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Abstract

Abstract

Wireless Sensor Network (WSN) a kind of multi-hop, self-organization, dynamic
computer system which composed of a large number of Sensor nodes, and It will be
widely used in the military reconnaissance, environmental monitoring, medical care
and other fields. Positioning technology has a very important role in WSN, mastering
the distribution of nodes position, not only can track the object in the target areas,
but also help improving the efficiency of routing, balancing load and topology
controlling. Because of the limitations for WSN equipment, such as price, power
consumption, hardware, and the requirement of positioning accuracy, the problems
of how to implement low cost, low power consumption and high precision
positioning method, have always been a focus of researchers. Satellite positioning
technology is a simplest method with high precision, but it has many drawbacks of
high cost, high power consumption, and can not be positioned indoor. So some
mechanism and algorithm should be used to realize the self-location and tracking.

Firstly, the background, significance and research status of WSN location
technology, are introduced, the main principle and performance metrics of the
localization algorithm are analyzed. The performance influence factors are compared
and analyzed through the simulation experiment for several typical localization
algorithm of WSN.

Secondly, to solve the problem of ranging error when using RSSI method for
location in WSN, a distributed anchor-free location method is proposed based on the
Steepest Descent method. Ranging error is defined as an evaluation function, using
the steepest descent method to solve nonlinear global optimization problem to
minimize the evaluation function. Based on the correctly estimation of ranging error,
the relative position of each node is found. The simulation results show that the
node position accuracy is improved with ranging error and without anchor nodes

Finally, a mobile node tracking algorithm is proposed based on maximum
likelihood. Channel propagation model is established by actual measurement in three

different scenarios, which Included closed corridor, open corridor and laboratory, are
[



Abstract

considered for measurements. The anchor measure RSSI of mobile anchor node
beacon regularly estimate the coordinates of the mobile node location, speed and
direction by using the Maximum Likelihood method. The simulation results prove the
effectiveness of the proposed scheme.

Key words: Wireless Sensor Network; Distributed self-Positioning; Tracking



Hx

BB ettt I
B T oo 1
11 BB T N e 1
1.2 TR R MBI AR BT HE R oo, 1
13%%%@@&&&*&%&& ..................................................................... 3

I A vt = nE S 2 2 OO 4
FE RSB EEERMERIEIL. e, 6
2.1 R E R MG I I oo s 6
2.2 REERMEEMNEZEMFEBEDEE. ..o 8

0. 2 L ST BT oottt et ettt 8

2. 2. 2 GBI ITIR oo e 8
R St VA= X ST ooV RTTOTS 8

2.3 TLRIERMB ERLE IR e 10
2.4 TRERBMEEEFEMEIELR . ..o, 12
2.8 AR BRI NG e 15
FoF LR ERSMEEMEZRFEITE ..o 16
3.1 B A EE AR oottt 16
K B = R ki [ RS PROSR 17

I TSN E= . 0 o T T TSROSO 18
RIS A 3 = 74 RO 19

3. 3.3 MEE S AR EE B VA TR R vt 20

R IR I B K (= 2% ey 122 IR T TSSOSO 21

3. 3D BT R ZE I ELI e oo ettt ettt 24

B 4 AREEI NG oo 25
FME EFRBETHEINEEAEMEE. oo, 27
E R0 Y -5 - OO 27
4.2 BERRIDERIE o 28

B 2 ] I TR ZZ oottt ettt ettt ettt ettt 28

B 2. 2 AT B BTttt ettt 28

I X A R LOL R L AT 29
B2 T YT oottt ettt 29

4.3 BT i TR T B I T T oottt 30

F R T 22y A RPN 30

W T R =L (YA % = RO 31

B4 B G BT oottt 31
A5 ZREEIINGE .o 38
FHE ETRAMURZHBI D RREE L . 39

v



5. 1 PR g oot eee ettt n et 39

5. 1o 1 PHZEAETEL oottt ettt ettt ettt 39

B, L. 2 T R AR oottt 40

5. 2 BB IEEEAE ..ottt 41
5.3 BT BRI EBI BRI ERITIIY covoveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesereeene 42

