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Challenges Localization

Hardware

| EXpensive
I Power Consuming

® Infrastructure

® % o | Initial setuprequired
I Not always available
® ® Modeling

I lrreqgula wirelesscoveragearea
| Introduceserra
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SextantApproacl

| Extract geometricconstraints
I Disseminatethem transitively
I Solvein a distributed manner
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SextantApproacl

Contributions

|  Uni ed Node and Event
localization
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SextantApproacl

Contributions

|  Uni ed Node and Event

localization
O
| Accurate
Negative constraint ' Negativeas well as positive
information

Positive constraint
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SextantApproack

Contributions

|  Uni ed Node and Event
localization
|  Accurate

I Negativeaswell as positive
Information
I Explicit representation
I Neednot be convex
| May have holes

| May havedisconnected
components
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SextantApproacl

Contributions

Saikat Guha

Uni ed Node and Event
localization
Accurate

I Negativeaswell as positive
Information
I Explicit representation

Practical

I Constraintextraction
I Deployed on MICA-2 motes,
laptops and PDASs
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Node Localizatior

Positive Information
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Node Localizatior

Intersectionof Positive Information

Saikat Guha Sextant: Node and Event Localization




Node Localizatior

Negativelnformation
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Node Localizatior

Subtractionof Negativelnformation
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Node Localizatior

Transitive Disseminationof Positive Information
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Node Localizatior

Transitive Disseminationof Positive Information
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Node Localizatior

Transitive Disseminationof Positive Information
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Node Localizatior

Transitive Disseminationof Positive Information
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Node Localizatior

CombiningPositive and Negativelnformation
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Node Localizatior

CombiningPositive and Negativelnformation
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Node Localizatior

Transitive Disseminationof Negativelnformation
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Node Localizatior

Transitive Disseminationof Negativelnformation
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Node Localizatior

Re ning Location Estimates
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Node Localizatior

Re ning Location Estimates
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SextantApproacl

EachNode x

| Location Estimate: E;

Polygonswith B§zier boundaies
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SextantApproacl

. ‘ EachNode x

| Location Estimate: E;
B®ziercurve

Polygonswith B§zier boundaies

Saikat Guha Sextant: Node and Event Localization




SextantApproacl

EachNode x

| Location Estimate: E;
| Positive Constraint: Py

Union of circlesin Ey

Saikat Guha Sextant: Node and Event Localization




SextantApproacl

EachNode x

| Location Estimate: E;
| Positive Constraint: Py
I NegativeConstraint: N

Intersection of circlesin Ex
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SextantApproacl

U EachNode x
/\ | Location Estimate: E;

| Positive Constraint: Py
i x: leaned from wireless | NegativeConstraint: N
neighbors - _
| Set of positive constraints: j x
I Set of negativeconstraints: £

£ .. leaned from wireless
non-neighlors
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SextantApproacl

EachNode x

| Location Estimate: E

Positive Constraint: Py
NegativeConstraint: N

Set of positive constraints: j «
Set of negativeconstraints: £ 4

Invaiant
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EventLocalization

Similaity to Node Localization

I Constraintsfrom sensinghardware vs. wirelessradio
| Booleansensed/not-sensedignalvs. booleanconnectiviy

Di®erencefrfom Node Localization

I Annotate resultant areaswith probabilities

Saikat Guha Sextant: Node and Event Localization




EventLocalization

Sensor

Positive Contribution

Senso somewheran E detectsevent;
probability eventin grid G.

. 'H NegativeContribution
ety Senso somewheren E doesnot detect
event; probability eventin grid G.
Solution
P\ et Product of positive and negative

contributionsfrom sensos sensingand
not-sensinghe event.

BayesianProbability
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Feedback
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Feedback
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Feedback
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Feedback
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Feedback

Eventsas a Sourceof Constraints
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Feedback

Eventsas a Sourceof Constraints
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Optimizations

WirelesHardware

I RangeMeasurements

Senso Hadware

| EventDistance

Annulus for range x
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Optimizations

Secta for angle x

WirelesHardware

I Angle of Arrival

Senso Hadware

|  Directional Sensos
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Modeling

o o o o o o o
o o o o o
o o
o) o o)

o o
o o o o o o

Wirelesscoveragearea is
non-convexand has holes
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Modeling

WirelessRadio

N Booleanpaclet-received
" packet-not-received.

