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TOWARDS MULTIMEDIA
INFORMATION

' Near real-time constraints,
large amount of data,
stream-like

“vi? ' communication,...



IMAGE SENSOR FOR MISSION-
CRITICAL APPS

Disaster relief, Search &
Rescue, Intrusion

detection, ...
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COLLECT DATA TO IMPROVE THE RESPONSIVENESS
OF RESCUE OPERATIONS
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PROPOSED CRITICALITY

A PZ(h.\"hy)
fps
o 293 3
d R CAN VARY IN [O] 5, 52855
O BEHAVIOR FUNCT 5 249203
(BV) DEFINES THE| 2.50 2:33
2.14 A
CAPTURE SPEED | 150"
O < :
ACCORDING TOR 1.61/ CRITICALITY LEVEL=0.8
d R9<0.5 1.50 124/-’
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4 CRITICALITY-BASED ACTIVITY
JKZ SCHEDULE

fps : frames/second |
CS : # cover sets

e O

Sentry nodes have . - R
higher probability to O
detect events and to =2, fos = OW5
send alerts cs = 1
fps/= 0.75

190 O=1 i

o

O o



IMAGE SENSORS

Cyclops

camera \

Cyclops

S ll2. 3 4 5 6 7 B 9 10

MicaZ
mote

1Mote2 with IMB400
multimedia board

Seedeye

Pixy




76 ARDUINO DUE + UCAMII

Can be
controlled
wirelessly to
capture, take
reference image,

compare image,
transmit image,
define packet
size, image
quality factor,...

128X128 IMAGES

XBee 802.15.4 module, Green led,
connected to UARTZ2 at indicates
125000 bauds that uCam
is ready

uCamII configured
for RAW 128x128
8-bit/pixel gray
scale .
COSsT:
~45€

Q\
Red led,
indicates that
| uCam is
. taking picture
and encoding
is undergoing [

uCamII camera, connected

Arduino Due board, A
to UART1 at 115200 bauds

at 84MHz, 96KB SRAM, 512KB flash N



BMP 16384b Q=100; 9768b Q=90; 5125b Q=80; 3729
- |
_l

ADJUSTABLE == *h‘ 4
IMAGE PSNR=51.344 PSNR=29.414 PSNR=28.866
QUALITY . A o N
FACTOR O Q=70; 2957b | Q=60; 2552b Q=50; 2265b Q=40; 2024b

Lo . A\ o p— 4
- e e e

: PSNR=28.477 PSNR=28.024 PSNR=27.912 PSNR=27.423
Collaboration

with CRAN Q=30; 1735b Q=20: 1366b Q=10; 911b Q=5; 576b

laboratory,
Nancy, France,

for robust image
encoding
techniques for
WSN.

i h | e &:k -

SNR=26.933 PSNR=26.038 PSNR=25.283
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4 ROBUST TO PACKET LOSSES,
Mo OUT OF ORDER RECEPTION
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ENCODING & TRANSMISSION
PERFORMANCES

JiiL E _J
|

Quality factor

Quality factor

Quality Z=90 size Number| encode time transmit| encode +| transmit encode + encode transmit| encode+tra
FactorQ |[in bytes |of packets| (measured)| (measured)| transmit (th)| transmit (th) time/pkt time/pkt nsmit
100 9768 158 1.027 1.064 2.091 1.133 2.160 0.0065 0.0067 13.2342
90 5125 70 0.782 0.539 1.321 0.502 1.284 0.0112 0.0077 18.8714
80 3729 48 0.704 0.384 1.088 0.344 1.048 0.0147 0.0080 22.6667
70 2957 37 0.686 0.304 0.99 0.265 0.951 0.0185 0.0082 26.7568
60 2552 32 0.662 0.263 0.925 0.229 0.891 0.0207 0.0082 28.9063
50 2265 28 0.646 0.233 0.879 0.201 0.847 0.0231 0.0083 31.3929
40 2024 25 0.657 0.207 0.864 0.179 0.836 0.0263 0.0083 34.5600
30 1735 21 0.649 0.177 0.826 0.151 0.800 0.0309 0.0084 39.3333
20 1366 17 0.638 0.14 0.778 0.122 0.760 0.0375 0.0082 45.7647
10 911 11 0.628 0.093 0.721 0.079 0.707 0.0571 0.0085 65.5455
5 576 7 0.624 0.058 0.682 0.050 0.674 0.0891 0.0083 97.4286
transmit (measured) Wil encode time (measured) Number of packets =*=time/pkt
=*=encode + transmit (th) transmit (th) 180
)5 reo | 158
140
2

