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Motion MEMS and environmental sensor expansion board
Hardware overview (1/2)

X-NUCLEO-IKS01A1 Hardware description

* The X-NUCLEO-IKS01A1 is a motion MEMS and
environmental sensor evaluation board system.

* It is compatible with the Arduino UNO R3 connector
layout, and is designed around ST’s latest sensors.
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MEMS 3D accelerometer (+2/+4/+£8 g) + 3D gyroscope 2
(£245/+£500/£2000 dps) 00 E

i
MEMS 3D magnetometer (x4/ £8/ +12/ 16 gauss) ggs U‘j§
MEMS pressure sensor, 260-1260 hPa absolute digital X
output barometer D HTS221 LSM6DS0 ST morpho connector**

e _ - []LPs2sHB [] LIS3MDL [ | Arduino UNO R3 connector
Capacitive digital relative humidity and temperature D
DIL 24-pin

Socket available for additional MEMS adapters and \
other sensors (UV index) Latest info available at www.st.com

X-NUCLEO-IKS01A1

J

’I ** Connector for the STM32 Nucleo Board

le.ougmeanhed



Motion MEMS and environmental sensor expansion board

Key features

* The X-NUCLEO-IKS01A1 is a motion MEMS and
environmental sensor evaluation board system.

« All sensor sensors are connected on a single I2C bus
+ Sensor 12C address selection

» Each sensor has separate power supply lines
allowing power consumption measurements

» Sensor disconnection (disconnects the I2C bus as
well as the power supply)

* Interrupt and DRDY signals from sensors

* DIL24 socket (compatible with STEVAL-MKI[***\/*
MEMS adapter boards)

. ongmanted

Hardware overview (2/2)

Arduino RCIWV LSMBDS0
UNO R3 Interrupts
Morpho LIS3MDL
LPS25HB
HTS221
DiL24
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Motion MEMS and environmental sensor expansion board
Software overview (1/2)

X-CUBE-MEMS1 Software description

* The X-CUBE-MEMS1 software package is an expansion Overall Software Architecture

for STM32Cube, associated with the X-NUCLEO-

» Complete middleware to build applications using
temperature and humidity sensors (HTS221), pressure
sensor (LPS25HB) and motion sensors (LISSMDL and [

_ Drivers

IKSO01A1 expansion board. é Y - R
Sample application
* Itis compatible with NUCLEO-F401RE, NUCLEO- P | | Appiications )
LO5S3R8 or NUCLEO-L152RE e 4
Serial

Key features . -

CMSIS \_Middleware Y
~—

LSM6DS0)

STM32 HTS221 LPS25HB LSM6DS0 LIS3MDL ]

Hardware components

° Easy portability across different MCU families, thanks to
STM32Cube

Board demonstrations

« Sample application to transmit real-time sensor data to a
PC

» PC-based application (Windows®) to log sensor data

* Low-power optimization (suitable for the STM32L0 MCU Latest info available at www.st.com
family) X-CUBE-MEMS1

* Free, user-friendly license terms

Lys
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Motion MEMS and environmental sensor expansion board
Software overview (2/2) I

osxMotionFX Software description

* The package is an add-on for X-CUBE-MEMS1 providing real- Overall Software Architecture

time motion sensor data fusion and gyroscope bias and
magnetometer calibration routines

,
 The package contains source code exampes (Kei, AR |

System Workbench) based only on NUCLEO-F401RE | Board demonstrations
s N @ R
+ osxMotionFX (iINEMOEngine PRO) real-time motion-sensor Utlitles _Applications )
data fusion (under OPEN.MEMS license) p- ~
+ Complete middleware to build applications using temperature
and humidity sensor (HTS221), pressure sensor (LPS25HB) wss TR )
and motion sensors (LIS3MDL and LSM6DS0)
« Gyroscope bias and magnetometer calibration routine L J J
& /. Drivers )
+ Easy portability across different MCU families, thanks to
STM32Cube [ ]
Hardware components

« Sample application to transmit real-time both sensor data and
sensor fusion data to a PC

« Sample implementation available on board X-NUCLEO-
IKSO01A1 when connected to NUCLEO-F401RE

Latest info available at www.st.com

osxMotionFX
Lys
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Setup & demo examples
Hardware prerequisites m

1x Motion MEMS and environmental sensor expansion board
(X-NUCLEO-IKS01A1)

1x STM32 Nucleo development board
(NUCLEO-F401RE or NUCLEO-L053R8 or NUCLEO-
L152RE)

