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Simplify the Integration of Sensors and
Bluetooth Low Energy (BLE) Connectivity
using the BlueNRG-Tile Eval Kit
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Raffaele Riva Connec“wty‘ Ao

‘ | Technology Tour 2019
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Training Material Check / Installation Help



BlueNRG-Tile Hands-on - LABSs Preparation

Pleasereturn it atthe

=4 ON YOUR LAPTOP e”do‘jevworks'“op

* USB Flash drive with relevant material for the hands-on (T
« Unzip the content to C:\
« Mandatory: installation folder shall be C:\BlueNRG_Tile_ HandsOn

# Download on the
[ ¢ App Store ]

e
D ON YOUR PHONE

GETITON
' Google Play

« Install “ST BLE Sensor” app on your smartphone

‘Y

1 ugmented



If you have already the ST BLE Sensor app
installed...

- You need to upgrade the “ST BLE Sensor’ app to the VEISION 4.1 2

About

et ST BLE Sensor
& 7 i Version: 4.1.2
right 2019 STMicroelectronics.

&QJ yrig

e All rights reserved.




Agenda

BlueNRG-Tile
(STEVAL-BCN002V1)

» Training Material Check/Installation Help

+ ARM® Keil MDK Installation

* Introduction to Bluetooth® Low Energy

* BlueNRG-Tile Development Kit

+ ARM® Keil MDK License Installation

+ Lab 1: Getting Started with BlueNRG-Tile “Hello World”
- Lab 2: Connecting to the ST BlueMS app

» Lab 3: LED characteristic

 Lab 4: Accelerometer embedded events detection
* Lab 5: 9-axis Acc+Gyro+Mag Sensor Data Fusion
- Lab 6: Cloud data logging on IBM Watson

K’I - Lab 7: Bonus — Voice over BLE

life.augmented




Today’'s workout! ==
LAB1

- Connect BlueNRG-Tile (STEVAL-BCNOO2V1) to PC using USB
- Run TeraTerm virtual serial terminal




Today’'s workout!
LAB2

Start a BLE Connection

- Run ST BlueMS and discover YOUR BlueNRG-Tile
- Connect your phone to the BlueNRG-Tile

- Sensor data on the BlueMS client

Server
life.augmented CI | e n t



Today’'s workout! mmm
LAB3

Add LED characteristic and remotely toggle the LED

gmented Cllent



Today's workout! ==
LAB4

Add Accelerometer embedded events detection feature

Server
gmented Cllent



Today’'s workout!
LABS5

Add 9-axis Sensor Data Fusion feature

........
=4 L

Py
.....

Server




Today’'s workout!
LAB6

Enable Cloud sensor logging on IBM Watson

&
il
a

e

\ "l

IBM Watson

Server

life.augmented CI | e n t



Today’'s workout!
LAB7

Bonus lab: add Voice over BLE feature

life.augmented Cl | e ﬂ t



It's a class: remember that...

. ourcoaLisfr ALL OF YOU to successfully

complete all the Labs.

- Each lab has step-by-step procedure. We need to go through each step!

» It's not a race. If you're ahead, please help your neighbor... @

Lys

life.augmented



And there Is a prize...

At the end of the workshop each of you will receive a
free BlueNRG-Tile eval kit (STEVAL-BCNO0OO2V1

o S ) # =
[ N ] 23 G ) s

N \ |

o i KEY FEATURES
. 2. Bluetooth® low energy wireless system-on-chip

1203 uitra-miniature balun and harmonic filter

! r BlueNRG-Tile ‘,—’ }“ Bluetooth Low Energy SoC multi-sensor based Node \

o

O @ e XTAL32 (& | ¢
C19& (" I a ‘ wd
o o C195TmD . ' ¥ =
W1 ‘

X Long e ranging Time-of-Flight sensor based on ST FlightSense technology
TOSTR-A MEMS audio sensor omnidirectional digtal microphone, 64 4B SNR, -26 dBFS |

. m
E CS)TEVALBCNOG?W
n board & 225
° +  BIUONRG-2 vity. top-port. 122.5 4BSPL AOP. 07 ,l
+  BALF-NRG-0203 2p 3
LSMEDSO S
LPS22HH full-mold dust resistant, holed LGA package (HLGA)

e digial sensot for relative humidity and temperature
ttery powered (not included)

FCCID: SINSTEBCN2VL
iciD eg7eC. STEBCN2VL

<72

—

orate |
‘STMeroelectronics group of companies
All ather names are the property of fhexr respecte owoers

life.augmented



Hands On Directory Content

O5Disk (C:) » BlueMNRG Tile HandsOn » 1. BlueNRG Graphical User Interface
2. UART Flasher
T BlueNRG GUI3.0.0 Q  codo s
a _ BlueNRG-1_2 Flasher Utility 2.0.0 ' pp
. CodeSnippets ° 4. Documents
0 . Documents 5. Hands on Labs
__endsOn s 6. AfKeil MDK
o | KeilMDK
T Software 0 Software
© (Sevarscnoozvioksoo) BlueNRG-Tile DK V 3.0.0
Ly Open “BlueNRG_Tile_HandsOn.pdf” presentation



ARM Keill MDK Installation
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What is Arm Kell MDK?

* MDK: Microcontroller Development Kit

« Complete software development environment from Arm for a wide range of
Arm Cortex-M based microcontroller devices.

 MDK includes the uVision IDE, debugger, and Arm C/C++ compiler

* A FREE license Is available for ST BlueNRG-2 device



Kell MDK Installation 1/6 msm

1. Goto the folder C:\BlueNRG_Tile HandsOn\KeilMDK
2. Double clickon MDK525.EXE

3. Click on Next in the Setup window ;

Setup MDK-ARM V5.25 =3

4 ) BlueNRG_Tile_HandsOn welcome to Keil MDK-ARM
> |, BlueNRG-1_2 Flasher Utility 2.0.0 Felease 372018 ArmkeiL
. CodeSnippets

. Documents )
b HandsOn I This SETUF program installs:
. MDK-ARM V5. 25
oL KellMDE
This SETUF program may be used to update a previous product installation. |
P Software | Howeser, wou should make a backup copy before proceeding.
1) STEVAL-BCMNO002V1 Dk 3.0.0 |

Itis recommended thatyou exit all Windows programs before continuing with SETUP,

Follow the instructions to complete the product installation.

— keil MDE-4FM Setup e

<< Back | MNext »» | Cancel

| Freelicense. bt
e Keil. 5STElueMRG-2_DFP.1.0.0.zip

m e % MDKS25.EXE

MDK-ARM_Pro_Eval_AddOn_2013-09.exe

life.augmented



Kell MDK Installation 2/6

1. Click on Agree and then Next i s -
2. Click on Next Setup Statue ARMKEIL

Microcontroller Tools

3. Fillin your info and click on Next

MOK-ARM Setup is performing the requested operations.

Install Files ...

Installing g_bm.h.

Installation starts.

[ [

TO BE CONTINUED
IN A FEW MINUTES... |

— kel MDE-ARM Setup

Lys

life.augmented



Introduction to
Bluetooth Low Energy




Bluetooth® Evolution

@ L9
@Qb & & &
{(3} S o N E:{Q )
& & N o0 > < (]
Q\Q & & ‘&\“"b O 2 QQ
< o
R 5 N @ S & & Va8
< .
vbOQ& ¥ ?,S“*o 60"} & ,gfé'-‘ e C‘“éox‘ﬁfqo QQ é‘oq’
X -0 R LA @ o & P & A PV &N
PR SN G I SRR 2 6&6
kg &c,c, & g QP (32 V’
1.0 1.1 1.2 2.0 2.1 3.0 4.2 5.0
@ O O @, O O O O I

1999 2000 2003 2004 2007 2009 2010 2013 2014 2016

Classic Bluetooth

Lys
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Bluetooth low energy (LE):
Designed for Success

» Lower power than Bluetooth “Classic” (or Bluetooth 3.0)

* Lower duty cycle
« Faster connection
* Lower peak power (relaxed RF parameters)

- Compatible with all major platforms (10S, Android, Windows, Linux)

- Multiple network topologies:
« Pointto point:single master connects to single slave (and each slave can connectto 2 master)
« Star: Multiple slaves connected to a single master
 Mesh:newly introduced (please join our afternoon BLE Class for more details!)

[y,- State of the Art encryption, security including privacy/authentication

life.augmented



Developer
User
Space.
We will be
working
heretoday!

Protocol Stack

* Generic Acces Profile
* How devices can discover and connect with one another
* Generic Attribute Profile
* How services, characteristics can be discovered and then used
« Attribute Protocol
» Protocol for discovering, reading, and writing attributes on a peer
Security Manager
* Handles the secure communication

L2CAP
» Protocol multiplexer. Segmentation and reassembly of packets

Host
|

Host Controller Interface

HCI
* Interface between Host and Controller
Link Layer
« Handles packets, channels, advertising, scanning & connections

Physical Layer
* Transmits/receives bits

A
°

Link layer

Controller

Lys

life.augmented

PHY layer



Protocol Stack - GAP

‘ - Who controls the radio network?
 GAP (Generic Access Profile)

* Defines 4 roles

* Broadcaster
* Observer

» Peripheral
» Central

Host
|

Host Controller Interface

|

Link layer

Controller

J

PHY layer

_..
@
[e3
|

life.augmen



Protocol Stack - GATT

% - ‘ - Who controls the data flow?
j? )  GATT (Generic Attribute Profile)
 Client
-
IS .
= Link layer
7 O
_ Y/ O PHY layer




Protocol Stack: PHY

« 2.4 GHz ISM Band Transceiver

* 40 RF Channels, 2 MHz channel Spacing. Two types of channels:

» Advertising channels (3 - orange) for Advertising Channel Packets. Used for Discoverability and for
Broadcasting/Observing

« Data Channels (37 - blue) for Data channel Packets. Used to send application data in Connection

* GFSK Modulation

« BT =0.5

 Modulation Index = 0.5

—Beornnsoorma e RN R oo e 2R NN RN SERRARSSR35883
5 13 . [}] .
N NN NNNNNNNNNND * “pulse shaping” Gaussian
e R R PR E E E E E E P P E E E E E E E EEEECCCCCCCZCZZZZE2====2=2=2 . "
ggggggsggsggagaggégggg§§§§§§§§§§§§§gggggg§ filter smoothes transitions
- TS < TS
ENNNNN§NNNNN§§NNNNNNNNNNNN o~ NN~ NNNNNNNN fromzeroto One reduces

spectral width

Lys
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Source : Bluetooth® SIG



GAP

I’m looking
for John

’

3

)
Y Connection 2 24
Advertising BlueMS
Peripheral is in Advertising mode.

o Central is Scanning.
Sends Advertising packets.

Look for known peripherals by listening
to advertising packets.

My name is John

My capabilitiesare X, Y, Z, etc... ' )) @

&
Advertising packets consists of multiple _ _
')) information units known as AD types. As the John peripheral is found,
"I E.g.: Local Name, TX Out Power, It Initiates a BLE connection.

Manufacturer Specific info, etc...



GATT

BlueMS

. Requests :
Contains all Server § Talks with server.
attrlbgtes. Data < Sends requests,
Recelves requests, wait for response.
executes, responds. Data Can confirm
Canindicate value Responses indications

Data

ProtocolPDU Type | Sentby | Description

Request Client Client requests something from server (it always causes a response)
Response Server Server sends response to a request from a client
Command Client Client commands something to server (no response)
Notification Server Server notifies client of new value (no confirmation)
m Indication Server Server indicates to client new value (it always causes a confirmation)

life.augmented Confirmation Client Confirmation to an indication



Attributes

- Data are organized and exposed using attributes

Server

- Each attribute has:
« Avalue (0 to 512 octets) Data
 An handle: it identifies the attribute on the server

« Atype (defined by Universal Unique ID - UUID): what the value means Data

« 16-bit UUID: pre-defined by Bluetooth SIG
« 128-bit UUID: Vendor Specific identifiers

- Example Each Data element

TN BTN TN inthe Server is

0x0009  «Device Name» “Temperature Sensor” called Attribute
0x0022  «Battery State» 0x04

‘ ’ I 0x0098  «Temperature» 0x0802

life.augmented  Source : Bluetooth® SIG



life.augmented

Profile

Characteristic

Characteristic

Service
Characteristic

Characteristic

GATT Profile

» Attributes are organized in Services and
Characteristics

* A GATT Profile defines how attributes are
organized and how the application can
access to them.

a typical example:
1 service: “ARG” (Angular Rate and Gravity)

2 characteristics: “Gyro”, “Acc”
Values: [0,-1,+2], [-10,+15,+950]



BlueNRG-Tile Development Kit ::. )
‘7 BT

life.augmented



TODAY’S
Hands on

Lys
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Dual Core BLE

BlueNRG-2
BLE5.0 Application processo

Cortex-MO0 32MHz, 256KB

BlueNRG-1
BLE4.2 Application processor
Cortex-M0 32MHz, 160KB
QFN32, WLCSP34
BlueNRG-MS

BLE4.1 Network processor
QFN32, WLCSP34

ST BLE Roadmap

BlueNRG-LP

BLE5.0 Application processor
Cortex-MO+ 64MHz, 256KB

Flash, up to 36 GPIOs
QFN, WLCSP

BlueNRG

PERFORMANCE

STM32WBxx
BLE5.0 Application processor
Dual core Cortex-M4 / MO+

Flash: 256K up to 1MB
RAM: 128K up to 256K
UQFN48, VQFN64, WLCSP100

STM32 ™
WB




BlueNRG-2 SoC at a glance ___

33

The lowest power Processing power on Flexibl(aT memory Optimized BLE Maximum security
consumption demand architecture Radio stack
>3 years lifetime on Low-power 256 KB eFLASH 70 kB FLASH ECC-256
CR20320) architecture, Cortex- 24 KB ULL SRAM 8 kB RAM AES-128
59 PA/MHz MO @ 32 MHz (with full SRAM data 0.9uA with full RAM Factory UID
0.9 YA sleep retention) retention Secure KEY
Seamless connection Robust and Reliable Smallform fact
with SENSORS BLE Link matiorm factor
o @ ‘ ‘
@ ‘ (@ata)
Bluetooth 5.0 Privacy 1.2 and secure Faster and more
certified connection4.2 reliable data transfer

life.augmented L . L
(*) Based on the average current consumption in connection mode (7.059 pA, connection interval 1000 ms)



Bluetooth LE programmable processor

~
PROGRAMMABLE
Bluetooth LE ARM i';}i'; MCU _
5.0 . Cortex MO with eFLASH
ULP racio S e

SRAM to host application code
24 KB

- N\ J
Advanced High-Performance Bus (AHB)

f = e ™
PDM Decimation C RTC

PROGRAMMABLE | BAGIEE filter (timers) PROGRAMMABLE

PERIPHERALS Digital I/O

ADC 10 bit DC/DC

- J J

SIAR  SIKEIL B=tollic

SYSTEMS Tools by ARM

life.augmented



STEVAL-BCNOO2V1

32KHz XTAL to enable ultra- Balun
low-power BLE sleep mode BALF-NRG
L2 bead to enable low- R3, °R1" C28 BLE SoC

SH B e BlueNRG-232

power BLE active mode /.
o B e XTAL32 °

Wake-up button RGB LED
Pressure Sensor X Microphone
LPS22HH el 8 Crotry MP34DTO05-A

L ]
a-3HEE.
°
L(o] ®

Accelerometer + Gyro
LSM6DSO

Bottom view

12C for expansion

Magnetometer
LIS2ZMDL

Humidity + Temperature
HTS221

m Time of Fligh

life.augmented VL 53 L 1X




STEVAL-BCNOO2V1 Block Diagram

Test points
12C

RFTEST TEST ADC SDA SCL VDD GIT\ID antenna

oo 1

- “The matching network is included only for
MatChmq —e RFTEST flexibility and ease of testing. It is not populated
Network as the integrated balun provides the necessary

BALF-NRG-02D3
Integrated balun

matching.

UART_RX line

LSM6DSO
accelerometer + gyroscope

LisauDL BlueNRG-2

magnetometer
Bluetooth 5.0 Network and

LPS22HH Application processor MP34DTO05-A

barometer microphone
1.6 MHz

HTS221 KHz 32 MHz

74 4s"48 The 32kHz crystal enables lowest power BLE sleep mode.
The inductor enables lowest power BLE active mode.

ADC

RGB LED

user button

Relative Humidity & Temp. connector

VL53L1

r time-of-flight proximity

life.augmented




STEVAL-BCNOO2V1D

STEVAL-BCNO0OO2V1 Socket JTAG connector

USB connector (bottom)

STLinkV3 socket

/

§r1

\

‘_ STM32L151 (bottom)
) /4

life.augmented



BlueNRG-Tile DK

* Open the BlueNRG Tile HandsOn folder in C:\

R ——
O5Dhsk (C:) » BlueMRG_Tile_HandsOn »

. BlueMRG-1_2 Flasher Utility 2.0.0 MName
. CodeSnippets b Application
. Documents Doce
II
. Hands(On _
KeilMDK . Firmware
. REl |
_ Software \ Library
I -
|| STEVAL-BCNO02V1 DK 3.0.0 . PCDriver
| Project
o Utility

* Open the STEVAL-BCNOO0O2V1 DK 3.0.0 folder
Kys
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° | Application

. Docs e
e . Firmware

./ Library '0
° . PCDrrver

| Project °
e o Utility

BlueNRG-Tile DK overview

N o O &~ WD

PC Applications
Documentation
Pre-build FW images

Low level drivers and BLE stack library

. Virtual COM port drivers

Reference examples Iin source code

Utility section



Documents

» Open the Docs folder from the STEVAL-BCNO02V1 DK 3.0.0 folder

L VILITIpIE_onnection_ulaelines

\. Radio_Driver

. Application . SPL protocol_specification

.. Docs o 5TM32_APIs_Events_html

.. Firmware . 5TM32_5PL protocol_esxample_html

J: Library . 5TM32_UART_protocol_example_html

.. PCDriver . USB-to-5ERIAL_FW_upgrade_procedure * Device Datasheet

)« Project |a index.html

J Utility =l license.bd  BLE stack documentation

Release notes
APIs and events

Programming manual

* Double click on index.html

« Device (and kits) documentation
PCB design guidelines

"l * Bring up guide

life.augmented * Getting started



On st.com
http://www.st.com/bluetile

m v Search

augmented = Menu

i

oards » STEVAL-BCNOO2V1B

STEVAL-BCNO02V1B

BlueNRG-Tile - Bluetooth LE enabled sensor node development kit

QUICK VIEW RESQURCES SAMPLE & BUY QUALITY & RELIABILITY

The STEVAL-BCNO02V1B Bluetooth LE enabled sensor node development kit features the STEVAL-BCNO02V1 multi-sensor board based
on BlueNRG-2 SoC Bluetooth Low Energy application processor. This sensor board has accelerometer, gyroscope, magnetometer,

‘;": Download Databrief

pressure, humidity, Time-of-Flight and microphone sensors, and is powered by a common CR2032 coin battery.

r The sensor board communicates with a Bluetooth LE enabled smartphone running the ST BlueMS APP, available on Google Play and
,’ iTunes stores.

life.augmented The STEVAL-BCNO02V1D adapter board is used to program and debug the sensor board. The adapter board is powered via USB.


http://www.st.com/bluetile

Arm Keill MDK License Installation



Check on successful tool installation

* Open Kell uVision5 IDE

* This is the main GUI

Programs (1)
Keil uVisions

1 See more results

- [ |
> 03 Inbo... |[£ Inte...

life.augmented

pVision

o= = |

File Edit View Project Flash Debug Peripherals Tools

SVCS  Window Help

NS 4@ 4 2@|92 0| e |BPRA R ES

iz .~".~"§| @ 15MEDS3_ACC_GYRO_W~| 5, {9"| @,| el @ ]

EERY

Project

B Project | @FBooks | {} Functions | [, Templates

el # EEIN R

Build Cutput

4

Build Output | CAFind In Files | E8lBrowser

Target stopped.




Keill MDK Installation 3/6

« Open the Pack Installer
- Goto Project->Manage->Pack Installer

uVision 'R I P— : —
File Edit View IPruject Flash Debug Peripherals Tools 5SVI5 Window Help

RN
o
Project

g ‘ Mew pVision Project...

@ Mew Multi-Project Workspace...

Open Project...

Close Project

Export

Manage Project Items...

Select Device for Target ... Multi-Project Workspace...

Run-Time Environment...
Remove Item

2‘:\ Options... Alt=FT Select Software Packs...

Reload Software Packs

d
=
&
e
i

Clean Targets Pack Installer...

Build Target F Migrate to Version 5 Format..,

Rebuild all target files

$2 Batch Build...

@ Translate... Ctrl+F7
Stop build

life.augmented



Kell MDK Installation 4/6

-~ | Device:

Devices r Boards I
Search: - )(
Device Summary 0 Packs Mo device selected
=% Al Devices 23 Devices G 3 Packs
@ ARM 23 Devices + = 4 Uptodate | CMSIS (Cortex Microcontroller Software Interface Standar
Keil:: ARM_Coempiler Up to date | Keil ARM Compiler extensions for ARM Cempiler 5 and Al
Keil: MDK-Middleware b Up to date Middleware for Keil MDK-Professional and MDK-Plus

Action Description

1. Inthe Pack Installer...

2. Goto File->Import.

@ Pack Installer - ChEeil_va\ARMYPACK

File | Packs Window Help
Befrech

Import...

Irmport from Folder

Exit
"= Al Devices

Qutput
Refresh Pack descriptions

’l Action (1 left): Update Pack descriptions, download http://www.keil.com/pack/NXP.LPC54018_DFP.pdsc

life.augmented




Kell MDK Installation 5/6

1. Selectthe .zip file “Keil .STBlueNRG-2 DFP.1.0.0.zip” fromthe folder “C:\BlueNRG Tile HandsOn\KeillMDK”

2. Click on Open.

@ Import Packs - I

o e o Y )

r'.-.-\"\
@uv| lJ » Computer » OSDisk (C:) » BlueNRG2_HandsOn » KeilMDK »

Organize - Mew folder ==~ M @

-~

& _HName Date modified Type

457 Favorites
Bl Desktop iE Keil. 5TBlueMNRG-2_DFP.1.0.0.zip 2/27/2018 1:30 PM zip Archive

& Downloads
“E_-‘?‘, Recent Places

4 o Libraries
» @ Documents
» Ji Music

* = Pictures

» i Videos

m

a8 Com puter
» &, 0SDisk (C:)
e Rernovable Disk (D:)

> ?! Metwork - 4 1 | 3

‘ ’I File name: v SaftwareDack o DACK (*Zip;p v |

[ Open Iv] Cancel ]

life.augmented




Kell MDK Installation 6/6
'@packln;taner-c:\Keil_VS\ARM\pACK =) 7"
. Fi; | P[:::sce: W;:Md;jc:e\::rl:nics - STBlueMRG-2
1. Once the Device Support pack has 1 e ] S]] e | o] e ;

been installed, selecton the Devices | N e Speciic rrvmee
. - @ Active-Semi 4 Devices :I B Keil::STBIueNRG-2 DFPY | 4 Up to date | §TMicroelectronics BlueNRG-2 Series Device Support
list on the |eft column the vendor o ¢ smbiic[§eic i _ -
- # Amiccom 2 Devices [+-ARM:AMP ¥ Install Software components for inter processor communication
ST M 1 I t 1 [ # Analog Devices 12 Devices [ ARM: CMSIS 4 Update CMBSIS (Cortex Microcontroller Software Interface Standar
I C r 0 e e C rO n I C S - @ ARM 45 Devices [#--ARM:: CMSIS-Driver_Va... @ Install CMSIS-Driver Validation
[ # Cypress 425 Devices [+ ARM::CMSIS-FreeRTOS Install+ Bundle of FreeRTOS for Cortex-M and Cortex-A
[+ GigaDevice 99 Devices - ARM: CMSIS-RTOS Va... g% Install CMBSIS-RTOS Validation
- # HDSC 30 Devices [#-ARM:mbedClient @ Install ARM mbed Client for Cortex-M devices
- @ Holtek 123 Devices [+-ARM:mbedTLS Install ARM mbed Cryptographic and 55L/TLS library for Cortex-
& @ Infineon 166 Devices [+ ARM:minar 4¥_Install mbed 05 Scheduler for Cortex-M devices
[+ # Lapis Semiconductor |2 Devices [*-Huawei:LiteOS Install Huawei LiteO5 kernel Software Pack
. #- ¥ Maxim 4 Devices [+ Keil: ARM_Compiler 4 Update Keil ARM Compiler extensions for ARM Compiler 5 and Al
2 " G O to ST B | u e N RG _2 Se r I eS and #- ¥ MediaTek 2 Devices [#-Keil:Jansson Install Jansson is a C library for encoding, decoding and manipu
[ # Microchip 341 Devices [#-Keil:MDK-Middleware |4 Update Middleware for Keil MDK-Professional and MDK-Plus
S e Ie Ct ST B I u e N RG - 2 v #- # Microsemi 6 Devices [P lwIP g% Install IwIP is a light-weight implementation of the TCP/IP protc
- # MindMotion 2 Devices [+ Micrium:RTOS @ Install Micrium software components
- # Mordic Semiconductor |13 Devices [+ Oryx-Embedded:Midd... Install Middleware Package (CycloneTCP, Cycloneb5L and Cyclc
- # MNuvoton 487 Devices i+ RealTimeLogic::SharkS... | €3 Install SharkS5L-Lite is a super small and super fast pre-compilec
M- @ NXP 1219 Devices [+-RealTimelogic:SMQ @ Install Simple Message Queues (5MQ) is an easy to use IoT publi
N 't H II h : [ U t [+~ # Redpine Signals 2 Devices [+--redlogix:redBlocks-S5i... Install C Target Library for the redBlocks WYSIWYG SiL Simulator
3 N OW I WI S OW I n g ree n p O & ¥ Renesas 4 Devices [+ rt-thread:rithread Install rt-thread software components
L1} - # Silicon Labs 534 Devices o [+-YOGITECH:fRSTL_AR... ! Deprecated | 1! DEPRECATED Product ! YOGITECH fRSTL Functional 5
d at e @ - YOGITECH:fRSTL_ST... 1 Deprecated || ! DEPRECATED Product !!! YOGITECH fRSTL Functional 5
ﬁ - # STMicroelectronics 1056 Devices I
T S TETUCTNG Senes T Device
4 STBIueNRG-1 Series |1 Device
4.  Close the Pack Installer 2|1 o
# 4 STM32F1Series |95 Devices
% STM32F2 Series |46 Devices él N ;IJJ
Output o x
Update available for Keil:: MDK-Middleware (installed: 7.4.1, available: 7.5.0) -
Refresh Pack descriptions
, Update available for ARM:CMSIS (installed: 5.0.1, available: 5.2.0]
I Update available for Keil:: ARM_Compiler (installed: 1.3.1, available: 1.3.3) E|
. Update available for Keil:: MDK-Middleware (installed: 7.4.1, available: 7.5.0) o
life.augmented ! Reacy ONLINE




Arm Kell MDK License

* A FREE license Is available for ST BlueNRG-2 device

» This procedure requires on-line registration.

