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LA S 5 (Location-aware technology)

* The proliferation of wireless and mobile devices has fostered
the demand for context-aware applications, in which
location is viewed as one of the most significant contexts.

— pervasive medical care
— smart space

— goods transportation, inventory, and warehousing




LA S 5 (Location-aware technology)

* Location-based service (LBS) 1s a key enabling technology
of these applications and widely exists in nowadays wireless
communication networks from the short-range Bluetooth to the
long-range telecommunication networks.
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LA S 5 (Location-aware technology)

Indoor (Local) Indoor/Outdoor Outdoor (Global)
Bluetooth GSM (2G)
UWB WiFi ZigBee GPS
Intrared UMTS (3G)
Personal Wireless | | Wireless Telecommu- Satellite
Area WLAN | Ad-Hoc Sensor nication B
Networks Networks| |Networks| Networks

Location-Based Services (LBS)

Location-based services for a wide range of
wireless networks.



LA S 5 (Location-aware technology)

* Location information also supports many fundamental network
services, including

— network routing,

— topology control,

— coverage,

— boundary detection,

— clustering, etc.




TEAHNEIRRTE ( Localization )

* EXxisting positioning systems

— Manual configuration 1s often infeasible for large-scale
deployments or mobile systems.

— Global Positioning System (GPS) 1s not suitable for indoor or
underground environments and suffers from high hardware cost.

— Local Positioning Systems (LLPS) rely on high density base
stations being deployed, an expensive burden for most resource-
constrained wireless ad hoc networks.




TEAHNEIRRTE ( Localization )

* The limitations of existing positioning systems motivate a
novel scheme of network localization.
— Some special nodes (a.k.a. anchors or beacons) know their

cglobal locations and the rest determine their locations by
measuring the geographic information of their local

neighboring nodes.

—




TEAHNEIRRTE ( Localization )

* Almost all existing localization algorithms consist of two stages:

— 1) measuring geographic information from the ground truth of
network deployment;

— 2) computing node locations according to the measured data.
* Geographic information includes a wvariety of geometric

relationships from coarse-grained neighbor-awareness to fine-
grained inter-node rangings (e.g., distance or angle)




TEAIHEIHSE ( Localization )

Based on physical measurements, localization algorithms solve the

problem that how the location information from beacon nodes
spreads network-wide.

Generally, the design of localization algorithms largely depends on a
wide range of factors, including resource availability, accuracy
requirements, and deployment restrictions.




ELHNHIERSFT ( Localization )

* Physical Measurements and Single-Hop Positioning

— According to the capabilities of diverse hardwares, we classify
the measuring techniques into six categories (from fine-grained
to coarse-grained): location, distance, angle, area, hop count,
and neighborhood.

Fine-Grained Coarse-Grained

Neighbor-

Location @ Distance
hood

Hop Count

— Distance and angle measurements are obtained by ranging
techniques.

— Hop count and neighborhood are basically based on radio
connectivity.

— In addition, area measurement relies on either ranging or
connectivity, depending on how the area constrains are formed.



ELHHIERST ( Localization )

 Distance Measurements

— The distances from an unknown node to several references
constrain the presence of this node, which is the basic idea of
the so called multilateration.

— A to-be located node (node 0) measures the distances from
itself to three references (nodes 1, 2, 3). Obviously, node 0
should locate at the intersection of three circles centered at
each reference position. The result of trilateration is unique as
long as three references are non-linear.
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Fig.3. Trilateration. (a) Measuring distance to 3 reference nodes.

(b) Ranging circles.



TEAHNEIRRTE ( Localization )

* Suppose the location of the unknown node 1s (x0, y0) and it 1s able
to obtain the distance estimates d; to the i-th reference node locating
at (xi, yi). Let d; be the actual Euclidean distance to the i-th

reference node, 1.€.,

(L vl (x0, y0) (2, 12)
I'W;




TEAHNEIRRTE ( Localization )

The difference between the measured and the actual distances can be
represented by p; = d; — d;. Owing to ranging noises in d; , p; is
often non-zero in practice.

The least squares method 1s used to assign a value to (x0, y0) that
minimizes )!", p. This problem can be solved by a numerical
solution to an over-determined linear system.

(x1, yl (x0, y0) (x2, y2)
.. 2
1 dz

d3

(x3, ¥3)



ELHNHIERSFT ( Localization )

So far, for distance-based positioning, the only thing omitted 1s how

to measure distances 1n the physical world. Many ranging
techniques are proposed and developed; among them, the radio
signal strength based and time based ranging are two of the most

widely used ones in existing designs.
(a) Radio Signal Strength Based Distance Measurement

— Radio Signal Strength (RSS) based ranging techniques are based
on the fact that the strength of radio signal diminishes during
propagation.

