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Prerequisiti:

Libreria firmware per i sensori MEMS

http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-
embedded-software/stm32cube-expansion-packages/x-cube-mems1.html

Libreria per Bluetooth

http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-
embedded-software/stm32cube-expansion-packages/x-cube-blel.html

Function Pack STM32 ODE per Internet of Thing

http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-
embedded-software/stm32-ode-function-pack-sw/fp-sns-motenvl.htmi

STM32 ST-LINK utility
http://www.st.com/en/development-tools/stsw-link004.html
Interfaccia PC

http://www.st.com/content/st_com/en/products/embedded-software/evaluation-tool-software/unicleo-
gui.html

App per Smartphone

http://www.st.com/content/st_com/en/products/embedded-software/wireless-connectivity-
software/bluems.html



Agenda

Educational part: What is a Sensor? What are the MEMS? Overview of ST Sensors?

Lab: How to connect a Sensor Board on Nucleo? How to acquire Data on PC?

Break

Education part: ST portfolio on Connectivity. What is a Bluetooth Low Energy?

Lab: How to connect Bluetooth over the Sensors? How to retrieve data on Smartphone?
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What is Bluetooth® SMART (Low Energy)

Bluetooth® SMART is the latest enhancement of Bluetooth standard
(V4.0), ultra-low power technology.

* Bluetooth® SMART enables devices with coin cell batteries to be
wirelessly connected

» Bluetooth® SMART devices are used in a wide range of sensor applications
transmitting small amounts of data.

« Automotive
» Sport and fitness

3
B
« Healthcare &47 f
 Entertainment € ’
« Home automation

« Security and proximity ﬁ g g gBluetoot!!e
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The Bluetooth® SMART Marks Overview g

€3 Bluetooth

SMART _ _ : :
- Ultra low power consumption being a pure low energy implementation

* Months to years of lifetime on a standard coin cell battery

€3 Bluetooth

'SMART READY | |
» Classic Bluetooth + Bluetooth low energy on a single chip (small price

delta)

* These are the hub devices of the Bluetooth ecosystem

r Source : Bluetooth® SIG
> /4
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€ Bluetooth™ s Classic Bluetooth®

SMART

Bluetooth® Classic Mode Bluetooth® Low energy Mode

Power Consumption

Between 1mA and 30mA Between 1pA and 15mA
Range
Over the air data rate 1-3 Mbit/s 1 Mbit/s
Range (typical) 30 m 50 m

+20 dBm (class 1)

Max TX power +4 dBm (class 2) +10 dBm
RF Channels 79 40
Connection Time 100 ms 3 ms
Max packet Size 2875 ps = 1021 Bytes 328 us = 27 Bytes
Encryption Safer+ AES-128

Lower data-rate + Shorter connection time + less channels + smaller packet size

- > Bluetooth Smart® aims at saving current consumption!
Lys
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Bluetooth Low Energy - Summary ggm

Applications Apps

° BLE technology Generic Access Profile
» Short range wireless ISM 2.4 GHz EEHIEAIT T £ PR T

Optimized for ultra low power Atribute Protocol SO

« <15 mA peak current
« <1 uA average current

Fast connection procedure { Host Controller Interface

Low data throughput application

Logical Link Control and Adaptation Protocol

Controller

Physical Layer

Security including privacy/authentication/authorization
Based on encryption AES128

3 Advertising Channels and 37 Data Channels
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Bluetooth Smart Protocol Stack g

* Two types of channel Master

* Advertising channels (3)
» Used for Discoverability
» Used for Broadcasting/Observing

» Data Channels (37)

» Data channel Packets
Used to send application data in

Slave

* Modes of operations /

« Standby :
Does not transmit or receive packets

T/

Advertising —>
* Advertising :
Broadcasts advertisements in advertising channels

» Scanning:
Looks for advertisers

* Initiating :
Initiates connection to advertiser

* Connection
* Initiator device will be in Master Role
» Communicates with device in the Slave role, \
defines timings of transmissions \
» Advertiser device will be in Slave Role

+ Communicates with single device in Master Role

life.augmented
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ST Bluetooth® SMART profiles

Phone Alert Health Thermometer

Running speed &

cadence

Glucose Meter

Cycling speed &
cadence

Cycling Power

Location and
Navigation
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Bluetooth Low Energy Expansion Board

Hardware Overview
X-NUCLEO-IDB0O5A1 Hardware Description

« The X-NUCLEO-IDB0O5A1 is a Bluetooth Low Energy
(BLE) evaluation and development board system, Arduino UNO R3 connector
designed around ST’s SPBTLE-RF Bluetooth Low Energy
module based on BlueNRG-MS.

* The BlueNRG-MS processor hosted in the SPBTLE-RF
module communicates with the STM32 Nucleo developer
board host microcontroller though an SPI link available on
the Arduino UNO R3 connector.

