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DependableNomadicSystemsg

I Nomadicsystemsposemany problems
I Localization(Sextant, [Mobihoc 2005])
I ProgrammingModel (MagnetOS,[MobiSys2005])
I Routing (SHARP, [Mobihoc 2002])
I Path Selection(DPSP, [Mobihoc 2001])
I Simulation(SNS, [WSC 2003,TOMACS2004])
I ...

I Needto ¯gure out the location of nodesin order to provide
novel location-basedservices

I Needa new programmingmodel for performing long-lived
computationsin mobilenetworks
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Challengesin Localizationg

Hardware

I Expensive
I Power Consuming

Infrastructure

I Initial setuprequired
I Not always available

Modeling

I Irregular wirelesscoveragearea
I Introduceserror
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SextantApproachg

I Extract geometricconstraints
I Disseminatethem transitively
I Solvein a distributed manner
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SextantApproachg

Contributions

I Uni¯ed Node and Event
localization

I Accurate
I Negativeas well as positive

information
I Explicit representation

I Practical
I Constraintextraction
I Deployed on MICA-2 motes,

laptopsand PDAs
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SextantApproachg

I Neednot be convex

I May haveholes

I May havedisconnected
components

Contributions

I Uni¯ed Node and Event
localization

I Accurate
I Negativeas well as positive

information
I Explicit representation

I Practical
I Constraintextraction
I Deployed on MICA-2 motes,

laptopsand PDAs

Emin GÄun Sirer Sextant: Node and Event Localization



SextantApproachg

Contributions

I Uni¯ed Node and Event
localization

I Accurate
I Negativeas well as positive

information
I Explicit representation

I Practical
I Constraintextraction
I Deployed on MICA-2 motes,

laptopsand PDAs

Emin GÄun Sirer Sextant: Node and Event Localization



Node Localizationg
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Node Localizationg
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Node Localizationg

A

B

N

O

M

Re¯ning Location Estimatesg

Emin GÄun Sirer Sextant: Node and Event Localization



Node Localizationg

A

B

N

O

M

Re¯ning Location Estimatesg

Emin GÄun Sirer Sextant: Node and Event Localization



SextantApproachg

Polygonswith B¶ezierboundaries

EachNode x

I Location Estimate: Ex

I PositiveConstraint: Px

I NegativeConstraint: Nx

I Set of positiveconstraints: ¡ x

I Set of negativeconstraints:£ x

Invariant
Ex =

T

p2 ¡ x

p n
S

n2 £ x

n
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SextantApproachg

Union of circles in Exg
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SextantApproachg

Intersectionof circles in Exg

EachNode x

I Location Estimate: Ex

I PositiveConstraint: Px
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SextantApproachg

¡ x: learned from wireless
neighbors

£ x : learned from wireless
non-neighbors

EachNode x

I Location Estimate: Ex

I PositiveConstraint: Px

I NegativeConstraint: Nx

I Set of positiveconstraints: ¡ x

I Set of negativeconstraints:£ x

Invariant
Ex =

T

p2 ¡ x

p n
S

n2 £ x

n
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EventLocalizationg

Similarity to Node Localization

I Constraintsfrom sensinghardware vs. wirelessradio
I Booleansensed/not-sensedsignalvs. booleanconnectivity

Di®erencesfrom Node Localization

I Annotate resultant areaswith probabilities
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EventLocalizationg

Sensor

Sensor

Event

BayesianProbability

PositiveContribution
Sensor somewherein E detectsevent;
probability event in grid Gi .

NegativeContribution

Sensor somewherein E doesnot detect
event;probability event in grid Gi .

Solution
Product of positiveand negative
contributionsfrom sensors sensingand
not-sensingthe event.
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Optimizationsg

x

Annulus for rangex

WirelessHardware

I RangeMeasurements
I Angle of Arrival

Sensor Hardware

I Event Distance
I DirectionalSensors
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Optimizationsg

x

Sector for anglex

WirelessHardware

I RangeMeasurements
I Angle of Arrival

Sensor Hardware

I Event Distance
I DirectionalSensors
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Modelingg

Wirelesscoveragearea is
non-convexand has holes

WirelessRadio
Booleanpacket-received/
packet-not-received.

I All reachablenodes· R away

I All unreachablenodes¸ r away
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Modelingg

rR WirelessRadio
Booleanpacket-received/
packet-not-received.

I All reachablenodes· R away
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Protocolg

Neighborhood Discovery

I Nodestransmit periodic beacons
I Thresholdbeaconreceptionrequiredfor booleanconnectivity

Gossip

Disseminateconstraintsas long as they are useful
I Positive information { usedonly at ¯rst hop
I Negativeinformation { usedwithin the ¯rst few hops
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Validationof Node Localizationg

Implementation

I Implementedon MICA-2 motes,laptopsand PDA
I About 2kB of storageper node
I About 80kB data transmitted per node until convergence

Setup

I 50 MICA2 motesplacedin a grid pattern
I Landmarks chosenat random
I 80% packet receptionthresholdchosenfor connectivity
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Validationof Node Localizationg

Comparing Node Localization

I Triangulation { Centroidof neighbor nodes
I GPSLess

I Single-hop { No transitive dissemination
I Active Badge,Cricket, GPSLess,Localization Using Moving Target

I Positive-constraints { No negativeinformation
I APS, Convexposition estimation, N-hop Multilateration, Robust

Positioning

I Sextant
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Validationof Node Localizationg
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Validationof Node Localizationg
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Validationof EventLocalizationg

Setup

I 50 MICA2 motesplacedin a grid pattern
I Event is a °ash of light
I Appreciablechangein analogvaluetriggerssensor

Comparing EventLocalization

I Triangulation { Centroidof sensors reporting the event
I AcousticRanging

I Sextant
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Validationof EventLocalizationg
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Validationof EventLocalizationg
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Validationof EventLocalizationg
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ProgrammingModel for Ad Hoc Networksg

I Current state of the art is to view the network as a systemof
systems

I Forcesall applicationsto implementtheir own mechanismsfor
state migration

I Tedious,error-prone
I Multiple applicationsmay con°ict

I Fundamentalproblemstemsfrom lack of an arbiter
I Needa systemlayer to perform resourcemediation
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MagnetOSApproachg

Contributions

I Programmerwrites monolithic
applicationfor a singleJVM

I MagnetOSstatically partitions the
applicationinto communicating
objects

I Objectscan resideanywhere
in the network

I MagnetOSdynamically¯nds a
good placementof objectson
nodesin the network

I Energye±ciency is the key
goal
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MagnetOSImplementationandStatusg

I Implementedmost of the system
I Static rewriter (50K loc)
I Space-optimizedJVM for x86 and StrongARM(30K loc)
I Dynamicruntime (25K loc)

I Working on addingtransparent replication
I Basedon messagelogging
I Driven initially by programmerannotations
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Summaryg

I Sextant is a localizationframework that achieveshigh
accuracyand scalability

I Explicit representationof regionsusingB¶eziercurves
I Conservativeand comprehensiveextraction of negativeas well

as positiveconstraints
I Transitivedisseminationof constraints
I Useof eventsto re¯ne node location

I Sextant is practical
I MagnetOSsimpli¯es programmingmobilesystems

I Many new directionsbasedon transparent rewriting

http://www.cs.cornell.edu/People/egs/sextant/
http://www.cs.cornell.edu/People/egs/magnetos/
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EventLocalization
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