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Robust Node Localization Based on Distributed Weighted-multidimensional
Scaling in Wireless Sensor Networks

LUO Hai-Yong"? LI Jin-Tao® ZHAO Fang®  LIN Quan®  ZHU Zhen-Min'  YUAN Wu®

Abstract This paper focuses on the robustness of node localization in various topological and sparse network. By
taking account of the number of 1-hop neighboring nodes, the node position accuracy and the ranging errors, we introduce
concepts of node relative localization error and relative reliability, and then propose a robust node localization algorithm
based on distributed weighted-multidimensional scaling. It adaptively chooses those neighboring nodes with high relative
reliability to join in the node position refinement according to local node density and their relative localization errors
within 2 hops, and adopts a weighting scheme proportional to the relative reliability which emphasizes the lowest relative
error within the sensor networks. For received signal strength based range measurements, extensive simulation shows that
this algorithm can prevent large localization errors from spreading through the networks. Compared with dwMDS (G),
this algorithm can decrease iterative times by one half and gain about 5 % smaller localization errors in sparse node density
or anisotropic topologies.

Key words Wireless sensor networks, localization, distributed weighted-multidimensional scaling, adaptive neighbor-
hood selection, relative reliability

O 26 A% 3% 45 W 4% (Wireless sensor networks, fiﬁ”ﬁﬂ]f)ﬁh@g. WSN aJ )z W T AR A7 34
WSN) & fH BT BT AR H il g i R AR B BRI I SRR . 4 ST ey ORAg 55 k. 7
28719 11 (Sensor nodes, fRjFK I 5 ) W RER Lg%  WSN B’Jlﬁzﬂﬂﬂqj ANFIE A B 7 B 1T R A TR 2
A 77 LIRS PR R A I 4 0 B A A L e R A = Sl o, e PR R o, A 3
BUHL RGN TE 8l 15 BRI Kok g, WSN IE & ﬂﬂ?ﬁ%%ﬁ%#?’i%ﬁﬂ B XERAE R, R
WeR M 2007-05-09  IRMSECREH  2007-09-04 TR 5 9 £ @‘; (LA AL %ULJM@ LA
Received May 9, 2007; in revised form September 4, 2007 ﬁ%ﬂu?—"gﬁ}_‘ﬂa ':F‘ %‘&;Efﬂ H *TH/]I{JA%DEEET, JHZ
XK R ECBE SR R T R (89:3 &) (2006AA10Z253, G A EE ILI‘T)EH TR % EE)&$ [3-4] S

2006AA01Z223, 2007TAA127321) %)
Supported by National High Technology Research and De- é%il’ﬁ j’l‘ QE&E N i’é)@Iﬂ%;ﬁk‘w 7] E&ig‘l_xjé%%

velopment Program of China (863 Program) (2006AA10Z253, 22 e [8—9] ot
2006AA01Z223, 2007AA127321) /> = - ,—»~j: .
L R EAE B SRR GUNT G b FERT ST 0 65 100080 2. S RA SRR R, b BT A R R A EGE A

o [E B2 BF g A B dE st 100080 3. dbntlg e K% b5t 100876
4 oA o 100083 5. Jsm T don 100081 n ot (Global positioning system, GPS) Siiar el

1. Research Center of Pervasive Computing, Institute of Com- *FJ Eﬁ{)\] EETX%?‘JFTIEL*, ﬁﬁHTﬁV‘] /f@,Tj’éfhfﬁ ':P

puting Technology, Chinese Academy of Sciences, Beijing 100080 GPS %‘ 7‘:7—' iﬁﬂ %ﬂéifﬂﬁ%{ﬁﬁ E HJ % . ﬁ“_“
2. Graduate University of Chinese Academy of Sciences, Beijing ’

100080 3. Beijing University of Posts and Telecommun;cations, B%{EE %ﬁﬁ GPS E%*%E (%E 95 % %T{EE IE—IJ ]j\] e

Beijing 100876 4. Beijing University of Aeronautics and As- MirZEN+ 6.3 }K)[lO 1§75 GPS e LU /2 41k i

gggs}ugmlcgb(ielumg 100083 5. Beijing Institute of Technology, PV E Jﬂfﬂl\ j(%}h*%%%jzﬁil&ﬂfﬁ‘l: w7
DOI: 10.3724/SP.J.1004.2008.00288




3 EACTEE SR LR S DI E YN ¥y Tk N IUE S R ED W L VA AP 289

REDN =il 0 T SR AN VAR PSSR NI K
(K. DRI AT e BERIE S I 45 T e A1 Tk I 46 1) 1Y i
TENLTIA.