» To avoid potential problems with the Wi-Finetwork, we're skipping it for this hands-on
and we will install one temporary license (expiring end of the month)

* But, AT THE END OF THE PRESENTATION you can find the step-by-
step procedure for installing the FREE and unlimited license!



Arm Keill MDK License Installation 1/6

* Goto the folder “C:\BlueNRG Tile HandsOn\KellMDK”

* Double click on the file MDK-ARM Pro Eval AddOn 2018-09.exe

Mame

| Freelicense.bd
12 Keil. STBIueN RG-2_DFP1.0.0.zip

MDES25.EXE
% MDE-ARM_Pro_Eval_AddOn_2018-09.exe ]

life.augmented



Arm Kell MDK License Installation 2/6
* This pop up window will appear

* Click on Next

Setup MDK-ARM Professicnal Evaluation License | 2 |

Welcome to Keill MDE-ARM r
Releaze 11,2017 a I I I KE“—

Thiz SETUP program installz:
MDEK-ARM Professional Evaluation License

Thiz SETUP program may be uzed to update a previous product installation.
Howwewver, pou should make a backup copy before proceeding.

It iz recammended that you exit all \windaws programs before continuing with SETUP.

Follow the instructions to complete the product inztallation.

— kel MOF-ARM Setup

‘ ’l << Bac | Mext = | Cancel
|

life.augmented




Arm Keill MDK License Installation 3/6

» Select on Agree License terms

¢ C I I C k On N EXt r Setup MDK-ARM Professicnal Evaluation License - - u .

License Agreement a r m K E | L
Fleaze read the following license agreement carefully.

To continue with SETUP, vou must accept the terms of the Licenze Agreement. To accept the
agreement, click the check box below.

EMD USER LICENCE AGREEMENT FOR MDK-ARM - "

THIS END USER LICEMCE AGREEMENT ("LICEMCE") IS A LEGAL AGREEMENT
BETWEEN YOU (EITHER A SINGLE INDIVIDUAL, OR SINGLE LEGAL ENTITY) AND
ARM LIMITED (CARM™) FOR THE USE OF THE SOFTWARE ACCOMPANYING THIS
LICEMCE. ARM 15 OMLY WILLING TO LICENSE THE SOFTWARE TO YOU ON
COMDITION THAT YOU ACCEPT ALL OF THE TERMS IM THIS LICEMCE. BY |
IMNG 1 AGREE™ OR BY INSTALLING OR OTHERWISE USING OR COPYING -

ree to all the terms of the preceding License Agreement

N — kel MOK-ARM Setup

<< Bac I Mext »> I Cancel |q

Lys
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Arm Kell MDK License Installation 4/6

* Click on Next

Setup MDK-ARM Professicnal Evaluation License u

| Folder Selection q r m |
Select the folder where SETUP will inztall files. K E I L
Thiz Add-On will install into the following product folder.

! T o ingtall to thiz folder, prezs 'Mest'. Toinstall to a different folder, press 'Browse' and zelect another

| folder.

' Deztination Folder f

IE:'\KeiI_'-.fE Browse ... |
— Keil MDE-45M Setup
L S —

life.augmented



Arm Keill MDK License Installation 5/6

* Fill in your data and click on Next

Setup MDK-ARM Professicnal Evaluation License u

Customer Information q r m KEI L
Pleaze enter vaur infarmatian.

Pleaze enter your name, the name of the company far whomn you work, and your E-mail address.

First M arme: I

l Last Marme: I

Company Mame: |

E-mail ||
— Fel MOkF-AFM Setup

<4 E!a[k | et x> Cancel

=

Lys
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Arm Kell MDK License Installation 6/6

* Clickon Finish

§ Bl
Setup MDE-ARM Professional Evaluation License u

Keil MDK-ABM S5etup completed r m
MDK.-4RM Profeszional Ewvaluation Licenze a K E I L

! Wizion Setup haz performed all requested operations successzfully.

— Feil MOE-ARM Setup

<< Bac

Cancel |

Lys
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Arm Kell MDK License Installation —

* Go back to Kell uVision5 IDE

pVision

FINAL CHECK

y - o= ® |

File Edit View Project Flash Debug Peripherals

Tools

SVCS  Window Help

T

ﬁﬁ.ﬂﬂ| 4 od| e e e e | m RN R =S E K| B smeosaceorowS] 5 # | @] @ O @Q|E|'\‘
] EESE- R A

Praoject

& project |€FBooks | {3} Functions | 0, Templates

Build Output

‘ 4
’l Build Output | T Find In Files | B8l Browser

Target stopped.

life.augmented



Arm Kell MDK License Installation —
FINAL CHECK

kA C:\Program Files (x86)\STMicroelectronic
|File Edit Wiew Project Flash Debu

[ New.. Ctrl+N
[ Open Ctrl+0
. . . = save Ctrl+5
* In Keil uVision tool open the dialog e

Device Database...

License Management...

File->License Management... C

Print Setup...
=i Print... Ctrl+P

Print Preview

1 SensorDemo_BluebS_main.c

2 gatt_db.c

3 BlueNRG1_it.c

4 mems_sensars_config.c

5 sensor.c

6 HandsOnlabs_CodeSnippets. i

7 hw_config.c

& hw_config.h
‘ ’I 9 gatt_db.h
10 LPS25HB.c

life.augmented

Exit



Arm Kell MDK License Installation —
FINAL CHECK

p—
* The product "MDK-ARM Professional™ | swetrterse] fons e fong s s Rt ioese |
should appear v o oo
Company: ~|STHicroelecironics NE ive Product |
Em Imﬁadenva@icom . | |
. | ' |
° Close the L|Cense Management popup MDK-ARM Professional mdk_pro Operation stops: 28 Feb 2018
window
¥ Use FlexM: |"C:\Keil_v5\UV4\FlexNet\Licenses\license dat" Ed




Hands on overview




| abs overview

Lab 1: Getting started with STEVAL-BCNO002V1 “Hello World” example

Lab 2: Connecting to the ST BlueMS app

Lab 3: LED characteristic

Lab 4: Accelerometer embedded events detection

Lab 5: 9-axis Acc+Gyro+Mag Sensor Data Fusion

Lab 6: Cloud data logging on IBM Watson

Lab 7: Bonus Lab — Voice over BLE

Lys
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Lab 1

Getting Started with STEVAL-BCNO0O2V1
“Hello World”




“Hello World”

* Plug the BlueNRG-Tile to the PC using the USB cable

* Install and open TeraTerm and configure serial terminal



Code modifications

NO MODIFICATIONS NEEDED!



Connect your STEVAL-BCNOO2V1
to the PC using USB

- e 4 . Favorites
E%t%a*'@g“x Ml Desktop
fsgﬁ:': = Cmn CEEE o 4. Downloads
Connect ""“Eji .::‘L?-‘° o ‘ “El Recent Places
BlueNRG-Tile to ‘:l![lﬂ
the motherboard “53. 4 Libraries
Connect the USB cable > ) Documents
\"‘ = Eu*‘”" \ ! b g Music
N I [&=| Pictures
> i Videos
; —————miaea dhe

BLUE LED ON

4 M Computer

[ g O5Disk (C:)

I oy BCMO02VL (D2)

e L OO0
- - - -

m On the PC file system a BCN0OO2V1 drive will appear

life.augmented



TeraTerm installation 1/10

1. Go to the folder C:\BlueNRG_Tile HandsOn\Software

2. Double Click on teraterm-4.97 .exe

 BlueMRG Tile_ HandsOn » Software »

ﬁ%‘ BElueMRG Current Consumption Estimation Tool-5etup-1.4.exe
[EE‘ ElueMRG GUI-2.6.0.0-5etup.exe
& en.STSW-BMRGISTLINK zip

&% nppJsdlnstallerxfdexe

|TE_.E;;| teraterm-4.97.exe




1. Click on Acceptthe agreement

2. Click on Next

Lys

life.augmented

TeraTerm installation 2/10 =

ﬁE’ Setup - Tera Term el

License Agreement
Please read the following important information before continuing.

Flease read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation,

License of Tera Term

[ »

Copyright {C) 1994-1998 T. Teranishi
(C) 2004-2017 TeraTerm Praoject
&ll rights reserved.

|Redistribution and use in source and binary forms, with or without modification,
are permitted provided that the following conditions are met:

1, Redistributions of source code must retain the above copyright notice,
this list of conditions and the following disdaimer.

Q[ Next> | | Cancel

@ 1 accept the agreement

(711 do not accept the agreement




TeraTerm installation 3/10

! ﬁ% Setup - Tera Term W= 2 .|1

1. Click on Next

Select Destination Location
Where should Tera Term be installed?

‘ Setup will install Tera Term into the following folder.

To continue, dick Mext. If you would like to select a different folder, dick Browse,

Z:\Program Files (x8a)\teraterm Browse, .. |

At least 10.3 MB of free disk space is reguired. °
r’l <Back || Next> | | cancel

life.augmented




TeraTerm installation 4/10 =

-
) ﬁ! Setup - Tera Term = [ —
1. Click on Next . —
Select Components

Which components should be installed?

Select the components you want to install; dear the components you do not want to
install. Click Mext when you are ready to continue,

[Emndard installation P
Tera Term & Macro 36ME =

TTS5H 2.6 MB

CygTerm+ 0.2 MB

[7] LogMeTT (Other installer is started) 4,1 MB

[] TTLEdit (Other installer is started) 2.1 MEB

[] TeraTerm Menu 0.3 MB

TTProxy 0.3 MB

[ Collector 1.6 MB

(M| Additional Plugins 0.3MB 7

Current selection requires at least 13.4 MB of disk space. Q

m <Back || Mext> | | Cancel

life.augmented




TeraTerm installation 5/10 =

1. CI'Ck on Next ﬁ! SEtup—Tera_Term

e

Select Language
Which language shoud be used?

Select the language of application's menu and dialog, then dick Mext.

() Japanese

() German

() Erench

() Russian

() Korean

() Chinese{Simplified)
() Chinese({Traditional)

o
m <Back || mext> | | cancel

life.augmented




TeraTerm installation 6/10

ﬁ Setup - Tera Term

e .

1. Click on Next

Select Start Menu Folder
Where should Setup place the program's shortcuts?

| I Setup will create the program's shortcuts in the following Start Menu folder.,

To continue, dick Mext. If you would like to select a different folder, dick Browse,

| Browse...

[ Don't create a Start Menu folder

<Back || Next> | [ Cancel
Kys
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TeraTerm installation 7/10

ﬁ%’ Setup - Tera Term = T

1. Click on Next LP—
Select Additional Tasks

Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing Tera Term,
then dick Mext.

Create Tera Term shortcut to Desktop:
Create Tera Term shortout to Quick Launch
[] add "Cygterm Here™ to Context menu

[ Create cyglaunch shortout to Quick Launch
[7] Assodate .t file to tipmacro.exe

["] Assocate telnet protocal to ttermpro.exe
|| Associate ssh protocol to ttermpro.exe

[] Assodate .ty file to ttermpro.exe

"l < Back ]I Mext > |[ Cancel

life.augmented




TeraTerm installation 8/10

ﬁ%‘ Setup - Tera Term —

. il—

1. ClickonlInstall Ready to Install

Setup is now ready to begin installing Tera Term on your computer.,

Click Install to continue with the installation, or dick Badk if you want to review or
change any settings.

Setup type:
Standard installation

Selected components:
Tera Term & Macro
TTS5H
CygTerm+
TTProxy
Additional Plugins

TT¥ResizeMenu (VT-Window size can be changed from preset)
TT¥ttyrec (ttyrec format record data can be recorded or playback)

m

Additional tasks:

’ Q b
Lys

<Back || Instal | Cancel
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TeraTerm installation 9/10

ﬁ' Setup - Tera Term

. T —

Installing
Please wait while Setup installs Tera Term on your computer,

Extracting files...
C:Windows\Fonts \TSPECIAL 1.TTF

Installation starts... ——

life.augmented



Lys
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Click on Launch TeraTerm

Click on Finish

ﬁ_%l Setup - Tera Term

E=nncn

Completing the Tera Term Setup
Wizard

Setup has finished installing Tera Term on your computer. The
application may be launched by selecting the installed
shortouts,

Click Finish to exit Setup.

V| Launch Tera Term: G




Tera Term Configuration 1/5

O TCPHP Host: |myhost.example.com

History

Service: O Telnet TP ports 2

@ SSH SSH version: |SSH2 NOTE: on Win10 PC

vther Protocol: [UNSPEC the serial port is
labeled only as COM

@ Serial Q Port: |CGM':'I1: S5TMicroelectronics Yirtual CO#b v| ]

{ OK J ‘ Cancel ‘ ‘ Help ‘

1. Select the STMicroelectronics Virtual COM Port
2. Click OK




Virtual COM port driver

If you can NOT see a STMicroelectronics Virtual COM Port device, raise your hand.

Here the INStructions for installing the Virtual COM port driver:

Win7 Winl1l0




Tera Term Configuration 2/5

File Edit | Setup | Control

Window Help

Terminal...

Window...
Font...

1. Click Setup -> Serial port...

Keyboard...
[Serial port... ]




Tera Term Configuration 3/5

1. Setthe following:
Baud rate : 115200
Data : 8 bit
Parity : none
Stop : 1 bit
Flow control : none

2. Click OK

Baud rate:

Data: i Cancel

Parity:

Help

Stop:

Flow control:

Transmit delay

0 msecichar 0 mseciline




"' Tera Term - [disconnected] VT

File Edit [Setup] Control Window Kan

[ Terminal... ]
Window...
Font...

1. Click ->

Keyboard...

Senal port...

Lys
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Tera Term Configuration 5/5 wmm

Terminal size G New-line T e
1. In the New-line set the following: 86 X 34 Recelve: |AUTO - |
" i . VT ize = win si it Cancel
New-Line Receive : AUTO ST Sl Wi e
Auto window resize
Help
Terminal ID: |VT1UU v | Local echo
_ Answerback: ] Auto switch (VT<->TEK)
2. Click OK Coding (receive) Coding (transmit)
uTF8 -]
locale: american CodePage: 63001

Lys
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Hello
Hello
Hello
Hello
Hello
Hello
Hello

Hello
L

-—

Lys

augmented

World:

World:
Horld:
World:
Horld:
World:
World:
World:

TCOMEL - Tera Term

BlueNRG—2
BlueHRG-2
BlueNRG—2
BlueHRG-2
BlueNRG—2
BlueHRG-2
BlueHRG-2
BlueNRG—2

here?
heret
hepret
here?t
hepret
here?
hepret
here?

iz
iz
i=s
iz
i=s
iz
iz

iz

If you see the string “"Hello World: BlueNRG-2 (1.0) is here!”
it means STEVAL s now properly configured.

Note: (1.0) is the die major and cut number




1. Go backto TeraTerm and click on the

T COMSE - Tera Term VT

| 0

File | Edit Setup Control
Mew connection...
Duplicate session

Cygwin connection

Log...

Comment to Log...
View Log

Show Log dialeg...
Send file...
Transfer

S5H SCP...
Change directory...
Replay Log...

TTY Record
TTY Replay

Print...

Window Help
Alt+M
Alt+D
Alt+G

Alt+P

Alt+1 l
Fa

& =

augmented e A




Lab 2

Connect to the S

BlueMS app




Customize YOUR STEVAL-BCNOO2V1

KEIL
_ﬂ: DZ Tools by ARM
uVisione5

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

+ STEVAL-BCNOO2V1 DK
Sensor Demo ref FW

l 11:03 @
A :
P //
o 22 BCN-034
I L ' // ?ueu-rQ 1A:ATE3:3F:E7:ED
11 %

BlueMS P\
-—— .
Client N

life.augmented



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj-i63pwYjZAhWi7IMKHcPOA3MQjRwIBw&url=https://mcuoneclipse.com/2014/11/09/using-keil-%CE%BCvision-5-with-processor-expert/&psig=AOvVaw3gXqrKdlLPIPqo9hoPSnAp&ust=1517704989834449

Code modifications

1. Modify local name in advertising packet



BLE SensorDemo application

1. In Windows explorer browse to the path:

O50Disk (C:) » | BlueMRG_Tile_ HandsOn [» HandsOn »

‘ Go down till the root of
Installation folder and then In
HandsOn folder

2. Double click on BLE SensorDemo.uvprojx

| BLE_SensorDemo_PrOutput

Note: if the OS is not showing file extension,
lﬂ, ELE_SensorDemo.uvprojx I no worries. There is only one
: BLE_SensorDemo file
Lyy L BlueNRG_Tile_HandsOn.pdf -

life.augmented




BLE_SensorDemo application

w - O x

s

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

gﬁlﬁ;ﬂ - NN Y N R N Y [ 15| B user_pervep_pLaTror | B | @ | @ O (5)‘|| \|

B e | S reesse EESN -
Project
= 03 Project: BLE_SenserDemao

Eﬁ Release

-0 BlueNRGL_Periph_Driver
£ Platforms_Layers

[] SDK_EVAL_Com.c
-] SDK_EVAL_Config.c
-] SDK_EVAL_Button.c
SDK_EVAL_I2C.c
-] SDK_EVAL Led.c

-] LPS22HH.c
7 LSM6DSL.c
- LSmBDS0.c
- Startup
B3 User

- @ SensorDemo_main.c

e OSDisk (C:) » BlueMRG_Tile_HandsOn » HandsOn »

B Stack
1 libbluenrgl_stack.a
@ stack_user_cfg.c

[
-2 VLS3LX

£+ MotionFX

"] MotionFX100_CMOP_Keil_ot.lib
1.5 BlueNRGL_BlueVoice Library

@ blueveoiceADPCM_BMNRGL_100_Keil lib

Frojed ﬁBuuks ‘ {} Functions |l]¢TEmpIatEs

Build Qutput

> /4

life.augmented )

« 3
J-LINK / J-TRACE Cortex CAP NUM SCREL OVR R/W




Project o

Application structure =

| BlueMRG1_Periph_Driver
=5 Platforms_Layers
] SDK_EVAL Com.c
] SDK_EVAL_Config.c
] SDK_EVAL Button.c
] SDK_EVAL I2C.c
] SDK_EVAL Led.c
L] HTS221.c
L] LS2MDL.c
L] LPS22HH.c
L] LSMBDSO.c
[J Startup
=5 User
{j hw_config.c
] BlueNRGI_it.c
{j gatt_db.c
l_hl SENSOr.C

J

HW peripherals drivers and platform layer files

|

Application source code

- Main
_ATT DB - Where we work today

{j Sensorlemo_main.c - Appl |Cat|0n
:j HWAdvanceFeatures.c
[ Hal
=5 Stack
ij libbluenrgl_stack.a
@j stack_user_cfg.c
i libcrypto.a
J oTA
[ VL53L1X
=5 MotionFX
‘ ij MotionFxX100_CMOP_Keil_ot.lib
’l = BlueMRG1_BlueVoice_Library
life.augmented 1 bluevoiceADPCM_BNRG1_100_Keil lib

Hardware Abstraction Layer and sleep management

BLE Stack library — provided in binary format

Y e

Sensor Data Fusion library

L'J

Voice over BLE library



=45 Release

Open the BLE SensorDemo main =

=% Project: BLE_SensorDemo

3 BlueMRG1_Periph_Driver
=-LF Platforms_Layers

EEPEEEPEEEEE

SDE_EVAL Com.c
SDE_EVAL_Config.c
SDE_EVAL Button.c
SDE_EVAL [2C.c
SDE_EVAL Led.c
HT5221.c
LIS2ZMDL.c
LP522HEB.c
LPS22HH.c
LsMBDS5L.c
L5SMBDS0.c

1 Startup
=& User

£

L
L

BlueMRG1_it.c
gatt_db.c

SENEOr.C

1
1
1
1
(e W |

B
1

Hal

SensorDemo_main.c

HWadvanceFeatures.c

1. Open the file SensorDemo main.c

2. Scroll downto line 35

l.J SensorDemo_main.c

35 Hint main (void) { ]

36

37 f* Bystem Initc */F

38 SyaztemInit ()

3Z)

40 JS* Identify BlueHRG-Z platcform #/
41 SdkEvalldentification():

42

43 J* Init the Hardware platform */
44 PlatformInit ()

G i)

48 J* BlueMRG-2 =stack init */

47 BlueNRG Stack Initialization(&BlueNRG Stack Init params);
48

49 /% Bensor Device Init #*/

20 Sensor Devicelnit():

(=]



A look at the main application

liIne 35 int main(void) {

ISystemInit(); I Remap vector table and configure all the interrupts priority
SdkEvalldentification(); ] Identifies STEVAL or custom PCB

Platforminit();

BIueNRG_Stack_InitiaIization(&BIueNRG_Stack_Init_params);] BLE stack init

Sensor_Devicelnit();

Set_DeviceConnectable(); | Set devicein advertising

lwhile(l){ I Start of while loop

BTLE_StackTick();] Advances the stack FSM

HW peripherals initialization

Sensors Init

User_AppTick();] Advances the application FSM. THIS IS DEVELOPERS USER SPACE!

m }} I/ end while(1)
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A

BlueMS

(@)

Step 2: Scan
Master is in discovery mode

looking for a specific slave to connect to

Step 3: Connection request —

Step 4: Services&Chars discovery

Master (Client) starts the BLE Service and
Characteristics discovery procedure to

understand the Server ATT DB

Lys
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Advertise

Advertise

Advertise

[

Connection request

Connection created

Service & Characteristics
discovery

—

Notification

IlOOmsecs

Notification

Peripheral

S—

BLE flOW mmm

=
Step 1: Advertising

Slave is in Peripheral mode and

sends ADV_IND PDU

Step 5: Data flow

Slave (Server) starts sending periodically
(100 msecs) notifications packets about
sensors values (acc&gyro and pressure) to

the master.



#&« Advertising and scanning

e @
i WD
/’ fee =RAT B _:n’: “7.' ;'g.&: j'g’\\__
= Ea B O B

BlueMS
,  emm

Central (((9 ))) Peripheral

Advertise

Step 2: Scan
Master is in discovery mode |
looking for a specific slave to connect to

Advertise

— Slave is in Peripheral mode and
sends ADV_IND PDU

Advertise

|

Connection request

1

Step 3: Connection request —

= Connection created

Master:
needs an app for

discovering the slave o)
device in advertising

Off-the-shelf app: e.g. Customapp: e.g.

Lys
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https://itunes.apple.com/us/app/lightblue-explorer/id557428110?mt=8

Reminder: install ST BlueMS app

ON YOUR PHONE

* Look for “ST BlueMS” app on the App Store or Google Play

LR ’
T
"

#_  Download on the
S App Store
GET IT ON

‘_ ST BlueMS Google Play
N/ 4 STMICROELECTRONICS INC

Lys
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LighBlue scan results

ooooo Verizon LTE 10:31

@ 70 3 87% Em

Sort LightBlue | Explorer  Filter

BCN-034

51 No services

]

Unnamed
-76 NO services

Gear S3 (385D) LE

No services

BCN-002

' .
-718 NO services

GoogleHome3429

-86 | service

BlueMS1

-91 No services

Unnamed
-95 NoO services

Unnamed

-89 NO services

MetaWear

]
-86 1 service

Info . PunchThrough

Log

BlueMS scan results

ooooo Verizon LTE 10:30

< Back Devices

@ 1 9 } 87% H

X

S BCN-034
BlueNRG 1A:ATE3:3F:E7:ES

]

BCN-002
D3:D0:38:ED:C2:E4

[©

]

Scan results

Why some devices are not
present in the BlueMS app?

