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Bounding box based distributed search
localization algorithm for WSN
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(College of Telecommunication Engineering, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract: A bounding box based distributed full search localization algorithm for WSN (wireless sensor networks) was
proposed. Firstly, the coordinates and distances of neighbor nodes were obtained by ranging. Secondly, the possible node
position area was determined based on bounding box method. Finally, the area was meshed and the full search method
was employed to search the best estimation point, whose coordinates are the node’s localization coordinates. In real WSN,
the algorithm need run several rounds to obtain node’s localization coordinates by stepwise refinement. Simulation results

show that the proposed algorithm achieves the comparable performance with other up-to-date complex localization

algorithms.

Key words: wireless sensor networks; bounding box; localization algorithm; full search

1 51§

T4 A% I 35 9 2% (WSN, wireless sensor network)
A K AR BT AR AR £ T B A
HAHLA M E, HRH IR BB 2 — 1 mUE A
AR GEAEE I HERCR . H AR S PR RS
JSLH, X8 R SR AR A 1 R URNTE E i B

==

R 40 s 7 o R e 75 B0 B ] LUK s A AR 4
RNFETIEE (range-based) MTCFEMFE (range-free)
W, EFMEREMNEEFENERNTAEE

IS HER: 2012-10-23

AT SRR B R R, ERH =iE L
E S ADETFE AR A AU A B R BT
PR ()58 AL EE R A HUE SRR (RSS) . 2
LI (A (TOA) Rk B 8] 2 (TDOA) Fllik £ i (AOA)
S o T T B 1A 0 BV A T LI B A I )
BARE, T A2 ) P X 4% B M A BT SR i
(5705 TG 75 D BE 52 A BRI AR R AT 0o 8 A BV
DV-Hop 5% mMELKIA L. APIT Bk, T
FE IR 8 A7 SR I M e — M TG 7 R R )
BE, (HTC 7R I BE () 52 o VR AN 7 B T 1 4
TR, 5 RS FE S BAL S



- 136 - WS

¥k ¥ 33%

AR5 e AL R b 32 BT A 58 it mm] LUK E
(VA% N7 WS SO EBaW VA RS B WA VA R
G b 3 A S 7 AR AN T R A I B A S B
HERAE B kIES Sink 1, i Sink R THEEA
RN E, THE SR e PR AL EAS B R AT
mo P RFEMIL AR R 2 R B R . AL
ORGSR T ERE R B A, PR RE
FEARNHT B HOVH G s o0 Af 2 AL SRR AR AT R A
A PR S B B AT A B, I E
PERE T e AN g b SUE AL L, (H'E R AR AN B
AR, T ELREAR S Hh B P 2 R4 7. 7E S P
KA WSN GEAL A, oA BRG] 7

AR — R BT B ) WSN 2R A1 20
ENFE, ZFEEEMS T 2 RIs1T. BPR
FEAF 2 RUEN AR AR . BE—Ris T e, Bt
LT IR A B AR JE T A AR A A, RS
AL T RE 7500 58 1 AR REAFAE IO B XK,
e B e R IR IZ XA R R R, %
AR R T RIASHE 0 E AL AL R o

2 ETHiEEARBNWSN o RNEEEREN
5k
21 FHEE{LC)BHFIERE
BT 55 S AR BR AR, T m AN ERTAE R N (g,
yi)s j=1, 2,00 m (N —BRARJETT s FAh, JEak e
B S 57 IR dyy A7 1S B E AL
AFR (%, ,) AT AdE R G AT A

2
ar(gmi)n Z[\/(;f_x/)2+(;i_y/)2 _dijj 1j:l-2!|- ym
Xiv Vi 1
@

bR LR SR AR T VE A MG T B . BT AR
BRIT /N IR AR R A, X
SRR K BV R R, HAEA IR ZE M
PEF R BRI R 22 2 B, 3 R 18 AR
ZREAIK . BETIXFEHERE, ASCRAMREERNE
REE, BT AE B S WSN A A R E
(A= RPN
22 BWIEERERRENEERE

