humidity and temperature sensor, SD
memory card slot, USB port and breakaway SWD connector

100 mAh Li-lon battery

Plastic box for housing the SensorTile cradle and the battery

SWD programming cable

. Software libraries and tools

STSW-STLKTO1: SensorTile firmware package that supports sensors raw data
streaming via USB, data logging on SDCard, audio acquisition and audio
streaming. It includes low level drivers for all the on-board devices
BLUEMICROSYSTEM1 and BLUEMICROSYSTEM2: STM32Cube expansion
software package, supporting different algorithms tailored to the on-board
sensors

FP-SNS-ALLMEMS1 and FP-SNS-MOTENV1: STM32 ODE functional packs
ST BlueMS: iOS and Android demo Apps

BlueST-SDK: iOS and Android Software Development Kit

Compatible with STM32 ecosystem through STM32Cube support

Boards included in the kit

Figure 48: STLCS01V1 board photo

7
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STLCS01V1 SensorTile component board features

e  Very compact module for motion, audio and environmental sensing and Bluetooth low
energy connectivity with a complete set of firmware examples
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e  Supported by the BLUEMICROSYSTEM1 and BLUEMICROSYSTEMZ2 software
expansion package for STM32Cube and the STM32 ODE functional pack FP-SNS-
ALLMEMS1
Mobile connectivity via the ST BlueMS app, available for iOS and Android
Main components:

—  STM32L476 — 32-bit ultra-low-power MCU with CortexM4F
—  LSM6DSM - iNEMO inertial module: 3D accelerometer and 3D gyroscope
—  LSM303AGR - Ultra-compact high-performance eCompass module: ultra-low
power 3D accelerometer and 3D magnetometer
—  LPS22HB — MEMS nano pressure sensor: 260-1260 hPa absolute digital output
barometer
— MP34DT04 — 64dB SNR Digital MEMS Microphone
—  BlueNRG-MS - Bluetooth low energy network processor
—  BALF-NRG-01D3 - 50 Q balun with integrated harmonic filter
—  LD39115J18R — 150 mA low quiescent current low noise LDO 1.8V
- 2V-5.5V power supply range
—  External interfaces: UART, SPI, SAI (Serial Audio Interface), I?C, DFSDM, USB
OTG, ADC, GPIOs
e  Pluggable or solderable interface
e  SWD interface for debugging and programming capability

STLCS01V1 SensorTile component board description

STEVAL-STLCS01V1 (SensorTile) is a highly integrated reference design that can be
plugged into form-factor prototypes to add sensing and connectivity capabilities to new
designs through a smart hub solution. It can also easily support development of monitoring
and tracking applications as standalone sensor node connected to iOS/Android
smartphone applications.

The SensorTile comes in a very small square shape 13.5 x 13.5 mm. All the electronic
components are on the top side of the pcb, while the bottom side has a small connector
through which it is possible to easily plug and unplug it from a motherboard. The connector
pinout is also replicated on 18 pcb pads that render the SensorTile a solderable system on
module as well.

The module comes with pre-loaded BLUEMICROSYSTEM2 software that initializes all the
sensors and the Bluetooth low energy radio. The “ST BlueMS” app, available free of charge
on Apple Store™ and Google Play™, is the easiest and fastest way to start using the
SensorTile board and to experience a real activity monitoring system.

The SensorTile firmware package STSW-STLKTO01, built on the STM32Cube software
technology, includes all the low level drivers to manage the on-board devices and system-
level interfaces. It has been designed in order to be easily extended and personalized as
starting point for development and customization of new dedicated applications.