" , 120

s 1 H E 80

£ X 60

> ‘'n-a N 23

100 90 80 70 60 50 40 30 20 10 5 100 9 8 70 60 50 40 30 20 10
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A~ EXPLOITING ACOUSTIC DATA
N FP7 EU EAR-IT

o
e

e!!iciency

AUDIO

SURVEILLANCE
IN PROGRESS

Survei”ance

From EAR-IT slides 13




EAR-IT TEST-BEDS

&' .}‘F
|
I

h
&'
1 \\J

?)
\}

From EAR-IT slides

I:xperlmenEing Acoustics in Real environment using Innovative Test-beds

j

L HOBNET|

. T
www.hobnet-project.eu
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_ LOW-RESOURCE IOT NODE TO
J.. ENHANCE ACOUSTIC SERVICES

AUDIO DATA




JINZ

SIMPLE AUDIO MOTE

ELECTRET MIC WITH
AMPLIFIER ON ADC
INPUT PIN

CONVERT FROM 10-
BIT TO 8-BIT
SAMPLE

S8KHZ SAMPLING
GIVES 64000BPS

4dKHZ SAMPLING
GIVES 32000BPS

ot 48 J8 :
ETRE o= 2k Sy mape v
\ * -;
®
i 3332 0C MYFFFF
=
N, 106FB3CAR b
] '
4 Th
s |
i .
| - 4 "
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DEVELOPMENT OF AUDIO
BOARD

- USE DEDICATED AUDIO BOARD FOR w
SAMPLING/STORING/ENCODING

Advanticsys

Specially designed audio : e E———————
board by INRIA CAIRNS & dsPIC33 with 8kbps speex

real-time encoder

Feichter Electronics

- ENCODING SCHEME IS SPEEX AT S8KBPS
- DESIGNED FOR MULTI-PLATFORM MOTES
- CAN BE PLUGGED TO OTHER BOARDS (UART)

18



SPEEX AT S8KBPS

160 8-bit samples (20ms)

20 bytes of encoded audio data

framing
0xFF0x55 1 byte
Seq. No. Can do audio frame aggregation
l// 24 or 21 bytes frame
\
1 byte

frame size speex sampledec wframing

19
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6 SUMMARY OF AUDIO

JIL 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




MULTI-HOP PACKET
FORWARDING

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

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

o i

> 1 'y 1_ .
Tsend Tr‘elay| v rea
2

I Tpr'ocessing

1
T,

What level of performances can we expect?

21



///)\\V;\ MASS-MARKET SENSORS

COST:

8MHz Atmega1281
8kB SRAM, 128kB Flash

Xbee radio

LIBELIUM WASPMOTE

16MHz Atmega1281

8kB SRAM, 128kB Flash
Xbee radio

ARDUINO MEGA2560

22



LIBELIUM WASPMOTE

Microprocessor

Accelerometer

.%
<
38

X ore o " ol .2
oo e ;i Battery Sockets

mini-USB
T gt

4 . r;c |-
[Solar socket

Reset Button

!
(el HEB AN RS L

.
(2 RA=22 23
-

ARDUINO MEGA2560

SENSOR’S HW&SW

>E DEREER B8

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
23



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

Radio module

PANPANA AAA

13-416MHz PXA271 s
Wireless MMX DSP - *Motes are programmed under the

256kB SRAM. 32MB | —. - : B e
39MB SDRAM TinyOS or the Contiki operating system ™% ""

CC2420 radio &lib

hundredth kbps AdvanticSys CM5000 & CM3000
TelosB-like mote

8Mhz MSP430F 1611
10K SRAM, 48K flash

iMoFeZ w?th IMB400 TelosB CC2420 radio
multimedia board
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JNL

IEEE 802.15.4

LOW-POWER RADIO OFFERING UP TO
250KBPS THROUGHPUT AT PHYSICAL LAYER

POWER TRANSMISSION FROM 1MW TO
1I00MW FOR RANGE FROM100M TO ABOUT
IKM IS LOS

CSMA/CA (BEACON &
NON BEACON)

