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Getting started with osxMotionCP real-time carry position library
for X-CUBE-MEMS1 expansion for STM32Cube

Introduction
This document describes how get started with the osxMotionCP software package.

The osxMotionCP real-time carry position algorithm is provided in static library format as an add-on
software package for the X-CUBE-MEMSL1 software expansion for STM32Cube. It is designed to run on
the NUCLEO-F401RE STM32 Nucleo board equipped with the X-NUCLEO-IKS01A1 Motion MEMS and
environmental sensor expansion board, or the X-NUCLEO-IKS01A1 plus the STEVAL-MKI160V1,
LSM6DS3 adapter board for standard DIL24 sockets.

The osxMotionCP library is integrated in a software package with sample applications for the above
platforms.

The software is based on STM32Cube technology. Information regarding STM32Cube is available on
www.st.com at http://www.st.com/stm32cube
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osxMotionCP add-on library for X-CUBE-MEMS1

osxMotionCP overview

The osxMotionCP is a middleware component for the X-CUBE-MEMS1 software that
makes use of the 3D accelerometer sensor only.

The software runs on the STM32 microcontroller and includes drivers to recognize the
available inertial sensors (currently LSM6DS0 or LSM6DS3).

The acronym CP stands for Carry Position, as this software recognizes and provides real-
time information about how the user is carrying the board; i.e., the phone carry position:

on desk;

in hand;

near head;
shirt pocket;
trouser pocket;
arm swing;

=A =4 =8 =8 -4 -4

all of which represent typical phone carry positions.

It is built on the STM32Cube software platform to facilitate portability across different
STM32 microcontrollers.

The key package features include:

1 complete middleware to build applications specifically for LSM6DS0 or LSM6DS3
motion sensor accelerometer sections;

1  osxMotionCP carry position middleware (under open.MEMS license)

1  easy portability across different MCU families, thanks to STM32Cube

1  sample application to detect carry and optionally transmit sensor and detected data to
aPC

1 sample implementation available for the X-NUCLEO-IKS01A1 board (optionally with
the LSM6DS3 adapter board) when connected to NUCLEO-F401RE.

The software comes with driver implementation examples, running on NUCLEO-F401RE
mounted with the X-NUCLEO-IKS01A1 expansion.

osxMotionCP architecture

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

1 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 middleware layers, to implement their functionalities avoiding
dependencies on the specific hardware configuration for a given microcontroller unit
(MCU). This structure improves library code reusability and guarantees easy
portability to other devices.

1 Board support package (BSP) layer: the software package needs to support all the
available 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,
user button, etc. This interface also helps in identifying the specific board version. If
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the sensor expansion board is used, it provides the programming interface for various
inertial and environmental sensors. It provides support for initializing and reading
sensor data.

The diagram below outlines the software architecture of the package:

Figure 1: osxMotionCP plus X-CUBE-MEMS1 software architecture
- N ( )
\_Applications VY
e p
N Middleware Y,
Drivers
o
KHW Components j
KDeveIopment boards J
1.3 osxMotionCP folder structure

3

The following folders are included in the package:

1 Documentation: this folder contains a compiled HTML file generated from the source
code and documenting in detail the software components and APIs (doxygen).

1 Middlewares: this folder contains the osxMotionCP static library binary code, the
library header file, documentation, license information plus header file for node-locked
license validation.

1  Projects: this folder contains a sample application used to access sensors and carry
position data, provided for the NUCLEO-F401RE platform according to three IDE
(Integrated Development Environments) proprietary formats (IAR Embedded
Workbench for ARM, pVision (MDK-ARM) toolchain, System Workbench for STM32).
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Figure 2: osxMotionCP package folder structure
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Middlewares
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1.4 osxMotionCP APIs

Detailed technical information fully describing the functions and parameters of the
osxMotionCP APIs can be found in the osxMotionCP_Package.chm compiled HTML file
located in the Documentation folder of the software package.

The osxMotionCP is provided as a node-locked library which allows derivative firmware

images to run on a specific STM32 Nucleo device only. Licensing activation codes must be
requested from ST and included in the project (and become part of the build process) prior
to attempting its usage. The resulting firmware binary image will therefore be node-locked.

For complete information about the open.MEMS license agreement, please refer to the
license file located in the Middlewares/ST/STM32_0OSX_MotionCP_Library folder.

1.4.1 osxMotionCP library

The osxMotionCP is a real time carry position software solution. The algorithm only
manages the data acquired from the accelerometer, at the low sampling frequency of 50
Hz to reduce host platform power consumption.

