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LOW-COST SENSORS
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LIBELIUM WASPMOTE IN
SMARTSANTANDER

Parts of this work are done within EAR-IT project to qualify the
SmartSantander test-bed for multimedia traffic




ARDUINO: THE HOBBYIST
DEV. PLATFORM




SENSOR ARCHITECTURE

LIBELIUM WASPMOTE

Microprocessor
Accelerometer

UART-based
connection to
micro-controller

B ot Default speed is
Solar socket
Reset Button Usua”y 38400

bauds

Higher baud rate
are possible
but...

XBEE 802.15.4

ARDUINO MEGA2560



SENDING PERFORMANCES

— void loop() {

TO;
TRAFFIC LO=TO; -
CENERATOR —_ Tl , Measure the time
send (buf); [ UNELERERR
T2; APl send ()
when possible.
— !}

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

Time resolution is millisecond
Minimum data manipulation




Time in ms

SENDING PERFORMANCE

Time in send() breakout, WaspMote

“ time before radio time writing to radio
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Time in ms

SENDING PERFORMANCE

Time in send() breakout, WaspMote

¥ time before radio  * time writing to radio
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SENDING PERFORMANCE

Tirnma in candll heaalband \_‘llaenlﬂn‘n
Time between 2 packet generation and time in send(), WaspMote Time between 2 packet generation and time in send()-
W time between 2 pkt generation ¥ time in send() ( ¥ time between 2 packet generation W time in send()
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SENDING PERFORMANCE

Tirma in candll hraalbland \WacnAaéa
Time between 2 packet generation and time in send(), WaspMote Time between 2 packet generation and time in send()-

¥ time between 2 pkt generation ¥ time in send() ( “time between 2 packet generation Etime in send()
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XBee application level max sending throughput & realistic send overhead,

) WaspMote
g
:22 =@=time in send() only  =®=realistic send overhead
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XBee payload in bytes
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IMPROVING SENDING
PERFORMANCES

d XBEE MODULES REQUIRE THE
FREQUENCY TO BE 16 TIMES THE
BAUD RATE: 38400=2>614400HZ

dWASPMOTE ARE 8MHZ AND ARDUINO
ARE 16MHZ

Baud rate
1200
2400
4800
9600
14400
19200
38400

100000
125000
250000

frequency

19200
38400
76800
153600
230400
307200
614400
921600
1843200

1600000
2000000
4000000

dividing factor nearest

416.666667
208.333333
104.166667
52.0833333
34.7222222
26.0416667
13.0208333
8.68055556
4.34027778

5
4
2

416
208
104
52
34
26
13
8

4

5
4
2

actual baud rate

1201.92
2403.85
4807.69
9615.38
14705.88
19230.77
38461.54
62500.00
125000.00

100000.00
125000.00
250000.00

ratio

1.00160256
1.00160256
1.00160256
1.00160256
1.02124183
1.00160256
1.00160256
1.08506944
1.08506944

1
1
1

% error

0.16025641
0.16025641
0.16025641
0.16025641
2.12418301
0.16025641
0.16025641
8.50694444
8.50694444

0

0
0
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IMPROVING SENDING
PERFORMANCES

d XBEE MODULES REQUIRE THE
FREQUENCY TO BE 16 TIMES THE
BAUD RATE: 38400=2>614400HZ

dWASPMOTE ARE 8MHZ AND ARDUINO
ARE 16MHZ

Baud rate frequency dividing factor nearest actual baud ra ratio % error
1200 19200 833.3333333 833 1200.48 1.00040016 0.04001601
2400 38400 416.6666667 416 2403.85 1.00160256 0.16025641
4800 76800 208.3333333 208 4807.69 1.00160256 0.16025641
9600 153600 104.1666667 104 9615.38 1.00160256 0.16025641
14400 230400 69.44444444 69 14492.75 1.00644122 0.64412238
19200 307200 52.08333333 52 19230.77 1.00160256 0.16025641
38400 614400 26.04166667 26 38461.54 1.00160256 0.16025641
921600 17.36111111 17 58823.53 1.02124183 2.12418301
1843200 8.680555556 8 125000.00 1.08506944 8.50694444
50000 800000 20 20 50000.00 1 0
100000 1600000 10 10 100000.00 1 0
125000 2000000 8 8 125000.00 1 0
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SENDING PERFORMANCES AT
MAXIMUM UART SPEED

