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Active communication
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Coverage

10km cellular

10m 100m 1km

3G Cellular

802.15.4 (250kbps) J

802.11 WLAN

0.1 1 10
Data Rate (Mbps)

802.16a FWA

100+




IEEE 802.15.4

« Low-power radio in the 2.4GHz band
offering 250kbps throughput at
physical layer

« Power transmission from 1mW to
100mW for range from 100m to about

1km is LOS N
- CSMA/CA (beacon & s % AN
non beacon) = \ \\ \X
« Used as physical layer . A

[ ] [ ] 1E9
Z 10 5 0 +6 +10 +16
I I I I g B e e Signal-to-Noise Ratio (SNR) .
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Wireless autonomous sensor

« Wireless Sensor Nodes or embedded Linux still
remain the main IoT development platform

« In general: low cost, low power (the battery may
not be replaceable), small size, prone to failure,
possibly disposable

rocessing, cemmunication

“Radio Transceiver

/ -

Battery E E

Data Storage

Sensing Module n
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IP integration, WWW 5 s Organization

IPv6 . Programmability %
Inter-operability @l | Energy saving
Interactions (all kind) Scheduling

Semantic, Ontology Efficient MAC, routing
Data representation Congestion control

Data logging Data transmission
WebServices
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Libelium Smart World

Wine Quality Enhancing

Offspring Care

Sportsmen Care

Quality of Shipment Conditions.

Smartphones Detection

 Water Quality

\mzz- tem Location

Golf Courses

tibelium

KEEP STREETS CLEAN

Products like the cellular communication
enabled Smart Belly trash use real-time
data collection and alerts to let municipal
services know when a bin needs to be
emptied. This information can drastically
reduce the number of pick-ups required,
and translates into fuel and financial
savings for communities service
departments. // Visit

USE ELECTRICITY MORE
EFFICIENTLY

The SenseNET system uses battery-

powered clamp sensors to quickly measure
current on a line, calculate consumption
levels, and send that data to a hosted
application for analysis. Significant
financial and energy resources are saved
as the clamps can easily identify meter
tampering issues, general malfunctions,
and any installation issues in the system. //
Visit

STOP DRIVING IN CIRCLES

With the use of installed sensors, mobile
apps, and real-time web applications like
those provided in Streetline’s ParkSight
service, cities can optimize revenue,
parking space availability and enable
citizens to reduce their environmental
impact by helping them quickly find an
open spot for their cars. // Visit

LIGHT STREETS MORE
EFFECTIVELY

This smart lighting system from Echelon
allows a city to intelligently provide the right
level of lighting needed by time of day,
season, and weather conditions. Cities
have shown a reduction in street lighting
energy use by up to 30% using solutions
like this. // Visit

)

V),
/\Q\EWEQLEV

L

RECEIVE POLLUTION
WARNINGS

The DontFlushMe project by Leif Percifield
is an example that combines sensors
installed in Combined Sewer Overflows
(CSOs) with alerts to local residents so
they can avoid polluting local waterways
with raw sewage by not flushing their
toilets during overflow events. // Visit

SHARE YOUR FINDINGS

AirCasting is a platform for recording,
mapping, and sharing health and
environmental data using your
smartphone. Each AirCasting session lets
you capture real-world measurements
(Sound levels recorded by their phone
microphone; Temperature, humidity,
carbon monoxide (CO) and nitrogen
dioxide (NO2) gas concentrations), and
share it via the CrowdMap with your
community. / Visit

STVIATH IRAMIWORK
resCeamml

business model in SmartCities
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PERVASIVE SYSTEMS

-~

SENSING

PEOPLES, INFRASTRUCTURES,
BUILDINGS, VEHICULES
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Towards multimedia information




1Mote2 with IMB400
multimedia board
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Exploiting Acoustic data |
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Soun I\/Ippings | Trérffic' Management

SOUNDBOT

Rebotc Servecas for ageing

Demastic Ssunds and Nolses (OSN)
Assustic Evant Detection (AED)
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Traffic Accidents

From EAR-IT slides




. — Today’s
audio-ready loT
Technologies

« Less Capable

« Low energy
 Cheaper to get
« Much deployed

www.ear-it.eu

Today’s
Acoustic Sensing
Technologies

« Powerful
 Power greedy
« More costly
 Fewer available

Combining the complementary Acoustic Sensing and
Internet-of-Things technologies of today for value

From EAR-IT slides
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EAR-IT research experiment approah

"

v
TAML W
AMML

| | . 1. Qualified FIRE Acoustic loT
1% | f,' Installations for Specific Usages

L9 2. Intelligent Acoustic Solutionson
A\, /' FIRE large-scale ‘real-life’ test-beds  /
"}r
3. User- & Market-accepted Adoption
‘ ] of EAR-IT research and technologies /
FIRE | HIGH VALUE
TEST-BEDS — RESEARCH & ADOPTION — APPLICATIONS

From EAR-IT slides
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. Experimenting Acoustics in Real environment using Innovative Test-beds
From EAR-IT slides P € g
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the context of the smart city.

SmartSantander aims at providing a European experimental test facility
for the research and experimentation of architectures, key enabling
technologies, services and applications for the Internet of Things (IoT) in

J

Alcatel-Lucent @

From EAR-IT slides

Smart Santander Highlights

O Targeting:
. Researchers
. End users
= Service providers
O Duration
. 36 months
O Consortium
= 15 Organisations
= 8 EU countries + AU
O Budget / Funding
= 8.6 M€/ 6 MC
0 Resources
= 746.2 PM
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SmartSantander test-bed ==
Santander’s sensor network deployment
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SmartSantander test-bed

Santander’s sensor network deployment
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SmartSantander IoT node

libelitm

ATmegal281 microcontroller
8Mhz, 4K RAM & 2G SD card.
2.4GHz IEEE 802.15.4 XBee

Libelium API vO031

Gases

Microprocessor
Accelerometer

......