How devices will pop up in
the BlueMS scan list?



ST BlueMS Protocol

BlueMS ¢ In order to be connected to the ST BlueMS app, a BLE peripheral SHALL comply
with a specific advertising packet format

- ST BlueMS protocol specifies a 26-byte packet format composed of Advertisment
Types — ADTypes - compliantwith BT SIG definitions

Pre Acc Addr . AdVA AD Flags BlueMS Adv Packet

Protocol Device Feature

Type | o ision D Mask Device MAC Len Type Local Name
1 1 1 1 4 6 1 1 7 1 1 1
\ A A J
| | |
Manufacturer Specific ADType Complete Local Name ADType TX Out Power ADType
Len =13 Len =8 Len =2
"’ Type = OxFF Type = 0x09 Type = 0x0A

life.augmented



BlueMS Scan resultS =

Protocol Device Feature

Type | crsion D Mask Device MAC Len Type Local Name
ooooo Verizon LTE 10:30 @ 1 9 } 87% mm)
{ Back Devices X
[ BCN-034 ] | | |
“““““““ WATESSTETES Each node is recognized based on the Device ID

BCN-002 ] (for STEVAL-BCNOO02V1 it is equal to 0x05)

D3:D0:38:ED:C2:E4

Users can distinguish their node from the BlueNRG
Local Name

Lys
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L2 STEP1: Customize your BlueNRG-Tile ___

Project
B2 Project: ELE_SensorDemo
—-k5 Release
> BlueMNRG1_Penph_Driver
1 Platforms_Layers
1 Startup
= User
] BlueNRG1_it.c

Ij SEMNEOr.C

SensorDemo_main.c
_] HWAdvanceFeatures.c
_] hw_config.c

. d Hal

1 Stack

J OTA

[ VL53L1X

1 MotionFX

m 1 BlueMRG1_BlueVoice_Library
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L2 STEP1: Customize your BlueNRG-Tile

Modify the local name in the advertisement payload
1. Inthe file sensor.c gotoline 51
2. Modify X, Y values in the string

 NOTE: COPY THE X.,Y VALUES FROM YOUR STEVAL BLISTER
« E.g.ifonthe boxis written X=3 and Y=4, then ‘B’,’C’,’N’,-’,'0’,'3",'4’

S0 J*% Define the BlueNEG-Z2 Name MUST be 7 char long #/
@ Fdefine NAME ALLMEMS 'E','C','H','—','CI',['E','&%

Lys
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Build the new code

[ CAlueNRG, T HandEOMSTEVAILBENGORVAD

File Edit View Project Flash Debug Perni

Iﬂﬁ|ﬂ—J@|q'|‘h

1. Clickon the Build button (top left corner) or hit F7
on your keyboard

B ol (S LOAD
2. Inthe Build Output window (bottom) wait for the = “({__J— '—‘| $4 | Release
build to be completed. Project Build (F7)
Build t t fil
«  BLE SensorDemo.hin created =% HITe targer TWES jno

. —l-ks% Release
« “OError(s),0 Warning(s)” message appear

Build Output I

-nniﬂiangEaSll_wait.c. ‘e

compiling v15311 register funcs.c...

compiling v15311 platform.c...

linking...

Program S5ize: Code=121908 RO-data=1428 RW-data=1136 ZI-data=21252
FromELF: creating hex file...

After Build - User command #1: fromelf.exe —-bin ..%..%..%..%\..\..\Han

. - — _SensorDemo.axf --output ..\..\..\..\..1}.\HandsOn\BLE_Sens0rDemﬂ_PrjOutput\BLE_SensnrDemﬂ.bin
"GN GGG LUNL U \HandsOn\BLE SensorDemo PrjCutput\BLE SensorDemo.axflf - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:12

Lys
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Programming embedded Flash

1. UART Bootloader

 ROM bootloader. HW activation through dedicate pin (DIO7) configured for Boot
« PC interface named “Flasher Utility” available in the SW package

2. SWD interface + ST-LINK

* Interface with the STEVAL-BCNOO0O2V1 through the 20-pin JTAG connector
« Same PC interface Flasher Utility

ST—Link’

Remowve CN2 Jumpers and
plug motherboard on top

STM32

"’ Nucleo
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Open the Flasher Utility

1. Goto\BlueNRG Tile HandsOn\BlueNRG-1 2 Flasher Utility 2.0.0\Application

I= BIUeNRG-1.2 Flsner - Uty 1200 b
2. Double click on BlueNRG-1 Flasher GUl.exe ag
e oo e [ e
BlueMRG_Tile_HandsOn » BlueMRG-1_2 Flasher Utility 200 » Application »
j, iccms [¥] Update Device Memory
. include S—
.. qtd_plugins ‘e—|m -
L_| _ctypes.pyd e —— : ; S ==
|| _hashlib.pyd
|| _multiprocessing.pyd ;
| | _socket.pyd o
|| _ssl.pyd
ivr BlueMRG-1_Flasher GUILexe
"I || BlueNRG-1_Flasher_GULexe.manifest l odiog. I seion. I ceor )
life.augmented Moard: 00| | 0%




for HD screens...If you've problem with the resolution

104

- Right Click on the .exe file and select Properties

 In the Compatibility tab select either Disable display scaling or override high DPI scaling

57 BlueMRG-1_2_Flasher_GUl.exe Properties x &7 BlueNRG-1_2_Flasher_GUl.exe Properties x
L | aanpya Lay L e P—
&7 BlueNRG-1 o St General Secuty Details  Previous Versions General | Compatibiity § Securty Details Previous Versions
e E—— pen
_| BlueNRG-1_ N 5t —
L] bz2.pyd ®  Run s administrator 7 if this program isn't working comectly on this version of Windows. i this program isnt working comectly on this version of Windows,
N Troubleshoot compatibility J try running the compatibiiity troubleshooter. try running the compatibilty troubleshooter.
%) msvemo0.di 1-Zip L | Run compatibilty troubleshooter | | Run compatibity troubleshooter |
(%] msvepg0.di CRCSHA 55 How do | choose compatibilty settings manually? How do | choose compatibility settings manually?
|| msver90.dil [&f  Edit with Notepad++ Ex N
| PyQt.QtCo Scan for Viruses.., 5! [J Run this program in compiatibilty mode for: [ Run this program in compatibility mode for:
L| PyQtd.OtGui ¢ WinMerge 0 Windows 8 b
%] pythond7.dl Unpin from Taskbar i Windows § .
%] pywintypesd Pin to Start Menu 5 )
(2] QtCored.dIl Restore previous versions - Settings }
%] QtGuid.dl b Reduced color mode
%] QtOpenGLd. Sendto * b it (256) color v
%) QtSvgd.dil Cut 2:1
%] QEXmid.di Copy 10
| select.pyd 7
. Create shortcut
| sip.pyd A¢
|| unicodedata e |72
Rename e TURSCIECTT OptiiTleatans
§ 3:50 PM A i
l: Properties I ] Run this progeam as an administrator
Change settings for all users . i .
’ I 0K || Camcel || Apply | - ¥ ¥
life.augmented ' - - : L OK || Concel || Aoy




BlueNRG Flasher Utility

File Tools Help

Eclechinaneificy|| No mage fie loaded. [ Select Image file ] Mo Image file loaded.
Flash from Address: |0:10040000 |[ Fash |[ stop

o T UART Flash from Address: |0x 10040000 || Fash || stop
Actions List of COM Parts: ART =
Automatic Mode {only ST DK)
Verify ‘ Actions List of COM Ports:
Vass erese ( Automatic Mode (only ST DK? L COMZS (3T DK
Update Device Memory ﬁ-mg_

Verify COM23

Device

Mazz erase

Flash Programming S W D
| 0% | Update Device Memory
Device Memory Image File \ )
Start Address 0x10040000 Size 0x3000 Read || wnie |

0 1 2 3 4 5 6

Mo Image file loaded.

Flash from Address: | 010040000 || Fash || stop

MAC Address
Automatic Mode MAC Address: Start: 0x000000000000 - End: 0x000000000000
Verify
MAC Flash Location 0x 10057338 |
Readuout Protection
Load Log... ] | Save Log... ] [ Clear Log | Mass erase [[] save MAC Address Log  File Name |
N.Board: 0/0 | | 0% Update Device Memury) | Set Mac Address... |




Flash the BlueNRG-2 1/6

1. Select the COM port labeled (ST DK)

LART SWD
Actions List of COM Ports:
\
| Automatic Mode (only ST DE) | COMBI1 (5T DK) J
W | Verify




Flash the BlueNRG-2 2/6

1. Device Memory will populate with data

Device BlueMRG-2 {(max flash address: 0x 1007

Reading Memory COM91

1 (0%
l Device Memory COMS1 l Image File

Start Address 0x10040000 Size (0x3000 | Read || write |

6o 1,2 |3 4 |5 6 |7 8 |95 10 11|32 13|14 15 ASCT i
010040000 00 &0 00 20 D9 07 04 10 35 06 04 10 3D 0OF 04 10 ~U 5 =

0:10040010  AA 55 55 AA 00D 00 OO OO 0O OO 00 OO 00 00 00 00 GULE

10040020 0o 00 00 00 00 00 00 OO0 00 00 00 OO0 45 08 04 10 E
010040030 0o 00 00 00 00 00 00 00 4F 06 04 10 58 06 04 10 oy
Log

"I 1a:10:30.232Z: Dewvice COMS31 -»> Read Board Started

1€:10:31.701: Dewice COMS1 -> Bead Board End

life.augmented



Flash the BlueNRG-2 3/6

1. Clickon Mass Erase

UART SWD LART SWD
Actions List of COM Ports: Actions List of COM Ports:
Automatic Mode (only 5T DK) COMBS1 (5T DK) Automatic Mode {only ST DK) COMIL (5T DK}
verify Verify

Mass erase Mass erase

IIpdate Device Memory

IUpdate Device Memary

Lys
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1. Clickon Select Image file button

Flash the BlueNRG-2 4/6

&yr BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

[[ Select Image file ]]Nn Image file loaded.

2. And browse the following path

(

ElueMRG_Tile_HandsOn » HandsOn » BLE_SensorDemo_PrOutput




Flash the BlueNRG-2 5/6

1. Select BLE SensorDemo.bin

. Listings
. Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

&7 BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

| Select Image file | C:/BlueMNRG_Tile_HandsOn/HandsOn/BLE_SensorDemo_PrijOutput/BLE_SensorDemo.bin

Flash from Address: 0x10040000 | Flash | Stop

m UART SwWD

Actions List of COM Ports:
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Flash the BlueNRG-2 6/6 mm

1. Flashing starts: green bar proceeding Pevice | BLelRe: (e fah address: 0x1007T)
P

2. Wait for the pop-up window and click on OK

Device BlueMRG-2 (max flash address: 0x 1007FF)

Reading Memory COM91

100%

o7 BlueNRG-1_2 Flasher - Liility

Device Memory COM31 Image File

Start Address 0x 10040000

Device COMA1 -» Flazhed and Verified.

Read Write

0 1 2|3 ASCT i

0:10040000 00 60 00 20 05

0:10040010  AA 55 55 AA 45 5h 4C 42 00 00 00 00 00 00 00 00 CGUUEELLB
0:10040020 00 00 OO0 0O OO OO 0O 00 OO0 0O 00 00 A 12 04 10 !

0:10040030 00 00 00 0O 00 OO0 00 00 D7 08 04 10 23 12 04 10 x #

Do NOT close the Utility! s s ‘

Flash Boards: COMS1 (5T DE)

16:17:231.51Z2: Device COM3]1 -> Flash Programming

16:17:32.171: Device CCM31 -> RBead Board Started
16:17:32.884: Device COM31 -> Read Board End
16:17:22.5317: Device COM31 - Flashed and Verified.
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112

1. InTera Term in order to have the terminal clean, go to

4] Tera Term - [disconnected] VT | == |&J
File | Edit | Setup Control | Window

here?t
i’:e re :
Copy table 1ere:
P here?t
heret

Paste im Pe :
R 1ere?t
F-?!'_-tE'-'\_R-‘ ]"IE]:"'E!
here?
Clear screen here?t
here?t
Clear buffer here?t
here?t
heret
here?t
here?
Select screen here?
here?

Select all  ——

0 ST I here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret

World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
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Reconnect the serial terminal

1. Click Setup -> Serial port...

2. Serial port should already configured. Just
need to click on OK

Port: COMI1

Baud rate: 115200

Data: 8 bit

File Edit | Setup | Control Window Help

Parity: none

s = Stop: 1 bit
Window...

Flow control: none
Font...

Keyboard... Transmit delay
I Serial port.., I ° 0 msecfchar 0 mseciline

Lys
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on the blue motherboard -> LED blinking Blue

VT COMS] - Tera Term VT

File Edit S5Setup Control Window Help

LY R

b B

\= 4

i STEUAL-BCHBA2U1 HiH

|

Scan for sensops:
Accelerometer and Guroscope: 0K
Prezssure and Temperature: OK
Humidity and Temperature: QK

Magnetometer: OK

Proximity Sensor: 0K
fensnr_in lnu—nnuwer mnde: 0K
Battew»u unltaoce 4o 3 FHou= OK

|DeuicE'iE now discoverable with MAC: 89:55:31:45:EE:F2_
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Open the BlueMS App

# Download on the

eee00 Verizon LTE 10:30 @ 1 0 % 87% EE
¢ App Store

P> Google Play
p =

Launch the ST BlueMS app
previously installed

1’ Start discovering

ST BlueMS
STMICROELECTRONICS INC

Version: 3.8.3
,’ © Copyright 2017 STMicroelectronics

life.augmented




/<

Touch
“Start discovering”

life.au

OOOOO Verizon LTE 10:30 @ 7 @} 87%

kStart discovering J
".
About
ST BlueMS
Version: 3.8.3

© Copyright 2017 STMicroelectronics.
All rights reserved.

Select your
STEVAL BCNOO2V1

ooooooooooo LTE 11:03 @ v 0 } 83%

£ Back Devices X

\_\\; BCN-034

1A:AT:E3:3F:E7:ES

Look for YOUR
X,Y couple before
connecting!
Otherwise you’ll be
connecting to
someone else
devicel!ll

You are
connected
ooooo Verizon LTE 10:42 @ 70 } 85% mm>
< Devices m
) &2
& gg;g g J Not Present
4 l N
NS’
V
&1013.73 mBar 51.50 % J

Connect using the BlueMS App

Blow on the
Temperature
sensor to change
the temperature
and humidity
values
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* “Device connected” will appear as connection is created

» Each time user moves on different tabs/screens in the app BLE notifications on
different BLE characteristics are enabled. Here Environmental and Gas Gauge
characteristics are involved

-

VT COMS1 - Tera Term VT

File Edit 5etup Centrol Window Help

ittt STEVUAL-BCHBBA2U1 #itH

Scan for sensops:
Accelerometer and Gyroscope: 0K
Preszsure and Temperature: OK
Humidity and Temperature: 0K
Magnetometer: OK
— Pruximity Sensor: OK
Sensor in low— pouver mode : QK
BattEIy uultage iz 3.31v: ﬂH
MAC: £F?7:c1:18:89:28:8h

Deu1ce cunnected

— s C— ‘___.____ﬂﬂ‘-ﬂﬂ

Enu1lunmenta1 Hutlflcatlun 0N

Environmental Motification OFF
[—- Gas Gawge Motification ONM
,’ Gas Gauge Motification OFF

Environmental Motification OM

Environmental Motification OFF
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BlueST SDK for Android and 10S

-
GltHub This repository  Search Explore Features Enterprise Pricing

STMicroelectronics-CentralLabs / BlueSTSDK_Android © Watch 3

Android

Bluetooth low energy Sensors Technology Software Development Kit (Android version)

https://github.com/stmicroelectronics-centrallabs/bluestsdk android _ _ |
D 2 commits 1 2 branches > 0 releases tﬁ 1 contributor
0 Branch: master~ | BlueSTSDK_Android / + =
m- GiovanniVisentini Update README Latest commit 573ce4 10 days ago
Il BlueSTExample Initial commit 14 days ago
Il BlueSTSDK Initial commit 14 days ago
B gitignore Initial commit 14 days ago
Bl LICENSE Initial commit 14 days ago

Bl README.md Update README 10 days ago

Source code for 10S and Android o=

- | b | | . d . t . d G . t h b B settings gradle Initial commit 14 days ago

GitHub This repository  Search Explore Features Enterprise Pricing
STMicroelectronics-CentralLabs / BlueSTSDK_iOS © Watch 3

- O S Bluetooth low energy Sensors Technology Software Development Kit (iOSversion)

I {0 2 commits ¥ 2 branches > 0 releases ﬁ 1 contributor
https://github.com/stmicroelectronics-centrallabs/bluestsdk_ios 8 Granch mastr~ | BlueSTSDK_i0S / + -
& GiovanniVisentini fix parse error with mulfiple feature in the same characeristics - Latest commit cee8d1 2 days ago
8 BlueSTSDK fix parse error with multiple feature in the same characteristics 2 days ago
’I B BlueSTSDKExample fix parse error with multiple feature in the same characteristics 2 days ago
E) LICENSE Initial commit 9 days ago

life.augmented
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https://github.com/stmicroelectronics-centrallabs/bluestsdk_ios
https://github.com/stmicroelectronics-centrallabs/bluestsdk_android

ST BlueMS Protocol

In file sensor.c at line 413 :

Protocol Device Feature

Len Type Device MAC Len Type Local Name Len Type Pwr

version ID Mask

|j SensorDemo_main.c |j SEN50r.C

411 [H|wvoid Set DeviceConnectable (void) {

412

413 [

414 f* Length of AD type Transmission Power */

415 /* Transmission Power = 0 dBm */ 3 bytes TX OUtpUt power

416 i ength of Al Type Complete Local Name

417 /* BD type Complete Local Name */ 9 byteS LOC&I Name

418 f* Local Name */f

419 anuracturer inro

420 OxFF, f* AD type Manufacturer info */

421 0x01, f* Protocol wversiom *f

422 Ox04, f#* Device ID: Ox04 = STEVAL-BCHOO2V1 Board [/

423 0x00, f#* Feature Mask byte#l: LAE3 0x20 (Led) / LRBS Ox22 (Led+Prox) / LALB7 Ox6lL (Led+Prox+ADPCH Sync+LDPCM Ludio) */
424 0x1F, f/#* Feature Mask byte#2: LLE4 0x9F (Rcc+Presfp+Hum+Temp+Batt+Temp?) / LABS OxFF (Acc+Gyrot+Mag+Press+Hum+tTemp+Batt+Temp2) #/
425 0x00, f/* Feature Mask byte#3: LLE4 0x04 (RAccEventf) / LRES 0Ox05 (LocEvents+iNemo Compact) */
428 0x00, /* Feature Mask byte#4: LALBS 0x40 (eCompassf| */

427 0x00, f* BLE MAC startc =/

428 0x00,

429 0x00, e
230 | | oxoo’ 13 bytes Manufacturer Specific
431 0x00,

432 Ox00 f#* BLE MAC stop */

SHEE I
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Feature Mask

BlueMS 4 Bytes

Protocol Device Feature

Type oo i el Device MAC Len Type LocalName Len Type Pwr

ENENERENEAEREREN

ADPCM Switch ADPC MicLevel  Proximity

I T T N N O ox1E

Gyro Mag Pressure Humidity ~ Temperat Battery 2nd Temp

------nn 0X00

Beamform AccEvent FreeFall SensFusC

7 | 6 | 5 | 4 | 3 1 2 | 1 | 0 [N

r SensFus Compass  Motionint Activity Carry Pos MemsGes ProxGes Pedo
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STEVAL-BCNOO2V1 Block Diagram
4 D

Matching
Network”

BALF-NRG-02D3
Integrated balun

TES

LSM6DSO UART_RX line
accelerometer + gyroscope IRQ hoe

e 12C BlueNRG-2

magnetometer
d IRC Bluetooth 5.0 Network and

L PS22HH ‘ Application processor
12C
barometer

RGB LED

user button

MP34DT05-A

microphone

.6 MHz

HTS221 12C
Relative Humidity & Temp. connector

VL53L1 4

r time-of-flight proximity %
> /4 5
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BlueMS

BlueMS Protocol — complete Feature Mask

4 Bytes

en | ype | Vocn | “n i esiclll] Device MAG | Len | Type | Local Name |SSIRERRIN

ADPCM Switch (f ADPC

v OXFE
Gyro ‘ Pressur® midity Temperat Battery 2nd Temp
PR Y 7

0X6A

Lux

MicLevel PrOX|m|ty

12 | 11 4 10 | 9

RFU

<

RFU Bed@ q

V)

4 s |2 |10 [

Motionlnt Activity arry Pos MemsGes ProxGes Pedo

FreeFall SensFusC

AccEvent

SensFus Compass

ougmented



Advertising Data

* In file sensor.c at line 413, this is how the Feature Mask will look like

411 [H]wvoid Set DeviceConnectable (void) {

Lys
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412
413 4
414
415
416
417
418
419
420
421
422
4273
424
425
426
427
428
429
430
431
432
4373

uintg t|manuf datal[Ze]j= {
2, e f*
Ox0A, Ox00, F*
.3'_ _l.-":-:'
0x09, f*
HNAME ALLMEMS, F*
1z, f*
OxFF, S*
0=x01, f*

Fi
Fi
Fi
Fi

Length of AD type Transmission Power #*/

Transmizsion Power = 0 dBm */

Length of AD type Complete Local WName */

AD type Complete Local MName =/

Local Hame */

Length of AD type Manufacturer info */

AD type Manufacturer info */

Protocol wersion */

Device ID: Ox05 = STEVAL-BCHNO02V1 Board */

Feature Mask byte#fl: B3 OxZ20 (LED) / LABS 0x22 (Led+P:
Feature Mask bytcefz: B4 O0x89E ([(Lcc+Press+Hum+Tenp+Batt)
Feature Mask byte#f3: B4 0x04 (AccEwvents) / LABS 0=x05 |
Feature Mask bytcefd: BS5 0x40 (eCompass) */

_."r""

_l.-":-:'

BELE MAC =tart =/

BLE MALC stop */



How Feature Mask is mapped onto ATT DB?

