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Abstract A localization algorithm based on Monte Carlo suitable for mobile wireless sensor network was proposed.
Each mobile anchor emits beacons at different power levels. From the information received by each unknown node, the
sensor node can determine which particular ring or inner circle it lies within from that anchor, which is called constraint
region. The positions of unknown nodes are able to be estimated by few samples based on an improved Monte Carlo Lo-
calization scheme. Collinearity Limiting Factor (CLF) was introduced to avoid localization failure which is caused by
Beacon Collineation,and a scheme of beacon selection was put forward. Simulation results show that the proposed algo-

rithm has a lower localization error and better flexibility under different factors,such as anchor density, moving speed,

ranging error and so on,

Keywords Wireless sensor network, Energy-level, Localization, Monte carlo, Collinearity

1 5%

T REM AR R LA BRIP4 (Wireless Sensor Net-
works, WSN)U s B L BB AR Z —. ZE LRI RE N4
FORENAGR(EENA FEEE FAPRSHRER
FHEBFERMN., ERDMUERFL, FEBJEBROBEEE LK
ER N, MELERBME B G EMNREWHREITFIR VR Y
WA B A To Lk A R A TE B SC I P IR .

BEEAHLH], AL RR M RBMGEUE LT AWK
%, 5 F W BE (range-based)™ B9 58 ¥k 1 2 F 5o 38 BE (range-
freolIE . MATENR S S S RMERRAE, X
FENEGERR,  EEMIBP =L RBNITEMER
Fel, BEASZRE EBYSIHERENEW; 5EURE
PROEERMEZREEFERRERERT AW B
it. EHSMER  ETRMENSFRAESMBELEEAT

BHS H#9.2011-01-15 R4 HER.2011-04-02
B3 S (20080440969) F b REE R R AR B £ B L TR S Y.

fRBA R FERI R BT & HiX KR LY R TH )
Birei REFHEMED, BL.ETSHRBIBENE
MELRZH T EREE T,

YA EEARRETALETRERINEMAE.
L. Hu fl Evans' ¥ 384% £ % (Monte Carlo) BB AT EHE
G, R T8 TR & R85 M4 M7 S € A B ER (Monte
Carlo Localization) gk, ARERFFTARAMRIIAEE
TEMBERERRE, W. Wang 2 AR T —FF51 58
4R % & {1 (Sequential Monte Carlo Localization, SMCL) &
L BETHEN L ERERAME S MHERLT , LA AR
DERRAREH T W RMEREN. J. Sheu FEMER KD E
AT T, R AR HRENSHREREA—BKERR
EE ALK AT R AL B 5 8 5 B AL, 8 T
MBS H RSP RE T EAEE. W, oA ARBRK
LlRAE it (Maximum Likelihood Estimation, MLE) 5:L% ¥ %5

EXFERHRES (60703099, RINH ERHBREIHRI M B (200950431206) , v E B+ /5

NFERAT5—), B, 1, BB, FBEWRFT M AEEITE . TRARENE, EABA986—), B, L4, TEWNEFF I TR EREMLE,
E-mail: yqcui@whut. edu. cnGESEH ) ; W& (1985—), B {84, TEHRF M H TR ERBR%, BHFFE(1959—), B, %, 145

B, EERFRTANE BERRE DRI SHESE.

. 61



RIBFFTENL AT ERZMIE SR, WP IR 21 K X
WREEmEK,

& F L fE B % > (Concentric Anchor Beacon,
CABEMEENEE BT —FHETEHRERAYH
Monte Carlo (Improved Monte Carlo based on Multi-energy
Level, IMCML) (B sh ¥ s E LB 4. BEEH E R A A&
F: DR ZREBRMBHGIAB S RL RS MEY S E N
FEXT Monte Carlo B 4T T Btk ; 2) 4 4 FAR LR i #3E
LB 5 7 A B AR LR Z R K MF AL, 5l ASLERBE
PRIIPIFHES, R T — Fh SRR B 23R R
2 HiEfR