‘. }; 2 :' we'
[Solar socket
Reset Button

Crystal Osal;k Switch OFF/ON

- Carbon Monoxide — CO
- Carbon Dioxide — CO2
- Oxygen — 02

- Methane — CH4

- Hydrogen — H2

- Ammonia — NH3

- Isobutane — C4H10

- Ethanol - CH3CH20H
- Toluene — C6H5CH3

- Hydrogen Sulfide — H2S
- Nitrogen Dioxide — NO2
- Temperature

- Humidity

Events

- Pressure/Weight
- Bend

- Vibration

- Impact

- Hall Effect

- Tilt

- Temperature (+/-)
- Liquid Presence
- Liquid Level

- Luminosity

- Presence (PIR)
- Stretch

19
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Adding Acoustic Processing Units )

EAR-IT’'s APUs - Acoustic Processing Units

« Computer-like performance processing platform able to
run robust accosting sensing framework;

 “Soundboard" - high quality sound, customized and
stackable sound card;

- High-quality & responsive microphones;

Laptop-like
performance

Typical PC
peripherals via

(<8 high-speed USB
* Super-scaler ARM® : {4 F « LCD Expansion
Cortex ™-A8 il = 17C, IS, SPI
* More than 2,000 : MMC/SD Exbansnon
Dhrystone MIPS
2 = DVI-D
* Up to 20 Million =
polygons per sec Camera Header
graphics « S-Video
* HD video capable = JTAG
C84x+™ DSP core « USB Hosts

= Stereo Out

« Stereo In

= 10/100 Ethernet

= USB 2.0 HS OTG*
= Alternate Power

= RS-232 Serial*

L * Micro-SD Slot*

= 512MB

\ LPDDR RAM =

* Supports booting from this peripheral

From EAR-IT slides
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Upon concrete noise pattern detected by the APU, legacy sensors collect
data for several purposes = Two use cases as a starting point.

SMARTSANTANDER

From EAR-IT slides 21
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ase 1: Emergency

EAR-IT Use C

Use the APU to detect an alarm = Legacy SmartSantander noise sensors
to get the direction of such an event (police car, ambulance,...).

__________ Internet
o
\ ~ “ ) X
s N Using the legacy noise
S sensors for estimating
motion direction

SmartSantander
Server Platform

Acoustic-based
Applications

Use the APU in order to

analyse the environment

sound and detect typical
sound events

e SmartSantander noise sensor

—-J.-i'L‘.Illfr\'v-‘»-f- Sound signal

APU (Acoustic Proccessing Unit)

From EAR-IT slides
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EAR-IT Use Case 2 : Traffic Monitoring

Use the APU to measure the traffic density and correlating it with pollution
values (NO,, CO,...) collected by legacy fixed and mobile nodes in the area.

SmartSantander
Server Platform [ . - ____ Internet i
__________ N Using the NO, sensors
o7 RSN deployed in the public
Acoustic-based AN . < | transportation buses to
Applications 1 > correlate the collected data
values with those from the
AN
I, \\ )
/7 AY
/ \
4 N\
7 AN
7 \

Use the APU in order to
analyse the environment
sound and detect typical
Traffic jam! sound events

()  SmartSantander NO, sensor

i APU (Acoustic Proccessing Unit)

—-J.-JL‘.Illfr\'v-‘»-f- Sound signal

From EAR-IT slides




EAR-IT

EAR-IT Use Case 2 : Traffic Monitoring

Use the APU to measure the traffic density and correlating it with pollution
values (NO,, CO,...) collected by legacy fixed and mobile nodes in the area.

SmartSantander .
Server Platform |

oo Using the NO, sensors
Acoustic-based transportation buses to
Applications correlate the collected data
Ll M ITATlON alues with those from the
K APU

J

The number of APUs is very limited and much
lower than the number of small deployed loT
node of SmartSantander test-bed.

Traffic jam!
artSantander NO, sensor

i APU (Acoustic Proccessing Unit)

««-M\WM Sound signal

From EAR-IT slides
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Use deployed low-resource IoT node to===
enhance acoustic services

b3

PLAY/STORE RECEIVED !
AUDIO DATA



Review of digital audio

Amplitude

Time

Continous

Quantization

Continous

[
»

Discrete

Analog signal

Real world

analog filter / amp]i

Quantized signal

.

Ideal logical siognal

Discrete

v

sampling

Sampled signal

|

Audio CD, CCD

.
>

Digital signal

............ -1 9

......... ‘ ".‘ ‘

J

Computer

Only in this case can we associate

4

an integer value to the signal




Sampling: Shannon’s theorem )

Shannon’s theorem: Fe > 2 x Fmax(Signal)

Example : ~
P &

| :: ! '[ =
Samples a8 PG

Extrapolated
signal ? — 1

An incorrectly sampled signal will not be
reconstituted



Narrow-band audio

« Sampling rate up to 8kHz

« 1 sample every 1/8000s (125us)
« Sample coded on 8 bits

« Raw throughput of 64kbps

« So-called Pulse Code Modulation
(PCM) used in most wired telephony
systems

« With 4kHz sampling rate, can reduce
to 32kbps
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Audio streaming principle )

Digital signal 160 8-bit samples (20ms)

VUL | B
!

»

Computer

packets
. N

playout schedule
p-r

playout schedule
p'-r
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Electret mic with
amplifier on ADC
iInput pin

Convert from 10-bit to

8-bit sample

8Khz sampling gives
64000bps

4Khz sampling gives
32000bps

100 8-bit samples (12.5ms or 25ms)
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AUX-SERIAL-1-TX [*]

o1cITaLe [+ ] snD AUX-SERIAL-1-RX | =

DIGITAL4 |= =| DIGITALZ AUX-SERIAL-2-RX | =

DIGITAL4 |= =| DICITALS AUX-SERIAL-2-TX | =

DIGITAL2 |= =| DIGITALZ RESERUVED | =

fat oy ol R T T - » nIFITHI ul GND [

VCC on D2 ANALOGS |[= =] ANALOGZ ) GND | =
ANALOG4 |®= =| ANALOGS MUX_RX | =

AUDIO on A2 ANALOG2 |* =| ANALOG3 MUX_TX | =
SENSOR POWER [® =| ANNLOG1 SENSOR POWER |=

GND on GND GPS POWER |* *| 5V SENSOR POLER ocl |s
son Lo« scL soA |s)

32



Simple pro

#define TIMING_SAMPLING 125 // 8000Hz
#define CAPTURE DURATION 15000000UL // in us 15s
#define SAMPLE_COUNT_ CAPTURE CAPTURE_ DURATION/TIMING_ SAMPLING

void setup() {
Timerl.initialize(TIMING SAMPLING) ;

