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EAR-IT: AUDIO SURVEILLANCE IN
SMARTCITIES AND SMARTBUILDINGS

SEE HTTP://WWW.EAR-IT.EU
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EAR-IT ON HOBNET TEST-
BED AT UNIGE

Specially
designed audio
board by INRIA
CAIRNS &
Feichter
Electronics

dsPIC33 with 8kbps speex
real-time encoder
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8MHz Atmega1281
8kB SRAM, 128kB Flash

48K flash, 10K RAM

CC2420 radio
Xbee radio
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8Mhz MSP430F 1611
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MULTI-HOP PACKET
FORWARDING

Multi-hop is very costly (routing) and
generates lot's of packet losses!

N

. In data-intensive applications, a lot of packets will be transmitted,
> usually at high transmission rate!

i A
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I Tpr'ocessing
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MULTI-HOP PACKET
FORWARDING

Multi-hop is very costly (routing) and
generates lot’s of packet losses!

.';" In data-intensive applications, a lot of packets will be transmitted,
U usually at high transmission rate!
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¥ " 1 Tr‘ead
send relay
I Tpr'ocessing

What level of performances can we expect?




MASS-MARKET SENSORS

CoOsT:
~100€

waspP
moTe

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

16MHz Atmega1281
8kB SRAM, 128kB Flash
Xbee radio

ARDUINO MEGA2560
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SENSOR’S HW&SW

>E DEER &

LIBELIUM WASPMOTE

Microprocessor

Accelerometer
12C-UART Socket
4I||\ -~ .

Optimized Libelium’s API

T
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[ ¢ . D R ;“;x
/Solar socket \
Reset Button Crystal Oscillator "\ Switch OFF/ON

ARDUINO MEGA2560

ARDUINO-BASED IDE

SEVNEEEE N \\/|TH C++-LIKE
WNEROEN | ANGUAGE
micro-controller §

Default speed is §
usually 38400
bauds

Higher baud rate
are possible
but...

XBEE 802.15.4
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« ACADEMIC » SENSORS

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

1Mote2

13-416MHz PXA271 Xscale
Wireless MMX DSP

256kB SRAM, 32MB Flash,
32MB SDRAM

CC2420 radio

AdvanticSys CM5000 & CM3000
TelosB-like mote

8Mhz MSP430F1611
10K SRAM, 48K flash
TelosB CC2420 radio

1Mote2 with IMB400
multimedia board




« ACADEMIC » SENSORS

1Mote2

13-416MHz PXA271 Xscale
Wireless MMX DSP

256kB SRAM, 32MB Flash,
32MB SDRAM

CC2420 radio

1Mote2 with IMB400
multimedia board

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

Radio module
CC2420 is

connected
through SPI bus

SPI speed is in
the order of

several
hundredth kbps AdvanticSys CM5000 & CM3000

TelosB-like mote

oy

8Mhz MSP430F 1611
10K SRAM, 48K flash

P
&
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TelosB CC2420 radio




« ACADEMIC » SENSORS

iMote2 ST
e 8MHz Atmega128L
g e SPGB e . 4kB SRAM, 128kB Flash
=420 radio

Motes are programmed under the

13.416MHz Pxao7  1INYOS operating system & lib

Wireless MMX DSP
256kB SRAM, 32MB ~ For MicaZ and TelosB we use

32MB SDRAM S
CC2420 radio TKN154 communication stack

For |Mot§2 vye use IEEE154 < CMS000 & CM3000
communication stack mote

8Mnhz MSP430F 1611
10K SRAM, 48K flash

1Mote2 with IMB400 TelosB CC2420 radio

multimedia board
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COMMUNICATION
PERFORMANCES

dJ APPLICATION LEVEL PERFORMANCES
DEPENDS ON OS, API, HARDWARE
ARCHITECTURE

dJd USUALLY MUCH LOWER THAN RADIO
PERFORMANCES

dWHAT ARE MINIMUM LATENCIES &
MAX. THROUGHPUT?

O FOR SENDING?
d FOR RECEIVING?
0 FOR RELAYING?

18



SENDING PERFORMANCES

A

1 Tread
1. \ 4
relay
I Tpr‘ocessing

1

—>

« Time in send() » is T2-T1

GENERATOR

Time resolution is millisecond

{ TRAFFIC J « Time between 2 pkt generation » is T0O-LO
Minimum data manipulation

void loop() {

TO;
LO=TO0; Measure the time
" in various part of

send (buf); APl send ()
T2; when possible.