ASCEEN MCL B3 3147 T 80H, 2 —f F 54t
KBEARFH TR D REMBESE. EBRIINES . B3
FRRNMEIEE, RATESBUIINT LR EMNRFER.
AR BRNEMREEHS ST AL EM T, TREESAK
B, ARERITENERE, SWRAREIED 3 RIREN
BRI 0 HC) BB 3 MR RMF T
g5k, PR 1 AR ARD Y T 0L B e R AT SN R E
DI (3 M RAn AR N BE B FPE U A XD . K5, IR
#EH) Monte Carlo #3035 & %8 A0 5 1k 58 BT 2R 1L & AG
. FETIWE, AWELSN T ZRESRRLEMEERE
FRAE X 1% 1Y B A1 3R #f 5 (Sampling in Constraint Region,
SCR), #ush, AR FIRLR A, i T —Fh BARIL L
LYRHLH AR BRI LARINC R, D — SR A SUE M
WE,

2.1 ZgeRET RENMFE

LHBREY S EMBE BB R H Vijayanth # Vincent™"
SR, Be— b R T A 00 £ B SR W B o A S B LR
B 51 S A BRI TEE R ZBLERK R 53 m AR
FER KRR, AR ERARSE, I 1 Fis.,

- BHFWA
Bl Rt RKEEEE

WS | RAEBGER r SRIEFIERE roMHPX R
T

r,-=rmx><4/—i"i:1,2,"';m (1)
m

BRI AT BESHBAREEN Po RAT RBEE
WEEBRERMWBRIEEN row, RATABEBESHITR
RH Puresota & K —EEAE n HBBRHFAEHEC N _EZ
] 56 2R T LA B AR -

k¢ P

pthre.\’huld = ( Ve ) n

B, BT AT ) R B A RO (S T
. 62 L]

(2

rmf:<é;i3ﬂ)% (3)

DPavreshold

MG ATH, YA A B KB Pou (TR I H
Pirespora— BB, R AW A BEEER I ATHE. KA
AERE RN BERE, BB GEENIIRS
F T AR RBRM I, sl B B ST AR A
PWARERRZ M .

HMRERRNBES L, &8RRI ERME
HERABEABE. AN TACHBRRNEE )N
on) e ZRRE BB ADEME HEEREER
B RARTE P 4 BRI , R A R ST A R BE B i T 4R
75 (B 2(2)), KA S M FARHE GLfE B I-FEfl, 4
Wi H S AATERRANE R RE BRI N, MRV AL
AR E AR B G B AT LS B &R AT S B R N
AR I 2(b)) , BRARATT 5 (N PR 8 X33

(@)

B2 HREEEERRE KB E

I 2(b) B B 3 345 AL Ar Ay BIARBRAT SR
(x1s3) (22 ays)’(Is ' Y3 ), lj‘] @%*Tﬁﬁ T 57(‘%%#5%%%]
R, MRETRHEHERERZ MW

(x—x )+ (y—y)i=r
{ or i=1,2,3 4)
(x—x)t+(y— ) =R

W 3 Mg BB T MM ENREZT RSN, Sk
PIA-AR T P A SE X, 18 R o 5 SRR B 3R
SA-BARFINTH A B3 A, R WS R HAT,
REUEARENMZ S, BN BRI BEMNZ & BREKERT
EMNHBERZRE.

BEARRCEMYEREIR, RETAA R SEN
Bl AT IRAR AR AT S ST B, STER AT s BB L
2.2 i Monte Carlo 3 &K E T H %

Monte Carlo B4t T —FF EM AR MIER D JEL
L RENWMBE P A RMEOE, CHENAT
B R ERMEEN A, Monte Carlo i 5 ¥ # L
BREE.HE RTREBENFHENEMEE FEA g
FEMEE. ZRERMRS AL — B NELE,
BRI RETRM— TRRVE. EdVAMNENE
BN B R E , WREA AT E SRR A
BE/PNYER AN ER RO ARS . REHEBIWHEEM %
HEE T REAR B T B A EEEE B E AR A L
B EIHE, T A B A

