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BlueNRG-Tile

(STEVAL-BCNOO2V1)

- 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 “Serial Terminal Test”
 Lab 2: Connecting to the ST BLE Sensor 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 — Voice over BLE

Agenda



Training Material Check / Installation Help



BlueNRG-Tile Hands-on - LABs Preparation

=g ON YOUR LAPTOP

—l

- USB Flash drive with relevant hands-on material ‘

- Unzip the content to C:\
- Mandatory: installation folder has to be

C:\BlueNRG Tile HandsOn

e
D ON YOUR PHONE

- Install “ST BLE Sensor” app

Please return it at the
end of the workshop

‘ #  Download on the
" \ ¢ App Store ]
A G




if you already have the ST BLE Sensor

app installed...

- You need to upgrade the “ST BLE Sensor” app to the latest
version available on Google Play and Apple iOS app stores

¥ @ B 99% =) #

For Android Devices -> v4.2.2
For iOS Devices ->v4.2.2

About

ST BLE Sensor
Version: 4.2.2

© Copyright 2019 STMicroelectronics.
All rights reserved.

All rights reserved.




Today’s workout! s
LAB1

- Connect BlueNRG-Tile (STEVAL-BCN002V1) to PC using USB
- Run Tera Term virtual serial terminal




Today’s workout!

LAB2

Start a BLE Connection
- Run ST BLE Sensor and discover YOUR OWN BlueNRG-Tile
- Connect your phone to the BlueNRG-Tile

- Get Sensor data on the ST BLE Sensor client
- r

==
/& |

3s70°C
250°C o
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m Client



Today’s workout! s
LAB3

Add LED characteristic and remotely toggle the LED

K’I Client
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Today’s workout! s
LAB4

Add Accelerometer embedded events detection feature

—aiN:

gmented



Today’s workout!
LAB5

Add 9-axis Sensor Data Fusion feature

o

Server

‘ Client
Y/
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Today’s workout!
LAB6

Enable Cloud sensor logging on IBM Watson

||
’ II I
||||

(@

IBM Watson




Today’s workout!
LAB7

Bonus lab: add Voice over BLE feature

Client



It's a class: remember that...

- OUR GOAL is forALL OF YOU tO Successfully
complete all the Labs

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

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

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-BCNO002V1B)




Hands On Directory Content

5Dk () » BlueNRG_Tile HandsOn » 1. BlueNRG Graphical User Interface
T BlueNRG GUI3.00 o 2. UART Flasher Application
a . BlueMRG-1 2 Flasher Utility 2.0.0 3. Code Snippets text file
. Codednippets e 4. Documents: DS, User Manuals and App
0 . Documents Notes
_._HandsOn e 5. Hands on Labs presentation and binary
e . KeilMDK _ ,
6. Keil setup files
. Software °
o | STEVAL-BCNO02V1 DK 3.0.0 7. Software Utilities
8. BlueNRG-Tile DKV 3.0.0

Open “BlueNRG Tile HandsOn.pdf” presentation
&7 P _lne_ par p
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ARM Keill MDK Installation
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What is Arm Keil 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 pVision IDE, debugger, and Arm C/C++ compiler

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



Kell MDK Installation 1/6

1. Go to the folder C:\BlueNRG_Tile HandsOn\KeilMDK
2. Double click on MDK525.EXE

3. Click on Next in the Setup window

" Setup MDK-ARM V525 B

4 BlueNRG_Tile_HandsOn Welcome to Keil MDK-ARM

b | BlueNRG-1_2 Flasher Utility 2.0.0 FpledaaR0t armekei

., CodeSnippets

. Documents S S—
This SETUP program installs:

|
I* 1) HandsOn MDK-ARM V5.25
o Lg" KeilMDK 1 This SETUP program may be ysed to update a previous productinstallation,
b Softorare ] Howewet, vou should make a backup copy before proceeding,
|
b i STEVAL-BCMO02YVL DK 2.0.0 | Itiz recommended thatyvou exitall Windows programs before continuing with SETUR
I Follov the instructions to complete the product installation,

| | Freebicensetxt
3 Keil.ST BlueMRG-2_DFP.1.0.0.zip

e B mDKs25.E4E
‘,’ MDK-ARM Pro_Eval AddOn_2018-09.exe

life.augmented

¢{ Garl | Next»> | Cancel I




Kell MDK Installation 2/6

1. Click on Agree and then Next
2. Click on Next

3. Fillin your info and click on
Next

Customer Information ARM KE[L

Please enter yaur infarrmatian, Microeontroler Tools

Pleasa enteryour name, the name of the company for whom youwark andyour E-mail address.

The installation starts. st Neme: 1

Last Name: ]
TO BE CONTINUED IN g |
A FEW MINUTES... {

E-nail: I
— Ll MEE-SEM et e

Lys
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Introduction to
Bluetooth Low Energy




« 20 Years in the market

Bluetooth® Evolution

>
. H > & &
- 2009: Classic -> BLE > & & & A
e & hg &N S @
p \(\% Q/é‘ (f) Q"" ”b"\ Qb N Q
L & & §$° & 2 & o
& D N & ¥ o q‘ XY
& & o8 i Q S R
Q o ¥ @ g & @ NS F Y VvV ®
&zbc, ((\"\g' ‘((an‘. \Q@' & Q’b\ vg’ Q}\z ..\}‘} & Q\\u{bc\ 6\.’ ¥
% N\
on q;“’% © b\\o Q,g- Q\z &w“ éo\ \9«‘ bo,ez S t&o% < . (\Q,
v < > & > & F L o « &L g N
& @’5@ v_b'z’Q & & & (& B A A
) 2 N N
Yb&ggo 5~ o ey 5 ™ c}@ ‘2“')@0 V?'&
1.0 1.1 1.2 2.0 2.1 3.0 4.0 4.1 4,2 50
© O O O O @®— O O O S
1999 2000 2003 2004 2007 2009 2010 2013 2014 2016
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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 (iOS, Android, Windows, Linux)

- Multiple network topologies:
» Point to point: single master connects to single slave (and each slave can connect to 2 master)

 Star: Multiple slaves connected to a single master
* Mesh: introduced in the 2017

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

‘YI
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Developer User
Space.
We will be

working here
e _
—
E—
S
O
)
%2)
>
» | (TE2CARTT)
LLI 3
m o
] -
= Link layer
@
‘, @) ] PHY layer

=
®
a

mery

Q
C
Q

Protocol Stack

- Generic Acces Profile
* How a device 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

* HCI

* Interface between Host and Controller
- Link Layer

» Handles packets, channels, advertising, scanning & connections
* Physical Layer

» Transmits/receives bits



Protocol Stack: PHY __

- ABLE Radio is a 2.4 GHz ISM Band Transceiver

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

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

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

- GFSK Modulation
« BT=05
* Modulation Index = 0.5

hernnvnerma 2R NCENO L3 NRIRERERRSNRR8ES » “pulse shaping” Gaussian
filter “smooths” transitions

-

Eg%%%g%%%’3ﬁii§§¥§¥¥¥ﬁ%%%%%%%%%;é%%%%%%% fromtzelro j[gtﬁne reduces
Tl gYIITEEEITINEEN3R398ITITIR000RGR0RERRRE T spectral wi
, w
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o}

.5]{ BLE System

Q

3
@

\

Host

=)
=%
®

a

Controller

Host Controller Interface

Link layer

PHY layer

Protocol Stack - GAP

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

e Defines 4 roles

- Broadcaster
» Observer

* Peripheral

» Central



I’'m looking
for John

g i Peripheral l I @

Peripheral is in Advertising mode.
Sends Advertising packets.

Central is Scanning.
Look for known peripherals by listening

to advertising packets.
My name is John

My capabilities are X, Y, Z,
etc...
1))
Advertising packets consists of multiple

')) information units known as AD types.
‘— E.g.: Local Name, TX Output Power,
> /4 Manufacturer Specific info, etc...

life.augmented

As the John peripheral is found,
it initiates a BLE connection.



\

Host

.5]{ BLE System

Q
3
(0]
=
a

Controller

Host Controller Interface

Link layer

PHY layer

Protocol Stack - GATT

* Who controls the data flow?
 GATT (Generic Attribute Profile)

e Defines 2 roles

+ Server
e Client



Server contains Server
the data. Data
Receives requests,

executes, responds. Data

Can indicate value
Data

Protocol PDU Type

GATT

Client talks to

< Requests the server.
Sends requests,
wait for response.
Responses Can confirm
indications

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) ]
Indication Server  Server indicates to client new value (it always causes a confirmation)

,I Confirmation Client

life.augmented

Confirmation to an indication



Attributes

- Data are organized and exposed as attributes

Server
Each Data element Data
in the Serveris ~.__
- Each attribute has: called Attribute Data
- A handle: it identifies the attribute on the server Data
- Atype (defined by Universal Unique ID - UUID): what the
value means

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

- Avalue (0 to 512 octets)

(Handle [Type  [Value |
° Example 0x0009  «Device Name» “Temperature Sensor”

; ) 0002 Batey St 004
Y/ 0x0098  «Temperature» 0x0802
life.augmented

Source : Bluetooth® SIG



GATT Profile

Profile

Service _
A GATT Profile defines how attributes are

Characteristic : oL
_ organized and how the application can
Characteristic access them.

- Attributes are organized in Services and
Characteristics

Service

Characteristic
Characteristic

a typical example:
1 service: “ARG” (Angular Rate and Gravity)
2 characteristics: “Gyro”, “Acc”
Values: [0,-1,+2], [-10,+15,+950]

life.augmente:



ST BLE devices




ST BLE Roadmap

Dual Core BLE STM32WBxx

BLE 5.0 Application processor
Dual core Cortex-M4 / MO+
Flash: 256K up to 1MB

TO DAY b S RAM: 128K up to 256K
UQFN48, VQFN64, WLCSP100
BlueNRG-LP
H a n d S O n BLE5.0 Application processor
Cortex-MO0+ 64MHz, 256KB
Flash, up to 36 GPIOs
BlueNRG-2 QFN, WLCSP
BLE5.0 Application processor in development

Cortex-MO0 32MHz, 256KB
QFN32, QFN48, WLCSP34

BlueNRG-1
BLE4.2 Application processor

Cortex-MO 32MHz, 160KB \
QFN32, WLCSP34 ;

BlueNRG-MS
BLE4.1 Network processor BlueNRG STM%ZB‘-\\

QFN32, WLCSP34
PERFORMANCE

"
L
o
=
<
i
LL

Lys
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BlueNRG-2 SoC at a glance

Optimized BLE
Radio stack

The lowest power Processing power on Flexible memory
consumption demand architecture

Maximum security

o

>3 years lifetime on Low-power 256 KB eFLASH 70 kB FLASH ECC-256
CR20320 : ) 24 KB ULL SRAM 8 kB RAM AES-128
59 UAMHz amﬁ‘ﬂ'ge%“;‘;’ ,\CAOHr;eX (with full SRAM data 0.9uA with full RAM Factory UID
0.9 pAsleep retention) retention Secure KEY
Seamless connection Robust and

@ U

3

with SENSORS ~ Reliable BLE Link ~ Smal form factor

Bluetooth 5.0 Privacy 1.2 and secure  Faster and more
certified connection 4.2 reliable data transfer

&

Sensors

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



Bluetooth LE programmable processor

Bluetooth LE ARM
5.0 Cortex MO
ULP radio

Flash PROGRAMMABLE —
256 KB MCU
with eFLASH

32 MHz o1 ~7:\\' [ |to host application code —
L 24 KB

Advanced High-Performance Bus (AHB) m

4 ) (. ™

PDM Decimation 12C
PROGRAMMABLE | BuEEl filter
PERIPHERALS
ADC 10 bit DC/DC
EEIEIE
/

RTC
(timers) PROGRAMMABLE
Digital I/0O

eIAR >|KEIL BEatollic

SYSTEMS Tools by ARM
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STEVAL-BCNO02V 1 g
; . Antenna
‘ A ‘%m

SWD Connector

32KHz XTAL to enable ultra- gz Balun
low-power BLE sleep mode / @ BALF-NRG
L2 bead to enable low- BLE SoC
BlueNRG-232

power BLE active mode

User button

NG

Pressure Sensor
LPS22HH

Microphone
MP34DT05-A

Accelerometer + Gyro
LSM6DSO

|2C for expansion

Bottom view

Magnetometer
LIS2MDL

m Time of FI|h

..... ©.augmented VL53L1 X

Humidity + Temperature
HTS221




Lys
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STEVAL-BCNOO2V1

Test points

RFTEST TEST ADC SDA SCL VDD GND antenna

Block Diagram

ot Viatching

—e RFTEST

Network’

LSM6DSO 12C
accelerometer + gyroscope IRQ
2C

BALF-NRG-02D3

Integrated balun

ADC

UART RX line User
Button

HEPLLDL | BlueNRG-2 RGB LED
magnetometer
Bluetooth 5.0 Network and

LPS22HH
barometer

2C
400
. HTS221 2C kHz 32 MHz
Relative Humidity & Temp connector
2C

" |
VL53LA1 I
time-of-flight proximity

Application processor MP34DTO05-A

microphone

1.6 MHz

KPR a4l The 32kHz crystal enables lowest power BLE sleep mode.
The inductor enables lowest power BLE active mode.



STEVAL-BCNO0O02V1D

20-pin JTAG connector STEVAL-BCN002V1 Socket Micro-USB connector (bottom)

STLinkV3 socket

S BLOOO0 0,

STM32L151 (bottom)

J
e

life.augmented



BlueNRG-Tile DK

* Open the BlueNRG Tile HandsOn folder in C:\

W =T = s VLT T SR T R e :-_.. o om :"_
i :I- 5
il o H L% P = i e ¥ e

| BlueNRG-1_2 Flasher Utility 2.0.0 Mame
." CodeSnippets .. Application
. Documents ! Docs
. Hand=0On -
KeilMDK . Firmware
5 'ﬂm )/ Library
TE
l | .. STEVAL-BCN002V1 DK3.0.0 .. PCDriver
i Project
1 Utility

* Open the STEVAL-BCN002V1 DK 3.0.0 folder
Ly

life.augmented



F
.

. Application

. Docs

. Firmware

./ Library

. PCDriver

| Project

| Utility

BlueNRG-Tile DK overview

N o 0ok~ b=

. PC Applications

Documentation
Pre-built FW images
Low level drivers and BLE stack library

. Virtual COM port drivers

Reference examples in source code
Utility section: IAR BlueNRG-2 Flasher



Documents

- Open the Docs folder from the STEVAL-BCNO002V1 DK 3.0.0
folder

I WILITIEE W OnNneCTion_WOel I nes

| Radio_Driver

. Apphcation .. SPI protocol_specification )

Fp F * Device Datasheet
\. Firmware Bl STMEZ SPL protocol eample bl « BLE stack documentation
. Library L STM32Z_UART_protocol_example_html « Release notes
& PCDrver b USE"W'SEHE'*L_FW-“PEIWE-Fmffd”"? + APIs and events
& Project |15_'1f-"‘*‘iﬁ“—i'ﬂm-l » Programming manual
- Utility | heense bt

» Device (and kits)
documentation

e DOUbIe CIiCK on indeX.htm| + PCB design guidelines

» Bring up guide

» QGetting started
1S7]

life.augmented



On st.com mm

hitp://www.st.com/bluetile

fo.augmented = Menu

tH

o » Evalalion Toole »  Seiution Evaluation Teoke Sensor Solutlon Eval Beards STEVAL-BCNO02V1B

STEVAL-BCNOO2V1B 1]

BlueNRG-Tile - Bluetooth LE enabled sensor node development kit

‘_"JD Downlead Databrief

RESOURCES SAMPLE & BUY QUALITY & RELIABILITY

The STEVAL-BCNBD2V1B Bluetooth LE enabled sensor node development kit features the STEVAL-BCNOD2V1 multi-sensor board based
on BlueNRG-2 SoC Bluetooth Low Energy application processor. This sensor board has accelerometer, gyroscope, magnetometer,
pressure, humidity, Time-of-Flight and microphone sensors, and is powered by a common CR2032 coin battery

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

K ’ I The STEVAL-BCNOO2V1D adapter board is used to program and debug the sensor board. The adapter board is powered via USB

life.augmented



Arm Keil MDK Configuration and

License installation



Check on successful tool installation
- Open Kelil uVision5 IDE

* This is the main GUI ﬂmf‘“; T —————— " ~|=|m| B |

NS @2 o] 1 0] [P RAD|EEEKD awmacomov] A A|A]0 50 BEH 8|
ESI= =T E ] LA 8E e “e
‘Projed T ___'

a@
>

*
Emﬂlﬁﬁﬂl‘pu}| m Find In Filzs ‘ mﬂm\'ﬁgr

stopped.




Kell MDK Installation 3/6

- Open the Pack Installer
- Go to Project->Manage->Pack Installer

B“Pﬁﬁﬁﬂ . ! ! || | . - — - el
New pVision Project..,

New Multi-Project Warkspace..,
Open Praject...
Qase Pru.}.eﬂ
Export :
| ‘Manage Bl & Project ems..
@ Mulki-Projec Wotkspase
Select Device Tor Targst .. @, RurTaoe Eiiroamenti
il e SltFr % Selea Softwars Packs..,
AN Options.,, : W Aeload Saftware Packs
Clean Targets I& Packinstallet...
L] -Bulld Target EZ Migrate ta Vermion 5 Formatil.
|24 Retinild afl target files
L Batch Bulld,.,
= Transfate.,. CHf=F7
it | Stép build

Lys
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ell MDK Installation 4/6 m=

| 4|  Devices | soais | b| 4] Packs | Examples | b
I| search: - X Pack ‘A_rﬁpn Description
" Device 7 [Saraen - Device Specific [0 Packs No device selected
511 Al Devices 23 Devices Geneiic 13 Packs
@ ARM 7 Devices - ARMCMSIS & U to dat= | CMSIS (Cortex Microcantroller Software Interface Standar
- Keil:ARM_Compiler € Upiodsts | Kel ARM Compiler extensions for ARM Compiler 5.and Al
1 I n th e Pac k I n Sta I I e r | @ Keil:MDK-Middleware '€ Up to dat= || Middleware for Keil MDK-Professional and MDK-Plus
. EEn “
i
= Ay < - e, VT
2. Go to File-=Import 8 P CGLSUACK
]
File| Packs Window Help
Befrech
Import..
Import framy Foldar - X[E
! &
. =" AT Fenres
i
4] | I
ax

Output
[Refresh Pack descriptions

‘ |
, I Jl ~ction 11 tefi): Update Pack ns, ¢ nttp: il com/aack/NXP.LECSATLE. DFR. pdsc (i

life.augmented



Keill MDK Installation 5/6 mm

1.Select the .zip file “Keil.STBIlueNRG-2 DFP.1.0.0.zip” from the folder
“C:\BlueNRG_Tile_HandsOn\KeilMDK”

8o : - =y

@\J'| I » Computer » 050k (€) b BlueNEG2 HandsOn » KellMDK » =¥ || Search KeithiDK a

2.Click on Open —— - — E-ae

==
4 _Mame Date madified Type

4 . Favarites
B Dasktop iE] Keil STBlueMNRG-2 DFP10.0zip LTTAMR L P zip Arche

U Downloads

=l Recent Places

4= Libraries
* [Z] Documents
o o) Music g
+ li=| Pictures
B Videos

Ja!' Computer
o &, osDiskic)
" am REmovable Disk (D)

It & Metwark - «| [T} ]

b
‘ , I File name: - Pack- PACK ("aip".p -'x.|
ie

e o [ Goncd |




Keill MDK Installation 6/6 mm=

@8 Pack Installer - C\Keil ySVARMPACK. 2 |
Fis_Packs Vindow e

1. Once the Device Support pack 2 ook St STHuetns:

| Devices | Boards | +| 4] Packs | Bamples | Ea

has been installed, on the = HE s 2
Device /| Summary - Device Specific 1 Pack STBlueMRG-2 zelected
D Vi I H t H th I ft I 4 ¥ Active-Semi 4 Bevices j - Keil:5TBlueNRG-Z DFP |4 Upto mﬁ_‘ STMicroelectranics BlueNRG-2 Sefes Device Support
e ces I S I n e e C o u m n # @ Ambig Micro 6 Devices = Genenc 21 Packs
# ¥ Amiccom (T Devices - ARM:AMP Instali Software components for inter processor communication
S e I eCt th e Ve n d O r E. @ Analog Devices 12 Devices ARMECMSIS ;?slz_u_giate CMSIS (Cortex Microcontrolter Saftware Interface Standar
= ¢ ARM e ARMCMSIS-Driver Va..| & Instal CMSIS-Driver Validstion I
= - F- ¢ Cypress i - ARMzCMSIS-FreeRTOS | < Installe Bundle of FreeRTOS for Cartex-M and Cortex-A
STMicroelectronics )l el < e L
- ¥ HDSC 30 Devices ARMumbedClient 4 Install ARM mbed Client for Cortex-M devices
@ ¥ Holtek 123 Devices ARMumbedTLS _g%_}rftf_ﬂ iﬂm?_eiryp;tpﬂhi: and SS[_JLLS library for Cortex-
- 9 Infinean 166 Devices ARM:rinar f@ Install mbed OS Scheduler for Cortex-M devices
- @ ¥ Lapis Semiconductor {7 Devices - Huawei:Lite0S _g_?_frﬂnﬂ Huawei LiteOS kemel Software Pack
2 G o t o ST B I u e N R G - 2 S e r I e S E- 9 Makim PR = KeilstRM_Compiler | Update Keil ARM Comipiler extensions for ARM Compiler 5 and Al
" T ¥ MediaTek {7 Davices Keil:Janssan 7@7 7&5}.&1 Janzson is a C [ibrary for encoding, decoding and manipu
F % Microchip 381 Devices - Keil:MDK-Middleware |3 Update Middl for Keil MDK- ional and MDK-Plus
a n d se I ect ST B I u e N R G - 2 ar @ Micrassmi B Devices = PP | Instali [wlP is & light-weight implementation of the TCP/P protc|
w ¥ MindMotion 2 Dievices - Micnum:RTOS % _Install Micrium software components
@ % Mordic Semiconducter |13 Devices - Oryx-Embedded: Midd... Middleware Package (CycloneTCP, CycloneSSL and Cyele
- % MNuvaten 487 Devices #~RealTimelogic:Sharks, | SharkssL-Lite s a super small snd super fast pre—:omp’;;(
. . . w P MEP 1719 Devices - RealTimetogic:SMQ Simple Message Queaes (ShQ) is an easy to use 16T publi
3 i N OW |t Wi I I S h OW N g re e n B % Redginesignals TP i rediogheredBiocks-Si... | Install C Target Library for the redBlacks WYSIWYE SiL Simulator
- @ Renesss 4 Devicee - rt-threadurtthread 4 Install rt-thread software components |
14 99 . @ Sificon Labs 530 Devices i = VOGITECH:RSTL_AR... |4 Deprecated | Il DEPRECATED Product il YOGITECH FRSTL Functional §
U p to d ate G copiy on Peuioc - YOGITECH:fRSTL ST... @ Deprecaied | I DEPRECATED Product |l YOGITECH FRSTL Functional 5
@ STMicroelectronics | 1056 Devices i
1 1% STBIUCRG Series |1 Device
STElueMRG-1 Series |1 Device
P k I t I I STBluehRG-2 Geries 1 Device 1
4 CI th ac ns a er % STBluehRG- 1 Device ]
- ose e 7 77 STMBZF0 Series 111 Devices
§ STM32FL Series |85 Devices
4% STMB2E2Series |46 Devices ol Kl il
Output X
r pdatz avallsble for Kell:MOK-Middiewarz (instatled: 74,1, avallable: 7.5.0) -
, I Refresh Pack descriptions
Updatz available for ARMCMSIS (installed: 5.0.1, availabile: 5.2.0 =
Wpdatz available for KelltARM_Compiler installet 1.3, available: 1.5.3) |i|
hzw:.uugmemed IUpd‘aP_ availsble for Kell:MOK-Middlewars (installed: T 4.1, avallable 7.5.0) -

[[Ready lonumE




Arm Keil 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-Fi network, we’re skipping this for the 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!

o7

lite.augmented



Arm Keill MDK License Installation 1/6

- Go to the folder “C:\BlueNRG_Tile HandsOn\KeilMDK”

- Double click on the file MDK-ARM Pro Eval AddOn 03-2019

fame

|| Freelicensetd
Ll Keil. STBlueNRG-2_DFP.1.0.0.zip
B0 mDrs25.E4E
[ B MDK-ARM _Pro_Eval_AddOn_03-2019.2xe ]




Arm Keill MDK License Installation 2/6

* This pop up window will appear

¢ CI iC k on N eXt Setup MDK-ARM Professional Evaluation License | = |
Welcome to Keil MDK-ARM
Release 11/2017 q r m KE | I.