}
void callback () {

sampleCount++;
if (sampleCount < SAMPLE COUNT_CAPTURE) {

val = analogRead(ANALOG2) ; // read analog value
val8bit = ((val >> 2) ) ; // convert into 8 bit

// write on UART1
serialWrite(val8bit,1);
} else {

stopCapture=true;

Timerl.detachInterrupt();

}

void loop() {

// we have to go to sleep

if ( (millis() - lastWakeupTime > 15000 || stopCapture) &&
capturingAudio = false;
stopCapture = false;

}

// we have to wake up

if (millis() - lastSleepTime > 15000 && !capturingAudio) {
sampleCount=0L;
lastWakeupTime = millis();
capturingAudio = true;
Timerl.attachInterrupt(callback);

Af

Computer

Get digital value of sound pressure level,
i.e. raw audio

Or any other way to put the sample into
a transmission buffer

capturingAudio) {

33
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gagm  Use deployed low-resource IoT node to==

enhance acoustic services

To what extend digital

audio traffic can be
supported by low-
resource loT nodes?

AUDIO DATA
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Communication performances )

Application level performances depends on
OS, API, hardware architecture

Usually much lower than radio
performances

What are minimum latencies & max.
throughput?

For sending?

For receiving?

For relaying?



Mass-market sensors

8MHz Atmega1281
8kB SRAM, 128kB Flash
Xbee radio

LIBELIUM WASPMOTE

16MHz Atmega1281
8kB SRAM, 128kB Flash

Xbee radio

ARDUINO MEGA2560 .



LIBELIUM WASPMOTE

Microprocessor
Accelerometer

neoe o’
TN ITALY .5 &
e 3

, .

...... s
= BgpdFiNd o,
- - Pas
: o - {

,_; A. Rapp’s XBee lib & API

'; . . .-nu- F1 L
‘ Gt b LR 11 !' 23373 -—*
it m.@@"'.“- FIIIIITT IRIIz< °

>4 ik 4 NN L g o
- ARDUING e |

ARDUINO MEGA2560

ARDUINO-BASED IDE

UART-based
connection to
micro-controller §

- WITH C++-LIKE

Default speed is
usually 38400
bauds

Higher baud rate
are possible
but...

XBEE 802.15.4



13-416MHz PXA27
Wireless MMX DSF
256kB SRAM, 32M
32MB SDRAM
CC2420 radio

1Mote2 with IMB400

multimedia board

8MHz Atmega128L
4kB SRAM, 128kB Flash
CC2420 radio

Radio module
CC2420 is
connected

through SPIbus ¥ Motes are programmed under the
SPI speed is in TinyOS operating system & lib

the order of
several
hundredth kbps

AdvanticSys CM5000 & CM3000
TelosB-like mote

8Mhz MSP430F 1611
10K SRAM, 48K flash

CC2420 radio




X
t v 1:read ------------------------------------------
send relay

I tprocessing

T
e

« Time in send() » is T2-T1
« Time between 2 pkt generation » is TO-LO

Time resolution is millisecond
Minimum data manipulation

void loop() {

TO;

LO=TO; Measure the time
1 in various part of
send(buf) ; API send( )
T2; when possible.




the sounds of smout evwivonumenty W

100 8-bit samples (12.5ms or 25ms)

Time in send() and time between 2 packet generation
Libelium WaspMote

LIBELIUM WASPMOTE
=“*~time in send(), 125000 <“~time in send(), fitted

time between send() “*=time between send(), fitted
20 g 1478 1>
10,65 11068 1272, 1427 150

2 15 9,62 ’ 12,20 20t
= 8 58 ! 11,17 ’ :

’ 7,55 ’ 10,13 =t

10 9,10 R [y
) 7, 11,38
5

4,36
0 2’35 3,36

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 9% 100
XBee payload in bytes

No capture and transmission at the same time if using only mote ucontroller!
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ST TA AN WoaK
e

Maximum app. Level throughput)

Time in send() and time between 2 packet generation
Libelium WaspMote

~*~time in send(), 125000 ““~time in send(), fitted

time between send() ==time between send(), fitted

1 ,
12,72 13

10,65 1168 2303 142

9,62 1y 1220 e

8,58 1013 11
7 .

=
v

timeinms
=
o
~N
o
w

° ' 536 67273 o
0 335 336 H3F 7 N . e
10 15 20 25 30 35 40 45 S XBee application level max sending throughput & realistic send overhead,
XB:
= WaspMote
=I=realistic send overhead = =0¢=time in send() only
76190
80000 69479 72464 72529
47 688”556
65395 - = 65708 .
7o 2% Gonis 60150 61730 62059 61538 /\v/‘ v/

60000 - /\NO V"QOV S,

40000 40816/

(—

4627647420 47904 49001 48840

44313

42618
41434
38294 39344 3

30000 33676 32019

31220
28836
26002

max throughput in bps
H (]
o o
o o
o o
o o

20000
21739

19560

10000 15979
11299

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
XBee payload in bytes




Irst solution: use XBee ucontroller

XBee 802.15.4 radio module has an
embedded ucontroller that can
perform framing tasks

So called transparent mode or « serial

line replacement » mode (APO)

Application provides payload,
e.g. « hello », and XBee fills-in
framing information

Limitation is no dynamic destination
address
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IEEE 802.15.4 MAC frame format

Octets: 1 0/2 0/2/8 0/2 ows | Y ”16;10/ variable | 2
Frame Sequence | Destination | Destination | Source Source | Auxiliary Frame FCS
Control Number PAN Address PAN Address | Security Pavload
0013a200 Header
| 3332 | omsmoo | 3332 | 013ma00 HELLO
Addressing fields |
MHR MAC MFR
Payload

View as a &y :
serial port [
64—b:!.t 0x0013A2004086D834 /dev/ttyUSBO g
16-bit 0x0010 g; )
PANID 0x3332 B
Some hardware give access to Transpérent.mode
Link-layer information Or Serial line

replacement mode
0013A200 0013A20Q
L ‘

HELLO

HELLO .
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void loop() {
val = analogRead(ANALOG2) ; // read analog value
val8bit = ((val >> 2) ) ; // convert into 8 bit

// write on UART1, need an XBee module
// with AP mode 0

{  = f3r€ ' serialWrite(val8bit,1l);
XBee radio in APO mode = )))

