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Abstract: For the localization algorithm of sparse targets based on orth, the orth preprocessing would affect the
sparsity of original signals. A novel localization algorithm of sparse targets based on LU-decomposition is proposed.
It translates target localization into compressive sensing issue by using gridding method for sensing area, and then
utilizes LU-decomposition to obtain a new observation dictionary, which satisfies effectively the restricted isometry
property. Moreover, the sparsity of original signal can not be affected during the preprocessing of data observed,
which will ensure the reconstruction performance and improve the localization accuracy. The experimental results
show that, compared with the localization algorithm of sparse targets based on orth, the localization algorithm
proposed have a much better performance, and the target localization accuracy is excellently improved.

Key words: Wireless Sensor Network (WSN); Target localization; Compressed Sensing (CS); LU-decomposition

Vol.35No0.9
Sept. 2013

1 315

HAr, o 2k 1% 1K 4% M 4% (Wireless Sensor
Network, WSN) 4 AT 2 1 H T 58 - AN [F]
AR (U 0T 5% . IREEIRIN . PR I 4 ) R H s SR
LR TS5 . Horbr, WSN (1) H broE A7 1E H¥# sk
IR, JRE WSN aE m) N H ) RBERR 2
—o AR, RHLHRGT A BT R 4% P o
HREJ). WAERE ). ReR AR T 1 R,
45 WSN iRk TAR K ) o R I 4
J&%N (Compressive Sensing, CS) " #i$ 4 WSN
K TR N IS, T8 RN X AR R R AL, g
g JEAT IR K H bR 7 1) 8, A 250 e A0k A i
HbRE Al @, A 40BN T WSN HFRaE 7
A7 B MK . X, 75T 4 & N 1
WSN H s g A Ak, AR 1 R D Jk
FIECE AT RAE [RS8 CRAE RN 48, AT B A1

2012-11-23 Y #, 2013-05-11 &t/m]
& ASRFFAEE 4 (61077079) ¥ B
MEEEE: BHEM zhaochunhui@hrbeu.edu.cn

TN AN AR R R ) R, AR AL, Xl T
5 BRSO e AR, JF HARA 9K v 5
REJs, P LL—RoRHE 5 IS A e S B R & oDk
7. BB, B RSN T WSN HARERLI
) J Ll T — MR
SCHER[A]4R T — b T AR B AR e 1) i o 550025

SR, SR E K . SCER[5]HE WSN H s
SE A ) AT RO AR Ay P A B AN ) i, i B
LORBEML T HAT — A EAL T M. SCHR[6] 32
7T DU S 4 BN 1) H bR e A S, 2SR
FE A AN LA b, A 25015 2 1 s Y AU e
i, (HRREES P ERBH bR SCHR[7-9]3R 2R T
orth MG H AR EAM L, 8 WSN 2 H b g AL la]
WA K AMEELRE R 1 I N 4 ) ST AL ) . SR
M, 1 AE W s 2 RAR BRI AR 1
(Restricted Isometry Property, RIP)®, %5254 W
W MBEAT T — RAV A, ARl REme T )5
Mg e 1 A5 5 ARG, AT AR T Hs 24 S A
MIE A TERE, REFEM T HARIENTERE .



%5 93]

BRI, T LU - iR H b e o 002 2235

SO AR SN B Y WSN 12 H s e
Arrb, AL 7 SR L RIP PR ), $2
T FORT N H bR E LSS — S5 LU MR
i HARE AL Tk AL LU S g5 2058 8
WY 2 T RIP PERT, IFAE LU 3R HAL # L
HHANEE I SR M T O, TR R T 5T
FHVERE, 2T T HARKEALRT L -