B A L B BT o oottt ettt ettt 43

T I =5 =1 %1 L SOOI 43

T N R = 0 TSRO 46

T I =0 R <7 UTORRPRR SR 48

B TR EE B O R oot 49
B. 1 ST T oottt 49

6.2 H— o TIERIRBER . oo 50
I 2 17 N TSRO ORI URRR 51
1§ UUTTTTR U S ETTTE RO ORI 53
A COT TR PR OR TP URURRPRRRPRON 54



Index

Index
7 Y I 2 X o TR R
CHAPTER 1 PREFACE. .......ccootiiiiieee ettt ettt et e e e et e e e ea i r e e r e rerera s 1
1.1 THE RESEARCH BACKGROUND AND SIGNIF ICANGE < ccccccccccccccceccccccccce 1
1.2 THE RESEARCH DEVELOPMENT OF WIRELESS SENSOR NETWORK ccccccccccee 1
1.3 THE STATUS OF STIDU FOR WIRELESS SENSOR NETWORK LOCATION
Bl = (0] 0 L) TR 3
1.4 THE MAIN CONTENT AND STRUCTURE OF THE PAPER...........c.cviviiviiinnnns 4

CHAPTER 2 THE RELATED THEORY OF WIRELESS SENSOR NETWORKS

AND POSITIONING. ...ttt e e er e e e e eeenes 6
2.1 THE BASIC CONCEPT OF WIRELESS SENSOR NETWORK...........c..ccoovirnninnnn 6
2.2 THE PRINCIPLE AND PROCESS OF WIRELESS SENSOR NETWORK LOCAL | ZATION
ALGORITHM. ...ttt ettt e et e e et e e e st e e e s nnsb e e e e e nbnaeeesnsrneenans 8

2.2.1 the positioning PrinCiPle......ccccuviieiiiie i 8
2.2.2 the POSITIONING PrOCESS. . .ciuriieiiiieee ittt e et e e e brrer e e e e e e 8
2.2.3 the localization algorithm........coooiiiiiii e 8
2.3 THE CLASSIFICATION OF WIRELESS SENSOR NETWORK LOCALIZATION
ALGOR ITHM. ..ottt ettt e e e et e e e e e e st b e e e e asbe e e e s nnnnees 10
2.4 THE COMPARISON OF WIRELESS SENSOR NETWORK LOCAL | ZAT ION ALGORI THM
............................................................................................................................... 12
2.5 SUMMARY ...ttt ittt e e e e s 15

NETWORK LOCALIZATION ALGORITHM.......cooiiiiiiiic v, 16
3.1 THE EVALUATION METRICS OF POSITIONING PERFORMANCE.................... 16

3.2 THE SIMULATION MODEL AND HYPOTHESIS.......cccoooiiiiiiiiiiiiii, 17
3.3 THE SIMULATION AND ANALYSIS OF INFLUENCE FACGCTORS...........cccoounnn. 18
3.3.1 the influence of the number of anchor nodes.........cccccceieiiiiiiiiiennnn. 18

3.3.2 the influence of the environment area.........cccccceeeiiviiiiiice e, 19

3.3.3 the influence of Ranging algorithm and non ranging algorithm........... 20

3.3.4 the influence of communication radius...........occcviiiiiiiiiiiiiiiiieee 21

3.3.5 the influence of location error......ccccceeeeii 24

3.4 SUMMARY ..ot e e e e e et e e e e e e e e b e e e e e eat e e e e aarr e e e aaaareaeas 25

DESCENT METHOD WITHOUT ANCHOR POINT.........ccccooeiiiiiiiin, 27
4.1 THE STEEPEST DESCENT METHOD..........cccoovmiiniiiininiiiiiiinncec e 27