{H Monte Carlo F: W B EBHNERES  EEEXME
BENBHMERBEZAS AN FRAEHASR. ZED
Monte Carlo 75 ¥ B3T3 5 8 R AHARERERT , 42 SCX HH#EAT T2k
B, 8 T —F B Monte Carlo B EI W QUEMBE. 5



Monte Carlo J7 ¥/ R B R , 12 H IR OUM > B A B T

LI SRR EE N, AT XA FTEAER, KRB

PTHER. '
HREREER Y, R SRS R AT R AR,

HI A SRR T EMLNR A ERINE, TUBRETH

A SHHRAERFOUBRI AR, UAKKEARA %
ATB IR BN B2 , LBt b B, U 34547
MR AE RS S AR FEHO YT B SFLUELD
A4 I 3 A BAFRBRTRA LIS, SR TR T K AR
RO BL (LTS BOR B ED 7T SCTH S BB R 1

e, R SRR AR BB AL, BRI A AR
I, AR KRR 7 2, U4 Monte Carlo 33%
MR ERI B, A B SRACE ALEE —
o, BABBRET SR . BRI

SH 1 FREERET SAREE, B h R
R AR I, LTI 2. 1 TR,

BW 2 FERRE R BT RA R, BEETRA A
f R,

SWS LT RBEEE R C) N HAS
REAL

h—d?
1 e (5

p(Xn 'dx):

o v 2x
K, RAEFBMEN PR ANEE, & BRRETTE
5RRZBEEME TR, BREENRIREREE.

B4 ARG R EHTH—KL:
U

S

BES BTESBLIH,EXNRANTEATENTEER
BT T RRE, HE A R A W E R IR B, B R
T BT, B

X3 = (S wh» Dk wh) %)

R LR O i 58 SR 0 AR B L B AR A, A SR 4
W T — By 5 08 R SRBUR 15 s A L B 3B vk, B
BT 2 REETHAE, FIRAROEMEE, HiERBEA
FERBTREE A RATENMET B, WITEE
FR e I BEHLR AL .

2.3 BIRHEEARTABEXERRE

XER(121440 T R S BRI R R B R M
g, oEY, YT R BUE R, BES B H
EPLRI ., SCERPRA 4 Mk X L R EHAT T #8. 8
HREBHRFAMBIST R, FCERY T —FSARIEL AR
g, 5] AT 4R ERRH HF (Collinearity Limiting Factor,
- CLP), AR At NG #, NTT AR T A SL R R A,
REFENTF.

HER_HETEA, B 3 8250 AB.C, H 3 8R4
FHR-—-HEZ L, Wi 3 AER—FE=/AE ABC.

EE 1 BE=fAF ABCHEENN L,.3FLL A.B
ABC s LA Lag o246 22080 5 , o] 1555 [ i) 23 3t X 8k (O 3) , )
C BM P AR IEA .,

W RIER%., & CEATERASKIBA, W Lac Lo
AW KEKXT L, SRE KA, C A4 E

wl(ll)

(6>

B3 ek BEFRKYIH TEUETE EE

3 CEMELeBELER, LR LW HEENIRER
#WEAFCLE), @ 3AA, Y C KM THAR, ZAE

ABC W =HT Hht CLF RN % C sabte s
AB LB 3 364, BB CLF 890820 0.

Eit B, AT E S CLF BBRE T E X [0,

CLF WfE®/), 3 M ArEiE 4k, 5 CLF{EN 0 Bf,3
2R, 7ELPRRAA S, ATl AR AL CLF {6, 3R SR Z 1] Y
i B 437 , BB B R — BB AR AR 1T R Z I B 4R 9
K%,

3 RRHARERSH

HIRTERTIR Bk R 5 AR SR AR U RS B AU, MU
OMNeT++ B #E 4 E T, X5 8 9 Monte Carlo 98
HHEEMEELR(MCML 5RZEEBR T EESUER
(CAB) X R 2 K B L R B (SCRY ZE AR RIFRE T 4 Bl 47
P ELL, X RAT . EZREES, 300 MBS
¥ ABEHLA T 7E 1I0R X 10R M4BT B R B N, R b HE
52, BEEGHR 0. 1, FIRFEHLERBEM %, ME N
B E (CON 10, FIFBAB I EE (V) B R, HB
INTE R RTERERE, MR Y AEMR RE Mg BEE
PE R, WE AR BB SFIFNEMER.