USED AS PHYSICAL LAYER -
IN MANY STACKS I S r, |
x 1E3 j{‘ _\\‘% '1
'Y \i’\ .
3% L
IR _a il
1 V[ %
iy LT LTATTTA
E9 h\ &

Signal-to-Noise Ratio (SNR)
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Y4 COMMUNICATION
Jikg PERFORMANCES

dJ APPLICATION LEVEL PERFORMANCES
DEPENDS ON OS, API, HARDWARE

ARCHITECTURE
Q0 USUALLY MUCH LOWER THAN RADIO
PERFORMANCES!
dWHAT ARE MIN. e e e e 20

applications ", Proceedings of the IFIP Wireless
LATENCIES & MAX. Days International Conference (WD'2013),

THROUGHPUT? Valencia, Spain, November 2013.
J FOR SENDING? C. Pham, "Communication performances of IEEE
802.15.4 wireless sensor motes for data-intensive
J FOR RECEIVING? applications: a comparison of WaspMote, Arduino
O FOR RELAYING? MEGA, TelosB, MicaZ and iMote2 for image

surveillance", Journal of Network and Computer
Applications (JNCA), Elsevier, Vol. 46, Nov. 2014

26



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

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

time in ms

60 65 70 75 80 85 90 95 100
XBee payload in bytes

20 25 30 35 40 45 50 55
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T2l team

time in ms

=
o

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

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

o N B o ©

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100

time in ms

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

 time between 2 pkt generation & time in send()

40

33.86

35.23

S Off-the-shelves

SN performances

6 6
iill
110001111
iiffiifiiiii
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
XBee payload in bytes

95 100

29
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Time between 2 packet generation and time in send(), WaspMote

SENDING PERFORMANCES:
COMPARISON

Time in send() and time between 2 packet generation

) ) o AdvanticSys TelosB
& time between 2 pkt generation W time in send()
18 =0=time in send() =E=time in send(), fitted time between send() =**=time between send(), fitted
16.38
16 mer l o 1503 1551 30
- 249 253
14 1314 1354 B8 25 s34 234 238 242 246 7
122 1255 216 22:0 223 227
11.49 197 201 205 209 212 <
12 1025 1069 123 50 1186 190 194 = :
£ 10 o293 2 Bsmes | g 0w AM
£ PSS 189 192 196
P £ 45 i 174 178 181 185
E 8 o - 163 167 /0
£ £ 152 156 159
6 [= 137 141 145 148
10 —
4
5 —
2
0 0 : : : : : : : : : : : : : : : : : : )
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 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
Time in send() and time between 2 packet generation Time in send() and time between 2 packet generation
Micaz iMote2
=0=time in send() =@=time in send(), fitted time between send() “**time between send(), fitted =0=time in send() =E=time in send(), fitted time between send() =*=time between send(), fitted
14 30
249 253 256
12 25 23.5 23.8 24.2 2 =
224 228 ;
213 217 221
20.3 20.6 21.0
10 192 196 199 % -
20 st o 916 219 223
") ") ) ) ) 204 205 208 212 -
£ 8 £ 187 19.0 19.4 19.7 .
£ £ 179 183 - L
o o 15
E 6 £
S &
10 I
4
2 5 I
0 ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ) 0 ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; )
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Payload in bytes Payload in bytes

JYU




max throughput in bps

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

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

MAXIMUM SENDING THROUGHPUT

80000 72464 72529
70000 62500
59113
60000
50000 V
40816
40000 / sey0e 47420 47904 49001 48840
40000 - 42618 24313
41434
38294 39344
30000
20000 Maximum sending throughput
AdvanticSys TelosB & MicaZ
10000 - <
11299 . g .
caZ =@realistic throughput Micaz
Maximum sending throughput osB =>¢=realistic throughput TelosB
Imote2 e
. - . 68418 7%
=0=send() throughput iMote2 =Irealistic throughput iMote2 66131
35000
30000
39344
e 50052 iy 3302235355 36735 38063 39344
43924
é‘ 25000 509 575 29268 30882 !
£ 20000 pss - Al 31634
‘é. . 2559526878 28122 29328 30498
2 51493 22905 24272
%D 15000 aqeq 18523 20033
e
=
= 10000 T T T T T T T T T T T )
5 50 55 60 65 70 75 80 85 90 95 100
5000 - Payload in bytes