\



Index

4.2 THE CORE IDEA OF ALGORITHM........ccooiiiiiiiiiiiiiiiiiiic i 27
O B o V=N YoV =d T o T= N =T o o PP PP 28
4.2.2 the transformation of the relative position..........ccccccoveiiiiiinnnns 28
4.2.3 the estimation and optimization of the relative_position..................... 29
4.2.4 the primary algorithm.... ... 29

4.3 THE POSITIONING SCHEME BASED ON THE STEEPEST DESCENT METHOD

WITHOUT ANGHOR POINT ...oviieiiiieiiie ettt ettt e e 30
4.3.1 the the network structure........cveeeviiiiii e 30
4.3.2 the POSItioNING PrOCESS. ..ciiii ittt 31

4.4 THE PERFORMANCE SIMULATION AND EVALUATION........cccooiiiiiiiiiiiiiiins 31

4.5 SUMMARY ...oiiitiieiiiteitie ettt e sttt et et e e s n b e e s nb e e nnb e R e d e e 36

V7 S 1 1 T 0 39

5.1 THE NETWORK MODEL AND ALGORITHM.....ccccoiiiiriiriieis e eeeeens 39
5.1.1 the netWork MoOdel........ooouiiiiiiiiiii e e eeans 39

5.1.2 the maximum likelihood Method........ooovveveiviiieii e 40

5.2 THE PROPAGATION MODELING........coommiiiiiii it e e 41

5.3 THE LOCATION AND TRACIKING METHOD BASED ON THE MAXIMUM L IKEL |HOOD

[ | 3 0] ) TR 42

5.4 THE PERFORMANCE SIMULATION AND EVALUATION.........ccccoiiiiiiiiniiiiiiennnnns 43
5.4.1 the measurement of the channel models..........ccccoveviiiiiiiiiniin, 44

5.4.2 the simulation and evaluation of the algorithm..........cccccoviiiiiiiinnnn. 46

B D SUMMARY -.iiiititi sttt ettt et e e et e ee et et eeeeeteee s et e reeeteeeaa b rreeeeteeerr b rrreaerarens 48
CHAPTER 6 SUMMARY AND PROSPECT ... .49
6.1 SUMMARY OF THIS PAPER.......oooiiiii, 49

6.2 THE FUTURE RESEARCH WORK.........covmiiiiiiiieiiiiieiriiin e e e s eeernnin e e s s eeennnnnns 50
APPENDIXI:COMMONTERIMS.......otiteciieeiineeieeneesereeeseesssssssssssssssnssssssssses 51
ACKNOWLEDGEMENT ... ..ot as .53
REFERENCGES.........coeieeeiiieeiieeerteeienensennessessesssesssessssssssssssssssssssssssssssssssnnsssns 54

Vil



0 ik

EF—F %it

11 ARBESEX

TELAL KIS 2% (WSN, Wireless Sensor Network) f& FH— 5 BUEAL K 2S5 15
PRI — A2k B4R NN L RS IX e a1 ol i AR B ot
{55 VAR BT AT M BT TT AT B, 30 B BT B B e — S M = R
B, WS B S FRIE IR, R T A I, A RCRAEA IR,
Ghy PN e TRIE. WESAUREE . BRI LA B E s Gl AR I T
P2 IV EAH PR, A 73 I 1 AR ARAH N Bl (5 5, A Bl o LA B3 2 By b 31
I 20 TS (1 75 XS IAT U R A3, DT 56 i H AR A7 A
IRERIRINEAESS o BT OB AR AT ARG BN BeED . S ORI BE 2
TCLIAF B8 ) AT AL, AR A SRS 0 AR BRI, AR AR 5 B S bk
R e R ARMRS AL WS AT R RN RS, ISR REE R
ReACHl . Ikibilie . ZKEE Ak AR S LR AR 224 7 TR A BV TR
SHME