SENDING PERFORMANCES

time in ms

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

¥ time between 2 pkt generation ¥ time in send()
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time in ms

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

W time between 2 pkt generation ¥ time in send()

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

XBee payload in bytes

time in ms

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

 time between 2 pkt generation & time in send()

Off-the-shelves

performances

10

15

20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100
XBee payload in bytes
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SENDING PERFORMANCES:
COMPARISON

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

& time between 2 pkt generation & time in send()

Time in send() and time between 2 packet generation
AdvanticSys TelosB

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Payload in bytes

95 100
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MAXIMUM SENDING THROUGHPUT

XBee application level max sending throughput & realistic send overhead,
WaspMote

={=realistic send overhead  =¢=time in send() only
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70000
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max throughput in bps
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XBee payload in bytes
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MAXIMUM SENDING THROUGHPUT

XBee application level max sending throughput & realistic send overhead,
WaspMote

={=realistic send overhead  =¢=time in send() only

80000 72464 72529

70000 62500
59113

60000 -

v R, B ——
40000 40816 -
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20000
AdvanticSys TelosB & MicaZ
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XBee payload in byte 80000 2650 74611
66131 58418 7%
70000
«» 60000
o
o
£ 50000
39344
‘é_ 20000 o 38211 - 35355 36735 38063 39344
-= () - 30882 32432 23744
w 20000 8 o ) 97586 29268
3 i 4448 = 3710 4000 & r ﬁ_ﬁﬁ
5 33406
£ 434 17087 20084 26328 30498 31634
= 20000 L] 2687828122
25322 24272 25595
50033 21493 22905
L 16961 18523
10000 - ] 11030 13668 15393
8257 ‘10128‘

0 4292\‘;313\ T T T
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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MAXIMUM SENDING THROUGHPUT

max throughput in bps

XBee application level max sending throughput & realistic send overhead,
WaspMote

={=realistic send overhead  =¢=time in send() only
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Imote2 e
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Payload in bytes
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RECEIVE PERFORMANCES

Tsend | Trelay]
2

A

VT

read

I Tpr‘ocessing
1

— 7]

I

J AT SENDER SIDE, SEND AS FAST AS

POSSIBLE

d AT RECEIVER SIDE, DETERMINE Teap

d... AND ALSO COMPUTE THE MAXIMUM
RECEIVE THROUGHPUT PER PACKET

SIZE

26



Treap FOR VARIOUS MOTES

Read time Sender throughput and receiver throughput
=0=Read time, WaspMote  =i=Read time, Arduino |: WaspMote & Ardumo’ 125000bps
60 — =o=measured xbee max sending throughput 125000bps
i 50
50 +— l 45 Rev throughput, Arduino
41
@. 38 ==Rcv throughput, WaspMote
E 40 34
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XBee payload in bytes

90 100 10 20 30 40 50 60 70 80
XBee payload in bytes

100

Packet read time, TelosB

Packet read time

=0=packet 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
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RECEIVER THROUGHPUT

Sender and receiver throughput
AdvanticSys TelosB and Micaz

sender throughput MicaZ =*=Rcv throughput MicaZ

==sender throughput TelosB=¢=Rcv throughput TelosB
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T

Throughput in bps

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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RECEIVER THROUGHPUT

Sender and receiver throughput
AdvanticSys TelosB and Micaz

sender throughput MicaZ =*=Rcv throughput MicaZ
=d=sender throughput TelosB=¢=Rcv throughput TelosB
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. 51921 52670
51819 5053151187 55 69 65 70 75 80 85 90 95 100
d in bytes

49801 49206
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25175 26458
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21083
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16590 18136

14992

10000 - 13340
oge3 11632

8031
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0 4164
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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RELAY PERFORMANCES

= 1 A 1_
d
Tsend Trelay e
I Tpr‘ocessing
2 1

d RELAYING ARE USUALLY DONE AT
APPLICATION-LEVEL (EVEN OS LEVEL
IS CONSIDERED APP-LEVEL FOR THE
MOTE)

J RELAYING MEANS:
O READ THE PACKET IN MEMORY
1 SEND THE PACKET TO NEXT HOP
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READ TIME AND RELAY TIME

Time inms

Read time & processing w/relay time

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

“»~Read time, Arduino =»=Arduino processing w/relay time

120

100 -
80
60
40
20 -

0

102 108 ’

94

A l

10 20 30 40 50 60 70 80 90 100
XBee payload in bytes

Read time is quite independant from

the UART baud rate, but depends on
microcontroller frequency
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READ TIME AND RELAY TIME

Read time & processing w/relay time

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

Read time, Arduino =»=Arduino processing w/relay time

120

108

102
o (5]
- 75 8

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

E 80
£ 60
E 40
* 5, 22 2 2 7 7 F
’ 30 40 50 60 70 80 90 100
Packet read time & packet relay time oespavondinbes
AdvanticSys TelosB and MicaZ
=I=Packet relay time (th), TelosB =fr=Packet relay time (measured), TelosB
=>&=Packet relay time (th), Micaz ==Packet relay time (measured), MicaZ
=0=Packet read time, TelosB =0=Packet read time, MicaZ
30.0 Joo 259 262
25.0
n 20.0 : /.84 . 22,5227
E 15.7_16 00 207 206 *°
£ A ) 13.4 13.7 13.9
o 15.0 - 11¢ 119 122
£
F 10.0
5.0
0.0
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READ TIME AND RELAY TIME

