


EAR-IT the sounds of simart environment

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
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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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EAR-IT the sounds of simart environment
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recoge pilas roto en el alto Miranda
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Motes (Sensor Nodes)

Def.: “is a node in a WSN that is capable of gathering sensory
information, performing some processing and do certain
communication with other connected nodes in the network”

Current IoT Motes Specs
Fundamental Energy/Power constraints

_OW processing power

_ow storage capabilities

| ow-cost sensors
(e.g. electrect microphone)
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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;

Typical PC
. _peripherals via
high-speed USB
8l -~ Lco Expansion
= |2C, I’S, SPI,
MMC/SD Expansion

Laptop-like
performance

[« Super-scalerARM® \ & ;'.'_
B eg Cortex ™-A8 o
* More than 2,000

Dhrystone MIPS

a Ct I « Up to 20 Million JE gvu-o =
polygons per sec amera Header
graphics _ [** S-Video
* HD video capable e [ JTAG
C684x+™ DSP core B L SB Hosts

= Stereo Out
« Stereo In
10/100 Ethernet

AUDH—ORY G;%gl/ - : X r— USB 2.0 HS OTG*

VA I. I. EY « Altemate Power

o " Bl | RS-232 Serial*
a5 s iem en L+ Micro-SD Slot*

* Supports booting from this peripheral
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. — Today’s
audio-ready loT
Technologies

« Less Capable

« Low energy
 Cheaper to get
« Much deployed

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
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IT the sounds of smart environment

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

SMARTSANTANDER
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EAR-IT #e Sounds of shmart environment

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

SmartSantander
Server Platform |7 o .- _____ Internet
\\ 2 ~ N N
g N S Using the legacy noise
BN RN S~ sensors for estimating
N ~
N s I motion direction

Acoustic-based
Applications

Use the APU in order to

analyse the environment

sound and detect typical
sound events

o SmartSantander noise sensor

--m'L‘.Illll,\'\\w- Sound signal
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APU (Acoustic Proccessing Unit)
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EAR-IT #e Sounds of srart environment

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

Using the NO, sensors

deployed in the public

transportation buses to
correlate the collected data
values with those from the

Acoustic-based
Applications

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

O SmartSantander NO, sensor

i APU (Acoustic Proccessing Unit)

--m'l,‘.lllll,\'\\w- Sound signal
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('« The whole SmartSantander infrastructure is used in the deployment R
(IoT-s, APU, database, remote control)

« Traffic monitoring IoT-s are used for development and validation

. * The examined street is a one-way road with 3 lanes y

=1 = s =

- ’}zc"‘

S —_— APU osito

- = e b
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EAR-IT the sounds of simart environment

‘ b

libElm waspP - Carbon Monoxide — CO

0

- Carbon Dioxide — CO2
- Oxygen — O2

- Methane — CH4

- Hydrogen — H2

ATmegal281 mi Aormonia - N3
8MhZ, 4K R 2 - Isobutane — C4H10

: ‘ - Ethanol - CH3CH20H
2.4GHz IEEE 80

comunicaciones inaldmbricas distribuidas

- Toluene — C6H5CH3

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

- Humidity

Q

¥ 3332 0C MYFFFF 4§

Microprocessor Accelen _: 8 9 E
Sensor 110/ GPRS Socket 5, < - Pressure/Weight
Ty » 4 D - - Bend
H - Vibration
- Impact
- Hall Effect
- Tilt

- Temperature (+/-)
- Liquid Presence

| E1ho 2 :"il' 3 &
[Sol'ar socket \ USB Power Led
Reset Button Crystal Oscillator "\ _Switch OFF/ON SD CARD

-“!
- Liquid Level
RTC Aux. Battery GPS Socket qu v
- Luminosity
- Presence (PIR)
- Stretch

www.ear-it.eu
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EAR-IT the sounds of simart environment

PCB
Antennal CC2420 Radio
\Wi 24 GHz

Silicon Serial ID
_wire

MSP430F1611 P
microcontroller o
SPI[0] P1[0.34] UART[0] 2
8Mhz, 48K OK RAM " 55
2.4GHz IE .15.4 T
PLIP22 TCK 12C[0]  SPIO) .BZ‘.i!IIZ.

CC2420 sl - T 1 b

RX/TX RTS/DTR| ST Flash

Programmed under TinyOS mo | w0 | wemm]

Functionality
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« Phase 1
« Determine upper bounds on performances of a single
IoT node
« Determine upper bounds on performances of muIt| hop

transmissions

APPLICATION (SENDER)  API radio medium API APP (RLY) API radio medium  APPLICATION (RCV)

start of send() (‘ sl T =~ Block 1
\|\ \ Damu\\\

Traffic Generators
Sniffers |
Advanced timing P

\
l

T

VB oS
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EAR-IT #e Sounds of srart environment

Read time & processing w/relay time

=o=Read time, WaspMote ==WaspMote processing w/relay time

140 ann
Throughput comparison WaspMote, light Libelium API

«I=sender throughput, back-to-back =®=sender throughput, without pkt drop Receiver w/relay throughput

18000 16644 17138
16000
15222

LIBELIUM WASPMOTE
16000

14000
12000

10000

8000

6000

max throughput in bps

4000

2000

0

10 20 30 40 50 60 70 80 90 100
XBee payload in bytes
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ADVANTICSYS
CM5000, CM3000

70000
60000
2 50000
£
= 40000
Q.
% 30000
3
£ 20000
[
10000
0

Packet read time & packet relay time

“0=Packet relay time (th), TelosB Packet relay time (measured), TelosB

=0=Packet read time, TelosB

30.0 275 28:0-283

NP 1 B - —

Sender, receiver & relay throughput g 28.1

==sender throughput

=d=Measured Rcv throughput sender MicaZ, TelosB

Relay throughput (th), TelosB

=*=Relay throughput (measured), Telosb

> 100

75 28235

o 24743 25921 26087 27475

.