With XBee GW also in AP0 mode

Use python script to read serial port /dev/ttyUSBO

> python SerialToStdout | play --buffer 50 -t raw —r 8000 -u -1 —



STVIATH IRAMIWORK

““Example with XBee & Xbee gw APC

void loop() {
val = analogRead(ANALOG2) ; // read analog value
val8bit = ((val >> 2) ) ; // convert into 8 bit

// write on UART1, need an XBee module
// with AP mode 0

Can support up to 8kHz raw audio, but:

RGN R WAVS(O) = {/ quickly saturates the radio medium,
.e. one 100-byte frame every 12.5ms

2/ only 1-hop communication also in AP0 mode

Use python script to read serial port /dev/ttyUSBO

> python SerialToStdout | play --buffer 50 -t raw —r 8000 -u -1 —
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Specially designed audio

board by INRIA CAIRNS & dsPIC33 with 8kbps speex
real-time encoder

Feichter Electronics

« Allows for multi-hop, encoded audio
streaming scenarios



Audio board principle

The audio board captures 160 bytes (20ms) of raw
audio and uses speex codec at 8kbps to produce
20 bytes to encoded audio data

It sends the encoded audio data through an UART
line to the host micro-controller

The host micro-controller receives the encoded
data and sends them wirelessly to the next hop

The last hop is a base station that will forward the
encoded audio into a speex audio decoder

Output of the speex audio decoder is in raw format
that can be feed into a player (play)



Audio board on TelosB

P1.7 can be
used to power
on/off the audio

Advanticsys

board

v [0..3)¢ g B 1 el C UARTOR)
A 2 l‘IA}."IV\'.
Audio Board : -l b_:f:’:' -:_— 3
\ G101 5
i 1 UU 9
:EEI g 16 pe({ADC[0D..7]
Initial development on ED1 < 1 | B—®o
. FLHOLD < 1 - 38 AD
AdvanticSys TelosB mote. FL_CS iy —
. E BT e | | W [ 40 AUC3
Encoded audio data transferts Mspax0 00 So——12] [2f 41— AT —
are realized with UART (serial) MSPaTvs So— 12 |7 [A—ADC0
o MSP430 TCK <{{— —<<{P4.3
communication so easy to il S 1 o e S5V 8
connect to other sensor boards. R S 8 S
" TP25 _%‘AL —gg— {UserINT
4 S, .
=il Sam 8 i ovee

DFEBBISIV =] |
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Audio board on WaspMote

STVIATH IRAMIWORK
FoCCRAMML

. e MMLee .o e
TTTTTTTTT PO N N P i B 3

o0 Je
o2
® 0%,

o .°.- o
gt s

CEsARsAARN

S 1111115

°
Bl
? o
v
°

-

o o®

wuwu.libelium.com ©

©

mote ,U10

AUX-SERIAL-1-TX [*]

p———— e = FUX-SERIAL-1-RX |

DIGITAL& |* =| DIGITALZ AUX-SERIAL-2-RX | =

DIGITAL4 |= =| DICITALS AUX-SERIAL-2-TX |*

DIGITAL2 |=* =| DIGITAL3 RESERUVED | =

——— i ) GND | =

TX on AUX-SERIAL-1-RX |_ ANALOGS (= =f ANALOGZ GND | *
ANALOG4 |= =| ANALOGS MUX_RX | =

(RX on AUX-SERIAL-1-TX) ANALOG2 |* | ANALOG3 MUX_TX |=
I SENSOR POWER |= =] ANALOG1 SENSOR POWER |=

VCC on 5V == NHEF)- 5U SENSOR POLER scL | s
I spA L=_=] SCL ana | =

GND on GND -

50
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Senzation’s
Sensational
Student team



20 bytes of encoded audio data

framing

OxXFFO0x55

1 byte
Seq. No. Can do audio frame aggregation
/

24 or 21 bytes frame

\ O
1 byte

frame size speex sampledec wframing



Summary of audio constraints )

[ Codec Minimum sending rate
Raw
4KHz 100 bytes every 25ms
8KHz 100 bytes every 12.5ms

Speex 8000bps

Al 24 bytes every 20ms
A2 48 bytes every 40ms
A3 72 bytes every 60ms
A4 96 bytes every80ms
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24 bytes every 20ms

Time in send() and time between 2 packet generation
Libelium WaspMote

=“*~time in send(), 125000 <“~time in send(), fitted

LIBELIUM WASPMOTE time between send() ==time between send(), fitted

N
o

[N
U

timein ms
[
(@]

wu




50

45

40

Time in ms
N
wv

the soundy of smawt environmenty

| [ —
SUVINTH I RAMIWORK
PeCeAMM

Off-the-shelves performance

Time in send() breakout, light Libelium API

& time before radio “various, not detailed time in parse_message() time writing to radio

time between 2 packet generation and time in send(),

- | light Libelium API
03 125 125 14,3 g
62 825 10,25 104 time between send() “time in send()
81 825 83 835 g 50,0
825 63 35 83 44,9 46,7
i = . . 45,0 a6 43,3
10 15 20 25 30 35 40 45 5( 385 40,0
XB( 40,0 368 7'
33,7 35,3
35,0 32,2 7
29,0 30,5
g 30,0 257 27,5
<250 ;
19,1
£ 200 77 30, 413 433
35,0 36,7 37,1 =
15,0 289 30,5 31,0 330
22)s 233 24)s 28° T
10,0 0 : ! i
ol i AN NNENENNE]
10 15 35 40 45 50 S5 60 65 70 75 80 85 90 95 100

XBee payload in bytes

55



Off-the-shelves performance

XBee application level max sending throughput, realistic send overhead
light Libelium API
" time before
50 ==realistic send overhead  =®=tine in send() only
4 20000 18329 18367 18424 18497
35 14953 15251 13764
n 16000 13730 o Leogy 16354 16644 16930 738
@30 a | 15597
E ¢ 14000 11707 12308 1405y 14723 19222
v 25 5 12000 - 10695 13682
£ a 9639
& 10000 - 10878 11624 .
15 0s 9 2 8000 - See how the throughput is
g £
o ($2 8 0 J B Lo 158 much lower than the
- - s E 250kbps at the radio level X5y
183 g3 g3 83 4000 '
’ = 4510
0 ' ' ' ' 2000

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
XBee payload in bytes

Need to increase £ .. |
communication speed : | 1111311
between XBee radio NenIYN33ddn

and host ucontroller 56 B

40 45 S50 55 60 65 70 75 80 85 90 95 100
Need to optimize the | XBee payload in bytes