Time to write to radio at various baud rates

=9=38400, measured time *=&=38400, estimated “**~50000 ***57600 ***100000 115200 125000 250000
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‘pkt ‘pkt ‘gend ‘gend
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SENDING PERFORMANCES AT

MAXIMUM UART SPEED

Estimated and measured time between 2 packet generation
light Libelium API, 125000 & 250000bps microcontroller->radio

estimated time between 2 packet generation 125000bps

35
=*=measured time between 2 packet generation 125000bps
30
=o=estimated time between 2 packet generation 250000bps
25 ==measured time between 2 packet generation 250000bps
g 2 20.00
£
g 15.00
E 15 2
c
10 @ 10.00
E
=
- 5.00
0 0.00 !
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 lo0o
XBee payload in bytes
B 35400 ., - f s 38400
to g = too.o —timeloWr ztﬁToé?a.dzo
+timel oW ritel oRadio
f — t38400 38400
pkt pkt qend

+ tqend




SENDING PERFORMANCES AT
MAXIMUM UART SPEED

Estimated a
light Libeliu

For a 100-byte pkt, « time
between 2 pkt generation »

30 B 125000 bauds g
25 =@*me
€x 200 WaspMote: ~16ms x
F 15w 15.00 Arduino:~13ms ” —
= £ —
0 = 1000 % = -
E == 250000 bauds

5 5.00 &

0 0.00 . v
10 15 20 25 WaSpMOte 12mS B0 85 90 95 100 100
Arduino; ~7ms
tfend = tggﬁ?f — t-imE:TGI-'T""T-iteToé?ad-io?’Mm
+timel oWritel'oRadio
¢B 38400 _ 438400 4 4B
‘pkt ‘pkt gend ‘gend
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MULTI-HOP PACKET
FORWARDING

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

t 1 v Tr‘ead
relay
I Tprocessing

1
T
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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
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XBee payload in bytes

Read time is quite independant from

the UART baud rate
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MAXIMUM EXPECTED
THROUGHPUT

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

=o=measured xbee max sending throughput 125000bps
Rev throughput, Arduino
=3=Rcv throughput, WaspMote
“#=Rly throughput, Arduino
«*=Rly throughput, WaspMote
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LIMITATIONS ON IMAGE
TRANSMISSION

Original BMP 16384b

biao . 128x128
e — 16384B
i ® BETWEEN 14S AND 16S!

Relay latency is about

90ms-110ms per packet!

200x200
40000B
BETWEEN 36S AND 44sS!
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ROBUST IMAGE ENCODING

d JPEG-LIKE CODER, BUT ON 8X8
PIXEL BLOCKS

d ARAI-FAGUI-NAKAJIMA DCT IS USED
WITH FIXED-POINT ARITHMETIC

0 BINARY ENCODING OPERATIONS IS
REDUCED BY USING JOINTLY .
GOLOMB AND MULTIPLE | 7 I
QUANTIZATION

y \
0 BLOCK INTERLEAVING METHoD  CERAN

d A QUALITY FACTOR CAN BE USED TO
TUNED THE WHOLE PROCESS
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DYNAMIC QUALITY FACTOR
128X128 - 90B PAYLOAD

Original BMP 16384b Q=50 5=4800b 63pkts

»

Q=40 S=4268b 56pkts Q=30 S=3604b 46pkis

’

-

PSNR
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DYNAMIC QUALITY FACTOR
200X200 -90B PAYLOAD

Original BMP 40000b Q=50 5=11045b 142pkts Q=40 S=9701b 123pkts = Q=30 S=8100b 101pkts