HWServW2ST

Environmental

- Each bit in the 4-byte Feature
Mask in the Advertising packet

corresponds to an HW feature Acc Gyro Mag LED

Acc Event Quaternions

* In the Server ATT DB a BLE Gas Gauge Ecompass
Characteristic needs to be
added corresponding to each bit
In the Advertising Feature Mask

ADPCM ADPCM Synch

Config Console

Config Char Term Char

"I STDERR Char
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BLE SensorDemo ATT DB

=3 Project: BLE_SensorDemo
= &5 Release
1 BlueMRG1_Periph_Driver
1 Platforms_Layers
[ J Startup

= User
e The ATT DB is defined and
B serore created in the file gatt db.c

] SensorDemo_main.c
] HWaAdvanceFeatures.c
_] hw_config.c

1 Hal

1 Stack

3 OTA

J VL53L1X

1 MotionFX
1S7]

1 BlueMRG1_BlueVoice_Library
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BLE SensorDemo ATT DB

Each characteristic is defined by the following key parameters

HWServW2ST PROPERTIES | UUID TYPE UUID VALUE
N.R

12 128-pit  001D0000000111e1ac360002a5d5c51b
20 N 128-bit  00E00000000111e1ac360002a5d5c51b
5 N R 128-bit 000004000001 11e1ac360002a5d5¢51b
9 N.R 128-bit 000200000001 11e1ac360002a5d5c51b
4 N.R 128-bit  02000000000111e1ac360002a5d5¢51b

LED 3 N R 128-bit  20000000000111e1ac360002a5d5¢51b
g N 128-bit  00000100000111e1ac360002a5d5¢51b
A N 128-pit  00000040000111e1ac360002a5d5¢51b
20 N 128-bit 080000000001 11e1ac360002a5d5¢51h
6 N 128-bit  40000000000111e1ac360002a5d5¢51b




BLE SensorDemo ATT DB

Each characteristic is defined by the following key parameters

Console -
N.R 128-bit  00000001000E11elac360002a5d5¢51b

STDERR 20 N.R 128-bit  00000002000E11e1ac360002a5d5c51b

PROPERTIES | UUID TYPE UUID VALUE

20 N, Ww/oR, 128-pit  00000002000F11elac360002a5d5¢51h
R,W

NOTE 1: UUID values are linked to the Feature Mask in advertising

Lys

NOTE 2: 2 additional bytes for a timestamp for each char



BLE SensorDemo ATT DB

tBleStatus Add HWServW2ST Service (void)
aci_gatt _add service (UUID TYPE,UUID, .. ,MAX NB ATTRIBUTES, &ServHandle)
aci_gatt_add_char (ServHandle, UUID TYPE,UUID,Length, PROPERTIES, PERMISSIONS, .. , &CharHandle)

HWServW2ST » HWServiW2STHandle = 0x000C

» FnvironmentalCharHandle = 0x000D
» AccGyroMagCharHandle = 0x0010

Config » ConfigWZSTHandle = 0x002B

‘7 » ConfigCharHandle = 0x002C
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BLE SensorDemo ATT DB

Char Declaration EnvironmentalCharHandle = 0x000D

’

Environmental

 Declaration Handle: used by the application to access the Characteristic

Char Value Handle = 0x000E

Char CCCD Handle = 0x000F

 Characteristic Value Handle: used by the Client for Read/Write operations

* Client Characteristic Configurator Descriptor (CCCD). GATT descriptor
added by default by the stack if char has Notify/Indicate property. Used
¥/ Dby Client to enable noatifications/indications on char value.
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Central: Services and Characteristics

discovery procedure
Handles Values

UuIDs _—= (
| Mame Handle Property Value Value Length |
a B service User Deﬁne‘ EgmﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂlllELQABdUUUZASDSCSlB (0000
4 Characteristic User Defined (0x00100000000111 ELAC360002A5D5C518) (000D Read, Motify 0x011F0111023C00018BCARDS (hdC
" . Client Characteristic Configuration (0:2902) 0:000F
T h I S I S h O W 4 @ Characteristic User Defined (0x00E00000000111 E1ACIG0002A505C51B) 00010 Motify
Client Characteristic Configuration (0:2902) 00012 w000 [
4 Characteristic User Defined (0x00000400000111E1AC360002A505C51B) (0013 Read, Motify 00000002405 005
ATT D B Client Characteristic Configuration (0x2902) 00015 w0000 02
4 Characteristic User Defined (0x02000000000111E1 AC360002A505C51B) (0016 Read, Motify 0xB8A1232E 004
. Client Characteristic Configuration (0x2902) 0018 w000 [
I k | k f 4 [@ Characteristic User Defined ((x20000000000111E1AC360002A5D5C51E) 00019 Read, Notify 0x0024E6 003
O O S I e r O m Client Characteristic Configuration (0x2902) 0:001E w0000 02
4 Characteristic User Defined (0x00020000000111E1 AC360002A505C51B) (s001C Read, Motify 0:0180000 CBADIEBABRS 003
h | Client Characteristic Configuration (0x2902) 0001E (0000 002
t e C e n t r a_ 4 Characteristic User Defined (0x00000100000111E1 AC360002A505C518) 0w001F Motify
Client Characteristic Configuration (0:x2902) 00021 w0000 02
4 Characteristic User Defined (0x00000040000111E1AC360002A505C51B) (0022 Motify
Client Characteristic Configuration (0:2902) 00024 w000 [
4 Characteristic User Defined (0x08000000000111E1AC360002A505C518) (0025 Motify
Client Characteristic Configuration (0:2902) 00027 w0000 [
4 Characteristic User Defined (0x40000000000111E1AC360002A505C51B) 00028 Maotify
Client Characteristic Configuration (0:2902) 00024 w0000 w02
4 B Service User Defined (0x00000000000F11 E19AB400024505C51E) 00028
4 Characteristic User Defined (0x00000002000F11E1 AC360002A505C518) (w002C Write w/o resp, Notify
Client Characteristic Configuration (0:x2902) 0:002E w0000 02
4 B Service User Defined (0x00000000000E11 E19AB400024505C51E) 0:002F
4 Characteristic User Defined (0:00000001000E11E1 AC380002A505C51E) 00030 Read, Write w/o resp, Write, Notify Old O30
Client Characteristic Configuration (0x2902) 00032 w000 [
r 4 Characteristic User Defined (0x00000002000E11E1 AC360002A505C51R8) (w0033 Read, Motify (3] 000
’I Client Characteristic Configuration (0x2902) 00035 w0000 02
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Connection created

Notification

IlOOmsecs

aci _gatt update char value (ServiceHandle, (0x000C, // HWserv handle

CharHandle, O0x000D, // EnvChar handle
Offset, 0x00,
Length, 0x08,

"I Value) Data) // EnvChar Value
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Cortex-MO Sleep management s

Central (((8 ))) Peripheral

Connection created

T o A : - Sleep mode managed through a dedicated sleep library and API
- Notification .
. : * BlueNRG_Sleep(sleepMode, gpioWakeBitMask, gpioWakelLevelMask);

IlOOmseCS + 4 wake up sources: timers, DIO11, DIO12 and DIO13

» Timers: 4 virtual timers mapped on 2 physical timers managed by the radio IP
* DIO11: Interrupt line from UART RX or SW1 button
* DIO12: Interrupt line from Magnetometer

« DIO13: Interrupt line from 6-axis Accelerometer & Gyroscope

Radio Active phase

Deep sleep mode
A

— \l, B |

— _ time
life.augmented Connection Intervals




Typical scenarios

Active mode Tx/Rx

Deep sleep mode

l A \ . ..........
{ >

= : : time
Long Connection Intervals (in the orders of secs)

Low throughput

High tRroughput

A 4

ort Connection time
Intervals (min 7.5msecs)

Active phase

ical plot
typical p A T
mA RX —
[Start-up
CPU cPU
Active L— ——— CPUOFF
‘_I XTAL _ RX-2-Tx Active .
, startup & time
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L ow Power Modes

* Deep sleep mode can represent most of the application time.

- Efficient management of sleep modes lowers significantly avg pwr consumption.

BlueNRG-2 flexible low power architecture

RUNNING 1.9mA Core running Highest power
CPU HALT 1.5mA W FI instruction : .
Low Power library combines
WAKETIMER 900nA GPIOs and Timer Wakeup requests coming from the
application with the radio
NOTIMER 500nA GPIOs only Wakeup operating mode

Lowest power
[YI P
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Context Save/Restore

* BlueNRG-2 Low Power Library manages autonomously entering and exiting
to/from sleep mode. NO need for the application to worries about sleep
management and RAM retention!

» The library saves peripherals configurations and application context before
entering deep sleep, and restores the context on exiting from low power state:

« CPUreturnsto executethenextinstruction afterthelow power function call
 No needtore-initialize peripheral and radio stack
« RAMretentionis guaranteed

Lys
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BlueNRG Current Consumption Estimation Tool

 Accurate estimate of average current consumption and battery lifetime

. &yy BlueMRG Current Consumption Estimation Tool v.1.4 =NRCN X |
1. Select the device File Plot Settings Window Help
Calculate Consumption Performance Summary
Events: |.ﬁ.dverﬁsing ﬂ T - 257
_— ime of active phase: .87 ms
2. Select the type of Winnm T TS
event Average current during the active phase: 4.9 mA
Type of Device: BloiR.G-2 El: -DC Converter Active
Total average current: 93 uA
High Power mode Pout |4 (-2dBm) -
Payload data rate: A
3. Conﬂg ure the HW 3.0 % Crystal Startup Time {(us) 512 =
operating conditions L _A(Retention RAM 4 KE - [ e <] Battery lifetime
Battery capacity ( 230 =
4 Conﬁgure the / Internal Low Speed Clock [] slave SCA (ppm) 100 =
T ; ttery lifeti 3 year(s), 3 month(s), 23 day(s)
application use case

scenario /

5. Specify the Battery capacity 6. Read the average current and
the estimated battery lifetime

Lys
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BlueNRG Current Consumption Estimation Tool

» Check on the installation folder in the path
“BlueNRG_Tile HandsOn/Software”

Tjﬂ ElueMRG Current Consumption Estimation Tool-5etup-1.4.exe
iisr BlueMRG GUI-2.6.0.0-5etup.exe

e en.5T5W-BNRGLSTLMNK. zip

ﬁ npp.7.5.4 Installer.dd .exe

Tjﬂ teraterm-4.97.exe

* Or on st.com at this link:

http://Amww.st.com/content/st_com/en/products/embedded-software/wireless-connectivity-software/stsw-bnrg001.html

Lys
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http://www.st.com/content/st_com/en/products/embedded-software/wireless-connectivity-software/stsw-bnrg001.html

Advertising example 1/3

&y7 BlueMRG Current Consumption Estimation Tool v.1.4

File  Plot Settings Window Help

Calculate Consumption

Events: Advertising Il
General Advertising | Scanning | Connection |
1. Select the device > Type of Device: IEIUENRG—E | |DC-DC Converter Active
High Power mode Pout I-ﬂr (-2dBm) ;|
_ Supply Voltage (V) 3.0 El Crystal Startup Time (us) 512 El
2. Configure the HW >
operating conditions Retention RAM [24kB ~]| Master SCA (ppm) [5(G1-50) |
Internal Low Speed Clock 7] slave SCA (ppm) 100 %

Lys
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Advertising example 2/3

&7 BlueNRG Current Consumption Estimation Tool v.1.4

File | Plot | Settings Window Help
Calculate Consumption
1. Select the event type > | Advertising
Advertising

Advertising Data Length (byte) 20| E
2. Configure the event q Advertising Interval (ms) 1500.000 | =
operating conditions

Advertising Channels 3 -

Mon-connectable undirected event [l

|

Lys
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Advertising example 3/3

" &7 BlueNRG Current Consumption Estimation Tool v.14 b
w7 Blue urren nsumption Estimation Tool v A l . - 'y -
File Plot Settings Window Help
Calculate Consumption Performance Summary
Events: |.¢\dverﬁsing ﬂ
Time of active phase: 3.35ms
General | Advertising | Scanning I Connection |
Average current during the active phase: 5.39mA
Type of Device: BlugMRG-2 - DC-DC Converter Active
Total average current: 12.94 uA < 1 G t t
High Power mode o PrEra . Gel average curren
Payload data rate: 0.11 Kbit/s =
Supply Voltage (V) 3.0 2| Crystal Startup Time {us) 512 = C O n S u I I I ptl O n
Retention RAM 24KB |  Master SCA (ppm) 5(31-50) ~ Battery lifetime |
Battery capacity (mAh): 230 3
Internal Low Speed Clock []  Sslave sca (ppm) 100 = < 2 G t .t d b tt
Battery lifetime: 2 year(s), 0 month(s), 10 day(s) . e eXp e C e a e ry

lifetime

RO ———rrr T ———————

10.00

8.00+4

B sool| cruave | : [ 3. Plot of the active phase

: : start up I I PN A R P i i1 i1 CRUrunning

PU off

2.00 ¢

= Pl Lpele ki

e BN I N I N
200 400 600 800 '1000 1200' 1400 1600 1800 2000 2F200 2400 26000 2800 3000 3200
RX/TX RXTX us R TX RXTX

0.00
0




Lab 3
LED characteristic




Enable LED toggling

ooooo Verizon LTE 10:39 @ 7 0 } 86% W

< Devices ﬁ

Click the image to change the status f ))

Write 1. Clickthe image on the app
A - 2. Image will change color and
Pack 1’2 B et
LEt’ e 5 RED LED toggles
‘1’ LED ON v (o8 5. SEEENE 3 Sent BLE notification
‘0’ LED OFF packet

2

ug C1C2 cacs -

Notification

Packet
—

‘1" LED ON
# & @& o - | 'OLEDOFF

Enviromental MemsSensorFusion Plot Data Cloud Logging More

Lys
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Code flow

Modify advertising packet
Client enables LED characteristic notifications
Client Writes in Config Char

Parse write command from the client and send BLE notification on
LED status



Sensor Demo reference application mm

0 Bluet rope - Vision = | =) [l
. Chlsers\raffaele nva\Duwnloads’\ZﬂlSﬂﬁﬂ} BlueNRG-1_2 DK 3.D.D\Prqact\BLE Exanples‘\BLE Smsmﬂm\MDK—MBIIEN%Z\BLE -_SensorDema.uvprojx - pVision =
e — L —

P ———

Edit Wiew Project Flash Debug Peripherals Tools SVCS  Window Help
ﬁﬁaﬂl&ﬁmln Gl | ™R R R EEE G @ e EEREIEEEY 1= RN
EESNE R

=T Project: BLE_SensorDemo

| Eﬁ Release

I I [+ BlueNRGL_Periph_Driver
25 Platforms _Layers

| SDK_EVAL_Com.c
SDK_EVAL_Config.c
SDE_EVAL_Button.c

Now we go back
again to Keil uVision

SensorDemo_main.c
HWAdvanceFeatures.c

{1 Hal

#- [ Stack

-d OTA

f-J VL5311

7 [0 MotionFX

7-C1 BlueNRGL_BlueVoice_Library

[
[
[
£
[
[

&l Project | ¥ Books | £} Functions | 0, Templates

Build Qutput

Lys
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L3 STEP1: Modify advertising packet

146
Project
B2 Project: ELE_SensorDemo
—-k5 Release
> BlueMNRG1_Penph_Driver
1 Platforms_Layers
1 Startup
= User
] BlueNRG1_it.c

lj SEMNEOr.C

SensorDemo_main.c
_] HWAdvanceFeatures.c
_] hw_config.c

. d Hal

1 Stack

J OTA

[ VL53L1X

1 MotionFX

m 1 BlueMRG1_BlueVoice_Library
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ST BlueMS Protocol

BlueMS 4 Bytes

Protocol Device Feature

Type oo i el Device MAC Len Type LocalName Len Type Pwr

EBERENER

ADPCM Switch DoA ADPC MicLevel  Proximity
20 | 19 | 18 | 17 OXIE
Acc Gyro Pressure Humidity ~ Temperat Battery 2nd Temp

------nn 0X00

Beamform AccEvent FreeFall SensFusC

7 | 6 | 5 | 4 | 3 1 2 | 1 | 0 [N

r SensFus Compass  Motionint Activity Carry Pos MemsGes ProxGes Pedo

life.augmented



STEVAL-BCNOO2V1 Block Diagram
~ N

Matching
Network”

BALF-NRG-02D3
Integrated balun

TES

UART_RX line user button

LSM6DSO
accelerometer + gyroscope

ADC
LIS2MDL BlueNRG-2 RGB LED
magnetometer
Bluetooth 5.0 Network and
LPS22HH ‘ Application processor MP34DTO05-A
barometer microphone

HTS221
Relative Humidity & Temp. connector

VL53L1 4

r time-of-flight proximity
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L3 STEP1: Modify advertising packet

149
Modify the Feature Mask in the advertisement payload

1. In the file sensor.c
2. Gotoline 423
3. Modify Feature Mask byte#1 from 0x00 to 0x20

] sensorc

411 Hwoid Set DeviceConnectable (void) {

412

413 [ uint& t manuf datal[2&6] = {

414 2, /¥ Length of AD type Transmission Power */

415 Ox0R, O=00, J* Transmission Power = 0 dBm #*/f

416 8, /¥ Length of AD type Complete Local Hame #/

417 ox09, J#* BD type Complete Local HName */

418 NAME ALLMEMS, JS* Local HName */

4119 13, F* Length of AD type Manufacturer info #*/

420 0xFF, J* AD type Manufacturer info */

4721 ox01, F* Protocol wersion *f

402 - - - 2 = VAL-BCHOO2V1 Board =/
423 I ox20, JS* Feature Mask hyte#l:lLﬁES Ox20 (LED) Jf LABS (
424 U1, i caLure Mas viere . LAaB4 Ox9E [(Acc+Press+Hun
425 oOx00, JS* Feature Mask byte#3: LLAEB4 O0x04 (LAccEvents) S
426 0x00, J/* Feature Mask bytefd: LABS 0x40 (eCompass) */
&2?_ 0x00, JS* BLE MAC start */

Lys
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L3 STEPZ2: Client enables LED
characteristic notifications

Project
= Project: BELE_SensorDemo
EI@ Release
% [ BlueNRGL_Periph_Driver
--ﬁ Platforms_Layers
ﬁ Startup
EIJE' User

|_‘| gatt_db.c
Ij SENSOF.C

|_h| SensorDermo_main.c
|_h| HWAdvanceFeatures.c
|_h| hw_config.c

--ﬁ Hal

--ﬁ Stack

@3 OTA

@ £ VLS3LIX

& MotionFX

--ﬁ BlueMRG1_BlueVoice_Library




Lys
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L3 STEPZ2: Client enables LED
characteristic notifications

In the file gatt db.c gotothe line 686

Client writes in the LED Characteristics Client Configurator Descriptor (CCCD) and Server
enables notifications through the xFeatureNotification structure in line 689 by
xFeatureNotification.LedNotification =true;

151

Tl -2 [

686 } else if [l:attr_handle == (LedCharHandle + E}}] i
87

ad8 [ if {att_data[0] == 01) {

6898 xFeatureNotification.LedNotification = true ]
690 PRINIF ("Led Notification ONLnLT™):

691 ¥} else if (att _data[d] == 0) {

692 XFeatureNotification.LedNotification = false;
693 PRINTF ("Led Hotification OFF\n\r™);

694 X




L3 STEP3: Client Writes In Config Char me==

Project
= Project: BELE_SensorDemo
= 4% Release
| BlueMRG1_Periph_Driver
1 Platforms_Layers
1 Startup
-5 User

ij gatt_db.c
] sensor.c

ij SensorDemo_main.c
ij HWAdvanceFeatures.c
& hw_config.c

1 Hal

d Stack

d OTA

d VL53L1X

"l 1 MotionFX

life.augmented 1 BlueMNRG1_BlueVoice_Library



L3 STEP3: Client Writes in Config Char ==

1. Inthefile gatt db.c gotothe line 816

2. Client writes in the Config Char and Server parses the command through the function
ConfigCommandParsing(att_data, data length);

8le |l } else[if (attr handle == ConfigCharHandle + 1}]{
817
818 /% Received one write command from Client on Configuration characteristic #*/
819 [CunfigCnmandParsingtatt_data, data length): ]
820
821 1}

Lys
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L3 STEP4: Parse write command and
send BLE notification on LED status

Project
= Project: BELE_SensorDemo
EI@ Release

% [ BlueNRGL_Periph_Driver
--E] Platforms_Layers
ﬁ Startup
Eljg_-ﬁ' User
1] BlueNRGL it
L att db.c

I_‘I SENS0T.C

SensorDemo_main.c
|_h| HWAdvanceFeatures.c
|_h| hw_config.c

--Ei Hal

--ﬁ Stack

= 3 OTA

@ £ VL53LIX

& MotionFX

--E] BlueMRG1_BlueVoice_Library

154



L3 STEP4: Parse write command and
send BLE notification on LED status

155

1. Line 941: ConfigCommandParsing (Ciiz5)| (case rearure masx Lep:
_ 1126 o j ommand) {
2. Check on the FeatureMask (line 947) 1127
1128 SdkEvallLedCn (LED1) »
LR ) H 11249 PEINTF ("Fnahled: BGRE ledvnbhr™) -
3' If It S the LED feature maSk (Ilne 1125) 1130 Cf:nnfig_Nf:ntify:FEFLTUEE_H.FLSK_LED, Command, Data);
1131 Treak:
4. Check onthe command value. If Ox01 1132 case 0:
1133 SdkEvallLedCff (LEDL) ;
1134 PRINTF ("Dizabled: ERGE led\nhx"™):
5' Turn ON LED3 1135 Config Notify (FEATURE MASK LED, Command, Data):
. . . 1136 brealk:
6. Send Notification on the Config char on 1137 }
the command received and parsed 12390 (3 reaceremoriricerion Leawecificaciom
— 3 S—— S— i , 1140 ig (LED1) )
7. Send Nd iﬁﬁ’)ﬁﬁﬁ& T = ;Wﬂﬁfﬁ:@ida 1141 El;-:d_ﬂpdate:EmBLE}:i
LED Statug&E u:i.ntB_t Command = att datal[4]: 1143 Led Update (DISABLE) ;
D44 uintg t Data = att_data[S]: 1144 | }
4945 uin1:32_1: BendItBack = 1 1145 break:
947 switch (FeatureMask) {

Lys
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Build the new code

[ CAlueNRG, T HandEOMSTEVAILBENGORVAD

File Edit View Project Flash Debug Perni

Iﬂﬁ|ﬂ—J@|q'|‘h

1. Clickon the Build button (top left corner) or hit F7
on your keyboard

B ol (S LOAD
2. Inthe Build Output window (bottom) wait for the = “({__J— '—‘| $4 | Release
build to be completed. Project Build (F7)
Build t t fil
«  BLE SensorDemo.hin created =% HITe targer TWES jno

. —l-ks% Release
« “OError(s),0 Warning(s)” message appear

Build Output I

-nniﬂiangEaSll_wait.c. ‘e

compiling v15311 register funcs.c...

compiling v15311 platform.c...

linking...

Program S5ize: Code=121908 RO-data=1428 RW-data=1136 ZI-data=21252
FromELF: creating hex file...

After Build - User command #1: fromelf.exe —-bin ..%..%..%..%\..\..\Han

. - — _SensorDemo.axf --output ..\..\..\..\..1}.\HandsOn\BLE_Sens0rDemﬂ_PrjOutput\BLE_SensnrDemﬂ.bin
"GN GGG LUNL U \HandsOn\BLE SensorDemo PrjCutput\BLE SensorDemo.axflf - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:12

Lys
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157

1. Go back to TeraTerm
2. Click on the

W COMS4 - Tera Term VT = | B

File | Edit Setup Control Window Help

Mew connection... Alt+M
Duplicate session Alt+D
Cygwin connection Alt+G
Log...

Comment to Log...

View Log

Show Log dialeg...

Send file...

Transfer 3
S5H SCP...

Change directory...

Replay Log...

TTY Record
TTY Replay

Print... Alt+P

&7 I

augmented g N




Re-flash the BlueNRG-2

1. Go back to the BlueNRG-2 Flasher Utility

&7 BlueNRG-1_2 Flasher - Utility v2.0.0 =B
File | Tools | Help
Select Image file | Mo Image file loaded.
Flash from Address: |0x10040000 [[ Fash ][ swp
UART SWD
Actions List of COM Ports:

Automatic Mode (only 5T DK) COMAL (5T DK)
Verify
Mass erase

Update Device Memary

Device

Flash Programming

| | 0%
Device Memary Image File
Start Address 0x10040000 Size 0x3000 Read | Write
0 1 2 3 4 5 6
| 1 r
Log

’I Load Log. . J Save Log... J Cleer Log )

life.augmented W.Board: 0/0 | | 0%




Flash the BlueNRG-2 1/5

1. Select the COM port labeled (ST DK)

LART SWD
Actions List of COM Ports:
\
| Automatic Mode (only ST DE) | COMBI1 (5T DK) J
W | Verify




Flash the BlueNRG-2 2/5

1. Clickon Mass Erase

UART SWD LART SWD
Actions List of COM Ports: Actions List of COM Ports:
Automatic Mode (only 5T DK) COMBS1 (5T DK) Automatic Mode {only ST DK) COMIL (5T DK}
verify Verify

Mass erase Mass erase

IIpdate Device Memory

IUpdate Device Memary

Lys
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1. Clickon Select Image file button

Flash the BlueNRG-2 3/5

&yr BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

[[ Select Image file ]]Nn Image file loaded.

2. And browse the following path

(

ElueMRG_Tile_HandsOn » HandsOn » BLE_SensorDemo_PrOutput




Flash the BlueNRG-2 4/5

1. Select BLE SensorDemo.bin

. Listings
. Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

&7 BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

| Select Image file | C:/BlueMNRG_Tile_HandsOn/HandsOn/BLE_SensorDemo_PrijOutput/BLE_SensorDemo.bin

Flash from Address: 0x10040000 | Flash | Stop

m UART SwWD

Actions List of COM Ports:

life.augmented



Flash the BlueNRG-2 5/5

1. Flashing starts: green bar proceeding Pevice | BLelRe: (e fah address: 0x1007T)
P

2. Wait for the pop-up window and click on OK

Device BlueMRG-2 (max flash address: 0x 1007FF)

Reading Memory COM91

100%

o7 BlueNRG-1_2 Flasher - Liility

Device Memory COM31 Image File

Start Address 0x 10040000

Device COMA1 -» Flazhed and Verified.

Read Write

0 1 2|3 ASCT i

0:10040000 00 60 00 20 05

0:10040010  AA 55 55 AA 45 5h 4C 42 00 00 00 00 00 00 00 00 CGUUEELLB
0:10040020 00 00 OO0 0O OO OO 0O 00 OO0 0O 00 00 A 12 04 10 !

0:10040030 00 00 00 0O 00 OO0 00 00 D7 08 04 10 23 12 04 10 x #

Do NOT close the Utility! s s ‘

Flash Boards: COMS1 (5T DE)

16:17:231.51Z2: Device COM3]1 -> Flash Programming

16:17:32.171: Device CCM31 -> RBead Board Started
16:17:32.884: Device COM31 -> Read Board End
16:17:22.5317: Device COM31 - Flashed and Verified.

life.augmented




164

1. InTera Term in order to have the terminal clean, go to

4] Tera Term - [disconnected] VT | == |&J
File | Edit | Setup Control | Window

here?t
i’:e re :
Copy table 1ere:
P here?t
heret

Paste im Pe :
R 1ere?t
F-?!'_-tE'-'\_R-‘ ]"IE]:"'E!
here?
Clear screen here?t
here?t
Clear buffer here?t
here?t
heret
here?t
here?
Select screen here?
here?

Select all  ——

0 ST I here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret

World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?

augmented

Copy

Cancel selection




Reconnect the serial terminal

1. Click Setup -> Serial port...

2. Serial port should already configured. Just
need to click on OK

Port: COMI1

Baud rate: 115200

Data: 8 bit

File Edit | Setup | Control Window Help

Parity: none

s = Stop: 1 bit
Window...