3.1 HeEEREHEFHIMME

SRR LeR BE BRI B T (CLF) X 5 5 58 i 50 A 2, 1

332 CLF (&, 44 CLF X AR S A B h

—o— CAB
—+— SCR
i IMCML

e

3
5 e

SEARER)
°
»

o 008 01 015 02 025 03 035 04 048

HARBHEFCLY
B4 HEERHEF vs BARE

P 4 FT51, 3 R fr 7 ik M E LR ZE HR R CLF Y
BT/, % CLFAEAT 0. 24 if, IMCML B2 iR 254
FRE. BREE CLF EMARIE K, 3 ki eEiRES
QL. 24 CLF {524 0. 48 B, CAB,SCR % IMCML &
e AR M HL AR R A CLF o 4 SRR T 43%,52%,
57%. # CLF{E#—3H K, BRAR T 82 Mk B &
HERE,HETEAK, B REB BB E08% 9 B3, %
R, BT E RN CLF X T 0. 48 it — . &

e 63 o



BEFBTHANB IR E MR, ETHNTES, A%
CLF{E N 0. 24,
3.2 HAYEYEMIRENRWE

BT S RE T R SR FRE X MO R B
WEEHR TRREAR, Tk RS AR ALY SNA
MEN . Mk MCL A TSR E FENEARENE
B, BT B AT IRAUER

B 5t TRARE (NN AEMRENE R, BT
CABREBE I KA, i A Xt SCR Bk IMCML Biki#tAT T
. B85 WLER, EERARR KRB, Bif 5%
MEABERHIE T ARBRERRR, 4 N KT 10 6, Wi
HEHEMRENEBTRE.

——SCR

|
005.

i6 8 10 12 14 16 1B
AEHE (N)

B 5 RBEEEE vs ERE

3.3 SREENKIE

SREEREREY SARE SBANREY SABNE S
Wo. T a7 4R X W SR AR ZE R, ERFFT A
BECR 300 . BB ABHEE (Vo) N RKHSFT 25
FREEHE (s )7E 0. 01~0. 2 LB X sUE IR E ., B
6 T FBEEAIT EMRENE W, FHE SRR E
FIARN A, T AN EMBEEEAARAR, BFAIFREE. B6
WA RFAIFEE TEMS R R RE RO ELER. B
EIBENHEM, RN SESF KB E B P
KBEEHEMES, BESFREMNTENB IR HIE
AEE BB E R, M HEERN 0.1 6, FEH
B B BIE OB EARRE, 5k 53,1454,

04

N —e—CAB ——SCR ——IMCML

R e e o —
o—8—a—

REARER)
- 8 8 8

@

2 4 8 10 12 14 16 18 2

6
BT R E)
@)
\ —— 5 —— KRR
T b

0
0 2 4 6 8 10 12 14 16 18 2

BHFF REE)
)

g

g

g

FRAMFH

B6 B WAEE vsEARE
3.4 FREBMXE

04 ——CAB
—+— SCR
035 —o— IMCML
03¢—5"a,
- e S —
% 025 ” e
% o2
2 . —

w o]

017 —a : "

O e 0 20 250 300 0 400 480 50
FREEEL

B7 WA vs EfRE
RSB ER 0. 1. 2R ARSI EE N R KW
L] 64 L]

FOTAHART S EXEMRENRWE. LR
B 7 Fin. BEETABE RN, 3 B AR 2 A
Y HREEAA K, BT RSB HIEE 300 if, 3 A%
M RIIRZE W HEARE .
3.5 BiRBINEENKME