IAE 2 A R S B AR AT LU R 325K
NS o

Step 1 FHIOAHE 2 Fi FE AR o 2R 014 A ] A
TEERIX I, @l 1 Frs. RIBAC AT SO,

PASRF /U 2 (5 R BOviA K, mEd i, fi
A IET B IO AR A AT REAFAE R X e A
P 1 eprm] A BRI RURIARAR R0 2

{xi e[max(x; —d;),min(x; +d,)]

y; [max(y, —d,),min(y, +d!.,)]'j:]“2"- m - (2)

[SA: IR
o= M g _ A A2
- 1 BN o -
,_\.:E::: MR L Ksep
Ty RETILY
|- i i -
ELAIH 3 & KAk

B 1 JHHEE FEI R R XK

FESZBRIY WSN R o, TR ER 4R 22

W] RENETT dy<d_ry(d_ry A SLEEES), XN S EA
FEF 1 oI, AT S; AR FR AN 2 2(2); B8R
B (24 i X3k I 1 X 45 1 P B X 32 [ O, Xmax]
5[0, ymax] » BRI £iJ5, AT LA 202 9
Si FTREAFAE I X (o =1, & F R X3RRI, -
x €[x, =max(x; —a*d,;,0),x, =min(x;, +a* d;,x.,)]
{y,- ely, =ma(y, —a* d;,0), v, =min(y, +a* d;, )
j=12L m ©)

Step2 K REXEMMKEIL. K@ CALHT [

FRFE RN, SRIEA AR 2R R XI5
1AL, step NIEZDK (BRI,

forx=x, :step:x,
fory=y, istep:y,
Step 3 {ERANME A LT R BARREL WT

PR e H bR B /M A B9 T5 5 s e it
R T ARRR RN AT AR (%, 5,)

(4)

Fen=3(ox) e opF ~d,) =120 m O

MBS THHE FE F 4 38 3R € A B 1 AR AT LA
BR, ZEENEREEERRT 240070 R
DX 3R T PO A% /IR 1 408 0 e R XA



% 22 34 PhIEIR A%

FETIUHE E T WSN 23477 30448 2% 8 A 51k .« 137 -

BN, WRRRE RS E, FIEERERS, Bl
W R R, R, WA R S
b, HIRERERC, ARG, Y AR
BT R, WHREBTEE RS, B
FEREZ e RZINR ACEFIE A, K
aBi N 1.5, MK/ step BEN 0.025R. S 5 R
AR JE T S (S NeiG) (I RTER N 7,
B m B KABA 75 55 A0 RS2 E I 4 45 st (1 R 5
¥ S_NeiG /b e RN 2, B RER 2 MEBJET
R R A TS 2R ST s AR B A
2.3 ZEEAEMERHIS A

BT A ORISR — AN ) oA NEE, YitG
B9 R (1) SN AR FR AR R i 2>, BRI, B
I B ST IR W 2% (1)1 B AL, BIE DL AUR R IB AT
ZHe, MR e S AR E AR ET ST
MIEE BRI AL, SR )E R IAE & St 4
HWREEEN H YR, &iGiEd2RIETIED
T2 1 PR 28 715 R e N7 7 FR A ARG FE o SERR T
RIL, —MIEAT 10~30 #8740 47 B A] DUIA B4 45 1 2
PEPERE

A SCFNEAE IS AT I R O B A W 2% 1 R
YN A T BENT R R AL R IR B AL
TR AR B BT AU AR I HTE [ CLAk
BRI A (RS B e T AU AR 1 s e LI A A R B
B E AL AR 5 AR B T ARSI BE RS ol Al
X2 AN SR B dy A7AE T &, B d_1;=pd;.
FIEEH dyinZz, RXEFGEFPIP=15; =ik
FE AL TR A E A R R RIT & . #
TR P 2 o AR BT SRR B A, B e 5
EREAT, W2 o B kG B e 1 s RS
(AP

ELAAR B 5E T IOAE 2 S WSN A e R e
PLELFEUTR

Stepl RFFEFFUH ORI A B TSR A
SHMEE, [k (=10, |58 EEAREY
RUIDS T ARRRAE B MIBEAS RSN, AT A
FH B 19 R R 28 2 6 R ) ) 1 A LA A B
SN RURMECRE B e 049 i) 2 e