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100

Payload in bytes

31



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

32



T2i team

Treap FOR VARIOUS MOTES

TE

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
mer 50
50 & l 45 Rev throughput, Arduino
41
@. 38 ==Rcv throughput, WaspMote
E 40 34
io/o/ / «» 60000 47904 48840
c 46276
s 30 26 13 39344 42618
£ £ 40000 31220
c - 26002
20 3 19560 = ls132 19200 20741 22069 22500 22857
20000 - - — —
10 - 3 E’E—E—_H_-E_E_E_D_G
0 _E 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=packet read time, iMote2 =I=Packet read time, MicaZ

Time in ms

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

33
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=
7
4

RECEIVER THROUGHPUT

Sender and receiver throughput
AdvanticSys TelosB and Micaz

sender throughput MicaZ =*=Rcv throughput MicaZ
=d=sender throughput TelosB=¢=Rcv throughput TelosB

80000
69424
20000 1— - 67366
60625
cecq, 58168
a 60000 — 52890 63928
a 50052 s8127 60973
: 50000 56766
o 40609 52623 53583
3 37109
2 40000 33406

Throughput in bps

60000

50000

40000

30000

20000

10000 -

Sender and receiver throughput

={=sender throughput

iMote2

31634
26878 28122 29328 30498
24272 25595

. . 0033 21493 22903
=0=NMeasured Rcv throughput sender Micaz, iMote2

51921 51819 52670 (. 51187

49801 49206 55 60 65 70 75

d in bytes

45029 #2742

80 8 90 95 100

31236
28916 30092

27705
25175 26458

386572

22489

21083
12072 18136 19633
13340 14992 —
0863 11632
8031
.. 6133
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Payload in bytes

34




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

35



READ TIME AND RELAY TIME

Read time & processing w/relay time

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

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

pCo

120 102 108 ’

94
1 88

80

60

Time inms

40

20 -

0

XBee payload in bytes

Read time is quite independant from

the UART baud rate, but depends on
microcontroller frequency

36
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READ TIME AND RELAY TIME

Read time & processing w/relay time

\\&

=

=¥=Read time, WaspMote =i=WaspMote processing w/relay time
Read time, Arduino =»=Arduino processing w/relay time
120 108

102
o (5]
- 75 8

80
60

Timeinms

40

20
a 17 20 22

29 32 35

25 27

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

Packet read time & packet relay time
AdvanticSys TelosB and MicaZ

=I=Packet relay time (th), TelosB =fr=Packet relay time (measured), TelosB
=>e=Packet relay time (th), MicaZ =*¢=Packet relay time (measured), MicaZ
=0=Packet read time, TelosB =0=Packet read time, MicaZ

30.0

255 25.9 26.2
238 241 o
25.0 A Ao
203 250 248 23
20.0

13.4 13.7 139

11.6 119 12.2

Time in ms
=
o
o
1

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

37



READ TIME AND RELAY TIME

<=Packet relay time (th), TelosB
<=packet relay time (th), MicaZ

=0=Packet read time, TelosB

Packet read time & packet relay time I
AdvanticSys TelosB and MicaZz Q

~#==Packet relay time (measured), TelosB
==Packet relay time (measured), MicaZ

=O=Packet read time, MicaZ

280 283
e 255 259 262
238 281
25.0 . " :
263
196 199 203 e 5
» 20.0
£ 157 L o0 207 206 218 e
i e : 13.4 137 139 142 14
£ 2 111 114 116 119 12 -
£ 91 93 96 99 < s
) 5
o 110 22115 130 114
97 00 98
5.0 —s :
67 67
Iﬂ 222 4
0.0 ol

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

Payload in bytes

Timeinms

Read time & processing w/relay time
=o=Read time, WaspMote =i=WaspMote processing w/relay time
Read time, Arduino =»=Arduino processing w/relay time

120 102 108
w o | S

- 75 8
80
60
40

35

20 32
17 20 22 d 7 2

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

Packet read time & packet relay time

==Packet relay time (th), iMote2
=0=packet read time, iMote2

iMote2

Packet relay time (measured), iMote2

35.0
29.9 303 306
300 27.5 27.8 28.2 28.5
247 251 254 258 26.1 595 29.9
250 2.3-22.6-23.0 23-3’_ ) 286 7
- ’ 20.6..20.9 ; A - 55, 262 26.4 26.
E 200 i 18.5 9-23.0 233 23.5 236 24.1 246 24.8 249 '
£ ’ '
()]
£ 150
[
10.0 s 5 s
5.0 5> 2 5 5 3 33 33 %14
: 1 1 1
0_0 ] ] ] ] ] ] ] ] ] ] ] ] ] ] 1