Windows 8/7 - Laptop/PC

1 x USB type A to mini-B USB cable NUCLEO-F401RE
NUCLEO-L053R8

NUCLEO-L152RE
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Mini USB Cable X-NUCLEO-IKS01A1
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Setup & demo examples
Software prerequisites ms

STSW-LINKOO08: ST-LINK/V2-1 USB driver

STSW-LINKOQ7: ST-LINK/V2-1 firmware upgrade

X-CUBE-MEMS1
+ Copy the .zip file content into a folder on your PC

* The package contains source code examples (Keil, IAR, System Workbench) based on NUCLEO-
FAO1RE or NUCLEO-LO53R8 or NUCLEO-L152RE

OSXMotionFX

* The package is an add-on for X-CUBE-MEMSL1 providing real-time motion sensor data fusion and
gyroscope bias and magnetometer calibration routines

* The package contains source code examples (Keil, IAR, System Workbench) based only on
NUCLEO-F401RE

Lys
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X-CUBE-MEMS1 In 7 steps
Use of Sensors_DatalLog GUI with precompiled BIN FW ggry

X-CUBE-MEMS1 for NUCLEO-F401RE or NUCLEO-LO53R8 or NUCLEO-L152RE

0 www.st.com/x-nucleo X-CUBE-MEMSL1 package structure
‘ DLkt ! Docs
|| [Decumentation] < -
. _ Low-level sensor drivers
| [ [Drivers] D ——
life.augmented ) [Middl ] < Serial utility
www.st.com e 7 [Projects] _ LO/F4/L1 DataLog FW src code + binary
: [ [Wkilities] < PC GUI (Sensors_Datal.og)
e I Download & unpack “ package xmi
Select Pagiwigd Z|Release_Notes  html
X-NUCLEO-IKS01A1 Q

Download & install STM32
Nucleo ST-LINK/V2-1 USB driver
STSW-LINKOO8

ST-Link Upgrede

Upgrade the firmwere to V2.123.M6 Yes 5555 :
Download / Install / Run

ST-Link FW Upgrade utility
STSW-LINKOO7

&7 |
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X-CUBE-MEMSL1 In 7 steps
Use of Sensors_Datal.og GUI with precompiled BIN fmw

X-CUBE-MEMS1 for NUCLEO-E401RE or NUCLEO-LO53R8 or NUCLEO-L152RE

\STM32CubeExpansion_MEMS1_V1.3.0\Projects\Multi\Examples\DataLog\Binary\STM32F401RE-Nucleo
\STM32CubeExpansion_MEMS1_V1.3.0\Projects\Multi\Examples\DataLog\Binary\STM32L053R8-Nucleo
\STM32CubeExpansion_MEMS1_V1.3.0\Projects\Multi\Examples\DataLog\Binary\STM32L152RE-Nucleo

4 M Computer
+ Name Ex  Size e > &, 0SDisk (C:)
L] <DiR> . > wme NUCLEO (F)
Lbatalog bin 30.344 drag and drop
DatalLog.bin for F4 or for LO or for L1 .%’
on Nucleo drive
- . [J[_htmresc]
Open Utilities Folder in the X-CUBE-MEMS1 SW package |[J[Documentation]
[J [Drivers]

D [Middlewares]

[ [Projects]

[T [urilities]

= package xml
2 |Release_MNotes  himl

...and Run Sensors_Datal og
PC GUI

SEBERITR O RRRRBLEISE x',,

FEL é'lssggt {EFFEL 3
A
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\4

n o
- Py >
H 5 e (d
» Y
) e e o » 0 -
i p " .
” p

1. cugmanted



X-CUBE-MEMS1
Utilities - Sensors_Datal 00 gy

X-CUBE-MEMS1 for NUCLEO-F401RE, NUCLEO-LO53R8 or NUCLEO-L152RE

Select COM port o Select graph plots

Settings

\ Speed: | 921600 )

=
e
g
H
g
]
)
B

Interval [ms]: 500

.
Select sensor reading D

interval Humidity [%]

P L Accelerometer XYZ [mg]
Gyroscope XYZ [mdps]

Ehhi

qular rate [mdp  Humidity [%] Pressure [mbar]

