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MOTIVATION

Location information Ls tmperative to a variety of
applications in wireless sensor networks.

Location system based on mere connectivity Ls
Ldeal for Large-scale sensor networks, for cost-
effectiveness.
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RELATED WORK

Previous oowwectivita—based Localization methods:

Multi-Bimensional Scaling (MPS)

Low scala 'OLLL’Cg

ESSethaLLg centrallzed

Newral network-based

Nuwmeriea Ly unsta ble

Graph rigidity theory

Low lLocalization accuracy
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OUR PROPOSED METHO

A planar sensor network Ls modeled as a discrete
surface with the distance between two nooles
approximateol bg hop counts.

Due to the approximation ervor, the surface s curveo
and cannot be embedded directly own a flat plane.

we compute the provabl,g op’cimat flat metric which
introduces the least distortion from estimated

metric to Lsometrically embed the surface to plane.
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MAIN CONTRIBUTIONS

Fully distributed: each node only requires
information from its direct netghbors

Scalable

COMPutatiow and communteation cost are both
Linear to the size of the network

Limited ervor propagation

TheoreticaLLa sound: provalotg optiwm!,

Nwmerically stable : free of the choice of tnitial
values and local minima with theoretical guarantee

B
L \




TALK OUTLIN

Theory of flat metric

Distributed algorithm for sensor networks

Discussions ow cost and ervor propagation

Sitmulations and comparisow
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RS CRETE METRICTAND DISCRE]
GAUSSIAN CURVATUR

Discrete metric: edge length of the triangulation

Diserete Gaussian curvature: induced by metrie,
measured as angle deficit




CIRCLE PACKING METRIC

A vertex Ls associtated with a cirele with radiuws of Y;

Two circles have awn tntersection angle of D;;

Circle packing metric tnouces discrete metric




FLAT METRIC

Flat weetrie: a set of edge lengths which tnduce zero
qaussian curvature for all tnner vertices such that
the triangulation Ls tsometrically embedded to plane.

infintte number of flat metrics for a given
oowwcoti\/ita-based triangulation.




OPTIMAL FLAT METRIC

Ruestion: given a triangulation mesh, which flat
metric tntroduces the least distortion from the
estimated discrete metric?

Theory (Theorem 2): the flat wmetric with the Least
distortion Ls unique and satisfies:

(

uj = const,Yv; € oM

\_

where uj=log Yj and vj s a boundary vertex
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Discrete Ricel flow

[Hamtlton 1982]: Ricel flow on closed surfaces of
wow—posi’ci\/c Euler characteristie

[Chow 1991]: Ricel flow ow closed surfaces of
positive Euler characteristic

[Chow and Luwo 200=]: Dlscrete Ricel flow
including existence of solutions, criteria, and

aom/ergewoe.

L)LV\, et al. 20081: a uwiﬁed fm WLEWOY R 0'(:
computational algorithwms for discrete Ricel flow




EOMPUTE OPTIMAL FLAT ME TRKISS

Discrete Ricel flow ts an effictent tool to decide
metrics based on user predefined curvature

(

dui(t)_ 5 .
a - Ki—K)

. J

where w; Ls the cirele packing metric, deforming
according to the difference between the target
Gausstan curvature ano the current gaussian
curvature.




TALK OUTLIN

Theory of flat metric

Distributed aloorithm for sensor networks

Discussions ow cost and ervor propagation

Experimewts anol comparisow
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Build a triangulation from network graph
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(1) PRE-PROC
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INFOCOM'11: “A Distributed Triangulation Algorithm for Wireless Sensor Networks on 2D and 3D Surface”




DISTRIBUT
(2) COMPU
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AlL edge lengths tnitialization: unit

The curvature of a vertex Ls nonzero

The wnitial triangulation surface can't be

embedded on a plane.

Fund the flat wmetric, such that

The triangulation surface can be Lsometrically

embedded on a plane

The tntroduced Localization error Ls mainimal




DISTRIBUTED ALGORITHM
(2) COMPUTE FLAT METRIC

Determine flat metric based on Ricet flow

Set the target qaussian curvature of all tnner
wodes to zero

Update the cirele packing metric w; on vertex v;
by the difference of vi's target and current
GAUSSLAW curvature

U = U; —|—8(IZ,' = Ki)

\. J

(

Stop until the curvature ervor is less thaw €. The
final circle packing metric induces flat metric
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DISTRIBUTED ALGORITHM
(3) ISOMETRIC EMBEDDING

Start embedding from one vertex

Oowtiwuousl,g propagate to the whole tria nwo ulation

(" )




OIS T

Step 1: Preprooessiwg step - butlding triangulation

Time comPLe)(itg: o (n)

Communteation cost: ©(n)

Step 2: Compute flat metrie

Time complexity: ©(-log€/0)

Communication cost: O (-glog€/d)

Step 3: compute tsometric embedding

Time compLexltg: o (m)

Communteation cost: © (m)
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~RROR PROPAGATION

The tmpact of error to owr proposed scheme can be
modeled as a discrete Greewn function:

-

1
G(p,q) = >4l

. J

where p and g are two points far away from the
boundary.

The umpact of a measurement error at Polnt p to
Pownt g decreases quickly with their distance.
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TALK OUTLIN

Theory of flat metric

Distributed algorithm for sensor networks

Discussions ow cost and ervor propagation

Experiments and comparison
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-RROR COMPARISON

Scenario

MDS-MAP(P)

Topology 1 (Fig. 6 a(1)-e(1))

0.89

Topology 2 (Fig. 6 a(2)-e(2))

0.68

Topology 3 (Fig. 6 a(3)-e(3))

0.75

Topology 4 (Fig. 6 a(4)-e(4))

0.61

Topology 5 (Fig. 6 a(5)-e(5))

0.99




S T RIBUTION OF COCALIZATICNS
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SUMMARY AN

D FUTUR

ow general 3D surface
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- WORK

Mere oowwea’civitg—based Localization method

Theoretieally guaranteed and numerically stable

Fully distributed and highly scalable with Linear
computation time anad communication cost anol
Local ervor propagation

Future work: Localization for sensor nodes deployed
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