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Application scenario



Application scenario

- Voice over Bluetooth 2.1 EDR is taken “for granted”: headsets
and accessories for smartphones, car etc...

- loT and wearable applications target low power connectivity:
Bluetooth Smart is becoming the de-facto radio link for these
applications

- Streaming voice could enable new applications adding
enhanced and more friendly interaction between the user and
the accessory

* Bluetooth Smart technology does not natively embed voice

streaming

Need for develop and design a complete end to end system solution
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BlueVoice at a glance

Ultra low-power voice streaming over Bluetooth Low-Energy

The ST HW and SW solution for remote voice-controlled devices

€3 Bluetooth

SMART

MEMS Microphone Microcontroller BlueNRG RF connectivity

STM32 Signal Processing and Application Firmware

PDM2PCM ADPCM Bluetooth LE Lossy scheme
co/decompression vendor-specific profile
16 KHz audio 64Kbps streaming BlueVoice Service ADPCM synch
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BlueVoice Scenario mm

Central Unit Audio Wearable device

Bursts

é )
“Start” ((9 __
Audio Audlo <:| % "
“Stop”’ <:| Processmg

“Help”

\_
CCofr_nmantt_nls/ .
onftigurations
Central unit Wearable Audio device
» Audio decoding « Can act as remote controller
* Less critical low power <:>  Audio acquisition, enhancement
constraints and encoding

» Low power constraints

Asymmetric, transient

« Audio captured and sent in
bursts

e Connect/Send/Disconnect

connections scenario
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BlueVoice System overview



USB Microphone <:|

@16kHz
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BlueVoicel overview mm
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BlueVoicel Hardware overview mm

* Tx module Tx module

e STM32F401 Microcontroller

« STM32 NUCLEO-F401RE
* BlueNRG Network Module

+ X-NUCLEO-IDB04A1 expansion board
« MP34DT01 MEMS Microphones

* X-NUCLEO-CCA02M1 expansion board (preview)

* Rx module

« STM32F401 Microcontroller

« STM32 NUCLEO-F401RE
 BlueNRG Network Module

* X-NUCLEO-IDB04A1 expansion board
« USB output

* X-NUCLEO-CCAO02M1 expansion board (preview)

* Other
« 2x USB Mini cable Rx module
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BlueVoicel Architecture overview

STM32 Nucleo Board X-NUCLE_O-IDBO4A1 X-NUCLEQ-CCAOZMl
Expansion Board Expansion Board

Board Demonstrations

4 N A N
BlueVoice Tx BlueVoice Rx
Utilities \Applications D
4 )
Bluetooth LE Osx.BlueVoice PDMLib USB_Device_Library

\Middleware )

\ / . Drivers

STM32 BlueNRG MP34DT01
‘7 HW Components
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Voice over Bluetooth Smart
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BlueVoice mapping over Bluetooth Smart

Bluetooth Low Energy Specification

Applications

Central Unit Portable device
Master < 9 Slave
(Central) : (Peripheral)
Central Unit Portable device
\
Client ,‘ <® Server
|
AR A
i <
I Service 1
. == — ¥
Voice has to I] Characteristic !
be exported =I :
as a service e (I
I

Generic Attribute Profile

Attribute Protocol Security Manager
Logical Link Control and Adaptation Protocol
Host Controller Interface

Link Layer Direct Test Mode

Physical Layer

Vendor Specific Implementation



BlueVoice Service
________________________ Audio Characteristic
Service Declarationi CTTT T T T
|+ Handle: 0x0010 ! Character.lstlc Declaration
.+ Value: BVS UUID | SR AEAD &
SIITTTTIIILCIIIIIOCCIIIN i ! . Va|ue: i !
| e ] * AudioDatauUulbD;: . AudioData
| 1 Characteristic | ! P « Handle 0x0012 ! | !
L beEEEn | P - NOTIFICATION ! :. .+ Handle: 0x0012 ;
: :““(_:;1;;1};;(_;;9_&;'[};““: i ! :_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_I,f: ! « UUID: AudioData UU|DE
i i Value i i ii . ii i * Perm: NONE 1
:__!::::::::::::::::::::__'L\ i i Characterstic i E i * Value: 1
- ' vElLe ] : « Actual audio data:
G (hudioDate) L
M e e e e |
Handle uuID Permissions Value
Service 0x0010 0x2800 READ BVS UUID
.. 0x0011 0x2803 READ NOT|0x0012 | AudioUUID
Characteristic
0x0012 |AudioUUID NONE Actual Data
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BLE Audio data streaming

Central Unit

Portable device

a

Master/ ‘ Slave/ * Notifications from server to
Client | ( ( Server client
* No response required
» Periodical data exchange
_ X » Connections timing
Advertise 4 K _
i « Connection event:
: _ - data exchange before
Advertisement going back to low power
N Mode state
Discovery : Adverti S
Mode vertise « Connection interval:
Connect Request * the time petween tW(_)
> consecutive connection
4 K events
Connection created
— (onnm Event Connection Event
b Notfffcatfon e ’FE«-Ra-dio-ldle- i R"“fﬂd'e
: L Notification ! ‘W
P 1 Notification 11 14114
© e - Mast Radio Idle Radio Idle
: Notification w —— "'J
L AR S 3