.5
S e I ect sensors Magnetometer XYZ [mgauss]
( Start ] ;
rad 2 %5
=
COM6 opened
LESZH i O ;4" 93,09 757 SLII §vi v 032 910
His221at O 1 993.29 25.72 51.02 13 0 1042 840 &
LSMEDS0 init OK 1 993.15 257 50.95 1 0 1045 840
LIS3MDL init OK 1 $93.15 5.7 50.95 8 5 1036 700
: Streaming data... 1 $93.13 %57 51.04 s 4 1043 770
Start data | 0ogging COM6 dosed 1 993,13 %7 50.53 13 ) 1043 770
1 993,37 2.7 50.95 3 13 1045 770
$93.37 257 50.95 4 14 1052 560
99321 257 50.88 13 1 1042 510
$93.21 25.75 50.88 2 2 1015 280
(e 13553, 993.26 %57 50.84 542 111 1534 37800
R 500 000000060608 d | ; $93.26 25,72 50.91 317 65 8 77280
. $93.17 5.8 50.9 161 528 767 285250
: 99317 25.84 51.02 583 327 1238 183680
; 993,07 25.84 51.04 -155 468 1377 246680
! 53,07 2581 51.06 578 655 714 415800
1 ¢ 993 25,87 51,15 576 & 858 248500 [
: 93 25.54 5111 & 35 1038 5530 2
953 25.89 51.2 37 b3 1062 530 3
14:35:57.480 993 25,52 5115 3% 16 1058 1610
14:35:57.880 993,21 25.87 5113 15 1 1044 840 =

life.qugmented
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SRR Data Log Area

Sensors_DatalLog PC GUI
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X-CUBE-MEMS1
Compile the DataLog FW using a supported IDE

X-CUBE-MEMS1 for NUCLEO-F401RE, NUCLEO-LO53R8 or NUCLEO-L152RE

0 www.st.com/x-nucleo X-CUBE-MEMS1 package structure
‘ (I [htmresc] Docs
| [ [Documentation]

Low-level sensor drivers
| 7 [Drivers]

A A A

life.augmented g ) [Middl I Serial utility
Www.st.com 9 7 [Projects] ~ LO/F4/L1 example (DataLog FW)
: |:| [Uilities] < PC GUI (Sensors_Datal.og)
9 ! Download & unpack = package xaml
Select X-CUBE-MEMS1 l&jHElEEISE_MES hitml

X-NUCLEO-IKSO1AL l

ASTM32CubeExpansion_ MEMS1_V1.3.0\Projects\Multi\Examples\DataLog\EWARM\STM32F401RE-Nucleo

>KEIL ©IAR

Tools by ARM  SYSTEMS

&

| Flash and run the project.

Ly,
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Using serial line monitor — e.g.TeraTerm

Ter xSt port ST’
' Port: COM6 v ‘ oK ‘ |
Close the Sensors_Datal.og GUI . e o
Parity: none > V
. . . . op: 1 bi = Help
Configure the serial line monitor (speed, LF) ::” ”"—
Transmit delay
Press the BLUE user button on STM32Nucleo L s

-~

Tera Term: Terminal setup

TEMP: 26.25

Terminal size New-line

EE ®x 2b Receive: ||_F v|

=)
ok |
v Term size = win size Transmit: [cp + Cancel

Auto window resize

TEMP: 26.29

Help ACC_KX: 12, ACC_Y: B, ACC_Z: 1842
Terminal ID: |VT100 ~ Local echo GYR_¥: 9808, GYR_Y: -2598,. GYR_Z: 288
MAG_X: 719, MAG_Y: 767, MAG_Z: -2097
Answerback: Auto switch [VT<->TEK] i
Coding [receive] Coding [transmif) 1 = = TEMP: 26.29
e Frem | ACC_X: 12, ACC_Y: B, ACC_Z: 16841
uTF8 -] uTF8 - GYR_X: 84@, GYR_Y: —2528, GYR_Z: 350
— MAG_X: 714, MAG_Y: 769, MAG_Z: -2109
[7’ locale: american CodePage: 65001 —




OSXMotionFX In few steps
OSXMotionFX Sensor Fusion license request ggr

OSXMotionFX for NUCLEO-E401RE

. [ Setup - 05X MotionfX Li = 2 )

0 Download OSXMotionFX e
Welc: to the OSX MotionFX

WWWw.st.com/openmems "l Liwacy Scop Wizaed
This wil install OSX MotionFX Library 1.1.0 on your computer.
Itis recommended that you dose all other applications before
Q S X Emes .
B Click Next to continue, o Cancel to exit Setup. 111€ .ngmented

life. ougmen’red e

www.st.com ’l e ? OSX

OS X nstaller OpenSoftwareX

‘ ' > I [ Next> || conced |
.MOtloan ' OSXMotionFX /

open.MEMS

Install OSXMotionFX e
in the X-CUBE-MEMS1

workspace
“ Setup - OSX MotionFX Library [ )
Select STM32 Workspace Directory Ei

Where should middeware libraries be instaled?