Sy 60 E B kX SR A R 3t BE BT A, AR B R K
BB (Vo) M 0. 2R Bl 2R BEATAEAL, RIFH BB N
300 . FAREHE N 0. 1, B 8 AR5 Bh 3 B X R AL iR 2 M
WP, P 8 NI, KEE TR B RS 3h R R T K, CAB 3%
A SCR ¥:#1 IMCML %, E iR 2 T A BEZE L, X2
BRI A B R Bl B R, KA R AR5 B 5 TIE K
BRI NER . M MCL, MSL 8.5k, 30 3 i &
R B B B B R R, R4 IR BN AR B R KT

BUEDIWE T REm ™ .
04 -o- CAB
0354~ :ﬁ\%m
2 03 RO o
025 b S
oot
=t [ — SN
1 015
o e e tp s
85 04 08 08 1 12 14 16 18 %

RHEBHEER)
B8 SAREEHEE vs EALiRE

3.6 MEERENEIE

LR HRE D, S EREZEBTR BEY . A
HM{E S ARSI SR R R w4 AR, RN
MPERE, AFEFALEN 300. BHRRABINEE Vi)
K R.GHVREE )R 0.1 FMT S BriBE R 2 X B B €
R BE IR

# IMCML 34335 MCL K MLE 8 3 76 4 8] 30 B i
ETFTHATTHE, IE 9 fim. 3MEENEMIREYRM
PR 25 RO Wi K, 4 SCA) IMCML & 348 H MCL, MLE
BERAAERNENMEE, MIEREFRIFNERNESN.
MCL B8k 2 , MLE B 5B iR 2 MAR L B h SUR

E9 WEERZE vs EMRE
3.7 AERHEEHER
AFXHR A 3 FE M REARB IR T 2D
BEHT . BEVLEE S A R0 (Random WayPoint Model,
RWPM) &2 H AT LB AT I — R BB S B, A U A D K3
HETFUHARL, 5 5035 Fh B 3 8L AL 4 5] BE VLB A2 i A0
(Random Walk Model, RWM) #1 F#1 i # #05 (Random
Direction Model,RDM) , {R£#545 & i S8 H & 300, Rin &
BGHR 0. 1. FHMBERBHEE (Ve) A R SHARE
SRR K 3 MR E A R, (f R R WA 10
iR
BENLBR R MR P , T SARTE B — I 20 8012 3h 3 A7
(FHZF 81 1



CS,2010.:352-356

[14] Adams K. BluePill detection in two easy steps [C/OL]. http; //
x86vmm. blogspot. com/2007/07bulepill-detection-in-two-easy-
steps. html

[15] Ptacek T, Lawson N, Ferrie P. Don’t Tell Joanna, The Virtua-
lized Rootkit Is Dead. Black Hat USA [C/OL]. https; //www.

blackhat. com/presentations/bh-usa-07/Ptacek _ Goldsmith _and _
Lawson/ Presentation/bh-usa-07-ptacek _ goldsmith _and _law-
son, pdf,2007

[16] Bulygin Y. CPU side-channels vs. virtualization rootkits: the
good, the bad, or the ugly. ToorCon Seattle’08 [C/OL]). http;//
c7zero. info/stuff/ hyper-channel_toorcon_seattle, ppt, 2008

(L#H 64 7) .
B RARROELYE, B SRR et R g ERE.
FERELEE RO, FARZ S 0 B0 RS R B, R
WRE TWEEZHEA R, YR A B A B 5
ERIEL, A& 10 fr7R, SCR g IMCML ¥: H CAB 4
BIFREARRE M, T IMCML B0 E (S 5T

P e

B e e 1

B -t |

RARER)
R & B R

5 10 15 2 % 30 3
¥

(a) BEMLERRAEEL
~C_CAB —SCR —5— IMCML

o 0—0-—0—0—0— 000 S—e-0—5—O %
R e S SLamy SN e S e

ERBER)
< ER8BBE

5 10 15 2 2 0 =
E4.3

(b) FEHLBE SRR

<@ CAB 4 BOR e MCHL

o S, .