Step2 TS AR ) ZRURAB BT AL S
PR U SRR AP A IR s s R E RSN 6
Cy PR R dy, SRIE IR L5 DA TEA L,
R Cy=T12, MK S =2 S ARFET &, R&EH
WIS AR JE AT A MRS

Step3 RIS IERLEWS, A S 4R R R
AT S TIOME i P A R AL

1) VGRS FOADE S SRS B E S NeiG.
RN S S BRAR IR R 2T 7 AN, kit e
0025 G I 7 A AR R AR R S NeiG, 75 M
S NeiG H A HbAR 5 2R . Bk I Sl 40 1
FIRE FEE S AL A RS R AL A, RIS R
BEAL I .

2) RPN Fdmf e 5 4 S A R X,
PRI PTG, B x =0 B = i, B
S S NeiG A 5 RIARZE A AT AR LE, Mo
VS TR, AR E IR S NeiG
(T AR S, 2 O E R AR T
SERLAT R, BRSO RS FE 1 5 .

3) 7R KA 4 2 AR B RO A 24
3 AR RS AN T EME (R 2) 3
S A A R SO0 O, B S B AR . H
RO BRRERBUE £ SO (n S AR RS e
4 S NeiG T RED

7=f(x!y)mi% (6)

2y MV S A S 5 AR 1 ) B
d_lye W d_I 15X dys WETA S R
SRR A, TEMNRERERE L A 9340,
USRS, BRSO A SUBEALRR SO IOR
R 5.

Stepd HIFEARUR, Rk
R 40 4 T B B, THRHT S SiE
it
3 fiExR

3.1 MEEHEBRSHENX
FEA SRR BLSLEG 57 mU AP BE R 4 5K(7)
Fs o
d; =d ry;x|(L+n, xrandn) | (7)

Hrb, dy RS ST R S HIMEES, dry Ak
bRERES, nARRIERRE 7S /K F, randn B N(O, 1)
S M dy >R (R AT RUBEAE A2 B, Al
PRI, BP 2N mA 24 Em T s R, Hdy
<R WAL, 247 mAMET A, dgk 2
R dijo

RREGIRIE, Hath LN AR SCR 2248 14 e



- 138 - WS

¥k

#5334

FRPRIE L.

EX 1 JFERZE . PR & PR % 5 SR iE
) ZE A B A B ARG T 5 UG ZR TR R BRI
AR

_1 |4, —d 1
& rmge_ﬁ([zj) R

EX 2 EAARE. WA -FH I S g Ak
i 55 S Br AL A 1 BE S5 AR T A B RS2 R 1K
e AN

(8)

=£Zn:\/(xi _)2;')2 +(yi _J/;i)z

> (9)

¢ e

nia

EX 3 EMNESRR. EMEmE, CEMT
s CRTRE FE 8 A5 i SRS FE e A 19 s A AH
XTI TAE AN R H B HE
32 LWEER

N T BEARSCEIR A S, A SCLE Matlab
B NREAT T 556 7 5 XN 50m X 50m (1) 1E 77
T, I A100 S, SeEe 2 B 30 IRSLER T 5
4

1) iz 22 A I ER R 22 R AR A

D7 BRI O AN Y A, 91 AN AR AL
BT R85 0 A (N TATED, 43 AHE[S, 5], [5, 25,
[5, 45], [25, 5], [25, 25], [25, 45], [45, 5], [45, 25], [45,
45], RN S BEHLAE G B A S IELE R
R=11m. A ELH I O3 ne A5 B0 AR IR R 22,
FH L7 380 PR DU BE R 22 | 7 AR ZE B n AR AR 1 (B
FigAT 20%) W 2 rax. AWE 2 da] BUE 2,
E AR 22 B M EE R 22 K g, (FIE KR AL L
DEER 2218 4 E iR 2218 3 0.128R B, &R %
HA 0.062R Fitr, WS T AHEENVERE. H4b,
PR ZE NN, EAREVIAEIE, X TRER
B3R X A RS (HCH 0.025R) i A

0.14

—a— WP \

0.12 | —o— sEfiList

0.10

0.10 0.15
"

DNERR 223 5E B 18 22 BRI

0 0.05

K 2

035

0.30

=
o
n

¥ %R

5 0.20

.

