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Getting started with osxMotionAW activity recognition for wrist
library for X-CUBE-MEMS1 expansion for STM32Cube

Introduction

osxMotionAW is an add-on software package for X-CUBE-MEMS1. The software runs on the STM32
and includes drivers that recognize ST inertial sensors LSM6DS0, LSM6DS3 or LSM6DSL.

It provides real-time information on user activities: stationary, walking, fast walking, jogging and biking.

The algorithm exclusively manages the data acquired from the accelerometer at a low 16 Hz sampling
frequency to reduce host platform power consumption.

The software comes with sample implementations of drivers exploiting STM32Cube software
technology, running on an X-NUCLEO-IKS01A2 or X-NUCLEO-IKS01A1 (with optional STEVAL-
MKI160V1 board) expansion board, on top of a NUCLEO-F401RE or NUCLEO-L476RG development
board.

November 2016 DoclD029859 Rev 1 1/18

www.st.com



Contents uM2123

Contents

1 osxMotionAW library add-on to X-CUBE-MEMSL1 software
expansion for STM32CUDE ... 5
1.1 OSXMOLIONAW OVEIVIEW .....uiiieeeieeeeiiiie e e e e e e eeeete e e e e e e e e e e e e 5
1.2 0SXMOLIONAW arChiteCture ............ooviiiiiiiii e, 5
1.3 0SXMOtIONAW folder StruCture ..........cocovvviiieiiiii e, 6
1.4 OSXMOLIONAW APIS ... 7
1.4.1 OSXMOLIONAW [BFArY.....vveiieeeeiicciieeiee e 7
15 Sample appliCatioN ............iiiiii e 8
15.1 Stand-alone Working MOde...........cceeveeeiiiiiiiiiiee e 9
15.2 PC GUI driVEN MOUE ....eevvviiiiiiiiiiiiiiiieieeeeversvererereresesesesessresesesenerarenes 10
153 UNICIEO-GUI ULIILY .....eeiiiiiieee e 11
154 Data SIOTAQgE .. .ccieeeiiiiii i e 13
2 Acronyms and abbreviations ..........cccoeveveiiieiiiin e, 15
3 REIEIENCES ... e 16
4 ReVISION NISTOIY oo e 17
2/18 DoclD029859 Rev 1 ‘W




UuM2123 List of tables

List of tables

Table 1: LED LD2 ACHVILY COURS.....ccciuiiiiiiiiiiieiittt ettt sttt ettt e e s e e e nbre e e e e 10
I o) (SR T ol (01110 S PO PPPTPPPN 15
Table 4: Document reViSiON NISTOMY ..........coiiiiiiiiiii ettt e e e e 17

3

DocID029859 Rev 1 3/18




List of figures UM2123

List of figures

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

4/18

osxMotionAW plus X-CUBE-MEMS1 software architeCture ............ccocueeveiiiieeeiiiiiee e 6
0SXMOtIONAW package fOlAer SITUCTUNE ..........viiiiiiiiie ittt 7
EXamMPIE X, Y, Z BXES VAIUES ... .ooiiiiiiiiie ittt et 8
NUCLEO-FA01RE board detailS.........ccoiiiiiiiiiiiiiee ittt e e e e 9
SEALE MACKINE ...t e s r e 10
UNICIEO MAIN WINAOW ...ttt e e n e e s nn e e s e snnees 11
(0 Y Ty SY= Vo = = Lo J PR 11
Activity recognition for WISt WINAOW ........eeiiieiiiiiiiiiicee s e e e e s er e e e e e e 12
[ 7= 1= [ To TR, o o L PSSR 13

3

DocID029859 Rev 1




umM2123

osxMotionAW library add-on to X-CUBE-MEMS1
software expansion for STM32Cube

1.1

1.2

3

osxMotionAW library add-on to X-CUBE-MEMS1
software expansion for STM32Cube

osxMotionAW overview

The osxMotionAW library is a complete middleware solution aimed at building applications
strictly for 3D accelerometer sensors and specifically designed for wrist devices.

The software runs on the STM32 microcontroller and includes drivers to recognize the
available inertial sensors (currently LSM6DS0, LSM6DS3 or LSM6DSL).

Starting from data acquired from the accelerometer only, it provides real-time information
on the following activities performed by the user:

e  stationary

¢ walking

o fast walking

e jogging

e biking

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

The key package features include:

¢ Real-time activity recognition for wrist algorithm (under OpenSoftwareX license) based
on accelerometer data only.

Complete middleware to build applications on top of X-CUBE-MEMS1.

Libraries for ARM Cortex-M3 and ARM Cortex-M4 MCU cores.

Easy portability across different MCU families, thanks to STM32Cube.