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

Payload in bytes

38
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A4 MAXIMUM EXPECTED
iy 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 @v

«*=Rly throughput, WaspMote

60000

47904 48840

50000 46276

oy
o
o
8

30000

Throughput in bps

[
o
o
8

7901 8372 8511

10000 368

. - ' 6000 6364
azg 4776 5333
s

1509
10 20 30 40 50 60 70 80 90 100
XBee payload in bytes



T2i team

MAXIMUM EXPECTED
THROUGHPUT IN MULTI-HOP

Sender, receiver & relay throughput

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
16276

ured), MicaZ

ured), Telosb

8372 8511

7368 7901

5970 6667

5333

5333 6000

4776

50

60
XBee payload in bytes

70 80 90 100

iMote2
| =@=sender throughput
=0=Measured Rcv throughput sender Micaz, iMote2
Relay throughput (th), iMote2
=>&=Relay throughput (measured), iMote2
60000 49801492065192151819526705053151187
4502945745
'6.’50000 W >
o 37816
.S 40000 311899/I'ln‘)
5 28142
2 30000 3833
) ZOM
=] 26134
.g 20000 19906 20380 21557 22704 23e22 24080 SEE
= = coes 17315 18629
10000 - o 13708 14575
0 '5|7647|8978 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
= -
b0
3 30000
£
~ 20000
10000
0 T T T T T T T T T T T 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

40



USE CASE
IMAGE TRANSMISSION

C. Pham, V. Lecuire, J.-M. Moureaux, "Performances of
Multi-Hops Image Transmissions on |IEEE 802.15.4 Wireless
Sensor Networks for Surveillance Applications”, Proceedings
of the 2013 IEEE WiMob, Lyon, October 7-9, 2013.

41



Time in send() and time between 2 packet generation

MicaZ
=0=time in send() =@=time in send(), fitted time between send() “**time between send(), fitted
14
R AR 12
250kbps: 1.285 b i DAy
g 4 e A E o3
400pkt of 100bytes: - - ey -
400*0.0115=4.6s L) g lgmdd f
= : > Fe ot 7.~‘~1 4 Fz : 2
- Relayoverhead: = e ° 10‘15‘20‘25‘30‘35‘40‘45‘50‘55‘60‘65‘70‘75‘80‘85‘90‘95‘100‘
\ 400*0.01 57:6.288 2 3 Payload in bytes
. Packet read time & packet relay time
AdvanticSys TelosB and MicaZ
) :20 5:636b76 kTS =I=Packet relay time (th), TelosB =f==Packet relay time (measured), TelosB
=>e=pPacket relay time (th), Micaz =¥=Packet relay time (measured), MicaZ
250kbps 0 1 993 =0=packet read time, TelosB =O=Ppacket read time, MicaZ
e 30.0 27.6-28.0 283
76pkt of 95bytes: 220 17 220 224 i 5 Dol d
76*0.0113=0.858s g 2007 - .
c 13.4 13.7 139 142 M
'é 15.0 17.4 116 11.9 122
Relay overhead: 100 -
\  76"0.0145=1.102s 5.0 -
0_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

42



EXPERIMENTAL RESULTS
Q=20, 76 PKTS

30ms

PSNR=21.9901

20ms PSNR=17.265 15ms
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26 WHAT IMPACT ON
M RESEARCH?

d PREPARING IMAGE DATA AND
TRANSMITTING AT THE SOURCE CAN
COST 20MS/PKT (OR MORE!)

J RELAYING CAN BE REDUCED TO
ABOUT ISMS/PKT ON SOME
PLATFORMS

J FEW INTERFERENCE FROM ONE NODE
TO ANOTHER

A

1 Tr‘ead

A4

I Tpr‘ocessing

---------------- e 1

tsend Tr‘elay

v — —
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26 WHAT IMPACT ON
M RESEARCH?

d PREPARING IMAGE DATA AND
TRANSMITTING AT THE SOURCE CAN
COST 20MS/PKT (OR MORE!)

