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Getting started with the STM32Cube function pack for loT node with
BLE connectivity and environmental and motion sensors

Introduction

FP-SNS-MOTENV1 is an STM32Cube function pack, which lets you connect your loT node to a smartphone via BLE and uses
a suitable Android™ or iOS™ application, such as the BlueMS app, to view real-time motion and environmental (such as
temperature, relative humidity, carbon monoxide) sensor data.

This package also enables advanced functions such as the sensor data fusion and accelerometer-based real-time activity
recognition.

Together with the suggested combination of STM32 and ST devices, it can be used to develop specific wearable and
environmental applications, or smart things applications in general.

The software runs on the STM32 microcontroller and includes all the necessary drivers to recognize the devices on the STM32
Nucleo development board and expansion boards.
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For further information contact your local STMicroelectronics sales office.
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FP-SNS-MOTENV1 software description

1 FP-SNS-MOTENV1 software description

1.1 Overview
The key features of the FP-SNS-MOTENV 1 package are:

. Complete firmware to develop an IoT node with BLE connectivity, environmental and motion sensors
. Middleware libraries for sensor data fusion and accelerometer-based real-time activity recognition

. Compatible with BlueMS applications for Android/iOS, to perform sensor data reading, motion algorithm
features demo and firmware update (FOTA)

. Example implementation available for the X-NUCLEO-IKS01A2 (or X-NUCLEO-IKS01A1), P-NUCLEO-
IKAOD2A1 and X-NUCLEO-IDB0O5A1 (or X- NUCLEO-IDB04A1) connected to a NUCLEO-F401RE or
NUCLEO-L476RG or NUCLEO-L053R8 board

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

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
- CO gas concentration, when the P-NUCLEO-IKA02A1 is present
2. The second service exposes the software characteristics (excluding the NUCLEO-L053R8 board):
— quaternions generated by the MotionFX library in short precision
— magnetic North direction (e-Compass)
—  recognized activity using the MotionAR algorithm
—  recognized carry position using the MotionCP algorithm
—  recognized gesture using the MotionGR algorithm
—  Number of steps and frequency using the MotionPM algorithm
—  recognized motion intensity using the MotionID
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 (excluding the NUCLEO-L053R8 board),
for switching the LED on/off and enabling the following expansion hardware features for STM32 Nucleo
boards when LSMEDS3 is mounted on to DIL24 in X-NUCLEO-IKS01A1 expansion boards, or for LSM6DSL
on to X-NUCLEO-IKS01A2:

—  Pedometer

- Free fall detection

—  Single tap detection

—  Double tap detection

—  Wake up detection

—  Tilt detection

— 3D orientation

—  Multi Events detection (3D orientation, pedometer, single tap, double tap, free fall and tilt detection)
This software gathers:

. the temperature, humidity, pressure and motion sensor drivers for the HTS221, LPS25H, LSM6DSO0 (or
LSM6DS3) and LIS3MDL devices available when an X-NUCLEO-IKS01A1 expansion board is
mounted on the STM32 Nucleo board
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. the temperature, humidity, pressure, CO gas concentration and motion sensor drivers for the HTS221,
LPS22HB, TGS5141, LSM6DSL and LSM303AGR, devices available when an X-NUCLEO-IKS01A2
expansion board plus a P-NUCLEO-IKA02A1 expansion board are mounted on the STM32 Nucleo board

. the CO gas concentration drivers for TGS5141 available when only a P-NUCLEO-IKA0O2A1 expansion board
is mounted on the STM32 Nucleo board

This package is compatible with the BlueMS Android/iOS (Ver. 3.3.0 or higher) application available at the
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-
IDBO5A1 Bluetooth low energy expansion board only and excluding the NUCLEO-L053R8 board).

BlueMS Version 3.6.0 or higher is required to be able to show the Multi Events detection.
BlueMS Version 3.8.0 or higher is required to be able to show the plot for CO gas concentration.

1.2 Architecture

The proposed software is based on the STM32CubeHAL, the package extends STM32Cube by providing a board
support package (BSP) for the BlueNRG-MS, sensor expansion board and middleware components for
communication with other Bluetooth low energy devices and for sensor data fusion.

The implementation makes use of low power consumption strategies suitable for this field of application,
compliant with the Bluetooth specifications core 4.0 (X-NUCLEO-IDB04A1) or 4.2 (X-NUCLEO-IDB05A1) for
STM32 Nucleo boards.

The provided drivers abstract low-level hardware details, so middleware components and applications can access
the sensors in a hardware-independent manner; the package includes a sample application to transmit the values
read from all the sensors (temperature, humidity, pressure, accelerometer, magnetometer, gyroscope) to a
Bluetooth low energy-enabled device such as an Android™ or iOS™-based smartphone.

The software layers used by the application software to access and use the sensor expansion boards are:

. STM32Cube HAL layer: The HAL driver layer provides a generic multi instance simple set of APIs
(application programming interfaces) to interact with the upper layers (application, libraries and stacks). It is
composed of generic and extension APIs. It is directly built around a generic architecture and allows the
layers that are built upon, such as the middleware layer, to implement their functionalities without
dependencies on the specific hardware configuration for a given Microcontroller Unit (MCU). This structure
improves the library code reusability and guarantees an easy portability on other devices.

. Board support package (BSP) layer: The software package needs to support the peripherals on the
STM32 Nucleo board apart from the MCU. This software is included in the board support package (BSP).
This is a limited set of APIs which provides a programming interface for certain board specific peripherals,
e.g. the LED, the user button etc. This interface also helps in identifying the specific board version.