&

<=Packet relay time (th), TelosB

Timein ms
[
G
°

<=Packet relay time (th), MicaZ

=0=Packet read time, TelosB

Packet read time & packet relay time
AdvanticSys TelosB and MicaZ

e

~t=Packet relay time (measured), TelosB

“=#=Packet relay time (measured), MicaZ

=O=Packet read time, MicaZ

280 283
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= - 263
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15.7 1 207 206 15.7
187 200 3 137 139 142 145
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91 93 96 137
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=g

el bl O

Read time & processing w/relay time

=o=Read time, WaspMote

Read time, Arduino

== =
75 8

120

Timeinms
=

& L=2 =] o

S & © ©

[~
o

==WaspMote processing w/relay time
=»=Arduino processing w/relay time
108

17 20 22

o
-
i

o

I

30 40 50 60 70 80 90 100
XBee payload in bytes

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 10 20
Payload in bytes
Packet read time & packet relay time
iMote2
==Packet relay time (th), iMote2 Packet relay time (measured), iMote2
=0=packet read time, iMote2
35.0
29.9 30.3 30.6
28.5
30.0 275 27.8 282
247 251 254 258 261 9.9
25.0 223226 230 B3 _— gy 286 290
w st 20 — - sag 208 249 252 262 26.4 268 “"
18. 241 24 : : ‘
E 20.0 'M
‘v
£ 15.0
=
10.0 s 5 s
50 S o o . 3 3 3 3 3 4 4 4 4
1 1 1 A A A pA
0_0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Payload in bytes

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
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MAXIMUM EXPECTED
THROUGHPUT IN MULTI-HOP

Sender, receiver & relay throughput
WaspMote & Arduino, 125000bps

=o=measured xbee max sending throughput 125000bps
Rev throughput, Arduino
«@=Rcv throughput, WaspMote S l

=#=Rly throughput, Arduino &

«*=Rly throughput, WaspMote

60000

47904 48840

50000 46276

oy
o
o
8

30000

Throughput in bps

[
o
o
8

8372

7901
10000 =33 5970 6667 7388

- 6000 6364
azg 4776 5333
S

20 30 40 50 60 70 80 90 100
XBee payload in bytes



MAXIMUM EXPECTED

THROUGHPUT IN MULTI-HOP

Sender, receiver & relay throughput
WaspMote & Arduino, 125000bps

=o=measured xbee max sending throughput 125000bps

Rev throughput, Arduino
«=Rev throughput, WaspMote

alslroughput, Arduino

roughput, WaspMote

Sender, receiver & relay throughput
AdvanticSys TelosB and MicazZ

“¥=sender throughput, Micaz =O=Rcv throughput, Micaz

=0=Rcv throughput, TelosB Relay throughput (measured), MicaZ

=@=sender throughput, TelosB =»=Relay throughput (measured), Telosb
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a4

70000

<«

a776 5333 6000 €35

3834

8 60000
o

.£ 50000

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

30 40 S0
XBee payload in bytes

70

47904 48840

7001 8372 8511
6667 7368
5333 5970

7407

90 100
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MAXIMUM EXPECTED
THROUGHPUT IN MULTI-HOP

Sender, receiver & relay throughput
iMote2

=@=sender throughput
=0=Measured Rcv throughput sender Micaz, iMote2

Relay throughput (th), iMote2

=>&=Relay throughput (measured), iMote2

Sender, receiver & relay throughput
WaspMote & Arduino, 125000bps
=#=measured xbee max sending throughput 125000bps

Rev throughput, Arduino
«@=Rcv throughput, WaspMote - l

Dlal

<«

oughput, Arduino

roughput, WaspMote

47904 48840

60000 49801492065192151819526705053151187

50000 4502945745 .
g W v ured), MicaZ
o 37816
.E 40000 24799
= 581451189 ured), Telosb
2 30000 3833
Ty ZOV
=] 26134
© 20000 —" 22704 23822 24080 25119 2257 673669424 ey 7368 7901 8372 8511
= 1735 18629 19906 20380 21557 ~ s She

10000 & o 13708 14575 — e s 6000

0 appy 5835 = 30 40 50 60 70 8 90 100
4227 TT T T T T T T T T T T T T T T T 1
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 [~ XBee payload in bytes
Payload in bytes

= -
oo
3 30000
£
~ 20000

10000

0 T T T T T T T T T T T T T T T T T T 1

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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CONCLUSIONS

J LOOKING AT APP-LEVEL
PERFORMANCES, TAKING INTO
ACCOUNT OS&API OVERHEADS

dJIN MULTI-HOP COMMUNICATION,
RELAY TIME CAN DRAMATICALLY
REDUCE THE E2E PERFORMANCES

d MASS-MARCKET SENSORS ARE QUITE
LIMITED BY READ OVERHEAD

d MICAZ APPEARS TO BE THE MOST
PERFORMANT PLATFORM

d CAN BE USED TO BUILD MORE
REALISTIC SIMULATION MODEL
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BUILDING MORE REALISTIC
SIMULATION MODEL

d DON'T CONSIDER THAT RADIO THROUGHPUT
IS AVAILABLE AT APP-LEVEL!

d USING ONLY TRANSMISSION TIME IS FAR
FROM BEING REALISTIC!
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SOME LINKS

i
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