
Ad- Hoc and Mesh Network Test - beds Wireless Sensor Network Test - beds

WPR.11: Test - beds for Opportunistic Communication Experiments

Riccardo M. Scopigno1, Rui Rocha2, Luis Pedrosa2, Andres Kassler3, Anna Brunstrom3, Francesco Fileppo1, Maurizio Spirito1, Mirko Franceschinis1

1Istituto Superiore Mario Boella, Turin, IT
{fileppo, franceschinis, scopigno, spirito} @ismb.it

2Instituto Superior Técnico �±Technical University of Lisbon, Lisbon, PT
{rui.rocha, luis.pedrosa} @lx.it.pt

3Karlstad University, Universitetsgatan, Karlstad, SWE
{andreas.kassler, anna.brunstrom} @kau.se

Introduction to Opportunistic Networks

�¾In pervasive communication scenarios, delay -tolerant applications are expected to play an 
important role

�ƒ Network mobility may result in disconnected nodes and cause network partitions

�ƒ �7�K�L�V���O�H�D�G�V���W�R�����W�K�H���Q�R�Y�H�O���Q�H�W�Z�R�U�N���S�D�U�D�G�L�J�P���R�I���W�K�H���V�R���F�D�O�O�H�G���³opportunistic networks �´

�ƒ They constitute an interesting family of MANETs whose connectivity is discontinuous but nevertheless 
acceptable for the application

�ƒ �2�S�S�R�U�W�X�Q�L�V�W�L�F���Q�H�W�Z�R�U�N�V���H�[�S�O�R�L�W���Q�R�G�H�¶�V���P�R�E�L�O�L�W�\���P�R�E�L�O�L�W�\���R�I���S�H�R�S�O�H�����Y�H�K�L�F�O�H�V�����G�H�Y�L�F�H�V�«�����W�R���G�L�V�W�U�L�E�X�W�H���G�D�W�D

�ƒ Information is stored and forwarded over a wireless link when an appropriate contact is met

�ƒ The integration among a wide range of nets �V�K�R�X�O�G���E�H���L�Q�Y�R�O�Y�H�G�����:�6�1�V�����9�$�1�(�7�V�����3�$�1�V�����Z�L�U�H�O�H�V�V���P�H�V�K�H�V�����«��

�¾Mobility and intermittent behaviour of opportunistic network nodes are hard to model by a 
pure mathematical approach

�ƒ Simulations can only produce coarse results and approximate conclusions

�ƒ Most research activities include a practical side or an underlying experimental concept.

�ƒ �$���³�E�H�V�W���S�U�D�F�W�L�F�H�´���I�R�U���H�[�S�H�U�L�P�H�Q�W�D�O���D�F�W�L�Y�L�W�L�H�V���R�Q���R�S�S�R�U�W�X�Q�L�V�W�L�F���Q�H�W�V���L�V���V�W�L�O�O���P�L�V�V�L�Q�J���D�Q�G���L�V���E�H�L�Q�J���L�Q�Y�H�V�W�L�J�D�W�H�G���L�Q��
NEWCOM++

�¾In NEWCOM++ two test -beds are considered:

�ƒ Ad-Hoc and Mesh Network Test-beds (ISMB and KAU)

�ƒ Wireless Sensor Network Test-beds (ISMB and IST-TUL)

�¾ �:�K�\���P�H�V�K���Q�H�W�V���D�P�R�Q�J���R�S�S�R�U�W�X�Q�L�V�W�L�F���Q�H�W�Z�R�U�N�V�«

�ƒ Mesh networks may adopt an opportunistic approach

�ƒ Coordinate physical layer mesh configuration (cognitive mesh)

�ƒ Test how mesh routing protocols react to intermittent connectivity

�ƒ Mesh networks as a core layer for the interconnection of opportunistic nets

�ƒ Support signalling and reservation over wireless for huge opportunistic data transfers

�¾ Supported on powerful wireless nodes capable of running user -centric applications

�ƒ Mesh architecture requires nodes with sufficient communication and computing resources to provide a 
flexible test environment to accomplish several opportunistic networking experiments

�¾ Test-beds are based on embedded platforms interconnected through 802.11 a/b/g/n 
links, capable of hosting multiple radio boards and featuring different antenna 
solutions

�ƒ Test-beds are built using heterogeneous mesh boards (Cambria GW2358-�������$�'�,���3�U�R�Q�J�K�R�U�Q���0�H�W�U�R�«�����D�Q�G��
running different flavours of the Linux OS