UM2016 - Rev 8 page 3/54


http://www.st.com/en/product/lps22hb
http://www.st.com/en/product/lsm303agr
http://www.st.com/en/product/bluems
http://www.st.com/en/product/x-nucleo-idb05a1
http://www.st.com/en/product/x-nucleo-idb05a1
http://www.st.com/en/product/bluenrg-ms

‘7 UM2016

Folder structure

Figure 1. FP-SNS-MOTENV1 software architecture

Application FP-SNS-MOTENV1
Hardware .
Abstraction STM32Cube Hardware Abstraction Layer (HAL)
STM32 Nucleo expansion boards
Hardware
STM32 Nucleo development board
1.3 Folder structure

This section provides an overview of the package folder structure.

Figure 2. FP-SNS-MOTENV1 package folder structure

. _htmresc

. Documentation

.. Drivers

. Middlewares

. Projects

| Utilities

@ packagexml

ﬁ' Release_Motes.html

The following folders are included in the software package:

. Documentation: contains a compiled HTML file generated from the source code, detailing the software
components and APIs.
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. 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.

. Middlewares: contains libraries and protocols for BlueNRG Bluetooth low energy, USB Device Library,
Generic FAT File System Module (FatFs), the Meta Data Manager, MotionFX (iNEMOEngine PRO) sensors
fusion library, MotionAR (iNEMOEngine PRO) activity-recognition library, MotionCP (iNEMOEngine PRO)
carry-position recognition library, MotionGR (iNEMOEnNgine PRO) gesture recognition library, MotionPM real-
time pedometer (INEMOEngine PRO) library, MotionID (iNEMOEngine PRO) motion intensity recognition
library.

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

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

1.4 Flash management

For NUCLEO-F401RE, NUCLEO-L476RG, the FP-SNS-MOTENV1 uses the Flash memory to:
1. save the magnetometer calibration values in the Meta Data Manager

2.  allow the Firmware-Over-The-Air update

To enable these features, the whole Flash is divided into the following distinct regions:

1. contains a custom boot loader

2. contains the FP-SNS-MOTENV1 firmware

3. used to store FOTA before the update

The same Flash management applies to both the STM32F401RE and the STM32L476RG boards, even if they
have different cache sizes (respectively 512 and 1024 Kbytes), and two different configurations. For further info
on Flash configuration please refer to:

. RMO0368 Reference manual STM32F401xB/C and STM32F401xD/E advanced ARM®-based 32-bit MCUs
. RM0351 Reference manual STM32L4x6 advanced ARM®-based 32-bit MCUs
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Figure 3. FP-SNS-MOTENV1 Flash management on STM32F401RE
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1.5 The Boot process

Excluding the NUCLEO-LO53R8, the FP-SNS-MOTENV1 cannot be flashed to the beginning of the Flash

(address 0x08000000), and is therefore compiled to run from the beginning of the second Flash region (address
0x08004000).

To enable this behavior, we set the vector table offset with respect to the default value by modifying the Src/
system_stm32f4xx.c (for STM32F401) and the Src/system_stm32l4xx.c (for STM32L476) files, thus: #define V
ECT_TAB OFFSET 0x4000.

We also changed the linker script. For example, the linker script used for FP-SNS-MOTENV1 running on
STM32F401RE and compiled using IAR Embedded Workbench for ARM is:

define symbol  ICFEDIT intvec start = 0x08004000;
/*-Memory Regions-*/

define symbol  ICFEDIT region ROM start = 0x08004000;
define symbol  ICFEDIT region ROM end = 0x0803FFFF;
define symbol  ICFEDIT region RAM start = 0x20000000;
define symbol  ICFEDIT region RAM end = 0x20017FFF;

/*-Sizes-*/
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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 Kbytes.

To use FP-SNS-MOTENVA1, flash the appropriate bootloader binary for STM32F401RE or STM32L476RG in the
Utilities\BootLoader folder to the first Flash region (address 0x08000000).

Figure 4. Bootloader utility content

1. 5TM32F401RE-Nucleo
1. 5TM32L476RG
|| readme.txt

On any board reset, the board starts executing the boot loader.

The boot loader checks whether a FOTA is available: the check is based on the presence of a "magic number" at
the beginning of the third Flash region.

If there is a FOTA available, the bootloader:

1. erases the second Flash region (containing the FP-SNS-MOTENV1 firmware)

2. replaces its content with the FOTA

3. erases the “magic number” used to check FOTA presence

4. restarts the board

If there is no FOTA available, the boot loader jumps directly to the FP-SNS-MOTENV1 firmware.

Figure 5. MOTENV1 boot process
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1.6 The installation process

The package contains in the Binary directory an image that includes:

. pre-compiled application firmware that may be flashed to the correct memory address (0x08004000) of a
NUCLEO-F401RE or NUCLEO-L476RG board, by using ST-LINK

Note: This pre-compiled binary is compatible with the FOTA update procedure

. pre-compiled application plus BootLoader firmware that may be flashed to a NUCLEO-F401RE or NUCLEO-
L476RG board, by using ST-LINK or drag and drop

Note: This pre-compiled binary is not compatible with the FOTA update procedure

. pre-compiled application firmware that may be directly flashed to a NUCLEO-L053R8 board, by using ST-
LINK or drag and drop
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Note: The FOTA update procedure is not available for NUCLEO-L053R8

A CleanMotEnv1.bat script is supplied for each supported platform and IDE combination to simplify firmware
installation by saving the FP-SNS-MOTENV1 firmware and BootLoader to the correct position:

Figure 6. Content of a project folder

» Applications » MOTENVL » EWARM » STM32F401RE-Mucleo
e e—— =

=:n Print Bum Mew folder
-

Name Date modif

|[E] CleanMotEn1.bat 9/22/2016 3

1A MotEnvI_NF4.eww 1724120153

|| Project.ewd 10/5/2015 2

|| Project.ewp 6/21/20161

|| startup_stm32f401xe.s 9/1/201511

| stm32fd01xe flash.icf 5/18/2016 3

m

This script:

. performs a full Flash erase to start from a clean system

. flashes the BootLoader to the right position 0x08000000

. flashes the FP-SNS-MOTENV1 firmware on the right position 0x08004000

A second script (CleanMotEnv1_IKA02A1.bat) performs the same operation with the project version using the P-
NUCLEO-IKA02A1.
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BootLoader and FP-SNS-MOTENV1 installation

7/
Clean FP-SNS-MOTENU1

Full Chip Erase

s

Ve
BTHM32 ST-LINK CLI v3.8.8.8
STH32 ST-LIMK Command Line Interface

ST-LIMK SN : B66EFF383938434B43205227
BT-LINK Firmuare version : UZJZE8M17
Connected via SUD.

BUD Frequency = 40808K.

Target voltage = 3.3 U.

Connection mode : Mormal.

Device ID:Bx433

Device flash Size : 512 Kbytes
Device family :=STM32F481xD-/E

Full chip erase...

Flash memory erased.

/m**ﬂ*ﬂ*ﬂ*ﬂ*ﬂﬂ*ﬂmﬂ-ﬁ*mﬂ*ﬂ*ﬂ*/
Install BootLoader
/m**ﬂ*ﬂ*ﬂ*ﬂ*ﬂﬂ*ﬂmﬂ-ﬁ*mﬂ*ﬂ*ﬂ*/
STM32 ST-LIMK CLI v3.8.8.8
2TM32 ST-LIMK Command Line Interface

BT-LIMK SN : B66EFF383938434B43285227
ST-LIMK Firmuware version : UZ2JZ28M17
Connected via SYD.
SUD Frequency = 4@0808K.
Target voltage = 3.3 U.
Connection mode : Mormal.
Device I1D:@x433
Device flash Size @ 512 Kbytes
Device family :=STM32F481xD-/E
Loading file...
Flash Programming:
File = ..%s..noowo s osoosUtilitiessBootLoader  STH3I2F4xxRE~BootLoaderF4. hin
Address : BxB3B00E00
emor rogramming. . .
188
Reading and verifying device memory. ..
188

emory programmed in 1s and 28ins.
erification...0K
Programming Complete.

/ﬂ*ﬂ*mﬂ—!—mmﬂ*ﬂ*ﬁ—ﬂ*ﬁ—ﬂ*ﬂ*ﬂ*ﬁm/
Install FP-SNS-MOTENU1
/ﬂ*ﬂ*mﬂ—!—mmﬂ*ﬂ*ﬁ—ﬂ*ﬁ—ﬂ*ﬂ*ﬂ*ﬁm/
BTM32 ST-LINK CLI v3.8.8.8
2TH3I2 ST-LIMK Command Line Interface

BT-LIMK SN : B66EFF383938434B43285227

BT-LIMK Firmuware version : UZJZE8M17

Connected via SYD.

SUD Frequency = 4088K.

Target voltage = 3.3 U.

Connection mode : Mormal.

Device ID:@x433

Device flash Size : 512 Kbytes

Device family :=STM32F481xD-E

Loading file...

Flazh Programming:
File : Release“Exe“~MOTENU1_MucleoF481 .hin
Address : BxB860048008

emor rogramming. . .
Reading and verifying device memory. ..
emory programmed in 1Bs and 234ms.

erification.._0K
Programming Complete.

4 m 3

The script also dumps an image file with the BootLoader and the FP-SNS-MOTENV 1 firmware. This image file
can be directly flashed to the beginning of the Flash in the same way as the image in the Binary folder.
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BootLoader and FP-SNS-MOTENV1 dump process

B CiWindowsaystemaneme ron x|
A -/ il

Dump FP-SNS-MOTENU1 + BootLoader

Vs
ReleasesExe~MOTENU1_MucleoF481.hin size is 216122 hytes
Dumping Bx4A8@ + 216122 = 232586 hytes ...

STM32 ST-LIMK CLI v3.8.8.8
BTH32 ST-LIMK Command Line Interface

ST-LIMK SH : B66EFF383938434B43205227
ST-LINK Firmuare version : U2J28M17
WD Freguency = 4080K.

Target voltage = 3.3 U.

Connection mode : Mormal.

Device ID:B0x433

Device flash Size : 512 Kbuytes
Device family :=STHIZF481xD-E
Dumping memory ...

Address = BxAEABBABA

Memory Size = BxBUA38C3IA

I 196
Baving file [Release“Exe“MOTENU1i_MNucleoF4@1_BL.hinl ...

Dumping memory to Release“Exe“MOTENU1_NucleoF481_BL.bin succeded

e e oS- oS- - -TeE JeE- - - - - e e e -
Rezet S5TH3Z
e e oS- oS- - -TeE JeE- - - - - e e e -
STM32 ST-LIMK CLI v3.8.8.8
STM32 ST-LIMK Command Line Interface

ST-LIMK SN : B66EFF383938434B43285227
ST-LINK Firmuare version : U2J28M17
Connected via SWD.

SUD Frequency = 4@0A8K.

Target voltage = 3.3 U.

Connection mode : Mormal.

Device I1D:@x433

Device flash Size @ 512 Kbuytes

Device family :=-STHIZF481xD-/E

MCU Reset.

Press any key to continue . . .