2 RIFRE

TRBAE DT RRINIX I, BN A
M AL E TR AR SRR K AL E RS H s (H
PR Z A EAROT), 53K 5 T A D88 2] 3] 53 1
N AFHE, RGP 1 PR, X0, B H s
AR R AVE ) LR A D S A £ 1 o A T
AT SRS P FARIRERL, ekl 1 oG il 22
A2 TS0 DI Py S ST et A H AR A 5 AT 4
W, AR 3 5 2% BB AR A FLAR KA 5
EARES A A O, Ba, HEh e O R TR
A TSN F AR 8 AL SRR FAREEAT AL, i€ H AR
FERIHE B ELAR A B

I | T T I T [ T [9)
Lo L4 L L _1_
1 |T%| S
T e
VA I R S Rl K L_O1_
% -t t-F4- 121
i o e Ee h l
Rl L1
E__I T T 9 1T~ 717
R i S e
S ¢ Ll o
RS
I i YR T N PV N )
iLII o ﬁggﬁ
Pttt A - S| O fEE
Lol q L °
R a0

1 Fisgic H bre AR

M T ICEAR 5 iR 2 S G Py . 21246 ik
SEIRBE N IO, BT AR AR T s B B A
SR SR 2 A )RR I 3E Uk, AR SCR A IEEE
802.15.4 B A 5 3 P AR AL L0 X (1) BT :

P —402-20lgd, d<38
RSS(dy:{P?585&Ngd, d>8 (1)

A RSS(d) MEWAE ToREE, d W15 S IRITE MR
LR UITAE A IBE S, PO SRS SR . X
FESS & AN PSR 5 5 A AS 5 5 FRUC s 4
P, —402-20lgd d; <8
RSS(d,;) = l ‘

ijo
P, —585—331gd, d;;>8

(Y

(2)

HH1<i<N, 1<j<N. BFEi MR K
e IR R B Ay

dm’ = \/(% - 5%’)2 +(y; — yj)2 (3)
P () AH DRI IR, (2;,y,) AH M
AR R
3 orth EREEAEN
FEFE T RGN e LA R, RBEEE k(1 <
k< K)AHESPTEMR 75 A0, WK A BARTE
WA A B T gy, o FERE RN ANTR
po=[py,eey By P (4)

Ay AR T I0ER gy (n) N 1, e RGN
0N x 1R & KHE R4 iR anEe, 2T P
KA~ HbrsE A ia) i my DL g 2 (5) %R :

Y =00y +e (5)
KPY, i RIE, By e DAL, 1T
SUI A A R I 5 W =RSS(d,) » FoR
(0 NSRS & A R B 55 5 A R R4S 5 oo
D,y e DIMFERE, ERERi(1<i< M)ATICR
TR IR HT i ABRENES AL B TR S 175, 4742
PRSI 1, 04 0, RIEREEAT TR A
—ANICEREN 1, HE2N 0,6 Imiramss,

P T AR 28 e i A 45 0 R U 00 R gt A DK
(1), DRI, FH O 2] R0 I B T2 /2 RIP 5
N T REYPIXAS [, SCRER[7-9)32 HH T 2T orth B2
(WA H bR e 0k R s S AT T
orth T, S5, FEHATE SHES HbrE .
55 PAb B AR W 2 (6)

Y'=TY =T (®Pu + ¢€) (6)

AP T RoR DL RSRE . 2T
A=W, WEHT=QA", () MR MI%AR
#H T, Q= orth(A™)", orth()) T A& 5 BE 41 11
AR, () RN R B SRR, S0
WHE Y Bete iRl

Y=TY =Qu+¢ (7)

FERE Q & — AN IEAC AR AR B, e A% 15 L i it 2
RIP BT, M s s S EM R, &RERTT2
Hbs e KRG R, Bk e miab i i A
Y =QA'Apu+¢e, Hp=A"Ap, WY =Qu+e .
H T U7 B A PR B R A DGR, DR A A TR HEXT
MLk EICEAN 00 XFE,  w BTS2 52 2
RO, d5 28 S S R S ME R AT B AR IR 47 1k fE