1 xR

H AT WSN 15 B @A B AR FA T 5Kk
JeU BT e skl Amorphous!!, APTTH
HT APSIO—10] S {0 A7y I S Ay R F ) 4% 45
ST RSB VAR B, BRI AR TS A5 A5 bR T AR
(VIR B9 / 1 BEAL VR BT RUE AL, ARIAATE E AL
K FERIRTRAR, H GRS AL,

Ak, 2 REE TR (Multidimensional
scaling, MDS) M JF4f W F - TG e A 24 199 265 47 1
SENL. X IR FH A 0 24 50 2% Jm) 30 A1 e
RO SR H=Y CT W BTN @ salll R i = S
A8 5 2 (I 29 SRVE S AR EAT DA SK A [m) i T A 28
(17 (7 SV AR L, R 3RAT SR 00 Y 2 4 25,
FOE G AE AR R H BB DL IR RSUE AL X
L3547 MDS-MAP!8!| Local MDS!M, MDS-
MAP (P/R)Y Fil dwMDS (G)21 2,

MDS-MAP 52 AT MDS AR5+
HOENBE, FIEAT TR MR B ORI PE AR . 7E
W) 2% 535 FE SIS I, 5 A7 1Pk BRI AL IR 28 9 AN ]
I, R T R R A R 5 AT R P B AH 22 AR
SEEEEARZE RER . kA MDS-MAP 5%
TR F (R B v b 5507 AN 38 5 R 9 28 355 5%, 37
JE g 2.

EfXF MDS-MAP S5 FIAAE, ATREEH
T At MDS 8 {7 53201021 I e iy 35 i
ARFE RURES G ] (— BN T 2 ANBBE) WEEAE
Sk, GRS IR ZE RO S AR PR T AR I ER A R
(BN e 4, W RA3 L MDS-MAP 595 5 4 1)
PRERE. Hh Local MDS i SMACOF $y%, X}
ARHT 1 Bk 2 U R B AT LA SR A, SR AR B
AN SRR B BT AR ARG TE . ZENEOUE 0
UL PIANS AU, HE1R]— Bk B N A0 4 s 55 R
MDS-MAP(P/R) H32%5 45 sl FH 1) =i e
FEAT i (BeBEETE 1 Bhak 2 Bk), 548 A
/N IR SR AR AR HEAT 04K, TR — Bk B T
0 B A R A TR IR, A R 2 5 AR5, 2
HPE 2 AR, B H R KA. Local MDS $ik
Al MDS-MAP (P/R) Hikik ik msm s
SEAL, WA AR KIIEE R 2 (MU 2ZE) AT, A7
FEPLZEMER 59 15 55 dwMDS (G) % Local MDS
J MDS-MAP (P/R) Sy AL EAT ok, R
FH 55 00 R DR /N AH G s o i AU L, 38 e 7 R
BRGNS SR (7 AU OB, 38 I3 e A7 TR

&, JERM BN 2 2548 i I FEAL B g/ i R 22
XHARJE R (K SN, BAT - T ErERE. A
SRR 1 AR a3 AT ALV B, ZOR M
20T U R LR AN

Bz, LR MDS 58 0 575 Bk ik Bl
FEL AR A1 e, AN LR ZE KA, AERAUEAL
AR S 5T RUE AL TS, AR 78 19 2% T
BRI, PRSI K. AMX SR
L MR SC BT i, D2 32 20 R 2 S L
] 1 A1 45 R 58 DR AR . el B R R 0 R
T, HOE AR A T RE R K, A R B R 01 1
TS AL T B AR ASLAE, DR 2% o 3 P B 8 A
BOREALRZEAE M A1 AE XA 35 L0 Al
AN ) sl AN AS RIS, %4 BN R BT B R
i, IR T BUE LR W] 2 R R

BT BB SEIEAREIE Y. ) 2% JE T L AR AL L 2%
M A AL, ASCAELRG 18 1 BB JE AL H
T E B AR S B ZE A B ST R
HHRS 58 A 8 22 RARDRE R AR BERE 2, 8] 18 3 N 4T J
T PENL S AR AR B B i, Rl T
Toft A AL T INAL 22 RURE 3 BT B (A5 1 w2 oL
CAr e

AL EE GRS S T — P A 2 BRI
PO 2 AL A JE T SORNS 15 22 [ 1 I 808 s i
B, LA BTl 7 s A AR W A5 B (R A s
W % BN AR EIEFENLBI SR G I8 T RUE LR
PEY NGNS - NI BRSSP I S 1§ 1 NI R
Jad P8 DO 2% 1 i RE SARDR IR 22 KN, B 3 B AR
X RZE /N TR E B 5 R 2 AT 5, )
AT 5 22 el T B 1Y A, SR B E AL R ZE AE
W25 I L, LE2R G PERE LT I RN R 1Y s
BB ARAE . SR IE R T 54 s A R A B A AE
EE PRI DIASCHIL R, X6 AR 14 s 8 408 Js £ v AL X 3 22
EB/IN AT T R UL, 4 e e 7 v 51
SRRV i S 75 T AP ER VA L ) & R
SUPE.