For the Linux and iOS operating systems, there is a similar script that uses OpenOCD instead of the ST-LINK
command line. This CleanMotEnv1.sh script is only available with the System Workbench IDE for each platform.
In order to function, add the following to the script:

. the installation path for OpenOCD

. the installation path for STM32 OpenOCD scripts

. the Library path for OpenOCD

Below is the section of the CleanMotEnv1.sh to edit:

# 1) Set the Installation path for OpenOCD

# example:

#0penOCD DIR="C:/Ac6/SystemWorkbench/plugins/fr.ac6.mcu.externaltools.openocd.win3
2 1.10.0.201607261143/tools/openocd/"

OpenOCD_ DIR=""

# 2) Set the installation path for stm32 OpenOCD scripts

# example:
#0penOCD_CFC="C:/Ac6/SystemWorkbench/plugins/fr.ac6.mcu.debug 1.10.0.201607251855/
resources/openocd/scripts"

OpenOCD_CFC=""

# 3) Only for Linux/iOS add openocd library path to LIBRARY PATH:
# For 10S example:
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#export DYLD LIBRARY PATH=${DYLD LIBRARY PATH}:${OpenOCD DIR}"lib/"

# For Linux example:
#export LD_LIBRARY_PATH=$ {LD_LIBRARY PATH} 5§ {OpenOCD_DIR} "lib/"

1.7 Firmware over the air (FOTA) update

The FP-SNS-MOTENV1 firmware can be updated in FOTA through the Bluetooth low energy protocol,
communicating with an Android/iOS device, via the BlueMS application (version 3.0.0 and above) available on
their respective stores.

The FOTA is available for NUCLEO-F401RE/NUCLEO-L476RG, but not for NUCLEO-L0O53R8 as the latter has 64
Kbyte Flash memory, which is not sufficient to store the Bootloader, the firmware and the FOTA.

To update the firmware, the BlueMS application sends the update size (bytes) and its associated CRC (cyclic
redundancy check) value to the FP-SNS-MOTENV 1. Once the update has been received, the FP-SNS-
MOTENV1 uses the hardware CRC calculation unit included in the STM32F401/STM32L476 processor to check
update integrity.

If the CRC computed matched the CRC expected, the FP-SNS-MOTENV1 writes the “magic number’at the

beginning of the third Flash region, just before the saved FOTA, to signal the boot loader a Firmware update has
been received and checked, and is ready to update the FP-SNS-MOTENV1.

1.8 APIs

Detailed technical information about the APIs available to the user can be found in a compiled HTML file located
inside the “Documentation” folder of the software package where all the functions and parameters are fully
described.

1.9 Sample application description

A sample application is provided in the Projects folder for:

. the X-NUCLEO-IKS01A2 (or X-NUCLEO-IKS01A1) and X-NUCLEO-IDB05A1 (or X-NUCLEO-IDB04A1)
expansion boards with the NUCLEO-F401RE or NUCLEO-L476RG or NUCLEO-LO53R8

. the X-NUCLEO-IKS01A2, P-NUCLEO-IKA02A1 and X-NUCLEO-IDB05A1 (or X-NUCLEO-IDB04A1)
expansion boards with the NUCLEO-F401RE or NUCLEO-L476RG

. the P-NUCLEO-IKA02A1 and X-NUCLEO-IDB05A1 (or X-NUCLEO-IDB04A1) expansion boards with the
NUCLEO-F401RE or NUCLEO-L476RG
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.
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Figure 9. Terminal setting

Tera Term: Serial port setup w | 2 |
Port: COMA - oK
Baud rate: 460800 -
Data: 8 bit - Cancel
Flow control;
Transmit delay
1] msecjchar 0 msecfline

When you first press the reset button on the NUCLEO-F401RE or NUCLEO-L476RG board, the application:
. starts initializing the UART, I?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

. 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

. indicates if the code is compiled for P-NUCLEO-IKA02A1
. creates a random BLE MAC address

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

. initializes the BLE SW service adding the MotionFX, MotionAR, MotionCP, MotionGR and MotionID libraries
(if present in Flash).

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

. initializes the BLE config service transmitting/resetting the calibration status and enabling the LSM6DS3
DIL24 hardware features (if present).

You can set the gas sensor sensitivity by pressing the button within 5 seconds (only if the code is compiled for

P-NUCLEO-IKA02A1).

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.
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Sample application description

Initialization phase

R — | | =] | 57 |
vl COM14 - Tera Term VT [ = |

File Edit Setup Control Window Help
UART Initial

Initial

Initializ

STMicroelectronics FP-SNS-MOTENV1:
Vepsion 3.2.8
STM32F401RE-Nucleo hoard

IKSA1A2 board
0K Accelero Sen
0K Guyroscope 2
Magneto Sen
Humidity Se 3
Temperature Sensorl
Temperature Sensowr2
Pressure Sensor
[Enabled Accelero Sensor
[Enabled Gyroscope 8
[Enabled Magneto Sen
Enabled Humidity Se
Enabled Temperature S
Enabled Temperature Se
[Enabled Pressure Sensor

Meta Data Manager read from Flash
Meta Data Manager version=08.9.8
Generic Meta Data found
CALIBRATION Size=128 [hytesl

CHAL 1.7.1_8>

Compiled Oct 13 2017 13:56:45 (KEIL>

Send Every 38mS 3 Short precision GQuaternions
Send Every 588mS TemperaturesHumidity- Pressure
Send Every 5BmS AccGyro-Magneto

Debug Connection Enahled
Debug Motify Trasmission Enabled

ISERUER: BLE Stack Initialized
Board type=IDBB5A1 HWuepr=49. Fllver=7.1.c
BoardHMame= ME1U328
BoardMAC = c@:84:47:34:63:33

) Service W2S8T added successfully
[ Service W25T added

Console Service W2ST added

[Config Sewrvice W2ST added

BootLoader Compliant

Initialized ST MotionFX
Galibration Not

ST MotionAR

MotionCP

MotionGR

i d ST MotionPM
Eritialized 8T MotionID

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

. 3 short precision quaternions every 30 ms

. Temperature, humidity and pressure data every 500 ms

. 3D accelerometer, gyroscope and magnetometer data every 50 ms

. when P-NUCLEO-IKA02A1 is used, the application also sends CO gas concentration in ppm every 500 ms
This application reads the accelerometer, magnetometer and gyroscope values at 100 samples/second. The
MotionFX (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.