Key Products on board

Bluetooth Low Energy, FCC and IC certified, module
based on Bluetooth® Low Energy wireless network
processor BlueNRG-MS, BLE4.1 compliant. SPBTLE-RF
integrates a BALF-NRG-01D3 balun and a chip antenna.
It embeds 32 MHz and 32.768 kHz crystal oscillators for
the BlueNRG-MS.

r
q
q
q
~
d
d
d
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64-Kbit serial SPI bus EEPROM with high-speed clock

interface
o, | | SPBTLE-RF [] mo5640-R )
N
Latest info available at www.st.com
m X-NUCLEO-IDB0O5A1
J
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Check Point

Libreria per Bluetooth

http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-
embedded-software/stm32cube-expansion-packages/x-cube-blel.html

Function Pack STM32 ODE per Internet of Thing

http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-
embedded-software/stm32-ode-function-pack-sw/fp-sns-motenvl.html

STM32 ST-LINK utility
http://www.st.com/en/development-tools/stsw-link004.html

App per Smartphone

http://www.st.com/content/st_com/en/products/embedded-software/wireless-connectivity-
software/bluems.html

E FP-SMS-MOTEMNWL firmware.zip 21/05/2018 11:03 zZip Archive 34,316 KB

1M Computer
&, osDisk (C)
= Adriano Basile (\\ctnfs03\gpo_frMLDCLABYUsers) (R:)

Lys
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Software Description

FP-SNS-MOTENV1 is an STM32Cube function pack, which lets you
connect your l1oT 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, and gas gauge level.

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

Together with the suggested combination of STM32 and ST devices, it
can be used to develop specific wearable and environmental
monitoring 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.

Key features

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 and SD card data logging

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-IKA02A1, 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 the
STM32Cube

Free, user-friendly license terms

Lys
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FP-SNS-MOTENV1

Software Overview

Overall Software Architecture

Application FP-SNS-MOTENV1
Hardware STM32Cube Hardware Abstraction Layer (HAL)
Abstraction

STM32 Nucleo expansion boards
Hardware

STM32 Nucleo development board

Latest info available at www.st.com
FP-SNS-MOTENV1




FP-SNS-MOTENV1
Flash Management and Boot Process

— . | 08000000 Boot 1
0x0800 3FFF Loader Region

= For NUCLEO-F401RE and NUCLEO-L476RG

0x0800 4000
Sl 0 0x0800 7FFF
Ox0800 8000
- 1 0x0800 BFFF
hhel ey
X
0x0201 0000 ;za 3 FLASH R APPLICATION
N & 2 H B Loader
5
S 25 L2 Organization
= 8 Region
-~
0x0801 FFFF =
X L‘R, =
0x0802 0000 Y ES Copy FOTA from
STA RT - - Erase “Region 2" - “Region 3” to “Region
Sector 5 P
128K
0x0803 FFFF
_‘ N O Delete FOTA
— “magic number” in
5x0804 0000 e
gion 3
0x0804 0008 SRS
P APPLICATION l
128K o
§ Restart the board
0x0805 FFFF * 3
R —
= Region
0x0806 0000 Z FP-SNS-MOTENV1 boot sequence
1]
wn
Sector 7 -
128K
—

FP-SNS-MOTENV1 Flash structure
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FP-SNS-MOTENV1 package structure

16

C:\STM32CubeFunctionPack_ MOTENV1 V3.3.0

Mame

. _htmresc

. Docs
| Documentation <—

. BSP, HAL and drivers
| Drrivers <
BlueNRG, Motion Libs, FatFs

<

. Projects _ Application example

i
i
i
. Middlewares
i
i

. Utilities _ Boot loader binary

<

|| packagexml
'E’ Release_Motes. html

ougmenhed



Launch System Workbench for STM32

&y
Unicleo-GUI
‘9 System Workbench for SThM32

»  all Programs

|| search progra

17



Open the MOTENV1 Project... g

Jtanal -

File | Edit Source

Refactor Mavigate Search Project Run Window Help

Mew

Alt+Shift+N » § 2 &
Cpen File..,

[, Open Projects from File System... £ A

r _————————— —
S Import Projects from File System or Archive I — - —

=)
Import Projects from File System or Archive

This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE.

| laar
Impon source:

type filter text

'I Directory... Ir Archive...
Folder

—
" <
Import as

All
[ Deselect All
0fof 0 selected
[}| Hide already open projects
: Use installed project ¢ to:
[V]search for nested projects

Detect and configure project natures

Working Sets

[T]add project to working sets

Working sets:

\ 4

\Projects\Multi\Applications\MOTENV1\SW4STM32\
STM32F401RE-Nucleo\STM32F4xx-Nucleo

Lys
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Change Board Namlng (1/3) mumy

Ematena1—qc++ CASTM32CubeFunction
File Edit Source Refactor Mavigate Search Project Run Window Help

- | S-R-@BiwpPnENo R ISRE-S-F-C-i-0-8

V1 V2 20\Pro

lications\MOTEMNV1\Inc\motenv:

jects\Multi\Appli

[ Project Explorer &2 E&|e = O

4 15 STM32F4xx-Mucleo
> 35 Binaries
4 [l Includes
s = C:/Ack/SystermWorkbench/plugins/fr.ach. mcu.externaltools.arm-none.win32_1.15.0.201708311556/tools/comp
o @ C:/Acd/SystemWorkbench/plugins/fr.acd. mcu.externaltools.arm-none.win32_1.15.0.201708311556/tools/comp
» @ C:/Ack/SystermWorkbench/plugins/fr.ach. mcu.externaltools.arm-none.win32_1.15.0.201708311556/tools/comp
> (B C:/STM32CubeFunctionPack MOTEMNV1_V3.3.0/Crivers/BSP/Components/Common
> = C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Crivers/BSP/Components/hts221
s = C:/STM32CubeFunctionPack_MOTENV1_V3.3.0/Crivers/BSP/Components/lis3mdl
o @ C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Drivers/BSP/Components/lps22hb
H @ C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Drivers/BSP/Components/lps25hb
> (B C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Drivers/BSP/Components/lsm303agr
> (8 C:/STM32CubeFunctionPack MOTEMNV1_V3.3.0/Crivers/BSP/Components/lsméds0
s = C:/STM32CubeFunctionPack_MOTENV1_V3.3.0/Crivers/BSP/Components/lsmads3
o @ C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Crivers/BSP/Components/lsmédsl
H @ C:/STM32CubeFunctionPack MOTENWYV1_V3.3.0/Drivers/BSP/STM32Fdx-Nucleo
> (= C/STM32CubeFunctionPack_MOTENV1_V3.3.0/Drivers/BSP/X_NUCLEO_IKS01A1
> @ C./STM32CubeFunctionPack_MOTEMNV1_V3.3.0/Drivers/BSP/X¥_NUCLEQ_IKS01A2
» @ C/STM32CubeFunctionPack_MOTEMNV1_W3.3.0/Drivers/BSP/X-NUCLEQ-IDBOxAL
o @ C:/STM32CubeFunctionPack MOTENWY1_V3.3.0/Drivers/CMSIS/Device/ST/STM32F4x/Include
o @ C:/STM32CubeFunctionPack_ MOTENW1_W3.3.0/Drivers/CMSIS,/Include
> (= C/STM32CubeFunctionPack_MOTENV1_V3.3.0/Drivers/STM32F4:x_HAL_Driver/Inc
> (18 C/STM32CubeFunctionPack MOTENYL_ V3 3.0/Middlewares/ST/STM32_ElueNRG/Interface
el C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Middlewares/ST/STM32_BlueNRG/SimpleBlueNRG_HCinclude
o @ C/STM32CubeFunctionPack_ MOTENV1_V3.3.0/Middlewares/ST/STM32_MetaDataManager
o @ C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Middlewares/ST/STM32_MotionAR_Library/Inc
. ) C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Middlewares/ST/STM32_MaotionCP_Library/Inc
CIICk here > (8 C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Middlewares/ST/STM32_MotionFX_Library/Inc
> = C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Middlewares/ST/STM32_MotionGR_Library/Inc
s = C:/STM32CubeFunctionPack MOTENV1_V3.3.0/Middlewares/ST/STM32_MotionlD_Library/Inc

C:/STM32CubeFunctionPack MOTEMNV1_V3.3.0/Projects/Multi/&pplications/MOTENY1,/Inc
1= STM32Fdx-Nucleo/Release_IKSOLAx

W T Dime
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Change Board Naming (2/3)

roject Explorer 4| @ = readme. main.c motenvl_config. =
[ Project Explorer 53 ==Y @ Elldtxt E] ) motenvl_configh &
& (1 Cy/STM32CubeFunctionPack MOTENVI_V3.3.0/Drivers/CMSIS/Include - 3@ * @file MOTENV1_config.h[]
B C/STM32CubeFunctionPack MOTENVL_V3.3.0/Drivers/STM32Fdi0_HAL_Driver/Inc i; /* Dets N . . ineluss y
- - * Define to prevent recursive inclusion ---------mmmmmmii
[ [k CfSTM32CubeFunctionPack_MOTENVL_V3.3.0/Middl ST/STM32_BlueNRG/Interf; .
&y uberunctionFack -V3:30/Middlewares/ST/ -BlueNRG/Interface 30 gifndef _ MOTENVL_CONFIG_H
boE Ci/STM32CubeFunctionPack_MOTENV1_V3.3.0/Middlewares/ST/STM32_BlueNRG/SimpleBlueNRG_HCYincl 26 #define _ MOTENVL CONFIG H
b= Ci/STM32CubeFunctionPack MOTENV1 V3.3.0/Middlewares/ST/STM32 MetaDatalManager 41
b= C:/STM32CubeFunctionPack MOTENV1 V3.3.0/Middlewares/ST/STM32_MotionAR. Library/Inc 42 /% Exported definge ------ oo )
b= C:/STM32CubeFunctionPack MOTENV1 V3.3.0/Middlewares/ST/STM32_MotionCP_Library/Inc 43 ) . i i i .
b (£ Cy/STM32CubeFunctionPack MOTENVL_V3.3.0/Middlewares/ST/STM32_MotionFX_Library/Inc j‘f" i‘;#ge?”e E:E g?ﬂ:ﬁ\s{lamﬁ agd::“é B’Ehegw;ie ;tAzllé ;;E""te a MAC =/
b (8 ¢/STM32CubeFunctionPack MOTENVL_V3.3.0/Middlewares/ST/STM32_MotionGR_Library/Inc p Srans HAR T, BHER, BREL, EXAA, OXAR, Bx
[ @ C:/STM32CubeFunctionPack_MOTENV1_V3.3.0/Middlewares/ST/STM32_MotionID_Library,/Inc 47 #ifndef MAC_BLUEMS
b (2 cySTM32CuUbeFunctionPack MOTENVL_V3.3.0/Middlewares/ST/STM32_MotionPM_Library/Inc ag /* For creating one MAC related to STM32 UID, Otherwise the BLE will use it's random MAC */
4 @ C:/STM32CubeFunctionPack_MOTENV1_V3.3.0/Projects/Multi/Applications/MOTENV1/Inc 49 #define MAC_STM32UID_BLUEMS
» [A consoleh 58 #endif /* MAC_BLUEMS */
51
I [B HwAdvanceFeatures.h 2 . .
IEE ) 52 /* Define The transmission interval in Multiple of 16ms for quaternions*/
o 52 fidefine QUAT_UPDATE_MUL_18MS 3
& [ motenvl_config.h 54
D 1L e i o 55 /* Define How Many quaterions you want to trasmit (from 1 to 3) */
[R MotionCP_Manager.h 56 #define SEND_M_QUATERNIONS 3
[W MotionFX_Managerh 57