IMPACT OF PKT LOSSES




FILE SENDER NODE

Fully configurable:

g

4 .
2
°%}-r‘ =
&
00000OOL W

L9200
00000000

0000
0000
2000

XoX

JOOUU00\

+ 000000 H
«00000O0OC
0000000

»200000000¢C ~n
QO

File to send
Size of packet chunk

ImageBinary mode N O

Destination node j s

Clock synchronization \ L

3100000000000
.WOOOOOOOOOOO'.
- 1I0000000000
.51000000000

0000000
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RELAY NODES

LIBELIUM WASPMOTE, ARDUINO, IMOTEZ2

Fully configurable:

Destination node
Additional relay delay
Clock synchronization
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SINK NODE

LINUX PC/LAPTOP WITH
USB/SERIAL GATEWAY
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TEST-BED

No advanced
buffer
management




MOTIVATIONS

JdNEED A CONTROLLED ENVIRONMENT
d TEST MULTI-SOURCE SCENARIO

d QUANTIFY IMPACT OF RADIO
INTERFERENCE

AdTEST MULTI-PATH ROUTING
O DETERMINE TYPICAL LATENCIES

J ADOPT A « FULLY CONTROLLABLE »
APPROACH

O EACH NODE CAN BE DYNAMICALLY
CONFIGURED...

d... TO « KNOW » WHAT IS GOING ON.
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EXPERIMENTAL RESULTS
Q=20, 34 PKTS

WaspMote relay node. Relay time T is 102ms-111ms

At 110ms, need
3.86s to send
the image. 1-hop
latency Is
3.86+T;

PSNR=14.1088
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EXPERIMENTAL RESULTS
Q=20, 76 PKTS

Arduino relay node. Relay time Ty is 92ms-100ms

- At 90ms, need 7s to L5 L
PSNR=21.9901

send the image. some

70ms PSNR=17.265 60ms



INTRUSION DETECTION
APPLICATIONS

d128X128 IMAGE WITH ARDUINO RELAY
NODE CAN BE SENT IN ABOUT 3.18S IF
INTER-PKT TIME IS 90MS

dWITH INTER-PKT TIME OF S8OMS AND A
QUALITY FACTOR OF 10, THE IMAGE
CAN BE SENT IN ABOUT 15!

Original BMP 16384b Q=20 5=2781b 34pkts

Q=10 $=1757b 12pkts
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SITUATION AWARENESS
APPLICATIONS

d WITH Q=20 AND INTER-PKT TIME OF 9Q0MS,
AN 200X200 IMAGE CAN BE SENTIN 7S

d NEED ABOUT 12MIN TO GET IMAGES FROM
100 DIFFERENT LOCATIONS IF APPROPRIATE
SCHEDULING IS USED

d AGAIN, CAN DECREASE QUALITY FACTOR

(Q=10) OR INTER-PKT TIME TO 80MS (7MIN)
OR EVEN 70MS (5.5MIN)
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CONCLUSIONS

d LOW-COST WIRELESS SENSOR NODES
HAVE LIMITED COMMUNICATION
PERFORMANCES

J IMPORTANT TO DETERMINE THE
MAXIMUM PERFORMANCE LEVEL ONE
CAN GET AT THE APPLICATION LEVEL

J TRADITIONAL CONGESTION CONTROL
METHODS MAY BE NOT ADEQUATE

dWE ARE INVESTIGATING MUTUAL-
EXCLUSION OR SMART SELECTION
APPROACHES TO AVOID
SIMULTANEOUS IMAGE SENDING
WITHIN THE SAME AREA
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SOME LINKS

i

http://web.univ-pau.fr/~cpham/WSN-MODEL/tool-html/tools.html

Maltimedia transmission on Wireless Sensor Networks: image and audio

% Multimedia wansmission on Wi | +
@ b unh-pau.f/-cpham WN-MODEL/t00)-humitools b ¢ (B ani Q)@
lay nodes are implemented using various seasor motes: Libelium WaspMote. Crossbow AdvanticSys TelosB.
« sink node is a Linux-based machine with a USB gateway and an XBee module
Figure below show lay, sink) the 3 testbed
jx PCAAPTOR WITH
USBlSemal aremar