4

1ga70 21429 21879 23204 we

17734 18462

11215 347
W a53 9160
TOES

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Payload in bytes
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EAR-IT #he Sounds of smart environmment

« Phase 2

« Performances in a networked environment: node
density, traffic loads

. Use representive locations in
Santander for on-site test
campaigns

. Deploy on IoT nodes traffic
generators & sniffers

. Use mobile traffic generators &
sniffers for dynamic traffic
patterns

. Throughput, packet losses,
latency, ...

I www.ear-it.eu I
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« XBee in APO mode
(transparent mode)

« 8-bit 4Khz sampling
gives 32000bps

« 8Khz sampling gives

64000bps, requires
custom API

I www.ear-it.eu I



EAR-IT the sounds of simart environment

\ 4

t

t v Tread
relay

I 1:processing

T,

Intermediate nodes can

BN TIEO R I ERE PLAY RECEIVED
FILE
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IT the sounds of smart environmment

Multi-hop audio solution

-— u

B | Assassssasississasiiasisg

¢« Use d_edic_ated audio board for

)

Advanticsys
CM3000

—— _ ! dsPIC33 with Bkbps'speex. - . T oLt
Specially designed audio real-time encoder . N
board by INRIA CAIRNS &

Feichter Electronics

« Allows for multi-hop, encoded audio
streaming scenarios
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Sart enviFonment

160 bytes (20ms)

20 bytes of encoded audio data
framing

0xXFFO0x55 1 byte
Seq. No.

/

24 or 21 bytes frame

\
1 byte
frame size

speex_ sampledec

www.ear-it.eu




EAR-IT #e Sounds of shmart environment

SPEEX AUDIO ENCODING
8S8KBPS

Al1/2/3/4 aggregate audio frames
D0100 set the 16-bit dest. mac addr
C0/1 power off/on the audio board

python 115200SerialToStdout.py | ./speex sampledec_wframing essai.raw | DECODE & PLAY
play --buffer 100 -t raw -r 8000 -s -2 -

RECEIVED AUDIO

I www.ear-it.eu I



ADVANTICSYS
CM5000, CM3000

LIBELIUM
WASPMOTE

Fully configurable:

- R0/1 enable/disable relay mode
Destination node D0013A2004086D828 set the 64-bit dest. mac addr

Additional re|ay de|ay D0080 set the 16-bit dest. mac addr
Clock synchronization

I www.ear-it.eu I




EAR-IT #e Sounds of shmart environment

R0/1 enable/disable relay mode
D0100 set the 16-bit dest. mac addr

— ———

=~ -~
-~

~ RELAY
SPEEX AUDIO ENCODING
8S8KBPS
Al1/2/3/4/6 aggregate audio frames
D0200 set the 16-bit dest. mac addr 0xC823 «
C0/1 power off/on the audio board N

N\
N\
N 0x0100
\

python 115200SerialToStdout.py | ./speex sampledec_wframing essai.raw | DECODE & PLAY
play --buffer 100 -t raw -r 8000 -s -2 -

RECEIVED AUDIO
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fAe fam)! of smarf environinent

speex at 8kbps requirements

160 bytes (20ms)

20 bytes of encoded audio data

R NN ANR AN AR AR -
framing able to relay

0XFF0x55 24-bvte pkt
1 byte d ylep
Seq) No. " every 20ms

24 or 21 bytes frame

\ =
1 byte

frame size speex_ sampledec

|
www.ear-it.eu




EAR-IT #e Sounds of srart environment

Packet read time & packet relay time

“=Packet relay time (th), TelosB Packet relay time (measured), TelosB

==packet read time, TelosB

30.0 275 280 283
255 25.9 26-2_gpedfiuegy
23.8 241 LBl 379 578 28.1

25.0 224
217 22.0 /_—-\..' 55 263

106 199 203 _paaslely™ 5,3 250 2438

20.0 -—‘5-’_—/21—9 22.5.22.7

£ 15.7 16 o 207 206

£ 150 -

o 15.

g 16.2

" 8 8 8
10.0 77
0.0

10 15 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Payload in bytes
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Time in ms

www.ear-it.eu

120

100

co
o

(=2
o

o
o

N
o

o

==Read

10

Read time & processing w/relay time

time, WaspMote ==WaspMote processing w/relay time

30 40 50 60 70

XBee payload in bytes




SmAr: enviFonmnent

speex at 8kbps on slow relay nodes

. 160 bytes (20ms) .
20 bytes of encoded audio data

Add framing Ca ptu re 6
oyl audio frames
(120ms) but

only send 4

Need to be
able to relay
96-byte pkt
every 120ms

l I
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Tension

018

016 1

0.14 1

0.12

0.08 - About 8.2J to capture and transmit
o audio at 4KHz during 15s

0.04

0.02

0 d About 0.54J / s
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E cumulée

12

Energy to relay 100 packets of size
30 bytes: about 10J

About 0.1J / packet
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