Algorithmic Foundations of

Sensor Networks




Sensor nodes




Examples of sensor nodes

of wireless_sensor_nodes



https://en.wikipedia.org/wiki/List_of_wireless_sensor_nodes
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Contiki OS







Programming in Contiki

Create a project Write Contiki Configure and _‘
‘ folder [:\ program E:\ Compile E:\

Flash to WSN
Mote



Task scheduling

* Process

e Timers

« Threading
 Task scheduling

» Documentation: Multitasking and

scheduling



https://github.com/contiki-ng/contiki-ng/wiki/Documentation:-Multitasking-and-scheduling
https://github.com/contiki-ng/contiki-ng/wiki/Documentation:-Multitasking-and-scheduling

#Finclude "contiki.h"™

#include <stdio.h= ¥ For printifi

PROCESS(hello world process, "Hello world process");
AUTOSTART PROCESSES(&hello world process);

PROCESS THREAD(hello world process, ewv, data)
1

Hello-world.c static struct etimer timer;
'in Cont'ik'iOS PROCESS BEGIN();

el I | = 1 = I I = F T = — | — — =

etimer set(&timer, CLOCK SECOND * 10);
while(1l) {
printf("Hello, world:\n");
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PROCESS WAIT EVENT UNTIL(etimer expired(&timer));
etimer reset(&timer) ;

¥

PROCESS END() ;
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 CO0Ja simu



https://www.researchgate.net/publication/322872726_Zolertia_Z1_energy_usage_simulation_with_Cooja_simulator

Networking in Contiki

 |EEE 802.15.4
 |Pv6 addressing

 MAC drivers - CSMA stworkLayer

« Radio Duty Cycling
protocols

* RPL - Routing Protocol for [aEel
Low Power and Lossy RDC Layer
Networks

Radio Layer

Application
Transport
Network, Routing
Adaptation
MAC
Duty Cycling

Radio

HTTP, COAP, websockets
TCP, UDP
IPv6, IPV4, RPL
6LowPAN
CSMA/CA
ContikiMAC CX-MAC

802.15.4
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Radio Duty Cycling - |l

» Contiki MAC protocols

» Low-Power-Listening
» ContikiMAC

« X-MAC(first low-power listening
protocol)

» Low-Power-Probing
» Contiki LPP

Send data packets until ack received

Reception window

Data packet

Acknowledgement packet
Transmission detected
Send first data packet when receiver is known to listen

{

Sender m mn
@ ' T Data packet

. 4
Receiver / m E

Transmission detected

Reception window

Acknowledgement packet





https://en.wikipedia.org/wiki/IEEE_802.15.4

6TiSCH - TSCH in Contiki-ng

same amount of
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https://ieeexplore.ieee.org/document/8271939




DODAG Formation Example
1. A multicasts DIOs that it’s member of @ ‘[z. @

DODAG ID itself with Rank 0.

B. C. D. E hear and determine that
their rank (distance)i1s 1. 1. 3. 4.
respectively from A

B. C. D. E send DAOs to A.

A accepts all

B and C multicast DIOs

6. D hears those and determines that its
distance from BandCis 1. 2

7.  E hears both B. C and determines that
its distance from Band Ci1s 2. 1

2. D sendsa DAO toB
E sends a DAO to C

9. B sends a DAO-Ack to D oroas
C sends a DAO-Ack to E (o) L=
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,33 Applications Places System @

File

) {(=)E3 G Simulation control @@ v =JOJlxJ

View Zoom | Run Speed limit \ Enter notes hers
| Paupe | | Reload

Time: 00:24.371
Speed: 180.51%

@ Time ms | Mote | Message

R o

21886 ID:5S 1234 from ... |A
21906 ID:2 Data received on port 1234 from ...
24025 ID:5 Sending broadcast
24066 ID:3 Data received on port 1234 from ...
24070 ID:7 Data ved on port 1234 from ...
24117 ID:8 Data received on port 1234 from ... \
24157 ID:2 Data received on port 1234 from ... _/
24170 ID:6 Data received on port 1234 from ... |¥

oom Events Motes

f3| | B user@ubuntu: ~/conti... | (£ Mysimulation-Cooja:...



Eile Simulation Motes Tools Settings Help

Wiew Zoom

Run Speed limit Enter notes here

l Start “ Pause J[ Step J[ Reload ]

Time: 00:00.000

Speed: ---

File Edit View

Time | Mote | Message

Printf of nodes will

appear here.

Filter:

File

Edit Wiew

Zoom Bwents

Motes

Event tracking of simulation.




Simulation script editor

» log.log{"la=st
log.logi{"fir
YIELD{) ;
log.logirT=se
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Simulation script editor

B2 Buffer Listener - packetbuf_aligned - 0 buffers on 0 motes E]@@

Time ms | Mote | Access | Byte array | Source

Buffer view

Filter:
PowerlTracker EE
Mote | Radio on (%6) | Radio TX (%%) | Radio RX (24)
ANVERAGE Ma M MaMa Ma MY

Trace of Radio usage

[ Print to consolef/Copy to clipboard Jl Reset J




Cooja simulation



https://github.com/contiki-ng/contiki-ng/wiki/Tutorial:-Running-Contiki%E2%80%90NG-in-Cooja
https://anrg.usc.edu/contiki/index.php/Cooja_Simulator
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