58 /* For Enabling or not the MotionID. Not yet Supported by BlueMS application */

[5 MotionGR_ Manager.h 59 #define ENABLE_STM32_MOTION_ID

[B MotionlD_Manager.h 60
[W MotionPM_Managerh 61 /* Define The transmission interval in Multiple of 1@ems for CO concentration Values */
[B oTAh 62 #ifdef USE_IKA®2A1
[W sensor service.h 62 f#idefine GAS_UPDATE_MUL_188MS 5
64 #endif /* USE_IKAB2A1 */
65

[n SthZfd)D:ﬁf‘lal,conf.h 66= /* TMPORTANT
[H stm32f4:xc_ith 67 The Sensors fusion runs at 168Hz so like MAXIMUM it possible to send:
[h stm32fdaoe_periph_conf.h 68 1 guaternion every 1l8ms

[R stm32loxx_hal_conf.h 62 2 guaternions every 28ms
[H stm3ZI0w_ith 78 3 quaternions every 38ms

m

b
3
3
3
b
b
b
&> |n SensorMappFunch
b
b
b
b
b
b
b

[H stm32I0xx_periph_conf.h .
[ tmzolaxe hal confh 72 if QUAT_UPDATE_MUL_18MS!=3, then SEND_N_QUATERNIONS must be ==1

Lys
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Change Board Naming (3/3)

Vindow Help
SEE-~ &8~ -0 - G-Gs R

LI EIR SR ACRCR SR

readme.txt [€] main.c | *motenvi_configh 2
U £ Bl iuns Sumiy cums
78 3 quaternions every 3@ms
71
72 if QUAT_UPDATE_MUL_18MS!=3, then SEND_N_QUATERNIONS must be ==
73 %/

-

#ifndef USE_STM32LBXX_NUCLEO
/* For Nucleo F4B1RE/L476RG it's enable by default */
#define MOTENV1_ENABLE_PRINTF

#endif /* USE_STM32L8XX_NUCLEQ */

00~ wd wd md
@0~ o U B

/* For enabling connection and notification subscriptions debug */
f#idefine MOTENV1_DEBUG_CONNECTION

Co CO 0o
W N =

(e R v o]
[N =Y

/* For enabling trasmission for notified services (except for guaternions) */
#define MOTENV1_DEBUG_NOTIFY_TRAMISSION

co o
- m

wo0d oo
[xx B w v s ]
-
=
*
*
*
*
*
*
*
*
*
*
*
*
*
*
2
Q
=
+
=]
=
a
=
m
m
+
=
m
-+
[=]
it
et
=]
=
=h
=
m
(=9
m
-+
[y
=
m
(]
*
*
*
*
*
*
*
*
*
*
*
*
-

/* Package Version only numbers &-»>3 */
#define MOTENV1_WERSION_MAJOR '3°
#define MOTENV1_WERSION_MINOR '3°
93 #define MOTENV1_VERSION_PATCH '8°

(Y= Vsl
=t

/* Define the MOTENV1 Mame MUST be 7 char long */
#define NAME_BLUEMS 'M',"E',"1',"V',MOTENV1_VERSION_MAJOR,MOTENV1_VERSIOM_MIMOR,MOTEMNV1_VERSION_PATCH

/* Package Mame */
f#idefine MOTENV1_PACKAGENAME "FP-SNS-MOTENVL"

#ifdef MOTENV1_ENABLE PRINTF

#define MOTENVL_PRINTF(...) printf{_ VA_ARGS_ )
#else /* MOTENV1_ENABLE_PRINTF */

#define MOTENVL PRINTF(...)
#endif /* MOTENVL ENABLE PRINTF */

/* STM32 Unigue ID */
#ifdef USE_STM32F4XX_NUCLEO

Replace: ‘M E",1°,V with .... And SAVE!

[Heougrentad



Check Release

File Edit Source Refactor Mavigate Search Project Run
B R - ~Bia|nmE s o @

I Project Explorer 53

4 =5 STM32F4me-Nud

X

1 Release IKSO1A2 IKAD2A]
v 2 Release IKSO1Ax




If Build does not start, force it ...

