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Abstract:  Wireless Sensor Networks, a novel technology about acquiring and processing information, have been
proposed for a multitude of diverse applications. The problem of self-localization, that is, determining where a
given node is physically or relatively located in the networks, is a challenging one, and yet extremely crucial for
many applications. In this paper, the evaluation criterion of the performance and the taxonomy for wireless sensor
networks self-localization systems and algorithms are described, the principles and characteristics of recent
representative localization approaches are discussed and presented, and the directions of research in this area are
introduced.
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[24]
2
2.1 (physical position and symbolic location)!*
, 47°39'17"N,122°18'23"W
; 123 . ,
, Active Badge[*" Easy Living!®  \MIT  Cricket
[26]
2.2 (absolute versus relative)™*

[27]

(geo-routing),

SPA(self-positioning algorithm)” LPS(local positioning system)!?®! SpotON?),  MDS-MAP

[30]
2.3 (tightly coupled versus loosely coupled)t!
AT&T  Active Bat (201 Active Badge!”*® HiBall Trackert®?
., Cricket®® AHLos®
, ad hoc , - . )
Mike Hazas [34,35] ( DSSS,DS/CDMA)
(infrastructure-based versus infrastructure-free)!”?
2.4 (centralized computation versus distributed computation)™*”
« ), ;
, 3], (convex optimization)®*¢) MDS-MAPEY
.N-hop multilateration primitive®”
2.5 (range-based versus range-free)!®®
Range-Based , (trilateration)
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(triangulation) (multilateration) ;Range-Free ,
Range-Based RSSIF TOAM TDOA®  AOAMU RSSI(received signal strength
indicator) , +50% 2. TOA(time of arrival)
, ;TDOA(time difference on arrival)
(WSN 20~30 , ) NLOS

;AOA(angle of arrival) ) )
,range-based )

(431 (44 ,range-based
(
40% [38y range-free
.DV-Hop!??2 8361 MDS-MAPEY range-free : MDS-MAP
range-based
2.6 (fine-grained localization versus coarse-grained localization)!!

g (proximity)

, RadioCamera (9] (signal
pattern matching) .
. Active Badge!!’ 8 381  Xeror ParcTAB [45] Smart Floor[*®!
2.7 (triangulation, scene analysis, and proximity)®“”
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MIT  Smart Roomst*®l( )
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TABM Smart Floor™*® Smart Rooms!™*® 3D-iDM! WhereNet® . [4,11] .
2
, WSN
3.1 Cricket [26]
MIT Cricket.
( Listener) . RF
,RF ID. TDOA ,
3 , 4x4 2
3.2 SPA(self-positioning algorithm) 17

(EPFL)  Srdjan Capkun ,
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SPA . ( location
reference group),
, : ( )
, SPA
SPA , (Rensselaer Polytechnic Institute)  Rajagopal lyengar 51
(clustering-based) '
, i oo (master), )
(slave),
SPA ID ;
3.3 [8,36]
Doherty )
1] ' 1 !
) ( )

©@ Anchor node # Unknown node

(The shaped region and the tight rectangular bound represents the feasible set for the unknown node)
Fig.1 Example of convex position estimation

1
, 10% , 100%. ,
. [52]
3.4 APS(ad hoc positioning system)!222%41]
(Rutgers University) Dragos Niculescu (distance vector routing)

GPS , APS. 6 :DV-Hop,DV-distance,
Euclidean,DV-coordinate,DV-Bearing  DV-Radial.
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1 , )
, TTL ,
3 , 3 .

2 , L1 L2L3 L2 ( )(40+75)/
(2+5)=16.42. , A L2 , 3 L1-3x16.42,L.2-2x16.42,
L3-3x16.42, A

DV-Hop 10, 10% 33051222%,
3.4.2 DV-distance [22.23]

DV-distance DV-Hop , RSSI ,

3
.DV-distance (22231 20%(
9, 10%, 10%); 3

3.4.3 Euclidean [22.23]

Euclidean . RSSI ,

3 , B,C L ,BC RSSI ; A B,C

. ABCL, BC , AL ( A L
). ; 3
(o)
O,
Fig.2 Example of DV-Hop Fig.3 Example of Euclidean
2 DV-hop 3 Euclidean
3.4.4 DV-coordinate (23]
DV-coordinate , Euclidean ,
( ) :
; (1) ,
;(2) [23].
Euclidean  DV-coordinate ,
[2223] Eyclidean  DV-coordinate 20%  80%( 9,
20%, 10%).