Flow control: none
Font...

Keyboard... Transmit delay
I Serial port.., I ° 0 msecfchar 0 mseciline

Lys
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on the blue motherboard -> LED blinking Blue

VT COMS] - Tera Term VT

File Edit S5Setup Control Window Help

LY R

b B

\= 4

i STEUAL-BCHBA2U1 HiH

|

Scan for sensops:
Accelerometer and Guroscope: 0K
Prezssure and Temperature: OK
Humidity and Temperature: QK

Magnetometer: OK

Proximity Sensor: 0K
fensnr_in lnu—nnuwer mnde: 0K
Battew»u unltaoce 4o 3 FHou= OK

|DeuicE'iE now discoverable with MAC: 89:55:31:45:EE:F2_

augmented



Connect using the BlueMS App

° “Kill” 9 Touch e Select your
the BlueMS app “Start discovering” STEVAL-BCNO0OO2V1
........ izon LTE 09:11 @ 7% 40% W ¥ O<OOOBaCe:zon LTE D;:::es @16#83%
== )

-----

© Copyright 2017 STMicroelectronics.

Ptton and
then swipe to top

life.augmented
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Click on “Switch”

eeec0 Verizon F 14:12 @ 7 3} 72%

< Devices ﬁ

—
=
¥

0.00°C
26.30 °C

Not Present

N’

0.00 mBar 52.40%

& & O

Enviromental Plot Data Cloud Loggifly

ssi & Battery

enabling LED toggling

A new page will appear

eee00 Verizon & 14:15 @ 7 % 71%

< Devices ﬂ—l

Click the image to change the status

& & o | m

Enviromental Plot Data Cloud Logging Switch Rssi & Battery




Enable LED toggling

ooooo Verizon LTE 10:39 @ 7 0 } 86% W

< Devices ﬁ

Click the image to change the status f ))

Write

Packet
—

1" LED ON
‘0’ LED OFF

Notification

Packet Click the image on the app
L 2. Image will change color and
. ‘8, tEB 8II:IF RED LED toggles
3 = 7
A A N S 3. SentBLE notification
‘Yl packet

life.augmented



LED toggling

 Red LED fast toggling shows the entering/exiting to/from Sleep mode

Connection Intervals

) g ’

u f | time

Deep sleep mode

1

1

In Active Phase In Sleep Phase
LED is ON LED is OFF

Lys
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« String “LED Notification ON” will appear as the app tab will be enabled

« Each time user click on the LED icon in the BlueMS app, the Write command is
sent to the board and the LED will toggle accordingly ("Enabled: RGB led” = ON,
“Disabled: RGB led” = OFF)

Device is now discoverable with MAC: 3f:2c:f6:ebh:da:-di
Sensopr activated: QK

Device connected

Environmental Motification OM

Fouiwnnmental Matifjcation OFF

Led Motification ON

Enabled- HuLH led
Dizahled: RGB led
Enabled: RGB led
Dizabhled: RGE led
Enabled: RGEB led
Dizabled: RGE led

Lys
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Lab 4
Accelerometer embedded events detection




Example - Single Tap

) L. On the board perform a

o Single Tap
NoFt)lflcl?tlton 2. Send BLE notification
i packet

—
\
‘SINGLE TAP’

s

s AL NOTE: this is just an example
m for SingleTap. Other events will

be displayed later in the lab!

life.augmented



Code modifications

Modify advertising packet
Enable Accelerometer events detection feature

Read Event Status and send BLE naotification through an update on the
Accelerometer Event characteristic value



Sensor Demo reference application

175

——— — W T e —— R Igl_ﬁ'
C\Users\raffaele riva\Downloads\20180630 ElueNRG-1_2 DK 3.D.l]\Pruject’\BLE_Exanples\BLE_Smsurﬂmn\MDKMImN%ME_&mﬂemmﬁ - pMision =k
S— o i — i i —

Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NS d@| & aB] 9 o =« |®B B8R Mz Iz | @ wew pia DR elale oo e A
@ILI @|%|Releﬂse E#|ﬁ%’?ﬁ

i

E‘B Project: BLE_SenserDemc

| --ﬁ BlueNRG1_Periph_Driver
2[5 Platforms_Layers

| SDE_EVAL_Com.c
SDE_EVAL_Config.c
SDK_EVAL Button.c
SDK_EVAL I2C.c
SDE_EVAL Led.c
HTS221.c
LISZMDL.c
LPS22HB.c

Now we go back
again to Keil uVision

]..a Hal
f-[J Stack

H-Cd OTA

70 VL53L1X

70 MotionFX

{1 BlueNRGL_BlueVoice_Library

£
[
[
[
3
[

& Project | €FBooks | £} Functions | O, Templates

Build Output

Lys :
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L4 STEP1: Modify advertising packet

176
Project
B2 Project: ELE_SensorDemo
—-k5 Release
> BlueMNRG1_Penph_Driver
1 Platforms_Layers
1 Startup
= User
] BlueNRG1_it.c

lj SEMNEOr.C

SensorDemo_main.c
_] HWAdvanceFeatures.c
_] hw_config.c

. d Hal

1 Stack

J OTA

[ VL53L1X

1 MotionFX

m 1 BlueMRG1_BlueVoice_Library

life.augmented



ST BlueMS Protocol

BlueMS 4 Bytes

Protocol Device Feature

Type oo i el Device MAC Len Type LocalName Len Type Pwr

- ---- o0
ADPCM SW|tch DoA ADPC MicLevel  Proximity

-Pq---- OXOE
Gyro

Pressure Humidity ~ Temperat Battery 2nd Temp

15 | 14| 13 ] 12 BEEE

RFU RFU RFU RFU Beamfor AccEvent FreeFall SensFusC

7 | 6 | 5 | 4 | 3 1 2 | 1 | 0 [N

r SensFus Compass  Motionint Activity Carry Pos MemsGes ProxGes Pedo
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STEVAL-BCNOO2V1 Block Diagram
~ N

Matching
Network”

BALF-NRG-02D3
Integrated balun

TES

LSM6DSO UART_RX line user button

accelerometer + gyroscope

SISeMBE BlueNRG-2

magnetometer
Bluetooth 5.0 Network and

L PS22HH ‘ Application processor
barometer

ADC

MP34DT05-A
microphone

.6 MHz

HTS221
Relative Humidity & Temp. connector

VL53L1 4

r time-of-flight proximity %
> /4 5

life.augmented
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L4 STEP1: Modify advertising packet

179
Modify the Feature Mask in the advertisement payload

1. Inthefile sensor.c

2. Gotoline 424 and 425

3. Modify the Feature Mask byte#2 from Ox1E to Ox9E
4. Modify the Feature Mask byte#3 from 0x00 to 0x04

] sensor.c

411 Hwoid Set DeviceConnectable (void) {

412

413 [H uint8 t manuf datal[2&] = {

414 2, /% Length of LD type Transmission Power #/f

415 Ox0&, 0=x00, /% Transmission Power = 0 dBm */

416 B, F# Length of &ZD type Complete Local Hame */

417 0x09, F#% LD type Complete Local Hame #*/

418 NAME ALLMEMS, F# Local Mame =/

4193 13, /# Length of 4D type Manufacturer info */

420 0xFF, F# LD type Manufacturer info #*/

421 0x01, /*% Protocol wversion */

422 0xd5, f% Device ID: 0x05 = STEVRL-BCHOO2V1 Board */

‘ Wk k] LE L E ] il : LLB3 0x20 (LED) [/ LABS

[ 0x3E, /% Feature Mask byvte#Z LLB4 0=x%E (Rccoc+Press+Hu

0x04, /% Feature Mask byvte#3): LLEB4 0x04 (RocEvents)
0x00, /% Feature Mask bytefd4: LLBS 0x40 (eCompass) #=/

0x00, /% BLE M4AC start *f



L4 STEP2: Enable Accel events feature m=m

Project
= Project: BELE_SensorDemo
= 4% Release
| BlueMRG1_Periph_Driver
1 Platforms_Layers
1 Startup
2§ User
] BlueNRG1 _it.c

|
ij SENSOr.C

] SensorDemo_main.c
ij HWAdvanceFeatures.c
& hw_config.c

1 Hal

d Stack

d OTA

d VL53L1X

"l 1 MotionFX

life.augmented 1 BlueMNRG1_BlueVoice_Library




L4 STEPZ2: Enable Accel events feature

Lys

life.augmented

Enable multiple accelerometerembedded events detection

1. In the same file sensor.c
2. Gotoline54toline 58

3. Setthe definesfrom line 54 to line 58 from 0 to 1

/% ACCELERCMETER EVENTS #/

Lj:HMHMI*
o3
54 |#define
55 |#define
56 |Fdefine
57 |#define
58 ) #define

ENABLE FREE FALL
ENABLE SINGLE TAP
ENAELE HW WAKEUP
ENABLE TILT
ENAELE PEDCMETER

()




ol-- LSM6DSO at a glance

2. FLEXIBILITY: algorithm @ silicon level]

1. PERFORMANCEAND FEATURE |

«  Accuracy: Tango and Daydream compliance b s B e B « Pedometer 2.x
WeChat Precision

- 0.55mA current consumption is HP combo ~ Fy -
-15%vs. LSM6DSL/M @ same performance ¢ i
 New ultra low power mode: 14uA (@100Hz
ODR) Axl only

e FSM build custom sensors
for XL and Gyro

LSM6DSO

3. NEW STANDARD |

| 4.INNOVATION |

° A slave H
I3C | Frmimnrrie I:r'u-'\-' g =
e —1] 2.5x3x0.86 mm *  MEMS: Axl T-structure for mechanical
. ] x Fm el
[Fman =t F}» shock robustness
e | Jr— * Compressed FIFO (3x)

* 10 patents protecting LSM6DSO

 FIFO tag : ;
innovation

K’ I Spring designed to absorb shocks and
reduce mechanical stress in critical areas

life.augmented
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L4 STEP3: Client enables Acc Event
characteristic notifications

Project
= Project: BELE_SensorDemo
EI@ Release
% [ BlueNRGL_Periph_Driver
--E] Platforms_Layers
ﬁ Startup
EIJE' User

|_‘| gatt_db.c
Ij SENSOF.C

|_h| SensorDermo_main.c
|_h| HWAdvanceFeatures.c
|_h| hw_config.c

--Ei Hal

--ﬁ Stack

@3 OTA

@ £ VLS3LIX

& MotionFX

--E] BlueMRG1_BlueVoice_Library




L4 STEP3: Client enables Acc Event
characteristic notifications

1. Inthefile gatt db.c gotothe line 717

Client writes in the Acc Event Characteristic Client Configurator Descriptor (CCCD) and
Server enables notifications through the xFeatureNotification structure in line 728 by
XxFeatureNotification.AccEventNotification =true;

184

T17 H else[if fattr handle == (AccEwventCharHandle + 2)) { ]
715 if (®FeatureNotification.MotionNotification = false && =xFeatureNotification.iNemoEngineNotification == false) {
720 [= i — SRR
721 lszmbd=so x1 data rate set (0, LSMeDS0 XL ODE S2Hz) :
T22 = = T = - OFF
T23 EnableHWHMultipleEvent=s () ;
T24 e ol
T25 GPIC EXTICmA (GPIC Pin 13, ENAELE) ;
T26 Config Notify (FEATURE MASK ACC EVENTS, 'm', 1);
T27 = e
T28 xFeatureNotification.AccEventlotification = true;
729 nar)
T30
731 } else if (att _data[0] == 0) {
T32 lsmédsoc_x1 data rate set (0, LSM&D5S0 XL CDR_OFF) ;
T332 XFeatureNotification.AccEventHotification = false;
‘ T GPIO EXTICmd (GPIO Pin 13, DISAELE):
” T35 DizableHWMultipleEvents() ;
life.augmented T36 PRINTF ("AccEvent Notification OFF\n\r"):

75T



Lys
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L4 STEP4: Read Event Status and
send BLE notification

Project
= Project: BELE_SensorDemo
EI@ Release
% [ BlueNRGL_Periph_Driver
--ﬁ Platforms_Layers
ﬁ Startup
EIJE' User

...... ] BlueNRG1_it.c

|_‘| SENS0T.C

------ | SenserDemec_main.c

------ |_‘| HWAdvanceFeatures.c

e a hw_config.c

--ﬁ Hal

--ﬁ Stack

@3 OTA

@ £ VLS3L1X

& MotionFX

--ﬁ BlueMRG1_BlueVoice_Library




L4 STEP4: Read Event Status and
send BLE notification

1179 [FJvoid MEMSCallback (void) |4

1180

1181 [ lzméd=o all sources get (0, &all_snurce};]

1182

1183 f* Check if the interrupt is due to S5ingle Tap */

1184 if (zHardwareFeaturePrezsence HwSingleTAE xHardwareFeaturePresence . MultipleEvent) {

[THT]

1185 if ({all =source.reg.all int src.szingle tap) K

1186 B

1187 SdkEvalledOn (LED3) ;

1188 PRINTF ("Event: Single Tapinir™): ]

1189 []#if ENAELF SINGLE TAP In the file sensor.c

1190 ZccEvent MNotify (ACC SINGLE TAE, z};] _ _ _
1191 | #endi = = = 1. line 1179 void MEMSCallback(void)
1192 | .

1193 ) ' Callback triggered by 1013

2. line 1181 Ism6dso_all sources get

Read accelerometer status registers
3. line 1185 if (all_source.reg.all_int_src.single _tap)

Check vs. single tap event

m 4. line 1190 AccEvent_Notify
lfe .augmented Send BLE notification



Build the new code

[ CAlueNRG, T HandEOMSTEVAILBENGORVAD

File Edit View Project Flash Debug Perni

Iﬂﬁ|ﬂ—J@|q'|‘h

1. Clickon the Build button (top left corner) or hit F7
on your keyboard

B ol (S LOAD
2. Inthe Build Output window (bottom) wait for the = “({__J— '—‘| $4 | Release
build to be completed. Project Build (F7)
Build t t fil
«  BLE SensorDemo.hin created =% HITe targer TWES jno

. —l-ks% Release
« “OError(s),0 Warning(s)” message appear

Build Output I

-nniﬂiangEaSll_wait.c. ‘e

compiling v15311 register funcs.c...

compiling v15311 platform.c...

linking...

Program S5ize: Code=121908 RO-data=1428 RW-data=1136 ZI-data=21252
FromELF: creating hex file...

After Build - User command #1: fromelf.exe —-bin ..%..%..%..%\..\..\Han

. - — _SensorDemo.axf --output ..\..\..\..\..1}.\HandsOn\BLE_Sens0rDemﬂ_PrjOutput\BLE_SensnrDemﬂ.bin
"GN GGG LUNL U \HandsOn\BLE SensorDemo PrjCutput\BLE SensorDemo.axflf - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:12

Lys
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1. Go back to TeraTerm
2. Click on the

W COMS4 - Tera Term VT = | B

File | Edit Setup Control Window Help

Mew connection... Alt+M
Duplicate session Alt+D
Cygwin connection Alt+G
Log...

Comment to Log...

View Log

Show Log dialeg...

Send file...

Transfer 3
S5H SCP...

Change directory...

Replay Log...

TTY Record
TTY Replay

Print... Alt+P

&7 I

augmented g N




Re-flash the BlueNRG-2

1. Go back to the BlueNRG-2 Flasher Utility

&7 BlueNRG-1_2 Flasher - Utility v2.0.0 =B
File | Tools | Help
Select Image file | Mo Image file loaded.
Flash from Address: |0x10040000 [[ Fash ][ swp
UART SWD
Actions List of COM Ports:

Automatic Mode (only 5T DK) COMAL (5T DK)
Verify
Mass erase

Update Device Memary

Device

Flash Programming

| | 0%
Device Memary Image File
Start Address 0x10040000 Size 0x3000 Read | Write
0 1 2 3 4 5 6
| 1 r
Log

’I Load Log. . J Save Log... J Cleer Log )

life.augmented W.Board: 0/0 | | 0%




Flash the BlueNRG-2 1/5

1. Select the COM port labeled (ST DK)

LART SWD
Actions List of COM Ports:
\
| Automatic Mode (only ST DE) | COMBI1 (5T DK) J
W | Verify




Flash the BlueNRG-2 2/5

1. Clickon Mass Erase

UART SWD LART SWD
Actions List of COM Ports: Actions List of COM Ports:
Automatic Mode (only 5T DK) COMBS1 (5T DK) Automatic Mode {only ST DK) COMIL (5T DK}
verify Verify

Mass erase Mass erase

IIpdate Device Memory

IUpdate Device Memary

Lys
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1. Clickon Select Image file button

Flash the BlueNRG-2 3/5

&yr BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

[[ Select Image file ]]Nn Image file loaded.

2. And browse the following path

(

ElueMRG_Tile_HandsOn » HandsOn » BLE_SensorDemo_PrOutput




Flash the BlueNRG-2 4/5

1. Select BLE SensorDemo.bin

. Listings
. Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

&7 BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

| Select Image file | C:/BlueMNRG_Tile_HandsOn/HandsOn/BLE_SensorDemo_PrijOutput/BLE_SensorDemo.bin

Flash from Address: 0x10040000 | Flash | Stop

m UART SwWD

Actions List of COM Ports:

life.augmented



Flash the BlueNRG-2 5/5

1. Flashing starts: green bar proceeding Pevice | BLelRe: (e fah address: 0x1007T)
P

2. Wait for the pop-up window and click on OK

Device BlueMRG-2 (max flash address: 0x 1007FF)

Reading Memory COM91

100%

o7 BlueNRG-1_2 Flasher - Liility

Device Memory COM31 Image File

Start Address 0x 10040000

Device COMA1 -» Flazhed and Verified.

Read Write

0 1 2|3 ASCT i

0:10040000 00 60 00 20 05

0:10040010  AA 55 55 AA 45 5h 4C 42 00 00 00 00 00 00 00 00 CGUUEELLB
0:10040020 00 00 OO0 0O OO OO 0O 00 OO0 0O 00 00 A 12 04 10 !

0:10040030 00 00 00 0O 00 OO0 00 00 D7 08 04 10 23 12 04 10 x #

Do NOT close the Utility! s s ‘

Flash Boards: COMS1 (5T DE)

16:17:231.51Z2: Device COM3]1 -> Flash Programming

16:17:32.171: Device CCM31 -> RBead Board Started
16:17:32.884: Device COM31 -> Read Board End
16:17:22.5317: Device COM31 - Flashed and Verified.

life.augmented




195

1. InTera Term in order to have the terminal clean, go to

4] Tera Term - [disconnected] VT | == |&J
File | Edit | Setup Control | Window

here?t
i’:e re :
Copy table 1ere:
P here?t
heret

Paste im Pe :
R 1ere?t
F-?!'_-tE'-'\_R-‘ ]"IE]:"'E!
here?
Clear screen here?t
here?t
Clear buffer here?t
here?t
heret
here?t
here?
Select screen here?
here?

Select all  ——

0 ST I here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret

World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?

augmented

Copy

Cancel selection




Reconnect the serial terminal

1. Click Setup -> Serial port...

2. Serial port should already configured. Just
need to click on OK

Port: COMI1

Baud rate: 115200

Data: 8 bit

File Edit | Setup | Control Window Help

Parity: none

s = Stop: 1 bit
Window...

Flow control: none
Font...

Keyboard... Transmit delay
I Serial port.., I ° 0 msecfchar 0 mseciline

Lys
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on the blue motherboard -> LED blinking Blue

VT COMS] - Tera Term VT

File Edit S5Setup Control Window Help

LY R

b B

\= 4

i STEUAL-BCHBA2U1 HiH

|

Scan for sensops:
Accelerometer and Guroscope: 0K
Prezssure and Temperature: OK
Humidity and Temperature: QK

Magnetometer: OK

Proximity Sensor: 0K
fensnr_in lnu—nnuwer mnde: 0K
Battew»u unltaoce 4o 3 FHou= OK

|DeuicE'iE now discoverable with MAC: 89:55:31:45:EE:F2_

augmented



Connect using the BlueMS App

° “Kill” 9 Touch e Select your
the BlueMS app “Start discovering” STEVAL-BCNO0OO2V1
........ izon LTE 09:11 @ 7% 40% W ¥ O<OOOBaCe:zon LTE D;:::es @16#83%
== )

-----

© Copyright 2017 STMicroelectronics.

Ptton and
then swipe to top

life.augmented



Visualize Hardware Wakeup Event in BlueMS

eeeco Verizon LTE 16:35 @ 79 % 77% mm)
£ Devices m
weoo TIM & B:53 PM 7§ 05% .
£ Devices |f|
“ ” Event Enabled: Wake Up
Acc Event
27.60°C Not Present
102414 mBar Not Present
o & o = | f r’
Enviromental Plot Data Cloud Loggi Acc Event More
~
1 NNNN
1 Sso
1 So -
] Sso
I Sso
1 SO
N\
- o ] i
= 0 ﬁ - mill g e
‘ ﬁ “ —* cee Erwiroenantal Sensor Fuson Pl Featuredcisy Recogrien Mare
'I Enviromental Plot Data Cloud | egging Acc Event hare

life.augmented



Event Detection

1. Leave the board still for a few seconds
2. Shake the board
3. Send BLE notification packet

Wake Up
:,;Er::: : 6:53 PM % 95%;.
Notification
Packet
ﬁ
‘WAKE UP’

life.augmented
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VT COMS] - Tera Term VT

* “AccEvent Notification ON”: enable [Eile Fdit Setug Control Window  Help

notifications on the Accellerometer Event AccEvent Motification OFF
icti HccEvent Motification ON

characteristic Event: 6D Orientation _

- “Enabled Harware Wakeup”: user enable Plaabledi fultinle Beont Dstectlon

I Evonsi—harauars-iWalicup

hardware wakeup event detection Eucne: Harduare Uakeup

° 1] . ”. vent: aprawvare wWarKkeup
Event: Hardware Wakeup™: the actual BLE Harduare Wakeun
notification packet sent upon detection of the Harduare Uakeup
Hardware Wakeup event. Harduare Uakoun

Handwa»e WHalann

ficcEvent Motification OFF

Lys

augmented



LSM6DSO Embedded Events

Single Tap example
4 )

Other possible _Noevent  _Freefall | _Singletap

embedded events R

®eec0 Verizon 10:21 @ 7 % 85% M)

o

Select the event to detect

Multiple o W om ¢ & W o @ o w &= g -
- - - e S s it Fesseks T W

Free Fall

Single Tap Wake up Tilt Pedometer
DOUbk’ Tap oo TIM B 6:53 PM 4 05% - Y 653 PM § o5 m- weoco TIM @ 653 BM 7 % 95% -
o - ICI £ Devices m £ Devices ﬂ £ Devices m

Event Enabled: Pedometer

g, !
. L 4
B alln

Cancel

o w @ g - o w & @ o o w =@ g -
Erwiommental Sensx Fusion ot FestureAchiy Reogoion  More 5 st ey Fusicn Piot Featreschay Recogricn  More E a1 Serwor Fuson Mot FeatureAcsy Rcogion _ More

Lys
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Visualize Single Tap Event in BlueMS

Select
“Single Tap”
Touch and hit Enabled
“Event Enabled” “Select” “Single Tap”

= B:53 PM T 95% .

% 85% mm) -

i Select the event to detect < Devices t

Event Enabled: Single Tap

Aultipl
rrrrrrrr
Single Tap

llhE To

ake Up

elec
_ ; - cancel -~ = O -
Envircemantal Sensor Fusion Pt Featur sAchay Reoogriion are . ; e

life.augmented



Event Detection

1. On the board perform a Single Tap

D Single Tap
2. Send BLE notification packet I T 7
< Devicss M
(@) —_—
Notification
Packet
—
‘SINGLE TAP’ . J

Tap gently on the board

Lys
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« “AccEvent Notification ON”: enable
notifications on the Accellerometer Event
characteristic

« “Enabled Single Tap Detection”: user enable
Single Tap event detection

« “Event: Single Tap”: the actual BLE
notification packet sent upon detection of the
Single Tap event.