This SETUR program installs:
MDK-ARM Professional Evaluation License

Thig SETUP program may be tsed o update & previous product instalistion.
Howewver, you should make & backup copy befare procesding. '

Itis 1ecommended that you exit all Windows progiams befare confinuing with SETUF,

Fallaw the instructions to camplete the pradunt installation

— Kl MEE-AR M Sshun

Nest »> ] Cancel ]

Lys
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Arm Keill MDK License Installation 3/6

- Select on Agree License terms

Setup MDK-ARM Profescional Evaluation License & X )

License Agreement a r m K E | L
Plzaze read the following licensa aarasment canstully,

- Click on Next

Ta continue with SETUR, pou must aczept the'terms of the License &greement: To acoept the:
agreement, click the check box belaw.

END USER LICENCE AGREEMENT FOR MDK-ARM - |

THIS END WUSER LICENCE AGREEMENT ("LICENCE™) IS A LEGAL AGREEMENT
BETWEEN YCU (EITHER A SINGLE INDIVIDUAL, OR SINGLE LEGAL ENTITY) AND
ARM LIMITED ("ARM") FOR THE USE OF THE SOFTWARE ACCOMPANYING THIS
LICENCE. ARM |5 ONLY WILLING TO LICEMSE THE SOFTWARE TO YOU ON
| CONDITION THAT YOU ACCEPT ALL OF THE TERMSZ IN THIS LICEMCE BY i
SESKING “| AGREE OR BY INSTALLING OR OTHERWISE USING OR COPYING -

v i daree to all the teims of the preceding Licenze ;'_ﬁ.gle,amerib; "
N — 10l A D iR et J
ccBack | Newss | | canca ||

Lys
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Arm Keill MDK License Installation 4/6

- Click on Next

| Folder Selection
Select the falder whiere SETUR will install fles. q r m K E [ L

Thiz Add-Or will install inta the following product foldsr,

i Tﬂh@tﬁll ko this falder. press Mest', Ta'install b a differsnt falder, press Browse' and select anther
faldet,

i Destination Folder |

IE: \KeiL\-’E é;awae ey |

— L& MO -ARNM Sslup

<< Back Eatonl

Lys
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Arm Keil MDK License Installation 5/6

- Fill in your data and click on Next

Setup MDK-ARM Professional Evaluation License =

Customer Information G r m KEl L
Please enter weir infarmation:

Fleaze erbar your name, the name af the compary forwham vou work and your E-mail address:

First Name: |

Last Name: |

Company Name: |

Emait f

bk | e Carcel




Arm Keil MDK License Installation 6/6

» Click on Finish
Setup MDK-ARM Professional Evaluation Licerse )

Keil MDK-ARM Setup eompleted r m
MOK-ABM Protessional Evaluation License G KE | |_

|] \Wision Setip has pertormed 2ll requested operations successhully,




Arm Keill MDK License Installation —

FINAL CHECK
- Go back to Keil uVision5 IDE

" wvision 2% ~=lE ® |
File Edit View Project (Flash Debug Periphemis Tosk SVCS Window Help ; I
Nad@ s =ald i) - [ABAREFENRD owsrcorow i f[AJs 55 & IED & ‘
=R e

Projedt. T @

= projet rocks | 13 Funaions |, F2mplates |

L
life.augmented =) uitd autput | G Find in Fites | B sravser

Target stopped.




Arm Keil MDK License Installation —
S FINAL CHECK

[File ] £git \iew Project Fiash Deb

[T New., ciri=N

L.'_‘-’;: Cpen Ctri=0
Clase

P «: o |n Kell uVision tool open the dialog

Save As..,

il saveal

Device Database..,

= 1) File->License Management...

Print Setup..,

=4 Printi. CErl=P

rint Preview

SensorDemao. BluehS_main.c




Arm Keil MDK License Installation —
FINAL CHECK

. Licerise Management :._-_.-.__ - i Q
- Select the tab FlexLM License | S i i e il R
and you should see the product g [on e |
“MDK-ARM Professional” o S |
| Product | Licens... | Suppart Perind !

- Close the License Management | ([ v oo -
popup window

¥ Uss Aleel M. |"C\Kail_v5.UVE\Faxhiat) Licersestlicenzs dat” Bt I L g Hy

Lys = = |

lite.augmented



Hands on overview



Labs overview m
» Lab 1: Getting started with STEVAL-BCN002V1 “Serial Terminal Test”
» Lab 2: Connecting to the ST BLE Sensor 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



Code Snippets

1. Go to the path ¢ BlueNRG Tile-HandsOn » CodeSnippets
2. Open with a text editor the file | HandsOnLabs_ CodeSnippetstst
[ HandsOnLsbs_CadeSnippets e £3
1:1 Correspondence =/ ST DEVELPOFR CONFERENCE 2012 — BlucWRG-Tile HandsOn Traiming */
With Slides titles ; // L1 : NO CODE MODIFICATICNS NEEDED
s |/7 12 stER2

§ - ZyUxDD, T, TN IRY NG NET VR S Complete Name — ¥OU NEED TQ 1

Do NOT close this file!

- L2 STEP1]: Customize your BlueNRG

life.augmented




Lab 1
Getting Started with STEVAL-BCNOO2V1

Ly “Serial Terminal Test”



“Serial Terminal Test”

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

- Install and open Tera Term and configure serial terminal




Code modifications

NO MODIFICATIONS NEEDED!



Connect your STEVAL-BCNO0O02V1
to the PC using USB

4.1 Favorites
BE Desktop
i Downloads
I-a_,'l Recent Places

4 Libraries
Connect the USB cable [ Documents
b Music
The BlueNRG-Tile comes already &=l Pictures
" E Videos

connected to the daughterboard

RLE 9“<fJ?E,5("Ey

jJUJJUJJJJdeJU ;/

s - N1 ¥
- X .
" / < (e} -
G / =l =F
] - T = :
m Il ¥ \d
: 2 < \ I
= 0 7
¢ - \ F e o JT‘D o
. P =
o = -.
ST
=
Il

a W Computer

b E 05Dk ()

D g BCNOOZVL (D)

B

g\ 5

e e e o ' \\\R i
On the PC file system a
KYI BCNO002V1 drive will appear

life.augmented



Windows7: Allow the driver installation =

1. Click on Install driver software
anyway

® 2. Installation starts

mnﬁmﬂ enkaqu 's Website for updated driver software for your L - >

) 'wmmﬁ&a'ﬁmmmmmmam

"
;[ seadetals




Virtual COM port driver

If you have issue with the STMicroelectronics Virtual COM
Port device driver installation, raise your hand.

Here the instructions for installing the Virtual COM port driver:

Win7 Win10




Tera Term installation 1/10 =
1. Go to the folder C:\BlueNRG Tile HandsOn\Software

E?LUENHJE:_-EEE_HEndEEH v Software »

ﬂ@ BlueMNRG Current Consumption Estimation Tool-Setup-1.4,exe
i5 BlueNRG GUI-2.6.0.0-Setup.exe

& 2 STSW-BNRGISTLINK 2ip

npp./.5.4 Installer.s6d.exe

|_@_1Erah:mw’cﬂ? FEXE

2. Double Click on teraterm-4.97.exe

fe.augmented
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Tera Term installation 2/10 =

1. Select Accept the agreement
2. Click on Next 1 seup- TenTem

License Agréeement
Please read the following impartant information before continuing.

Flease read the following License fgreement, You must accent the terms of this
agreement before continuing with the Installation.

License of Tera Term -
Copyright {C) 1994-1898 T. Teranishl
(C} 2004-2017 TeraTerm Project

Al rights reserved.

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

1, Redistributions of ssurce code must retain the abeve copyright notice,
this Iist of conditions and the following disdaimer. =x

n ‘@ I accept the agreement

1 donot accept the aoreement

G Q= =

life.augmented




‘ﬁ | <Back [ Net> | [ concel |

Tera Term installation 3/10

I I |
@: Setup - Tera Term i % |

1. Click on Next ———

Where should Tera Term be installed?

l Setup willinstall Ters Term into the following folder.

To continue; click Next, I you would like to select a different folder, dick Browise.
E\F‘mgrm Hﬁzfﬁi‘gterahem l Browsei.

Atleast 10,3 MB of free disk space is required. °




Tera Term installation 4/10

)
B setup -TersTerm

1. Click on Next 1 etect components

Which components should be Installed?

Select the components you want to install; dear the componenits vau do not want to
fmstall; Click Next when you are ready to confinue,

[F] T=ra Term & Macrs 9,5 MB | &
[F]TTs8H 26MB| |
[¥] cygTerm+ n.zm!z‘
[7] LogmeTT (Other installeris started) 1.1MB !_
[TITTLEdit (Dther installeris started) 2,1 MB
[T TeraTerm Menu 0.3 M8
[F]TTPromxy 0,3MB
[7] colector 1.6MB
[l Additional Plugins: D.ame T

Current sslection requires at lsast 13.4 MB of disk space. 0

m | <Back || Mext> | | Concel

life.augmented




G | <o o> ] [ o |

Tera Term installation 5/10

ﬁ: Setup - Tera Term

1. Click on Next : ——

Select Language
Which language shoud be used?

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

(1) German
) French
i B,yﬂan
(") Korean
(1) Chinese{Smplified)
|| Chinese(Traditional)




1. Click on Next

Tera Term installation 6/10

BsewTemtem

Select Start Menu Folder
Where should Setup placs ’d'lEprﬁgram'_s shortruts?

= i Setup will create the program's shartouts in the following Start Menu folder.,

To continue, dick Next. If you would like to select a different falder, click Browse.

TecaTerm)} | Browse...

| Den't create a Start Menu folder




Tera Term installation 7/10

ﬁu‘ Setup - Tera Term

el pr— "

1. Click on Next | s mbdnivasis

Which additional tasks should be performed?

Select the additonal tasks you would like Setup to perform while instaling Tera Term,
ther dick Mext

|7 Create Tera Term shortcut to Deslcop!

I¥] Create Tera Term shortout to Qmﬁ;_Lame
[ Add *Cygterm Here" to Context meru

[7] creste cyglaunch shortout to. Guidk Latnidi
[] Assodate Lﬂ file to ttpmacroiexe

|| Aszacate telnet protocol to termpro.exe
|| Associste ssh protocol to ttermpro.exs

|| Assodiate .ty file to ttermpro.exe

‘YI [emeec | me> ] [ coma

life.augmented




Tera Term installation 8/10

ﬂ! Setup - TE@_ Term

1 . CI iCk On Next Regef:;‘;ﬁzady to beain Installing Ters Term an your computer,

Click Install to continue with the instaliation, or dics Badcif you want to review or.
change any setlings.

Sehup type: »
Standard installation i

Selected components:
Tera Tarm &Macrs
TI55H E
CygTerm+
TTPraxy
Additional Plugins

TT¥ResizeMenu (VT-Wmndaw size can be changed from preset) —
TTattyrec {ttyrec format record dats tan be recorded or playback)

Additional tasks: Q &
"I | | <ack j{ doswl j | concd

life.augmented




Tera Term installation 9/10

rﬁ@'ﬁeh'rp—TemTerm
i‘il..'-'- = ke

i

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

Extracting files,.,
C: WindowsFonts TSPECIALLTTE

Installation - d
starts...




Tera Term installation 10/10

[ﬁj Settp - Tera Term =l |- . .|

Completing the Tera Term Setup
Wizard

Setup has ﬁshed taling _Ermr'l c1:u|:u.|te1' The
ppl]m may bie I ncly dbl.-' zelec |;|ﬂ'| tEled

1. Select Launch Tera Term

2. Click on Finish

i




Tera Term Configuration 1/6

"

Host: |myhost.example.com

History .
ervice: . Telnet [CH porti: |22
2 SSH SSHwversion: |SSH2

Other g 5
Pratocol, |UNSPEC: -

G Port: | COM91: STMicroelectronics Virtual COb ~ |

‘ Cancel ‘ | Help |

1. Select the STMicroelectronics Virtual COM Port
« NOTE: on Win10 PC the serial port is labeled just as “COMxx”

Lys 2. click OK

lite.augmented



Tera Term Configuration 2/6

1. Click Setup -> Serial port...

Kevboard...

Serial port..




Tera Term Configuration 3/6 mm

1. Set the following: —
Baud rate : 115200 Port: [COM9]

Data . 8 blt | Baud rate: 0 115200
. Data: B bit
Parity : none ot —
Stop : 1 bit | st e
FIOW ContrOI " none Flow control: none

Transmit delay

0 msecichar 0 mseclline:

2. Click OK

lite.augmented




Tera Term Configuration 4/6

7 Tera Term - [disconnected] VT
File Edit Control  Window  Kan

Terminal...

Window,.,
Fonot..

1. Click Setup -> Terminal...

Keyboard...

Senial port...



Tera Term Configuration 5/6

1. In the New-line set:
Receive : AUTO

2. Click OK

Terminal size

86| ® 34
Wi Term size = win size

Ll Auto window resize

Terminal ID: | VT100 '_‘

New-line _
a 0K P
Receive: lALj‘l’Q -

Transmit: \%} ‘CLCEI‘
| tep ]

[~ Local echo

Answerback:

Coding (receive)

locale: american

| Auto switch (VT¢STEK)

Coding (transmit)
UTF8 -]

CodePage: 65001




2. Click Save
@

Lys
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Tera Term Configuration 6/6
1. Click Setup->Save setup...

T Tera T
File  Edi

o

[ Tera Term: Save setup
———
L -;u | v Computer ¥ Windows (G:) » Progrem Files (:86) v tersterm b - | +4 || Seqrch terotem 2 |
Crgamize » New falder = I&
s " 2 Name Datz modified Type Size
o Favarites
B Desktop . cygterms+-iG86 5/4 /2018 857 PM Filefolder
¥ Downloads . cygterm+-x56_64 5/4/2018 6:57.PM File folder
%l Recent Places || lang S/4/2018 6:57 PM Filefaldar
& Windows (C) | plugin S/4AMEESTPM File falder
ca LocalDisk (D) 1 theme 544 /218 8:57 PM File foldes
& | TERATERM.INI 114772018 10:52 AM  Configuration sett KB
A Libraries
S Computer
BT v wes -
File narme:  TERATERM.INI -
Save a5 type: |setup files (ini) "|

= Hide Folders

Help

| @




on the daughterboard

| COMIEY - Tera Term VT

| File= Edit Sstip Control  Windo H=lp

# STEUAL-BCHBBZU1 #

Scan for sensors:
Accelerometer and Guroscope: 0K
Pressure and Temperature: 0K
Humidity and Temperature: 0K

Magnetometer: 0K
Proximity Sensor: OK
Sensor in low—power: OK
Battery voltage iz 32V0mU: OK
OTA update iz NOT supported
Device 'BCN-BB2' discoverable with

MAC:

Ef:z29:hS5:chH:ca:zc?

If you see the output above, Tera Term is now properly configured

Lys
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Lab 2
Connect to the ST BLE Sensor app

life.augmented



Customize YOUR STEVAL-BCNO0O0O2V1

DIKEIL o,
leSlon®5

ntegrated Development Environment

+ STEVAL-BCNO002V1 DK
Sensor Demo ref FW

L it  trademark and p\umm Ea mgmmdmm ark of AHM Led All rights reserved
This peoguct ctod by LS and intarnations! lyws

3 ERAERET T

\‘.—\; BCN-034
BlusNA

UENAG 1A:AT:E3:3F:ET:ES

ST BLE Sensor

omentad Client



Code modifications

1. Modify local name in advertising packet



BLE SensorDemo application

1. In Windows explorer browse to the path:

BlueMRG_Tile_ HandsOn |» HandsOn »

O5Dusk (C:) »

Go down till the root of
installation folder and

then in HandsOn folder

2. Double click on the shortcut “BLE SensorDemo.uvprojx”

| BLE_SensorDemo_PrjOutput

Ef_; BLE_SensorDemo.uvpropx
T BluehRG Tile_ HandsOn.pdf

57
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BLE SensorDemo application g

il o | R B B oo 4@ 5 6 @l A
= (5 2] Release <

= it Project: BLE SensarDemo
545 Release:
8 [ BlueNRGI_Periph_Driver
&3 Platforms Layers
1] SDK EVAL Comi.c
SDK_EVAL Canfig.e
1] SDK_EVAL Button.c
[ sox.EvALDCe
1] SDK EVAL Led.c
B FFF’S?IE.G;
) Us2mMDLe
1] LPSZZHH.
LSMEDSL.e
1] LSMBDsO.c
i[5 Startup
D User
(] BlueNRGL it.e
L‘; g@ﬁ_d_b.r-_
EI SEMSOTL
1 sensorDemo_main.c
@3 Hal
D Stack
11 libbluenrgl stacka
] stack user cfy.c
1 liberypto.s
& (4 OTA
@ 3 visx
= MotionEX
| 13 MationfX100 CMOP Keil ctib
= 5 BlueNRGL BlueVoice Library
1 bluevniceADPCM BNRGL 100 Keil lib

S7h

life.augmented %I:Q@ﬁwh | £} Functions: | BaTemplates |




Lys
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oiin

| & %% Project BLE SensorDerma
i Release
[ BlueNRG1_Periph_Driver
& L5 Platforms_Layers
|1] SDK_EVAL Camic
| ] sDk_EVAL Config.c
|4] SDK_EVAL Buttonic
|7 ‘sDK EvAL I2C.c
|4] SDK_EVAL_Ledc
[] HTs271.c
] LIS2MBLic
|1 LPS22HH.c
1] LSM6EDS0.C
& 3 Startup
&= & User
I_j hw_config.c
|] BlueNRG1 _it.c
D gatt_dbic
|_£| SENSONC
D ‘Sensorlermo_main.c
I_i'l HWhdvanceFeatures.c
= 3 Hal
£l 5 Stack
D libbluenrgl_stack.a
aﬂ stack_user cfg.c
| liberypto.a
= [ OTA
m O VIs3LLY
&l LS MotionFx
|1 MetionFX100_CMOP_Keil_ot.lib
=l L5 BlueNRGL_BlueVoice Library
[ ] bluevoiceADPCR_BNRGL_100_Keilli

J\

Application structure mm

= HW peripherals drivers and platform layer files

Application source code

- Main
— _ ATTRIBUTE Database @@ Where we work today

—

- Application

—_}— Hardware Abstraction Layer and sleep management

} BLE Stack library — provided in binary format

—}— Sensor Data Fusion library
. }— Voice over BLE library



- Open the BLE_SensorDemo main

= “if Project: BLE SensorDemo

N o s 1. Open the file SensorDemo main.c

= Platforms_Layers
] SDE_EVAL Camic

] SDK_EVAL Config.c 2. Scroll down to line 35

] sDK_EVAL Button.c

I b | Y I
1) soKceval pce 5 =
o] SDK_EVAL Led.c | R TR
—lint main(voi
L] HTS221.e -
o] Us2MDL.c 37 /* SBystem Init */
_] LPs22HB.c 38 SystemInit () ;
) LPS22HH.c 33 _
al 40 JS# Identify BlueMREG-2 platform #/

] LSMeDSL.c 41 SdkEvalIdentification():
-] LsMBDS0.c 42

@3 Startup 43 /* Init the Hardware platform */

= Udsr :: PlatformInit () ;
] BlueNRGI it.c 46 /* BlueNRG-2 stack init */
iﬂ gatt_dh,c 47 BluelNRG Stack Initialization(&BlusNRG Stack Init params);
| =ensorc 48
E T — 49 /* Sensor Device Inmit */

‘,’ TR Emﬂ‘_‘m e 50 Sensor DevicelInit();

] HWAdvanceFeatures.c €1

life.augmented mEE el



1. Go to “Edit->Configuration...”.
2. In the Editor tab click on “Show Line Numbers”

Fie [Edit] view Project Fiasn Debug  Periphe

Lys
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Show Line Numbers in KEIL ID

B =) Unda:

%3 = Redo
Projeq & Cut
3 Copy

2124 Paste

m
-

= Navigate Backwards

Kavigate Fanwards

Insert/Remeve Bookmark

G0 to Next Bookmark

27

by |
134

Go o Prenous Bookmark

.|
:"'I

¥4 Clear All Bookmarks

'

Find.,

Replace,.

Fm.l:f in Fites.,
Incremental Find

46

Dutlining
Advanced

|, configuration..

Chrl<Z
Cri=¥

CHri=X
Cim+L

ey

Ctri=-
Exri-Shift—-

ctri-F2

F2

Shiff=F2
Eirl=Shift=F2

Chr|-F
Chri+H
Cirl=5hift=F
Chri+]

Canfiguration | %/
Edtor | folors & Forts | User Keywerds | Shorteut Keys | Taxt Campletion | Other |
Genersl Editor Settings: Function Display:
Encoding! i %
|Encodein ANSI | T
Auts Indent: [Sman ~| T Vitud Spaces ¥ Scan furiction mames in project fies
™ View White Space ¥ Scan function names in cument editor files
™ View End of Line
Look & Fesl: File & Project Handling:

¥ Show Hessage Diaiog dung Find

¥ Highlight Cument Line

[¥ Highiight matching and mismatched braces
[¥ Print with syntat colaring.