O 2k A 25 W 24 v A 2 1 O B A L A R R B b L AR ) o7
SVEARSG, AR . 5, AN AR s B, A RE
e SR AR LS, TIO0 H AR R R, AT HARIRER S5, W54
P B ORI (5 Bk e R — B By 8, JUHOo T2 i
BIT SR ARARR KSR S0, R, WON 7F AL TR RE, 7EET % i
PRSPV I, T A S S . B =, TISEIC BT al AR AR T 2T
WNRENTIW ST o Wn AR E A K B AR R ZNAS I, TSEH B R AARR A ) R, 5%
Wi SEAT BREFRCR o HI T GPS i By i3, FERER, 1) FLYE 28 P PR 45 52 28 DX I 7
MORA R, FrLLsE Al GPS JEAT A AL

PG, WSN H e AL BRI R R, X T WSN BRI R G R0 N RIE F0 AT 48 K TR

ER

1.2 TEERRRMERARTRER



0 ik

24K RRE I 2 SR NS M5 R ) T Rz —, FL) Il (0 B F Wi St 5 ke 1 4 it
FHE R 2 K

To LA TR At W0 4% (R AT AR N TR 5 T2, 1978 43¢ [ [ B 8 v i 5o
KI5 SEAE R 2 — Mgl K2 3 S0 AT D RE AR Tk s M 4 . 1996 42, SR[H
EAZUIMIN R 1) William J Kaiser 25683 m) 26 [ [ B s 20T 98 vt R R 3 A2 1 “ A1
BEAE JC R 4R U/ R AR IR 7 0 WSN [ R et 21 T BRI el AE . 1998 41,
WAL M K22 (UCLA) 1) Gregory J Pottie 3% MIMILS & e I8 1 45 Y o2k A%
TR W 255 BRI IF OR R 27 R TR S0 I 98 [ 2 7 4 S R AN 22 T 2 e SRt W 5%
ARMWIITIHE , IR R ) P rh R B85 454 . WisEfn
52 I D) RE I TCZe At IR 0 205 1 FH 5 161 [T 738 s 2Rt 9 o) Jm) T RF v T 46
TC LR AL I W Z I U555

SR EZE ) 2 Ah, K BAREFZ B4y (NSE) X WSN S (1 72 JE 4 3
R, N EGER I SCHFRRAE B 2Bt AR ORI A R 2% 45 56 AR L e
AR IEAT ToEe A% [ ) 28 Sl 1 AV O R IR AR DG 5T, S o SR TP e
TCEAL AT R R A L AR PSR BTt o SR JEL IR b BRI DR RIS 14 £8% 1) 1
FHAE 8 o

LR NS T BRI E A L BRI e ), HAMF 245 B L
M T En A Al n s S8 EEERE R A IR W BEFE R by PSRRI LA
6 [BBRAE BT 272 5 I M RS20 5 ) o3 B A AR I VF 22 0 44 e AR E S LA 43
BEALEV S 3 T £ A [k 45 19 28 A OC . FH R RIE R I H 5 ST 2R TG 2 A2 S 24 19 8% 1
HIRTREPE, BUNHRES) TG LAt B P BRI A e o Dl HARSE [ 5 BUR R I
T G R I R 28 W FH (1R JEE 4R, 2y 2y th 0% 0 B i Ak ) A I H

1N o e A%l W0 2% 7 THT AT 5062 20 AR B0, H 2 BBURF X Jo e el i 1Y
ZEFIAH W ST AR T HA . 2005 fE R ek T N —ARE BRI 753 LA CNGI Tt H LA
S 2006 EE K 973 FERERFTTUERI . 5K A ARRF AR BN E K 863 AL L I
Y B I 4 SRR TC S A S N 5 AU S Al EE 8 NG TR IR » 423X L8 T H 1) %% B
RG] TR WL RS R ACl R W IRV TR AR K2
HRHSE A8 | Y KA 2 44 e A5 2 RN RIE FURLAG) NN 31 R To e A JR s 9 5% (R AT 5T