Sample application to transmit real-time sensor data and recognized activities to a PC.
Sample implementations for X-NUCLEO-IKS01A2 and X-NUCLEO-IKS01A1 (with
optional STEVAL-MKI160V1 board) expansion boards, mounted on a NUCLEO-
FA01RE or NUCLEO-L476RG development board.

The osxMotionAW is an add-on software package for X-CUBE-MEMS1, provided in the
form of node-locked library whose license activation codes must be requested to ST and
included in the project (thus becoming part of the build process) prior to attempting its
usage. The resulting firmware binary image will therefore be node-locked.

For details on system setup and installation as well as details on hardware components,
please refer to 2.

osxMotionAW architecture

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

e  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
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(MCU). This structure improves library code reusability and guarantees easy
portability to other devices.

e 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
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: osxMotionAW plus X-CUBE-MEMS1 software architecture
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osxMotionAW folder structure

The image below outlines the package file system architecture:
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Figure 2: osxMotionAW package folder structure
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The following folders are included in the package:

e Documentation: contains a compiled HTML file detailing the software components
and APIs.

o Middlewares: contains the osxMotionAW static library binary code, library header file,
documentation, license information plus header file for node-locked license validation.

e Projects: contains a sample application to access sensor and activity data for the
NUCLEO-F401RE and NUCLEO-L476RG platforms under the IAR Embedded
Workbench for ARM, pVision (MDK-ARM) toolchain and System Workbench for
STM32 integrated development environments.

osxMotionAW APIs

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

The osxMotionAW 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_MotionPM_Library folder.

osxMotionAW library

The osxMotionAW is a real time activity recognition software solution specifically designed
for wrist supports. The algorithm only manages the data acquired from the accelerometer,
at the low sampling frequency of 16 Hz to reduce host platform power consumption.

The exposed APIs of the osxMotionAW library are listed below:

e uint8 t osx MotionAW GetLibVersion (char *version);
—  retrieves the revision of the included core engine;
e uint8 t osx MotionAW Initialize (void);
—  performs osxMotionAW initialization and setup of the internal mechanism used
for node-locking (See 2). The output for correct or incorrect initialization is 1 or O
respectively (e.g., 0 is returned for license errors);
. void osx MotionAW SetOrientation Acc (const char
*acc_origntation)7 B
— this function is used to set the accelerometer data orientation; library
configuration is usually performed immediately after the
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osx_MotionAW 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: “enu”, while
the accelerometer sensor in STEVAL-MKI160V1 is NWU (x-North, y-West, z-Up):

nwu”.
Figure 3: Example X, y, z axes values
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e o0sx MAW output t osx MotionAW Update (osx MAW input t *data in);

The required input is a pointer to a structure containing the three-axis
accelerometer data expressed in g-force units; the output is provided in the
osx_MAW_output_t structure, whose fields are the total number of steps and the
cadence.

e void osx MotionAW ResetLib (void);

Resets the algorithm.

Sample application

The osxMotionAW middleware can be easily manipulated to build user applications.

A sample application is provided in the Projects folder; it is designed to run on either:
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¢ aNUCLEO-F401RE or a NUCLEO-L476RG board connected to an X-NUCLEO-
IKSO01Al board (based on LSM6DSO0) with optional STEVAL-MKI160V1 board (based
on LSM6DS3) connected
e aNUCLEO-F401RE or a NUCLEO-L476RG board connected to an X-NUCLEO-
IKS01A2 (based on LSM6DSL).
The application performs real-time recognition of activities like being stationary, walking,
fast walking, jogging and bike riding.
15.1 Stand-alone working mode

3

In stand-alone working mode, the user can power the board by means of an external
battery pack to make the user experience more comfortable, portable and free of any PC
connections, ensuring that jumper JP1 in Figure 4: "NUCLEO-F401RE board details" is
fitted.

Figure 4: NUCLEO-F401RE board details

MB1136
rev C

LED.LD3! -, NUCLE(ED LD
R32 c%fﬂ _F401RE FWMMOS/D11

¢,

www.st.com/stm32nucleo 9

The above figure shows details of the NUCLEO-F401RE board, which has a similar layout
to the NUCLEO-L476RG board. Once the board is powered, LED LD3 (PWR) turns on and
the tricolour LED LD1 (COM) begins blinking slowly due to the missing USB enumeration
(see 4).

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 performed activity; during
this acquisition mode, rapid LED LD2 blinking indicates that the algorithm is running.
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Pressing button B1 a second time stops the algorithm (and the relative data storage
session) and the LED LD2 displays the activity code according to a sequence of flashes
described in Table 1: "LED LD2 activity codes".

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 5:
"State machine").