[¥ Colored Editor Tabs

[™ Create Backup files 7 BAK) -
b= Automatic reload of extemally modffied files
™ Save Project before entenng Debug

[ Save Fles before entering Debug

F-Md'aﬁvaﬁ!_é&ﬁaim?m?l& 3: Minutes.

Right Margin: | Nore

< 3

¥ Use syria coloring
I™ Insert spacesfortabs:

Tabsze I =)

ASM Files:

¥ Use syria coloring
I™ Insert spacesfortabs:

Tab iﬁﬁ':.l‘s _I?
¥ Show Livie Numbers

Dther Files:

[ Insert spaces fortabs:

Tabsize: l‘; 3:
™ ‘Shaw Line Numbirs

OK Cancel

_ b | ‘




A look at the main application

line 35 int main(void) {
Systeminit(); | Remap the vector table and configure all the interrupts priority

I

SdkEvalldentification(); | Identifies STEVAL or custom PCB

\

Platforminit(); | HW peripherals initialization

|

BlueNRG_Stack_lInitialization(&BlueNRG_Stack_Init_params);| BLE stack initialization

Sensor_Devicelnit(); | Sensors initialization

|

Set_DeviceConnectable();| Set device in advertising

|

while(1){ | Start of while loop

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

ﬁ } // end while(1)
}

J\
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]

\

Step 2: Scan

Master is in discovery mode
looking for a specific slave to connect to

step 3: COonnection 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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m (@)

e

BLE flow on the LAB

i

Peripheral

Advertise

Advertise

Slave is in Peripheral mode and
sends ADV_IND PDU

Advertise

Connection request

Connection created

Service & Characteristics

discovery .
N ................. o _
step 5: Data flow
) I - Slave (Server) starts sending
J 100msecs periodically (100 ms) to the master,
N o notifications packets of sensors
’ Notification values (acc&gyro and pressure)




.¢ Advertising and scanning

g Central ((“3 )))

o w’i—% b

o o SN
4

Advertise

Step 2: Scan

Master is in discovery mode looking
for a specific slave to connect to

Advertise Step 1: AdvertiSing

Slave is in Peripheral mode and
sends ADV_IND PDU

Advertise

Connection request

step 3: Connection request {

Connection created

Master:
needs an app for
discovering the slave
device in advertising

‘,’ LightBlue® Explorer

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

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

Z4




Reminder: install ST BLE Sensor app =
nﬁn"

ON YOUR PHONE

- Look for “ST BLE Sensor” on the App Store or Google Play

# Download on the

S App Store

|

GET ITON

' Google Play

&7,




LightBlue scan results

®e000 Verizon LTE 10:31

Sort LightBlue | Explorer

@ 7 0 } 7% m.)

Filter

l,,“ BCN-034
51 No services

J

4 Unnamed
-16 No services

Gear 53 (385D) LE

-89 sarvices
. BCN-002
-8 No services

GoogleHome3429

-8 1service

BlueMS1

-1 No services

Unnamed
-95 No services

Unnamed
-89 No services

MetaWear

-86 1 senvice

Info | PunchThrough

Log

Lys
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Scan results

ST BLE Sensor scan results

eee00 Verizon LTE 10:30

< Back Devices

@ 7 @ ¢ 87% =

X

) BCN-034

1A:AT:E3:3F:E7:E5

_
) BCN-002

BLNAG D3:D0:38:ED:C2:E4
—

Why some devices are not present
in the ST BLE Sensor app?

How devices will pop up in
the ST BLE Sensor scan list?



ST BlueMS Protocol ga

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

- ST BlueMS protocol specifies a 26-byte packet format composed of
Advertisement Types — ADTypes - compliant with BT SIG definitions

Pre Acc Addr ,es. AdvA AD Flags BlueMS Adv Packet

Type Foocol Derice  Feate Device MAC Len Type LocalName Len Type Pwr
K 1 1 1 4 6 K 1 7 | 1 1
| |
Manufacturer Specific Complete Local Name  TX Out Power
ADType ADType ADType

Len =13 Len=8 Len=2
"I Type = OxFF Type = 0x09 Type = 0x0A



BlueST SDK for Android and i0S .

GitHuh This repository  Search Explore Features Enterprise Pricing

‘l‘:, STMicroelectronics-CentralLabs / BlueSTSDK_Android © Watch 3

A d - d
n r O I Bluetooth low energy Sensors Technology Software Development Kit (Android version)

https://github.com/stmicroelectronics-centrallabs/bluestsdk android B 5 branihos E— —

Ll Banch master-  BlueSTSDK_Android / + =
% GiovanniVisentini Update README Latest commit 573ce4 10 days ago
@8 BlueSTExample Initial commit 14 days ago
B BlueSTSDK Initral commit 14 days ago

E) gitignore Initial commit

B} LICENSE Initial commit
u B README.md Update README 10 days ago
Source code foriOS and ==
B settings gradie Initial commit 4 days ago

u
A n d ro I d GitHub This repository.  Search Explore Features Enterprise Pricing

: STMicroelectronics-CentralLabs / BlueSTSDK_iOS ©Watch 3

available online and maintained on GitHub repos

Bluetooth low energy Sensors Technology Software Development Kit (i0Sversion)

|
I {® 2 commits i 2 branches <> 0 releases & 1 contnbutor

https://github.com/stmicroelectronics-centrallabs/bluestsdk ios B sonch master- | BlueSTSDK_iOS / + =

.i. GiovanniVisentini fix parse error with multiple feature in the same charactenistics  «= Latest commit c@e8d1 2 days ago
Il BlueSTSDK fix parse error with multiple feature in the same characteristics 2 days ago
‘ , I i BlueSTSDKExample fix parse error with mulliple feature in the same characteristics 2 days ago
E) LICENSE Initial commit 9 days ago

life.augmented

&) Readme md Initial commit S days ago



ST BLE Sensor Scan results

Type ©rotocol Dﬁ‘gce anaat:lze Device MAC Len Type Local Name
seeco Verizon LTE 10:30 @ 1 0 1 87% .
¢ Back Devices X
S5 BCN-034 Each ST Platform is recognized by means of a
“““““ 1A:AT:E3:3F:E7:E5 - .
— Device ID (for STEVAL-BCNO002V1 it is equal to
D3:D0:38:ED:C2:E4 Oxos)

Users can distinguish their node from
the Local Name




L2 STEP1: Customize your BlueNK

513 Praject: BLE SenzorDemo
= 45 Release

Lys
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4 BlueMRGL_Periph_Driver
& O Platforms_Layers

w2 Startup

= L User

] BlueNRGI it.c

| gatt db.c
1 =ensorc
Ij SensorDemo_main.c

] HWAdvanceFeatures.c
|_"| hw_config.c

L Hal

@ O Stack

w5 OTA

@ O VEs3LX

w28 MotionFX

& [0 BluehRGl_BlueVoice Library

G-Tile



L2 STEP1: Customize your BlueNRG-Tile

Modify the local name in the advertisement payload

1. In the file Sensor.c go to line 51

2. Modify X, Y values in the string

« NOTE: COPY THE X,Y VALUES FROM YOUR STEVAL BLISTER
« E.g.ifon the box is written X=8 and Y=4, then ‘B’,’C’,’N’,-’,'0’,'3’,'4’

50 J* Define the BlueNRG-2 MName MUST be 7 char long =/
51 | #define NAME ALLMEMS 'B','C','N','-','0',|'3', '4'i




Build the new code

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

2. In the Build Output window (bottom) wait for -, Y g
the build to be completed. Hoe | L) buma D
- BLE_SensorDemo.bin created C “‘iﬁ Rz:‘a’:ﬂm“”“’-”“
« “0 Error(s), 0 Warning(s)” message appear |

; Release

Build Cutput
e 15311_wait. Cuuw

compiling v15311 register funcs.c...

compiling v15311 platform.c...

linking...

Program Size: Code=121908 RO-data=1428 RW-data=1136 ZI-data=21252

FromELF: creating hex file...
Lfter Build - User command #1: fromelf.exe —-bin ..%..%..\..\..\..\HandzsSes - ELE SensorDemo.axf —-output ..%\..%..\..%\.J..\HandsOn\BLE_ SensorDemo PrjCutput\BLE SensorDemc.bin

"o \HandsOn\ELE_SensorDemo_ PrjCutputM\BLE SensorDemo.axf" - 0 Error (s), O W;mingts} .
Build Time Elapsed: 00:00:12

Lys
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1. Go back to
2. Click on the

Ly,

augmented

Wl COMSE - Tera Term VT

@| _Edit_ §.Etup Control  Window Help
Mew connection... Al
Duglicate session Al+D
Cygwin connection Alt+G
Leg..
tevi Loy
Show Log dialeg
Send file..
Transfer b
SSHSCP.
Change directary... Do NOT Close the
Replay Log... L - - - - - - -]
u
TTY Replay —.
Print... Alt+P
Disconnect Alt+l
Ll Al

Feiza AT




Programming embedded Flash

1. UART Bootloader

« ROM bootloader. HW activation through dedicate pin (DIO7) configured for Boot
» PC interface named “BlueNRG-1_2 Flasher Utility” available in the SW package

2. SWD interface + ST-LINK
* Interface with the STEVAL-BCNO002V1 through the 20-pin JTAG connector
« Same PC interface BlueNRG-1_2 Flasher

P

ST-Link’ . z RO |
& \ ' 1 EL o ’r
= P > ‘ " \ a iR 7
A S e

"I Nucleo

life.augmented

Remove CN2 Jumpers
and plug daughterboard
on top




Open the Flasher Utility

1. Go to
BlueNRG_Tile_HandsOn\BlueNRG-1_2 Flasher Utility 2.0.0\Application

2. Double click on BlueNRG-1 Flasher GUl.exe === " ==
: = . . . . ?g\omomoo | men [ sm |
BlueNRG_Tile HandsOn » BlueNRG-1_2 Flacher Utility 20.0 » Application » e | e

| icons =
L include -
L qtd_plugins. T‘"W T
| ctypes.pyd — = —
|| _hashlib.pyd T ———————
|| _multiprocessing.pyd
L| _socket.pyd i
|| sstpyd / r
&7 BlueNRG-1_Flasher_GLilexe
r || BlueNRG-1_Flasher_GUlexe.manifest | - ! . ! . ]




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

- Right Click on the .exe file and select Properties

107

- In the Compatibility tab select either Disable display scaling...
or Override high DPI scaling... — Application

Lys
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R s
|7 BlueNRG-E =
|| BlueNRG-1 P
Bl #  Runas administratar
I_I: Micrasaft i Troubleshoot compatibility
% mevemgodll 2P }
{%] msvcpgnian|  CRCSHA X
% mayed0,di | = Editwith Notepad-+
|| PyQtd.GtCo Scan for Viruses..,
|| PyQe.CA6ul & winherge
[P
[%) pythonZZ.di Unpin from Taskbat
&i pywintypes2 Pinto Start Menu
L& GtCored.dll Restare previous versions
o QtGuid.dil —
|4 QtOpenGly|  Sendto X
% QtSvad ol cut
] Qrmid.dll Copy
|| select.pyd
B Create shortcut
O uieosemsg|  REEE
Rename
3350 PM ——
Properties

&7 BlueMRG-1_2 Flasher GUl.exe Properties

¥ this program lsn' working comectl on this version of Windows,
try unining the troubleshoster.

[ comptbty rouieshoote |

How do | chooge compatibility setting marwshy?

Compatibilty mode
[l Run this program in compatibiity mode for:

Widgwa 2

Settings
] Reduced color mede

bE 255 coir

I [ Chsabis display scaling on high DP| ssttings

|1 Run this program as an administrator

Q_E}a@m forall usem . |

0K || Coe || Aes

X

]
&7 BlueNRG-1_2_Flasher_GUl.exe Properties

Geneml || Compatibdty § Securty  Detads  Previous Verions

If this program isnY working comectly on this version of Windows.,

try running the compatibiity troubleshocter

[ conpaity vaesoctr |

How do | choose compatibilty settings rmatialyT
Compatibdty mode

] Run this program in compatibility mods for.
Windows 3
Reshuces] coloe mids

e
ide high DFI scaing behavior

%]

Applcation v

[ B thes program as an administrator

Ok || Concal | Aoy




BlueNRG Flasher Utility

Fil= ool Help

2 e e
SelectImage file | No/Image filefo . | Select Image file | No Image file Inadsd.
Flash from Address: |0 10040000 |1 Fmsh ] swp | = = -
uaRT [swp UAR I Flash from Address: |[x 10050000 | | Fizsh | | Siog
Actions. List of COM Ports: U
ART f
I Automatic Mode rky ST 0} — Lo |
7] verify Actions List of COM Ports:
171 Mass erase ( - : ) ||_" co (ST DK]
[¥] Update Divice Memory |J Automatic Mode {only ST OK) ._I M29
e
V] verify [T cones
Device N
ki Progtatiiog [ Mass srase
|
|7 B [¥] Update Device Memory
Device Memory | Image Fie \ J
Start Address 0x10040000 Size (x3000 Read | wmi |
0 1 2 3 s 5 6
SelectImage fle | No Image fie loaded,
il i1 i ' £ 1
Flash from Address: | (010040000 |l Fasl 1] kg |
Log P —
usgr]| swo |
\—— =
AActions: [T Mac Addeess
] Automatic Mad= MAC Address: Starf: GrBOROBONONID - End: CrOENOTONONT
9] verify
MAC Flash Location Ox 10067553
|| rReaduout Protection | |
Loadlog,. | v toghia I dGleitony I I e— || Save MAC Address Loe.  File Name |
N.Board: 0/ || | 0% [7] Update Deyice Memary { Seit Mse Address,. |
\ J




MAC Addresses

- BLE addresses (6 bytes) can be either public or random.

» Public MAC addresses (6 bytes- 48-bit address) uniquely identifies a BLE device, and are
defined by IEEE.

» The first 3 bytes identify the company trough Organizationally Unique Identifier (OUI).
« Up to 2724 addresses from the remaining 3 bytes of the public address

» Public address has to be stored on a specific device Flash location and to set within the BLE stack
through the aci_hal write_config data().

« Random can be either static or private

- Static random addresses: randomly generated and need to follow some rules defined in the BT
specifications (refer to the BT Core specs v4.2, Vol 6, Part B, Section 1.3.2 for the details).

* NOTE: BLE radio stack generates it autonomously and stores in flash: developer doesn’t need to care
about programming the address.

» Private random addresses are used when privacy is enabled and according to the BT Core
specs.

Lys
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Flash the BlueNRG-2 1/6

1. Select the COM port labeled (ST DK)

UART | swp |
Achons List of COM Ports:
A
| Automatic Made (only ST DK) [¥] COMSL (ST DK} J
9] verify




Flash the BlueNRG-2 2/6

1. Device Memory will populate with data

Device BlueNRG-2 {mayx fiash address: 0x1007FF)

Reading Memory COMS1
100%

|DE\ﬁm{¥IEanyCm91| Image File |

Start Address 0x 10040000 Size 03000 [ Read || Wi

B T =23 4 5 B |7 B 8 W 3.32 3F 34 | 15 ASCH e

(el 0040000 00 60 00 20 D9 07 04 10 35 06 04 10 3D D& 04 (10 s = IJ

10040010 Af 55 '35 AA 00 00 OO0 0D 00 OO 0D 00 00O 00 00 0D SUUR

(hl0040020 00 00 0O OO 0O 00 00 00 0D 0O 00 OO0 45 06 04 10 -

0x10040030 00 00 00 0O 00 00 00 00 4F 06 04 10 59 06 04 10 oy

Log

1£:10:30.632: Dewice COMS1 —> Head Bosrd Sterted

16:40-31_701: Deviee OC0MS1 —> Hisd Hosrd Znd

Lys
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Flash the BlueNRG-2 3/6

1. Select Mlass Erase

UART | swp | W
-Actons List of COM Ports: Actions List of COM Ports;
7] Automatic Mode (anly STOK) | (4] COMBL. (ST BK) | 7] Automatic Mode (enly STDK) |14 COMBL (ST DK)
@ ) -
[] Mass erace [¥] Mass erase
[¥] lipdate Device Memary [¥] Update Device Memary

Lys
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Flash the BlueNRG-2 4/6

1. Click on the Select Image file button

kw7 BlueNRG-1_2 Flasher - Utility v2.0.0

] | .M

[| Selact Image file Uﬁn Image file oaded,

2. And browse the following path

{ETUE‘JRG_WE_HEH&E{#H ¥ HandsOn » BLE SensorDemo PrOutput }

Lys
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Flash the BlueNRG-2 5/6

1. Select BLE SensorDemo.bin and click Open

. Listings
.. Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

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

| Select Imags file | C:/BluehRG _Tike_HandsOn/HandsOn/BLE_SensorDemo_PriOutput/BLE_SensorDemo.bin
Flash from Address: 0x10040000 [ Flash | | sto |

Actions List of COM Ports:




Flash the BlueNRG-2 6/6

1. Flashing starts: green bar proceeding
[ —— BluEEG-2 [k flash address: Ox 10077} ]

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

Device BlueMRE-2 (may flash address: Dx1007FFFF)
Reading Memory COM91

‘o7 BlueNRG-1.2 Flasher - Utifty :

Deyvice Memory COM31 | Imags File |

_ B Device COM3L <> Flashed and Verified.
Start Address  0x 10040000 é Read | Wiz

B 4 o, 3 AsCH =
010040000 00 60 00 20 O I E
0x10040010° AA 55 55 AA 45 55 4C 42 00 OO 00 00 00 00 00 FULSEULE
0x10040020 00 0D 0O 00 00 OO 00 00 OO 00 00 00 2 12 04 10 !
00040030 00 00 00 00 00 00 00 00 D7 06 04 10 23 12 04 10 . & _

2

] ] '
Do close the Utility! | -
— “4SSTART FIASH ODECATION##+ =
Flash Beoards:; COM31 (ST DE)
16:17:31.612: Device COMS1 -> Flash Frogramming

‘ A&-IT:32.171; Device C{fm!il —= Hesd Soard Sterved
1£:17:32_EB84: Deviee COMS! —> Rssd Board Znd

1E:1T:32_917: Dewice COMSL <> Flazhed ‘and Verified.

life.augmented



1. In In order to have the terminal clean, go to

0 COMIL - Tera Term VT =T
File [Edit| Setup Control Window Help

. #A#R

Gvroscope: 0K
rature:
= rature: 0K
Clearscreen
Clear buffer OK
mode :

Cancel zelection . 29\1 .

erable with MAC: ef:db:32:22

Select screen

Select all

Ly,
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Reconnect the serial terminal

1. Click Setup -> Serial port...

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

Port: |COM91 -] -~
- —— : : 115200
1 Tera Term - [dizcog Baud rate
File Edit [Setup | Contral Window Help Data: |8 bit | Cancel
Terminal... Parity: | none: ..-|
Window... Stop: |1 bit | Help
Font.. Flow control: inf_@_ine -|
Keyboard...
= Transmit delay
Setial port.. G
' 0 msecichar 0 mseclline:




Sanity Check on serial port
Push SW1 button on the daughterboard -> LED blinking Blue

' F
m & 7
W o
=2 -3 %
i

¥OCOMSL - Tera Term VT
File Edit Setup Control Window Help

i STEURL-BCNAGAZUL HiH

Scan for sensops:
— Accelerometer and Guroscope: QH
— Pressure and Temperature: OK

— Humidity and Temperature: QK

— Magnetometer: QK

— Proximity Sensor: QK

sensor In low—poweyr mode: UK

Battery valtaoge dis 3 31wz OH

Device is now discoverable with MAC: 89:56:31:45:5¢c:F2

ie.augmented



Open the ST BLE Sensor App

Download on the wll Verizon (TE 17:43 ¥ ©@ % 99% [ 4
S App Store
GETIT ON
P> Google Play

Launch the ST BLE Sensor
app previously installed

Connect to a device

Note: in the following slides all the pictures are -
‘—— referred to the iOS version of the ST BLE Sensor app. Version:4.22
The Android version is slightly different A g resemed

life.augmented



Tap
“Connect to a device” STEVAL-BCN002V1

Select your

all Verizon LTE

< @ % 99% == 4

eeeee
ersion: 4.2.2

© Copyright 2019 STMicroelectronics.

lllllllllllllllllll

n LTE 11:03 @ 79} 83 -

¢ Back Devices X

\\3 BCN-034

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

Look for YOUR
X,Y couple

before
connecting!
Otherwise you'll
be connecting to
someone else
device!!!

You are
connected
( De:ir:;: LTE 10:42 @ 1@ 85‘3:;
—\

/) =
¥

Not Present

1013.73 mBar 51.50 %
.

J

Enviromental MempSerscrFitien  Plot Data  Cloud Logging Mita

Connect using the ST BLE Sensor App

Blow air on
the
Temperature
sensor to
change the
temperature
and humidity
values



* “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.
- Environmental and Gas Gauge/Battery characteristics are involved

T COMEL - Tem Term VT

!Erle Edit Setup Control Window Help

i STEUAL-BCHBBZUL #itd

can for senzops:
Accelerometer and Guroscope: QK
Pressure and Temperature: 0K
Humidity and Temperature: QK
Hagnetometer: 0K
Proximity Sensor: OH
ensor in low—pouwer mode: O
Battery voltage iz 3.31wv: 0K
Nevice iz _now _discoverable with MAC: f?:cl1:18:0%7:28:0h

fDevice connected
Calibration status reguested

nuvironnental Motification DN
nmuironmental Motification OFF
ﬁ Gas Gauge Motification ON
YI Gasz Gauge Motification OFF
nvironnental Motification OM

f ted
RS Environmental Motification OFF




ST BlueMS Protocol

In file sensor.c at line 413

Len Type Frotocol Device Fﬁn‘::;e Device MAC Len Type LocalName Len Type Pwr

411 Flvoid: Set DeviceConnectable (void) §

412

413 [ wuint® © manuf dava[2&§] = ¢

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

415 0x0a, 0x00, /* Transmission Power = 0 dBm */ 3 bytes TX output power

116 "3'“5'5 s iﬂ%ﬂmmﬁ’

417 I3 T T omplete Local Name *

sts | (e azomss /o Local Name */ 9 bytes Local Name

419 . PIEEE—— i v s T T T TS T G A

420 OXFF, /* BAD type Manufacturer info */

421 0x01, /* Protocol version */

422 0x04, /* Device ID: 0x04 = STEVAL-BCNOO2V1 Board |/

423 0x00, /* Feature Mask byte#fl: LAB3 0x20 (Led) / LEBS 0x22 [Led+Prox) / LEBT OxeR [Led+Prox+A0PTH Sync+A0POM Judio) +/
424 Ox1F, /* Feature Mask byce#2: LAB4 Ox9F (Acc+Presp -HimiTempiBatc+iTemp2) / LABS OxFF [AcciByraiMag+Prass-HumiTempiBatc+Temp2) =/
425 0x00, /* Feature Mask byce#3: LAB4 0x04 (AccEventIJ J LARBS O0x05 (AccEvents+iNemo Compect) =/

425 0x00, /* Feature Mask byte#$4: LABS 0x40 (eCompass] -/

427 0x00, /* BLE MAC start */

428 0x00, agn
229 | | oxoo, 13 bytes Manufacturer Specific
430 0x00,

431 0x00,

432 0x00 /* BLE MAC stop */

433 i

Lys
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Feature Mask

4 Bytes

Protocol Device Feature .
version D Mask Device MAC Len Type LocalName Len Type Pwr

ENERENENEREREREN

ADPCM Switch ADPC MicLevel  Proximity

Ox1E

Acc Gyro Mag Pressure Humldlty Te mperat Battery 2nd Temp

mnnmnmnn 0x00

Beamform AccEvent FreeFall SensFusC

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

SensFus Compass Motionint Activity  Carry Pos MemsGes ProxGes Pedo

Lys
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STEVAL-BCNO002V1 Block Diagram

antenna

Matching
Network’

BALF-NRG-02D3

Integrated balun

accelerometer + gyroscope D) .