0 ik

BAATL, AULATI 50550 AN [ 1 £ JEE RS TE 2 A Sk s P 48 EA TR AR R AL, RIS AN
BCR . FRIE 2010 fFE s AT AT ) SRR G S A A I 2% R A
N R JEIE B k2 — o (HE SRR A SR A R EE) (2006 22
2020) B R “ 3 REBCNBOR ML I A H AL ZE0R 7 5100 B ri ke i H
A AT A X 20 B R REA SR AR BRABCA DL 56 5 Jie T 08, A5 ORI AT L JE e Ae Ik
LAt BBl AR A« ARIRE B REAL I AL BEEOR, A FEAR AR T fiE
SEIN BEAT S BAE A H R AR MR R, SRIMERE. Dhigst & BIRS 1 5 .
FEBUF IR S, [ ARG o2 A Tk 9 2% (1 ST A o

1.3 TE&AERMEM AT RIRK

o e L EAR IS WIN [ HEEAZ O A A, BT IR G2k 8 AT B R B 4G GPS A3k 0E
RLRGE. W LB WIFT BB RBI4 S s e A 4%

GPS T5i H I R JT 46T 1973 47, 1989 SR N2 — Wi LI/E T2, #E 1994
EALTE R 24 BULAE DA MRS, XWFREFE GPS RRGEM RAH ML), 2t
GPS Sz B A Bk 3B X IR IR MERFE A7 . 1996 4F, 6 BRI 2 A £ (FCC) 24
A 911 B8 208 AL AR B R T 1 1) o 2z B R I i # e B2 3 HH P AL Ar B IR
%, M B EAGE T I8 e A SR BTG, T R AR R T % B
RUENIIRSS o B T 6, & EWRESHE R T B O DR @M RS, QiR
AN AR PAL SRS WA AL A REGURR E IR A SRS
(51

[ A TG e A % W 5 A7 5 AR TRV 5 B A 2 3 101001, 2000 AR BRI FT B it
T I TS S 3 (Received Signal Strength Indication, fij#K RSSI)
BEAT /€L I RADAR JE AL RGP, HHEAS 5)) 8 3 Ji FHl JC e N\ 1 (Access Point,
FIFR AP) SRARBINMGE T omaE, FOXHRECEEE P RSST Hd s, (5 Bh 48 fpel
DURCA 7% NN ( Nearest Neighbors, fAifk NN ) JEAT Al 45, MediH B #% ol 2 i
BTS2 S A ) AR ALE . 2005 4F, 25 Skyhook A HIHFK t—ET
2 5E 24 (Wireless Positioning System, fAjFK WPS) 10, {1 WiFI {5 5 SZHj
REHE AL BART V20 N LRI 54 B RE— AN Jo 4k TP ik ¥ 5 A%
Y PE, HARAToLE TP ML ME—ARiR, (R EZ50d0 PR P s N AU B AL



0 ik

1217 Skyhook REEM, A s U S HREE AN RS, X A b i 2
FeAm B, NITHEE R P A7 B . Skyhook %A 2R ZEIH H E Android Al 10S 5% fE
BAERGP N, S I EAR m IR E L R GE . AR T e A R G0 e Ay Bk
[ S R P . s {595 (Centriod Localization, fAiFK CL) MU Hiwa il
MR N, Bulusu 8 NI, Gt v 55 P AH 40871 A5 2H B ) DX 3 BT 0o A A 2 155
B R L A LY N IV (VA R e 1L SR e (VA R RF S T (07K (£ = RS
(K1 A R 72521 R AT A FE R MRARCOR, 99 RO B oA s, e R ZER

AR, e T TC B Al IREAR SZIN 3E AL R GE IO ORI T A fi R AR 021),
IRZ TR Qe 2B I G AR 7 . B RES R . W)Ut S5 A3 B R 4 1
IEH, ldn: SRMOURF AT R AR O Wikl SERbEM RS « RilEA 4
M IHBHE A PR 22 7 ) “WSN o1 WiFi SEIN @ R4 ” PR 1 — 8 ek, <
T I E AL LT 1 A — 5 18G9 a0 AR 2R IR 2 (R B A 55
(¥ 5 SRR ZN 5 A VARG W TCER e A7 7k Ba s TR 1) R
Y ve A NIK “ T RSST WIER INASUBT/ Ly i (7 5700 7 91525 RSST Wl ER S92 5t
B B AR IS RS T e G IR B2 e rh BHEOR 27 I s 4 SR IR “ B i
J% % N RSST Al tHAR0k” B8, RO HE i T RSST Wl o o7 10K B A U SR T FE