— In theory, radio signal strengths diminish with distance according
to a power law. A generally employed model for wireless radio
propagation is as follows:



TEAHNEIRRTE ( Localization )

* (Q) Radio Signal Strength Based Distance Measurement

d
P(d) = P(do) — n101og (d—) X,
0
— P(d) 1s the received power at distance <, P(d0) 1s the received

power at some reference distance 0, 70 the path-loss exponent,

and X, a log-normal random variable with variance o2 that
accounts for fading effects.

((m)) P(d0) P(d)

d0 d




ELHHIERST ( Localization )

* (Q) Radio Signal Strength Based Distance Measurement

— Hence, if the path-loss exponent for a given environment is
known, the received signal strength can be translated to the
signal propagation distance.

— In practice, RSS-based ranging measurements contain noises on
the order of several meters. The ranging noise occurs because
radio propagation tends to be highly dynamic in complicated
environments.

Multipath



TEAIHEIHSE ( Localization )

* (b) Time Difference of Arrival (TDoA)

— A more promising technique is the combined use of ultrasound/acoustic
and radio signals to estimate distances by determining the Time

Difference of Arrival (TDoA) of these signals.

Transmitter

Acoustic/
Ultrasound
Module

Receiver

Acoustic/
Ultrasound

Module

RF Module




TEAHNEIRRTE ( Localization )

* (b) Time Difference of Arrival (TDoA)

— The 1dea of TDoA ranging is as follows: The transmitter first sends a
radio signal. It waits for some fixed internal of time, tdelay (which

might be zero), and then produces a fixed pattern of “chirps” on its

speaker.
Transmitter
OB

{ radio sound

Receiver

Fig.5. TDoA computation model.



TEAHNEIRRTE ( Localization )

* (b) Time Difference of Arrival (TDoA)

— When receivers hear the radio signal, they record the current time,
tradio» and then turn on their microphones. When their microphones

detect the chirp pattern, they again record the current time, ty 14

’dclay
Transmitter

RF Acoustic

Receiver

Fig.5. TDoA computation model.



TEAHNEIRRTE ( Localization )

* (b) Time Difference of Arrival (TDoA)

— Once they have t the receivers can compute

radio> fsound> @d tdelay:
the distance d to the transmitter by

Uradio * Usound
d= . (tsound — tradio - tdelay)a
Uradio — Usound

where vp44i0 and vgyyng denote the speeds of radio and sound waves
respectively.

Transmitter

RF Acoustic

Receiver

Fig.5. TDoA computation model.



TEAHNEIRRTE ( Localization )

* (b) Time Difference of Arrival (TDoA)
— The TDoA computation model is as follows:

fdel ay

Transmitter

RF Acoustic

Receiver

lradio fsound
Fig.5. TDoA computation model.

— TDoA methods are impressively accurate under line-of-sight conditions.



TEAHNEIRRTE ( Localization )

* Angle Measurement

— Another approach for localization is the use of angular estimates
instead of distance estimates. In trigonometry and geometry,
triangulation is the process of determining the location of a point
by measuring angles to it from two known reference points at
either end of a fixed baseline, using the law of sines.

target point L

reference point L | J reference point




ELHNHIERSFT ( Localization )

* Angle Measurement

— Triangulation was once used to find the coordinates and
sometimes the distance from a ship to the shore.

— The Angle of Arrival (AoA) data is typically gathered using
radio or microphone arrays, which allow a receiver to determine
the direction of a transmitter. Suppose several (3-4) spatially
separated microphones hear a single transmitted signal. By
analyzing the phase or time difference between the signal
arrivals at different microphones, it 1s possible to discover the
AoA of the signal.



TEAHNEIRRTE ( Localization )

e Area Measurement

— If the radio or other signal coverage region can be described by a
geometric shape, locations can be estimated by determining
which geometric areas that a node 1s in.




TEAIHEIHSE ( Localization )

e Area Measurement

— The basic idea of area estimation 1s to compute the intersection
of all overlapping coverage regions and choose the centroid as
the location estimate. Along with the increasing number of
constraining areas, higher localization accuracy can be achieved.




TEAHNEIRRTE ( Localization )

e Area Measurement

— According to how area is estimated, we classify the existing

approaches into two categories: single reference area estimation
and multi-reference area estimation.




TEAHNEIRRTE ( Localization )

e Area Measurement

%




ELHNHIERSFT ( Localization )

* Hop Count Measurements

— Based on the observation that if two nodes can communicate by
radio, their distance from each other is less than R (the maximum
range of their radios) with high probability, many delicate
approaches are designed for accurate localization. In particular,
researchers have found “hop count” to be a useful way to
compute inter-node distances.