LiszuL Bl BlueNRG-2 = RGB LED

magnetometer

Bl

LPS22HH = MP34DT05-A

barometer microphone

HTS221
Relative Humidity & Temp.

VL53L1

r time-of-flight proximity

life.augmented



BlueMS Protocol — complete Feature Mask ___

4 Bytes

Type Frotocol Device  Feature Device MAC Len Type LocalName Len Type Pwr

version ID Mask

Ox6A

Proximity

OxFE
Battery 2nd Temp

q 4 2 | 1| 0 [
SensFus | Compass | MotionInt

Activity  Carry Pos MemsGes ProxGes Pedo

uugmemed




Advertising Data
* In file sensor.c at line 413, this is how the Feature Mask looks like

411 Fwoid Set_DeviceConnectable (void) |

412

413[] uint® t|manuf data[26]]= {

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

415 Ox0L, Ox00, /% Transmission Power = 0 dBm */

416 8, J/* Length of AD type Complete Local Name */

417 0x09, JS# AD tyvpe Complete Local Name #/

418 NAME ALLMEMS, /* Local Mame */

4149 13, f* Length of AD type Manufacturer info #/

420 OxFF, fS* LD type Manufacturer info */

421 o=01, /#% Protocol wersion #*/

422 0x05, # Deyice ID: Ox0S5 = STEVAL-BCHNOO2V1 Board #/

423 OxEA, /* Feature Mask byte2l:|LAE3 0x20 (LED) / LABS 0x22 (Led+P2
424 OxFE, /* Feature Mask bytef2:|LLB4 0x%E (Acc+Press+Hum+Temp+Batt)
425 0x05, /* Feature Mask bytef3:|LaB4 0x04 (AccEvents) / LABS 0x05 |
426 0x40, /* Feature Mask byte#d4:)LABS 0x40 (eCompass) */

427 o=O0, # BLE MAC =tart */

428 0x00,

429 0x00,

430 0x00,

431 0x00,

432 0=x00 J/* BLE MAC stop */

“Sii;; 433 b

life.augmented



How Feature Mask is mapped onto ATT DB?

- 3 services: HWServW2ST, Config, HWServWasT
and COﬂSOle Environmental

- Each bit of the 4-byte Feature fee o T LED
Mask in the Advertising packet Acc Event Quaternions

corresponds to a HW/SW feature Battery

 In the Server ATT DB a BLE ADFCH ADPCM Synch
Characteristic has to be added

Console

for each bit of the Advertising Term Char
Feature Mask

STDERR Char

&y

life.au



BLE SensorDemo ATT DB

Froject
=% Praject: BLE SensorDemno
£ 3%d Release
L BlueMRGL_Periph_Driver
il [ Platforms_Layers
L Startup
E-@ User

] BlueNRGL it The ATT DB is defined and

] gatt db.c
T semsare created in the file gatt_db.c
Ij SensorDemo_main.c -

L] HWAdvanceFeatures.c

12 hw_config.c

w2 Hal

& [ Stack

w i OTA

@ O VLS3LIX

r i MobonFx
,I & O BlusMRGL_BlueVoice Library

life.augmented




BLE SensorDemo ATT DB
HWServW2sT

12 N.R 128-bit  001D0000000111e1ac360002a5d5¢51b
20 N 128-bjt  00E00000000111e1ac360002a5d5¢51b
5 N.R 128-pjit  00000400000111e1ac360002a5d5c51b
9 N.R 128-bit  00020000000111e1ac360002a5d5¢51b
“ 4 N.R 128-pjit  02000000000111e1ac360002a5d5c51b

LED 3 N.R 128-bit  20000000000111e1ac360002a5d5¢51b
8 N 128-bit  00000100000111e1ac360002a5d5¢51b
m 4 N 128-bit  00000040000111e1ac360002a5d5c51b
20 N 128-bit  08000000000111e1ac360002a5d5¢51b
6 N 128-pjit  40000000000111e1ac360002a5d5¢51b

NOTE: two additional bytes for a timestamp for each char




Example: Battery Characteristic
ENENENENERENERER -

ADPCM Switch ADPC MicLevel  Proximity

Gyro Pressure  Humidity = Temperat

-mnnmn 0x00
Beamform AccEvent  FreeFall
-nnnnn B oxo0

SensFus Compass  Motionint Activity  Carry Pos MemsGg ProxGes Pedo

UUID VALUE

HWServW2ST 00020000000111e1ac360002a5d5¢51b

The UUID values are linked to

the Feature Mask in advertising




BLE SensorDemo ATT DB

Each characteristic is defined by the following key parameters

Console PROPERTIES | UUID TYPE UUID VALUE

Term 20 N.R 128-bit  00000001000E11e1ac360002a5d5c51b

STDERR 20 N,R 128-bit  00000002000E11e1ac360002a5d5¢c51b

/

This byte differentiates the Service

20 N, Ww/oR, 128-bit 00000002000F11e1ac360002a5d5¢51b
R,W

life.augmente:



BLE SensorDemo ATT DB

tBRleStatus 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 HWServW2STHandle = 0x000C

— EnvironmentalCharHandle = 0x000D
AccGyroMagCharHandle = 0x0010

Config —— Confi1igW2STHandle = 0x002B
Config Char ——— ConfigCharHandle = 0x002C




BLE SensorDemo ATT DB

Char Declaration EnvironmentalCharHandle = 0x000D

s

s

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): a GATT
descriptor is added by default by the stack, if char has Notify/Indicate
property. Used by Client to enable notifications/indications on char value.

Lys
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Central: Services and Characteristics

. 134
UUIDs  Handles dISCOVErY procedure
‘ Mame Handle Property Value Value Length ‘
4 @ Service User Defined {0x000000 Val ues
a [l Charscteristic User Defined (0:001 DO000000111 ELAC3E0002A5D5C 51 B 03000D) Read, Motify lU:d]HFUDlUBCUﬂUlBEQCAﬁGEIUﬂC
& Client Characteristic Canfiguration £) G2
¢ @ Characteristic User Defined ((00ED0000000111 E1ACIE0002ASD5CHLE) 00010 Matify
n Client Charactenstic Configuration (0x2902) 00012 0000 o2
] ] a [l Charactetistic User Defined (0:00000400000111 ELACIS0002A5D5C518) 040013 Read, Motify 00000002405 Dx05
T h IS IS h ow B Ciicnt Characteristic Canfiguration (0:2902) 0x0015 00000 002
4 . Characteristic User Defined {(x02000000000111 ELACI60002A5D5C518) 0x0016 Read, Maotify (uB8A1232E Qa4
n Client Charactenstic Configuration (0:2902) D018 0000 02
ATT D B a [l Characteristic User Defined (0x20000000000111 FLACIS0002A5D5C518) 030013 Read, Motify Dx0024E5 0x03
B Client Characteristic Canfiguration (0:2302) 0x001E w0000 w2
IOO ks I i ke 4 [ Characteristic User Defined (0000200000001 F1 AC360002ASD5C518) (01 Read, Notify 0M0180000C BADIERABS3 0409
n Client Charactenstic Configuration (0:2902) D001E 0000 Ouli2
a [l Characteristic User Defined (0x00000100000111 FLACIS0002A5D5C51R) Ox001F Motify
fro m t h e B Client Characteristic Canfiguration (0:2302) 00021 00000 002
« @ Characteristic User Defined (0000004000011 E1 ACIE0002ASD5CE1E) 040022 Natify
n Client Charactenstic Configuration (0x2902) D24 0000 o2
Ce N t ra I a [l Cherscteristic User Defined (0x08000000000111 ELACIS0002A5D5C51B) 050025 Notify
& Client Characteristic Canfiguration (0:2302) 00027 w0000 02
« [ Characteristic User Defined (0x40000000000111 EL ACIA0002ASD5CS1R) 0x0028 Natify
n Client Charactenstic Configuration (0x2902) 00024 0000 o2
4 [ Service User Defined (0400000000000FL1E19.4B40002A505C518) 0x002B:
4 [ Characteristic User Defined (00000002000F11 E1AC360002A5D5C51B) 0:002C Write w/o resp, Noify
n Client Characteristic Configuration {Qﬂﬂ!] D:002E OO0 2
4 - Service User Defined ({0x00000000000E11E19AB40002A505C518) D:002F
a [l Charactetistic User Defined (0:00000001000EL] ELACIS0002A5D5CS1R] 040030 Read, Write w/o resp, Write, Notify Ot} 00
‘ B Client Characteristic Canfiguration (0:2302) 0:0032 w0000 w2
’I 4 @ Characteristic User Defined (0x00000002000E1 LEL ACIRO002ASD5C51B) (w0033 Read, Natify 0 000

----- augmented W8l Client Characteristic Canfiguration ([x2902) 00035 0000 G2



BLE Sensor — Characteristic update

Central (((GB ))) Peripheral

Connection created

Notification

aci_gatt_update_char_ value (ServiceHandle, 0x000C, //HWserv handle
Description Where CharHandle, O0x000D, //EnvChar handle

If notifications (or indications) are enabled Offset 4 0x00 ’
on the characteristic, this API sends a GATTserver | T,e ngth, 0x08
notification (or indication) to the client. !

Lys
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Value) Data) //EnvChar Value



Cortex-M0 Sleep management um
Central (((63 ))) Peripheral

Connection created w 8 - Sleep mode managed through specific a library and API
* BlueNRG_Sleep(sleepMode, gpioWakeBitMask, gpioWakeLevelMask)

Notification

- 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

I1 00 ms

Radio Active
phase

Deep sleep mode
(i\ P sieep B
] Ji \ b

‘— Connection Intervals time
> /4

life.augmented

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




Typical scenarios

Active mode
Tx/Rx
Low throughput I Deep sleep mode
| I = ‘
- : time
Long Connection Intervals (in the orders of secs)

High thkoughput I I I I _I_I_I_I ..........

Short Connection time

Intervals (min 7.5msecs)

Active phase

typical plot X

A

RX

Start-up

| CPU |
Active CPU

XTAL  RX-2-TX Active

startup &
LL lock

CPU OFF

y

time

Lys
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Low Power Modes

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

- Efficient management of sleep mode significantly lowers the avg power
consumption.

BlueNRG-2 flexible low power architecture

High
RUNNING 1.9mA Core running ighest pwr

Low Power library combines
requests coming from the

WAKETIMER 900nA  GPIOs and Timer Wakeup app'igggf;igg%tggeradio

CPU HALT 1.5mA WEFI instruction

NOTIMER 500nA GPIOs only Wakeup

Lys
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Lowest pwr



Context Save/Restore

* BlueNRG-2 Low Power Library handles autonomously entering
and exiting to/from the sleep mode.

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

« CPU returns to execute the next instruction after the low power function call
* No need to re-initialize peripheral and radio stack
 RAM retention is guaranteed

NO need for the application to worry about

sleep management and RAM retention!
Lys

ife.augmented



BlueNRG Current Consumption
Estimation Tool

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

@ BlueNRG Current Consumption Estimation Tool-Setup-1 4 exe
5 BlueNRG GUI-2,6.0.0-Setup.exe

& 2n.STSW-BNRGISTLINK zip

'ﬁ npp.d.54.Installeradd axe

ﬂ-tﬂatermﬂl.ﬂ?.ﬂfﬁ

* Or on st.com at this link;:

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

Lys
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BlueNRG Current Consumption Estimation Tool

« Accurate estimate of average current consumption and battery lifetime

&7 BlusNRG Current Consumption Estimation Tool v.1.4 = |2
1. Select the device [ e piot setings Window Help

Caloulate Consumption Performance Summary
2. Select the type of Buecls; ]"‘d“‘ﬁﬁﬁf 4| ﬁ Time of active phase: 287 ms
General {Qadvertsng | Seaming, | Compection |
event \4 —_— e Average current during the active phase: 1.9°'mA
Type of Device: &l [#]
Total average current: 7.93 uA
High Power mode 1 Pout 14{-2dEm} vi o
i B B = Payload data rate: NA
3. Configure the HW Supply veffage (V) 5.0 =] Crystal Startup Time (os) 512 =
operating conditions // Retention RAM 2418 ~| Master 5CA {opm) [sEis) =] by Mt —
/ - = Battery capacity ( 230 =
4. Configure the Iriternial Low Speed Clock [[] Slavesca (ppm) 100 =
: : lifetime: ) th{s), 23 davy(
application use case el il Aadeiss el il
scenario / M
5. Specify the Battery capacity 6. Read the average current and the

estimated battery lifetime

Lys
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Advertising example 1/3

&7 BlueMRG Current Consumption Estimation Tool v.1.4

H s D M it b |mim

Calculgte Consumption
Eoeis: | |pdverteng ~
Genersl | Advertising | Scanning | Connectian |
1. Select the device | | T | scocmienss cve =
High Power mode 1 Pout [ (zdem) ]
2. Configure the HW | | swniviaisee 30 & oyselsepTmes) 51z
operating conditions Retention RAM [ake =] MesterSCA(om) |5 (3150) <]
Internal Low Speed Clodk 7] Slave sCA (ppm) 100 B

Lys
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Advertising example 2/3

imr BlueMRG Current Cﬂnmrr’ipﬁﬁn Estirmation Tool v.1:4

File | Plot | Settings: Window Help

1. Select the event type ?“‘**‘ET““” =
| Genersl | Advertisng | Scanning | Connection |
Advertising Data Length (byte) 20| =
2. Configure the event o
_ o o Advertising Interval (ms) 1500000 | =
operating conditions
Advertising Channasls 3 -rI
Non-connectable undirectzd 2vent [




Advertising example 3/3

i : emtion Efnatan Tonl v e (=
G BluehRG Current Consumption Estimation Tool v.14 A | g — - ey
File Piot Settings Window Help
Calculate Consumption Performance Summary
Events: Advertising - .
= Time of active phase: 335m=
General | Advertsng | Scanning | Connection |
— e B9 1. Get average current
Type of Device: BlushRG-2 | DC-DT Converter Artive ] _ -
Total average current: 12.94 uA ~ .
High Pawer mode L pout 4 (-7dBm) -
— o e consun IptIOn
Supply Voltage (V) %0 [£]  crystslStarup Tme (us) 512 B
Retenfion RAM 2418 +|  Master SCA {ppm) [sGis0) =] Eattery lifetme |
B 2. Get expected battery

intérmal Low Speed Clock ] slave sCA (ppm) 100 = u

| Battery Hfetime: 2year(s), Omonth(s), 10day(s) | < | .. ,

lifetime for a CR2032
|
I 1200

| 10.00 P

3. Plot of the active
phase

400 |

200} jeai -PllLock b i i E—LPil Lotk tirieR) Pl Lk o

000l

500 tla 3000 2200 2400 26000 28007 3000 3200




Lab 3
LED characteristic



Enable LED toggling

00000 Verizon LTE 10:39 @ 7 O 3 86% M)
£ Devices ['T_'[
1. Tap the image on the
Click the image to change the status SC ree n
2. Send BLE notification
packet

3. Image changes color
and the RED LED
toggles

‘1’ LED ON
‘0’ LED OFF

Notification

Packet
—

4" LED ON
& & o - | ‘OLEDOFF




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 from the server



Sensor Demo reference appllcatlon

H l & Ei BlueNRGL_Periph_Driver
Now we go back again | -= s
L] SDK_EVAL Comic
tO Kell UVISIon L_%:ISIBK_J.EV.&L__BPMME
1] soK_EVAL BC.c
L.:l SDK_EVAL Led.c
[ Hrseme
L] UsZMDLe
1 tpszHeC
L] LPSI2HH:
1 tsmepsLe
Lal LSMBDS0.c
@ 3 Startup
= = User
L] gattdne
Lé! SENSOr.C
| SensorDemo_main.c
] HwAdvanceFeatures.c
& [ Hal
(3 Stack
= 3 OTA
@ 3 VLs3LX

r & (3 MotionFX -
,I . @ (3 BlueNRG1 BlueYoice Library

meﬂ@’&nm‘ | €3 funitions | DyTemplatss |

life.augmented



L3 STEP1: Modify advertising packet .

Froject
=% Praject BLE SensorDemc
sy Release
W [ BlueNRGL_Periph_Driver
i [ Platforms_Layers
W Startup
= S User
] BlueNRGL _it.c
_|_.] gatt_db.c

1] zensorc

|_'] HensorDemo_main.c
|_""| HWAdvanceFeatures.c
|_.] hw_config.c

E-E Hal

[ Stack

@ OTA

m O VES3LIX

w L MotionFY

‘,I & [ BluehRG1_BlueVoice Library

life.augmented



ST BlueMS Protocol

Type F:,frt;gﬁ' Del‘l')'ce F:nzt:;e Device MAC Len Type LocalName Len Type Pwr

BlueMS 4 Bytes

ENENERENEAEREREE

ADPCM Switch DoA ADPC MicLevel  Proximity

NN (2 [ F 1 & ox1E

Gyro Mag Pressure  Humidity = Temperat Battery 2nd Temp

mnnmnmnn 0x00

Beamform AccEvent FreeFall SensFusC

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

SensFus Compass Motionint Activity  Carry Pos MemsGes ProxGes Pedo

Lys
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STEVAL-BCNO002V1 Block Diagram

Integrated
ahtenna

UART_RXline CeEr e

LSM6DSO ]
accelerometer + gyroscope + ADC

LIS2MDL B
magnetometer

Bl

LPS22HH : A y MP34DT05-A
barometer | microphone

.6 MHz

HTS221
Relative Humidity & Temp.

VL53L1

time-of-flight proximity

Lys
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L3 STEP1: Modify advertising packet

Modify the Feature Mask in the advertisement payload
1. In the file sensor.c

2. Go to line 423

3. Modify Feature Mask byte#1 from 0x00 to 0x20

] sensorc

411 |—{woid Set DeviceConnectabkle (void)
&12ii
413 = uintd_t manuf datal[26] = {
414 2, f/* Length of AD type Transmission Power #/
415 Ox0Rh, O=x00, f* Transmission Power = 0 dBm #*/
416 8, F* Length of AD type Complete Local HName */
417 0x09, f* AD type Complete Local Hame */
418 HAME ALLMEMS, fS* Local HName #/
419 13, F* Length of AD type Manufacturer info =/
420 OxFF, f#* AD type Manufacturer info */
421 ox01, f/* Protocol wersionm #*/f
422 Ox0S, J# Device ID: Ox05 = STEVAL-BCHOOZV1 Board #/
| 4@ | ox2o0, /* Feature Mask bytefl: LLB3 0x20 (LED)
424 Dxlﬁ, 7* Ecature Mask byte#ﬁ: TLEd UXOE [Acc+Press+Hun
425 oxo00, /® Feature Mask byte#3: LAB4 0x04 (RcocEwvents) /
426 0x00, f/#* Feature Mask bytefd4: LAES 0x40 (eCompass) */
427 | 0=x00, fS#* BLE MALC start #/




L3 STEP2: Client enables LED

characteristic notifications

ol
e F*r:ifEct: BLE SenszorDemo
I 45 Release
w [ BlueNRG1_Periph_Driver
@ [ Platforms_Layers
[ Startup
£ 5 User

|- 3
i@ gatt_db.c I

1] sensorc
|:] SensorBemo_main.c
] HWAdvanceFeatures.c
|:] hw_config.c |
w [ Hal
@ [ Stack
w5 OTA
@ Ol ViS3X
w [ MaotionFX
@& [0 BluehNRGL_BlueVoice Library




L3 STEP2: Client enables LED

characteristic notifications

1. Inthe file gatt db.c go to the line 686

2. 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;

LD =

6B6 } else if |(attr handle == (LedCharHandle + 2} )] {
687

688 [ if (att _data[0] == 01) {

6E89 XFeatureNotification.LedNotification = true;
690 PRINIE ("Led Motification ONLOLT") ;

691 ¥ else if (att data[0] == 0) {

692 XFeatureNotification.LedNotification = false;
693 PRINTF ("Led Motification OFF\n\x"):;

ﬁ 694 }



L3 STEP3: Client Writes in Config Char g

Froject
=% Praject BLE SensorDemio
sy Release
W [ BlueNRGL_Periph_Driver
& [ Platforms_Layers
w2 Startup
= 5 User
| ] BlueNRGL it.c
] gatt db.c
1] zensorc
Ij SensorDemo_main.c
|_°>| HWAdvanceFeatures.c
|j hw_config.c

w2 Hal

@ O Stack

2 OTA

@ O VES3LX
ﬁ w2 MotionFX

life.augmented i+ -G EEUEMREi_EFUEVDEEE_LEb[&F_‘f



L3 STEPS3: Client Writes in Config Char mem

1. Inthe file gatt db.c goto the line 816

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

8la |I } else|if (attr_handle == ConfigCharHandle + 1) |{
817
818 /* Received one write command from Client on Configuration characteristic #/
819 ConfigCfommandParsing(att data, data length):

820

821 }




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

Project
e 4 Prr_‘.'rj'Ed: ELE_SEnsp_r[}Emu
= 45 Release

i |4 BlueMRGL Periph_Driver
@ [ Platforms_Layers
i [ Startup
B User
] BlueNRGI_it.c

[ Wﬁdﬁn:e&émrﬁ.ﬁ
|:] hw_config.c

i [ Hal

@ [l Stack

i 5§ OTA

@ O VLs3X

i [ MotionFX

@ [ BlueMRG!_BlueVoice_Library

157



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

l 1125 !
1126 [

1. Line 941: ConfigCommandParsing
Check on the FeatureMask (line 947)

If it's the LED feature mask (line 1125)
Check on the command value. If 0x01 (case1)
Turn ON LED3

Send Notification on the Config char on the
command received and parsed

7. Send No
LED status.,.

945

o ok b

uintd t Command = Ett_data[&];
uint8 t Data = att_datal[5]:
uint32 t SendItBack = 1;

[switch (FeatureMaszsk) {l

Lys
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241 [fluint32 p ConfigCommandParsin int8 t * att di 949

CAlIOR-On: i tRE datarz] <114

158

1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138

1138

1140

1143
1144
1145

L

l case FEATURE MASE LED:I

ommand) {

S5dkEvalledCn (LED1) ;
PRINTF ("Enakhled: ECE Jedipio-m):
|Cunfig Notify (FEATURE MASE LED, Command, Data}:l
break;
case 0:
S5dkEvalledCfEf (LEDL) ;
PRINTF ("Di=zabled: RGE ledin'r™):
Config Notify (FEATURE MASE LED, Command, Data):
break:
}

if [(#FeatureNotification.LedNotification)

i (LEDL1) )
Led Update (ENAELE) ;
else

Led Update (DISAELE);
H
break;



Build the new code
1. Click on the Build button (top left corner) Wl CABlueNRG Tile_HandsOn\STEy A

or hit F7 on your keyboard :F“_g‘- ;Efifet w-aw Project  Flash Debug Peri
; . IR =A™ - - B
2. In the Build Output window (bottom) wait @’?Lg@ T I
for the build to be completed. (EllEs 2 —--| 4 | | Release
- Project | 5] Build (FT)
« BLE SensorDemo.bin created SO i

1o
« “0 Error(s), 0 Warning(s)” message appear A
’ =1 Ak Flraze
Build Output
wivewwpe¥1 5311 walt.c...
compiling v15311 register funcs.c...
compiling v15311 platform.c...
linking...
Program Size: Code=121908 RO-data=1428 RW-data=1136 ZI-data=21252
FromELF: creating hex file...
After Build - User command #1: fromelf.exe —-bin ..%W..%..\..%W..\..\Har sl ——— _SensorDemo.axf ——output ..%..\..\..\..\} .\HandsOn\BLE_SensorDemc PrjCutput\BLE SensorDemc.bin
"o v AL L \HandsOn\BLE_SensorDemo PrjCutput\BLE_SensorDemo.ax - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:12

Lys
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1. Go back to
2. Click on the

Ly,

augmented

Al COMS4 - Tera Term VT

Eile| _Edh_: §_Etup Control
MNew connection,,,
Duplicate session

Cygpwin connection

Log...