2 EHFmiE RESMEARNEET REM

Bix

AR TAIE, ASCEMNENE N =n+m A
W, RS Tron 99 AUR KA AL B (et
1)~ (n + m) B R0E BAT SR A B AR B A bRy
Ko N AT RO N ABFR B X = [, 20,
Tpam) . BBz, = [z - zy], k=2 803 (50
X 2 HEsl 3 U N)). dyy KT G A g TR I
EE M GO T BRARSE, d; LRI e
Bigeor; B0 A g AR 1 BRAR S, W) d,; AR A



290 H | 1k

F {4

34 %

i A g TR R A, dyy AR R A G AT
ARRR ORFFARANAT ) BRAC K ARRR (O AR AR 1Y )
ARG, 52 s (1) P

dij(X) = J Z(l‘m — Tjg)?

I E N TE NI E DY VA
% (Distributed weighted-multidimensional scaling
based on relative error, dwMDS (E)) K H SMA-
COF 5%, X530 (2) Fros ai A ek Bk AT e ME
A SRR ST RUE L. SMACOF ARG 5
P ORAIEREOE AR REBRARACA R 2, HLARR A
PAT AR, AR m. R R S

(1)

PR 2 | diy — di| P 7 LR A, 1452 4%
X [d2 — | P BGRAAL, TTER2E 0 MDS
5% 2R R
Si= Y wyldy(X) - dy(X))+

j=1,j#i

n+m .

Y 2wy(dy(X) - dy (X)) (2)

j=n+1

AP wiy AU, 475 50 A g 2 (R JCEE B I EAE
N, wi; = 0. AR 5 wij 2 0, wy; = 0, wi; = wyi.
BRIGEE R dy (X)) HHal (1) .

KGN SR AR ik 2 (2) AT Sk, /)
x; RIS (K + 1) IEARE RN

mz(-kﬂ) = a,-X(k)bz(»k) (3)
Hirp
n n+m
alt= Y wyt Y 2wy (4)
j=1,57i j=n+1
B =[by, o, b MR, SR

> wydy [y (XM +
=i

P> 2wijdyy /iy (X ™);

j=n+1

b = wy {1 — Czij/dij(X(k))] , o J<n, jF
bi -

(5)

dwMDS (E) BykZ Wt 1) &A1 sifli A
ABCPY 528 gt MDS (SVD) 18] 53 i 37 914k J= 3
AAbRFR; 2) SRALES 2.1 Wb A g AR, X
FT TR A b RIEAT RS, 2R R4S SRR AR b 3) A

FH 288 A5 515 R, 404 SR AFDOT AR A A8 8 A 1) 463 4 )
i M AR 4) AR 0 2% SR J 1, A R T ARG R
75 (WA 2.2.1 A5 4H) 10 TG AL fR e R HLA, ik
HERE S5 RN R B RS R B a4 5) R
FHEE T AR AT A5 B2 (R InASH L (W26 2.2.2 9 4),
X T R G6 H 0 AARR BEAT ISACSK AR, IRAHAL 5 )
4 Rt A br. dwMDS (E) SRS a2 1 o,

#1 dwMDS (E) Hikh0L
Table 1  Pseudocode of dwMDS (E)

dwMDS (E) &%

inputs: {Ji]-}, m, €;
build local map with ABC or MDS (SVD);
patch local maps into a global relative map;
transform the relative map into an absolute map to
get the initial coordinates X (©:
initialize: k=0, $©, compute a; from (4);
repeat
k—k+1;
fori=1ton
compute relative error;
adaptive neighborhood selection;
compute wy; from (10);
compute b§k71> from (5);
compute z¥ from (3);
compute Si(k);
S gk _ gk 4 g®),
send Xi(k> to neighbors (for w;; > 0);
send S™ to node (i + 1)(mod n);
end for;

until S*E-Y — g < ¢
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Table 2 Typical running time comparison of localiztion algorithms in gird placement (unit: s)

St YIgh bR M YIah 4 KRR R SEF M TRFEAY
s S JRAEFRIE ] SRR 1] JIEATI (1]

50 MDS 1.1 dwMDS (E) 0.6 1.7 0.03

dwMDS (G) 0.8 1.9 0.04

ABC 0.8 dwMDS (E) 0.9 1.7 0.03

dwMDS (G) 1.1 1.9 0.04

100 MDS 3.7 dwMDS (E) 3.8 7.5 0.08

dwMDS (G) 6.9 10.6 0.11

ABC 3.0 dwMDS (E) 4.8 7.8 0.08

dwMDS (G) 8.2 11.2 0.11

200 MDS 20.7 dwMDS (E) 30.6 51.3 0.26

dwMDS (G) 60.6 81.3 0.41

ABC 19.3 dwMDS (E) 36.3 55.6 0.29

dwMDS (G) 69.8 89.1 0.45

300 MDS 65.6 dwMDS (E) 110.9 176.5 0.59

dwMDS (G) 219.5 285.1 0.95

ABC 63.3 dwMDS (E) 120.6 183.9 0.61
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(True and estimated sensor locations are marked, respectively, by “A” and “0”.)
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