If LED LD2 is ON after powering the board, this indicates 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.

In order to retrieve acquired data stored in Flash, the STM32 Nucleo board has to be
connected to a specific PC GUI (see Section 1.5.3: "Unicleo-GUI utility", Section 1.5.4:
"Data storage").

Table 1: LED LD2 activity codes

Activity LED LD2 blinking sequence (5 s interval)
Stationary 1
Walking 2
Fast walking 3
Running 4
Biking 5

Figure 5: State machine

Push Button B1

Acquisition
Status

Standby Display
Status Status

ish Button B1

PC GUI driven mode

In this working mode the STM32 Nucleo board is powered from the PC via a USB
connection, and controlled by a specific PC GUI. It allows the user to display the activity
detected, accelerometer data, time stamp and any other sensor data, in real-time using the
Unicleo-GUI utility.

Once the board is powered, launch Unicleo_Qt.exe and drive the sample application as
described in Section 1.5.3: "Unicleo-GUI utility".

In this working mode the data are not stored in MCU Flash memory.
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Unicleo-GUI utility

The osxMotionAW software package for STM32Cube uses the Windows Unicleo-GUI
utility, which can be downloaded from www.st.com (see 5 for instructions).

1

Ensure that the necessary drivers are installed and the STM32 Nucleo board with
appropriate expansion board is connected to the PC.
launch the Unicleo-GUI application to open the main application window.

If an STM32 Nucleo board with supported firmware is connected to the PC, it will
automatically be detected and the appropriate COM port will be opened.

Figure 6: Unicleo main window
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STMicroelectronics Expansion Board: IKS01A1 Unidleo Version: 1.0.13.1074 Firmware Version = 3.0.0

Start and stop data streaming by using the appropriate buttons on the vertical tool bar.
The data coming from the connected sensor can be viewed in the User Messages tab.
Figure 7: User Messages tab