Show Log dialeg
Send file..
Transfer
SSHSCP.
Change directary...

Window Help
Aft+N
Alt+D
Alt+3

8 Do NOT close the

terminal!

Replay Log..

TTY Record

TTY Replay

Print... Alt+P
Dizconnect Alt+]
Exn 1Ean)

Feiza T




Re-flash the BlueNRG-2

1. Go back to the BlueNRG-2 Flasher Utility

&7 BlueNRG-1.2 Flasher - Uility v2.00 B
File | Tosls | Help

Selectimage fle | NoImage fil liaded.
Flash from Address: i‘_]-,lﬂﬂ-\ﬂ‘]ﬂo | | F“::vs_?" Pl Stop [

UART SWD

-Actions List of COM Parts:

7] Automatic Mode (anly ST DK) [T COM31 (5T DK)
V] Verify
[ ] Mass erase

(] Update Device Memary

Device
Flash Programming
[ | o%
Device Memory | -Tmage File |
Start Address  Dx10040000 Size 0x3000 \ Read || W=
o 1 2 3 4 5 6
Zij i v
Log
‘ ,I Lood Logii. I [ Savelog.i J [ ClearLog ]
W.Board: 00 | | 0%

life.augmented




Flash the BlueNRG-2 1/4

1. Select the COM port labeled (ST DK)

UART | swp |
Achons List of COM Ports:
)
Il AutomaticMade (only STDK) || 1] COM9L(STDK) |
9] verify




Flash the BlueNRG-2 2/4

1. Click on the Select Image file button

kw7 BlueNRG-1_2 Flasher - Utility v2.0.0

. i
Sl | -.|..||.

[| Select Image file ﬂﬁn Image file foaded.

2. And browse the following path

{ BlueNRG_Tile_HandsOn » HandsOn » BLE SensorDemo PrOutput J

Lys
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Flash the BlueNRG-2 3/4

1. Select BLE SensorDemo.bin and click Open

. Listings
.. Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

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

| Select image fle | C:/BlueNRG Tie_HandsOn/HandsOn/BLE._SensarDemo_PriOutput/BLE Sensorbems bin
Flash from Address: Ox100:4000 E—mhE

Kys
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‘Actions List of COM Ports:




Flash the BlueNRG-2 4/4

1. Flashing starts: green bar proceeding

Device BiueMRIG-2 {max fizsh address: Ox 1007

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

Device BlehRG-Z (max flash address: Dx1007FFF)
Reading Memory COMS1

Device Memory COM31 |m-| | ﬁﬂtmﬂ%—l_ﬁﬁashar«l}tdﬂy
_ 3 Device COMIL =5 Flashed and Verified.
Start Address (010040000 A I Read | Wik |
B 4 2 3 AsCh =
010040000 00 &0 00 20 O | E
0x10040010  AA 55 55 AA 45 55 4C 42 00 40 00 00 00 D0 00 FULSEULE
010040020 00 00 0O 00 00 00 00 00 00 0D 00 00 A 12 04 10 !
0x10040030 03 00 OO 00 00 00 03 00 D7 06 04 10 23 12 04 10 . # g

Do NOT close the Utility! .. =

wLESTART FLASH ODPEQATTON%#=
Flash Boards: COMSI (5T D¥)
16:1T:31.81%: Device COMBY <> FTlash Frogramming

‘ A6:17:32.171: Device CC'IM!iJ. —* Resd Josrd Stsrred
1£:17:32_284: Dovies COMS1 -> Racd 3Bozsd End

18:1T:32_317: Device COMBL +> Flashed snd Verified: L

life.augmented
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In

In order to have the terminal clean, go to

T COMIL - Ters Term VT

File-[Edit | Setup Contral Window Help

Clearscreen
=

Clear buffer

Cancel selection

Select scresn

Select all

L W

Gyroscope: OK

I = OK
erable with MAC:

ef:db:32:22:el:d7




Reconnect the serial terminal

1. Select Setup -> Serial port...

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

Port: | COMY1 - oK.
L Term - ldicnoliee Baud rate: 115200 - '
File Edit [Setup| Control Windaw Help — Bbit B r—
Thmiask Parity: \none -
Window... Stop: ‘] bit _‘ Help
Font.. .
P:E}r!:'n':mrd... Flow control: |none -‘
Sﬂi'ﬂ'_l port.. 0 Transmit delay
0 msecichar 0 mseclline




Sanity Check on serial port
Push SW1 button on the daughterboard -> LED blinking Blue

Y

¥ COMSYL - Tera Term VT
File Edt Setup Control Window Help

i STEURL-BCNBAZUL HEH

Scan for sensops:

Accelerometer and Guroscope: QK
Pressure and Temperature: 0K
Humidity and Temperature: QK
Magnetometer: QK

— Proximity Sensor: QK

Cenzor in low—mower mode: OK
Batteru un'lt:-u:_rﬁ e 3 _F{u=z O

Device is now discoverahle with MAC: 89:56:31:45:5¢c:f2




Connect using the ST BLE Sensor App

@ Kill (2} Tap @ Select your
the BLE Sensor app “Connect to a device” STEVAL-BCN002V1
all Verizon LTE 17:43 ¥ O % 99% ([E 4 < - el 3

BON-034
:E7:E5

(" N
kConnecttoadeviceJ
4’
)
@
AAAAA
Btitton and / =
"I then swipe to top
life.augmented



Enabling LED toggling

Click on “Switch” A new page will appear

o000 Verizon F 14:12 @ 7 % 72% w1 eee00 Verizon & 14:15 @ 7} 71% -

< Devices M < Devices M

Click the image to change the status

—
=
-

Not Present

2 A @
P
o & o L] &
nviromental ol Diata Cloud Loggifln Switch ssi & Battery 28
Enviromental  PlotData  Clolid Lagging Rssi & Ballery

life.augmented




Enable LED toggling

00000 Verizon LTE 10:39 @ 7 0} 86% =)

¢ Devices il

Click the image to change the status @

Write
Packet

‘1’ LED ON
‘0’ LED OFF

Notification

& 1. Tap the image on the screen

1"LED ON 2. Send BLE notification packet

# w» @ o - | ‘0LEDOFF
3. Image changes color and RED LED
toggles



LED fast blinking due to Sleep Mode

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

Connection Intervals

__@ I :
Y .

Deep sleep mode

1

1

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

life.augmented



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

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

fDevice iz now discoverable with MAG: 3f:Z2c:f6:eb:da:d8
Sensor activated: 0K
Device connected

Environmental Motification ON
nuimnnmental Motification 0OFF

Jizsabhled: RGE led




Lab 4

Accelerometer embedded events detection



Example - Single Tap

1. On the board perform a
(((GB ))) Single Tap
Notification | 2. Send BLE notification
Packet g% Os  packet

‘SINGLE TAP’

NOTE: this is just an example
for SingleTap. Other events will
be displayed later in the lab!



Code modifications

1. Modify advertising packet
2. Enable Accelerometer events detection feature

3. Read Event Status and send BLE notification through an update
on the Accelerometer Event characteristic value



Sensor Demo reference application

F‘mffch BLE SensorDemo

. £33 ﬁ BlueNRG1_Periph_Driver
= [ Platforms Layers

Now we go back Rty
again to Keil uVision t;i o

La] SDK_EVAL_Button.e
L_ii SDK—'EVAL_RC.C
[ wrsae
!hl LISZMDL.e
[ tesazHe.c
La] LPSEZHH
1 smepsL.c
L] LSMBDSO.
@ (3 Startup
25 User
11 BlueNRGL ite
L] gattdb.e
IA SENEQr.C
i SensorDemo_main.c
Ii! I‘M’Adua'ncﬂ:mc
&3 Hal
@[3 Stack
=3 OTA

(Vs
) /4 g
@ [ BlusNRG1_BlueVoice Library
lite.augmented
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L4 STEP1: Modify advertising packet

Froject
=% Project BLE SensorDemo
It e Relesse
W 4 BlueNRGL_Periph_Driver
& O Platforms_Layers
[ Startup
E S User
L] BlueNRGL _jt.c
|j gatt db.c

1] zensorc

_] SensorDemo_main.c
| ] HWAdvanceFeatures.c
|j hw_config.c

L Hal

@ O Stack

w2 OTA

@ O Vis3LX
‘,I L MotionFX

lite.augmented @ [ BlusMRG1_BlueVoice Library



ST BlueMS Protocol

Type Frowocol Del\gce F:naat:;e Device MAC Len Type LocalName Len Type Pwr

BlueMS 4 Bytes

o EEERERNER

ADPCM SW|tch DoA ADPC MicLevel  Proximity

mpqmnn 0xoE
Gyro

Pressure  Humidity = Temperat Battery 2nd Temp

0x04

RFU FreeFall SensFusC

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

r SensFus Compass Motionint Activity  Carry Pos MemsGes ProxGes Pedo

Beamform| AccEvent

life.augmented



STEVAL-BCNO002V1 Block Diagram

/ Integrated | \
antenna ‘
5 RG02D
TES
accelerometer + gyroscope k IRQI + ADC
D BlueNRG-2 = RGB LED
agnetomete IRQ|
= : P34DTO
ato g ) FL opno
400 Sag : = 1.6 MHz
Re & d emp kHZ O ecClo

life.augmented



L4 STEP1: Modify advertising packet

Modify the Feature Mask in the advertisement payload

Lys

life.augmented

1. Inthe file 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

Lj SENSOT.C

411 Hwvoid Set DeviceConnectable (void) {

412

413 [+ uint® t manuf data[26] = {

414 z, Jf#* Length of AD type Transmission Power #/

415 Ox0Z, Ox00, /#% Transmission Power = 0 dBm */

416 B, /#* Length of AD type Complete Local HName */

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

418 HNaME ATTMFMS, f#* Local Hams */

419 13, /* Length of AD type Manufacturer info #/

420 0OxFF, J/#= LD type Manufacturer info =/

421 0x01, f* Protocol wversion #*/f

422 0x05, f#% Device ID: 0Ox05 = STEVAL-BCHOO2V1 Board #*/
kel s e s sl TORS 0x20 (LED) / LABS

424 0x9E, f#% Feature Mask bytefl:|LLE4 Ox%E (Loc+Press+Hu

425 Ox04, J/#% Feature Mask bytef3:)LLE4 Ox04 (LAccEwvents)

E¥s 0x00, f#% Feature Mask bytefd4: LLES O0x40 (eCompass) */



L4 STEP2: Enable Accel events feature

Project
=i Praject BLE SensorDemo
= s Release
w4 BlueMRG1_Periph_Driver
# [ Platforms_Layers
0 Startup
Fl L User
| ] BlueNRGI_jt.c

] gatt db.c
l 1] zensorc
|j Lensorbemo_main.c
] HWAdvanceFeatures.c
|j hw_config.c
L Hal
[ Stack
w2 OTA
m O vis3ux
ﬁ w2 MotionFX

life.augmented & EEueMREi_EFUEM’BEEE_LEbraﬁr




L4 STEPZ2: Enable Accel events feature

Enable multiple accelerometer embedded events detection
1. In the same file sensor.c

2. Go to line 54 to line 58

3. Set the defines from line 54 to line 58 from O to 1

|j SENSor.c*

53 /* ACCELERCMETER EVENTS */
54 | #define ENABLE FREE FALL
55 | #define ENABLE SINGLE TAP
56 | #define ENABLE HW WAKEUP
57 | #define ENABLE TILT

ﬁ 58 ) #define ENABLE PEDOMETER

e S e e




&) - LSM6DSO at a glance

\1. PERFORMANCE AND FEATURE ’ [2. FLEXIBILITY: algorithm @ silicon Ievel}

* Pedometer 2.x

Accuracy: Tango and Daydream compliance g
;‘gg WeChat Precision

0.55mA current consumption is HP combo
-15% vs. LSM6DSL/M @ same performance

vew Ultra low power mode:

LSM6DSO

14uA (@100Hz ODR) Axl only ==+ FSM buid custom
P sensors for XL and
|°| :l | b m:m- Gyro

~ 4.INNOVATION |

« MEMS: Axl T-structure for mechanical
shock robustness

| - Compressed FIFO (3x)

10 patents protecting LSM6DSO
innovation

2.5x3x0.86 mm

life.augmented



L4 STEP3: Client enables Acc Event
characteristic notifications

[Project
ki FrﬁjEd: BLE SensorDemo
[ 43 Release

w4 BluehRG1_Periph_Driver
i [ Platforms_Layers
i 4 Startup
2@ User

| BlueNRGL it.c

|j gatt_db.c

] sensorc

|:] Sensorbemo_matrn.c

] HWAdvanceFeatures.c

|j hw_config.c

- Hal

@ [ Stack

w O OTA

@ O VLS311X

i [ MaotionFX

@ [ BlueNRGL_BlueVoice Library




L4 STEP3: Client enables Acc Event

characteristic notifications

1. Inthe file gatt db.c go to the line 717

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

T17 | } elsg if (attr_handle == (AccEventCharHandle + 2}) {
EE:]
Tlgé if (®xFeatureNotification.MotionMotification == false && XFeatureNotification.iNemoEngineMNotification == false) {
T20 [= ] ket ————
T21 ]] 1smﬁd§u_xl_data_rate_set (0, LSMeD50 XL ODR_S52Hz);
T22 TErIU MIILEBIC oI oI Ty PIL REORI T, 77 ~rommrey COFF
T23 EnableHWMultipleEvents () ;
724 > () -
725 GPICO EXTICmd (GPIC Pin 13, ENABLE);
T26 Config MWotlfy (FEATURE MASK ACC EVENTS, 'm", 1);
T27 (Freon T
T28 xFeatureNotification.AccEventNotification = true;
729 CPRINIF I TACCEVENL NOLLLLICACION LHLnLTT .
T30
T31 } else if (act_data[d] == 0) {
T332 l=zméd=soc x1l data rate set (0, LSMeDS0 XL ODR OFF);
‘ T33 xFeatureNotification.AccEventNotification = false;
,I T34 GPICO EXTICmd (GPIC Pin 13, DISABLE);

life.augmented



L4 STEP4: Read Event Status and

i
g F*ri_i-j_'ect: BLE SenzorDemo
= s Release
i [ BlueNRGL_Periph_Driver
@ [ Platforms_Layers
i [ Startup
=l User
] BlueNRGI_it.c

1] zensor.c I

_] SensorDeme_main.c
| ] HWAdvanceFeatures.c
|j hw_config.c |

- Hal

@ [ Stack

- OTA

@ O vLs3LX

‘, I wl [ MotionFX

ife.augmented = _G EE.UENEG}._E.FUEVDEEE_LIEbIEFH

send BLE notification



L4 STEP4: Read Event Status and
send BLE notification

1178 [[Jvoid MEMSCallback (void) |4

1180

1181 lzméd=o all sources get (0, &all source);

1182

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

1184 [ if (xHardwareFeaturePresence HwSingleTA4P xHardwareFeaturePresence . MultipleEvent) {
1135{% if (all source.reg.all int src.single tap) K

1186 oLy ;. -

1187 SdkEvalLedCn (LED3) ; .

1188 PRINTF ("Event: Single Tap\n\z"): In the file Sensor.c

1189 [[#if ENABLE STINGLE TAP

1190 ((accEvent Norifymcc_smeie_tap, 2):) 1. line 1179 void MEMSCallback(void)
11831 Fendi

1192 | } Callback triggered by 1013

11583 }

2. line 1181 Ismé6dso_all_sources get
Read accelerometer status registers
3. line 1185 if (all_source.reg.all_int_src.single_tap)
Check vs. single tap event
4. line 1190 AccEvent_Notify
Lys

life-cugmentsd Send BLE notification



Build the new code

1. Click on the Build button (top left corner) or hit
7 on your keyboard

2. Inthe Build Output window (bottom) wait for :
the build to be completed. o o5 g | R e atente

« BLE_SensorDemo.bin created =
Project | () Build 7D

* “0 Error(s), 0 Warning(s)” message appear ' 5 “"r; Build target files fno

=i 478 Release

& i) £ B o

Build Cutput
oy g v15311 wait.c...

compiling v15311:register_fu.ncs ST

compiling v15311 platform.c...

linking...

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

Lfter Build - User command #1: fromelf.exe --bin ..%..\..%\..\..\..\Hand - — LE_SenzorDemo.axf —-output ..%..\..\..\..\.]\Hand2On\BLE_SensorDemo PrjCutput\BLE SensorDemo.bin
oA A OvLG UL \HandsOn\BLE_SensorDemo PrjOutput\BLE SensorDemo.axf"™ | 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:12

Lys
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1. Go back to
2. Click on the

Al COMS4A - Tera Term VT
Eile| _Edi; §_Etup Control  Window Help

Ly,

augmented

New connection.., Al
Duphcate session Al+D
Cygwin connection Alt+G
Log...

o
Show Lag dialeg
Send file..
Transfer b
SSHSCP..
Change directory...
Replay Log...
TTY Record
TTY Replay
Print... Alt+P
Disconnect Alt+]
B g

Feiia AT

NOT close the

terminal!




Re-flash the BlueNRG-2

1. Go back to the BlueNRG-2 Flasher Utility

"7 BlusNRG1.2 Flasher - Usity v20.0 o 0 S
File | Tools | Help

Selectimage file | No Image file loaded.

Flash from Address: ‘_J.-.IIJU‘IUDDD | | H::E-i? il Stob

UART SWD.

‘Actons List of COM Ports:

7] Automatic Mode (only ST D) 7] comat (ST DK)
[¥] Verify
|71 Mass erase

1¥] Update Device Memary

Device
Flash Programming
| 0%

| DeviceMemory | Imagerie |

Start Address 0x10040000 Size 0x3000 \ Read |\_ Write

0 1 2 3 4 5 6
il i v
Log

‘ ,I Lozd Log.i. 11 SaveLog.:: J [} ClearLog ]

life.augmented W.Board: 00 | | o




Flash the BlueNRG-2 1/4

1. Select the COM port labeled (ST DK)

UART | swp |
Achons List of COM Ports:
)
Il AutomaticMade (only STDK) || 1] COM9L(STDK) |
9] verify




Flash the BlueNRG-2 2/4

1. Click on the Select Image file button
&7 BlueMNRG-1 2 Flasher - Utility v2.0.0

2. And browse the following path

[ BlueNRG_Tile_HandsOn » HandsOn » BLE SensorDemo_PrOutput }

life.augmented



Flash the BlueNRG-2 3/4

1. Select BLE SensorDemo.bin and Click OK

. Listings
) Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

& BlueNRG-1_2 Flasher - Utifity v2.0.0

| Select Imags file | C:/BluehRE_Tike_HandsOn/HandsDn/BLE SersorDemo_PrOUtpUt/BLE SensarDeme.bin
Flash from Address: (10040000 [ Ees ][ | st |
UART | swD

‘Actions List of COM Parts:



Flash the BlueNRG-2 4/4

1. Flashing starts: green bar proceeding

[D-Ell'iﬂ! BiueMRIG-2 {max fiash address: Ox 1007

\as !

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

Device BlueMRE-2 (may flash address: Dx1007FFFF)
Reading Memory COM91

‘o7 BlueNRG-1.2 Flasher - Utifty :

Deyvice Memory COM31 | Imags File |

Start Address  0x 10040000 .LL

Device COMIL <> Flashed and Verified,

I S -

0x10040000 00 &0 00 20 O

0:10040010 AA 55 55 AA 45 55 4C 42 00 00 o0 00 00 00 00 FULSELLE

0040020 00 00 00 00 00 60 00 00 00 00 00 00 A 12 04 10

010040030 00 00 00 00 00 00 00 00 D7 06 04 10 23 12 04 10 "

Do NOT close the utility! | = -

Flash Beoards:; COM31 (ST DE)

2

16:17:31.612: Device COMS1 -> Flash Frogramming

‘ A&-IT:32.171; Device C{fm!il —= Hesd Soard Sterved
1£:17:32_£8%: Deviece COM31 —» Resd Soacd Znd
1E:1T:32_917: Dewice COMSL <> Flazhed ‘and Verified.

life.augmented




Ly,

ie.augmented

In

In order to have the terminal clean, go to

1 COMIL - Ferm Term VT

File [Edit| Setup Contral Window Help

Clearscreen

Clear buffer

Cancel selection

Select screen

Select all

L f#R

Gyroscope:
rature:

'erable with

oK

MAC:

ef:db:32: 22




Reconnect the serial terminal

1. Click Setup -> Serial port...

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

Vi Tera Term - [dizcon Port: coM31  ~| oK
File Edit [Setup| Control Windew Help Baud rate: 115200 -

Terminal... Data: 8 bit - Gancel

Window... Parity: \none: -

Pt Stop: 1 bit - Help

Kevboard... _ .