The exposed APIs of the osxMotionCP library are listed below:

1  uint8_t osx_MotionCP_GetLibVersion(char *version);

- retrieves the revision of the included core engine;

1  uint8_t osx_MotionCP_lInitialize (void);

- performs osxMotionCP initialization and setup of the internal mechanism used for
node-locking (See Section 3.5.3: "osxMotionCP installer setup"). The output for
correct or incorrect initialization is 1 or 0 respectively (e.g., 0 is returned for
license errors);

1 void osx_MotionCP_SetO  rientation_Acc const char

*acc_orientation);

- this function is used to set the accelerometer data orientation; library
configuration is usually performed immediately after the
0sx_MotionCP_Initialize function call.

The required input is a pointer to a string of three characters indicating the
direction of each of the positive orientations of the reference frame used for
accelerometer data output, in the sequence x, y, z. Valid values are: n (north) or s
(south), w (west) or e (east), u (up) or d (down).

As shown in the figure below, the X-NUCLEO-IKS01A1 accelerometer sensor

has an ENU orientation (x - East, y - North,z-Up) , so the string is:
the accelerometer sensor in STEVAL-MKI160V1 is NWU (x-North, y-West, z-Up):
Ainwuo.

3
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Figure 3: Example X, y, z axis values
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1  osx_MCP_output_t osx_MotionCP_Update (osx_MCP_input_t *data_in) ;
- The required input is a pointer to a structure containing the three axis
accelerometer data expressed in [g]; the output is osx_MCP_output t
indicating the carry position code and is an enum.

1.5 Sample application

The osxMotionCP middleware can be easily manipulated to build user applications; an
application example is provided in the Projects folder.

It is designed to run on a NUCLEO-F401RE board connected to an X-NUCLEO-IKS01A1
board (based on LSM6DS0), or a NUCLEO-F401RE board connected to an X-NUCLEO-
IKS01Al plus a STEVAL-MKI160V1 board (based on LSM6DS3).

The algorithm recognizes the position in which the board is carried; recognized positions
are the typical phone carrying positions like on desk, in hand, near head, shirt pocket,
trousers pocket and arm swinging.

The detected positions are stored in the board for offline analysis or may be displayed in
real time through a GUI. In the former case, the application runs in stand-alone mode, while
in the latter, it runs in PC GUI driven mode.

Stand-alone mode

In stand-alone mode, the STM32 Nucleo board may be supplied by a portable battery pack
to make the user experience more comfortable, portable and free of any PC connections.
See Section 1.5.1: "Stand-alone working mode" for more details.

3
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PC GUI driven mode

In this mode, a USB cable connection is required to transfer stored data from the MCU to a
PC, or to monitor real time data in case of PC_GUI Driven Mode. Once connected, launch
the dedicated Sensors_DatalLog GUI and connect it to the STM32 Nucleo board; for more
details, refer to Section 1.5.3: "PC GUI driven mode".

Table 1 Power supply scheme

Power source NUCLEO-F401RE settings Working mode
USB PC cable JP1 open PC GUI driven mode or Data upload to PC
Battery pack JP1 closed Stand-alone

Stand-alone working mode

In stand-alone mode, the user can power the board by means of an external battery pack,
ensuring that jumper JP1 is fitted.

Figure 4: STM32 Nucleo board connected to battery pack; jumper JP1 closed

Once the board position has been recognized, the relative data code and associated time
tag are logged in the MCU memory. The last recognized carry position information can be
read from the flashing sequence of the on-board LED. Moreover, the entire acquisition may
be transferred to a PC with a specific GUI for subsequent offline analysis.

3
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Figure 5: NUCLEO-F401RE board details
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The above figure shows the user button B1 and the three LEDs of the NUCLEO-F401RE
board. Once the board is powered, LED LD3 (PWR) turns ON and the tricolor LED LD1
(COM) begins blinking slowly due to the missing USB enumeration (refer to user manual
UM1724 STM32 Nucleo boards for further details).

When user button B1 is first pressed and LED LD2 (USER) is OFF, the system starts
acquiring data from the accelerometer sensor and detects the current carry position of the
board; during this acquisition mode, rapid LED LD2 blinking indicates that the algorithm is
running.

Pressing button B1 a second time stops the algorithm (and the relative data storage
session) and the LED LD2 displays the carry position code according to a sequence of
flashes described in Table 2: "LED LD2 carry position codes".
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By pressing the button B1 a third time, the system goes in standby mode; i.e., the algorithm
is not running and LED LD2 is off.

Pressing the button again initiates the algorithm and data storage once more (see Figure 6:
"State machine").

If the LED LD2 is ON after powering the board, this represents a warning message
indicating that the flash memory is full or almost full (see Section 1.5.4: "Data storage") or
the library has an incorrect embedded license number.