8 i figure below. coept you will need:
- cods forhe Axiloosours sode (. 8. 25)
2. code for an ly
3 code o s e sk g port
compile with g++ ~g: +
‘you may need to install SDL.
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compile with g++ -Wno-write-strings -o XBeeSendCmd XBeeSendCmd.c

T

I "“’"%Een 13)

#0/1 enable/disable relay
G01IAZ0040340825. sor. the G4cbit dost. mac adde
00080 m the 16-bit dest. mac addr

i

130 transmit with iater pkt time of 130ms
50 set the pkt size for binary mode

Tdes0s.dat set the file name o desds.dat
0013A20040860828 set the 64-bit dest. mac addr
0080 set the 16-bit dest. mac addr

 © set to image mode/set to binary mode

nodggiieRs)
0. 14(2 91.0)
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OMNeT++/Tkenv - SN

-
whit @

T=31.118598566965
Msgs created: 667040
imsecfsec: 0776365

et message capture, capture capture, capture capte, . capt

T ure,
Timer message capties cadiire, cabture capture _ apture cibture raiire, eiliire Tiner message

Sec

Funring.
Msgs present: 1867
Evismsec: 150596
Timer message

o 8530 RG

SN noda[dﬁ] Fpplication

SN mde[46] Rﬂwlwatwn
SN. mde[ds] .Application
Fpplication

ication
Lication
ication
,,;cazmn
fpplicat io
[45] Rpplication
node[46]. Fpplication
SN.node[46] .Application
SN.node[96] .Applicat ion

SN.node[148].Application

SN.node[148] .Applicat ion
SN.node[ 148] .Applicat jon
pert .coverage 99.8626%

SN.node[5].Aeplication

SN.node[5].Applicat ion
SN,node[6].Application
SN.node[6].Application
lication
ication
ication
ication
ication
ication
ication
lication

31.118698566965
L{ (31 118698566965

SN.node[79] .Applicat ion
SN.node[79].Applicat ion

Sending [inage] of size 288 butes
Sending [image] of size 288 butes
Sending [image) of size 288 butes
Sending [inage] of size 288 butes
Sending [image] of size 288 butes
Sending [image] of size 288 bytes
Sending [inage] of size 288 butes
Sending [image] of size 288 butes
Sending [image] of size 288 butes
Sending [image] of size 288 butes
Sending [image] of size 288 butes
Sending [image] of size 288 butes
Sending [image] of sxz: 233 hgus
Sending [image] of siz:

loce 46 --> REAL D’I%E(l) to r\ode 7
Node 96: INTRUSION SEEN

Node 148: INTRUSION SEEN

conmunication laue
conmunication lage
communicat ion laue
communication lage
communication lage
communication lae
communication lage
conmunication laye
conmunication laye
conmunication laye
communication lage
communication laye
communicat ion lage
communication lage

Sending [alert] of size 30 bytes
Node 148: INTRUSION SEEN
nb active nodes 100%

comnunicaticn layer

Nocde 5: INTRUSION SEEN

Sending [alert] of size 20 bytes communication lauer
Node 6: INTRUSTON Sf

Sending [alert] of size 30 bytes
Node 5’ INTRUSION SEEN

Nodl NTRUSION SEEN

Node 124 INTRUSION SEEN
Sending [alert] of‘ == 30 bytes to communication lauer
Node 5: INTRUSII

Nuda 24: INTRUSIUN iEN

Sending [alert] of size 30 bytes to communication lager
Node 63 INTRUSION SEEN

Node 79: WRITES IMAGE FILE(1) from node 10
Node 79: DISPLAY REAL IMAGE(1) from node 10

compunication layer

http://web.univ-pau.fr/~cpham/WSN-MODEL/wvsn-castalia.html
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