Flow control: none ¥ ‘
Serial port... c
Transmit delay
0 msecichar 0 mseclline




Push on the daughterboard -> LED blinking Blue

HT COMS1 - Tera Termy VT
File Edt Setup Control Window Help

i STEURL-BCNAA2UL HiEH

Scan for sensops:
— Accelerometer and Guroscope: OK
— Pressure and Temperature: QK

— Humidity and Temperature: QK

— Magnetometer: QK

— Proximity Sensor: QK

SENsOPr 1in oW power mode - UK

Battery voltage is 3. 3iv: O

Device is now discoverahle with MAC: 89:56:31:45:5¢c:F2




Connect using the ST BLE Sensor App

0 “Kill” e Tap e Select your
the BLE Sensor app “Connect to a device” STEVAL-BCN002V1
wl Verizon LTE 17:43 « @ % 99% (W= 4 :0;;::an LTE De‘l:’i:jes @ T3 BS%;!
ik
( N
\ Connect to adevice)
----- @

AAAAA

SSSSSSSSSSS

vvvvvvvvvvvvvvvvvvv

: datton and
" then swipe to top




Visualize Single Tap Event in ST BLE Sensor

Select
PRaRT TR Tap “Single Tap” Enabled

“Event Enabled”  and hit“Select”  «Single Tap”
Select S e — ,

11 L) i— Select the event to detect { Devices i
Acc Event

11111 @ 7 3§ 85% W

Single Tap

1024.14 mBar Not Present




Event Detection

1. On the board perform a

Single Tap
2. Send BLE notification Sinale T
packet Sye 1ap.
(@)
Notification
Packet
—
‘SINGLE TAP’
Tap gently on the board # & 0 s om

)
&



Tera Term output

-

y ee  a s W COMA1 - Tera Term VT
« “AccEvent Notification ON”: el
File Edit Setup Contrgl Window Help

enable notifications on the S
— AccEvent Notification OFF
Accelerometer Event characteristic (I e I

Event: 6D Orientation

« “Enabled Slngle Tap Detection™: [HENSIEE Multiple Event Detection

user enables Single Tap event IEnahled: Single Tap Detection
Fuvent: Single Tap

detection Event: Single Tap

Event: Single Tap

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

event.

‘, NOTE: if the phone display enters sleep mode, the notifications are not sent

ie.augmented



LSM6DSO Embedded Events

Other possible

No event

Free fall

embedded events

. Verizon 1021 @ 1 % 85% Wl

Select the event to detect

®

0“3':‘

Single tap

N

d‘.-v"?:"

Free Fall

Single Tap é Wake up ) Tilt
Double Tap .;m-:: CEr -lm‘: ;m“:"‘ G
= !
Salest g A
Cancel
e § - # = & 8 -

Pedometer

& Dovices

:
.

Lol O S

WakeUp
example

Lys
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Visualize Hardware Wakeup Event in BLE Sensor

esscu TIM 2 6:53 PM 7} 95% .

C_/ vices i
/ == | Select e -
~ i F [Evenl Enabled: Wake UD]

“Acc Event”

1024.14 mBar Not Present

S A ;
‘. ‘; == g “ee
e - )

Evwromanta Sersor Fusion Dot Featyre\oaey dcogrion Mote




Event Detection

1. Leave the board still for a few seconds

2. Shake the board
3. Send BLE notification packet

(@)

Notification
Packet

—
‘WAKE UP’

Wake Up

£ Devices

r-.

7§ 96% m

s‘_‘“j




W COMEL - Tera Term VT

« “AccEvent Notification ON”’: enable
notifications on the Accelerometer Event
characteristic

Fvent= 60 Urientatlion
Disahled: Multinle Fuent Detection

« “Enabled Hardware Wakeup”: user _ Enanicd: Hardiars Wilenn
enable hardware wakeup event detection  Hdeare Daaeur
7 IZ : Hard e Wak

- “Event: Hardware Wakeup’: the actual : Hardware Wakeup
BLE notification packet sent upon e

detection of the Hardware Wakeup event. : Havduars Wakeup

Harduare Wakeup
HccEvent Motification OFF

Lys
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LSM6DSO Embedded Events

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

Other possible Noevent  Freefal  Single tap
embedded events : o :

® LN

W & @ - -

CE

7 3} 95% -

Select the event to detect

Double Tap

Wake Up

- v

Pedometer

£ Duvices

B L

Cancel ‘5)




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
« Qutput: 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 BLE Sensor app client

gmented



Sensor Data Fusion

1. Enable Sensor Fusion

library

. Send quaternions
information through BLE
notification packet

(@)

Notification

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




Code modifications

. Modify advertising packet

Enable Sensor Data fusion library
Enable proximity sensor

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



Sensor Demo reference application

Fravay vavs =1 ]|

= ¥ Project BLE_SensorDemo

l i [ BlueNRGL_Periph Driver
. = | Platforms_Layers
Now we go back again 3 o come
] sDK_EVAL Config.e
K ] I Vl L Li] SDK_EVAL Button.c
] sDK EVAL DCc
to Kell uvision - S
[ Hrs22te
1] us2mpLe
[ Lpsz2HB.e
] LPS22HH<
1 LsmeDsLe
L] LSMEDSO.c
@ (3 Startup
=D User
] BlueNRGLite
L] gattdbie
] sencarc
L] SensorDema_main.c
|1 HWAdvanceFeatures.c
= 3 Hal
@3 Stack
& [ OTA
3 Visux
[ [ MationFX

@ (3 BlusNRGL_BlueVaice Library E
‘, I i Eeroject [ @ eoons | 1) sunctions | Dy Teniplates

life.augmented




L5 STEP1: Modify advertising packet

Froject
= *i% Praject: BLE SensorDemo
sy Release
W [ BlueMRG1_Periph_Driver
@ [ Platforms_Layers
L Startup
El T User
L] BlueNRGL_jt.c

L] gatt db.c

1] zensorc

_] SensorDemo_main.c
|_°>| HWAdvanceFeatures.c
|j hw_config.c

L Hal

@l [ Stack

E - OTA

m [ VLS3L1X

"I w2 MotionFX

life.augmented & -D E’EUENRGi_EFUEvDEEE_LEb[ﬂfF



BlueMS

ST BlueMS Protocol

Len Type F:,frt;gﬁ' Del‘l')'ce F:nzt:;e Device MAC Len Type LocalName Len Type Pwr

ADPCM| Switch | ADPC Mchevell Proximity Lux

IRECI R N oxFE

Acc - Gyro ‘ Mag Pressure  Humidity = Temperat Battery | 2nd Temp

mnmm 10 3| R

Beamform| AccEvent FreeFall | SensFusC

4|3 | 2 | 1|0 [N

SensFus Compass MotionInt Activity  Carry Pos MemsGes ProxGes Pedo

4 Bytes

0x22

uugmemed



STEVAL-BCNO002V1 Block Diagram
4z )

- Matching
__ Network™

BALF-NRG-02D3

Integrated balun

TES

| UART RXline user button

= ° PDC
LisamoL B BiueNRG-2
= nd

magnetometer
Blu

RGB D

MP34DTO05-A

microphone
400
kHz

connector

VL53L1 4

time-of-flight proximity

7
=
o

Lys
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L5 STEP1: Modify advertising packet ___

Modify the Feature Mask in the advertisement payload

In the file Sensor.c and go to line 423, 424, 425 and 426
Modify line 423 Feature Mask byte#1 from 0x20 to 0x22
Modify line 424 Feature Mask byte#2 from 0x9E to OXFE
Modify line 425 Feature Mask byte#3 from 0x04 to 0x05
5. Modify line 426 Feature Mask byte#4 from 0x00 to 0x40

411 [Hwoid Set DeviceConnectable (voild) {

Db

] sensor.c

412

413 o nint® t manuf data[26] = {

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

415 Ox0R, O0x00, /* Transmission Power = O dBm =/

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

417 ox09, /= LD type Complete Local Hame =/

418 HNAME ATIMEMS, f* Local Hame */

419 13, /* Length of AD type Manufacturer info */

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

421 0x01, /% Protocol wversion */

422 Ox05, /% Device ID: 0x05 = STEVAL-BCHO02V1 Board */

423 0x22, /% Feature Mask byvte#l) LRE3 O0x20 (LED) / LLES

424 OxFE, /% Feature Mask byvte#Z| LLE4 O0x%E (Roc+Fress+Hu
‘,’ 425 0x05, /% Feature Mask byte#3| LLE4 0x04 (AocEvents)

428 0x40, /% Feature Mask byvte#4) LLES 0x40 [(eCompass) */
life.augmented = ——

427 0x00, /% BLE MAC =start =/



Build the new code

Mid e o Tk

1. Click on the Build button (top left corner) File Edit View Project Flash Debug Peri
or hit F7 on your keyboard N da@# = A9 |

2. In the Build Output window (bottom) wait - =fi &)/} e | ¥ | Rejease

for the build to be completed. Puoject | 2] Busia 77)
« BLE_SensorDemo.bin created =92 Bulld target files jno
* “0 Error(s), 0 Warning(s)” message appear i Release

Build Output
s g v15311 wait.c...

compiling v15311 register funcs.c...

compiling v15311 platform.c...
linking...
Program Size: Code=121908 RO-data=1428 RW-data=1136 ZI-data=21252

FromELF: creating hex file...
After Build - User command #1: fromelf.exe —-bin ..%W..%..\..%W. . N OAE S ) ]LE_SensorDemn.axf ——output ..%..\..\.. .\ A R \Hand2On\BLE_SensorDemo PrjCutput\BLE_SensorDemo.bin

"o AL v AL L\HandsOn\BLE_SensorDemo PrjCutput\BLE_SensorDemo.axf§" - O Error (s), O W;ming (s).
Build Time Elapsed: 00:00:12

Lys
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1. Go back to

2. Click on the

Ly,

augmented

Wl COMSE - Tera Term VT

Eile | Edit Setup Captrol
Mew connection..,
Duglicate session

Cygwin connection

Leg..

Show Log dialoc
Send file..
Transfer
SSHSCP..
Change directary...
Replay Log...

TTY Record

TTY Replay

Print...

Window Help
At
Al+D
Alt+G

1Do NOT close the

terminal!

Alt+P

Dizconnect

Alt+l

LATE

Feiza AT

AT




Re-flash the BlueNRG-2

1. Go back to the BlueNRG-2 Flasher Utility

"5 BlueNRG-1.2 Flasher - Uity 1200 o
File | Tools | Help

Selectimage file | No Image file Inaded,

Flash from Addresss | 0110040000 [ P=en

UART SWD,

“Actions List of COM Ports:

| Stop |

|71 Automatic Mode {only ST DK) "] COMaL (ST DK)
(V] verify
|71 Mass erase

[¥] Lipdate Device Memory

Device
Flash Programming
| 0%
Device Memory | - |
Start Address 0y 10040000 Size 0x3000 | Read || Wi
0 1 2 3 4 3 (7
4l I i i
Log

ﬁ Load Log.i. 11 Sayelog..: J [ ClearLog ]

life.augmented R0, |

| 0%




Flash the BlueNRG-2 1/4

1. Select the COM port labeled (ST DK)

UART | swp |
Achons List of COM Ports:
)
Il AutomaticMade (only STDK) || 1] COM9L(STDK) |
9] verify




Flash the BlueNRG-2 2/4

1. Click on the Select Image file button

ixr BlueNRG-1_2 Flasher - Utility v2.0.0

b= il eiae | s

[| Select Imsge file ”Hn Image file oaded.

2. And browse the following path

{ETUH"J‘H.G_WE_HEH@H ¥ HandsOn » BLE SensorDemo_PrnOutput }

Lys
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Flash the BlueNRG-2 3/4

1. Select BLE SensorDemo.bin and click on Open

. Listings
. Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

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

| Select Image file | C:/BluehRG_Tike_HandsOn HandsOn /BLE_SensorDemo_PriOutput/BLE_SensorDamo.bin
Flash from Address: Gr00%0000 B | ]
‘Actions List of COM Ports:




Flash the BlueNRG-2 4/4

1. Flashing starts: green bar proceeding

[ Device BlueNRG-2 {max fiash address: Dx1007FF)

~—

| 2

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

Device BlueMRE-2 (may flash address: Dx1007FFFF)
Reading Memory COM91

o7 BlueNRG-1.2 Flasher- Utility

Device Memory COM31 | Imags File |

Start Address 0x10040000 1 A

Device COMIL > Flashed and Verified,

B ek 3

0x10040000 00 60 00 20 O
0x10040010 AA 55 55 AA 45 55 4C 42 00 00 00 00 00 00 00 FULSELLE

el0040020 00 00 00 00 00 00 00 00 00 G0 00 00 M 12 04 1D

Do NOT close the Utility! ||z crznsppprpuprnpp - i

Log

WLEETART FLASH ODEQATTION“#+
Flash Boards: COM3I (ST D)
16:17:31_.B1%: Device COMBYI <> Flash Frograsmming

‘,’ A6:17:32.171: Device C{fm!jl —> Reed Joard Stertved
1£:17:32_884: Deviee COMS1 —> Racd Soird End

16:17:32_317: Device COMS1 -> Flashed end Verified. |

life.augmented
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In

In order to have the terminal clean, go to

1 COMIL - Ferm Term VT

File [Edit| Setup Contral Window Help

Clearscreen

LClear buffer

Cancel selection

Select screen

Select all

. ##R

Gyroscope: OK

b, 29v: OK
erable with MAC:

ef:db:32:22:el:d7




Reconnect the serial terminal

1. Click Setup -> Serial port...

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

- Port | COMI] -
AR R i : - cK
e Baud rat 115200 '
: . P ———— aud rate: |
File Edit |Setup | Control Window Help
- ' Data: B bit - Cancel
Terminal...
Window... Parity: ‘ none: -‘
Font... Stop: |1 bit | Help
Keyboard... Flow control: ‘none - ‘
Serial port... a
' Transmit delay
0 msecichar 0 mseclline




Push on the daughterboard -> LED blinking Blue

¥ COMSYL - Tera Term VT
File Edit Setup Control Window Help

i STEURL-BCNBAZU1 HHH

Scan for sensors:

— Accelerometer and Guroscope: OK
— Pressure and Temperature: 0K

— Humidity and Temperature: QK

— Magnetometer: QK

— Proximity Sensor: QK

sensor in low—poweyr mode-= UK
Hatteamnn anltamse e T F1 = NW

Device is now discoverable with MAC: 89:56:31:45:5c:f2




Connect using the ST BLE Sensor App

© “Kill” the O Tap © select YOUR
BLE Sensor app “Connect to a device” STEVAL-BCNO002V1
il Verizon LTE 17:43 7 O % 99% ) o;-;.a\.::zan LTE D;:::es @ro% Ba‘x:h

Home button and

Kys then swipe to top



Sensor Data Fusion
@ @ ®

Swipe left to view the “Mems Sensor Click on Sensor Fusion
Mems Sensor Fusion Fusion” tab OK
'iasxr- #0000 Varizon LTE 10:39 fi--v-:lsax,- ‘

il A ~
- -K
/ /‘v ‘( \’JI

3570°C ‘_' To calibrate, move the board as
3250°C Not Present ! ( Q ‘H shown in the image k
To calibrate, m
shown in the image i
Ok

ove the board as
v I

1013.73 mBar 51.50 %

® w @ O - # & @ o # W oa O




Proximity Sensor
@ L2

Enable Proximity Far from Near to
Sensor BlueNRG-Tile BlueNRG-Tile
s a e et
Move your
hand far and
close to the A\
BlueNRG-Tile
il ﬁ-h-- bt w 6. ‘;‘ o =
@~ =

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

lite.augmented



Proximity Sensor - VL53L1X

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

Product highlights

OLGA: 4.9 x 2.5 x 1.56 mm
FoV : 27°
Compatible footprint with VL53L0X

Enhanced performances:

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

Cutting-edge module and silicon :
» Fastest miniature ToF product in the market up to 50Hz

* Integrated lens for longer 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

.

f

Applications

Presence user detection

* Autonomous mode with interrupts

* Low-power

* Long distance 400cm+

« PC, tablets, 10T, portable handsets, security

Obstacle detection:

» Robots: Obstacle avoidance

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

Accurate objects distance scanning
* Vending machines: control of objects in racks
» Coins dispensers: coins counting

* Smart shelves: Consumer scanning

Lys

life.augmented




Full-range Proximity R
@

“Plot Feature”
tab

Swipe left to view the

real-time data plot Pr

Select

eal-time Data Plot
&) L3 0O

Selectthe  View the

oximity  time frame real-time

data plot

Pl i i S CEREY 8 s i  § 95y .. 3 71% -
s [ a2
R e = = Select the feature to plot Select the time scale e [
i
§
Accelerometer N
! Proximit 5s S Err
H y i
g - SU I—
i |
i ) ] ) : ) Proximity (mm)
* Tele Ts:64308 Proximity:104
# Ow E O # @ o = w0 | cence # & & O




Logging Real-time Data Plot
o o o

a After some time
Select re-click on the Select App opens your
email client

“Start logging” (ight-top corner “Stop logging”

ssec0 Verizon LTE 09:37

Click on
top right corner

09:37 & 1} 95% . T
m‘l/

Stop plotting Accelerometer

& % ooumm.
¢ Devices m

Stop plotting Accelerometer

esecc Verizon LTE

{ Devices

® 1 0% co%m

Cancel [ST BlueMS] Logger data

CeiBee

Subject. [ST BlueMS] Logger data

'3 a o - T
Enviromental PloL Doty Cloud Lbaging Act Hyent Hygi & Battes

Lys

life.augmented

Start Logging

Show Debug Console

License Manager

Stop Logging

Show Debug Console

License Manager

+ ¥ Firmware Upgrade Firmware Upgrade i
g 8 % =
Settings Settings
Ts:44136 X: 269.00 (mg) Y: 220.00 (mg) Z: Ts:44136 X: 269.00 (mg) Y: 220.00 (mg) Z:
-695.00 (mg) -695.00 (mg)
Cancel Cancel i

20180319_.roscope.csv

\

.csv files attached

to the email



Sensor Data Fusion
Try static position: no drift, the cube is perfectly still

Sensor Fusion « In steady static position the acc and mag enable an accurate orientation
enabled estimate

5| e« acc vibrations and mag bias and interferences are rejected or
compensated by the motionFX library

Try highly dynamic motion: perfect tracking
In high dynamic motion the acc cannot be used, therefore the gyro is used to
update the orientation

« gyro bias is estimated and compensated at runtime by the

motionFX library

o}
3
=5
a



Sensor Data Fusion
MotionFX library

Roll, Pitch | Yaw 5 63 User

@ ] BlueNRGL it.c
: @ [ gatt.db.c
Quaternion S e
i & [ﬂ SenzorDemo_rnain.c
Headlng 3] I_.] HWadvanceFeatures.c
WA Hal
=3 Stack

] libbluenrgl_stack.as
. . E-ﬂ;ﬂ stack_user.cfg.c
Linear Acceleration B bcriia
@ I OTA
i visaLxX
= & MotionFX

»
MotionFX
Magnetometer »
Sensor
@ MotionFX100_CMOP. Keil_ot.lib

Gyroscope »
= | BlueNRGL_BlueVoice Library

r ] blueveiceADPCM_BMRGL_100_Keilfib
> /4

life.augmented

Fusion Gravity Vector

33333




Sensor Data Fusion
MotionFX library

» Roll, Pitch

MotionFX [ 2

=

™ revty veotor
=

- Accelerometer gives roll and pitch angles and the gravity
vector...but only in static conditions! (or low dynamics)

Lys

life.augmented

Accelerometer »

=

Sensor
Fusion




Sensor Data Fusion
MotionFX library

Yaw

=

Accelerometer »

MotionFX |[_Z

= ST
=

Magnetometer »

=

Sensor
Fusion

=

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

Lys

life.augmented




Sensor Data Fusion
MotionFX library

=y Fol, Pich | Yaw
= BT
= "

= IR
=~ L ox Focorraion.

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

Lys

life.augmented

=

MotionFX

Sensor
Fusion




Sensor Data Fusion

MotionFX library

» =Y Roll, Pitch
MotionFX L4 Quaternion L

R0 = R = ST
Fusion » Gravity Vector
» » Linear Acceleration

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

Accelerometer vibrations rejection.

- @Gyroscope bias offset compensation.

o -

® w a O




The gyroscope is the most important sensor in the system
...works in highly dynamic conditions when the Acc cannot be used G y rOSCO pe

...works with magnetic anomalies when the Mag cannot be used

‘—, T2 LSM6DSO
LSM6DSO is an inertial module with Acc and Gyro o e e e
- Exceptional noise performance for maximum SE .|
. . . " " (25 %3 x 083 m 00 The LSMEDSO Is a system-n-package fRaturing a 30
accuracy In orientation estimation — e
90 ug/sqrtHz acc noise density . PvemmosmnGro.  Telsoupmmnconmeas
3.8 mdps/sqrtHz gyro noise density | e e g T
E %ﬂﬁlqgmmmm %:%%m
- Extremely low-power ¢ sy e 1713 o LTy
* 650 uA peak power at ODR 6.66kS/sec with P —— ST
Acc+Gyro in high performance mode! " T e yenese s s
- B
e S e e S
mmmw LSMEDS0 Is avalladle In 3 plasticland gnd amay (LGA)
+ Embedded lemperature s2nsor package.
+ ECOPACK®, RoHS and "Greenr complant Table 1. Device summary

Lys

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

lite.augmented

Magnetometer

r LISZMDL
’I o .augmented

Digital output magnetic sensor:

ultra-low-power, high-performance 3-axis magnetometer
Datashest - production data

Description

The LIS2MDL is an ultra-low-power, high-
performance 3-axis digtal magnetic sensor.
The LIS2MDL has a magnetic fiedd dynamic
range of £50 gauss.
The LIS2MDL includes an FC serial bus interface
that supports standard, fast mode, fast mode

plus, and high-speed (100 kiHz, 400 kHz.
1 MHz, and 3.4 MHz) and an SP1 serial standard

LGA-12 2.052.0x0.7 mm)

Features interface.

= 3 magnetic field channels mdevucanbeomﬁguredtomm

« 50 gauss magnetic dynamic range pt signal for magnetic field L

« 18-bit data output The LIS2MDL is available in a plastic land grid

5 5 . amay package (LGA) and is guaranteed to
SPINAC serial interfaces AT e

« Analog supply voltage 1.71 Vio 3.8V from <40 *C to +85 °C.

« Selectable power mode/resolution .

« Single measurement mode Table 1. Device summary

* Prog ble interrupt generat patnumber | T®MP- | package |Packaging

range [*C]

= Ewbeaied wetant LIS2MDL 20to+85 | Lea-12| T

« Embedded temperature sensor = 3 =,

« ECOPACK®, RoHS and "Green” compliant LS2MOLTR | 40tos8s | LGA-12 7"::“

Applications

« Tilt-compensated compasses

« Map rotation

= Intefigent power saving for handheld devices
= Gaming and virtual reality input devices




Magnetometer

Calibrati =
acoos Verizon LTE 10:39 @ 0§ 56w wa0o0 Verizon LTE 12:28 @ 1 8% 70K
< i £ Devices M

=\

CG

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

Reset ©Froximit Ve

¥ w G o - h(/y\-

E N S Fusn 3 i 0
~

Calibration is Completed
when the icon becomes green.