Table 2 LED LD2 carry position codes

Carry position LED LD2 blinking sequence (5 s interval)

Unknown position 0
On desk

In hand

1

2

Near head 3
Shirt pocket 4
5

6

Trouser pocket

In arm swing

Figure 6: State machine

Push Button B1

Acquisition
Status

Push Button B1

Standby Display
Status Status

Push Button B1

PC GUI driven mode

In PC GUI driven mode, the board is powered through a PC USB connection. This
operating mode allows the user to display real-time board position, sensor data and time
information with a dedicated GUI.

Once the board is powered, launch Sensors_Datal.og.exe  as described in Section
1.5.3: "Sensors_Datal og utility".

Pressing the Start button on the GUI, the carry position algorithm runs and the carried
board position and sensor data is displayed on the GUI. In this mode, the data is not stored
in MCU memory flash. More details regarding the GUI are provided in the following section.
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Sensors_Datal og utility

The osxMotionCP software package for STM32Cube uses the Windows Sensors_Datal og
utility of the STM32CubeExpansion_MEMS1 package in the
ROOT_DIR\Utilities\PC_software folder.

Before using it, ensure that the necessary drivers are installed and the expansion board
and the STM32 Nucleo board is connected to the PC.

Please follow these steps:

1 1. Connect the STM32 Nucleo board to the PC with a USB cable (jumper JP1 not
fitted); find the ST COM port in Windows Device Manager (COM4 in the figure below)

Figure 7: Windows Device Manager

=
= Device Manager = | B )

File Action View Help
&= | [ E HE | ExS
4y CTNCWIL5237

b @ Batteries

> {8 Computer

:» -+ Disk drives
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b E‘LT‘, Human Interface Devices

b g IDE ATASATAPI contrellers

b % Imaging devices

= Keyboards

b }E!, Mice and other pointing devices

» B Monitors

:» ¥ Network adapters

. W Portable Devices

4 "5 Ports (COM &LPT)

P ‘? Intel(R) Active Management Technology - SOL (COM3)
? STMicroelectronics 5TLink Virtual COM Port (COM4)
b 2} Processors

b [ Security Devices

b -% Sound, video and game controllers

b M Systern devices

b - a Universal Serial Bus controllers

- E Universal Serial Bus devices
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1 2. Launch Sensors_Datalog.exe and check that the COM Device number is correct.

Figure 8: Sensors_Datalog utility screenshot 1

Ly; Sensors_Datalog V1.3.0 - STMicroelectronics

Settings
CoMDevices{ [coms || @tog [ save [[ cear | [Eret [
Speed: | 921600 Y,

Pressure [mbar] [

Temperature [°C] [}

Humidity [%] 7]
Accelerometer XYZ [mg] (V]
Gyroscope XYZ [mdps] [~
Magnetometer XYZ [mgauss] [ |
Carried Position (V]

( Start ]

( Upload CP Data ]

Save CP Data

Lys

life.augmented
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1

3. At this point, you need to choose from the two possible operating modes shown
below:

Figure 9: Sensors_Datal og utility screenshot 2

Ei Sensors_Datalog V1.3.0 - STMicroelectronics =C

Settings
e Do (sme) [gem) | Boee [7
Speed: (921600  ~
Pressure [mbar] [
Temperature [°C] ["]

Humidity [%] [C]
Accelerometer XYZ [mg] [V]
Gyroscope XYZ [mdps] [~
Magnetometer XYZ [mgauss] [~
Carried Position (V]

Start PC-GUI Driven Mode

Upload CP Data Stand-Alone Mode (data retrieving)

Save CP Data

Lys

life.augmented
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1 4a. If the board is stand-alone mode and user wants to retrieve stored data, press
Upload CP Data to upload the stored carried position data to the PC GUI. This
operation automatically deletes acquired data from microcontroller. The figure below
shows how the data is arranged in Time, Carry Position Code and Description
columns. Carry positions with a duration of less than 20 seconds are not memorized.
A closer look at our example reveals that the user took the board from the desk, held it
in his or her hand for approx. 40 s, and then put on the desk again.

1 ba. Press the Save CP Data button in the figure below to save the uploaded data in a
.tsv file located in a new folder called SensorsDatalog. The acquired data may be
exported and plotted in an Excel file.

Figure 10: Sensors_Datal og utility screenshot: data upload
Ly; Sensors_Datalog V1.3.0 - STMicroelectronics E@M
Settings
COM Devices: m Log Save Clear Plot B

CP Frmware version: 1.0.0 CP Library version: 1.0.0
CP Session 1

o Time Camied_Position  Description
0 1 ON_DESK
© 2 N HAND
€0 2 IN_HAND
80 1 ON_DESK

—

CP Uploading...
Payload size=32
CP Upload done!

