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SmartSantander test-bed
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SmartSantander IoT node

NN
libelilm

comunicaciones inaldmbricas distribuidas

ATmegal281 microcontroller
8Mhz, 4K RAM & 2G SD card.
2.4GHz IEEE 802.15.4 XBee
Libelium API v031

Gases

Microprocessor
Accelerometer

Sensor /O

.,v.. 75 e o - ~!
Crystal Osall‘ak Switch OFF/ON

! L
S8

/Solar socket
Reset Button

- 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

ds?r?

N 10w

GPS Socket

Events

- Pressure/Weight
- Bend

- Vibration

- Impact

- Hall Effect
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- Tilt

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

- Luminosity

- Presence (PIR)
- Stretch
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SmartSantander IoT node

.
libelilm

comunicaciones inaldmbricas distribuidas

- 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

- Pressure/Weight
- Bend

- Vibration

- Impact

- Hall Effect

- Tilt

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

(wasp

ATmegal281 mic
8Mhz, 4K RAM &
2.4GHz IEEE 802
Libelium API v03:

LS B )

C kil

Microprocessor

Accelerol|

- Luminosity

I . % Mt
/Solar socket \ USB Power Led
Reset Button Crystal Oscillator \_Switch OFF/ON
- Presence (PIR)
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SmartSantander network qualification
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« What we have

Mesh configuration of IoT and gateways
IoT nodes rely on IEEE 802.15.4 radio
Radio modules are Xbee from Digi

« What we want to know

Upper bounds on sending and receiving throughput
Performances in a networked environment

Impact of API on performances

Where are the limitations?

To what extend audio traffic can be supported?
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« Phase 1

 Determine upper bounds on performances of a
single IoT node

« Determine upper bounds on performances of
multi-hop transmissions ==

Traffic Generators
Sniffers
Advanced timing

‘ .-L — - .._ 4 :". = :
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* 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, ...
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Time in send() breakout, light Libelium API

time before radio “various, not detailed time in parse_message() time writing to radio
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XBee payload in bytes
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Time in send() breakout, light Libelium API

time before radio “various, not detailed time in parse_message() time writing to radio
50
45
) 40
= i > 35
: :. E.@;
s A 230 289
218 269 =
time between 2 packet generation and time in send(),
light Libelium API
time between send() ‘time in send()
LIBELIUM V 98 103 1035 W°°
50,0 7
s 249 48,
45,0 40,0 416 8 90 95 100
40,0 36,8 2001
33,7 3.3 70
35,0 32,2 7
29,0 30,5
2 30,0 Yt
£ 24,3 25,7
<250 209 225
£ 20,0 27,7 2 43,3

413
b 35,0 36,7 37,1 39,2

15,0 289 30,5 31,0 33
24/ 283 oy
22,3 23,3 24

10,0 18,7 20,5 =

14,5 151 16,6 i
5,0 | | ‘ ‘
0.0 Wl G LN i o |i _.' L' \_i HI L' L' _I LI L_i LI d |

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

XBee payload in bytes
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IoT node WaspMote (1)

Time in send() breakout, light Libelium API

time before radio “various, not detailed time in parse_message() time writing to radio
50
45
40
35
« 30 28,9
XBee application level max sending throughput, realistic send overhead
light Libelium API
LIBELIUM V ==realistic send overhead =™ tine in send() only
50.0 20000 18329 18367 1842418497
' 18000 1680116970 17143 17435 g —
45,0 15251 15764 Q="
g 16000 rasas 14953 57 o e 17138
a 13734 — 16354 16644 16930 *
40'0 2 14000 - 1559716000 =
£ 11707 12208_A 1425y 14723 19222
35,0 S 12000 10695 — {3107 13682
a 963’3/* — 12414
E 30,0 5010000 10878 11624
) 9893
c = 8000
‘2 25,0 2 = 5
£ 19,1 % 6000
£ 20,0 17,7 £
4000
4510
15,0 2000
10,0 0
50 14,5 15,1 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 S0 95 100
' ‘_‘ u‘ XBee payload in bytes
0,0

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
XBee payload in bytes
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IoT node WaspMote (2)