All the firmware packages are freely available on www.st.com.
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Figure 49: STLCR01V1 board photo
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STLCRO01V1 SensorTile component board features

Sensortile Cradle board with SensorTile footprint (solderable)
STBCO8PMR — 800 mA standalone linear Li-lon battery charger

HTS221 — capacitive digital sensor for relative humidity and temperature
LDK120M-R — 200 mA low quiescent current very low noise LDO
STC3115 — Fuel gauge IC

USBLC6-2P6 — very low capacitance ESD protection

USB type A to Mini-B USB connector for power supply and communication
microSD card socket

SWD connector for programming and debugging

3
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Figure 50: STLCX01V1 board photo

STLCX01V1 SensorTile component board features

e  Sensortile Cradle expansion board with SensorTile plug connector

e  Compatible with STM32 Nucleo boards through Arduino UNO R3 connector

e LDK120M-R - 200 mA low quiescent current very low noise LDO

e  ST2378ETTR — 8-bit dual supply 1.71 V to 5.5 V level translator

e  USBLC6-2P6 — very low capacitance ESD protection

e  16-Bit, low-power stereo audio DAC

e  Micro-USB connector for power supply and communication

e  Reset button

e  SWD connector for programming and debugging

2.2 Software description

The following software components are needed in order to set up a suitable development

environment for creating applications with the STM32 Nucleo equipped with the sensors,

microphones and Bluetooth low energy expansion boards and the STEVAL-STLKTO01V1:

e BLUEMICROSYSTEM?1: Bluetooth low energy and sensors software for STM32Cube.
BLUEMICROSYSTEM1 firmware and related documentation is available on
www.st.com.

e  Development tool-chain and Compiler. The STM32Cube expansion software supports
the three following environments:

— IAR Embedded Workbench for ARM® (EWARM) toolchain + ST-LINK
—  RealView Microcontroller Development Kit (MDK-ARM) toolchain + ST-LINK
—  System Workbench for STM32 + ST-LINK

2.3 Hardware and software setup

3

This section describes the hardware and software setup procedures. It also describes the
system setup needed for the above.
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Hardware setup
The following hardware components are needed:

e for STM32 Nucleo expansion boards:
—  One STM32 Nucleo development platform (order code: NUCLEO-F401RE or
NUCLEO-L476RG)
—  One sensor expansion board (order code: X-NUCLEO-IKS01A1 or X-NUCLEO-
IKS01A2)
—  One BlueNRG Bluetooth low energy expansion board (order code: X- NUCLEO-
IDB04A1 or X-NUCLEO-IDB05A1)
—  One USB type A to Mini-B USB cable to connect the STM32 Nucleo to the PC
e for STEVAL-STLKTO1V1:
—  STEVAL-STLKT01V1 development kit
—  ST-LINK/V2-1 debugger/programmer integrated on STM32 Nucleo board
—  One USB type A to Mini-B USB cable to connect the STM32 Nucleo to the PC
—  One USB type A to Micro-B USB cable to connect the STEVAL-STLKT01V1 to
the PC

Software setup

This section lists the minimum requirements necessary to set up the SDK, run the sample
testing scenario based on the GUI utility and customize applications.

Development tool-chains and compilers

Select one of the integrated development environments supported by the STM32Cube
expansion software and follow the system requirements and setup information provided by
the selected IDE provider.

System setup guide

This section describes how to setup different hardware parts before writing and executing
an application:

e onthe STM32 Nucleo board with the expansion boards
e on STEVAL-STLKTO01V1 development kit

STM32 Nucleo and expansion boards setup

The STM32 Nucleo board integrates the ST-LINK/V2-1 debugger/programmer. The
developer can download the relevant version of the ST-LINK/V2-1 USB driver by searching
STSW-LINKOO08 or STSW-LINKOO9 on www.st.com.

The X-NUCLEO-IDB04A1 or X-NUCLEO-IDB05A1 BlueNRG BLE expansion board is
easily connected to the STM32 Nucleo board through the Arduino UNO R3 extension
connector, as shown below.

3
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Figure 51: STM32 Nucleo plus X-NUCLEO-IDB04A1 board
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Finally, the X-NUCLEO-IKS01A1 or X-NUCLEO-IKS01A2 sensors board is easily
connected to the X-NUCLEO-IDB04A1 or X-NUCLEO-IDB05A1 expansion board through
the Arduino UNO R3 extension connector, as shown below.