Lys

augmented

MOCOMSL - Tera Term VT

File Edit 5Setup Contrel Window Help

: Hardware Wakeup

: Hardware Wakeup

: Hardware Wakeup

: Hardware Wakeup

: Hardware Wakeup

: Hardware Wakeup
AccEvent Motification OFF
AccEvent MWotification ON
Event: 6D Orientation
Dizabled: Multiple Event Detection
Enabled: Tilt Detection

R I

: Tilt

chchent Motification OM
] a - ks .Y L] a a L]
- LN ¥ F g AL AN Ll LAFED

Dizahled: Multinle Fuent Netection
lEnabled: Single Tap Detection
[H =

L s o N =2

Fuent: Single Tap
Event: Single Tap

A




LSM6DSO Embedded Events

You can go ahead later and test other events...
Other possible

No event Free fall Single tap
embedded events - -
wwocs TIM 52 P o & 5% .
Select the event to detect |
® S (;
i AL SO0, S i AL IO S rLy &9
Double Tap .
Wake Up Wake up Tilt Pedometer
. P " Comien m

I L

Cancel

o w @ g - # w @ g - # w @ g -

Lys
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Lab 5
9-axis Acc+Gyro+Mag Sensor Data Fusion

life.augmented



Goal

* In this example we are going to demonstrate how to:

« Enable the embedded sensor data fusion library

* Input: raw Acc+Gyro+Mag sensor data
« Output: quaternions

« Scale the quaternions value by a scaling factor proportional to proximity detection

» Send scaled data fusion information through BLE notifications packets to the ST BlueMS
client

Lys

life.augmented



Sensor Data Fusion

prand 1. Enable Sensor Fusion library

((“3 ))) 2. Send quaternions information

through BLE notification packet
Notification

Packet
—

QUATERNIONS

Sensors used by data fusion:
Acc+Gyro+Mag and Proximity

life.augmented



Code modifications

1. Modify advertising packet
2. Enable Sensor Data fusion library
3. Enable proximity sensor

4. Send quaternions data — scaled by proximity sensor data - through BLE
notifications packets

Lys
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Sensor Demo reference application mem

0 BlueN (=] e
LA ChUsers\raffaele nva\Duwnloads’\ZﬂlS(ﬁBG BlueNRG-1_2 DK 3.D.D\Prqect\BLE Exa'nples\BLE Smsqun\MDKmlueNRGHZ\BLE Semr[)emo.uupmjx p\ision =20
S — L —

Edit WView Project Flash Debug Peripherals Tools SVCS Window Help
ﬁﬁﬂﬂl&sﬁl‘ﬂ.l-@ ST JE | B new.pia EERICIEEREY =a Ry
@ILI @H|&|Releﬂse E%|ﬁ%’?ﬁ

i

E‘B Project: BLE_SenserDemc

I I - BlueNRGL_Periph_Driver
g & Platforms_Layers
SDE_EVAL Com.c
SDE_EVAL_Config.c
SDK_EVAL_Button.c
SDK_EVAL I2C.c
SDK_EVAL Led.c
HTS221.c
LIS2MDL.c
LP522HB.c

Now we go back
again to Keil uVision

- Hal
@ [J Stack

F-Ed OTA

md VLS3LK

@0 MetionFx

[ [d BlueNRGL_BlueVoice Library

& Project | €FBooks | £} Functions | O, Templates

Build Output

Lys
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L5 STEP1: Modify advertising packet s

Project
-3 Project: BLE_SensorDemo
—-ls5 Release
| BlueMRG1_Periph_Driver
1 Platforms_Layers
[ Startup
-5 User

l_nl SEN&0r.C

] SensorDemo_main.c
] HWAdvanceFeatures.c
L] hw_cenfig.c

1 Hal

1 Stack

3 OTA

J VLS3L1X

"l 1 MotionF¥X

life.augmented ﬁ ElUENHGI_E'UEVDiCE_LibFEr}'



4 Bytes ST BlUEMS PrOtOCOI

Type ~rotoco Del‘gce Ff/f;tslﬂe Device MAC Len Type LocalName Len Type Pwr

ADPCM| Switch DoA ADPC Mchevell Proximity Lux

20 | 19 ] 18 | 17 oxFE

Pressure Humidity ~ Temperat Battery 2nd Temp

SensFusC

4 | 3 | 2 | 1| 0 [N

SensFus Compass Motionint Activity Carry Pos MemsGes ProxGes Pedo

BlueMS

0X22

Gyro Mag

RFU RFU Beamfor AccEvent

0X05

FreeFall

life. ougmenfed



STEVAL-BCNOO0O2V1 Block Diagram
- N

Matching
Network”

BALF-NRG-02D3
Integrated balun

TES

UART_RX line user button

(

iAo y BlueNRG-2

magnetometer
Bluetooth 5.0 Network and
Application processor

ADC

MP34DT05-A
microphone

.6 MHz

connector

VL53L1 /‘ 4
)

time-of-flight proximity %
O

) /

life.augmented
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LS5 STEP1: Modify advertising packet

Modify the Feature Mask in the advertisement payload

1. Inthe file sensor.candgotoline 423,424,425 and 426
Modify line 423 Feature Mask byte#1 from 0x20 to 0x22

Modify line 424 Feature Mask byte#2 from Ox9E to OxFE
Modify line 425 Feature Mask byte#3 from 0x04 to 0x05

Modify line 426 Feature Mask byte#4 from 0x00 to 0x40

gk~ Wb

] sensorc

411 Fwvoid Set DeviceConnectable (void) {

412

413 uint8 t manuf data[2&] = {

414 2, f* Length of AD type Transmission Power */

415 Ox0&k, 0=x00, f* Transmission Power = 0 dBm */

416 8, f* Length of AD type Complete Local Hames #/

417 0x09, f* AD type Complete Local HMame */

418 NAME ALLMEMS, f* Local Hames =/

415 13, f* Length of AD type Manufacturer info #/

420 0xFF, f* AD type Manufacturer info #/

421 0x01, f* Protocol wersion #/

422 Ox05, f* Device ID: Ox05 = STEVAL-BCHOO02ZV1 Board =/
0x22, f* Feature Mask byte#l) LAE3 O0x20 (LED) S LALES
0xFE, f/* Feature Mask bytce$Z| LAE4 OxSE (Acc+Press+Hu
0x05, /* Feature Mask byte$3| LAE4 0x04 (RccEwvents)
0x40, /* Feature Mask byte#d) LABS 0x40 (eCompass) */

0x00, /* BLE MAC start =/




Build the new code

[ CAlueNRG, T HandEOMSTEVAILBENGORVAD

File Edit View Project Flash Debug Perni

Iﬂﬁ|ﬂ—J@|q'|‘h

1. Clickon the Build button (top left corner) or hit F7
on your keyboard

B ol (S LOAD
2. Inthe Build Output window (bottom) wait for the = “({__J— '—‘| $4 | Release
build to be completed. Project Build (F7)
Build t t fil
«  BLE SensorDemo.hin created =% HITe targer TWES jno

. —l-ks% Release
« “OError(s),0 Warning(s)” message appear

Build Output I

-nniﬂiangEaSll_wait.c. ‘e

compiling v15311 register funcs.c...

compiling v15311 platform.c...

linking...

Program S5ize: Code=121908 RO-data=1428 RW-data=1136 ZI-data=21252
FromELF: creating hex file...

After Build - User command #1: fromelf.exe —-bin ..%..%..%..%\..\..\Han

. - — _SensorDemo.axf --output ..\..\..\..\..1}.\HandsOn\BLE_Sens0rDemﬂ_PrjOutput\BLE_SensnrDemﬂ.bin
"GN GGG LUNL U \HandsOn\BLE SensorDemo PrjCutput\BLE SensorDemo.axflf - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:12

Lys
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1. Go back to TeraTerm
2. Click on the

W COMS4 - Tera Term VT = | B

File | Edit Setup Control Window Help

Mew connection... Alt+M
Duplicate session Alt+D
Cygwin connection Alt+G
Log...

Comment to Log...

View Log

Show Log dialeg...

Send file...

Transfer 3
S5H SCP...

Change directory...

Replay Log...

TTY Record
TTY Replay

Print... Alt+P

&7 I
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Re-flash the BlueNRG-2 wem=

1. Go back to the BlueNRG-2 Flasher Utility

&7 BlueNRG-1_2 Flasher - Utility v2.0.0 =B
File | Tools | Help
Select Image file | Mo Image file loaded.
Flash from Address: |0x10040000 [[ Fash ][ swp
UART SWD
Actions List of COM Ports:

Automatic Mode (only 5T DK) COMAL (5T DK)
Verify
Mass erase

Update Device Memary

Device

Flash Programming

| | 0%
Device Memary Image File
Start Address 0x10040000 Size 0x3000 Read | Write
0 1 2 3 4 5 6
| 1 r
Log

’I Load Log. . J Save Log... J Cleer Log )

life.augmented W.Board: 0/0 | | 0%




Flash the BlueNRG-2 1/5

1. Select the COM port labeled (ST DK)

LART SWD
Actions List of COM Ports:
\
| Automatic Mode (only ST DE) | COMBI1 (5T DK) J
W | Verify




Flash the BlueNRG-2 2/5

1. Clickon Mass Erase

UART SWD LART SWD
Actions List of COM Ports: Actions List of COM Ports:
Automatic Mode (only 5T DK) COMBS1 (5T DK) Automatic Mode {only ST DK) COMIL (5T DK}
verify Verify

Mass erase Mass erase

IIpdate Device Memory

IUpdate Device Memary

Lys
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1. Clickon Select Image file button

Flash the BlueNRG-2 3/5

&yr BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

[[ Select Image file ]]Nn Image file loaded.

2. And browse the following path

(

ElueMRG_Tile_HandsOn » HandsOn » BLE_SensorDemo_PrOutput




Flash the BlueNRG-2 4/5

1. Select BLE SensorDemo.bin

. Listings
. Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

&7 BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

| Select Image file | C:/BlueMNRG_Tile_HandsOn/HandsOn/BLE_SensorDemo_PrijOutput/BLE_SensorDemo.bin

Flash from Address: 0x10040000 | Flash | Stop

m UART SwWD

Actions List of COM Ports:

life.augmented



Flash the BlueNRG-2 5/5

1. Flashing starts: green bar proceeding Pevice | BLelRe: (e fah address: 0x1007T)
P

2. Wait for the pop-up window and click on OK

Device BlueMRG-2 (max flash address: 0x 1007FF)

Reading Memory COM91

100%

o7 BlueNRG-1_2 Flasher - Liility

Device Memory COM31 Image File

Start Address 0x 10040000

Device COMA1 -» Flazhed and Verified.

Read Write

0 1 2|3 ASCT i

0:10040000 00 60 00 20 05

0:10040010  AA 55 55 AA 45 5h 4C 42 00 00 00 00 00 00 00 00 CGUUEELLB
0:10040020 00 00 OO0 0O OO OO 0O 00 OO0 0O 00 00 A 12 04 10 !

0:10040030 00 00 00 0O 00 OO0 00 00 D7 08 04 10 23 12 04 10 x #

Do NOT close the Utility! s s ‘

Flash Boards: COMS1 (5T DE)

16:17:231.51Z2: Device COM3]1 -> Flash Programming

16:17:32.171: Device CCM31 -> RBead Board Started
16:17:32.884: Device COM31 -> Read Board End
16:17:22.5317: Device COM31 - Flashed and Verified.

life.augmented




224

1. InTera Term in order to have the terminal clean, go to

4] Tera Term - [disconnected] VT | == |&J
File | Edit | Setup Control | Window

here?t
i’:e re :
Copy table 1ere:
P here?t
heret

Paste im Pe :
R 1ere?t
F-?!'_-tE'-'\_R-‘ ]"IE]:"'E!
here?
Clear screen here?t
here?t
Clear buffer here?t
here?t
heret
here?t
here?
Select screen here?
here?

Select all  ——

0 ST I here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret

World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?

augmented

Copy

Cancel selection




Reconnect the serial terminal

1. Click Setup -> Serial port...

2. Serial port should already configured. Just
need to click on OK

Port: COMI1

Baud rate: 115200

Data: 8 bit

File Edit | Setup | Control Window Help

Parity: none

s = Stop: 1 bit
Window...

Flow control: none
Font...

Keyboard... Transmit delay
I Serial port.., I ° 0 msecfchar 0 mseciline

Lys
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on the blue motherboard -> LED blinking Blue

VT COMS] - Tera Term VT

File Edit S5Setup Control Window Help

LY R

b B

\= 4

i STEUAL-BCHBA2U1 HiH

|

Scan for sensops:
Accelerometer and Guroscope: 0K
Prezssure and Temperature: OK
Humidity and Temperature: QK

Magnetometer: OK

Proximity Sensor: 0K
fensnr_in lnu—nnuwer mnde: 0K
Battew»u unltaoce 4o 3 FHou= OK

|DeuicE'iE now discoverable with MAC: 89:55:31:45:EE:F2_

augmented



Connect using the BlueMS App

“Kill” Touch Select your
the BlueMS app e e

“Start discovering” STEVAL-BCNOO2V1

ooooo Verizon LTE 09:11 @ 7% 40%m S zonITE LECS SR -
¢ Back Devices X
\\‘Q BCN-034
BBBBBB 6 1A:AT:E3:3F:E7:E5
P—

ST BlueMS
Version: 3.8-Dev

@ Copyright 2017 STMicroelectronics.
All rights reserved.

Home button and
then swipe to top

Lys
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Swipe left to view the
real-time data plot

izon LTE

~
~
~

3570°C
3250°C

<

1013.73 mBar

Enviromental iems Sensor Fusion

@ 7 © % 85%

—
=
¥

Not Present

51.50%

M

Plot Data Cloud Logging Mare

Lys
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“Sensor Fusion”
tab

To calibrate, move the board as
shown in the image k

Click on
OK

Sensor Data Fusion

Sensor Fusion
enabled

—dll

To calibrate, move the board as
shown in the image

3

®c000 Verizon LTE 10:40 @ 7 0} 86% M

£ Devices E‘J




ON & Proximity Sensor

OFF @
Enable Proximity Far from Near to
Sensor BlueNRG-Tile BlueNRG-Tile
' | Pl oo T
If you move your
hand far and
closeto the Q.
BlueNRG-Tile °
< vl 9] Vel
L3 4.8 C $ % & o -
2 = 2

Note: ONLY for rendering purposes, the cube is scaled
lte.ougmented proportional to a clipped 30 cm distance




Proximity Sensor - VL53L1X

3rd gen ToF sensor with lens for long distance ranging & ROI selection

Product highlights

OLGA:49x 2.5x1.56mm
FoV:27°
Compatible footprintwith VL53L0X

Enhanced performances:

* Full FoV ranging : 400cm + (white target, no IR)
« Programmable FOV: SPAD zone selection—full-screento 4x4

Cutting-edge module and silicon :
« Fastestminiature ToF productin the market upto 50Hz

 Integratedlens forlonger range and better ambient light immunity
* Programmable settings to best fit customer’s application:

« Low power with interrupts for user / object detection
» Long distance ranging
\ « High accuracy for small movement detection

(

Applications

Presence user detection

« Autonomous mode with interrupts

* Low-power

* Long distance 400cm+

+ PC, tablets, IoT, portable handsets, security

Obstacle detection:

* Robots: Obstacle avoidance

» Vacuum cleaners: Wall following, cliff detection
» Drones: Take-off and landing, Ceiling detection

Accurateobjectsdistancescanning = = maoEs
* Vending machines: control of objects in racks w w « i

« Coins dispensers: coins counting “ i ;‘
« Smart shelves: Consumer scanning ;

J

Lys
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Full-range Proximity Real-time Data Plot

Swipe left to view the
real-time data plot

“Plot Feature”

tab

Select
Proximity

Select the
t|me frame

View the real-
tlme data plot

OOOOOOO Verizon LTE

< Devices

10:40

@ 70 % 86% W

M

...... Verizon LTE 09:36

< Devices

Select Feature

{sw) ewiL

@ 7 3} 96% m.

uj

life.augmented

----- Verizon LTE 15:16 @& @R N%m

Select the feature to plot

Gyroscope
Accelerometer

Proximity

Select

Cancel

eseco Verizon LTE 09:36 @ 1 % 5% mm: o on HE 15:17 @793 7%ED
Devices T
Select the time scale < u
Stop plotting Proximity
§ o
g
g
IS
3 =
2s 3
° §
Bs 3
2
10s
£
E B & ¢
Proximity (mm)
Select Ts:64308 Proximity:104
Cancel ® - o o
Enviromental MersSensorFusion  Plot Data  Cloud Logging N

@




Logging Real-time Data Plot

After sometime
Select re-click on the Select App opens your

“Start logging”  right-top corner  “stop logging” emalil client

Click on |_T__|
top right cornerv

eeeco Verizon LTE 09:37 @ 7 3 95% ) eeeco Verizon LTE 09:37 @ ¥ 3 95% . ®0000 Verizon LTE 14:26 @ 793 58%m
< Devices il { Devices i Cancel [ST BlueMS] Logger data
Stop plotting Accelerometer Stop plotting Accelerometer To:
" ” Cc/Bcc:
g g
Subject: [ST BlueMS] Logger data
g 2
8 g
&
3 el
) 3
3 ° - 20180319_1...rometer.csv
E Start Logging E Stop Logging
‘ !
Show Debug Console Show Debug Console i
§ . 20180319_...roscope.csv
License Manager g License Manager
g : : : 3 Firmware Upgrade K : + + Firmware Upgrade i
— X —y —z 4 H g g
G = =2 20180319_1...rometer.csv
Ts:44136 X: 269.00 (mg) Y: 220.00 (mg) Z: Settings Settings
-695.00 (mg) Ts:44136 X: 269.00 (mg) Y: 220.00 (mg) Z:
= -695.00 (mg)
¥ & O = ;
Em‘v‘o‘men:a{ Plot Data _ Cloud Logging _ Acc Event _ Rssi & Battery Cancel #7 ﬁ o - (T Cancel ﬁ
Enviromental  Plot Data  Cloud Logging  Acc Event  Rssi & Battery w

‘— .csv files attached
> /4 to the emaill
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Sensor Data Fusion

sensor Fusion 17y Static position: no drift, the cube Is perfectly still
enabled  In steady static position the acc and mag enable an accurate
el orientation estimation
 acc vibrations and mag bias and interferences are rejected or
compensated by the motionFX library

Try highly dynamic motion: perfect trackingn°te!
* In high dynamic motion the acc cannot be used, therefore the gyro

s utilized to update the orientationnote 2
< | ¢ gyro bias Is estimated and compensated by the motionFX library

@ * Note 1: very high rotation speed will result in gyro signal clipping, causing a higher integration error, hence
r motionFX will take longer to converge to actual orientation
’l * Note 2: the small residual bias will cause some integration error which is recovered quickly when the motion ends

life.augmented exploiting the acc and mag



Sensor Data Fusion
MotionFX library

» —Y Roll, Pitch
votionFX Lo d  Quatemion

= S = ST
Fusion » Gravity Vector
» _J |inear Acceleration

Motion FX library provides orientation estimation plus:
- Magnetometer bias compensation and anomaly rejection.

» Accelerometer vibrations rejection.

« Gyroscope bias offset compensation.

Lys
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»
Magnetometer »

»

Lys

life.augmented

Sensor Data Fusion
MotionFX library

N ol pich | au

votionFx 4  Quatemion

Sensor
Fusion

- TS
» Gravity Vector
» Linear Acceleration

E-L5 User

5] BlueNRGL it.c
Ij gatt_db.c

Ij SENSOF.C

|j SensorDemo_main.c
Ij HWAdvanceFeatures.c
-3 Hal

= E Stack

I_hI libbluenrgl_stack.a
. w4 ] stack_user _efg.c
] liberypto.a

L3 OTA

.

EIE MotionFX

|_‘| MotionFX100_CMOP_Keil_ot.lib
rGl_BlueVoice_Librany

------ |j bluevoice ADPCM_BNRG1_100_Keil.lib
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Sensor Data Fusion
MotionFX library

» Roll, Pitch

Accelerometer »

=

« Accelerometer gives roll and pitch angles and the gravity vector
...but only in static conditions! (or low dynamics, such as, glance
gesture)

Lys
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Sensor Data Fusion
MotionFX library

> (7177
(00 = S = T

2 _ 4 |inear Acceleration

« Magnetometer gives yaw angle and heading
...but only if tilt is compensated: the accelerometer is needed!
...and mag bias (hard-iron) must be compensated!

Accelerometer »

Lys
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Sensor Data Fusion
MotionFX library

=Y Roll, Pitch
g e B e
Fusion » Gravity Vector

» » Linear Acceleration

« Gyroscope gives the new orientation based on previous orientation
...but gyro bias offset needs to be compensated for accuracy!

=

life.augmented



Sensor Data Fusion
MotionFX library

=Y Roll, Pitch
MotionFX [  Quaternion LRt

0 = R = ST
Fusion » Gravity Vector

_ _J |inear Acceleration

Motion FX library provides orientation estimation plus:
- Magnetometer hard-iron offset compensation.

« Accelerometer vibrations rejection.

« Gyroscope bias offset compensation.

Angle: 135.92
r ‘ - o "+ Y .o

life.augmented

#0500 Verizon LTE 10:40 @ 7 9 3 so% W
< Devices ﬁ

Accelerometer »




The gyroscope is the most important sensor in the system

...works in highly dynamic conditions when the Acc cannot be used GerSCO pe
...works with magneticanomalies when the Mag cannot be used

LSM6EDSO0 is an inertial module 87 ..... LSM6DSO
with Acc and Ger INEMO inertial module:

always-on 3D accelerometer and 3D gyroscope

* Exceptional noise performance for - e
. . . . . . escripton
maximum accuracy In orientation estimation A T e —

digial accelerometer and a 30
boosting pesformance at 0.55 mA In high-perfommance

* 90 ug/sqrtHz acc noise density R e

+  Power consumpdon: 0.55 mA In comba high- The LEMEDS0 SUpDOMs man OF requirements,

» 3.8 mdps/sqrtHz gyro noise density e I s bt

+  Smart FIFC up o O kbyie gm;gmriﬂmmmmm

 Extremely low-power e =

= 1257250/ 50041 00022000 dos Tull scale procasses, while the IC Imerfaces are developed using

* 650 UA peak power at ODR 6.66kS/sec ! oosay 1 e

mpﬂ 2.5 mm X 3 mmx 033 mm
. . + SP1/EC & MIPEIECEY gerial Intesface with main Eﬂﬂﬂgﬂﬁamﬁmwﬂ
Acc+Gyro in high performance mode! | P mmomanmn St e e
accelerometes The LEMSDE0 fully supports EIS and OIS appications
: courter - SiEp ard step ?xwwpgﬂmmuaMamdlmwﬂm
+  Significant Motion Detecion, TIR delection for poth the gyroscope and accelerometer.
’ mmuﬁ.uuaﬁmqﬁmp'mm w&mm@mmﬁmﬂﬁmm

. : N Creation ang manufacturing of rekabie prooucts The
M'““"T_: e SLate MaOnIne: S0CSERMEE.  LsMEDSO s avallabie In 3 plastciand grid amay (LGA)

+  Emgedded lemperature sansor ==
,’ s ECOPACK® RoHS and “Green” compilant Table 1. Device summary

life.augmented




LIS2MDL is digital Mag
* Exceptional noise performance and
dynamic range for maximum accuracy in
orientation estimation
« 50 Gauss dynamic range
« 3 mgauss RMS noise
« Embedded offset compensation
* Intrinsic offset is estimated and
compensated automatically
« Extrinsic offset (hard-iron) must be
estimated by host and can be
compensated internally

Lys
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Magnetometer

Lyy ...

LIS2MDL

Digital output magnetic sensor:

ultra-low-power, high-performance 3-axis magnetometer

;

LGA-12 2.0x2 0x0.T mm)

Features

= 3 magnetic field channels

= 150 gauss magnetic dynamic range

= 18-bit data output

» SPINAC senal interfaces

= Analog supply voltage 1.71 Vi 36V
=+ Selectable power modefresolution

= Single measure ment mode

=+ Programmable interrupt generator

» Embedded self-test

=+ Embedded temperature sensor

+ ECOPACK®, RoHS and "Green” compliant

Applications

= Tilt-compensated compasses
= Map rotation

= (Gaming and virtual reality input devices

Datashest - production data

Description

The LISZMDL is an ultra-low-power, high-
performance 3-axis digital magnetic sensor. .

The LISZMOL has a magnetic field dynamic
range of £50 gauss.

The LISZMOL inchudes an EC serial bus interface
that supports standard, fast mode, fast mode
plus, and high-speed (100 kHz, 400 kHz.

1 MHz, and 3.4 MHz) and an 5P serial standard
interface.

The device can be configured to generate an
interrupt signal for magnetic fisld detection.

aray package (LGA) and is guaranteed to
operate over an extendsd temperature range
from -40 *C fo +85 *C.

Table 1. Device summary

Temp.

Part numbser range [*C]

Packags | Packaging

LISZMDL -0 o +85 | LGA-12 Tray

Tape and

LIZZMDLTR | 4Dt +E5 | LGA-12 reel




Magnetometer

Calibration
Mov e the BlueNRG-Tile with the _ o
Calibration is Completed when

7\ “8 pattern” shown in the figure to
Touch _ -
“@ calibrate the magnetometer the icon becomes green.