Lys

fe.qugmented
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4b. If in PC-GUI driven mode, select between the various sensors (pressure,

temperature, humidity, accelerometer, gyroscope, magnetometer) available on the

expansion board (please note that accelerometer has to be selected to make Carried
Position check box available), and press the
acquisition and position computation session. Sensor data and Carried Position

information will be shown as in the figure below.

Figure 11: Sensors_Datal og utility screenshot: data upload

[y; Sensors_Datalog V1.3.0 - STMicroelectronics @M
Settings 2
COMDevices: o4 v| “ltog [ save |[ Cear || [pht
Speed: [921600 ¥ | rimeceamp Ao Accy Acz cp
<\
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~|mezsess0 2% 1012 ON_DESK -
Siepreties | | 14356600 0 % 1012 ON_DESK
. rad 114356620 0 2% 1011 ON_DESK
idi 1| 114356690 0 2 1010 ON_DESK
Humidity [%] [ | 1932080 0 % 1010 ON_DESK
71 | 14356680 0 2 1011 ON_DESK
Accelerometer XYZ [ma] (V] | {15cieos 26 1011 ON_DESK
= | 14386710 27 1010 ON_DESK
Gyroscope XYZ [mdps] [T | j1iaise 70 o 5 1010 ON_DESK
— |mazse750 0 2% 1010 ON_DESK
Magnetometer XYZ [mgauss] [T | 114356770 -1 7 1011 ON_DESK
) | 1enser0 0 25 1010 ON_DESK
\ Carried Position [¥] ) 13.43:56.800 -1 2% 1009 ON_DESK
= 1143568200 0 2% 1011 ON_DESK
11:43:56840 1 25 1011 ON_DESK
[ Start ] 11:43:56860 0 2 1010 ON_DESK
= 114356870 0 2 1011 ON_DESK
11:43:56890 0 2% 1011 ON_DESK
[ Upload CP Data ] 114356910 0 2 1013 ON_DESK
11:43:56930 -1 2% 1010 ON_DESK
Save CP Data 11:43:56, ) 27 1012 ON_DESK
114356970 0 25 1011 ON_DESK
11:43:56980 -1 2% 1010 ON_DESK
COM4 opened 11:43:57,000 1 27 1011 ON_DESK
Streaming data... 11:4357.020 0 25 1011 ON_DESK
COM4 dosed 114357040 0 % 1010 ON_DESK
11:4357.050 0 2 1011 ON_DESK
114357070 -1 % 1012 ON_DESK
11:4357.090 -1 2% 1010 ON_DESK
114357110 0 25 1011 ON_DESK
114357130 -1 27 1011 ON_DESK
11:4357.140 0 2 1012 ON_DESK
11:4357.160 1 % 1011 ON_DESK
11:4357.180 0 2% 1011 ON_DESK
114357200 0 27 1012 ON_DESK
114357210 0 2 1010 ON_DESK L
114357230 -1 27 1011 ON_DESK 1
11:4357.250 -1 % 1010 ON_DESK £
e 11:4357.270 1 % 1011 ON_DESK
life.augmented 11:43:57.290 0 5 1009 ON_DESK o
<< = st Sl

3

DoclD028621 Rev 1 15/46




osxMotionCP add-on library for X-CUBE-MEMS1 UM1980

154

16/46

1  5b. Once acquisition has stopped, the user can save the log in a file in the
"SensorsDatalLog" folder with the "Save" button, or clear it with the "Clear" button, as
shown below.

Figure 12: Sensors_Datal og utility screenshot: data upload

Data storage

The application example, when running in standalone mode, allows the user to detect the
board position and store it in MCU flash memory. Data is automatically saved every 5
minutes to avoid excessive data loss in case of an unforeseen power fault. Data is also
immediately stored when the user stops acquisition by pressing button B1.

When stored data is retrieved via the GUI (see Section 1.5.3: "Sensors_Datal.og utility"),
the MCU flash sector dedicated to this purpose is cleared.

LED LD2 should be OFF at power-on, unless:

1 the flash memory is full or almost full
9 the license number is incorrect

In the first case, the user can continue using the board for normal carry position recognition
and data storage (if enough space is available) as described in Section 1.5.1: "Stand-alone
working mode", by pushing the user button (LED switches off in 5 seconds). Data
continues to be stored until the reserved sector is full, at which time the algorithm keeps
running, but data is no longer stored.

The flash sector dedicated to data storage is 128 KB, allowing memorization of more than
16,000 data sets, this equates to:

3
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