Select the folder in which Setup should install ibrary files, then did Next.

This should be the root path of an existing X-CUBE-MEMS L nstalaton, if avalable,
where this lbrary and accompanying applcation code will be instalied.

1f 3 new workspace folder is reated just be aware that an STM32Cube and relevant
component drivers are required to buld the induded application code,

C:\workspace\STM32CubeExpansion_MEMS1 V1.2.0 EBrowse...

<tk || Net> | [ cancel |

ougmenhed



OSXMotionFX In few steps
OSXMotionFX Sensor Fusion license request

OSXMotionFX for NUCLEO-F401RE

c:\Program Files (x86)\STMicroelectronics\OpenSoftwareX\OSX_LicenseWizard\

OPTIONS FORMAT TEXT REVIEW

ﬂ-D R Y 'y E 2 o' [ AttachFile  [> Follow Up -

E— 05K Cpan MENS: lcerse request = SThicrostectionics . 7 B — 8 X a Run OsX License wizard
MESSAGE INSERT

(@)
-
W
(-
)
O
x Paste I: B _ = Address Chack . A.ttachltam' ! High Importance Zoom e e M e
. -A- = < Book Names L& Signature= 4 LowImportance
(]) Clipboard = Basic Text ] Hames Include Tags ' Zoom A
[ From - | viadimirjanousek@st.com ‘,’
=
O s \Ta—l |open.mems@st.com | —
e ' OSX
subject \osx-Open.MEM;:license request ** STMicroelectronics = |
OpenSoftwareX
\j:: Kindly release OSX-Open.MEMS MotionFX v1.0.0 registration code for the below node installation:
O open MEMS | mdeade:
User name: Wladimir Jancusek
U) User company: STMicroelectronics St o it
User email:  vladimir janousek@st.com
C: Library name: QOSX_MOTION_FX_V100 -
Board model: NucleoF4D1RE -l
q) Node Code: 81E46754C5FE27BY50DEG1F30B9F4E4B
Site Code: 482A9D09DES1FID2C06BTBBE 18497500
Q-] License Code: B17128D113AC2B18452F4390D03911D8C

A

Click: Send License request emalil + Click: Identify STM32Nucleo board
G + Enter user information
+ Click: Generate license request

ougmenhed



OSXMotionFX for NUCLEO-F401RE

OpenSoftwareX.licensing

* Run the X-CUBE-MEMS1 GUI

* Click: Start Sensor Fusion

» Make figure-8 movement to
calibrate magnetometer, green

LED2 on

Ly,

f. ougrmarnted

License activation email received

#dating _CEX_MOTION_FX_LIDFHES_
I
Beruif {1 05K MOTION FX LICEMSE

Eney doveloping witn 5T Open.MEMS and have grask ess bam inko ife Augmaned.

urtl_t oex_mbx_lissrse| 24 =

{ IC2BTSDAF, eB8FAF1FET. DxTZADMF22, (wB23CET28 T,
[ R TIZE0N e 13ACIR1E TeASIFASSN. w035 1080
| CoeTBC1EME, Db ESASEE, CoBCLE FOLE, e MO )

= the anpws sclivatcn e uzt copy the tmet betwcen the fnes
1dnasl=l o the local eh” file on v DJPC The file i located
[T "\av"'N'Q VGI MutivrFX_Library Tuider

.\STM32CubeExpansion_MEMS1 V1.3.0\Utilities\PC_software\Sensors_DatalLog\

OSXMotionFX In 5 steps
Start using the DataLogFusion or coding your ideas in just few minutes

9 Copy the license key in osx_license.h located in

ASTM32CubeExpansion_MEMS1 V1.3.

ST\STM32_0OSX_MotionFX_Library\

OWMiddlewares\

1) os_icenseh - Notepad.

e Edt Format View Help
7~

\ 4

e Open for example IAR project from

.\STM32CubeExpansion_MEMS1 V1.3.0\Projects\STM32F4xx-Nucleo\
Applications\DataLogFusion\EWARM\

>]KEIL ©IAR

| Tools by ARM  SYSTEMS

&

Flash and Run the project

<

<

Start developing

(demo project included)



Documents & related resources

All documents are available in the DESIGN tab of the related products webpage

X-NUCLEO-IKS01A1:
* Gerber files, BOM, Schematics
+ DS10619: Motion MEMS and environmental sensor expansion board for STM32 Nucleo — Data brief