-
fo-o-o-o

L,
% "5 10 15 20 25 30

b4 4
(o) BENL AHE

B 10 (2) NBEPLEEAEAER] vs BALIREE; (b) BEHLEE SR vs BN
W& (O REHLF MR vs EAIRE

ZLHRBEIEAREG THRENEERTHER
i, CH R A IMCML 3 E iR E RN, HEEREHR
4 ; SCR B: i@ 547, B AL ¥ B . CAB IS E 7 CAB iy 5E
R E Syt cal N BRI R

HRE AHEZHRERNBEEIIAINEMSE, BT
T—FET L ERRM Monte Carlo MBI S EMNE
LT T BRSNS EMEEES S M AN
RfRE KBBR8k 0 S . B BEAR R M E &
B3 3BT AEMFENEMEERBEEREHHRT TS
P, AR HRAE T RIFMEMRR. B BHET—F
FIRHREARFE, SIATHREERFET(CLE) , B iF#
fRo T SARER R, (FREREYW, @idekk CLF .
BBV R ENBEENEMEEE T BERRE, HEER
SHEERRBHEE THAARBENENEE, BRI
KB R PE R e,

04
03
02
o1

RERE®

2 % x W

[1] Akyildiz I F,Su W,Sankarasubramaniam Y, et al. Wireless sen-

sor networks; a survey[J]. Computer Networks, 2002, 38 (4);
393-422

[2] Frankie K W,So H C. Accurate distributed range-based positio-
ning algorithm for wireless sensor networksl J]. IEEE Transac-
tion on Signal Processing, 2009,57(10) : 4100-4105

[3] Wang Y,Wang X D, Wang D M, et al. Range-free localization u-
sing expected hop progress in wireless sensor networks[J].
IEEE Transaction on Parallel and Distributed Systems, 2009, 20
(10) :1540-1552

[4] Hu L X,Evans D. Localization for mobile sensor networks[C]//
Proc. of the 10t Annual Int’1 Conf. on Mobile Computing and
Networking. Philadelphia, PA;USA, 2004 . 45-57

[5] Zhang S G,Cao J N,Chen L J, et al. Accurate and energy-effi-
cient range-free localization for mobile sensor networks [ J].
IEEE Trans, on Mobile Computing,2010,9(8):897-910

(6] 2&.Z%.28 —METEERZEGENBHENMAEE
[J7. BB, 2008, 35(10) :219-222

[7] Wang W D, Zhu Q X. Sequential Monte carlo localizartion in
mobile sensor networks|[ J]. Wireless Networs, 2009, 15 (4)
481-495

[8] Sheu] P,Hu W K, Lin J C. Distributed localization scheme for
mobile sensor networks[ J]. IEEE Transaction on Mobile Com-
puting»2010,9(4) ;516-525

[9] AEEF.BE.7%.% {ABE TREERRBRXSRMGITE
W AR OO BE (T . SHE LRI BT ST, 2008, 25 (7)) ; 2038
2040

[10] Vivekanandan V,Wong V W S, Concentric anchor beacon locali-
zation algorithm for wireless sensor networks[J]. IEEE Tran-
saction on Vehicular Technollogy,2007,56(5):2733-2744

[11] Liu K Z,Cui Y Q,Zhang J F,et al. Anchor selection scheme for
multi-energy level localization method in wireless sensor net-
works[ C] // Proceedings of 4% International Conference on U-
biquitous Information Technologies & Applications. Fukuoka:
Japan, 2009 ; 297-300

[12] Fidan B,Drake S P, Anderson B D O, et al. Collinearity problems
in passive target localization using direction finding sensors[C]//
Proceedings of 5% International Conference on Intelligent Sen-
sors, Sensor Networks and Information Processing. Melbourne:
Australia, 2009.:115-120

[13] Bettstetter C,Resta G,Santi P. The node distribution of the ran-
dom waypoint mobility model for wireless ad hoc networks[ J].
IEEE Transaction on Mobile Computer, 2003,2(3) ;257-269

(147 XIBE3E, TBF, /S 4k4E, %, TR A AR MEBSIERA 7T
¥R ,2010,31(2):36-43

[15] Carofiglio G,Chiasserini C F,Garetto M, et al. Route stability in
MANETS under the rand direction mobility model[ J]. IEEE
Transaction on Mobile Computing, 2009,8(9):1167-1179

081.