File Edit Source Refactor MNavigate Search Igroject Run  window Help

MR-/ Biw|w O] Open Project A CEE R’ B A RS, W=
-~ Close Project —
[ Project Explorer &2 =] ! ain. @ motemvl_config.h 32 = 0
i [y Build All Q4B b ey cowms
b= C/STM32 CubeFunctionPack MOTEMNY . X X 20 o
Build Configurations p |15 Egery sems
I @ C/STM32CubeFunctionPack_ MO Ty — —

b (2 CSTM32CubeFunctionPack MOTENy|  24ild Project

b (B C/STM32CubeFunctionPack MOTENY ~ Build Working Set '
b (B C/STM32CubeFunctionPack_MOTENY Clean...

b C:;’STMSZCubeFunctionPack_MOTENv ¥ Build Automatically | STM32LeXX_NUCLEQ

b (8 C/STM32CubeFunctionPack MOTENY Build Targets cleo FA®1RE/LA76RG it's enable by default */
b (B C/STM32CubeFunctionPack_MOTENY IOTENV1_ENABLE_PRINTF

b ([ C/STM32CubeFunctionPack MOTENY C/C++ Index SE_STM32L8XX_NUCLED */

b (B C/STM32CubeFunctionPack_ MOTENY

o[l C/STM32CubeFunctionPack_MOTEMY - . . . . ..
& cy - - 82 /¥ For enabling connection and notification subscriptions debug */

4 @C:;’STM32CubeFunctionPack,MOTENVl,VS.S.U;‘PrOjE 53 #idefine MOTENVL DEBUG CONNECTION —
[h console.h - -

IATE_MUL_18MS!=3, then SEND_WN_QUATERNIONS must be ==1

ik Debug Defines ¥weewemmmonoo f

-

-

Properties

84
[W HwAdvanceFeatures.h 85 /* For enabling trasmission for notified services (except for quaternions) */
[8] main.h Tl 86 #define MOTENV1_DEBUG_NOTIFY_TRAMISSION
b motenvl_configh ol P . e
[B MotionaR_Manager.h 88 FEFssssxressssds Non't Change the following defines *®ssssssssssss
- ' 89
8 MotionCP_Managerh 98 /* Package Version only numbers 8->9 */ E

[k MotionF¥_Manager.h
[k MotionGR_Manager.h
[8] MotionID_Manager.h
[k MotionPM_Manager.h
[R oTAh

[n sensor_service.h

=]
iy

#define MOTENV1_VERSION_MAJOR "3°
#define MOTENV1_VERSION_MIMNOR "3°
#define MOTENV1_VERSION_PATCH "@°

oo
Bowon

/* Define the MOTENV1 Mame MUST be 7 char long */
#define NAME_BLUEMS 'B°,"B","1°,°V',MOTENV1_VERSION_MAJOR,MOTENV1_VERSION_MINOR,MOTENV1_VERSION_PATCH

000 0 WD
~ o

v vvvvvewvvey s vew vy vw ve vv v v ¥

[B SensorMappFunc.h 8 /* Package Name */
[W stm32faxx_hal_confh 9% fdefine MOTENV1_PACKAGEMAME “FP-SNS-MOTENVL™
[0 stm32fanc jth 188
. 161 #ifdef MOTENV1_ENABLE_PRINTF

stm32f4xx_periph_conf.h — —
% - fl P h 102 #define MOTENVL PRINTF(...) printf(_ VA ARGS )

stmal0hat_cont. 103 #else /* MOTENVI_ENABLE_PRINTF */
8] stm32l00c ith = 104  #define MOTENVI_PRINTF(...)
[B stm3210x¢_periph_conf.h 165 #endif /[* MOTENVI_ENABLE_PRINTF */
[8 stm32l4xx¢_hal_conf.h 1086
[8] stm3z2lsoc ith 167 /* STM32 Unique ID */
m stm324xx_periph_conf.h 168 #ifdef USE_STM32FAXX_NUCLEO i
[K] TargetFeatures.h i _
8] uuid ble_service.h 2! Problems £ Tasks B Console 2 Properties &} Debugger Console 4§ Debug
STM32FbocNucleo/Release JKSOLAX CDT Build Console [STM32F4xx-Nucleo-DatalogExtended]

B E?DOC 15:89:38 **** Incremental Build of configuration Debug for project STM32F4xx-Nucleo-DatalLogExtended ****
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Check Generated Binary File

= S
-

£, 0sDisk (C)

== NODE_F401RE (F)

5% adriano basile (W CTMFS03.ctn.st.com) (P:)

5 MLDCLAB (\\CTMFS03) (Q)

2 Adriano Basile (\\ctnfs03\gpo_friMLDCLABYUsers) (R:)

5“! Metwork

11 items

> /4

eLoug el

@ Ov| ;< Multi » Applications » MOTENV1 » SW4STM32 » STM32F401RE-Mucleo » STM32FRbxx-Mucleo » Release IKSO1Ax » o Search Release IKS01Ax £
y o
File Edit Wiew Tools Help
Organize * Include in library = Share with = New folder =~ 0 @
r Favorites Name Date modified Type
B Desktop Drivers 21/05/2018 11:52 File folder
4 Downloads FP-SMNS-MOTEMNVI_NF401 21/05/2018 11:52 File folder
=l Recent Places Middlewares 21/05/2018 11:52 File folder
@ OneDrive makefile 21/05/2018 12:15 File 3 KB
MOTEMNV1_IKS014x NucleoF401.bin 21/05/2018 12:12 EIM File 206 KB
=J Libraries MOTENV1_IKS014x_MucleoF401.elf 21/05/2018 12:12 ELF File 3.029 KB
5] Documents MOTENV1_IKS01Ax_NucleoF401_BL.bin 21/05/2018 12:19 BIN File 222 KB
J, Music objects.list 21/05/2018 12:15 LIST File 5 KB
& Pictures objects.mk 21/05/2018 12:10 MK File 1 KB
ﬂ Private output.map 21/05/2018 12:12 Text Document 1.741 KB
E Videos sources.mk 21/05/2018 12:14 MK File 1 KB
5 works
1M Computer