�ƒ This heterogeneity is meant to bring some advantage: the test-beds are envisaged to be used to compare 
�S�H�U�I�R�U�P�D�Q�F�H�V���R�I���D�O�J�R�U�L�W�K�P�V���D�Q�G���R�U���U�R�X�W�L�Q�J���S�U�R�W�R�F�R�O�V�����H���J�����2�/�6�5�����P�X�O�W�L�F�K�D�Q�Q�H�O���U�R�X�W�L�Q�J���S�U�R�W�R�F�R�O�V���������V�«��

�ƒ The possibility to connect the test-beds over the Internet is being explored in order to make them available 
for remote tests

�¾ Current investigations within opportunistic networks involve experimentation on QoS 
support strategies , cognitive mesh networks and novel routing/forwarding protocols

�¾ Future research activities will be extended to address additional scenarios: 

�ƒ Further progress of opportunistic channel selection and cognitive mesh networks 

�ƒ Use of a full mesh wireless network to study strategies to assign to opportunistic traffic the appropriate 
�4�R�6���G�H�J�U�H�H�����H���J�����0�3�/�6���R�Y�H�U���:�L�)�L�����������������H���«��

�ƒ Opportunistic localisation/positioning (e.g. by exploiting WiFi RSSI)

�ƒ Mesh islands opportunistically connected through mobile nodes (e.g. Pioneer P3DX) acting as mobile 
data collectors

�ƒ P2P and overlay networks on top of opportunistic networks

�ƒ Opportunistic spectrum access

�ƒ Opportunistic and traffic aware channel assignment

�ƒ Opportunistic scheduling and multi-path routing interaction

�™General description . Self-organized, data-centric networks capable of ambient interaction, featuring small, resource constrained wireless nodes,
are often used in scenarios where opportunistic contacts are the only efficient way to interconnect, otherwise disconnected, network partitions.
Heterogeneity and intermittent connectivity (either due to node mobility or battery depletion) can only be captured accurately through experiments
on real-world test-beds.

�™Why WSN among opportunistic networks . WSN technology means small-size, low-cost objects with reduced energy consumption: that is, the
ideal solution for pervasive networks of non-cumbersome, wearable, self-rechargeable devices.

�¾COTS and Custom Hardware
�ƒ Crossbow Sensor Platform

�ƒ MICAz, TelosB, MICA2, MTS300/310, 
MDA300, MIB510, MIB600, SPB400, IMote2

�ƒ Lego Mindstorms NXT
�ƒ To enable node mobility

�ƒ Custom Sensor Boards
�ƒ PIC Co-processor
�ƒ 3D Accelerometer, Light
�ƒ Ethanol, CO, Methane
�ƒ Soil Moisture
�ƒ LCD, Keypad

�¾Flexible Software Architecture
�ƒ TinyOS
�ƒ Common Libraries

�ƒ Centralized Graphical Management Console
�ƒ Local User Interface Panel
�ƒ Convergecast Data Collection
�ƒ Unicast Data Delivery
�ƒ Event Synchronization
�ƒ Power Management

�ƒ Multiple Applications
�ƒ Environmental Interaction
�ƒ Vibration Monitoring
�ƒ Temperature Gradient Map
�ƒ Remote Monitoring & Control

�¾Testing Scenario
�ƒ Several Dozen Nodes Deployed
�ƒ Additional Nodes for Development
�ƒ Multi-Tier / Multi-Sink Architecture
�ƒ Opportunistic Islands

�¾Past Experiments
�ƒ Aggregation Performance

�ƒ 200ms are needed to aggregate data.
�ƒ Vibration Monitoring Capacity

�ƒ Sample Frequency 
º��# Sources: 2@200Hz, 
3@150Hz, 4@100Hz

�ƒ Current Experiments
�ƒ Objectives

�ƒ Characterization of Node Contacts
�ƒ Application Description

�ƒ 2 nodes: 1 TX / 1RX
�ƒ 3 nodes: 1 TX / 1 RX / 1 MULE

�ƒ Static Scenario
�ƒ Static TX & RX

�ƒ 2 Node Mobile Scenario
�ƒ Static RX in the Middle of a Corridor
�ƒ Mobile TX going To and Fro Along the 

Corridor
�ƒ Mobile MULE Scenario

�ƒ Static TX & RX, Outside the Shared Radio 
Coverage

�ƒ Mobile Data MULE Moving Around Along a 
Circle Line

�ƒ Variable Circular Speed
�¾Future Experiments

�ƒ Comparison of Opportunistic Protocols vs.
Non-Opportunistic + Bundle Layer

�ƒ Impact of Node Mobility on Communication
�ƒ Opportunistic Contact Characterization
�ƒ Application Extension to Support

Multiple TXs, RXs, & MULESs
�ƒ Design and Testing of Appropriate Data 

Forwarding Schemes for Opportunistic Networks

* Figures from "A Flexible Approach to WSN Development and Deployment", 
to appear in The International Journal of Sensor Networks
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