API

56
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Time in send() and time between 2 packet generation

) '”'e in Send() q_(-t]'l“e ill Selld(), ||tled t]'me b tv en () -lelle bet\Nee“ Se“d(), htted
30 etween s d
2 27 2 4 2 24 24 24 25,3
21 22 2 7 ’ 23 3,8 ,2 ,6 ,9 v
2 9 Y 3 31 r ,> o ‘
1 21,6 ,0 ' ,
1 3 7 20,5 20, 21,2 . :
b4 *_‘ \ 'J‘Pi ey S— v
— 1 8v9 92 19,6 20,0 20,3
7 7 0] 1 19, y )|
1 17 17,4 1.8 18,1 18,5 ,
. v . .
1 4 6,3 16, ’
3 5 15,2 15,6 59 .
L 4,1 ‘4, 1 ,8 o4
10
5
0

10 15 20, 25 B0 35 40 45 S0 55 60 65 70 75 80 85 90 95 100
Payload in bytes

57



the sounds of smouwt evwironumenty

STVIATH IRAMIWORK
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IoT node sending performance

Time in send() and time between 2 packet generation

AdvanticSys TelosB
“&=time in send() “@=time in send(), fitted time between send() “**=time between send(), fitted
30
238 242 246 249 23
72723 B e —
Time in send() & time between 2 packet generation L 21 216 0223 2 g
i time between 2 packet generation @ Time in send() ”

—Linéaire (time between 2 packet generation) —Linéaire (Time in send())

A

3 16,7 17.0

0 203

o 192 19,6 20

1741728 18,1 18,5 18,

Time in ms
N N
S wn

45 5 60 65 70 75 80 85 S0 95 100

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 Payload in bytes

Packet number, size starts at 10 bytes and increases every 20 pkts by 5 bytes

Better with A2 agregation

58



1:send |

1:relay I

« At sender side, send as fast as

possible

« At receiver side, determine t __4

e ... and also compute the maximum
receive throughput per packet size
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Treap fOr various motes

ST TA AN WoaK
e

Read time Sender throughput and receiver throughput

=0=Read time, WaspMote  =@=Read time, Arduino WasPMOte & Ardumo' 125000bps

60 =o=measured xbee max sending throughput 125000bps
50 A l ) Rev throughput, Arduino
’ 41
20 @, 38 _ ==Rcv throughput, WaspMote
[} 34 S
E — » 60000 48840
c a 4261g 46276 47904
g 30 o 3569 39344
£ £ 40000 31220
S 3 19560 26002 19200 20741 22069 22500 22857
'%20000 11299 " 16000 18182
% 0
10 g W—D_D_D
0 '.§ 0 12308 13333 14118 14737 15610 16000 16000
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
XBee payload in bytes XBee payload in bytes

Packet read time

Packet read time, TelosB =0=pPacket read time, iMote2 =I=Packet read time, MicaZ

Time in ms

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Payload in bytes



> y'y
t t v 1:read
send relay
I 1:processing

\—’\>

 Relaying are usually done at
application-level (even OS level is
considered app-level for the mote)

« Relaying means:

Read the packet in memory
Send the packet to next hop
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Relay node performances

Pkt read time & Pkt relay time, WaspMote

=0=Read time <=Relay time

50 /60 \/0 80/ 90 100
XBee payload in bytes

Needs A3 agregation



Read time & processing w/relay time

=¥=Read time, WaspMote

=“=WaspMote processing w/relay time

120

100

Time in ms

SanneAAAA -

Y

XBee payload in bytes

SmartSantander’s loT node uses 38400 Needs to discard audio frame
baud rate for communication between at the source to increase the

XBee radio and host ucontroller time window
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Relay node performances

Pkt read time & Pkt relay time, TelosB

Relay time =®=Read time

27.9 281
25.0 255
0.5 207 227 -
4 - 27.8
6.2/ 243248 263
e 200
) 66 7 7 7 8 8 8
5 JEE
S .

10 15 2Q 25 30 35 40 45 50 35 60 65 70 75 80 85 90 95 100
pdd in bytes

Needs A2 agregation



Summary on performances

« Looking at app-level performances,
taking into account OS&API

overheads (read, write)

« In multi-hop communication, relay
time can dramatically reduce the
E2E performances

« Dedicated audio board leverage
some performance limits

« Audio frame aggregation can be
used to adapt to IoT node limits B
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Sensitivity of codecs

.raw.wav
.bit.wav
.spx.wav

!

Quality
indicator




~ Audio quality: PESQ & MOS (1),

« ITU-T P.862 Perceptual evaluation of
speech quality (PESQ): An objective
method for end-to-end speech quality
assessment of narrow-band telephone
networks and speech codecs.

« We can use ITU-T PESQ tool to
determine the MOS value for loss-free

encoded audio (codec2, speex, ...).
MOS-LQO values greater than 2.6 are

considered good.



REFERENCE
test.

test
test

test
test
test
test
test
test

wav

«Wav
«Wav

- Wav
. Wav
«Wav
-Wav
.Wav
- Wav

DEGRADED
test.wav

test4000Hz .raw.wav
test8000Hz.raw.wav

test2150.spx.wav
test5950.spx.wav
test8000.spx.wav
testl1l1000.spx.wav
testl1l3000.spx.wav
testl1l5000.spx.wav

5=Excellent, 4=Good, 3=Fair, 2=Poor, 1=Bad

PESQOMOS MOSLQO SAMPLE FREQ

4.

B W W wiN

500

. 757
.428
.652
.941
.941
.085

4.