How Install the code after compiling the project (112)

» After compile the project with your preferred IDE 9

« On Windows: for each IDE and for each platform there is one script called
“CleanMotEnvl.bat”

GIAR

SYSTEMS

SKEIL
Tools by ARM

* For Linux/iOS: only for Openstm32 IDE and for each platform there is one script called

“CleanMotEnv1.sh”

It’s necessary to edit this file for setting the right installation and Library path

@Ov| . % Projects » Multi » Applications » MOTEMW1 » SWASTM32 » STM32F401RE-Nucleo »

__S
; -

File Edit View Tools Help

- Search STM32F4

Organize ¥ Include in library =

W Favorites
B Desktop
4 Downloads
=l Recent Places
f& OneDrive

. Libraries
@ Documents

Lys
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Mame

| STM32F4xx-Mucleo
<. CleanMotEnvl_IKSO1A2 IKAD2AL bat

— CleanMotEny] IKSO1A2 IKAD2AL sh

Date modified

21/05/2018 12:14
13/04/2018 11:.05
12040018 11:14

|2 CleanMotEnv1_IKSO1Ax.bat

15/04/2018 11:05

CleanMotEnvl_IKSO1Ax.sh
startup_stm32f401xe.s

13/04/2018 11:13
12/04/2018 16:39

Type Size

File folder

Windows Batch File 2KB
SH Fils 3 LB
Windows Batch File 2 KB
SH File 3 KB
S File 22 KB



» These scripts perform the following steps:

1. Full Flash Erase
. Flash the right BootLoader at the right position (0x08000000)

3. Flash the MOTENV1 firmware at the right position (0x08004000)
This is the firmware that was compiled with the IDE
This firmware is compatible with the FOTA update procedure

4. Save a complete Binary FW that includes both MOTENV1 and the
BootLoader

N

This Binary can be directly flashed to a supported STM32 Nucleo or
SensorTile board using the ST-Link or by doing “Drag & Drop” (the
latter only for STM32 Nucleo boards)

Important Note: this additional pre-compiled binary is not
compatible with the FOTA update procedure

= - - —
B CA\Windows\system32\cmd.exe »

Clean BlueMicrosysteml
T e oo oo R oo e e e R e R
Full Chip Erase
s 3
STM32 ST-LINK CLI v2.3.8
STM32 ST-LINMK Command Line Interface

ST-LINK SN : B676FF5A5852876767145452
ST-LINK Firmware version : UZ2J24Mi1
Connected via SUWD.

Device ID:Bx415

Device Flash Size : 1824 Khytes
Device Family :STM32L47x/L48x
Full chip erase...

Flazsh memory erased.

T L 4
Install BootLoader
RN I3 3BT IE I I FE HE MBI I I IR B BRI I I I I I I HEHEH I
STM32 ST-LINK CLI v2.3.8
STM32 ST-LINK Command Line Interface

ST-LINK SN : BA76FF5A5A52876767145452
ST-LINK Firmware version : U2J24Mii
Connected via SUWD.
WD Frequency = 4088K.
Target voltage =
Connection mode =
Device ID:Bx415
Device flash Size : 1824 Khytes
Device Family :STM32L47x/L48x
Loading file...
Flash Programming:
i SN aN LN
: BxB8 ABBBAE
ramming. ..
188:
Reading and verifuing device memory...
188:
Memory programmed in Bs and 468ms.
Uerification...0K
Programming Complete.

P00 M- 00000 P00 oo
Install BlueMicrosysteml
s 3
STM32 ST-LINK CLI v2.3.8
[[STM32 ST-LIMK Command Line Interface

ST-LINK SN : B676FF585852876767145452
ST-LINK Firmware version : U2J24Mii
fConnected via SWD.
SEWD Frequency = 4088K.

Target voltage = 3.2 U,

Connection mode : MNormal.

Device ID:Bx415

Device flash Size : 1824 Khytes

Device Family :STM32L47x/L48x

Loading file...

Flash Programming:
File : STM32L476RG_SENSORT ILE“Exe“BlueMS1_8T.hin
Address : BxBEBBH488A

Memor ramming. ..

Reading and verifying device memor

Memory programmed in 7s and 582ms.
Uerification... 0K
[|Programming Complete.