—
‘ > e0000 Verizon LTE 10:39 @ 7 0 3} 86% W Coeem i) (1 (228 CI0R®I_T “
< Devices th (

< Devices fj < Devices I—E

N

4

To calibrate, move the board as
shown in the image k

{

<

A
© o Reset @Proximity Ve
SN |
Envirol Mems SensorFusion  Plot Data  Cloud Logging More ’ %) add 6
nviromental Mems Sensor Fusior Plot Data Cloud Logging M

Lys
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Magnetometer

: P Before calibration, Cal | bratlon
20 [l ¥ data not centered
. &,
— ’,.0’.100 4"’0:;’:0‘ ’t’ MAG_X
o R —— Each magnetometer has intrinsic offset:
& ,y o2 .. .
:.‘*’.":l\ % X this is compensated internally
300 ’. 0’~.. ES

After calibration,
data centered: Higher precision in

hard-iron offset the compensation!
subtracted

What if magnetometer is
NOT calibrated?
Not accurate eCompass

life.augmented



see
Touch
Maore
ssecc Verizon 120 U)B 83% )
& Devices ﬁ

~#a  Acc Event

; Switch

o Compass

Rssi & Battery

Magnetometer eCompass

Select

“Compass”

#8800 Verizon LTE 15:20

-=  Acc Event

g Switch

a Compass

life.augmented

Rssi & Battery

@ 7 @} 83% D

0

Red arrow is related

to the current

orientation of the

BlueNRG-Tile

< Devices

Angle: 135.92
Enviromental Mems SensorFusion  Plot Data Cloud

®e0c0 Verizon LTE

10:41

Orientation: SE

o -
Logging Mare.

o Rotate the BlueNRG-Tile

(you can check against the

phone eCompass)



Real-time Data Plot
w @ {3 O

Swipe left to view the “‘Plot Feature” Selectthe Selectthe View the real-
real-time data plot tab sensor device t|me frame time data plot

(((((((( Verizon LTE 10:40 @ 1 © % 86% mm) eeec0 Verizon LTE 09:36 @ 7 % 96% mm: on LTE 09:36 @ 7 % 95% mm: weeeco Verizon LTE 09:36 @ + } 95% ., eeeco Verizon LTE 09:37 @ 7 3 95% >
< Devices M < Devices i Select the feature to plot Select the time scale < Devices M
Select Feature Stop plotting Accelerometer
E
- Gyroscope 25 g £
3 Accelerometer 5s B
3
& Luminosity 10s H
g
§
g %
K~ =7
Ts:44136 X: 269.00 (mg) Y: 220.00 (mg) Z:
: er e Select Select -695.00 (mg)
S A 3 S 3
o i% a [+ Y 000 2 o [+ = (i) Cancel Cancel » a [+ - i
ment Plot Data cloud Logging Acc Event Rssi & Battery Enviromental Plot Data Cloud Logging cc Event Rssi & Battery

tal MemsSensorfusion _Plot Data i Logging EoVircTussits Shid J

life.augmented



Logging Real-time Data Plot
e (2] o o

After sometime
Select re-click on the Select App opens your

“Start logging”  right-top corner  “stop logging” emalil client

Click on |_T__|
top right cornerv

eeeco Verizon LTE 09:37 @ 7 3 95% ) eeeco Verizon LTE 09:37 @ ¥ 3 95% . ®0000 Verizon LTE 14:26 @ 793 58%m
< Devices il { Devices i Cancel [ST BlueMS] Logger data
Stop plotting Accelerometer Stop plotting Accelerometer To:
" ” Cc/Bcc:
g g
Subject: [ST BlueMS] Logger data
g 2
8 g
&
3 el
) 3
3 ° - 20180319_1...rometer.csv
E Start Logging E Stop Logging
‘ !
Show Debug Console Show Debug Console i
§ . 20180319_...roscope.csv
License Manager g License Manager
g : : : 3 Firmware Upgrade K : + + Firmware Upgrade i
— X —y —z 4 H g g
G = =2 20180319_1...rometer.csv
Ts:44136 X: 269.00 (mg) Y: 220.00 (mg) Z: Settings Settings
-695.00 (mg) Ts:44136 X: 269.00 (mg) Y: 220.00 (mg) Z:
= -695.00 (mg)
¥ & O = ;
Em‘v‘o‘men:a{ Plot Data _ Cloud Logging _ Acc Event _ Rssi & Battery Cancel #7 ﬁ o - (T Cancel ﬁ
Enviromental  Plot Data  Cloud Logging  Acc Event  Rssi & Battery w

‘— .csv files attached
> /4 to the emaill

life.augmented



Do NOT disconnect!
Just stay connected for the next lab...

247




Lab 6
Cloud data logging on IBM Watson




1. Enable IBM Watson 1oT in BlueMS client
2. Send BLE notification packets on Sensor status

3. Visualize the data

||||||||
’ A
\ "l

-

I

K4

IBM Watson

Lys
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ooooo Verizon & 10:50 @ 7 3 84% mm)»

£ Devices |'_T'|

Select the cloud provider

@

V.

IBM Watson loT - Quickstart

\,

IBM Watson loT
Azure loT - ST Web Dashboard
Azure loT

Generic MQTT

Aws loT
» a| O »
ot Data || Cloud Logging BAcc Event  Rssi & Battery

Cloud Logging

(@)

Notification

Packet
-('------

m o

@
.
EI

c21 13

.q
FEEEz
Qe
@

‘o

o®

o€
o®

o ©®
o®

aa_aé]_ ;
T~

@ U1 C23| D
e =
ap uz -
.
D
2
L uA (s
e
5

=
T
B

S
3
[ ]
1]
m 624 °
XTAL
C]&

B

i
00 2 co7 M0 -

b
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Code modifications

NO MODIFICATIONS NEEDED!



2. select “IBM Watson

0T - Quickstart”

IBM Watson loT Quickstart

Click “Connect”

#0000 Verizon & 10:50 @ 7 3 84% mm)

< Devices ﬂ"]

Select the cloud provider

[ IBM Watson loT - Quickstart

IBM Watson loT

Azure loT - ST Web Dashboard
Azure loT

Generic MQTT

Aws loT

1. select “Cloud
Logging”
)

& Ll o -

Plot Data Cloud Logging JAcc Event  Rssi & Battery

eee00 Verizon LTE 15:46 @ 7193 69%

< Back IBM Watson loT - Quickstart

Device Id

BCN-034_571EBF

( Connect )

A 1
¥ a o =
o
Enviromental Plot Data Cloud Logging  Acc Event Rssi & Battery

life.augmented

1. Selectone or
multiple features

¢ Back IBM Watson IoT - Quickstart

Device Id

BCN-034_571EBF
Disconnect

Battery

Walit a few seconds

seecc Verizon LTE 15:51 ® 7 03 69% )

( Temperature

Humidity

Pressure

e
J
( Accelerometer (T)«—

( View Data on Cloud
$ & O = @
Enviromental Plot Data Cloud Logging  Acc Event Rssi & Battery

2. Click “View Data
on Cloud”

#0000 Verizon & 10:52 @ 7 % 83%
< Back Cloud Data
<
(A
\“’:_ /] N
¥ & o =
Enviromental Plot Data Cloud Logging  Acc Event Rssi & Battery




Quickstart
will appear

eecoo Verizon LTE 16:54

< Back

@ 7 % 72%mm)

Cloud Data

IBM Watson loT Platform =

B Quickstart

No sign-up required to see how easy it is to connect
your device to Watson loT Platform and view live
sensor data

Blue034_C3BEDS

@ Last message received at 4:54:31 PM

( Blue034_C3BED5 Accelerometer.Z

Cloud Logging

life.augmented

Scroll down
to see your
selected
sensor plot.

IBM Watson loT Quickstart

You will see the Plot
of selected feature

#0000 Verizon LTE 16:54 @ 7} 72% ==

Cloud Data

< Back

® |ast message received at 4:54:57 PM

[ Blue034_C3BED5 Accelerometer.Z

600 -
400 4
200 -
04
-200 -
-400 |
-600 |
-800
-1000 |

-1200

-1400 — T
16:54:40

T T 17 1T 1T T 17 1T 111
16:54:46 16:54:53

Event Datapoint Value

Acc Event Rssi & Battery

Enviromental Plot Data Cloud Logging

Table of available
features

#0000 Verizon LTE 16:55 @ 71} 71% =
< Back Cloud Data
Blue034_C3BED5

® Last message received at 4:55:22 PM

#0000 Verizon = 10:52 @ 7§ 83% =)
< Back Cloud Data
15 i
10
5
0-
tosz2i | toseat | doseat
Event Datapoint Value
Accelerometer z -1021
Accelerometer Y 12
Accelerometer Timestamp 67589
Accelerometer X 31
Temperature Timestamp 67600
[ Temperature Temperature 29.2

Blue034_C3BED5 Temperature.Temperature

28.9 o G |
28.8 J \
28.7 J 1
28.6 4 | \
28.5 |

28.4 - [ ——
28.3

282-Jo—o—o—o—o o4

T LI T T T T T T T T T T 1T
16:55:06 16:55:12 16:55:19

I've seen my data, what next?
M .. i Event Datapoint Value
=3 < O - (11K, o =~ (4 = )
Enviromental Plot Data Cloud Logging ent  Rssi & Battery Enviromental Plot Data Cloud Logging  Acc Event Rssi & Battery

Scroll down again to

change sensor data or axes




Lab 7
Bonus Lab — Voice over BLE




Goal

* In this example we are going to demonstrate how to:

« Enable the BlueVoice library for Voice Over BLE streaming

 Input: raw data from the MEMS microphone
« Output: ADPCM data streaming @8kHz

« Send ADPCM data through BLE notifications packets to the ST BlueMS client

Lys
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BlueVoice library

enocn Verizon LTE 10:42 @ 7 @} 72% )
< Devices |—E| . .
1. Enable BlueVoice library
|c°dec:ADPCM| 2. Send voice to the BlueMS client
f: v through BLE notification packet
Volume: ———
Beam Forming:
; N (@) )
Notification
A AL Packet ((
—
\- / ADPCM
compressed audio MEMS
Microphone

life.augmented



Code modifications

1. Modify advertising packet

2. Enable BlueVoice (voice over BLE) embedded library through
preprocessor symbol



ensor Demo reference application =

0 Bive! (=] [z
. ChlUsers\raffaele nva\DownloadS\ZUlSﬂﬁiﬂ BlueMRG-1_2 DK 3.D.l]\ijE|ct’\BLE Exﬂnples'\BLE Smmﬂmn\MDK—MBIIENRa&Z\BLE Semnr[)emo.uvpmjx pVision B
e — i —

P —

Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
ﬁﬁ.ﬂﬂl&-—dm|‘9("|<“>|?ﬂ'ﬂ'&| JE 5| @ newpa EERCIEEEY Y= EY
EENE - R A -

"I Project: BLE SensorDemo
| E@ Release

| @ [ BlueNRG1_Periph_Driver
55 Platforms_Layers
SDK_EVAL_Com.c
SDK_EVAL_Config.c
SDK_EVAL_Button.c
SDE_EVAL [2C.c
SDE_EVAL Led.c
HTS221.c
L152MDL.c
LP522HB.c
LPS22HH.c
LSMBDSL.c
LSM6DSO.c

Now we go back
again to Keil uVision

BlueMRG1 _it.c
gatt_db.c

SENSOr.C
SensorDemo_main.c
HWAdvanceFeatures.c

{1 Hal
#-C3 Stack

H-Ld OTA

f-J VL53L1X

7-[1 MotionFX

7-C1 BlueNRGL_BlueVoice_Library

[
[
=
=
[
[

& Project | ¥ Books | £} Functions | O, Templates

Build Qutput

Lys
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L7 STEP1: Modify advertising packet

Project
=g Project: BLE_SensorDemo
= -4 Release
> ElueMRG1_Penph_Driver
1 Platforms_Layers
1 Startup
= User
] BlueNRGI_it.c

lj SENSOr.C

SensorDemo_main.c
] HWhAdvanceFeatures.c
_] hw_config.c

d Hal

1 Stack

J OTA

3 VL53L1X

"1 MotionFX
1S7]

"1 BlueM RG1_BlueVoice_Library
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4 Bytes ST BlueMS PrOtOCOI

Type ~rotoco Del‘gce F&?ﬁ;e Device MAC Len Type LocalName Len Type Pwr

| ADPCM ll Switch | | ADPC |M|cLeveI| Proximity Lux

BlueMS

O0X6A

------- OXFE
Gyro Pressure Humidity ~ Temperat Battery 2nd Temp

B

RFU RFU Beamfor AccEvent FreeFall | SensFusC

4 | 3 | 2 | 1| 0 [N

Compass Motionint Activity Carry Pos MemsGes ProxGes Pedo

SenskFus
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STEVAL-BCNOO2V1 Block Diagram
@ D

Matching
Network”
BALF-NRG-02D3
Integrated balun
TES
p— UART_RX line ar butto
accelerometer + gyroscope IRQ IADC
LIS2MDL BIUENR MCERLISE
magnetometer IRC
Bluetoo 0 Network and
_ Application processo P34D 1 05-A
D
Darg o opnone
400 6 M
kHz
Re & dity & Temp ONnNecto
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L7 STEP1: Modify advertising packet

Modify the Feature Mask in the advertisement payload
1. Inthefile sensor.cand gotoline 423
2. Modify line 423 Feature Mask byte#1 from 0x22 to Ox6A

] sensorc

411 [H]wvoid Set DeviceConnectable (void) {

412

413 [H uint8 t manuf datal[26] = {

414 2, f* Length of AD type Transmission Power #/

415 Ox0&, O0=x00, /* Transmission Power = 0 dBm */

416 8, f* Length of AD type Complete Local Hame #*/

417 0x09, f* AD type Complete Local Hame #*/

418 NAME ALLMEMS, f* Local Hames */

418 13, f* Length of AD type Manufacturer info */

420 0xFF, f* AD type Manufacturer info */

421 0x01, f* Protocol wersion #/

‘ y i > — EVLAL-BCHOO02V1 Board =/
423 l Ox6h, f/* Feature Mask byte#li LAB3 0x20 (LED) S LABS ¢
3.2 HEE, i eature HMas voeF.: LAB4 Ox9E (Rcc+Press+Huw
425 0x05, JS* Feature Mask byte#3: LLE4 0x04 (RccEvents) /[
426 0x40, JS* Feature Mask bytefd4: LLES 0x40 (eCompass) =/
427 0x00, f* BLE MAC start */f

Lys
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L7 STEP2: Enable BlueVoice library

« Add the preprocessor defined symbol ENABLE_AUDIO from the project settings
» Right-click on Release

» Select “Options for Target ‘Release’...”

E CHBlueMRG_Tile_Hand=Om\STEVAL-BCHNO0ZV1 DK 3.0.00ElueMRG-1_2 DK 3.0.00Prc
File Edit View Project Flash Debug Peripherals Tools SWCS  Window

NEE@| » @9 c|@c | B nmn R

ﬁ R @ ._'| ﬂ Release El £\| ﬁ -i‘l o ﬁ} ﬁ
Project o ] SensorDemo_
= “%3 Project: ELE SenzorDemo 3§ | #incl
-k Rel 327 | #endi:
. Options for Target ‘Release’... Alt=F7 38
- 39 #inclh
F .
Add Group... 40 #incl
e _ 41
E ﬁ Manage Project Items... 42 /% Pr
E Cpen Map File 43 ,-"Tf Br:
E Cpen Build Log 44 i_—f Dl
45 Fincl
_ [ Rebuild all target files 46 | #defi
_ [%] Build Target F7 47 | $else
B . . 48 #ﬂef':_:
’l |\-"r| Show Include File Dependencies 49 LFendi:
_ —— ' 50 /* De:
life.augmented F T 1 SRBNSN - ] = M a_ o=,



L7 STEP2: Enable BlueVoice library s

In the project options
1. Gotothetab C/C++ and theninthe Preprocessor Symbols
2. Setthe symbol ENABLE AUDIO=1 and then click on OK

L - I
L Options for Target 'Release’ u
Device I Tanget I Output I Listing I |ser i I Linker I Debug I |tilities I
— Preprocessor Symbaols (
Define: I%:SMF‘S_INDUCTOH_MJH SEND_MN_QUATERNIONS=1 ADC_2411=1 DEBUGH! (S5 RSN a5
Lndefine: I
— Language / Code Generation
I Execute-only Code I Strict ANSIC Wamings:
Optimization: ||_e.,,.5| 303 'I [ Enum Cortainer ahways int I‘n"" Wamings j
[ Optimize for Time [ Plain Charis Signed ™ Thumb Mode
[~ Split Load and Store Multiple [~ ReadOnty Posttion Independent [ Mo Auto Includes
¥ One ELF Section per Function [~ Read-Write Posttion Independent ¥ C95 Mode
Include NN N A O A bran BlueNRG T _Penph_Driverting;. M. % 5 ALibranCMS15 Device N SThBlug
Path
s
Misc I
Controls
Compiler |99 < —cpu Cortex-M0 g -03 Otime —apcs=intenwork -split_sections - ..#../nc -1 -
contral |../././. /. /library/BlueMRG1_Perph_Driver/inc -
string =

Lys |
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Build the new code

lash  Debug Peripherals Tools SVCS  Window |

1. C“Ck On PrOJeCt r‘] == - Mew piision Project...

P ILI Iﬂl @ Mew Multi-Project Workspace...
2. SelectClean Targets — Open Projedt..

roje _

=-“t% Project: BLE, RS R

=47 Release Export
Note: since we have modified the g -
preprocessor options it’s =5 e e
recommended to clean all the ) ¢ Options for Target Release..
previously compiled object files S “ | cemarges
S [ |ﬂ| Rebuild all target files

0 L@ Batch Build...

Lys
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Build the new code

[ CAlueNRG, T HandEOMSTEVAILBENGORVAD

File Edit View Project Flash Debug Perni

Iﬂﬁ|ﬂ—J@|q'|‘h

1. Clickon the Build button (top left corner) or hit F7
on your keyboard

B ol (S LOAD
2. Inthe Build Output window (bottom) wait for the = “({__J— '—‘| $4 | Release
build to be completed. Project Build (F7)
Build t t fil
«  BLE SensorDemo.hin created =% HITe targer TWES jno

. —l-ks% Release
« “OError(s),0 Warning(s)” message appear

Build Output I

-nniﬂiangEaSll_wait.c. ‘e

compiling v15311 register funcs.c...

compiling v15311 platform.c...

linking...

Program S5ize: Code=121908 RO-data=1428 RW-data=1136 ZI-data=21252
FromELF: creating hex file...

After Build - User command #1: fromelf.exe —-bin ..%..%..%..%\..\..\Han

. - — _SensorDemo.axf --output ..\..\..\..\..1}.\HandsOn\BLE_Sens0rDemﬂ_PrjOutput\BLE_SensnrDemﬂ.bin
"GN GGG LUNL U \HandsOn\BLE SensorDemo PrjCutput\BLE SensorDemo.axflf - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:12

Lys
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266

1. Go back to TeraTerm
2. Click on the

W COMS4 - Tera Term VT = | B

File | Edit Setup Control Window Help

Mew connection... Alt+M
Duplicate session Alt+D
Cygwin connection Alt+G
Log...

Comment to Log...

View Log

Show Log dialeg...

Send file...

Transfer 3
S5H SCP...

Change directory...

Replay Log...

TTY Record
TTY Replay

Print... Alt+P

&7 I
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Re-flash the BlueNRG-2 wem

1. Go back to the BlueNRG-2 Flasher Utility

&7 BlueNRG-1_2 Flasher - Utility v2.0.0 =B
File | Tools | Help
Select Image file | Mo Image file loaded.
Flash from Address: |0x10040000 [[ Fash ][ swp
UART SWD
Actions List of COM Ports:

Automatic Mode (only 5T DK) COMAL (5T DK)
Verify
Mass erase

Update Device Memary

Device

Flash Programming

| | 0%
Device Memary Image File
Start Address 0x10040000 Size 0x3000 Read | Write
0 1 2 3 4 5 6
| 1 r
Log

’I Load Log. . J Save Log... J Cleer Log )

life.augmented W.Board: 0/0 | | 0%




Flash the BlueNRG-2 1/5

1. Select the COM port labeled (ST DK)

LART SWD
Actions List of COM Ports:
\
| Automatic Mode (only ST DE) | COMBI1 (5T DK) J
W | Verify




Flash the BlueNRG-2 2/5

1. Clickon Mass Erase

UART SWD LART SWD
Actions List of COM Ports: Actions List of COM Ports:
Automatic Mode (only 5T DK) COMBS1 (5T DK) Automatic Mode {only ST DK) COMIL (5T DK}
verify Verify

Mass erase Mass erase

IIpdate Device Memory

IUpdate Device Memary

Lys
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1. Clickon Select Image file button

Flash the BlueNRG-2 3/5

&yr BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

[[ Select Image file ]]Nn Image file loaded.

2. And browse the following path

(

ElueMRG_Tile_HandsOn » HandsOn » BLE_SensorDemo_PrOutput




Flash the BlueNRG-2 4/5

1. Select BLE SensorDemo.bin

. Listings
. Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

&7 BlueNRG-1_2 Flasher - Utility v2.0.0

File Tools Help

| Select Image file | C:/BlueMNRG_Tile_HandsOn/HandsOn/BLE_SensorDemo_PrijOutput/BLE_SensorDemo.bin

Flash from Address: 0x10040000 | Flash | Stop

m UART SwWD

Actions List of COM Ports:

life.augmented



Flash the BlueNRG-2 5/5

1. Flashing starts: green bar proceeding Pevice | BLelRe: (e fah address: 0x1007T)
P

2. Wait for the pop-up window and click on OK

Device BlueMRG-2 (max flash address: 0x 1007FF)

Reading Memory COM91

100%

o7 BlueNRG-1_2 Flasher - Liility

Device Memory COM31 Image File

Start Address 0x 10040000

Device COMA1 -» Flazhed and Verified.

Read Write

0 1 2|3 ASCT i

0:10040000 00 60 00 20 05

0:10040010  AA 55 55 AA 45 5h 4C 42 00 00 00 00 00 00 00 00 CGUUEELLB
0:10040020 00 00 OO0 0O OO OO 0O 00 OO0 0O 00 00 A 12 04 10 !

0:10040030 00 00 00 0O 00 OO0 00 00 D7 08 04 10 23 12 04 10 x #

Do NOT close the Utility! s s ‘

Flash Boards: COMS1 (5T DE)

16:17:231.51Z2: Device COM3]1 -> Flash Programming

16:17:32.171: Device CCM31 -> RBead Board Started
16:17:32.884: Device COM31 -> Read Board End
16:17:22.5317: Device COM31 - Flashed and Verified.

life.augmented




273

1. InTera Term in order to have the terminal clean, go to

4] Tera Term - [disconnected] VT | == |&J
File | Edit | Setup Control | Window

here?t
i’:e re :
Copy table 1ere:
P here?t
heret

Paste im Pe :
R 1ere?t
F-?!'_-tE'-'\_R-‘ ]"IE]:"'E!
here?
Clear screen here?t
here?t
Clear buffer here?t
here?t
heret
here?t
here?
Select screen here?
here?

Select all  ——

0 ST I here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret
World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz heret

World: BlueMRG-2 iz here?
Yorld: BlueMRG-2 iz here?
World: BlueMRG-2 iz here?

augmented
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Reconnect the serial terminal

1. Click Setup -> Serial port...

2. Serial port should already configured. Just
need to click on OK

Port: COMI1

Baud rate: 115200

Data: 8 bit

File Edit | Setup | Control Window Help

Parity: none

s = Stop: 1 bit
Window...

Flow control: none
Font...

Keyboard... Transmit delay
I Serial port.., I ° 0 msecfchar 0 mseciline

Lys
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275

on the blue motherboard -> LED blinking Blue

VT COMS] - Tera Term VT

File Edit S5Setup Control Window Help

LY R

b B

\= 4

i STEUAL-BCHBA2U1 HiH

|

Scan for sensops:
Accelerometer and Guroscope: 0K
Prezssure and Temperature: OK
Humidity and Temperature: QK

Magnetometer: OK

Proximity Sensor: 0K
fensnr_in lnu—nnuwer mnde: 0K
Battew»u unltaoce 4o 3 FHou= OK

|DeuicE'iE now discoverable with MAC: 89:55:31:45:EE:F2_

augmented



Connect using the BlueMS App

° “Kill” 9 Touch e Select your
the BlueMS app “Start discovering” STEVAL-BCNO0OO2V1
........ izon LTE 09:11 @ 7% 40% W ¥ O<OOOBaCe:zon LTE D;:::es @16#83%
== )

-----

© Copyright 2017 STMicroelectronics.

Ptton and
then swipe to top

life.augmented



BlueVoice: voice over Bluetooth LE

e Select Speak close to the

Touch Jrpe “BlueVoice” BlueNRG-Tile MEMS

*0000 Verizon LTE 10:43 @ |0} 71% #cco0 Verizon LTE 10:43 @ 79} 71% s00c0 Verizon LTE 10:42 @ ¥ @ % 72% Wy M
< Devices ' M £ Devices * M < Devices i M I C ro p h O n e
#  Acc Event #  Acc Event . . .
g oo 8 onen - . (if the mic captures the audio from the
$1 Buevoice %) Slevoce rngteaedE phone speaker, a very high pitch
Beam Forming sound can happent)

*-J SpeechToText *«l SpeechToText

a Compass o Compass

Rssi & Battery [} Rssi & Battery

Voice will be streamed over BLE
l ,, You will hear it from the phone

"I Do not silence your phone,
must NOT be vibration only!

life.augmented



Voice over Bluetooth LE

GAP configuration

( Generic Attribute ]L Generic Access

Profile (GATT) Profile (GAP)

.