Connection Interval Connection Interval Connection Interval
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Audio Data flow

Server - TX
PDM PCM ADPCM
Mic . ADPCM , Jd o Lo___ |
Acquisition : PDMFilter 7 Encode 7 | BLE :
1bit@1MHz 16bit@16kHz 16k sample/s :
4 bit/sample |
1
1
1
1
:
1

64kbps audio + side information (low data rate)

Bluetooth Low-Energy

» Periodic notification from Client to Server

|
|
|
|
+ Vendor Specific implementation : Client - RX
I
|
|
|
|
I

» Connection interval: 10 ms ADPCM PCM
 Audio (every 10 ms) , ADPCM ,
_ - BLE e > — > USB
« NPackets: 4 Decode
16k sample/s 16bit@16kHz
» Payload: 20 bytes 4 bit/sample

» Side Information (low data rate)
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Audio Data Streaming

Conn. Conn. Conn. Conn. Conn. Conn.
4 Evt Evt Evt Evt Evt Evt
A A A A A A
L ] L " =N | I I ] ] | I I ] ]
10ms 160ms t
Connection interval Audio Synch interval

|:| Audio Data Packet (20Bytes)

80 Bytes L .
Side information Packet

160 ADPCM audio samples @ 16KHz

Type
Tirne
Source = ] ! : , 4 packets:
SUNUE TR S TN : audio
; ' 5 packets:

audio + side info
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System enhancements:
BlueVoice*
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i +
BlueVoice

Implements micro-array beamforming in the audio-capture module

u4 Array

* Features
* Mic acquisition
« PDM to PCM
« Beamforming
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 Audio Encoding
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 Hardware
» STM32F405 Microcontroller

« X-NUCLEO-IDB0O4A1
Expansion board
* BlueNRG Network Module

* X-NUCLEO-CCAO02M1
Expansion board uArray

‘1[ * 4x MP34DT01
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ud array and AST beamforming

* 44 Microphone Array I
« 4 ST MEMS digital microphones MP34DT01 &
« Square topology, 4 mm wide

» Acquisition and processing of a couple of
microphones results in a very directive fixed
beamforming pattern.

 Eight different directions are possible exploiting the
u-4 array topology

« Different optimization options available to fit different
use cases
» Tradeoff between audio quality and resources consumption

‘_Yl + Beamforming library available for evaluation
life.augmented p u rposes



BlueVoice* system prototype

Central Unit Peripheral Unit

STM32-Nucleo \ / STM32-Nucleo \
n":ﬁ"

Audio Out BLE BLE BLE Audio In
Expansion Expansion @64kbps Expansion  Expansion u4 Array

USB Microphone
@16kHz + VCP
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BlueVoice* overview

* Tx module Tx module
« STM32F405 Microcontroller '

* BlueNRG Network Module

+ X-NUCLEO-IDB04A1 expansion board
« MP34DT01 MEMS Microphones

* X-NUCLEO-CCA02M1 expansion board (preview)
* UArray (4x mics)

« Rx module

« STM32F401 Microcontroller
« STM32 NUCLEO-F401RE
* BlueNRG Network Module
* X-NUCLEO-IDB04A1 expansion board
« ST350BW Sound Terminal digital audio system
+ X-NUCLEO-CCAO01A1 expansion board (preview)
» (User interface)

» Other
« USB Mini cable
« USB Micro cable
» Speaker
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BlueVoice*™ Audio Data flow

Portable device -Tx

. PDM
Mic ,
Acquisition ’
1bit@1MHz
. PDM
Mic L,
Acquisition i’
1bit@1MHz

\ 4

Beamforming

PCM

Z.

Single channel
output

7
16bit@16kHz

ADPCM
Encode

ADPCM

Z. >
7 >

BLE |-

16k sample/s

4 bit/sample

Bluetooth Low-Energy
» Vendor Specific implementation

« Periodic notification from Client to Server

« Connection interval: 10 ms
* Audio (each 10 ms)
* NPackets: 4
» Payload: 20 bytes
* Side Information (low data rate)
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64kbps audio + side information (low data rate)

Central Unit - Rx

BLE

ADPCM

Z.

7
16k sample/s

ADPCM
Decode

4 bit/sample

> USB
PCM
/I
16bit@16kHz |, 1S




Embedded ASR demo

Rx module

—

Playback

Audio +
Commands ID

Leds blink when
commands are

recognized
Prerecorded tracks
excerpts
(stored in flash) «Play Music» «Next Song»

«Stop Music» «Previous Song»
‘_YI P g
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BlueVoice + Speech Recognition
cloud-based ASR

Voice Capture - Tx Central Unit - Rx

BlueVoice processing brings no
degradation of performance for
3'd party ASR
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