BT, AT — Mg AL BTV, 0T
VRIS U 8 A JEAT LU 20, 45 2058 1 il
T, LR E RIP PRSI RIE,  ASS2 00 S
BiAE 5 MRREYE, ORE T SRR EA YRR T
H AR ALK L



2236 BT 56 B %Ik %35 %
4 ETF LU BB B e Eix Y =(L)Y =(L)Ap = (L) LUp=Up
FHE1 (LU )™ & Aeco,™, WAL o o .- 0
ek A=LU, K UeUy, HA o Jo,| - 0
UU™ =1, ,L N Mx M [fIEZ R =M. =2 e L )
Rk, W78t A v LUEN 3T LU 21 2) 0 0 oyl
—ANMxMPIEL N =AML A—AMxN g
R ENC WL (13) T LA H e BEdER RN
A=LU 8) o 0 0
b U A LU R A A AT AT 6 5 I O B (14)
(Schmidt) A FA AL B, TF A Rt T - oo
B = A N (]
B —a (ABlp BT p B, H o 0 g 2 — A
(B,.B) FEMEARE, DAL WRRREEIY, Hop 5 p (R
FAR, Y& f5e4i /e RIP PE5RM, B, KieE
B 4, AB) o (ABy) g BRI, p BRI TR ok . KR, A
M — u 1 M1 N
(B, By) (Byr—1»Byy) ]
(9) Yoo 0 0
At 6,0 FRP RN, A, 4y, 4, 0 A ao| O YR
(47 &, K HGER Schmidt EAZL#3 % B,, B,, : P :
"7BM7B:[BlTaB§a"'vBATAT’ E‘BDB%""BMjl‘:’ 0 0 . 1/”UN"
B HAT 0 & HAA EAEAS . XA B #4747 S 4045 LEFET BRI E bR e R R ch , f T b 2
Yl o 0 ARAEFR PO AL, L p 2 ME AR B
go| O VIBL 0y RS TR R, RSOk T ORI
: S R i g, BEATUE A, A BRI X 55 6 A
0 0 1By ARG L B (U wy (n) <

R R R . SR E U AT A AL,
RR 5 2158 A - e @ G (1)

o o . 0
oogl 0 00 o
0o 0 oy

AU, U, -, Uy NHEEU K50 E. T U 7
) IEAS, H @ &l A U s s8], i
FHIAHTRI A @ AR IEASH R, Ry
P A 0 BEE i F ORI - 8 2 — o SR IEATHE
B B — N N x N IEATFE BB M AT FF 34T 41
PiAeA3 3], 2R, MR M AT ) 5 TR IR AH
HIEAS. Bk, & E5ganifie RIP M.

mTuut =1, , 446508)H

L=AU" (12)

PRI, XPRLINAE Y BEAT I T A A e T 43 2158 1)

MIE Y

wi(n) = . (n) Zﬂk(n) (16)

n=1
S w, (n) 5 n A PR 58 k6 A HBRARER Al 1
BUA AN e 505, RIS M S i 55
CRORSR A IOACR
Ik’yk Zwk nvyn (17>