D

B b BRI W N

549

.115
.549

472
.454
. 757
.093
.093
.235

8000

4000
8000

8000
8000
8000
8000
8000
8000
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Test8000.raw

RAW 8000 MOSLQO against test-8000Hz.raw.wav - 100 bytes / radio packet

4.549

45
4 .. “’
o A .‘,‘yo b ;~
35 3.245 s 2!
2.918 4 f‘ .
2,667 - -
2.472 ‘ o8
25 2.235
1.964
1.856 1.932 1773
1.594
1.363 =
. ' 1303
- 12 . 1.222 1.26 5 s
145 1177 1.15511011.0961-1521 0811 0671 0561.063
q\a 0\0 y

N s*é‘“&d“@‘“d*é“&‘“d“é“é‘“@d“@‘“@*@d’&é"s‘“ S $F gk g*

'\‘«"@@ﬂf"b"’@@&"b‘-”@‘?ﬁ"%"@@é’@'@@

w

N

(%3]

[

[%2]

o




|
:
W
:
:

N
\ o
<
-’
)
4
S
0
-
N
3
Q
?
-
-
-
0
)
V)
v
—

SPEEX 8000 MOSLQO against test8000.spx.wav - 20 bytes / radio packet

45 4.308

4

3.519

(Vg
<
S I —
Y —

2.3752.334

1.886 1.945

1.613 1.592 1.614 1 577

1.1991.175

1.389 1,317

3.5

3

2.5

2

1.5

1

0.5

0

%0°0L
%00L
%0°S9
%0°S9
%009
%009
%0°SS
%0°SS
%0°0S
%0°0S
%0°SY
%0°SY
%00
%00
%0°SE
%0°SE
%0°0E
%00t
%0°SZ
%0°ST
%00¢
%002
%0°ST
%0'ST
%0701
%001
%S

%S

%0



%0°0L
%0°0L
%0°S9
%059
%009
%009
%0°SS
%0'SS
%00S
%0°0S
%0°'SY
%0°SY
%00v
%00V
%0°St
%0°SE
%0'0¢
%00t
%0°SC
%0°'ST
%002
%0'0C
%0°ST
%0°ST
%001
%001
%S

%S

147 1 078 1.131

T

1.272 129

| I 139 1.457

1.743 1 g2

SPEEX 8000 MOSLQO against test8000.spx.wav - 40 bytes / radio packet
2.94

2.53

| 21|13 1.959

3.395

%0

M the sounds of smowt evwivorumentsy

5
4
3.5
3
2.5
2
15
1
0

45 4.308

0.5




%0°0L
%0°0L
%0°S9
%0°S9
%0°09
%009
%0°SS
%0°SS
%0°0S
%0°0S
%0°SY
%0°St
%00
%00
%0°SE
%0°SE
%0°0€
%0°0€
%0°S¢
%0°ST
%0°0¢
%0°0¢
%0°ST
%0°ST
%0°0T
%001
%S

%S

1.2381.222'1151 1 pg1 1.119 1.116

W

1.46

1.665

1.505

.001
| 1.66

2.38

917

SPEEX 8000 MOSLQO against test8000.spx.wav - 60 bytes / radio packet

|

3.472

%0

5
4.5 4.308
4
3.5
3
2.5
2
1.5
1
0.5
0
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1-hop audio in LoS

Test 1 - radio channel 18
WaspMote 8KHz
392 =» Meshlium

\ Mo\p,




Frame analysis

 Use wireshark as frame analysis tool

« AdvanticSys TelosB mote as
promiscuous sniffer mote, connected

to wireshark to display captured
frames

 Frame reception time can be
visualized for statistic collection

« Transmission latencies
 Frame jitter
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wireshark frame captu

STANTH AN WoRK
P erh

@ el Qe 3F & B WME X 0
Filter: v | Expression...
No. Time Source Destination Protocol Length Sequence Number Extra info Data
23 68719.47672( IEEE 802.15.4 5 77 68576. 104781 1
24 150.135872 00:13:32:00:40:92:20:70 0x0090 IEEE 8602.15.4 22 78 -68569.3408Yes
25 68719.47672( IEEE 802.15.4 5 78 68569.34084(
26 *REF* 0x0090 0x0100 IEEE 802.15.4 35 144 *REF* Yes
27 06.019584 0x0090 0x0100 IEEE 802.15.4 35 145 0.019584 Yes
28 0.047456 0x0090 0x0100 IEEE 8602.15.4 35 146 0.027872 Yes
29 0.061824 0x0090 0x0100 IEEE 8602.15.4 35 147 0.014368 Yes
30 0.083456 6x0090 0x0100 IEEE 802.15.4 35 148 0.021632 Yes
31 0.103584 0x0090 0x0100 IEEE 802.15.4 35 149 0.020128 Yes
32 0.128064 0x0090 0x0100 IEEE 802.15.4 35 150 0.024480 Yes
33 0.147104 0x0090 0x0100 IEEE 8602.15.4 35 151 0.019040 Yes
34 0.167872 0x0090 0x0100 IEEE 8602.15.4 35 152 0.020768 Yes
35 0.187072 0x0090 0x0100 IEEE 802.15.4 35 153 0.019200 Yes
36 0.210752 0x0090 0x0100 IEEE 802.15.4 35 154 0.023680 Yes
37 0.229952 0x0090 0x0100 IEEE 802.15.4 35 155 0.019200 Yes
38 0.249792 0x0090 0x0100 IEEE 862.15.4 35 156 0.019840 Yes
39 0.274880 0x0090 0x0100 IEEE 862.15.4 35 157 0.025088 Yes
40 0.290816 0x0090 0x0100 IEEE 802.15.4 35 158 0.015936 Yes
41 0.312224 0x0090 0x0100 IEEE 802.15.4 35 159 0.021408 Yes
42 0.333952 0x0090 0x0100 IEEE 802.15.4 35 160 0.021728 Yes
v Frame 26: 35 bytes on wire (280 bits), 35 bytes captured (280 bits)
Arrival Time: Dec 31, 1969 16:62:30.684992000 PST
Epoch Time: 150.684992000 seconds
[Time delta from previous captured frame: -68568.791728000 seconds]
[Time delta from previous displayed frame: -68568.791728000 seconds]
[Time since reference or first frame: ©.000000000 seconds]
[This is a Time Reference frame]
Frame Number: 26
Frame Length: 35 bytes (280 bits)
Capture Length: 35 bytes (280 bits)
[Frame is marked: False]
[Frame is ignored: False]
[Protocols in frame: wpan:data]
v IEEE 802.15.4 Data, Dst: ©x0100, Src: 0x0090, Bad FCS
» Frame Control Field: Data (0x8841)
Sequence Number: 144
Destination PAN: ©x3332
Destination: ©x0100
Source: 0x0090
Fcs: oxffff (Incorrect, expected FCS=0xa563
» [Expert Info (Warn/Checksum): Bad FCS]
» Data (24 bytes)
0000 41 88 90 32 33 00 01 90 00 ff 55 01 14 ae 24 24 A..23... ..U...$$
0010 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 $999959% $95599%%
0020 24 ff ff $..
O File: "/home/wsn/Desktop/audio_... - Packets: 2899 Displayed: 2899 Marked: 0 Load time: 0:00.091 Profile: Default
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B e C QéeE- 37 & EB SulB WHEEX 0