#——




ELHHIERST ( Localization )

* Hop Count Measurements

— The local connectivity information provided by the radio

defines an unweighted graph, where the vertices are wireless
nodes and edges represent direct radio links between nodes.

— The hop count /ij between nodes si and sj is then defined as the
length of the shortest path from si to sj . Obviously, the physical
distance between si and sj , namely, dij , is less than R*hij , the
value which can be used as an estimate of dij if nodes are
densely deployed.




TEAHNEIRRTE ( Localization )

* Hop Count Measurements
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TEAHNEIRRTE ( Localization )

* Neighborhood Measurement

— The radio connectivity measurement can be considered
economic since no extra hardware is needed. Perhaps the most
basic positioning technique is that of one neighbor proximity,
involving a simple decision of whether two nodes are within the
reception range of each other.



ELHNHIERSFT ( Localization )

* Neighborhood Measurement

— A set of reference nodes 1s placed in the network with some non-
overlapping sub-regions. Reference nodes periodically emit
beacons including their location IDs. Unknown nodes use the
received locations as their own location, achieving a course-
grained localization. The major advantage of such a neighbor
proximity approach is the simplicity of computation.

.
N
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TEAIHEIHSE ( Localization )

* Neighborhood Measurement

— The neighborhood information can

be more useful when the density of
reference nodes is sufficiently high
so that there are often multiple
reference nodes within the range of
an unknown node.

Let there be k reference nodes
within the proximity of the unknown
node. We use the centroid of the
polygon constructed by the k
reference nodes as the estimated
position of the unknown node.

Fig.8. k-neighbor proximity.



TEAHNEIRRTE ( Localization )

* Comparative Study of Physical Measurements

Table 1. Comparative Study of Physical Measurements

Physical Measurements Accuracy Hardware Computa-
Cost tion Cost
Distance RSS Median Low Low
TDoA High High Low
Angle AoA High High Low
Area Single reference Median* Median* Median
Multi-reference Median* Median* High
Hop Count Per-hop distance Median Low Median
Neighborhood Single neighbor Low Low Low
Multi-neighbor Low Low Low

*: depends on the diverse geometric constrains



TEAHNEIRRTE ( Localization )

* Network-Wide Localization

* Centralized algorithms

— Centralized algorithms are designed to run on a central
machine with powerful computational capabilities. Network
nodes collect environmental data and send back to a base station
for analysis, after which the computed positions are delivered
back into the network.




TEAHNEIRRTE ( Localization )

* Network-Wide Localization

* Centralized algorithms

— Centralized algorithms resolve the computational limitations of
nodes. This benefit, however, comes from accepting the
communication cost of transmitting data back to a base station.
Unfortunately, communication generally consumes more energy
than computation in existing network hardware platforms.




TEAIHEIHSE ( Localization )

* Centralized localization
* (@) Multi-Dimensional Scaling (MDS)

— The intuition behind MDS s
straightforward. Suppose there are
n points, suspended in a volume.
We do not know the positions of the
points, but we know the distances
between each pair of points.

— MDS is an O(n3) algorithm that
uses the law of cosines and linear
algebra to reconstruct the relative
positions of the points based on the
pairwise distances.




ELHNHIERSFT ( Localization )

* Centralized localization
* (b) SemiDefinite Programming (SDP)

— In SDP, geometric constraints between nodes are represented as
linear matrix inequalities (LMIs). Once all the constraints in the
network are expressed in this form, the LMIs can be combined to
form a single semi-definite program, which is solved to produce
a bounding region for each node.

— The advantage of SDP is its elegance on concise problem
formulation, clear model representation, and elegant mathematic
solution.

— Solving the linear or semi-definite program has to be done
centrally.



ELHNHIERSFT ( Localization )

* Network-Wide Localization

* Distributed algorithms

— Distributed algorithms are designed to run in network, using
massive parallelism and inter-node communication to
compensate for the lack of centralized computing power, while
at the same time to reduce the expensive node-to-sink
communications.

— Distributed algorithms often use a subset of the data to locate
each node independently, yielding an approximation of a
corresponding centralized algorithm where all the data are
considered and used to compute the positions of all nodes
simultaneously.



ELHNHIERSFT ( Localization )

* Distributed algorithms

* (a)Beacon Based Localization (Top-down approach)

— Beacon based localization approaches utilize estimates of
distances to reference nodes that may be several hops away.
These distances are propagated from reference nodes to
unknown nodes using a basic distance-vector technique. Such a
mechanism can be seen as a top-down manner due to the
progressive propagation of location information from beacons to
an entire network. There are three types as follows.