These definitions in MOTENV1_config.h control the quantity of quaternions the application sends to the Bluetooth
client:

. QUAT UPDATE MUL_10MS: defines the transmission rate for each set of quaternions by multiple of 10 ms.
. SEND N QUATERNIONS: defines the quantity of quaternions sent to each Bluetooth package.

By default, the application sends three quaternions every 30 ms.
The same MOTENV1_config.h file also defines:

. MOTENV1 DEBUG CONNECTION and MOTENV1 DEBUG NOTIFY TRAMISSION to enable some debugging
information for BLE communication

. MOTENV1 MOTIONID to enable the MotionID motion intensity recognition algorithm

The MotionFX (INEMOEngine PRO) library includes an e-Compass auto-calibrating procedure whose status is
transmitted via BLE to the client:

. on the 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.
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The MotionAR (iNEMOEnNgine PRO) library can recognize the following activities:
. stationary

. walking

. fast walking

° jogging
. biking
. driving

The MotionCP (iNEMOEnNgine PRO) library recognizes and provides real-time information about the way 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 MotionGR (iNEMOEnNgine PRO) library can recognize gestures like:
. pick up

. glance

. wake up in hand

The MotionPM (iNEMOEngine PRO) library counts the number of steps and computes their frequency.
The MotionID (INEMOEngine PRO) library can recognize the following activities:

. on desk

. bed, couch

. light movement
. biking

. typing/writing
. slow walking

. walking
. fast walking
y jogging

. fast jogging
. sprinting
The MotionID is enabled via the MOTENV MOTIONID define in MOTENV1_config.h.

When an Android/iOS device is connected to the NUCLEO-F401RE or NUCLEO-L476RG board, it is possible to
control data transmitted by the board (see the following figure).

Note: All the libraries described above are not used for NUCLEO-L053R8 board.
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Android and iOS BlueMS client application

UART console output when one device is connected to the board
[ T COM14 - Tera 'I'erlnf\,"‘T’“‘il E=nEEa X 7

File Edit Setup Control Window Help

UART Initialized
I12C Initialized
SPI  Initialized

BTMicroelectronics FP-BNS-MOTENV1:
Uersion 3.2,
STM32F481RE-Nucleo hoard

IKSA1A2 board
Accelero Sensor
Gyroscope Sensor
HMagneto Sensor
Humidity Sensor
Temperature Sensorl
Temperature Sensor?
Pressure Sensor
Enabled Accelero Sensor
Enabled Gyroszcope Sen
[Enahled Magneto Sens
Enabled Humidity Sensor
Enabled Temperature Sensorl
Enabled Temperature Senzor2
[Enahled Pressure Sensor

Meta Data Manager read from Flash
Meta Data Managew version=0_9_8
Generic Meta Data found:
CALIBRATION Size=128 [hytesl

CHAL 1.7.1_8@>

GCompiled Oct 13 2817 13:56:45 (KEIL>

Send Every 38m8 3 Short precision Quaternions
Send Every 580mE Temperature/Humidity- Pressure
%end Every %8mE Acc-Gyro~-Magneto

Debug Connection Enahled
Debug Motify Trasmission Enabled

SERUER: BLE Stack Initialized
Board type=IDBB5A1 HWuer=49, Fllver=7.1.c
BoardHMame= ME1U328
BoardMAC = c@:84:47:34:63:33

Service W28T added successfully
Service W28T added successfully
iConzole Sewrvice W2S8T added successfully
IConfig Service W2S8T added successfully

[BootLoader Compliant with FOTA procedure

v2.8.8
present
[
vZ.A.@
v2.8.8
v2.8.8
Initialized ST MotionID v2.0.8

>>»>>>CONNECTED ?7:66:41:13:ch:1d
———>Calib=0N
n

82591 Hum=477 Temp2=237
A2589 Hum=477
B2582 Hum=477
Hum=477
Hum=477
Hum=477 37
Hum=477 Temnp=247 TempZ=237

Android and iOS BlueMS client application

The FP-SNS-MOTENV1 software for STM32Cube is compatible with the BlueMS Android/iOS applications (ver.
3.0.0 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-IDB05A1 Bluetooth low energy expansion boards only).

BlueMS Version 3.6.0 or higher is required to be able to show the Multi Events detection.
BlueMS Version 3.8.0 or higher is required to be able to show the CO gas concentration.
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.
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Figure 12. BlueMS (Android version) main page following BLE connection

B NE =R 10:33

Environme... STARTLOGGING ¢

2
—
¥

23.5 [°C]
23.1 [*C] Not available

N’

1021.15 [mBar] 37.0 [%]

If the MotionFX sensor fusion library is enabled, the following page shows a cube that rotates with board
movement.
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Figure 13. BlueMS (Android version) MotionFX sensor fusion page

BNE 2R 10:33

Environme... STARTLOGGING

RESET C/&

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

. the left is for resetting the cube position.

. the right shows the calibration status of the MotionFX library (black for not calibrated, green for calibrated).
Clicking it forces a magneto calibration.

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).