Audio: exported by the Server
(((g; through 2 dedlc_:ated BLE
characteristics

GATT configuration

Attribute Protocol I Security Manager

Logical Link Control and Adaptation Protocol

Voice streaming over BLE:

Link Layer I Direct Test Mode Bitrate: 32kbps

1

Host-Controller Interface | i Audio @8kHz
) | (o Codec: ADPCM
| A
i |

L Physical Layer ‘ Receiver can be any STM32
S Characteristic | BlueVoice client or an

Bluetooth Low Energy Stack . ! o . .
> : : Android/iOS device running ST

_____________ BlueMS app

Lys
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BIueVmceADPCI\/I Audio 8kHz wem
> e (e)

Advertise

Advertise Advertisement Mode

Discovery Mode

Connect Request

No acknowledge required for Notifications:
Connection created

« OK forAudio streaming o ——— T : Peripheral-to-
« Minimal Latency Notification : Central Audio can be

Notification

«  Optimal Bandwidth communication nalf-duplex
Connection Connection Connection Connection Connection
Voice Streaming 1 Event Event Event Event Event

e Audio Format: PCM 16 bit @ 8 kHz

+ ADPCM Compression @ 32 Kbps: Low
latency and low complexity

2 packets/event
20 bytes/packets

Radio

Idle
+ Side Information atlllow data rate I <= """+ | > 100 eventslsec
ehnances error resilience 10ms 160ms t _
Connectioninterval ADPCM Synch interval

‘Yl 32kbps

life.augmented M Audio Data Packet, 20 bytes [] Sync Data Packet, 6 bytes




BlueVoice architecture

=-S5 User
] BlueNRG1 jt.c

\ 1 gatt_db.c

{j SENSOr.C

ST digital MEMS

. BlueNRG-2
mlcrophone ] SensorDemo_main.c
{j HWAdvanceFeatures.c
Audi PDM PDM to PCM ADPCM Server-TX _ g o
- uaio . to - = Stack
Acquisition conversion Compression mﬂﬂtﬂﬂﬂf _] libbluenrgl _stack.a
) @j stack_user_cfg.c
— ij libcrypto.a

3 oTA

\9 £3 VLS3LX
Bitrate 32kbps =55 MotionFX

= BlueMRGL_BlueVoice_Library
{j bluevoiceADPCM_BMRG1_100_Keil.lib

Smartphone app (ST BlueMS) -

Client - RX* Raw Data Audio PCM . Serlzéllﬁudlo )
gmlﬁtﬂﬂﬂ! Decompression I —>

life.augmented



Customizing your design




STEVAL-BCNOO0O2V1 Block Diagram

Matching
Network”

BALF-NRG-02D3
Integrated balun
TES
accelerometer + gyroscope ADC
SISeMBE 12C BlueNRG-2 RGB LED
magnetometer
Bluetooth 5.0 Network and

LPS22HH Application processor MP34DT05-A
barometer microphone

HTS221
Relative Humidity & Temp. connector
VL53L1 12C
time-of-flight proximity

Lys

life.augmented




Enable/Disable Sensors&Libraries

» Dedicated structure “FeaturePresence” for enabling/disabling sensors & libraries individually.
File sensor.h atline 64

E&[étypedef struct {

65 bool AccelerometerGyroscopePresence;
66 bool MagnetometerPresence;

67 bool HumidityTemperaturePresence;

68 bool PressurePresence;

&89 bool ProximityLightPresence;

70 bool iNemoEngine;

71 bool Pedometer;

T2 } FeaturePresence;

« SensorScan() function set each field of the structure to false ortrue. File sensor.c atline 319

318 J/ Check sensor list
319 SBensorsScani):
320
321 J/ Configure discovered sensors
322 if (®XFeaturePresence.PressurePresence)
323 Init Pressure Temperature Sensor();
324 if (®FeaturePresence.HumidityTemperaturePresence)
325 Init Humidity Sensor(});
326 if (®FeaturePresence.MagnetometcerPresence)
327 Init Magnetometer():
328 if (xFeaturePresence.fccelerometerGyroscopePresence)
329 Init Accelerometer Gyroscope();
330 if (xXFeaturePresence.ProximityLightPresence)
331 Init Proximity Sensor():
ST,
) 333 S/ Configure sensors in low power mode
life.augmented B SensorsLowPower () :



BLE timings

» Advertising intervals:

« Dedicated APl aci_gap_set_discoverable(Advertising_Type, Advertising Interval Min,
Advertising_Interval _Mayx, ... )

* In file sensor.c at line 451

- Connection intervals:
 Dictated by the Central device. Peripheral has no full control on this.

* Notifications frequency
« Dedicated Virtual Timers (mapped on HW physical timers) for different functionalities
* Timeouts defined in sensor.h atline 172-174

-

172 | #define BATTERY UPDATE RATE 1000 // Fized CDR @ 1 H=z

‘ 173 | #define ENV_SENSOR UPDATE RATE 100 // Fixed CDR @ 10 Hz
,I 174 | #define MOTION SENSOR UPDATE RATE 40 // Fixed ODR @ 25 Hz

life.augmented



HW modifications

* In this case redesign Is of course necessary

» Schematics and Gerbers files:
 available on request for the time being
 will be available soon (November) online at www.st.com/bluetile

3.12.2 Functional description

The table below shows the GPI1O configuration table where each 10 pin is associated with related functions.

* BlueNRG-2 pin mapping

GPIO mode "000™ Serial1 mode "001™ Serial0 mode “100” Serial2 mode *101°

 Check BlueNRG-2 DS at Table 129 R T Y T TN T

100 GPIO O | UART_CTS 1o SPI_CLK CPUCLK
101 o GPIO 1 (o] UART_RTS 1o SPI_Cs1 I PDM_DATA
102 o GPIO 2 (o] PWMO 0] SPI_OUT (o] PDM_CLK
103 o GPIO 3 (o] PWM1 I SPI_IN -
104 o GPIO 4 | UART_RXD 1o 12C2_CLK (o] PWMO
105 o GPIO 5 Q UART_TXD 1o 12C2_DAT (o] PWM1
106 o GPIO 6 Q UART_RTS 1o 12C2_CLK I PDM_DATA
107 o GPIO7 | UART_CTS 1o 12C2_DAT (o] PDM_CLK
108 o GPIO 8 (o] UART_TXD 1o SPI_CLK I PDM_DATA
109 o GPIO 9 | SWCLK I SPI_IN (o] X016/32M
1010 o GPIO 10 | SWDIO o] SPI_OUT (o] CLK_32K
‘ 1011 o GPIO 11 I UART_RXD 1o SPI_CSs1 (o] CLK_32K
,’ 1012 oD GPI12 ¢ - 1o 12C1_CLK - -
1013 oD GPI 13 | UART_CTS 1o 12C1_DAT - -

life.augmented
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Quick recap




DK 3.0.0 SW architecture

SensorDemo

(" )

Library

BlueNRG-2_Peripheral _Driver Board Support Package

_ Drivers

'
ue =

-
k omponents

-
STEVAL-BCNOO2V1

Lys
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STEVAL-BCNOO0O2V1 Block Diagram
@ D

Matching
Network”
BALF-NRG-02D3
Integrated balun
TES
p— UART_RX line ar butto
accelerometer + gyroscope IRQ IADC
LIS2MDL BIUENR MCERLISE
magnetometer IRC
Bluetoo 0 Network and
_ Application processo P34D 1 05-A
D
Darg o opnone
400 6 M
kHz
Re & dity & Temp ONnNecto
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stand-by

advertise 250ms

Battery notification

Environmental / AccEvents / LED control
Motion FX (Inertial)

BlueVoice

Motion FX plus Time Of Flight

25uA
170uA
0.25mA
0.3mA
1.4mA
3.6mA
8mA

BCNO002V1 3V

Power consumption

60 [—

50 [—

uoIlldauuod

40 —

w
o
I

current [mA]

N
o

10

advertise
170uA

Lys

enV|ron || ‘

motionFX

{

[
connected

0.3mA

0.3mA

3.6mA

F Acc event LED ctrl, blueVoice battery
0.25mA

UOI23UUOD-SIP

istantaneous
——— average

advertise
. 170uA

stand-by

25UA |
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Battery lifetime

Avg Power Cons | Battery lifetime

stand-by 25UA 8800 hrs / 367 days
advertise 250ms 170uA 1294 hrs / 54 days
Battery notification 0.25mA 880 hrs / 37 days
Environmental / AccEvents / LED control 0.3mA 733 hrs / 30 days
Motion FX (Inertial) 1.4mA 157 hrs / 6.5 days
BlueVoice 3.6mA 61.1 hrs /2.5 days
Motion FX plus Time Of Flight 8mA 27.5hrs

Lys

life.augmented



The end: Q&A




Virtual COM driver installation Win7
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Open the Windows Control Panel

1. From Start Menu select Control Panel

4.

‘,’ BlueNRG-1 Flasher

K wcsvins 2. Select Device Manager

Pictures

Music : e S ——
: O@v|@ » Control Panel » All Control Panel Iterns » - | *:f| | Search Control Panel 0o
T Seseew W W W e :
Computer
s Adjust your computer’s settings View by:  Small icons =
Conmtrol Vanel k)
Dewvces and Printers
Default Programa P Action Center Administrative Tools IIJ AutoPlay @ Backup and Restore

E Bang & Olufsen Audio Control Panel %@J BitLocker Drive Encryption |

Credential Manager

=

Help and Suppont

All Programs

_-,L Date and Time '@ Default Programs ey Device Manager @ Devices and Printers
Shut down | ¥ & Display '@' Ease of Access Center ayer Folder Options
A Fonts =1 Getting Started *% HomeGroup ¢= Indexing Options
Intel® HD Graphics Internet Options | £ Java &= Keyboard
Location and Cther Sensors >j;' Mail (32-bit) F Mouse :f MNetwork and Sharing Center
B Notification Area lcons M Performance Information and Toals g Personalization [ Phone and Modem
3 Power Options Programs and Features F] Recovery & Region and Language
% RemoteApp and Desktop Connections % Sound @1 Speech Recognition @ Sync Center
1B System .j. Taskbar and Start Menu [ Troubleshooting 82, User Accounts

r Fﬂ Windows CardSpace ¥ Windows Defender @ Windows Firewall @Windows Mobility Center
” £ Windows Update
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Open the Device Manager

1. Look for Other devices and right click and then select Update Driver Software...

5 Dewice Manager | 1
Fle Acton View Help

&= | FE | HE| 8| &b

E% 5CZ20153191L7
ﬁ Batteries
78 Computer
:H Disk drives
l'“! Displary adapters
- DVD/CD-ROM drives

#-43 Human Interface Devices

| v

-z IDE ATASATAPI controllers
[~ @ IEEE 1394 Bus host controllers
#- %5 Imaging devices
&= Keyboards
-- Memary technology driver
El Mice and other pointing devices
-- Muoderns
l‘; Monitars
El@‘ MNetwork adapters
bWy Cisco AnyConnect Secure Mobility Clisnt Virtual Miniport Adapter for Windows =64
: Imtel{R) B2579LM Gigabit Netwark Cannaction

Intel(R) Centrino(R) Adwanced-M 6205

E[@ Other devices

E— STMicro :|.-..-+.-.—..—.; — -
m oe Update Driver Software...

+-8 Portable Devi
-7 Ports (COM &

n Processors Scan for hardware changes
)2 Security Devices
Sensors Properties

ﬂi Sound, vides and game conftrollers
’ l +-988 System devices j

ILaunches the Update Driver Software Wizard for the selected device.

¥
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Look for the VCOM Driver

1. SelectBrowse my computer for driver software
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Look for the VCOM Driver

1. Clickon Browse button and go to the folder “C:\BlueNRG Tile HandsOn\STEVAL-BCNO02V1 DK
3.0.0\PCDriver\Virtual COM Port Driver”

# Update Driver Software - STMicroelectronics ﬂ
2. Clickon Include subfolder and then on Next g% | update briver software - STHicroelectronics

Browse for driver software on your computer

Search for driver software in this location:

-1 2 DK 2.6.0 5T TechTour_2018\PCDriver\Virtual COM Port Drivenlid Browse... |
° ¥ Include subfolders

=} Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver software in
the same category as the device.,

&7 °
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Allow the driver installation

1. Clickon Install driver software anyway

B 2. Installation starts

O [l Update Driver Software - STMicroelectronics

Installing driver software... ‘|

|— ® Windows Security pd| il Update Driver Software - STMicroelectronics x|

|| Update Driver Software - STMicroelectronics

%j Windows can't verify the publisher of this driver software

Installing driver software...

<} Don'tinstall this driver software
;:L\:ii'llould chedk your manufacturer's website for updated driver software for your \ | ] )
—

<» Install this driver software anyway
Only install driver software obtained fram your manufacturer's website or disc.
Unsigned software from other sources may harm your computer or steal information.

j See details

Lys
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done

1. Installation completed

2. Device is inthe COM Ports list

# Update Driver Software - STMicroelectronics Virtual COM Port (COM107) x|

O [ Update Driver Software - STMicroelectronics Virtual COM Port (COM107)

Wind bas fully updated your driver software -_-—;"!Devicel-ianager _IEllﬂ
File Acton View Help

|3

Windows has finished installing the driver software for this device: = | | El | 7

El-g=h SCZ20153191L7

t % Batteries

18 Computer

g Disk drives

'; Display adapters

% DYD/CD-ROM drives
Human Interface Devices

g [DE ATA/ATAPI controllers

IEEE 1394 Bus host controllers

E5i Imaging devices

Z= Keyboards

@ Memaory technology driver

U Mice and other pointing devices

U;J Modems

A/ Monitors

|»

STMicroelectronics Virtual COM Port

[=-®¥ Metwork adapters

'y Cisco AnyConnect Secure Mobility Client Virtual Miniport Adapter for Windows x64
¥ Intel(R) 82579LM Gigabit Network Connection

Intel(R) Centrino(R) Advanced-M 6205

LF Microsoft Virtual WiFi Miniport Adapter

E i
{ rece comam

]-- Security Devices
|- \E7% Sensors

%] Sound, video and game controllers -
1M System devices

f- @ Universal Serial Bus controllers ﬂ

r Done! Now please go back from here!

) /4
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Virtual COM driver installation Win10
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Open the Windows Settings

h 1. From Start Menu select Settings

PowerPoint 2016

Publisher 2016

2. SelectDevices

Settings

Skype for Business 2016

Sticky Notes

Windows Settings

STMicroelectronics

Symantec Endpoint Protection | Find a seting -

TechSmith E @ @ R

Tera Term System Devices Metwork & Internet Personalization Accounts
Display, notifications, apps, Bluetooth, printers, mouse Wi-Fi, airplane mode, VPN Background, lock screen, Your accounts, email, sync,
power colors waork, other people

Voice Recorder

- ~
%"ﬁ » EI R_/

Weather Time & language Ease of Access Privacy Update & security
Speech, region, date Marrator, magnifier, high Location, camera windows Update, recovery,
contrast backup
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1. SelectDevice manager

Open the D

2. SelectOther Devices and Unknown device

% Home

| Find a setting

Devices
=5 Printers & scanners
| %@ Connected devices
% Bluetooth
M Mouse & touchpad
Typing
(&) AutoPlay

B use

life.augmented

_ _

Add devices

Add a device
+

Other devices

Composite MSC CDC
PCI Device

Download over metered connections
To help prevent extra charges, keep this off so device software

(drivers, info, and apps) for new devices won't download while
you're on metered Internet connections.

@ off

Related settings

Bluetooth settings

Device manager

evice Manager

ﬁ Device Manager
File Action View Help

&= 5| B Hml B

v M SCZCWLS5E7
> i.d Audic inputs and ocutputs
> 3 Batteries
> @ Bluetooth
» O Computer
> mm Disk drives
» g Display adapters
> *m |IDE ATASATAPI controllers
> _‘i"; Imaging devices
> Keybeoards
» L1 Memery technology devices
> g Mice and other pointing devices
» [ Monitors
v q Metwork adapters
I? Bluetooth Device (Personal Area Metwork)
Q Bluetooth Device (RFECOMM Protocol TDI)
[ Cisco AnyConnect Secure Mobility Client Virtual Miniport Adapter for Windows x64
Q Intel(R) Dual Band Wireless-N 7260
e lotel(Bl Ethernet Connection [218-LM
v ¥ Other devices
Ei Unknown device
£ FO dble L'eV =
~ & Ports (COM & LPT)
ﬁ Intel(R) Active Management Technology - SOL (COM3)
ﬁ USB Serial Device (COME)
» [ Print queues
> ﬂ Processors
> l’f Security devices
> l Software devices
> i.q Sound, video and game controllers

» Sy Storage controllers
» B System devices
» i Universal Serial Bus controllers



Update Driver Software

Fle Acion View Help 1. Rightclick and then select Update Driver Software...
&= T B HEIBEX®

v & SCZCWL587

>gnudmmputsandoutputs 2. SelectBrowse my computer for driver software
Batteries
z g Bluetooth
> O Computer

b s Disk drives »
> [OF Display adapters

» =@ IDE ATASATAP| contraollers B Update Driver Software - USE Serial Device (COMS)

> o3 Imaging devices

> Keyboards

> L1 Memory technology devices

> Mice and other pointing devices

How do you want to search for driver software?

» O Monitors ; .
= N  ad — Search automatically for updated driver software
v l? etwork 3 apters. Windows will search your computer and the Internet for the latest driver software
g Bluetooth Device (Personal Area Metwork) for your device, unless you've disabled this feature in your device installation
I? Bluetooth Device (RFCOMM Protocel TDH) settings.
@ Cisco AnyConnect Secure Mobility Client Virtual M
I? Intel(R) Dual Band Wireless-M 7260 .
5 Intel(R) Ethemet Connection 1218-LM —> Browse my computer for driver software
E__ Other d Lecate and install driver software manually.
w R er devices

E Linl-nrsin derrica
—

3 ﬁ Fo UpdateDriuerSul‘Mam).. e
5 =0 Prir [h=able

> [ Pro Uninstall
% l? Sec

’l «~ B Saf Scan for hardware changes
Launches the U | devic
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Look for the VCOM Diriver

1. Clickon Browse buttonand go to the folder
“C:\BlueNRG_Tile HandsOn\STEVAL-BCNO002V1 DK 3.0.0\PCDriver\Virtual COM Port Driver”

2. ClickonIncludesubfolder and then on Next € B Updste Drver Software - USB Serial Device (COME)

Browse for driver software on your computer

Marein thiz |ocatjon:

| ectronics\BlueMRG-1_2 DE 2.6.00PCDriver\Virtual COM Port Driver ke | Browse...
_—

Include subfolders

— Let me pick from a list of device drivers on my computer

This list will show installed driver software compatible with the device, and all driver
software in the same category as the device,

Cancel
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1. Installation completed. Device is in the

COM Ports list

Done! Now please go back from here!

Lys
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% Device Manager

File Action View Help

e mEHE P EX®

one

v M SCZCOWL9587
» iq Audio inputs and cutputs
3 3 Batteries
> e Bluetooth
» O Computer
= Disk drives
[ Display adapters
== |DE ATASATAPI controllers
33 Imaging devices
Keyboards
LI Memory technology devices
g Mice and other pointing devices
[ Monitors
v [P Network adapters
? Bluetooth Device (Personal frea Metwork)
? Bluetooth Device (RFCOMM Protacol TDI)
L% Cisco AnyConnect Secure Mobility Client Virtual Miniport Adapter for Windows x64
? Intel(R) Dual Band Wireless-M 7260
? Intel(R) Ethernet Connection [218-LM
v i’ Other devices
Ei Unknown device

WOW W W W W W

~ i Ports (COM BLLPT)
ﬁ Intel(R) Active Management Tedhnology - S0L (COM3)
ﬁ USE Serial Device (COME)

N

‘:‘ Processors

07 Security devices

B Software devices

id Sound, video and game controllers

S Storage controllers
E3 System devices
i Universal Serial Bus controllers

WOW W W W W




Kell MDK Free license installation steps
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MDK for BlueNRG-2and STM32F0
Installation & Activation

* You can refer to the following webpage:
o http://www?2.keil.com/stmicroelectronics-stm32/mdk

* Note: it is mentioned STM32L0 and STM32FO0, but the same procedure
applies to BlueNRG-2 device
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http://www2.keil.com/stmicroelectronics-stm32/mdk

Arm Keill MDK License Installation 1/6
Open ]

A" LU L L) 11
i
Troubleshoot compatibility

Open file location

7-Zip 3

CRC 5HA 3
[&  Edit with Notepad++

Scan for Viruses...

- Login with an account that has administration rl(_] hts. & v

Pin to Taskbar
Pin to Start Menu

Restore previous versions

Send to 2

* Right-click the pVisionicon and select Run as Administrator... from
the context menu.

@ Default Programs Blatets
@ Google Chrome Rename
& Intemet Explorer
KA Keil uvisions

& Keysight 145854 Documents
Keysight Connection Expert

Properties

| Licencetet Pictures

@ License.pdf

@ Skype for Business 2016
' 5TMECubeMx b
] sTM32CubeMenitor-RF SEIGLE
® STM32CubeMX
1 Windows DVD Maker ST
55 Windows Fax and Scan
 Windows Media Center
@ Windows Media Player
L‘Z" Windows Update

Music

Devices and Printers
Default Programs

1 Back Help and Support

Search programs and files P | me

0F Inbox - ... || 2 MDKfo..| @& [f Wind... o

Lys
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Arm Keill MDK License Installation 2/6

C\Program Files (x86)\STMicroelectronic
IFIlE Edit View Project Flash Debu

1 New. Ctrl+N
Z Open Ctrl+0
= save Ctrl=5
= 5-a'.reAIIm
1. Open the dialog File — License Management... C —— ]
4 Print. Ctrl=P

Print Preview

1 SensorDemo_EBlueMS_main.c

2 gatt_db.c

3 BlueMRG1 _it.c

4 mems_sensors_config.c

5 sensor.c

6 HandsOnlabs_CodeSnippets.td
7 hw_config.c

8 hw_config.h

9 gatt_db.h

‘ 'I 10 LP525HB.c
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Arm Keill MDK License Installation 3/6

lcense Vo A i

Single-User License | Foating Licenze I Floating Licenze Mministmtnrl FexLM License I

—Customer Information Computer [D
Name: [Raffacle Riva {CID: |cBZDR-182D3
Company:  |SThicroelectronics | Get LIC via Intemet._ |
Email: Imﬁaele.riva@st.mm
- B ; : Product | License ID Code (LIC)/Product variart | Support Period |
Select the Sin g | e User Licensetab and click the [ MDK-ARM Professional NHYSW-3SHYE-21ZB7-XTK2N-5HIEK-FIBB2  Operation Expires: 13 Jul 2018
button Get LIC vialnternet..., |
|
| |
|
MNew License 1D Code (LIC): Add LIC rinstall..

Close Help

Lys
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Arm Kell MDK License Installation 4/6

License Management | & |

Single-User License | Floating License I Floating License Mministr.:lturl FlexLM License

Lk, i i il

Obtaining a License ID Cede (UC)

@ You are about to register a Product and obtain a License ID Code (LIC).

The following information must be sent to www. keil.corm:

Click the button OK to register the product. This
action opens the License Management page on Mot
the Ke" Web S|te » You may register the product manually at

http: /oo keil.com/license/install.htm,

» After registering, you will receive an e-mail containing the LIC for
your computer.

» Enter the LIC into the Mew License ID Code field.

Product Serial Mumber (PSMN)
Computer ID Mumber (CID):  CBZDR-182D3

(-]

Close | Help
Lys J
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Arm Keill MDK License Installation 5/6

arm KEIL

For the latest Product Serial Number please check
on the Keil website at this URL:

Products Download Events Support Q, Search Keil_..

Product Licensing Home ! Product Licensing
Overview
T Single-User License
http://Mmww2 .keil.com/stmicroelectronics-stm32/mdk °
Floating-User License Enter your Product Serial Number (PSN) and contact information using the fellowing form to license your Keil

product. Be sure to include dashes.

Please make certain your e-mail address is valid. After verifying your Product Serial Number and Computer

Then enter the PSN In thIS Webpage along VVIth your ID (CID), we will send you a License ID Code (LIC) via e-mail. E-mail is sent from licmgr@keil com so make

sure any spam blocker you use is configured to allow this address.

contact information and click the button Submit.

Computer ID (CID): cezDpr-12203

An e-mail is sent back with the License ID Code Product Serial # (PSN):
(LIC) within a few minutes. FeEwerior

Enfer a description of the PC on which this Iueﬂselsreg stened.
For example: LAB PC, Office Computer, Laptop, John's FC, efc.

First Name: gagaele X
Last Name: Rjyg

E-mail: raffaele.riva@st.com

— Company:  sTMicroslectronics

life.augmented
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Arm Keill MDK License Installation 6/6

[~ Il
License Management I, 2 J

Single-User License I FAoating License I Floating License Mministr.:ltnrl FlexLM License I

— Customer Information Computer D
MName: IRdTaele Riva ’7':”] ICFWZE‘PLTC'H
Company:  [STMicroslectronics Get LIC via Intemet... |
Email: ||aﬁaele:iva@st.corn
To activate the Software Product, enter Product [ License ID Code (LIC)/Product variart | Support Period |

MDE-ARM Cortex-MO/MO+ 256K for 5T QHIMN-YHEDA-N1Z6)-FTRENJVUYXT-SU4RH  Expires: Jan 2015

the LIC you received by email in the field New
License ID Code (LIC) and click Add LIC.

Then click on Close

New License |D Code (LIC): | QRIMN-YHEDA-NTZE)-TRENJVUYXT-SU4RH Add LIC Uninstal...

e

Close | Help

Lys
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