J RELAYING CAN BE REDUCED TO
ABOUT ISMS/PKT ON SOME
PLATFORMS

J FEW INTERFERENCE FROM ONE NODE
TO ANOTHER

d HOW EFFICIENT IS MULTI-PATH/
MULTI-CHANNEL ROUTING?
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ﬁ/ HOW EFFICIENT IS MULTI-

JiL PATH/CHANNEL ROUTING?

A )

Multi-path (disjoined), multi-
channel to reduce interference,
Increase bandwidth.

What is the source is slower than
relay nodes?




A )

In multi-source scenario,
interference can happen with relay
nodes

Can we carefully schedule relaying
operation to avoid interference?




USE CASE
AUDIO STREAMING

C. Pham, P. Cousin, A. Carer, "Real-time On-Demand Multi-
Hop Audio Streaming with Low-Resource Sensor Motes",
Proceedings of IEEE SenseApp, in conjunction with LCN
2014, Edmonton, Canada, September 2014.

C. Pham and P. Cousin, "Streaming the Sound of Smart
Cities: Experimentations on the SmartSantander test-bed",
Proceeding of the 2013 IEEE International Conference on
Internet of Things (iThings2013), Beijing, China, August
20-23, 2013.
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6 SUMMARY OF AUDIO

JIL 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




/ﬁ% |OT NODE SENDING
JiZ PERFORMANCE

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

[N
o

timeinms
o
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|OT NODE SENDING
PERFORMANCE

“&=time in send() “@=time in send(), fitted

Time in send() and time between 2 packet generation

AdvanticSys TelosB

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

30

P

NN
(=T ]

Time in ms

Time in send() & time between 2 packet generation

& time between 2 packet generation @ Time in send()

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

/\

234 238 242 24,6 249 25,3

N

h 21p 21

23
= rr S

6 Xo223 227 ; -

”
s

7S
>

-

5 189 19,2 19,6 20,0 203

170 181 18,

b f6.3 167 1V

45N\ 50 5

0 20 40 60 80
Packet number, size starts at 10 bytes and increases every 20 pkts by 5 bytes

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

60 65 70 75 80 85 S0 95 100

Payload in bytes

Better with A2 agregation

51



RELAY NODE
Jikg PERFORMANCES

Pkt read time & Pkt relay time, WaspMote

=0=Read time <==Relay time

80 N\ 61.03
2 o . - 50\ 5445
SPEEX codec 18.00 2} 43 ve 41| 45 50
at 8kbps = 20 - 55 2‘5 30 4 °°
requires to be 0 +—16—{18— . . . . . . . |
able to relay a 10 0O 30/ 4 50 /60 VO 80/ 90 100
25-byte XBee payload in bytes

packet every

20ms

Needs A3 agregation

52



Y RELAY NODE
AL PERFORMANCES

Pkt read time & Pkt relay time, TelosB

Relay time =®=Read time
27.9 28.1

30.0 2 25.0 255

250 - - _ g\ 227

€ 200 16217 e e 543 248 263

27.8

£ 20.0

o 15.0 . _

iz 10.0
5.0 2 2

O_O | | | | | | | | | | | | | | | | | | 1
10 15 2Q@ 25 30 35 40 4& 50 #5 60 65 70 75 80 85 90 95 100
P d in bytes

Needs A2 agregation
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SANTANDER’S LIMITATIONS

q Read time & processing w/relay time
' 1 =®=Read time, WaspMote =“=WaspMote processing w/relay time
120 :
100 :

80

i
&

60

o~
Time in ms

40

20

............

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
X ee radio and host ucontroller time window ”




SPEEX AT S8KBPS ON SLOW
RELAY NODES

160 bytes (20ms)

20 bytes of encoded audio data

Add framing
bytes
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/'\ s

CONCLUSIONS
JiNL

dMULTIMEDIA INFORMATION CAN
IMPROVE YOUR SURVEILLANCE
APPLICATION

A DATA-INTENSIVE APPLICATIONS PUT
STRONG REQUIREMENTS OF
COMMUNICATION PERFORMANCES

JPRESENT REALISTIC PERFORMANCE
VALUES

JdKNOWING REAL CONSTRAINTS LEADS
TO MORE ADAPTED CONTROL
MECHANISMS

56