N..MtilitiessBootLoader\STM32L476RG BootLoaderL4 _hin

m




Launch BlueMS Application for Android/IOS (1/4) ggm

3 N2 % [ 10:06 Emm A8 B NE 1 B N B 1045 PN E 1004 oA S 3 N3 B WD 1317

STARTLOGGING  § PLOTLENGTH  START LOGGING = STARTLOGGING & Acc Event START LOGGING £ = Rssi & Bat..  START LOGGING

Accelerometer - Click on the image for change the status Detected event: None -
n "
Accelerometer: Multiple
Timestamp; 62031
Data: (X: -25Y: -10Z: 998
e ; I I I I Orientation . Rssi: -40 [dbm]
Double Tap
Orientation  Frea Fall ir
243 [C]
i Pedometer
22,2 [C] Not available
Single Tap b
Tilt Charge: 41.0%
Tap Status: Discharging
Wake Up Voltage: 3.786 V
V Current:-11.00 mA

1018,17 [mBar] 46,2 [%] )
Time (ms) X Y Double Tap Tilt

Led Status DS3/DSM/DSL Menu Events RSS & Battery Page

Environmental page

3 NE 2 B[ 1106 BNz T B E 10

3 N2 % B [F 1106

Acc Event START LOGGING START LOGGING STARTLOGGING  }

START LOGGING

Detected event:  Multiple < Detected event: ~ PEDOMETER = Detected event: ~ WAKE_UP v Detected event:  ORIENTATION v
11 steps
[ ]
Orientation Pedometer

I &

FreeFall

A
% | 9 —1

Hardware Features — Android Version

DS3/DSM/DSL Event

y

Double Tap Tilt

3

Multiple events page Pedometer Wake Up Orientation
1= cuagmeanted



BlueMS Application for Android/iOS (2/4)

P . 1521 BNz 2t IR 1526

START LOGGING

STARTLOGGING  § Compass START LOGGING START LOGGING

Orientation: NE

Angle: 52.21°

RESET e Ca

MotionFX sensor fusion page MotionFX - ecompass MotionCP carry position recognition page MotionGR gesture recognition page

313 = I I 1039 % .l 100%M15:17

CO Sensor START LOGGING

Demos Motion Int...  STARTLOGGING

The intensity is proportional to the
[ ] ® movement

-® -®
6 steps . ;;8’
83 step/min ﬂ
@
O‘\-O @

£ ’ MotionPM Pedometer page MotionAR activity recognition page MotionID motion intensity page Gas concentration page
1. ouagmeanted

RESTING SPRINTING
7 N,

The Motion intensity value is: 6



BlueMS Application for Android/iOS (3/4)

B nE T B [EF 1045 3 N2 %0 [ 1048 B N2 % [ 1045

= Q B NG = I W 09:24

Settings START LOGGING Settings

< Debug Console

Open Debug Console Open Debug Console
[160701 09:24:04.421>]info

Show Serial Console Show Serial Console [160701 09:24:04.503<]
STMicroelectronics FP-SNS-ALLMEMS1:
’ . Version 2.0.0
License Manager License Manager STM32F401RE-Nucleo board
(HAL 1.5.0_0)

[o]p!

Firmware upgrade Compiled Jul 12016 08:23:57 (KEIL)

[
o
¥
Firmware upgrade
' 24,5 [C] '

24,5 [C] 22,3 [C] Not available 24,5 [*C]
22,3[C] Not available 223[C] Not available g 13 2B 4

1 @ # S % ~ & * ( )
1213456748190

0 B n
v qiwlelrftlyfulifjolpr

P 4 g S’ alslal¢]aln]ilx]|
e 101809 [mBar]  44,5[%] p BB -

€ lzlixc]v]bn|m
Sending: Press=101/96 Hum=445 |emp=245
= . e
1018,00 [mBar] 46,0 [%] ;zr:dﬁgzzgissﬂmsog Hum=445 Temp=245 1018,00 [mBar] 46,0 [/"] H ' — . m
Temp2=223
BlueMS: menu option Serial Console (stdout/stderr) BlueMS: menu option Debug Console (stdin/stdout/stderr)

Note: data logging feature on SD card is not available with STM32 Nucleo boards

y.‘ Serial & Debug Console — Android vers

S

le.ougmeanhed



BNE T

Settings

Open Debug Console

Show Serial Console

License Manager

Firmware upgrade

24,5 ['C]
22,3 [°C] Not available

46,0 [%]

00 R a

FP-SNS-MOTENV1

Version: 3.2.0
Mcu Type: F401

Firmware Upgrade — Android version

Lys

UG mearThed

2 @00 4A 10:47
Open from = Internal storage Q&
©  Recent &} ¥ root » sdcard » Download a8
& Drive ALLMEMS1_|...clecF446.bin
salvatore.curtiwerk@gm 04/04/2017 10:40 225k8
Images
= FLIGHT1_618...cleoF401.bin
B 14/03/2017 11:42 182 K8
udio
O FLIGHT1_58L..cleoF401 bin
- 14/03/2017 11.:42 163 KB
Music MOTENV1_NucleoF401 bin
21/02/2017 16:07 179 k8
W Gallery
Hello_L4_WithBL.bin
File Manager 19/01/2017 1507 10.67 K8
#  Photos Hello_F4_WithBL.bin
19/0112017 15:07 515K8

tm0 PNEEF M @E0D 20 PNEE F L W 09ss

FP-SNS-MOTENV1

Version: 3.2.0
Mcu Type: FA01

Uploading

Flash Completed in: 168,07s
The board is resetting

10BB00/196392 Bytes

T COM14 - Tera Term VT

File Edit Setup Control Window Help

UART Initialized
I2C Initialized
SPI  Initialized

STMicroe lectronics FP-SNS-MOTENU1:
ersion

STM32F481RE-Nucleo hoard

IKSB1A2 board

OK Accelero Sensor

0K Gyroscope Sensor

0K Magneto Sensor

OK Humidity Sensop

0K Temperature Sensorl

0K Temperature Sensor2

OK Pressure Sensor

[Enabled Accelere Sensor
[Enabled Gyroscope Sensor
[Enabled Magneto Sensor
Enabled Humidity Sensor
[Enabled Temperature Sensorl
Enabled Temperature Sensor2
[Enabled Pressure Sensor