MRS

0.10

0.05

15 20 25 30 35 40 45 50
BITHHL

K3 EfriR ZERE IS AT N AR L

K 3. B 4 04 n=0251f, —ASEiby 5K e
RS BPRB SBE A FRIE AT R B AR
o MEI3HITLLER, BEEFERIEITRENZ,
SENLIRZEIZW TR, R B AR AN A SRR,
M TH 21 8 LUG, SEALR ZFEAR A LE 0.05R LA
N, JETH AR BHEAT X PR E 1R ZE 5 AN K

ME 4 ] DUE B, ARSI s UEIEIEAT
B 7 FO R SE I T AR SR E AL, FR, BT
AR R R B AL s T 1D L
RN AICRE B AT o T AR 2) B L,

0 i L
0 5 10

100

5 | |
® 60 O A5
= W A2
& 40 O Wk
e

20

0 all il IENIARIARIA RIS ANIANIANISRIANIANTANIANISEIARIARIanInninien NIRRT ARIANIANI SRR NIANIANINEIARIANIaNInnIan

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
VEIBIT R

e R PSR (i RS AP e i G



55 22 1

PO e TIUMEE S WSN 43 A7 20448 2 8 L 57 - 139 -

XAAFEREA Y SohIX 2 087 A — BEARAE

2) B RN AL T, 8 AL R 22 B T A
M.

BT WSN 7EFRELE R F e, 795 s EE N L
B, RUE A R AR AL A 1 LR B RE
WAREZ, JLISLIG07 FLAEE A 100 /N5 sl AL
Sy ARLE 50m X 50m [ X3k, R=11m, n=0.25. 30 {>
S R 45 AN 5 Fron . B 5 AT LU
TR RBENL A IE LT, O ANHET s 8 0 1% 22
N 0.25R i, K FF L4041 0.062R; K& HE
W RBE N, AR IR R, A S
HILF] 20%LL 5, BUS T AT A0 9 AN AR
FENZ I ENAE L I PR 100 0 5 DR LE T4 1
RBENLAS AT BB BT s EVE RAIESE WSN H
P15 43 A0, WG B 43 DX A 49 5 19 28 o 1R 2288
K, TBEE T SIGINE] 20%0L 5, FEARELRIE R
AR AT B A D BRI — M R E AR
MITTBE R 1 e AL RE . A7 45 51 B A 19 s OR
T 20%LA S5, ASCEIETT DUSL 4T S B AL A
9575 98

0.30
~ 025F
S 020
I 0S|
Eorof
005 |

0

9 12 15 18 21 24
R e
B 5 AL ZERE A R A R

33 S5HMEZENSERILER

SCER[10] R FH (D IE B AL, AT
[F A2, ZCAMUBR B R 2, ARG
A B MR E . 12 H R H ESOCP (edge-
based SOCP) i 15 | W7 s MW s A &, F H
NCSG(NonConvex sequential greedy) 21t 4k 5 £
M E. NTATE 8 Ml (EAXANTAER
HHE] T R1[45, 45)), TEHE T mfL iR ZE/NT 0.2R %
PEF, ERZES n IR RWE 6 FiR.

ME 6 5 2 g Bx b T LR S|, fEfRE
BT S E TR ZEE AR, A R T SCHR[10]
It 4E B (ESOCP+NCSG). 7 [FlREE 34 T
AL ERZE/NT 0.2R M4, neh\ 0.05 4216 F] 0.25
I 75 2 -3 e AR 204 0.183 3R, 0.186 2R.

0.1816R. 0.191 1R. 0.196 1R. 7E n /Nt 5E i 1%
ZEBR KT SCHR[14) 25 R, ThIfE n=0.25 I, &AL
RECEENZ , FEFFRET AR CEEREA N
BT R ARAR HEAT KA, BRIEAE ne BN, SE AL
R EERGE TR AWALERE . L ETR,
AN SCREIAT 75 A9 E R E A 41
SE L PERE .