+ UM1820: Getting started with motion MEMS and environmental sensor expansion board for STM32 Nucleo —
User manual

X-CUBE-MEMSI.:
+ DB2442: Motion MEMS and environmental sensor software expansion for STM32Cube — Data brief

+ UM1859: Getting started with the X-CUBE-MEMS1 motion MEMS and environmental sensor software expansion
for STM32Cube — User manual

 Software Setup File
osxMotionFX:
+ DB2531: Real-time motion-sensor data fusion software expansion for STM32Cube — Data brief

+ UM1866: Getting started with the osxMotionFx fusion and compass library for X-CUBE-MEMS1 expansion for
STM32Cube — User manual

+ Software setup file

Consult www.st.com for the complete list

|12 cugrmenhed
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STM32 Open Development Environment
Fast, affordable Prototyping and Development

* The STM32 Open Development Environment (ODE) consists of a set of stackable boards
and a modular open SW environment designed around the STM32 microcontroller family.

STM32 Nucleo
expansion boards
(X-NUCLEO)

STM32Cube
development software

@V¥®» sSTM32 Open
' " Development
. Environment
STM32 Nucleo
development boards

STM32Cube
expansion software
(X-CUBE)

Function Packs
(FP)

www.st.com/stm32ode

Lys
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STM32 Nucleo
Development Boards (NUCLEOQO)

- A comprehensive range of affordable development boards for all the STM32
microcontroller series, with unlimited unified expansion capabilities and integrated
debugger/programmer functionality.

Power supply
through USB or
external source

STM32 microcontroller

YHHLY

Integrated debugging
and programming
ST-LINK probe

Complete product range

from ultra-low power to high-performance

ST morpho extension header

Arduino™ UNO R3 extension headers

Lys
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STM32 Nucleo
Expansion Boards (X-NUCLEO)

- Boards with additional functionality that can be plugged directly on top of the STM32
Nucleo development board directly or stacked on another expansion board.

Move/Actuate

~

loEEERERRRREERE
: @

Environmental sensors

Example of STM32 expansion board (X-NUCLEO-IKS01A1)

DIL24 support for
\ new devices
Lys

e cugmanied WWWw.St.com/x-nucleo



STM32 Open Development Environment

« STM32Cube software (CUBE) - A set
of free tools and embedded software bricks
to enable fast and easy development on
the STM32, including a Hardware
Abstraction Layer and middleware bricks.

« STM32Cube expansion software

(X-CUBE) - Expansion software provided
free for use with the STM32 Nucleo
expansion board and fully compatible with
the STM32Cube software framework. It
provides abstracted access to expansion
board functionality through high-level APIs
and sample applications.

Software components

Tools & IDEs

IAR EWARM, Keil MDK-ARM, GCC+ased IDEs
(e.g. Ac6 System Workbench for STM3?2)

o Application examples
Sample applications €g.! | on ST OpenSofwareX)

Upper level middleware

(e.g. ST OpenSoftwareX)

STM32Cube expansion middleware
STM32Cube Hardware Abstraction Layer (HAL)

STM32Cube

middleware

STM32 Nucleo expansion boards (X-NUCLEO)

STM32 Nucleo developer boards

« Compatibility with multiple Development Environments - The STM32 Open Development
Environment is compatible with a number of IDEs including IAR EWARM, Keil MDK, and GCC-based
environments. Users can choose from three IDEs from leading vendors, which are free of charge and
deployed in close cooperation with ST. These include Eclipse-based IDEs such as Ac6 System

Workbench for STM32 and the MDK-ARM environment.

"I OPEN LICENSE MODELS: STM32Cube software and sample applications are covered by a www.st.com/stm32cube

mix of fully open source BSD license and ST licenses with very permissive terms.

le.ougmantsd
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STM32 Open Development Environment

Building block approach

Accelerometer, gyroscope

Inertial modules, magnetometer

COLLECT

Sense

Pressure, temperature, humidity

Proximity, microphone

Bluetooth LE, Sub-GHz radio \ - TRANSMIT
NFC, Wi-Fi, GNSS .\ onnect

Audio amplifier

Touch controller Translate ACCESS
Operation Amplifier
Stepper motor driver L Move / CREATE
DC & BLDC motor driver \
Industrial input / output Actuate
POWER
Energy management & battery
General-purpose microcontrollers PROCESS

Process

Secure microcontrollers

Software

Lys

. ongmanted

'. STM32 Open
‘ Development
. Environment

www.st.com/stm32ode