Minimum time between 2 packet generation to avoid packet drop at
receiving side

70,00 63,00
56,00
60,00 52 00 —

48,00 o —
50,00 44 00 —

41,00 :
34,00 .
31,00 ”_ﬂ_.--""'-‘

=
o
o
o

30,00

time in ms

20,00
10,00

0,00
10 20 30 40 50 60 70 80 90 100

XBee payload in bytes
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70,00
60,00

50,00

=
o
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o

30,00

time in ms

20,00
10,00

0,00

Minimum time between 2 packet generation to avoid packet drop at

31,00

10

34,00

20

max throughput in bps

18000

16000

14000

12000

10000

8000

6000

4000

2000
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receiving side

63,00

an nNnn

Sender throughput back-to-back and sender throughput without packet drop
realistic send, light Libelium API
==sender throughput, back-to-back =¥=sender throughput, without pkt drop

16644
16000
15222

12000

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

17138

12698

100
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XBee application level max sending throughput, realistic send overhead
Arduino 802.15.4/DigiMesh vs Waspmote 802.15.4/DigiMesh light Libelium
‘Arduino DigiMesh broadcast ‘Arduino DigiMesh unicast
=#=Arduino 802.15.4 =@Waspmote 802.15.4, light Libelium AP|
Waspmote 802.15.4, full Libelium AP| 16-bit addr ***WaspMote DigiMesh unicast light Libelium AP|
=*=WaspMote DigiMesh broadcast light Libelium API

30000
25000
T XBEE 802.15.4
LIBELIUM WASPMOTE

20000
H 644169301“38
£
=
2
& 15000
3
£
%
3
£

12110 10473
11516 9872
10000 9396

8983
8524 8763

riag 75 O
6893

ARDUINO MEGA2560 5000 XBEE DIGIMESH

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110
Application payload in bytes
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Holes in deployment
Limited buffers
Multi-hop overhead
Congestion

Channel contention
Duty-cycling MAC
Physical interference
Small PDU

Nodes availability
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Multi-hop overheads

Read time & processing w/relay time

==Read time, WaspMote ==WaspMote processing w/relay time
140
116 122
120 o 102 108
100 89
E
c 80 67
£ 60 iy a5 0
- 34 38 J—
40 26 30 e
16 18 %2 DU
0

10 20 30 40 50 60 70 80 90 100
XBee payload in bytes
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Multi-hop overheads

Read time & processing w/relay time

Read time, Throughput comparison WaspMote, light Libelium API

140 ==sender throughput, back-to-back =%=sender throughput, without pkt drop Receiver w/relay throughput
17138
18000 16644
120 — 16000
1
16000
100
g 14000 12698
70 12000
c 80 67 & 11429 - —
E 60 3.10000
1
40 © 8000
16 18 £
x
6000
5490 2926
0 4000 ZSV 2492 5106
3951
10 20 2000 3200
2286
0 1194
10 20 30 40 50 60 70 80 90 100

XBee payload in bytes
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Multi-hop overheads

Read time & processing w/relay time

*Read time, Throughput comparison WaspMote, light Libelium API

140 ==sender throughput, back-to-back =%=sender throughput, without pkt drop Receiver w/relay throughput
17138
18000 16644
120 — 16000
1
16000
100
g 14000
c 80 6770 g
" g -2 12000
E 60 310000
1
40 © 8000
16 18 £
20 —— é 6000
0 4000

10 20 2000

0

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

Fully configurable:

File to send

Size of packet chunk
Inter-packet delay
Image/Binary mode
Destination node
Clock synchronization
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Relay nodes

Fully configurable:

Destination node

Additional relay delay
Clock synchronization

LIBELIUM WASPMOTE
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Sink node
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Throughput comparison WaspMote, light Libelium API

==sender throughput, back-to-back =#=sender throughput, without pkt drop Receiver w/relay throughput
18000 16644 17138
16000
16000
14000 12698
-3 .
a
= 12000
g. 10000
£L
oo
3
© 8000
S
3 6000
E 6557
4000
2000
0
10 20 30 40 50 60 70 80 90 100

« Need a really low rate audio encoding scheme
« PCM is 64kbps, GSM 6.1 is 13kbps, can be lowered to 6kbps

XBee payload in bytes

- We use an open-source codec
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codec2:

Can be as low as 1400bps (1600, 2400 and 3400bps available)
All encoding/decoding tools are available in code source

Encoded file is robust against packet losses



Throughput comparison WaspMote, light Libelium API

“t=sender throughput, back-to-back =®=sender throughput, without pkt drop Receiver w/relay throughput
18000 16644 17138
16000
16000 15222
14000 12698
a
a
= 12000
2 10000
£L
£
© 8000
S
3 6000
E 6557
4000
2000
0
10 20 30 40 50 60 70 80 90 100

« Need a really low rate audio encoding scheme
« PCM is 64kbps, GSM 6.1 is 13kbps, can be lowered to 6kbps

XBee payload in bytes

- We use an open-source codec
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codec2:

Can be as low as 1400bps (1600, 2400 and 3400bps available)
All encoding/decoding tools are available in code source

Encoded file is robust against packet losses



Can we meet the constraints? _

Maximum inter-packet time for various packet size and
encoding bit rate

1400bps =&2400bps 3200bps "™ Processing w/relay time
., 000
£
< 500
£ 400
=
% 300
5
a 200 g1 |89 |94 102 108 116 M2
- 67 70 75 - - - g
% 100 - e — - »
£

10 20 30 40 50 60 70 80 90 100
Packet size in bytes
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SENDS AN AUDIO
FILE

PLAY RECEIVED §,
FILE ’

> XBeeReceive —B test2400.bit
> c2dec 2400 —B test2400.bit - | play -t raw -r 8000 -s -2 -

STORE & PLAY

STREAMING

> XBeeReceive —B -stdout test2400.bit | bfr -blk -m2% - |c2dec
2400 - - | play -t raw -r 8000 -s -2 -
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Software for audio streaming

SAMPLE AUDIO: 13s
PCM =104000B
CODEC2 AT 2400 1S 39008

SENDS AN AUDIO

- "' NEED TO REDUCE THE
PLAY RECEIVED § p&
FILE ’ PACKET SIZE TO LIMIT
STORE & PLAY IMPACT OF PACKET LOSSES

> XBeeReceive —B test2400.bit

> c2dec 2400 —B test2400.bit - | play -t raw -r 8000 -s -2 -
STREAMING

> XBeeReceive —B -stdout test2400.bit | bfr -blk -m2% - |c2dec
2400 - - | play -t raw -r 8000 -s -2 -
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l-relay scenario

bit rate 1400bps 2400bps 3200bps

pkt size 40 50 60 40 50 60 40 50 60
Npkt 59 47 39 101 81 67 134 108 90
tpkt 105 110 120 105 110 120 105 110 120
Niost 8 6 7 O S S 8 9 3
tpkt 110 120 125 110 120 125 110 120 125
Niost 1 0 0 0 2 2 3 1 3
ts, S 6.5 5.6 4.8 11.1 0.7 8.3 14.7 14.4 11.2
trew 6.9 6.4 5.2 11.6 10. 1 8.8 15.4 15 11.7
tplay 4.7 4.5 3.7 8.4 8.2 6.1 13.1 12.8 0.8

“‘EAR-IT” at http://web.univ-pau.fr/~cpham/SmartSantanderSample/
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2-relay scenario

bit rate 1400bps 2400bps 3200bps

pkt size 40 50 60 40 50 60 40 50 60
Npkt 59 47 39 101 81 67 134 108 90
tpkt 105 110 120 105 110 120 105 110 120
Niost 9 7 7 7 7 7 8 8 10
Lokt 110 120 125 110 120 125 110 120 125
Niost 2 1 1 0 I 2 2 | 2
ts, S 6.4 5.6 4.9 1.2 9.8 8.3 146 | 144 11.3
trew 7.1 6.6 5.3 1.8 10.2 9 15.7 15.2 12
lplay 4.9 4.8 3.9 8.7 8.5 6.4 13.3 13 10.1

“‘EAR-IT” at http://web.univ-pau.fr/~cpham/SmartSantanderSample/
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Conclusions

« Receiver throughput is low and a
maximum of 8kbps can be achieved
without packet losses

 Low bit rate codecs for voices can be
streamed from source to gateway
provided that contention on radio
links is low

« Multi-source is challenging
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