3.45 DV-Bearing DV-Radial (4

E911 AOA ,

, WSN MIT TDOA
——Cricket Compass!”, +40° +5°
DV-Bearing  DV-Radial (hop by hop) 3

,DV-Radial
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(compass), ( ), :
1 DV-Bearing  DV-Radial 10.5, 20%,A0A 5°
,90% , 40% 25%.
3.5 Cooperative ranging™® Two-Phase positioning!**

, Chris Savarese
——Cooperative ranging  Two-Phase positioning.

Cooperative ranging TERRAIN(triangulation via extended range and redundant

association of intermediate nodes). , ABC (assumption based
coordinates algorithm) , ( )
; ) '

Cooperative ranging , ,Two-Phase positioning

Hop-TERRAIN ( DV-hop?? ) . ,
(1) ( 1,

0.1; : ),

, (2) ,

(36441 Cooperative ranging 5%( 5%, TERRAIN
39%). Two-Phase positioning 5%, 5%, 7
, 33%.
[43] :

3.6 AHLos(ad-hoc localization system)® n-hop multilateration primitivel®”

Andreas Savvides “Medusa” (
3m , TDOA 2cm ), AHLos  n-hop

multilateration primitive
3.6.1 AHLos [33)

AHLos 3 —_ (atom,collaborative
iterative multilateration). atom multilateration , 4(a)

Collaborative multilateration

(over-determined) (well-determined) ,
4(b) collaborative multilateration , 2 4 3
, 135 6 , 5 4 ( 2 4 ) 5
, 2 4

Iterative multilateration
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(®
- = o Unknown node
@ Anchor node
(c)
Fig.4 Multilateration examples
4
331, 10, 10% , 90% :
20cm.AHLos (1)
) ) (2) AHLos
collaborative multilateration 4(c) , X
3.6.2 N-hop multilateration primitive (371
AHLos ,Andreas Savvides n-hop multilateration primitive
collaborative multilateration , ,
. 3 .
(€ : :
, n ( n ,
&)
, 3 . 5 , AB ,C,D , a,b,c,
C x (]xA—a|,|xB+(b+c]).
3 : ( )
2 ,
SU 3cm( lcm, 20%).
x coordinate bounds for node C
a
il

b+c B b+c

Fig.5 Initial estimates of n-hop multilateration primitive

5 n-hop multilateration primitive
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3.7 Generic Localized Algorithms!?

Cooperative ranging

,AHLos
, Seapahn Meguerdichianl

(generic localized algorithm), ,

, 3 orphan,
gotFinal. , , orphan 3,
orphan 3 gotFinal, 3
gotFinal , . ,
gotFinal . ,
orphan : .
[42] Generic Localized Algorithm 10%, 20%, 25%
, 40%.
3.8 MDS-MAP [30]
MDS-MAP k range-free  range-based ,
—_ (multidimensional
scaling),
MDS-MAP 3
1) , . ,
, 1. ,  Dijkstra Floyd ,
2) MDS , 2 3
3) (2 3 3 4 ),
[30]
122, ; 200 ( 4 ), 12.1 ,
range-free , 30%; range-based , 16%( 5%).
3.9

multilateration primitive,

, Cooperative ranging,Two-phase positioning,n-hop
WSN ,

: O ,
, Cricket,Cooperative ranging.(2) ,DV-Hop,DV-distance
;n-hop multilateration primitive
.(3) / , ' /
AHLos,DV-distance,DV-Bearing,DV-Radial, SPA .(4)
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multilateration primitive.(5) : ,Generic Localized Algorithm ,
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