BNy TETCER 8 N AR R TR S I A0, ] P Ah A — S8 S 1 114
BEFE, HJE TR AN o EE AL R HAR IR H I SR % 8 5 AR,
AR S B A2 R, P EURMEBCT H— T /2 P A7 PR 75 3K 1) e A 5,
JIT LA A 2008 A5 A0 DX 35 P AR 5 R L A 37 FH 75 SRR W oA . 1 v B0 o

1.4 BXABHALATNLENH

RS RUE AL IE WSN IR BOR, AR S SEWT SR 734 WN FRIRF R A 45
SEQL SRR AL, TSR PE RE D S e AL VERE RIS, BEXSARRT e M55, $¢
HH i oRE T sl I BRI e e SR o S G S AR TEAR AL IR 1 S i —
S B R AURIL I RO T3 9, I F SRy AT IR o 25371 T BT N
BANFEAHNEZN R -

BT MR AR W RN, ELEE T WSN E L BRI A
AT IR o



[ P R

S A G TCEA R B 25t P L R R RE A R o TS L R 1) S AL
BRI FTTE VL R e vt S I %

S = EAEA AT WON PEBEVEASFRBR ISR b, G20 BUBEAY, X WSN £ Ff gL 73
58 A SV IR 1 R s DR 38 EA T 0 B0 VR A

S DY L RE T sl B BRI ol e L, DU YR WSN AR ) RSST T
VAT BRI, A IR R 2 () A R B 2 5 SO — NVE R,
IR N B R AT R A2 R ARG EARAL I, DU IXAN PPN bR SR MG o 7R
I PER ZE AT IERAAG VT 0 JEAE b, SRAFR T AU AR XA

R AL TR ORI 1Y AR ER B o AR ML S T TBOE A
S 5 PN )3 s od e SRR I, R T A R P R B B, Y RUE
I AL BT RS BRI RSST, A e K ABMR R AEIN B 3y 15 i (R AR FR AL B
FERRTRETT 1) o 5 45 AE B T 12 e A 5 S 10 2

SENTE G R o AR SCTC 2R A% B M 2% JC A e BT ST LAERT R gh, JF
X TCB AL I 25 58 S S B WH I AR R



B REAR AR A S LA SR B

EE REEBRBMEREMBERER

T eI 2445 S A RIS RO SO RI, AT
AR SR R AT T ML WSN o, T LUR ) GPS Sl AL 87
5 Ko DUBURL 15 2 BB B PR ST 1 SR B SERL, KACHTE T 52y
I e

2.1 Tk iERMBERARHE =

1. JTCEAL M %4 b

WSN H1 2 5 i B AR AR 1 Al DB ER 1 AT (Sink 15 50) « Internet P%%
DAL B i) — 2 k. AL S daifz as, ik 2.1 fros. 1%
S T RUR A S BRI HEAT i S B A B, T R e SR 10 8 A 3
F) Sink *Y L, 23 Sink 5 RONAE EREAT A AL BES RHAF B AR B ACHU] 7 B
It Internet M4 AL R IEFR IR 450

@
b

User Center

®  Sensor Node

) Sink Node
B2.1 ERERENEERLEN

2. JCERAR B 45T SRR 4 4

TCBAL ST U E A T B IR AL IRy, 5 R AR I
PERIREEL, JCEaB AR AR HURT L YR b as 5 B Ak MRPETT R, T
T URAT AR B Eh B DL R A e iR AR RE DD fE . 18] 2. 1 P 4%
AT KGR



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