&7 Unicleo
Select Port: [cnms D Jcommect ¥ Disconmect ||v Start smpl X Exit
| nfo | FWManagement || UserMessages | Iks0iA1Options |
Time Stamp| Press. | Temp.| Hum | Accelerometer I Eyroscope |  Magnetometer |2ctivity for Wrist
Datalog | [hPal | [°C] | [%] | [mg]l | [mg] | [mg] | [mdps] | [mdps] | [wdps] | [@G] | [=mE] | [=E] | |
-BZ|1012.30| -801| &15] 1871 -28%| €440 38780| -24&8390] 378 111] 825| 1 | Stationary -
Ig -8711012.80] -501 5571 4021 -2711 -53340] 246401 -23537501 3331 1s01 833] 1 | Stationary
Motion -8211012.30| -801| 471} 7171 -207| =-393030] 46690| -2580680] 285 209 B7&| 1 | Stationary
MEMS -5711012.30| -501 3811 934| -102| -1097€0| €34201 -21€720| 238 248 853| 1 | Stationary
02]11012.30] -501 341 1483) 283 88060 | 7701 -48530| 217 z44 B862z| 1 | Stationary
Iﬁ 0711012.30] -801| 232| 14s0] 117| =-40810| -36&820| 40480 215] 244 B80| 1 | Stationary
Environ- 1z1101z.%01 -501 3111 1zos1 -131 30660| -403201 112210] 2401 24z 8641 1 | Stationary
mental 1711012.30| -801| 3801 1044) —EE| 23730| -€1670| 163800] 270] 223 B883| 1 | Stationary
z211101z.%0| -501 5361 €741 -2071 57830| -€14e€01 151530| 3061 2001 8351 1 | Stationary
3’“ 2€11012.30] -801 €60 341 -3171 €7060| -38430| 202160] 345] 1s5] 303| 1 | Stationary
Scatter 3111012.80] -801 8801 2071 =-238] 85540| =-271&0| 225750] 378 801 81&| 1 | Staticnary
3€11012.%0| -501 €541 -5431 -316l €2160| -3306€01 2408701 334 101 9301 1 | Stationary
41]11012.30| -801| &88| =-881| =-€77| -75460| -E8320| 130870]| 381 -139] 838| 1 | Stationary
_-!J 4€11012.%0| -501 7001 -10031 -€511 -30300] 234501 -40850] 3831 ol 9331 1 | Stationary
Activity 5111012.30] -801| &BE&| -627| -8647| 2310 38980| -90440] 338] 27 825| 1 | Stationary
for Wrist 5611012.501 -501 7561 -3961 -4541 -70350] €98601 -142100] 403 &z 52z| 1 | Stationary
€011013.01| -501 7€l -215] -3&0) 8520| 107030| -133550] 412 a5 894| 1 | Stationary
€511013.01| -801 €311 2231 -1871 =9520| 868101 -243460]| 400]| 149] B771 1 | Stationary
7011013.011 -501 €251 4101 -1471 -100800| 1023401 -2€3370| 3851 z2111 8331 1 | Stationary
7511013.01| -801| 444 9801 4871 €3420| 51730| -175420] 313] 244 B803| 1 | Stationary
8011013.011 -501 4251 14811 1701 13301 200201 -73230] 2301 2471 8311 3 | Fast Walking
B511013.01| -29] 355| 1443) 2001 18530| -13580] €0850 298| 240] B23| 3 | Fast Walking
5011013.01] -231 4031 11386l 1471 -560| -485801 128310| 323 235 B831| 3 | Fast Walking
-585]11013.01| -29] 5781 7E3| -171 34230| -€4680| 177870| 353 205] B54| 3 | Fast Walking
-0011013.01] -231 644 €041 =-10381 37380| -521501 2119&0] 338] 183 BB4| 3 | Fast Walking
-0511013.01] -2381 €741 zgel -1711 34020| -425801 256410] 423 771 8301 3 | Fast Walking
-09]11013.01] -29] 704 -581]| =82 2580| -31080| 2538€30] 449] 15| B95| 3 | Fast Walking J
-1411013.01] -2381 €561 -3€0l -2201 -32270| -110€701 1515501 433 48| 916| 3 | Fast Walking
-1%]11013.01| -23] T€%| -1217| =-853| -173330| -44030| -23830| 411 -38]| 823| 3 | Fast Walking
-24|11012.01| -281 TeZ| -238| -784| -3&540] 491401 -112810]| 413 1z 820| 2 | Fast Walking B
2811012 11 28l oai1 amii ammi rzan) simSnl 1Ans7nl 4351 431 An11 3 | Faar Walr
STMicroelectranics Expansion Board: IKS0141 Unicleo Version: 1.0.14.1116 Firmware Version = 1.0.0
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4 Click on the Activity for Wrist icon in the vertical tool bar to open the dedicated window
for wrist activity recognition.
Figure 8: Activity recognition for Wrist window
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S Click on the Datalog icon in the vertical tool bar to open the datalog configuration
window.
Here, you can select which sensor and activity data to save in files. Saves can be
started or stopped by clicking on the corresponding button.
Figure 9: Datalog window
& Unicleo = EY
Select Port: [COMB D / Connect ¥ Disconnect | I start Stop X Exit
[Info | FViManagement | UserMessages | IKSO1A1Gptions |
B
Datalog
Mu%n e e e — Dissble Al Sensors |
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o Il o
1 - Choose the fle name: |
Scatter
) - Check the data you want to save:
.:i Pressure Temperature Humidity
e ) !
Acceleration Angular Rate Mag Field
Activity for Wrist \lire Sensor
- Press Start for logging: | [ Start ] [ Stop ] |
STMicroelectronics Expansion Board: IKS01A1 Unideo Version: 1.0.14.1116 Firmware Version = 1.0.0
154 Data storage

3

The sample application allows the user to detect activity performed and store it in MCU
flash memory. Data is automatically saved every five minutes to avoid losing too much data
in case of an unforeseen power fault. Data is also stored when the user stops acquisition
by pressing button B1 to display data by LED.

When stored data is retrieved via the GUI, the MCU Flash sector dedicated to this purpose
is cleared.

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

o the Flash memory is full or almost full
° the license number is incorrect

In the first case, the user can continue using the board for normal activity 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 five 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 for data storage is 128 KB, allowing memorization of more than 16,000
data sets, or:

e aminimum of 91 hours (activity changes and a new buffer is stored every 20 seconds)
e amaximum of 1365 hours (activity never changes and data is automatically stored
every 5 minutes).

If LED LD2 switches ON at reset, no more than 1400 Bytes are free; i.e., a recording time
of between one hour if data is stored every 20 seconds to 15 hours if data is automatically
saved every five minutes.
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If a large amount of data needs to be stored and no PC is available for data download and
Flash memory clean up, the MCU memory can be erased when LED LD2 is ON by holding
the user push button down for at least five seconds. LED LD2 switches OFF and then
starts blinking to indicate that acquisition mode has been activated and the data stored in
the MCU has been erased.

If LED LD2 does not switch OFF after this operation, the license number is wrong and no
action is allowed. See 2 for details on how to obtain a license.

3
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Acronyms and abbreviations

Table 3: Acronyms

Acronym Description
API application programming interface
BSP board support package
ENU x-East, y-North, z-Up
GUI graphical user interface
HAL hardware abstraction layer
IDE integrated development environment
NED x-North, y-East, z-Down
SEU x-South, y-East, z-Up
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