I All reachablenodes: R away

I All unreachablenodes, r away
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Neighlorhood Discovery

I Nodestransmit periodic beacons
I Thresholdbeaconreceptionrequiredfor booleanconnectiviy

Gossip

Disseminateconstraintsas long as they are useful
I Positiveinformation { usedonly at rst hop
I Negativeinformation { usedwithin the rst few hops
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Validationof Node Localizatior

Implementation

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

Setup

I 50 MICA2 motesplacedin a grid pattern
I Landmaks chosenat random
I 80% paclet receptionthresholdchosenfor connectiviy
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Validationof Node Localizatior

Compaing Node Localization

I Triangulation { Centroidof neighlor nodes
I GPSLess

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

I Positive-constraints { No negativeinformation

I APS, Convexposition estimation, N-hop Multilateration, Robust
Positioning

| Sextant
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Validationof Node Localizatior

100
90
80 r
70 1
60
50 1
40 r
30 1
20 1
10

O I I I
<15 <30 <45 <60 <75 <90 <105 all

Error (distance)

Node Localization

| Accurate

% Nodes Located

Sextant
Positive-constraints —e— 1
Single-hop —— |
Triangulation —=—

Sextantlocatesmore nodesaccurately
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Validationof Node Localizatior

100
90 |
80 |
70
60 |
50
40
30 1 Sextant —— | _
20 Positive-constraints —e— |  E+clent
10 L Single-hop —— |

| | | - Triangulation —=—

O 10 20 30 40 50 60 70 80 90 100

% Landmark Nodes

Node Localization

| Accurate

% Nodes Accurately Located

Sextantrequiresfew landmaks
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Validationof Node Localizatior

40 | 90% no'des |
75% nodes

35 60% nodes
E 30
s | Node Localization
x
g 201 | Accurate
S 15} | E+cient

10 |  Scalable

5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Node Density

Sextantrequires xed landmak density
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Validationof EventLocalization

Setup

I 50 MICA2 motesplacedin a grid pattern
| Eventis a °ash of light
| Appreciablechangein analogvaluetriggers senso

Compaing EventLocalization

I Triangulation { Centroid of sensos reporting the event
I AcousticRanging

| Sextant
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Validationof EventLocalization

100
90 r
80 r
70
60 r
50 1
40 1
30 1
20
10

EventLocalization

|  Accurate

Sextant
Triangulation —e—

0 <4 <8 <12 <16 <20 all
Error (distance)

% Events Accurately Located

Sextantlocatesmaore eventsaccurately
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Validationof EventLocalization

[ ‘Sextant —
Triangulation —f=—
. 6 \
S
g sl | ] EventLocalization
E \¢\ I Accurate
4 r il
\H\‘}\ | Ezxcient

50 60 70 80 90 100 110 120 130
Number of Sensors

Accuracyimproveswith nodes
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Validationof EventLocalization

100 : :
Sextant
90 Triangulation —=—

EventLocalization

| Accurate
| Ezxclent
|  Robust

% Events Accurately Located

20 40 60 80 100 120
Sensing range (distance)

Sextantindependentof sensingrange
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|  Sextantuni es node and eventlocalizationin the same
framework

I Sextantachievedigh accuracyand scalabiliy

I Explicit representationof regionsusing B§ziercurves

I Conservativeand compehensiveextraction of negativeas well
as positive constraints

I Transitivedisseminationof constraints

I Useof eventsto re ne node location

| Sextantis practical

I Dealswell with violationsof simplisticassumptions
I Implementedon MICA-2 motes, PDAs and laptops

http://www.cs.cornell.edu/People/egs/sextant/
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RelatedWork

Positive Information
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RelatedWork

Single-Hop
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RelatedWork

EventLocalization
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