Meta Data Manager read from Flash
Meta Data Manager uerslnn—ﬂ 9.8
Generic Meta Data found
CALIBRATION Size=128 [hytes]

CHAL 1.7.1_@>

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

end Every 38mS 3 Short precision Quaternions
S8end Every 588mS8 Temperature Humidity-Pressure
Send Every 58m8 Acc/Gyro-Magneto

Debug Connection Enabled
Debug Notify Trasmission Enabled

SERVER: BLE Stack Initialized
Board type=IDBASA1 HYWuver=49,. Flver=7.1.c
BoardHame 2
BoardMAG =

W28T added successfully
W28T added successfully
W28T added successfully
Conf ig Serulce W28T added successfully

BootLoader Compliant with FOTA procedure

Initialized ST MotionFX v2.8.0
Magneto Calibration Mot present
Initialized ST MotionAR B
Initialized ST MotionCP
Initialized ST MotionGR
Initialized ST MotionPM
Initialized ST MotionlD

233> >)CONNECT ED

0TA FP-SNS-MOTENU1 SIZE=196552 uwCRCUalue=382a52ad
Meta Data Manager Saved in FLASH
EP—SNS—HOTENUI will restart in 5 seconds




Exercise @ Home

* How to install the pre-compiled binary:
* There is inside the package one folder called “Binary”

. . . M
+ For NUCLEO-F401RE, NUCLEO-L476RG there are 2 pre-compiled binaries: e @
« MOTENV1 that could be not directly flashed to Nucleo. — R
(THIS COULD BE USED FOR FOTA Update) || MOTEMNVL_MucleoF401.hex
+ MOTENV1+BootLoader FW that could be directly flashed to a supported || MOTENV1_NucleoF401_BL.bin
STM32 Nucleo Board USing the ST-Link J— o ) MOTENYL_MucleoF401_BL.hex

or by doing “Drag & Drop” (the latter only for STM32 Nucleo boards)
(this could not be used for FOTA Update)

* For NUCLEO-F401RE and NUCLEO-L476RG two other binaries are provided for
use with P-NUCLEO-IKA02A1

* For NUCLEO-LO53R8 it contains a pre-compiled MOTENV FW that could
be directly flashed to a STM32 Nucleo using the ST-Link or by doing “Drag & Drop”

r S LD + - T = x )
-~

%'| .« STM32CubeFunctionPack MOTENV1 ¥3.3.0 » Projects » Multi » Applications » MOTENV1 » Binary » STM32FA01RE-Nucleo - |+

Search STM32F401RE-Nucleo

© File Edit Wiew Tools Help

Organize * Include in library = Share with = New folder =~ 0 @
i MNarme Date modified Type Size
. Libraries ) )
5 MOTENV1_IKSO1AZ_IKAO2AL_NucleoF401.bin 13/04/2018 10:38 BIN File 174 KB
D t ) .
5 ccuments MOTENVL_IKSO1A2 TKAD2A1 NucleoF401 ELbin 13/04/2018 11:01 BIN File 190 KB
Music MOTEMNVL_IKSO1Ax_NucleoF401.bin 13/04/2018 10:31 BIN File 172 KB
& Pictures MOTENV1_IKS01Ax%_NucleoF401_BL.bin 13/04/2018 11.01 BIN File 188 KB
% Private
E Videos
I -

Lys

le.ougmantsd



Documents & Related Resources (1/2)

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

X-NUCLEO-IKS01A2:
* Gerber files, BOM, Schematics
+ DB3009: Motion MEMS and environmental sensor expansion board for STM32 Nucleo — Data brief

+ UM2121: Getting started with motion MEMS and environmental sensor expansion board for STM32 Nucleo —
User manual

X-CUBE-MEMS1:

+ 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

X-NUCLEO-IKA02A1 (not provided):
+  DB3274: STM32 Nucleo pack: electrochemical toxic gas sensor expansion board with CO sensor — data brief

+  UM2247: Getting started with the P-NUCLEO-IKA02A1 STM32 Nucleo pack for electrochemical toxic gas sensor expansion
board with CO sensor — user manual

‘7] Consult www.st.com for the complete list

|12 cugrmenhed



Documents & Related Resources (2/2)

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

FP-SNS-MOTENV1
+ DB2915: STM32 ODE function pack for 1oT node with BLE connectivity and environmental and motion sensors — data brief

+ UM2015: Getting started with the FP-SNS-MOTENV1 Bluetooth low energy and sensors software expansion for STM32Cube —
user manual

+ Software setup file

X-NUCLEO-IDB05A1
« Gerber files, BOM, Schematic
- DB2592: Bluetooth Low Energy expansion board based on SPBTLE-RF module for STM32 Nucleo — data brief

+ UM1912: Getting started with X-NUCLEO-IDB0O5A1 Bluetooth low energy expansion board based on SPBTLE-RF module for
STM32 Nucleo — user manual

‘7] Consult www.st.com for the complete list
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