Move the BlueNRG-Tile with the

“8 pattern” shown in the figure
to calibrate the magnetometer



Magnetometer

Calibration

Before calibration,
data not centered

Each magnetometer has intrinsic offset:
this is compensated internally

500 -400 -300 -200 -100 O 100 200 300 400 SO0
MAG_Z

After calibration,

data centered: Higher precision in
hard-iron offset the compensation!
subtracted

What if magnetometer is
NOT calibrated?
Not accurate eCompass

life.augmented



Magnetometer eCompass

= = e .
| o ) Rotate the BlueNRG-Tile
€ compass I € compass ]
L & i Batte p n)'(:.’r-; % )
o R R L ¥ & & o - v % Angle-::&gzo %‘
4 B . (you can check against the

f Select Red arrow is related to phone eCompass)
Tap . , the current orientation

re Compass™  of the BlueNRG-Tile



Swipe left to view the
real-time data plot

“Plot Data”

Feature tab

Real-time Data Plot

Select the
sensor data to
plot

1 Verizon LTE

] 86%

Select the
time frame

View the real-
time data plot

wesc Verizon LTE 09:38 R & 4 % 95% .- ee00 Vorizan LTE 09:36 @ 1 § 05 M on TE 09: G 1} 9% m.s
{ De 0 Select the feature to plot Select the time scale { Devices 0
Sel t Stop
¥l
i1
" Y IOSCOf 2 gl
2 Accelerometer Bs ]3 [
i = w ) t
R 1
! |
1 I
I 1
g § g i
|||||||||||||||||||||||||||||||||||||||||| X —yY —2
Ts:44136 X: 269.00 (mg) Y: 220.00 (mg) Z:
Select Select -695.00 (mg)
# & O = W Cancel Cancel ¥ & O = m

life.augmented
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Logging Real-time Data Plot
o o o o

_ T After some time
Click on |__—| Select re-click on the Select App opens your

top rightcorner_/ “Start logging”  right-top corner  “stop logging” email client

‘esecc Verizon LTE 08:37 & 4 % 95%

weeuc Verizon L 09:37 @} 95 - n LTE 14:26 & 7 @3 5% M

< Devices il £ Devices i Cancel [ST BlueMS] Logger data
Stop platting Accelgrometer Stop plotting Accelerometer
g E CefBec
Subject [ST BlueMs] Logger data
I !

SEFER

]

201803191 _rometer.csv

[EETS
oomee

Start Logging Stop Logging

Show Debug Console

Show Debug Consele

License Manager License Manager

| Il
8§ § ° 3 & Firmware Upgrade
X"l —F

Firmware Upgrade i

X —Y —Z

Ts:44136 X: 269.00 (mg) ¥: 220,00 (mg) Z: Settings Settings

-695.00 (mg)
# @ O = w
£ “l Piot Data S0 Lon0ing. Ass Byt Rest A Bater

T5:44136 X: 269.00 (mg) Y: 220.00 (mg) Z:
-695.00 (mg)

.csv files attached
KYI

to the email

Cancel

life.augmented



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




Lab 6
Cloud data logging on IBM Watson

life.augmented



Cloud Logging

1. Enable IBM Watson loT — Cloud Logging
2. Send BLE notification packets on Sensor status
3. Visualize the data

= @ + } 84y >
€ Devices M
? — ?_—-—E Select the cloud provider
——— b} [ IBM Watson IoT - Quickstart h ((( 9 )))
\ I IBM Watson IoT
-5 b hboard 1£3 H .
AR - Notification GO
Azure loT _A? A ‘
Packets gl 78
Generic MQTT ‘ i I At P £
IBM Watson AR e
Aws loT focasRE g | [ E ifg
“‘i‘i'-. 23 ” .
= i&i ool = 47 '.
g Sl : | S
Pme N
\ d &
\ | 2
o et
Lyy ¢ afa]- =
oud
life.augmente:




Code modifications

NO MODIFICATIONS NEEDED!



IBM Watson loT Quickstart

2. Select “IBM Watson 1. Selectoneor —

H 7 - “ 7] . -
loT - Quickstart Click “Connect multiple features Wait a few seconds
#0000 Verizon 10:50 @ 7 3 84% > eeeco Verizon LTE 15:46 @ ¥ 0} 60y M eee00 Verizon LTE 15:51 @ 7 o} 69% M 90000 Verizon = 10:52 @ 1 % 83w
< Devices M ¢ Back 1BM Watson loT - Quickstart { Back IBM Watson loT - Quickstart < Back Cloud Data
Device Id Device Id
Select the:cloud provider BCN-034_571EBF BCN-034_571EBF
g IBM Watson loT - Quickstart ] ( Connect ) Disconnect
IBM Watson loT Battery A
Azure 10T - ST Web Dashboard ( Temperature O )4—
Azure loT Humidity
Generic MQTT Pressure 7 |'\:_
Aws loT ( Accelerometer 0 )4—
113
1. select “Cloud
= 9
Logging
( View Data on Cloud )1-
& &4l © = @D *® &4 O - D ¥ a O w D & & O - D
nuitomental__elot pata | Cloud bogaing | sce £vent  Rssi & Battry nviromenta tData  Cloud Logging cEvent  Rssl & Batter t Cloud Logging  Ace f S Ehiks

L — " 2. Click “View Data
!Im on Cloud”



IBM Watson loT Quickstart

Quickstart will You will see the Plot  Table of available
appear of selected feature features

eec00 Verizon UTE 16:54 @ 7 p 72% . #5000 Verizon LTE 16:54 @ o R 72y - wo000 Verizon & 10:52 @ T % 83% mm) *s000 Verizon LTE 16:55 @ 7 R 71% ..
< Back Cloud Data < Back Cloud Data { Back Cloud Data < Back Cloud Data
— Biue034 | 5 Ne034 CIBEDS
IBM Watson loT Platform = l Ele? I ! . | Bue0a4 caseps
; 10
® |ast message received at 4:54:57 PM [ ® | ast message received at 4:55:22 PM
BQui ‘
Quickstart u
No sign-up required to see how easy it is to connect [3106034,03BED5 Accelerometer.Z ] T T T T T T T Blue034 _C3BED5 Temperature.Temperature
your device to Watson IoT Platform and view live 19522 Tofen tomadt
sensor data
7] Event Datapoint Value 7
2034 ( 600 2894 ]
400 Accelerometer z -1021 sapH 4
® Last message received at 4:54:31 PM 200 /
S c ro I I d OW n o4 Accelerometer Y 12 287 | f L
‘to See o u r 200 f Accelerometer Timestamp 67589 #287
Blue034_C3BEDS Accelerometer.Z - v 2 | \
= S e I e Ct e d -600 Accelerometer X 31
284 - | G-
-800 4 |
Se n SO r p | O t Ao f Temperature Timestamp 67600 2834 /
Bl Temperature Temperature 292 Bttt
400 MOt T T T T T T T T T U L L L L L L L L L)
16:54:40 16:54:46 16:54:53 16:55:06 16:55:12 16:55:18
500
I've seen my data, what next?
600
= Event Datapoint Value - . P Event Datapoint Value
PS5 a O w D ® - O CO ) o & ©O w @D L3 @ ©O = D
Envicomental  Plot Data Cloud Logaing vent  Rssi & Battery viromenta ot Data  Cloud Lagging  Act Event  Rssl & Batter Envierart fiData  CloudLogging ot sl & Battery EritGmat ot Data  Cloud Logaing  Acc Event  Rssi & Eattery

‘,I Scroll down again to

ife.cugmented change sensor data or axes



Lab 7
Bonus Lab — Voice over BLE

life.augmented




* 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
* Qutput: ADPCM data streaming @8kHz

« Send ADPCM data through BLE notifications packets to the
ST BLE Sensor app

gmented

Goal



BlueVoice library

. 1. Enable BlueVoice library
i . 2. Send voice to the ST BLE Sensor app client
through BLE notification packet
Codec: ADIiv'I - "
P . (@) X
Notification ( ‘
A IRy Packet (
—
\ / ADPCM = )
compressed audio MEMS
Microphone




Code modifications

1. Modify advertising packet

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



Sensor Demo reference application

[ é # Project: BLE_SensorDemo

I i [d BlueNRGL_Periph Driver
= = Platforms_Layers
H L] SDK_EVAL Comi.c
Now we go back again 3 S o
] SDK_EVAL Button.c
= = = [ sok EvaLpCc
to Keil uVision 3 e
1 Hrsaate
] USZMDLe
1 LpszzHBc
] LPS22HH:c
1 LsmepsLe
L] LSM6DSChe
@ (3 Startup
== user
] BlueNRGL ite
L] gattdbe
] sensarc
L] SensorDemio_main.c
|1 HWAdvanceFeatures.c
=3 Hal
@ 3 Stack
&3 OTA
@ (3 vissUR
[ MationFX
¥ 3 BlueNRGL_BlueVoice_Library &

I [Elprojeet | @ soons | 3 Functions | Dy Tenipintes

Lys
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L7 STEP1: Modify advertising packet

Froject
=i Praject: BLE SensorDemio
=3y Release
@ 4 BlueMNRG1_Periph_Driver
@ Platforms_Layers
w0 Startup
-3 User
L] BlueNRGL it.c

att db.c
1] sensorc

] SensorDemo_main.c
] HWAdvanceFeatures.c
i hw_config.c

E i Hal

@ [ Stack

w G OTA

@ [ vLs30X

‘,’ [ MotionFX

life.augmented @ 1 BlusMRG1_BlueVoice_Library




ST BlueMS Protocol

BlueMS 4 Bytes

Type Frowocol Del‘gce F:naat:;e Device MAC Len Type LocalName Len Type Pwr

RFU | ADPCM || Switch I | ADPC IMchevell PrOX|m|ty| Lux

mnnmnn

Gyro Pressure Humidity = Temperat Battery

mnnm 10 3 | .

Beamform| AccEvent FreeFall | SensFusC

4 | 3 | 2 | 10 PN

SensFus Compass MotionInt Activity  Carry Pos MemsGes ProxGes Pedo

Ox6A

OxFE

2nd Temp

life uugmen’red



STEVAL-BCNO002V1 Block Diagram

'a
7
DS
IRQ|
[ )
e IRQ
400
kHz
\

| Integrated
antenna
~ Matching
Network’
BALF-NRG-02D
TES
Rl -
B - A
O O

~

UART RXline

B ADC

/1.6 MHz—




L7 STEP1: Modify advertising packet ...

Modify the Feature Mask in the advertisement payload
1. In the file sensor.c and go to line 423
2. Modify line 423 Feature Mask byte#1 from 0x22 to Ox6A

| sensorc

411 [Hwoid Set DeviceConnectable (void) {

412
413 4 uintg_t manuf data[2&] = {
414 2, /*% Length of AD type Transmi=ssion Power =/
415 Ox0Rh, O=x00, Jf#* Transmission Power = 0 dBm */
416 8, Jf#* Length of AD type Complete Local Hame #*/
417 ox09, f# LD type Complete Local Hame */
418 HAME ALLMEMS, f#* Local Hame #*/
419 13, f#* Length of AD type Manufacturer info #/
420 OxFF, Jf# LD type Manufacturer info =/
421 oxo01, /#* Protocol wversion */
i snkibisinieiny - = EVAL-BCHOO0ZV1 Board */
423 Ox&L, /% Feature Mask byte#l] LLE3 Ox20 (LED) / LAEGS |
T URCE, 7= FEacure Has viese: LAB4 0x9E (Acc+Press+Hu
r 435 0x05, /* Feature Mask byte#3: LAB4 0x04 (AccEwvents) /[
,I 426 Ox40, J/#% Feature Mask byte#d: LAES 0x40 (eCompass) #/
life.augmented 427 0=x00, /% BLE MAC =tart */



L7 STEP2: Enable BlueVoice library

Add the preprocessor symbol ENABLE AUDIO to the project
1. Right-click on Release
2. Select “Options for Target ‘Release’...”

K C:BlueNRG _Tile_HandsOn\STEVAL-BCNODZV1 DK 3.0.0\BlueNRG-
File Edit View Project Flash Debug Peripherals Tools

NEHdd z @9 -[e [pErna
%‘%’“ Jﬂ e @ =3 | ?‘ﬂ Release |E] .&| &
Frojedd 2=l h[
= %8 Project BLE SensorDemo | i
=D Re
‘ -1 . Dptionsfor Target ‘Release’.. ﬁ.ﬁ;ﬁ |
= L? ' Add Group...
- '
e 7l dh Manage Project ftems,.,
Open Map File

@ Open Bulld Lag
G| [ Rebuild ail target files
w L [#] BuildTarget F7

- : | —
I: L-|\"r | Show Include File Dependencies



L7 STEP2: Enable BlueVoice library ___

In the project options:
1. Go to the tab C/C++ and then in the Preprocessor Symbols

2. Set the symbol ENABLE_AUDIO= 1 and then click on OK

l Optians for Target ‘Refease’ E
Device | Terget | Output | Listing | User | C/C++ ||\m1 | Linker | Debug | Litties |
~ Prepmecessar Symbols
Define: [{=SMPS_INDUCTOR_10uH SEND_N_QUATERNIONS=1 ADC_2411=1 DEEUG:'[lﬂm l
Uridefirie: |
i
Language / Cade Ganeration
I | I ExeoutsonlyCode [~ St ANSIC Warmins:
| oo [ow3ion =] [ EwnGroreivasn Vs ]
) W Optimize far Time I™ Plain Charis Signed [T Tl Moids
| ™ Splf Load and Store Multipls ™ Read-Only Postion Independent ™ No Auto Includes
i ¥ Oire ELF Section pér Funiction [™ ReadWnie Postion Independent. W C33 Mode
| lrig.’::ﬁ [0t 3\ ALbrory Blue NG _Petbh_Dvering: .\ .\ \Lbrary CH1S Device 5 Bk .|
| Mise
| Controls
Compiler |
W) f‘Llhraw‘E*ueNRﬁT Féﬂph Diriver/inic - |
aing | -
life.augmented oK I Cancel Defaults. I Help |
[ ‘-



Build the new code

lash  Debug  Peripherals Tools
New Lyisian Project..

As we have modified the
preprocessor options it's

Mew Mutti-Project Warkepace,,,

recommended to clean all the _w:: | e
. . . . | Project: BLE.
previously compiled object files G149 Relesse| Bipat
= Etfuf':; Manage
B L.r Platf

1. Click on Project j m
2. Select Clean Targets

5 _ﬂ cﬁl?‘\ Options for Target Release .,

1_g Clean Targets

| 5] Build Target
25 Rebuild all target files
@ Batch Buiid,..

. M . .1
I’_TE.I’_TL.L

|.
|.|
L




Build the new code e

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

2. Inthe Build Output window (bottom) wait
for the build to be completed.

« BLE_ SensorDemo.bin created
* “0 Error(s), 0 Warning(s)” message appear = 47 Release

File Edit View Projed Flash Debug Peri
: LA | -

: Release

[no

11ing vl ter funcs.c...
compiling v15311 pl tform.c.

linking.

Program S e: Code=121908 RO-data=1428 EW-data=1136 ZI-data=21252

FromELF: creating hex file...

Lfter Build - User command #1: fromelf.exe —-bin ..%W..%\..%..%W..\. .\Hand_“__ . LE_SensorDemo.axf --ocutput ..%..\..%..\...\HandsOn\BLE_SensorDemc PrjOutput‘BLE_SensorDemc.bin
"o Ov LA L L \HandsOn\BLE_SensorDemo_PrjOutput\BLE_ SensorDemc.axf"f- 0 Error(s), 0 Wa mlngt ). ]

Build Time Elapsed: 00:00:12

Lys
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1. Go back to
2. Click on the

Ly,

augmented

Wl COMSA - Tera Term VT

Eile| gdi; §.Etup Cantrol
Mew connection.,,
Duplicate session

Cygwin connection

Leg..

show Lag dialog
Send file...
Transfer
SSHSCPR..
Change directary...
Replay Log...

TTY Record
TTY Replay

Print..,

Window Help
Aft+M
Alt+D
Alt+G

1Do NOT close the

terminal!

Alt+-P

Dizcannect

Alt+1

Exit

Feizn T

ATt




Re-flash the BlueNRG-2

1. Go back to the BlueNRG-2 Flasher Uti ity

Lys
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"% BlusNRG-1. Flasher - Utlity 12200

=" g

File | Taols | Help

Seléct Image fle | Mo Image file loaded.

Flash from Address: | 010040000

Il mesh [ swp |

USRT | SWD

Actions

|7 Automatic Mode {only 5T DK}
] Verify

|71 Mass erase

[¥] Update Device Memary.

List of COM Ports:

[T coMaL (ST DK)

Device

Ftash P "

-|J 0%

Devicz Memory | TmageFile |

Start Address  5x10040000

Size 0x3000 [ Reas || wre

0 1

2 3 4 5 [

[ Load Log,i.

[ SaveLog I [ Cleartog ]

. Board: (/00 |

| 0%




Flash the BlueNRG-2 1/4

1. Select the COM port labeled (ST DK)

UART | swp |
Achons List of COM Ports:
)
Il AutomaticMade (only STDK) || 1] COM9L(STDK) |
9] verify




Flash the BlueNRG-2 2/4

1. Click on the Select Image file button
&7 BlueNRG-1_2 Flasher - Utility v2.0.0

b= il eiae | s

[| Select Imsge file ”Hn Image file oaded.

2. And browse the following path

[ BlueNRG_Tile_HandsOn » HandsOn » BLE SensorDemo_PrOutput }

Lys
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Flash the BlueNRG-2 3/4

1. Select BLE_SensorDemo.bin

. Listings
.. Objects

|| BLE_SensorDemo.bin

2. Click on the Flash button

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

| Select Inags file | C:/BlushRG _Tie_HandsOn/HandsOn/BLE_SensorDemo_PriOutput/BLE_SersorDemo.bin
Flash from Address: T];ﬁ-ﬁ:!hh-ﬁ-ﬂ I Flash :l | Steo |

rl -Actions List of COM Ports:
life.augmented



Flash the BlueNRG-2 4/4

1. Flashing starts: green bar proceeding
[ —— BlueNRG-2 {mak flash address: Dx1007F7F) ]

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

Device BlUeNAG-Z (max flash address: 0x LOOFFFF)
Reading Memory COM91

‘o7 BlueNRG-1.2 Flasher - Utility

Device Memory COM21 | Image Fle.

[ i Device COMIL -= Hashed and Verifizd, I
Start Address 0x100490000 .-'_LL . Read | Wi |
6 1. 2 3 ] ASCH =
| E
010040000 00 60 00 20 (@ s ||
010040010 AA 55 55 AA 45 55 4C 42 00 00 00 00 00 00 00 00 CULSEULE
0x10040020 00 00 00 00 00 00 00 00 @0 ©0 00 00 2 12 04 10
010040030 00 00 00 OO0 OO OO OO0 OO D7 06 Q4 10 /23 12 04 10 w E
u u
Do NOT close the Utility! | -
T — ++#ETADT TLASH ODZRATION++ 3z
Flash Boa=ds=; COMA1 (ST DE)
16:-1TF:31 _6iz:--Device COMS1 -> Flssh Programming ‘_
‘ 16:17:32 171 Devyice COMS1 -> Hesd Sogard Starced E
16:17:32 _8E84: Device COMY1 > Beesd Bosrd End |
life.augmented 1617332937 -Device COMS1 «<> Flaahed and Veridied. il




1. In In order to have the terminal clean, go to

1l COMEL - Tera Term VT =5 |
File [Edit| Setup Contral Window Help

. ##R

Gyroscope: OK

Clearscreen
LClear buffer

Cancel selection - 29V H OK
erable with MAC: ef:db:32:22:el1:d7

Select screen

Select all

Ly,
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Reconnect the serial terminal

1. Click Setup -> Serial port...

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

Port: | COMI] - o
VTR Teia Term = ldseonnected il : :
e i Baud rate: 115200
File Edit | Setup | Control Window Help _
s : o Data: B bit - Cancel
Termiinal...
Parity: ‘ none -‘
Window... : Hel
Stop: 1 bit - &P
e Stop 1 bi |
Keyboard... Flow control: |none > ‘
SEHE.[ pot 0 Transmit delay
0 msecichar 0 mseclline




Sanity Check on serial port

Push SW1 button on the daughterboard -> LED blinking Blue

¥ COMSY - Tera Term VT
File Edit Setup Control Window Help

#i4 STEURL-BCHAAZUL HEH

Scan for sensors:
— Hccelerometer and Guroscope: QK
— Pressure and Temperature: 0K

— Humidity and Temperature: OK

— Magnetometer: QK

— Proximity Sensor: QK

Sensor in Llow—pover mode: UK

HBattery vnltaoge iz 3 31wz OH

Device is now discoverahle with MAC: B89:56:31:45:5¢:F2

ie.augmented



Connect using the ST BLE Sensor App

0 “Kill” e Tap e Select your
the BLE Sensor app “Connect to a device” STEVAL-BCNOO2V1
all Verizon LTE 17:43 ¥ @} 99% (=) :-Ba \::zon LTE D:,:; i @roR 83%:

BCN-034
1A:A1:E3:3F:E7:E5

-----

atton and

‘YI then swipe to top




BlueVoice: voice over Bluetooth LE

Select Speak close to .
“BlueVoice” the BlueNRG-Tile
}n;ev::: TE @ E3 E }n;ev::: uE 10:43 T E] 15 .:,;:::: LIE 10:42 CRELE R E ( ( ‘
: :‘::::Mt : :::IEhMt Codec: ADPCM
$1 Bluevoice l $1 Bluevoice ] SaMDii;rg'req:BkHz o MEMS
g — rgp—— ek Microphone
a Compass a Compass
D Resia Batry 0 Res & Batry (if the mic captures the audio from
PR the phone speaker, a very high
pitch sound can happen!)