UM2016 - Rev 8 page 17/54



UM2016

Android and iOS BlueMS client application

3

Figure 14. BlueMS (Android version) popup windows

Keep the board as

shown in the image

Move the board as shown in the image

OK

On the next page to the left, you can plot any value from the sensor expansion boards.
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Figure 15. BlueMS (Android version) accelerometer plot

B N2 SR 10:34

PLOT LENGTH  START LOGGING *

Accelerometer s

Accelerometer:
Timestamp: 18874
Data: (X: 539Y:-254Z: 282)

Time (ms)

In the option menu below, you can open:
. Serial or Debug (with stdin) console
. Firmware upgrade
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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

~

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

If the Serial console is enabled, stdout/stderr is displayed, as shown below.
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Figure 17. BlueMS (Android version) Serial console (stdout/stderr)

*+ ™A BNE 2 I3 12:51

Environme... STARTLOGGING ¢

2
&
¥

24.3 [°C]
23.5[C] Not available

N’

1020.10 [mBar] 33.0 [%]

Temp2=235

Sending: Press=102010 Hum=330 Temp=243
Temp2=235

Sending: Press=101996 Hum=330 I

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

2 N2 B I 09:15

Debug Console

[170203 09:14:59.940>]live

[170203 09:15:00.045<]live

o 123 =
] ) #] $ % X & % ( )
1121314151617 18)19)0

e | —
giwjlejrgtigyvyjujgijolp

‘!J crrl
10+ |

By the debug consol, there is the possibility to change the sensors value transmission frequency.
. Change the sensors value transmission frequency for temperature/humidity/pressure with the command:
—  @TM: the application sends enviromental data every 5 s
—  @TH: the application sends enviromental data every 1 s
—  @TL: the application sends enviromental data every 100 ms
—  @TD: the application sends enviromental data as default (500 ms).

. Change the sensors value transmission frequency for 3D accelerometer, 3D gyroscope and 3D
magnetometer with the command:

—  @AM: the application sends the data every 5 s
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—  @AH: the application sends the data every 1 s

—  @AL: the application sends the data every 100 ms

—  @AD: the application sends the data as default (50 ms).
When data logging starts, the other BlueMS app functions are disabled and the data logging goes on even if the
app is closed.
It is necessary to open the app if the data logging must be stopped.

There is another page where you can choose which hardware feature to enable and view the events on the same
page from:

. LSM6DS3, if mounted on DIL24 on X-NUCLEO-IKS01A1 expansion board for NUCLEO-F401RE and
NUCLEO-L476RG boards

. LSM6DSL on X-NUCLEO-IKS01A2 expansion board for NUCLEO-F401RE and NUCLEO-L476RG boards

The multiple hardware feature is the default setting.
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Figure 19. BlueMS (Android version) multiple hardware feature

BN2Q@ @ .o I 10:14

Acc Event START LOGGING ¢

4

Detected event: Multiple

Orientation Pedometer
% ’

Tap FreeFall
% A

Double Tap Tilt

From the Accelerometer Events menu, a single harware feature can be selected:
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Figure 20. BlueMS (Android version) hardware feature menu

BN2Q@ @ .o I 10:14

Acc Event START LOGGING ¢

Detected event: None v
Multiple
I I I I Orientation
Double Tap
Orientation Eree Eall r
Pedometer
Single Tap ._\
Tilt
Wake Up
[ |
A
Double Tap Tilt
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Figure 21. BlueMS (Android version) hardware feature examples: pedometer, wake up, orientation, double
tap

STANT LOGOENG ‘: START LOGGING

Detected avent PEDOMETER * Detected event;  WAKE_UP -

11 steps

STAHT LOGGINE 3 = START LOGGING

Detacted event DOUBLE_TAP * Detected avenl: ORIENTATION b

If the MotionAR algorithm is enabled, the page shown below is available, signaling one of the following
recognized activities:

. Stationary

. Walking

. Fast walking
. Jogging

. Biking

. Driving

UM2016 - Rev 8 page 26/54




‘7 UM2016

Android and iOS BlueMS client application

Figure 22. BlueMS (Android version) MotionAR activity recognition page

BNz % I 10:34

Environme... START LOGGING

If the MotionCP 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

UM2016 - Rev 8 page 27/54



‘— UM2016
’l Android and iOS BlueMS client application

Figure 23. BlueMS (Android version) MotionCP carry position recognition page

B N2 = I I} 10:34

Environme... STARTLOGGING

If the MotionGR algorithm is enabled, the page shown below is available with gesture recognition information like:
. pick up

. glance
. wake up in hand
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Figure 24. BlueMS (Android version) MotionGR gesture recognition page

2 N2 = R 10:34

Environme... STARTLOGGING

If the MotionPM algorithm is enabled, the page shown below is available with pedometer information:
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Figure 25. BlueMS (Android version) MotionPM pedometer page

BN St 10:35

Environme... STARTLOGGING ¢

8 steps
/4 step/min

The following page shows the LED on/off control.
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Figure 26. BlueMS (Android version) board LED control

B N2 = IR 10:39

START LOGGING *

Click on the image to change the status

If the MotionID algorithm is enabled, the page shown below is available:
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Figure 27. BlueMS (Android version) Motion Intensity page

B N2 = IR 10:39

Motion Int... STARTLOGGING @

The intensity is proportional to the
movement

RESTING SPRINTING
7/ N

The Motion intensity value is: 6

If the MotionFX sensor fusion library is enabled, the following page shows a e-campass that rotates with board
movement.
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Figure 28. BlueMS (Android version) e-comapss page

2 N2 I 10:39

Compass START LOGGING

Orientation: NE

Angle: 52.21°

&

On this page and on the bottom, the right button shows the calibration status of the MotionFX library (black for not
calibrated, green for calibrated). Clicking it forces a magneto calibration.