0.40

—a— NIS b
_||—e—SocP
0.35H--@--SOCP+NCSG
—e— ESOCP )
030 1=-8-- ESOCP+NCSG

0.05 0.10 0.15 0.20 025

%

&6 SCHR[10]AIZE R

4 ZERIVE

5E LB R T 2 AT A X 245 SIZ B 2 Y 1) 5% B
BRZ — o ACAETDHERE FOTER A B, JEH—
Pk T 4RI WSN 73 A sUE AL 5, iR A
ABEIAN BT EE 5T TR,
I HL e AV A5 S50 R % B2 W] LUl i R R i RO
KAZ 5RO R Bt AT i), Pl TR
KEMNHBEA —ESHERE L. £ ST, &
L PR R DR R AR I R DA PR AR SR S L
ok

EEPEE

[1] STOIJMENOVIC I. Handbook of Sensor Networks Algorithms and
Architectures[M]. john wiley & sonsinc publication, 2005, 277-310.

[2] ZHANG S G, CAO J N, CHEN L J, er al. On accuracy of
region-based localization algorithms for wireless sensor networkgA].
Proc of the |IEEE 6th International Conference on Mobile Adhoc and
Sensor Systems[C]. Macau, China, 2009. 30-39.

[8] CHEN Y F, SHU L, LI M C, et al. The insights of DV-based
localization algorithms in the wireless sensor networks with
duty-cycled and radio irregular sensor[A]. Proc of 2011 IEEE
International Conference on CommunicationgC]. Kyoto, Japan, 2011.
1-6.



« 140 -

WS

(4

(9]

(8l

[

[10]

[11]

LI X, SHI H C, SHANG Y. A sorted RSSI quantization based
algorithm for sensor network localization[A]. Proc of the 11th Int Conf
on Parallel and Distributed Systems[C]. Los Alamitos, CA, USA, 2005.
557-563.

NICOLESCU D, NATH B. Ad-hoc positioning systems(APS)[A].
Proc of the IEEE Global Telecommunications Conference[C]. San
Antonio, USA, 2001. 2926-2931.

DOHERTY |, PISTER K S, GHAOUI L E. Convex position
estimation in wireless sensor networks{A]. Proc of the IEEE
INFOCOM 2001[C]. Anchorage, USA, 2001. 1655-1663.

HE T, HUANG C D, BLUM B M. Range-free localization schemes in
large scale sensor networks/A]. Proc of the 9th Annual Int Conf on
Mobile Computing and Network[C]. New York, USA, 2003. 81-95.
ORI, WREE. —FhTC Lot AR M 44 510 8 AL BSOS FVE[]. AR ER
2£41, 2010, 23(6): 868-872.

ZHU B, CHEN S. An improved centroid localization agorithm for
wireless sensor network[J]. Chinese Journal of Sensors and Actuators,
2010, 23(6): 868-872.

T, SR, W, TEAAERBME SL-n kg M EEL]. E1E
24, 2011, 32(5): 129-138.

LUO X, CHAI L, YANG J. SL-n iterative locdization agorithm in
wireless sensor networkgJ]. Journd of Communications, 2011, 32(5):
129-138.

SHI Q J, HE C, CHEN H Y, et al. Distributed wireless sensor network
localization via sequential greedy optimization agorithm[J]. IEEE
Trans Signal Process, 2010, 58(6): 3328-3340.

TN, R, skEA, BET. RARIC LA BAT P 45 e A 10
FIZ RN SR, THENLIE 9L 5 K JE, 2009, 46(5): 705-712.
WANG S S, YIN J P, ZHANG G M, et al. A linear programming

agorithm for wireless sensor networks localization[J]. Journal of

EE L % 33%

Computer and Development, 2009, 46(5): 705-712.

[12] EAF, B, TLER. TTLAERGEM L E MR MEIE].
MU 5t 5 & Jié, 2011, 48(3): 353-363.
WANG X P, LUO J, SHEN C X. Theory and algorithms on
localization in wireless sensor networks[J]. Journa of Computer and
Development, 2011, 48(3): 353-363.

EEEN

kIR (1976-) , 53, WL,
L, U TR AR B, B
FoOT N T LA G L% . IRA X RG K

HES

g (1976-) , B, oA, i
+, B BT R KRR, EER
J7 W AR Bl IR AE AR R

+FIm (1976-) , B, HKA, L,
U PR K Pm, 3 R 5 N
SoC & it 7l 5 .



	135-140