Filter: v | Expression...
No. Time Source Destination Protocol Length Sequence Number Extra info Data
23 68719.47672( IEEE 802.15.4 5 77 68576.10478!
24 1560.135872 00:13:a2:00:40:92:20:70 0x0090 IEEE 802.15.4 22 78 -68569.3408¢Yes
25 68719.47672( IEEE 802.15.4 5 78 68569.34084!
26 *REF* 0x0090 0x0100 IEEE 8602.15.4 35 144, *REF* Yes
/ 27 0.019584 0x0090 0x01600 IEEE 802.15.4 35 0.019584 Yes
28 0.047456 0x0090 0x0100 IEEE 802.15.4 35 146 0.027872 Yes
. 29 0.061824 0x0090 0x0100 IEEE 8602.15.4 35 147 0.014368 Yes
T|me from 30 0.083456  0X0090 0x0100 IEEE 802.15.4 35 148 0.021632  Yes
31 0.103584 0x0090 0x0100 IEEE 802.15.4 35 149 0.020128 Yes
reference 32 0.128064  ©x0090 0x0100 IEEE 802.15.4 35 T|me from 150 0.024480  Yes
. 33 0.147104 0x0090 0x0100 IEEE 8602.15.4 35 . 151 0.019040 Yes
tlme 34 0.167872 0x0090 0x0100 IEEE 802.15.4 35 prevlous 152 0.020768 Yes
35 0.187072 0x0090 0x01600 IEEE 802.15.4 35 . 153 0.019200 Yes
36 0.210752 0x0090 0x0100 IEEE 802.15.4 35 dlsplayed 154 0.023680 Yes
37 ©.229952 0x0090 0x0100 IEEE 8602.15.4 35 155 0.019200 Yes
38 0.249792 0x0090 0x0100 IEEE 802.15.4 35 156 0.019840 Yes
39 0.2748860 0x0090 0x0100 IEEE 802.15.4 35 157 0.025088 Yes
40 0.290816 0x0090 0x01600 IEEE 802.15.4 35 158 0.015936 Yes
41 0.312224 0x0090 0x0100 IEEE 802.15.4 35 159 0.021408 Yes
42 0.333952 0x0090 0x0100 IEEE 8602.15.4 35 160 0.021728 Yes
v Frame 26: 35 bytes on wire (280 bits), 35 bytes captured (280 bits)
Arrival Time: Dec 31, 1969 16:02:30.684992000 PST
Epoch Time: 150.684992000 seconds
[Time delta from previous captured frame: -68568.791728000 seconds]
[Time delta from previous displayed frame: -68568.791728000 seconds]
[Time since reference or first frame: 0.000000000 seconds]
[This is a Time Reference frame]
Frame Number: 26
Frame Length: 35 bytes (280 bits)
Capture Length: 35 bytes (280 bits)
[Frame is marked: False]
[Frame is ignored: False]
[Protocols in frame: wpan:data]
v IEEE 802.15.4 Data, Dst: ©x0100, Src: 0x0090, Bad FCS
> Frame Control Field: Data (0x8841)
Sequence Number: 144
Destination PAN: ©x3332
Destination: ©x01600
Source: 0x0090
FCS: exffff (Incorrect, expected FCS=0xa563
» [Expert Info (Warn/Checksum): Bad FCS]
> Data (24 bytes)
0000 41 88 90 32 33 00 01 90 00 ff 55 01 14 ae 24 24 A..23... ..U...$$
0010 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 $$39559% $5$$5$%%
0020 24 ff ff $..
ile: "/home/wsn/Desktop/audio_... - Packets: isplayed: arked: 0 Load time: 0:00. rofile: Defau
O File:"/h Deskt di Packets: 2899 Displayed: 2899 Marked: 0 Load ti 0:00.091 Profile: Default
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Example: latency 2-hop