The last indicates the RSSI of the Bluetooth signal.
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Figure 29. BlueMS (Android version) Battery and RSSI information

2 B 3s% B 13:56

Rssi & Battery  STARTLOGGING

. Rssi: -59 [dbm]

Percentage: 35.0 %

Status: Charging

Voltage: 3.828 V

When P-Nucleo-IKA02A1 is in use, this page indicates the output of the CO (Carbon Monoxide) gas sensor in
ppm (parts per million), as shown below.
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Figure 30. BlueMS (Android version) CO gas sensor information

$ .l 100% W 15:17

— CO Sensor START LOGGING

CO Data: 8,66 ppm

From the contextual menu, it is also possible to set the value of gas sensitivity in nA/ppm.

UM2016 - Rev 8 page 35/54



‘_’ T UM2016
Firmware-Over-The-Air update with BlueMS

Figure 31. BlueMS (Android version) CO gas sensor menu

Ld O $ .0 100% W 15:17

—BN 0 BY:Ti[Ys]  Set Sensitivity

Settings
Open Debug Console
Show Serial Console

License Manager

Firmware upgrade

CO Data: 0,79 ppm

1.11 Firmware-Over-The-Air update with BlueMS

If the 'Firmware upgrade' menu option is selected in the BlueMS main application page (Figure 12. BlueMS
(Android version) main page following BLE connection), the page below appears.
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Figure 32. BlueMS (Android version) firmware upgrade page

& © O a N @ 2+ 1 I 09:51

<  Firmware upgrade

FP-SNS-MOTENV1

Version: 3.2.0
Mcu Type: F401

The BlueMS application shows which version of the FP-SNS-MOTENV1 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 33. BlueMS (Android version) firmware update file selection

oA e B EE 1608 | A X BNE SR 1608

Open from = |Internal storage Q @
©  Recent 1} > root > sdcard > Download SI
L Drive MOTENV1_NucleoF401.bin
salvatore.curti.work@gm... 21/02/2017 16:07 179 KB
E Images
w BlueMS-34_c...Calib_rc1.apk
@ Ao G; 20/02/2017 12:44 4.35MB
§  onhicads FLIGHT1_NucleoF4.bin
- 03/02/2017 09:08 126 KB
Music FLIGHT1_NucleoL4.bin
03/02/2017 09:08 101 KB
O Gallery
: BlueMS3_NucleoF4.bin
C' File Manager 25/01/2017 16:19 175KB
@  Photos BlueMS3_NucleoL4.bin
25/01/2017 16:19 196 KB
W BIueMS-SSTimeoutB.ap)ﬂ
G; 20/01/201710:34 B

BlueMS sends to FP-SNS-MOTENV1 an update of a certain byte size and corresponding CRC value.

The figure below shows the terminal window with the debug information returned during FOTA for an STM32
Nucleo platform (STM32F401RE/L476RG) when we use a UART to control FP-SNS-MOTENV1 behavior.
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Terminal window information during FOTA

Tl COM14 - Tera Term _

File Edit Setup Control Window Help
UART Initialized

Initialized

Initialized

BTMicroelectronics FP-SNS-MOTENV1:
ersion 3.2.8

STM32F4B1RE-Nucleo hoard

IKSA1AZ2 board
0K Accelero Sensor
Gyroscope Sensor
Magneto Sensor
Humidity Sensor
Temperature Sensorl
Temperature Sensor2
Pressure Sensor
Enabled Accelero Sensor
Enabled Gyroscope Sensor
Enabled Magneto Sensop
[Enabled Humidity Sensop
Enabled Temperature Sensorl
Enabled Temperature Sensor2
Enabled Pressure Sensor

Meta Data Manager read from Flash
Meta Data Manager version=0.9.8
Generic Meta Data found:
CALIBRATION Size=12@ [hytes]

CHAL 1.7.1_@>

Compiled Oct 13 2817 13:56:45 (KEIL>

Send Every 3AmS 3 Short precision Quaternions
Send Every 588m8 Temperature/Humidity~-Pressure
Send Every 58m8 Acc/Gyro-Magneto

Debug Connection Enahled
Debug Hotify Trasmission Enahled

EERVER: BLE Stack Initialized
Board type=IDBA5A1 HWver=4%, Fluver=7.1.c
BoardName= ME1U3Z20
BoardMAC = cB:84:47:34:63:33

U28T added successfully

Service W28T added successfully

[Console Service U28T added successfully
[Config Service U28T added successfully

BootLoader Compliant with FOTA procedure

Initialized ST MotionFX v2.BA.8
Magneto Calibration Hot present
Initialized 8T MotionAR
Initialized ST MotionCP
Initialized 8T MotionGR
Initialized ST MotionPH
Initialized 8T MotionID v2.8.8

[OTA FP-SNS—-MOTENU1 SIZE=196552 uwCRCUalue=382a52ad
Meta Data Manager Saved in FLASH
:P—SNS—HOTENUi will restart in 5 seconds

During the FOTA procedure, the BlueMS application shows the remaining packets to be sent, and the total update
time when the procedure has finished.



m UM2016

Firmware-Over-The-Air update with BlueMS

Figure 35. BlueMS (Android version) application page during FOTA and on completion
@O 1tm0 INGEAQF 4B @EOM0 20 BER S . M 0955

< Firmware upgrade

FP-SNS-MOTENV1

Version: 3.2.0
Mcu Type: F401

Uploading

Flash Completed in: 168,07s

55% The board is resetting

108800/196392 Bytes
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2 System setup guide

2.1 Hardware description

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

211 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 connectors 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 36. STM32 Nucleo board

Enabled

Information regarding the STM32 Nucleo board is available at www.st.com/stm32nucleo

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.
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Figure 37. X-NUCLEO-IDB04A1 expansion board
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Information regarding the X-NUCLEO-IDB04A1 expansion board is available on www.st.com at http://
www.st.com/x-nucleo.