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

“ ‘ i o wen

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

Tap
Ky

life.augmented
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Voice over Bluetooth LE
.................... B

Generic Attribute “ Generic Access ‘ “ . . |t,S d VendOI‘ SpeCifiC
‘ GAP configuration

Profile (GATT) Profile (GAP) .
( Service!
Central (g Peripheral
(Master) (Slave)

GATT configuration

Attribute Protocol I Security Manager

Logical Link Control and Adaptation Protocol

Audio: exported by the Server

© m through 2 dedicated

. BLE characteristics

Bluetooth Low Energy Stack j Characteristic Voice Stre.ammg over BLE:
Audio @8kHz

T Codec: ADPCM
1 | Bitrate: 32kbps

Link Layer I Direct Test Mode

Physical Layer

1

|

I

i

|

Host-Controller Interface i
7 I

|

|

]

i o o o T o o o S o o

Lys
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BlueVoice ADPCM - Audio 8kHz

e
il

Advertise

Central (((ea ))) ¥ ’“-;@

Advertise

Discovery Mode

Connect Request

No acknowledge required for Notifications: )
Connection created

- OK for Audio streaming H — o Peripheral-to- Audio can be
.. Notification :

« Minimal Latency = Central half-duplex

+ Optimal Bandwidth communication

Notification

Voice Streaming Connection Connection Connection ~ Connection Connection
Event Event Event Event Event 2 k t / t

« Audio Format: PCM 16 bit @ 8 kHz 5 E i - < < ” packets/even
. ADPCM Compression @ 32 Kbps: | | ... ... 20 bytes/packets

Low latency and low complexity ng?io 100 events/sec

e

 Side Information at low data rate | k——————— e > _

enhances error resilience 10ms 160ms t

Connection interval ADPCM Synch interval

Lys 32kbps

life.augmented

I Audio Data Packet, 20 bytes B Sync Data Packet, 6 bytes




BlueVoice architecture

“Packetization” 5 5 User

] BlueNRGL _ite

i \ il |_1 gatt_db.c
ST d_lgltal MEMS BlueNRG-2 I}]--D SENSONG
mlcrophone @ |1 SencorDemo_main.c

I C] HWadvanceFeatures.c

. PDM - -1 Raw Data ar L T s S
Audio PDM to PCM . ADPCM , Server - TX =5 Stack
> Acquisition conversion | Compression 9B|llet%lﬂ!rl\ 1] libbluentgl stack.a
[ - ‘) E | stack_user cfg.c

— |1 liberypto.a
\ B 0 VIS3LiX
Bitrate 32 kbps K = & MationFX

| | MotionFX100 CMOP Keil ot lib
= 2 BluehRGL_BlueVoice_Library

Fm i - ] i 7 |1 bluevoiceADPCM_BNRGL 100 Keillib
S De-Packetization — s
Smartphone app (ST BLE Sensor app) &

wrj Client - RX Raw Data Audio PCM Serial Audio )
—[ \ )

I} ﬁ - ﬁ Out
GBBIuetongg Decompression USB, 125, ...

life.augmented



Customizing your design




STEVAL-BCNO002V1 Block Diagram

Matching
Network’

BALF-NRG-02D3

Integrated balun

UART RXline

IRQ ADC
LIS2MDL BlueNRG-2 RGBLED
magnetometer Bluetooth 5.0 Network and

12C
LPS22HH - Application processor MP34DT05-A

barometer microphone

HTS221 kHz
Relative Humidity & Temp. 12C connector

LSM6DSO 12C
accelerometer + gyroscope

: VI753L1 - I2C
time-of-flight proximity

Lys
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Enable/Disable Sensors & Libraries

- Dedicated structure “FeaturePresence” for enabling/disabling
sensors & libraries individually. File sensor.h at line 64

Eﬁlétypedef struct {

685 bool AccelerometerGyroscopePresence;
L1 bool MagnetometerPresence;

67 bool HumiditvTemperaturePresence;

68 bool PressurePresence;

69 bool ProximityLightPresence;

70 bool iNemoEngine:

71 bool Pedometer;

T2 } FeaturePresence;

- SensorScan() function set each field of the structure to false or

318 /{ Check sensor list
true. File sensor.c atline 319 & ===
320
321 // Configure discovere d sensors
322 if (xFeaturePresence.PressurePresence)
3z23 Init_Pressure Temperature Sensor();
. 324 if (xFeaturePresence.HumidityTemperaturePresence)

Dlsable the unneeded 325 Init Humidity Sensor();

326 if (xFeaturePresence.MagnetometerPresence)
. . . 327 Init_ Magnetometer():

Sensor for Optl mIZI ng the 328 if (xFeaturePresence.lAccelerometerGyroscopePresence)

329 Init_ Rccelerometer Gyroscope ()
. ' 330 if (xFeaturePresence.ProximityLightPrezence)
power Consu mptlon H L Init_Proximity Sensor():
Ay
S f/ Configu sensors in low power mode
lllll =.augmented 334 SensorsLowPower () !



BLE timings

- Advertising intervals:

« Dedicated APl aci_gap set discoverable(Advertising Type,
Aavertising _Interval _Min, Advertising Interval Max, ... )

* |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 at line 172-174

172 | #define BATTERY UFDATE RATE 1000 /f Firmed CDR @ 1 H=

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



HW modifications

* In this case redesign is of course necessary

- Schematics and Gerbers files:
+ online at www.st.com/bluetile #1%2  Functional description

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

Table 129. 10 functional map

* BlueNRG-2 pin mapping

Signal | Type | Signal ‘ Type | Signal
Check B I N RG 2 DS T bl 1 29 100 Vo GPIO D i UART CTS | 1O SPI LK 0 CPUCLK
¢ ec ue - at 1able 101 1o GPIO 1 0 UART RTS | 1D SPI_CS1 | PDM_DATA
102 | wo | ero2z | o | pPwMo | © | sPLouT O | PDMCLK
103 | wo | @03 | o | PwMi | 1 |  SPLIN ] .
104 1o GPIO 4 | UART RXD | 1O 12C2. CLK 0 PWMD
105 | wo | erios | o | uaRTTXD | 1o | 12c2 DAT ) PWM1
106 1w | R0 o UARTRTS | 1D 12C2_CLK I | PDM_DATA
o7 | wo | GPIG7T | | | UART.CTS | WO | 12c2 DAT o | Pom_clk
108 | wo | @Piog8 | © | UART.TXD | WO | SPLCLK I PDM. DATA
109 [ wo | eros | 1 | swok | 1 | sPN ) XO16132M
1010 w | ePIo10 | SWDIO o SPLOUT 0 CLK_32K
1011 i | eGP0 | UART RXD | 11O SPI_CS1 0 CLK_22K

1G12 aD GPI12 = - l{e] 12C1_CLK - -
’I 1G13 QD GPI 13- | UART_CTS l{e] 12C1_DAT - -

life.augmented 1014 1o GPIO 14 o 12C1_CLK t{e] SPI_CLK - -



Quick recap



DK 3.0.0 SW architecture

SensorDemo

s ™
LEstack ) owsis

Library )

.

p
BlueNRG-2_Peripheral_Driver Board Support Package

. Drivers J

~

/
BlueNRG-2
J
)

. HW Components

p
STEVAL-BCNOO2V1

Lys
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STEVAL-BCNO002V1 Block Diagram

4 )
Integrated
antenna
Matching
Network’
BA RG-02D
TES
LSM6DSO ; - UART RXline ar butto
accelerometer + gyroscope ] Ko IRQ ADC
agnetomete IRQ . )
D H on P34D10 &
400 1.6 MHz
kHz
Re e dity & [emp O eClO

Lys o
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State | Avg power cons .
Power consumption

stand-by 25uA
advertise 250ms 170uA
Battery notification 0.25mA
Environmental / AccEvents / LED control 0.3mA
Motion FX (Inertial) 1.4mA
BlueVoice 3.6mA
Motion FX plus Time Of Flight 8mA
BCN002V1 3V
60 [— ol I I | I I [ —
o o istantaneous
g co n nected o average
@ o
50 — 9_ g —
o =
S I
Q
40 — 6 —
5
g 30 — —
5]
3 20 environm. | N4ToF Accevent LEDctrl BlueVoice battery | -
0.3mA ‘ ‘ e |“ 03mA  0.3mA | 36mA 0.25mA
iy
10 ” i l 0 . —
|
° adverti motionFX dverti ‘stand-by
aavertise aavertise stana-by
‘ 1.4mA
,I 170uA | | | | | | | 170uA | | 25UA |
10 20 30 40 50 60 70 80 90 100

life.augmented
time [s]



Battery lifetime: CR2032

_ 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 27.5 hrs

Lys
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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

I"" EhafdRia] Fledye

5 R . 2. Select Device Manager

Q@v@ v Control Panel » All Control Panel ltems ¥ - ! - | by | | Segrch Confrol Pone o

T Adjust your computer’s settings Viewby:  Semall icons =
Divicss s Primter
Dl Presrmms ¥ Action Center =] Administrative Tools [ AutoPiay W Backup and Restore

n Bang & Qlufsen Audic Contral Panel 5'-&@ BitLocker Drive Encryption i v [W=SFY 2 2 [ Credential Manages

afl Program

Date and Time Ie Default Programs ':':’_"n Device Manager E!'.a Devices and Printers

!! D[‘;pla}' '@ Ease of Access Center F‘ Folder Optiens
Ia Fonts i Getting Started QG- HomeGroup % Incexing Options
Intel® HD Graphics "__3_T| Internet Options || Jva Z2 Keyboard
[ Location and Other Sensors _i Mail (32-bit) F Mouse :E Network and Sharing Center
Naotification Area Icons M Ferformance Information and Toals I! Personalization =] Phons and Modem
-.'@ Power Options [ Programs and Features & Recovery 8 Region and Language
%3 RemoteApp and Deskiop Connections & Sound .1-31 Speech Recognition @ Sync Center
1B Syctem J_ Taskbar and Start Menu [ Troubleshooting 3'!, User Accounts

r IE Windows CardSpace 48 Windows Defender ﬁ' Windows Firewall Lﬁ Windaows Mehility Center
'l Bl Windows Update

life.augmented




Open the Device Manager

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

i Davicr:- Manager
Fle Action View Help

&= I EH >R

[l SCZ20153 19017
# g Batteries
& & Computer
= Disk drives
.'% Display adapters
i % DWD/CD-ROM drives
®
H

| N

5 Human Interface Deviess
& IDF ATA/ATAPI controlers
E -§ IEEE 1334 Bus host controllers
m% Imaoing devices
#== Keyboards
&l 5] Memory technology driver
Mice and other pointing devices
{5 Modems
& Wi Maritars
= &F pztwork sdapters
| 5-—--#.; Cisco AnyConnect Secure Malility Client Virtual Miniport Adapter for Windoas x84
¥ Intel(R) 525 79LM Gipabit Netwark Connection
_ih IntEi(R) CentrinolR) Advanced -1 6205

Bl ﬂ@ O'Ener dewices

&2l KB Fortable Dy

=] "Fpods(ccma M"

Bl . Processors Smfﬁrharma:hmges
# E-: Security Devlm ) .

E@Sensnts ! ; o
,I % Sound, ideo ST _I

1M System devices
life:augmented ILsundhes the Updat= Driver Software Wizerd for the selected device.




Look for the VCOM Driver

1. Select Browse my computer for driver software

life.augmented



Look for the VCOM Driver .,

1. Click on Browse button and go to the folder “C:\BlueNRG Tile HandsOn\STEVAL-BCN002V1
DK 3.0.0\PCDriver\Virtual COM Port Driver”

2. Click on Include subfolder and then on Next

# update Driver Software - STMicroelectronics _I:I_E-I

e r——

oo Ifi.‘ﬂ' Ver software in this Iocation:

< Let me pick from a list of device drivers on my computer

Lys

life.augmented Hiext I Caneel I




Allow the driver installation

1. Click on Install driver software
anyway

® 2. Installation starts

3 ® update Driver are - STHiD ectromi
the publisher of this driver software J i Update Driver Software - STHicroelectronic
s yebsite for updated driver software far yaur e L [ | )

l -) Don't install this driver software
mn‘mlﬁ check your manufecturer’s

Only, sftwvare obtained from your manufaciurers website or disc,
Limg-sedmﬂnw Frn ﬁwmmyhamywm or steal infarmation:
"
v| seeceials.




1. Installation completed

2. Device is in the COM Ports list

# update Driver Software - STHicroelectronics Virtual COM Port (COM107) x|

I} ‘Driver Softwara - nics Virtual COM Port (COMI0T —
& L e (Comen) 5y

@ o0 DS E RS

Windows has finished installing the driver software for this device!

STMicroelectronics Virtual COM Port

-

‘_ Done! Now please go back from here!

> /4

lite.augmented

Bl SCZ201531917

=) @ Batteries

-4 DVD/CO-ROM drives

+-4 Human Interface Devices
g o IDE ATAJATAPI eontrolers
B i IEEE 1354 Bus host controllers
- 25 Imaging devices
Gl — Keyboards
E -E7] Memory technology driver
& 4 Mice and other painting devices
E u;J Modems
& B Monitors
ES: Network adapters

|- ¥% Cisco AnyConnect Secure Mablity Chent Virtual Miniport Adapter for Windows x64

- & Intel(R} 82579LM Gigabit Network Connection
- B* Intel(R) Centrino(R) Advanced-N 6205
- &* Microsoft Virtual Wik Miniport Adapter

e S Ry
1" Ports (COM &LPT)

-T2V ECP Printer Port (LPT1)
T? STMicraelectn I
Drorpecare
[ Security Devices
2 Sensors
-/ Sound, video and game controllers

W System devices

¥ @ Universal Serial Bus controllers

3




Virtual COM driver installation Win10
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Open the Windows Settings

Photos

fesinci 1. From Start Menu select Settings

Pubfisher 2016

2. Select Devices

Skype-for Business 2016

Sticky Notes

Windows Settings

STMicroelectronics

| Find a setting A

Symantec Endpaint Protection

TechSmith g @ @ R

Ters T System Devices Network & Internet Personalization Accounts
Eregee Display, notifications, apps, Bluetaoth, printers, mouse Wi-Fi, airplane mode, VPN Background, lock screen, Your accounts, email, sync
power colors work, other pecple

Vieice Recorder

- ~
(%"L a IEI R_/

Time & language Ease of Access Privacy Update & security
Westher ] arrato e R - Windaws Undate recove
Speech, region, date Marrator, magnifier, high Location, camera Windows Update, recovery,
contrast backup

r— : Websites

life.augmented




Open the Device Manager

1. Select Device manager

2. Select Other Devices and Unknown device

% Home

| Find a setting

Devices
=5 Printers & scanners
| =g Connected devices
% Bluetooth
[ 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.

@ of

Related settings
Bluetooth settings

Devices and printers

Device manager

:-_.‘q_u Device Manager
File Action View Help
s m B HE B

v M SCZOWL958T

o | Audicinputs and outputs

. 4 Batieries

» ) Bluetooth

» Computer

v e Disk drives

» [ Display adapters

» " |DE ATA/ATAP| controllers

5 o3 Imaging devices

» E= Keyboards:

» [L3 Memuory technology devices

» [ Mice and other painting devices

» [ Manitors

v B Network adapters
I Bluetooth Device {Persanal Area Netwark)
i Bluetooth Device (RFCOMM Protocol TDI)
[ Cisco AnyConnect Secure Mability Client Virtual Minipart Adapter for Windaws x54
5 Iritet(R) Dual Band Wireless-N 7260
S8 | ateliB) Fthermet Connection 1218-L

» ] =

v [ Ports (COM&LLPT)
E Intel(R) Active Management Technology - SOL (COM3)
f USE Senal Device (COMS)

» [ Pririt gueues

¥ n Processors

» By Security devices

] l Software devices

] Iq Sound, video and game controllers

. & Storage confrallers

» ¥3 System devices

» @ Universal Senal Bus controllers



Update Driver Software

2 Device Mansger 1. Right click and then select Update Driver Software...

File Action View Help
an mEd HE B EXE .
- & scrowisser 2. Select Browse my computer for driver software

» E& Audiciinputs and outputs

» 239 Batteries "
» E) Bluetoath

» B Computer

v Disk drives

» [ Display adapters

» =@ |DE ATASATAP| controllers
h, Imaging devices

B Update Driver Software - USE Serial Device (COME)

How do you want to search for driver software?

-

» 2 Keyboards

» [3 Memory technology devices —> Search automatically for updated driver software

» ﬂ Mice and other pointing devices Windows will search your computer and the Internet for the latest driver software
s [l Manitois for your device, unless you've disabled this feature in your device installation

~ [ Network adapters settings.

= Bluetooth Device (Persanal Area Network)
Bluetooth Device (RFCOMM Protecol TDI) .
?ﬂ Cisco AnyConnect Secure Mobility Client Virtual M —> Browse my computer for driver software
5! Intel(R) Dual Band Wireless-M 7260 e Locate and install driver software manually.
? Iriti:[(R] Ethernet Connection 1218-Li
~ B Other devices
E Illnv S ‘ = -
- ﬁ pﬂf']': | Update Drver Software.,,
» =l Prir Ehsable
» P sl

« B seA Scan for hardware changes

Properties

life.augmente—




Look for the VCOM Driver

1. Click on Browse button and go to the folder

“C:\BlueNRG_Tile HandsOn\STEVAL-BCN002V1 DK 3.0.0\PCDriver\Virtual COM Port Driver”

2. Click on Include subfolder and then on Next X

& B Update Driver Software - USB Serial Device (COME)

Browse for driver software on your computer

l On\STEVAL-BCMNO02VL DK 3.0.00\PCDriver\Virtual COM Port Driver v| | mg’ |

I Search for driver software in this location:

[ Include subfolders ]

—> Let ime pick from a list of device drivers onmy computer
This fist will show installed drver software compatible with the device. and sll driver
sgftwate n the same categary as the device.

| Corest |

=/l 0=

life.augmented




% Device Maniager d O n e

File Action View Help
s @ EEE B EX®

v A sczewleser

b J|| Audio inputs and outputs
Q Batteries

9 Bluetooth

[ Computer

= Disk drives

s [&l Display adapters

= |DE ATA/ATAPI controllers
i3 |maging devices

1. Installation completed. Device il

ﬂ Mice and other pointing devices

is in the COM Ports list et

@ Bluetooth Device (Personal Area Network)
@ Bluetooth Device (RFCOMM Protacal TDI)
3 Cisco AnyConnect Secure Mability Client Virtual Miniport Adapter for Windaws %84
I? Intel(R) Dual Band Wiretess-N 726D
@ Intel(R) Ethernet Connection [218-LM
~ |7 Other devices

n Processors

Done! Now please go back from here!
0y Security devices

I Software devices
: J|| Sound, video and game centrollers
5 & Storage controllers

= System devices

‘ ,I 3 i Universal Serial Bus controllers
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Keill MDK Free license installation steps
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MDK for BlueNRG-2 and STM32F0
Installation & Activation

* You can refer to the following webpage:
e hitp://www?2.keil.com/stmicroelectronics-stm32/mdk

- Note: it is mentioned STM32L0 and STM32F0, but the same
procedure applies to BlueNRG-2 device

life.augmented



Arm Keill MDK License Installation 1/6

LOnen

L '.El Run s administratar ]
TOUETESToaT COmp ety
Open file location
7-Zip 3
CRC SHA b

[&f  Edit with Notepad++

- Login with an account that has administration rights.

] WinMerge
Pinte Taskbar
Pin to Start Menu

Restore previous versions

- Right-click the pVision icon and select Run as i »

Cut

Administrator... from the context menu. M -

0 Default Pregrams
¢ Google Chrome Rename

= Int_Erm_:t Fxp}orer Properties
A Kel wiisions
B Keysight 145854 Documents
Keysight Connection Expert
| Licencetxt Pictures
m Licensepdf
(8] Skypefor Business 2016
8 STMECUBEMK 3
B sTM32CubeManitor-RF R e
* STM32CubehX
4 Windows DVD Maker
W5 Windows Faxand Scan
9 Windows Media Center
Windows Media Player
ﬁ] Windows Update

4 Back
r | Seoroh programs and filss

life.augmented A

Music

Contral Panel

Devices and Printers

Default Programs

Help and Support
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i3 CProgram Files (x86)\STMicroelectranic
[File] eat \view Project Fiash Debu
[ New.. Gri=N
1.Open the dialog File — License Management... [~ o
il Save ctrl=s
Print Setup.,
= Printi Chrl=F:

1 SensorDemo_BlueMs_main.c

2 gatt db.c

3 BlusNRGL it.c

4 mems_sensors_config.c

5 zensorc

6 HandsOnlabs_CodeSnippats.brt
T hw_canfig.c .

& hw_configh

9 gatt.db.h

10 LPS25HEB ¢

K > /4 =
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N —
|| Singe-User License | Aoating Licsnss | Rosting Lissnss Administstor | e M Licsres |
- Customer Infarmation ir, WS
Marre: Iﬂaﬁaéeﬂva CID: icﬂzuﬂ_]mg
i ol oo [ GelCvartems. |
Select the Single-User ot e
. . Product | Licensa |0 Code (LIC)/Product vanant [ Eopnot Paiod |
Llcense tab and ClICk the h MEKMMWE@EIWﬂ_NFWW-ESHYE-mZET-m-&HEK_F]BBZ _{J_Pﬂlﬁﬁﬂﬁﬁmﬂ&ﬁ:'l.'idm.amﬂ

button Get LIC via Internet...,

New License ID Code (LIC) |
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Licenz= Management | =

Single-User License | Figating Lisense | Floating License Administrator | FlekLM License |

b e ——
Click the button OK to register EJ |

'ﬂ Youare about to register a Product and obtain a License IB Code (LIC).

t h e p rOd u Ct . — | The following information must be sent to www keil cam:

Product Senal Number (PSN)

This action opens the License KA e N (0 cazo 2
Management page on the Keil web Notes:

+ You may register the product manuslly st
S i te Rt/ fweww keil.comy/license/install.htm,
. « After registering, you will recenve an e-mail containing the UIC for
your computer,
» Enterthe LIC into the New License ID Code fisld.

Nawﬂ] I

Lys
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For the latest Product Serial Number
please check on the Keil website at this URL:

http://www2.keil.com/stmicroelectronics-stm32/mdk

Product Licensing Home | Product Lensing
Bverviaw
Single-User License \ 1
e oo Licee Single-User License

Single-User License Uninstall

Floating-tser License Enter your Product Senal Number (PSN) and cantact infermation using the foliowing form 1o license your Keil

product Be sure to include dashes.

Then enter the PSN in this webpage along I o 8 5 T i i o 5 o e GRS i
with your contact information and click the

button Submit.

sure any spam blocker you use is configured fo allow this address

Enter Your Contact Information Below

Computer ID (CID) cezom.2203

[ Product Serial # (PSN): ]

PC Description:

An e-mail is sent back with the License |ID S
First Name:  rafeele P

Code (LIC) within a few minutes. —

E-maill sfacie nvagdsicom

Company: ‘STMicroetsctronics
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License Mansgement . =]
" Single-Use Licanse: | Floating License | Foating Licsnse Administrator | FlexLM Licerise | i
—Cusiomer information Computer 1D
Neme:  |Faffacle iva O |cFW23ATCR ‘
_ Copny.  |STMisdladionics Get UCviafemet.. |
To activate the Software Product, Emal.  [lfaci va@stcon
enter the LIC you received by email hmMCbrtekMWMNZEBKTWSTl mﬁﬁﬁmmsum;ﬂﬁ:;w
in the field New License ID Code
(LIC) and click Add LIC.
. Nei me;m'cﬂda;uq-| GG MN-YHBDA-N 1280 TRENIVUTXT-SULRH Aad LIC il
Then click on Close
Cigse Help |