& & wExcE Qe T &
Filter: 'wpan.frame_type == 0x0001 v | Expression... Clear — - -
No. Time Source Destination Protocol ﬁ @ - X C = Q «© T & E] E & = W E] & @ X @
2232 1102.541984 0xc823 0x0100 IEEE 802.15.f Filter: 'wpan.frame_type == 0x0001 v | Expression... Clear
2234/1162.565856) x6690 Oxc823 TEEE 802.15. No. Time Source Destination Protocol Length Sequence Number Extra info D,
2235 1102.644576 0xc823 0x0100 IEEE 802.15.
2237 68719.47672(0x0090 0xc823 IEEE 802.15. 2232 1102.541984 0xc823 0x0100 IEEE 8602.15.4 107 0 0.074208 Yg
2238 *REF* 0x0090 0xc823 1EEE 892.15I 2234 1102.565856 0x00960 0xc823 IEEE 802.15.4 107 240 -67616.9108(Yq
2239 0.020960 0xc823 0x0100 IEEE 802.15. 2235 1102.644576 0xc823 0x0100 IEEE 8602.15.4 107 10.078720 Yeg
2241 0.081760 0x0090 0xc823 IEEE 802.15. 2237 68719.47672(0x00960 0xc823 IEEE 802.15.4 107 241 67616.82315.Yq
2242 0.130592 0xc823 0x0100 IEEE 802.15. 2238 *REF* 0x0090 0xc823 IEEE 802.15.4 107 242 *REF* Y
2244 0.161952 0x0090 0xc823 IEEE 802.15. 2239 0.020960 0xc823 0x0100 IEEE 802.15.4 107 2 0.020960 Yg
2245 0.243808 0x0090 0xc823 IEEE 802.15. 2241 0.081760 0x0090 0xc823 IEEE 8602.15.4 107 243 -67616.6584.Yq
2246 0.255904 0xc823 0x0100 1IEEE 802.15. 2242 0.130592 0xc823 0x0100 IEEE 802.15.4 107 3 0.048832 Yg
2248 0.328672 0x0090 0xc823 1EEE 802.15. 2244 0.161952 0x0090 0xc823 IEEE 8602.15.4 107 244 -67616.5782.Yqg
2249 0.365952 0xc823 0x0100 IEEE 802.15. 2245 0.243808 0x0090 0xc823 IEEE 802.15.4 107 245 0.081856 Yg
2251 0.409728 0x0090 0xc823 1IEEE 802.15. 2246 0.255904 0xc823 0x0100 IEEE 802.15.4 107 4 0.012096 Yg
2252 0.465312 0xc823 0x0100 IEEE 802.15. 2248 0.328672 0x0090 0xc823 IEEE 802.15.4 107 246 -67616.4115(Yqg
2254 0.495712 0x0090 0xc823 1IEEE 802.15. 2249 0.365952 0xc823 0x0100 IEEE 802.15.4 107 5 0.037280 Yg
2255 0.584416 0xc823 0x0100 IEEE 802.15. 2251 0.409728 0x0090 0xc823 IEEE 802.15.4 107 247 -67616.3304:Yq
2257 0.678208 0x0090 0xc823 IEEE 802.15. 2252 0.465312 0xc823 0x0100 IEEE 802.15.4 107 6 0.055584 Y
2258 0.690144 0xc823 0x0100 1IEEE 802.15. 2254 0.495712 0x0090 0xc823 IEEE 802.15.4 107 248 -67616.2444(Yqg
2260 0.766144 0x0090 0xc823 IEEE 802.15. 2255 0.584416 0xc823 0x0100 IEEE 802.15.4 107 7 6.088704 Yg
v Frame 2238: 107 bytes on wire (856 bits), 107 bytes captured (856 bits) 2257/6.678268 | 6x0690 0xc823 IEEE 862.15.4 167 250 -67616.0619(Yg
Arrival Time: Dec 31, 1969 16:18:22.736544000 PST 2258 0.690144 0xc823 0x0100 IEEE 802.15.4 107 8 0.011936 Yg
Epoch Time: 1162.736544000 seconds 2260 0.766144  ©x0090 0xc823 IEEE 802.15.4 107 251 -67615.9740: Yq
[Time delta from previous captured frame: -67616.740176000 seconds] v Frame 2252: 107 bytes on wire (856 bits), 107 bytes captured (856 bits)
[Time delta from previous displayed frame: -67616.740176000 seconds] Arrival Time: Dec 31, 1969 16:18:23.201856000 PST
[Time since reference or first frame: ©.000000000 seconds] Epoch Time: 1103.201856000 seconds
[This is a Time Reference frame] [Time delta from previous captured frame: 0.055584000 seconds]
Frame Number: 2238 [Time delta from previous displayed frame: 0.055584000 seconds]
Frame Length: 107 bytes (856 bits) [Time since reference or first frame: 0.465312000 seconds]
Capture Length: 107 bytes (856 bits) Frame Number: 2252
[Frame is marked: False] Frame Length: 107 bytes (856 bits)
[Frame is ignored: False] Capture Length: 107 bytes (856 bits)
[Protocols in frame: wpan:data] [Frame is marked: False]
v IEEE 802.15.4 Data, Dst: Oxc823, Src: 8x8090, Bad FCS [Frame is ignored: False]
v Frame Control Field: Data (0x8841) [Protocols in frame: wpan:data]
001 = Frame Type: Data (6x0601) v IEEE 802.15.4 Data, Dst: 0x0100, Src: ©xc823, Bad FCS
... 0... = Security Enabled: False v Frame Control Field: Data (©x8861)
a — Erame Pendina- Falee seve ee. ... .001 = Frame Type: Data (6x0001)
0000 41 88 f2 32 33 23 c8 90 00 [Ff 55 c3 14 1b o7 5] 0 Security Enabled: False
0010 86 62 88 Ob 14 ©f 52 2c 2d b7 86 6b ef 11 f5 b6 . Frame Pending: False
0020 d4 ff 55 c4 14 1b 93 22 8f ee ad 29 45 81 61 63 1 = Acknowledoe Reauest: True
0030 b 50 a0 b3 16 54 14 9f e7 ff 55 c5 14 1d c6 84 9000 61 88 06 32 33 00 01 23 8
0040 91 03 2e 18 44 e0 57 54 3d ff 86 3c 12 44 15 d9 0010 86 62 88 Ob 14 6f 52 2c 2d b7 80 6b ef 11 f5 b6
0050 f6 ff 55 c6 14 1d d7 4c 97 fe 01 69 59 c7 63 2a 0020 d4 ff 55 c4 14 1b 93 22 8f ee ad 29 45 81 61 63
0060 C5 47 ae b7 16 50 77 8f el ff ff 0030 b0 50 a® b3 16 54 14 9f e7 ff 55 5 14 1d c6 84
0040 91 03 2e 18 44 e® 57 54 3d ff 80 3c 12 44 15 d9
0050 f6 ff 55 c6 14 1d d7 4c 97 fe 01 69 59 c7 63 2a
0060 c5 47 ae b7 16 50 77 8f el ff ff
O File: "/home/wsn/Desktop/audio_... - Packets: 2899 Displayed: 2210 Marked: 0 Load time: 0:00.050 Profile: Default I
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SUANTA I TAN oA
Pecceammt

1-hop Advanticsys audio board.)

Packet inter-arrival time, 392(audio-board)-Meshlium
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Test 7 — radio channel 18
WaspMote 8KHz
353 =»Meshlium
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1-hop WaspMote audio

Packet inter-arrival time, 353(WaspMote)-Meshlium
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2-hop TelosB audio board

37
49

Packet inter-arrival time, 353(TelosB)-351(Relay)-Meshlium

from relay node, A6

Very few packet losses
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Packet index

Usage of encoded audio allows for

multi-hop transmission, improving
greatly the transmission quality
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AdvanticSys+audio board
Instantaneous energy consumption, idle & capture & transmit
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Instantaneous energy consumption, idle & capture & transmit

AdvanticSys+audio board
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Conclusions

Low-resource devices (sensor, IoT, ...) are currently deployed
in @ number of projects, especially in SmartCities context

Benchmarking such test-beds is of prime importance for
understanding the infrastructure limitations

The EAR-IT project focuses on acoustic data, deployed on
large scale test-beds, with very innovative applications

We shown main performance issues as well as quality and
usability indicators for streaming acoustic data

Synthetic workload and in-situ tests have been performed to
quantify the test-bed capacity and to propose adequate
mechanism to provide near real-time acoustic data

Same methodology can be applied to other test-beds, see
the proposed methodology and tools:
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Developped audio board
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