21.3 X-NUCLEO-IDB05A1 expansion board

The X-NUCLEO-IDB0O5A1 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.
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Figure 38. X-NUCLEO-IDB05A1 expansion board
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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

214 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 (LIS3SMDL and LSM6DSO0). The X-NUCLEO-
IKSO01A1 interfaces with the STM32 MCU via an I2C pin, and the user can change the default I°C address and the
device IRQ by changing one resistor on the evaluation board.
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Figure 39. X-NUCLEO-IKS01A1 expansion board

Information about the X-NUCLEO-IKS01A1 expansion board is available on www.st.com at: hitp://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 40. LSM6DS3 DIL24 adapter board

21.5 X-NUCLEO-IKS01A2 expansion board

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

It is compatible with the Arduino UNO R3 connector layout, and is designed around the LSMG6DSL 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 I?C pin, and it is possible to change
the default I1°C port.
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Figure 41. X-NUCLEO-IKS01A2 MEMS and environmental sensor expansion board
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2.1.6 P-NUCLEO-IKA02A1 evaluation pack

The P-NUCLEO-IKAO2A1 evaluation pack provides a reference design for various electrochemical sensors.

The STM32 Nucleo gas expansion board interfaces electrochemical sensors with the MCU on the STM32 Nucleo
development board. Two TSU111 operational amplifiers provide signal conditioning; they are ideal for
electrochemical sensing thanks to their high precision and low power consumption. The expansion board includes
an ultra-low current precision analog temperature sensor STLM20 used for compensation of gas readings.
STM32 Nucleo boards provide an affordable and flexible way for users to experiment with new ideas and build
prototypes with any STM32 microcontroller line. The NUCLEO-L053R8 is designed for low power applications.

The design and componentry are optimized for battery operation and maximum battery life time.

UM2016 - Rev 8 page 45/54


http://www.st.com/en/product/p-nucleo-ika02a1
http://www.st.com/stm32nucleo
http://www.st.com/en/product/stlm20
http://www.st.com/en/product/nucleo-l053r8

UM2016

Software description

3

Figure 42. P-NUCLEO-IKA02A1 evaluation pack
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2.2 Software description

The following software components are needed to set up a suitable development environment for creating
applications for the STM32 Nucleo equipped with the sensors, and BlueNRG expansion boards:

. FP-SNS-MOTENV1: the Bluetooth low energy and sensors software for STM32Cube. The FP-SNS-
MOTENV1 firmware and relative documentation is available on www.st.com.

. Development tool-chain and Compiler:

. the STM32Cube expansion software supports the 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

This section describes the hardware and software setup procedures. It also describes the system setup needed
for the above.

2.31 Hardware setup

The following hardware components are needed:

1. one STM32 Nucleo development platform (order code: NUCLEO-F401RE, NUCLEOL476RG or NUCLEO-
LO53R8)

2. one sensor expansion board (order code: X-NUCLEO-IKS01A2 or X-NUCLEO-IKS01A1)

3. one BlueNRG Bluetooth low energy expansion board (order code: X- NUCLEO-IDBO5A1 or X-NUCLEO-
IDB04A1)

4. one USB type A to Mini-B USB cable to connect the STM32 Nucleo to the PC
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2.3.2 Software setup

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

2.3.21 Development tool-chains and compilers
Please select one of the integrated development environments supported by the STM32Cube expansion
software.
Follow the system requirements and setup information provided by the selected IDE provider.

The projects for NUCLEO-F401RE and NUCLEO-L476RG provide two different targets, one supporting the P-
NUCLEO-IKAO2A1 evaluation pack and one without it.

2.3.3 System setup guide

This section describes how to set up different hardware sections before writing and executing an application on
the STM32 Nucleo board with the sensors expansion board.

2.3.31 STM32 Nucleo and sensor expansion board 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-LINK008 or STSW-LINK0O09 on www.st.com
(depending on your Windows version).

The BlueNRG BLE expansion board X-NUCLEO-IDB0O5A1 (or X-NUCLEO-IDB04A1) is easily connected to the
STM32 Nucleo board through the Arduino UNO R3 extension connector.
Finally the sensors board X-NUCLEO-IKS01A2 (or X-NUCLEO-IKS01A1) is easily connected to the X-NUCLEO-

IDB0O5A1 (or X-NUCLEO-IDB04A1) expansion board through the Arduino UNO R3 extension connector, as per
the figure below.

Figure 43. X-NUCLEO-IKS01A1 sensors board connected to STM32 Nucleo Board over the X-NUCLEO-
IDB05A1 expansion board

Note: To optimize the performance of the SPBTLE-RF module present on X-NUCLEO-IDB05A1 expansion board and
to reduce antenna interference, stack the boards in the sequence shown above.

Optionally, a P-NUCLEO-IKAO2A1 expansion board can be also connected on top of the X-NUCLEO-IKS01A2. To
operate correctly, it is necessary to remove the following solder bridges on the X-NUCLEO-IKS01A2: SB21,
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SB22, SB23 and SB24 (see Figure 45. Solder bridges to remove on the X-NUCLEO-IKS01A2 to use it with the P-
NUCLEO-IKA02A1).

Note: The P-NUCLEO-IKA02A1 board is not compatible with the X-NUCLEO-IKSO1A1.

Figure 44. Boards connected with P-NUCLEO-IKA02A1 added on top
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Figure 45. Solder bridges to remove on the X-NUCLEO-IKS01A2 to use it with the P-NUCLEO-IKA02A1
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