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e Sensor networks
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Introduction

e Sensor nodes
— Small size
— Low power consumption
— Few functions

e Design issues
— PHY and MAC Layers
— Routing and Transport Protocols
— Localization and Positioning applications
— Coverage and Connectivity Problems
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Related Geometric Problems

o Art Gallery Problem
— How many cameras are needed
— Where these cameras should be deployed

 The galley Is usually modeled as a simple
polygon on 2D plane

* In a 3D space, this problem is NP
— [14] proposes a suboptimal solution.
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Art Gallery Problem
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» Triangulating the polygon
e Number of cameras = n/3
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Related Geometric Problems

e Circle Covering Problem

— To arrange identical circles on a plane that
can fully cover the plane

— Given a fixed number of circles, the goal is to
minimize the radius of circles
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Circle Covering Problem
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Survelllance and Exposure

e To find a path connecting these two points
which is best and worst monitored by sensors
« Maximal branch path [1](5] -- Voronoi diagram

— The distance form any point to the closest sensor is
maximized

« Maximal support path [1][5] -- Delaunay
triangulation

— The distance form any point to the closest sensor Is
minimized
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Survelllance and Exposure

 EXxposure: the sensing abllity of sensors
can be improved as the sensing time
Increases
— Minimal exposure path [1][2][6][7]
» WWorst coverage of a sensor network

— Maximal exposure path [1][3]
» Best coverage of a sensor network

 They also use voronol diagram and
delaunay triangulation to partition the
sensing filed
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Example of exposure
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Coverage and Connectivity

 An area Is covered by some sensor nodes,
but these nodes are uncertainly
connecting with each other

e Some works consider the coverage and

connectivity of sensor networks [10, 11, 12,
13]
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Coverage and Connectivity

e |Ssues
— Sensing range
— Network connectivity
— Network density control
— Energy conserving

2004.07.13 MNet. Lab.

13



Proposed solutions (1)

* In [10], the coverage problem is
formulated as a decision problem.
e k-covered

— Every point in target area is covered by at
least k sensors, where k Is a given parameter

* As long as the perimeters of sensors are
sufficient covered, the whole area Is
sufficiently covered

2004.07.13 MNet. Lab. 14



(@)

2004.07.13

K-covered

MNet. Lab.

15



Proposed solutions (2)

 Under what condition coverage may imply
connectivity?
— Communication range > 2 * Sensing range

* In [12], authors study the relationship

between coverage and connectivity, If a
target area Is k-covered

e The author proves that if a region Is k-
covered, then the sensor network Is k-
connected

2004.07.13 MNet. Lab.

16



Proposed solutions (2)

 Coverage Configuration Protocol (CCP)

— It provides different degrees of coverage and
maintains communication connectivity

— K-covered eligibility algorithm

* To select the active node and control the degree of
coverage
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Proposed solutions (2)

« All nodes are Initially in the ACTIVE state

ACTIVE

— Nodes maintain neighbor tables and execute the
coverage eligibility algorithm

SLEEP

— Redundant nodes will switch to SLEEP state
— Nodes weak up periodically to LISTEN

LISTEN
— Nodes receive messages and evaluate their
eligibility
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Proposed solutions (2)

« Communication range < 2 * Sensing range
— Integrate CCP with SPAN

— Eligibility rule for inactive nodes

* An inactive node will be eligible to become active if
it is eligible according to the eligibility rule of SPAN
or CCP

— Elgibility rule for active nodes

e An active node will withdraw If it satisfies the
eligibility rule of neither SPAN nor CCP
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SPAN

« SPAN Is a connectivity-maintaining
protocol

Ad Hoc routing
protocols

SPAN

s802.11 MAC/PHY

e Coordinator eligibility rule

— If two neighbors of a non-coordinator node
cannot reach each other directly or via one or
two coordinators, the node should become a
coordinator
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New
coordinator

SPAN
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Proposed solutions (2)

o CCP eligibility rule guarantees that the
region is covered to the required degree

 SPAN will activate extra nodes so that
every node can reach a active node within
ItS communication range
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Proposed solutions (3)

 Optimal Geographical Density Control
(OGDC)

— Using minimum nodes to maintain coverage
and connectivity

— To reduce the overlapping areas that are
covered by nodes in ON state

— A decentralized algorithm
— Communication range > 2 * Sensing range
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eStates:

OGDC

*ON, OFF, Undecided

*Node A is a starting node
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Summary

e Coverage may imply connectivity If
— Communication range > 2 * Sensing range
 Maintaining coverage and connectivity
- CCP
— CCP with SPAN
- OGDC
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Discussion

 Coverage problem in 3D space

— The sensing region is modeled by a 3D ball
[14]

» Coverage preserving and Energy
conserving

— Self-configuration protocol
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Project progress report

 LeGoJOS is already integrated with
Stargate

e Testing
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Emergency Guiding System

 How to find a safest way to exit the scene
of a fire?
— Pre-defined paths

— Real-time paths
* load balance
e exposure
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Emergency Guiding System
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Pre-defined paths

ONON NGO

. Danger node or partition O Safe node
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Real-time paths

Exit

Exit
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