3
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Figure 52: STM32 Nucleo plus X-NUCLEO-IDB05A1 plus X-NUCLEO-IKS01A1 plus LSM6DS3
DIL24 boards

The above stacking sequence optimizes the performance of the SPBTLE-RF
module on the X-NUCLEO-IDB05A1 expansion board and reduces interference
from its antenna

STEVAL-STLKTO01V1 setup

The ST-LINK/V2-1 debugger/programmer integrated on STM32 Nucleo board must be
used to program the STEVAL-STLCS01V1 (SensorTile). The developer can download the
relevant version of the ST-LINK/V2-1 USB driver by searching STSW-LINKOO8 or STSW-
LINKOO9 on www.st.com.

Connect STEVAL-STLCS01V1 (SensorTile) on the STEVAL-STLCRO1V SensorTile Cradle
board or on the STEVAL-STLCX01V1 Sensortile Cradle Expansion board.

Use the SWD connector to connect the Sensortile Cradle board to ST-LINK/V2-1
debugger/programmer integrated on the STM32 Nucleo board for programming.

Be sure that CN2 Jumpers are OFF and connect your STM32 Nucleo board to the
SensorTile Cradle through the provided cable paying attention to the polarity of the
connectors. Pin 1 can be identified by a little circle on the pcb silkscreen (STM32 Nucleo
board and SensorTile Cradle Expansion) or by the square shape of the soldering pad of the
connector (SensorTile Cradle).
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Figure 53: SensorTile Cradle expansion board and Sensor Tile Cradle board connected to ST-
LINK/V2-1
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Table 1: Document revision history

Date

Revision

Changes

04-Mar-2015

1

Initial release.

29-Jul-2015

2

Updated Section 1.6.

13-Nov-2015

Throughout document:
- minor text and image edits

- added reference to osxMotionAR activity and osxMotionCP carry
position recognition software

- all references to X-NUCLEO-IDB04A1 changed to X-NUCLEO-
IDB04A1/X-NUCLEO-IDB05A1

Updated Section 1.5: "Sample application description”
Updated Section 1.6: "Android and iOS sample client application”
Added Section 2.1.1: "X-NUCLEO-IDB04A1 expansion board"

Updated Section 2.3.5: "STM32 Nucleo and Sensor expansion boards
setup”

05-Jul-2016

Text and formatting changes throughout document

Added STEVAL-STLKTO01V1 board use details

Added Section 1.4: "Flash management"

Added Section 1.5: "The boot process"

Added Section 1.6: "Firmware-Over-The-Air (FOTA) update"
Added Section 1.9: "Open.MEMS licenses"

Added Section 1.11: "Firmware-Over-The-Air update with BlueMS"
Added Section 1.12: "Open.MEMS license activation”

Added Section 2.1.5: "STEVAL-STLKT01V1 SensorTile development
kit"

27-Sep-2016

Throughout document:

- text and formatting changes

- Added serial console support for STEVAL-STLKT01V1

- Added the osxMotionPM pedometer algorithm information
- Added Gas Gauge for STEVAL-STLKTO01V1 information
Added Section 1.6: "The installation process

06-Dec-2016

Updated Section 1.1: "Overview", Section 1.3: "Folder structure”,
Section 1.4: "Flash management”, Figure 1: "BLUEMICROSYSTEM1
overall system architecture", Figure 3: "BLUEMICROSYSTEM?1 Flash
structure"” and Section 1.9: "Sample application description”

Added Section 2.1.5: "X-NUCLEO-IKS01A2 expansion board"
Throughout document:

- Added X-NUCLEO-IKS01A2 compatibility

- Added osxMotionID and e-Compass references

- License Manager replaced by Meta Data Manager
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST") reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST
products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the
design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2016 STMicroelectronics — All rights reserved
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