——) ]
distance?
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TEAHNEIRRTE ( Localization )

* Distributed algorithms

* (a)Beacon Based Localization (Top-down approach)

— 1) DV-hop: Each unknown node determines its distance from
various reference nodes by multiplying the least number of hops
to the reference nodes with an estimated average distance per
hop that depends upon the network density.

#hops *
distance/hop

‘/'\./'\,—\/




ELHNHIERSFT ( Localization )

* (a)Beacon Based Localization (Top-down approach)

— 2) DV distance: If inter-node distance estimates are directly
available for each link in the graph, the distance-vector
algorithm 1s used to determine the distance corresponding to the
shortest distance path between the unknown nodes and reference
nodes.

— 3) Iterative localization: One variant of above approaches is
indirect use of beacon nodes. Initially an unknown node 1is
located based on its neighbors by multilateration or other
positioning techniques. After being aware of its location, it
becomes a reference node to localize other unknown nodes in the
subsequent localization process. This step continues iteratively,
gradually turning the unknown nodes to the known.



TEAIHEIHSE ( Localization )

* (a)Beacon Based Localization (Top-down approach)

— The process of iterative localization is illustrated as follows:

(a) (b) (¢) (d)

— Iterative trilateration only 1involves local information
(information within neighborhood) and accordingly reduces
communication cost. Nevertheless, the use of localized unknown
nodes as reference nodes inherently introduces substantial
cumulative error.



ELHHIERST ( Localization )

* Distributed algorithms

* (b) Coordinate System Stitching
— It works in a bottom-up manner, @
in  which localization 1

originated in a local group of
nodes 1n relative coordinates.
By gradually merging such

local maps, it finally achieves
entire network localization in b
global coordinates, as illustrated C
E

in the following figure.



ELHNHIERSFT ( Localization )

* Comparative Study of Localization Algorithms

e (a) Beacon Nodes

— Higher localization accuracy can be achieved if beacons are
placed in a convex hull around the network.

— Placing additional beacons in the center of the network is also
helpful.

— Thus, it is necessary for system designers to plan the beacon
layout before deploying a network.

* (b) Node Density

— Algorithms that depend on beacon nodes fail when the beacon
density is not sufficiently high in a specific region.

— Thus when designing or analyzing an algorithm, it 1s important
to consider its requirement on node density, since high density
may not be always true.



ELHNHIERSFT ( Localization )

* Comparative Study of Localization Algorithms

* (c)Accuracy

— Location accuracy 1s defined as the expected Euclidean distance
between the location estimate and the actual location of an
unknown node, while location precision indicates the percentage
of the results satisfying a pre-defined accuracy requirement.

— For a given localization result, location accuracy trades off with
location precision. If we relax the accuracy requirement, we can
increase precision, and vice versa.

— The error propagation demonstrates how location accuracy
varies with the increase of measurement error. Intuitively,
localization error is linear with measurement error. However, it
is not true for many localization systems.



TEAIHEIHSE ( Localization )

* Comparative Study of Localization Algorithms
* (d) Cost

— In general, the cost of a localization system includes hardware
cost and energy cost.

— Hardware cost consists of three parts: node density, beacon
density, and measurement equipment.

— A localization procedure often involves inter-node measurement,
computation and communication, among which communication
consumes most energy. This 1s why distributed algorithms are
often more compelling than centralized algorithms.



ELHNHIERSFT ( Localization )

* Comparative Study of Localization Algorithms

Table 2. Comparative Study of Localization Algorithms

Localization Algorithm Accuracy  Node Beacon Computation  Communication  Error
Density  Percentage  Cost Cost Propagation
Centralized  MDS High Low Low High High Low
SDP High High Median High High Low
Distributed  Beacon based Low High High Low Low High*
Coordinate stitching  Low High Low Median Median High

#: 1n case of iterative localization

* All approaches have their own merits and drawbacks, making them
suitable for different applications.

* Hence, the design of a localization algorithm should sufficiently

investigate application properties, as well as take into account
algorithm generality and flexibility.

* In future study, obtaining a Pareto improvement 1s a major challenge.
That 1s, increasing the performance of one of the metrics without
degradation on others.



HI-(\BRIIRSS (Location based Service)

« XTF42EMIKRS (LBS)

— LBSR #5453 45354 ) & £ A2 AR x5 5 a4z E 12 5,
Bl L% W 4438 R S,

— B de, SJALIT AR R N EGPST L8 A FALE K
Qg sk, LI H) AT E KR E ﬂﬁ YR, oF
I VAL B — /N8 B Frfr H 0915 5 555 5 R kR AT &
/]\ﬁ\%iﬂ:ﬁz?‘o




HI-(\BRIIRSS (Location based Service)
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HI-(\BRIIRSS (Location based Service)
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HI-(\BRIIRSS (Location based Service)
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