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Abstract

Many important applications of sensor networks assume a precise knowledge of the sensors’ posi-

tions, prepositioning them on known locations or using GPS. But for some applications reference

positions and a GPS are not available to all the sensors (e.g., no GPS on indoor applications). 

suppose that each sensor can measure the distances between itself and each of its neighbors, up to

a determined communication range, and seek to improve the current localization algorithms that

use this information.

This report reviews an existing localization algorithm given a percentage of GPS-enabled nodes,

and experiments with techniques for calculating positions from distances when there is no GPS

available.

Additionally, if a mobile node with similar measurements capabilities is available, the current

SLAM (Simultaneous Localization And Mapping) algorithms allow it to move among the static

sensors localizing the fixed sensors with respect to itself, given good a priori estimates for the fixed

sensors’s positons and the mobile node’s initial position. This report introduces two metrics that

could be used to guide a mobile node to maximize information gain and to avoid badly covered

regions, aiming to allow localization with less a priori information.



Chapter 1

Introduction

In sensor networks, many important applications and algorithms assume a reasonably precise knowl-

edge of the positions of each sensor. The current algorithms for geographically informed routing,

power saving, location specific querying, or guidance [16] suppose that the nodes are prepositioned

on well determined positions (e.g., on a grid) or that the sensors have a GPS or other similar lo-

calization system. But, for some applications, GPS may be too expensive, have elevated power

consumption, or not be available (e.g., on indoor applications). We suppose that each sensor can

measure the distances between itself and each of its neighbors, up to a determined communication

range. Localization algorithms can suppose that a small percentage of the sensors have a GPS, and

aim to calculate the absolute coordinates of each sensor (section 4.4), or suppose that no absolute

coordinates are available and aim to build just a relative coordinate system. A mobile node may be

available, allowing us to gather more mea~aurern.ents to improve the localization, although it needs

to localize itself as it moves. This report reviews existing techniques for localization for all cases,

examines the applicability of some of them that were used in other contexts and, in the case that a

mobile node is present, proposes two metrics to guide the mobile node among the fixed nodes.

The next chapter reviews the literature about real world distance and angular measurements

in a sensor network context. The rest of the report supposes distance measurements with gaussian

error.

Chapter 3 reviews that theoretically it is possible to determine whether the available distance

measurements allow us to uniquely determine the positions of the sensors, and shows experiments



to determine that in practice this is useful only for very dense networks.

A review about trilateration procedures to determine positions from ranges from known beacons

and an algorithm that uses trilateration on the presence of some percentage of GPS-enabled nodes

are discussed in chapter 4.

Chapter 5 discusses how a mobile node able to communicate with the fixed nodes can improve

the position estimates of the fixed nodes while using them to localize itself. It extends the results

of a previous paper under new conditions and proposes two metrics for guidance. Finally, the

conclusions are presented in chapter 6.

A note on terminology: In this document "trilateration" is defined as the process of determining

one position given distances from it to a set of’ beacons fixed on known positions. (Usually this

process is called triangulation).

"Triangulation" is defined as the process of determining one position given the positions of a

set of fixed beacons and the angles between the beacons as seen from the position that we want to

estimate. This terminology is used in [20, 21], and it is usefi~l to easily differentiate between the

two processes.