n=1

Hof (z,y,) BB k(1< k < K) A H bR B4 47
By (a,0,) A (1 < n < N) AL

Wk LA A, AIRERT LU S MEL H br
SENL AR G 2 Pros, EEES AL 34
R

(L)X
DA 5

(2) 8T UL - SR UL, FH e 4
HEA, EWEREG Y

)V FIHMEAE T p» W BUOLFVEIAT IR, 13
X N AN R VA

THEATTRARER, 5 BDH ORI - AT



%5939

AR FET LU Jr i rMin H AR 2 AL HE

2237

A [AOEREETLU] 6
Al e
mEImwER | Y

(ERepit st

2 2T LU B H AR (5% (M HE R

MRS | B
oS A7 S
R EE S

S 45 e P

IBUT | (g
ik, it
H by

fli vt H b pr

==

5 SLISERMoM

X SR TR 3L T LU 2R o H AR AL
S (R S ML T orth SEVE MRS BE H A5 g (1 55
(6 LS 76 Matlab HHEAT T BLSREe T, BT
KRR E AN BP Hik. BN i
950 mx50 m (77 TR, A5 KA BEAIL 3 A1 7840
Dk P, FEREBAN X IR 5 K 20 %20 (1A% . SEEG
UL R AR SR AR R ) H AR A T R Y
K SCHR[10] ' IEEE 802.15.4 ARUE (K15 5 BE v ki 4
B RG o, HAR(E 5 & 2% P, =-40 dBm,
g 7 Ay e T T 7
5.1 % BARERIMERERIIT LE

W 3 Fros e fEfE e SNR. 4 20 dB, 583
AN M =8 I, X K =5 A HARHEAT A7 1 2 A7 7 5
[ [ B SN S B A R VAN W S 1 sty
TR P SRR SCRVE I H RSV B . A
Rl DUE e XA 5 AN HAR, S AT
B HAR R 2 A HESFTEM RS B AR SERS FT e
WK AR, T AR SCEEE AL T 1 5 A H AR
EFH bR IS bR B A [ — AN A . Hi ik, AHLE
TS, ARSCEE MR . T
X P BRI 7 oy /2 T RIP PR, HILAE
e BT orth FACERERE T, ST T J5UE S R
BiPE, I T RE TR . A SR R ORAIE
TR L A RIP PR, AR JRUE 5 (R AR
PEo BRI, ASSCEEAT BN LB A 1 R

B RAEABE DT, 4 H A0 n £
20 />, 121K 4 Frosif Hbs e pon sl miE 4 m]
DLR I, ASCEF 5 H bR (1 T A R 22 #R AR,

6 EL S0 T4 28 H AR (1) 8 AR Z2 AR 8 K. R,
ASCEAL e AL REHOAR AR T X LU AL, HARSC
ST H PR EUP3E A B 5
5.2 MEXREIT ER RIS

Kl 5 AR EAE S L SNR & 20 dB, HAsA
K =5 I, HbRIFI e 158 22 b AL s AN 5
BAEI L. EATAn, PR R ) e A i 22 28 b
H M k>, ER AR SRR T8 e A R 2
PR XS . ASCHIEEAL A N M > 6
I, Al B AR B S SERR A B DR R B,
PEIS AR H A e A7 i 22 #0500 T 0.5 me. R0, S EbAs
R IAEAL RIS M > 1206, A Hbs AL E
P Tsebafr E, L RZED KT 1 mo BIFE
FFEI e M ERE R, M XL E, A
LT RS T D, e, AR SCEVELE H bR
EAL R TR B E R R D, e
b, REEMAEHR N,
5.3 27 X E AL RE RO B2 NE

Kl 6 EAEAL RIS H M =8, HFr N K =5 It}
HARIT Y e A iR 22 bl e L SNR AR i o7 M
Aeld. i 6 TLUER], PR ELI AL R 2= A bl
e e LG 8 it gs b, AH R A SCEVE IS4 e A
IR ZEMARELEAR T e k. i 6 i LUK
R AEAE I L5 T 0 I, AN SCRVR P38 e i 22
WHFH 2.3 m A4, N LSV RIME (S I LK T
20 dB I}, “PFREAMREETSANT 3 mo Pk, A
SCELVFAE R N AR B T, AR RE AR LT
(e i vERe, IRRDASCEVE B Eor Pt &
W o

6 it

AT WSN 2 H b€ O A el T K A Fi
BN 1 N e R 8, RN AN
Wi RIP PRI R, Rt 77— Rl H s e A 57
ik —3F LU g r0fg Hbs e AL 8k

50 50 50
3
10 P ° 40 b 40 i
B
@ q

= 30 = 30 = N
E = g
>~ 20 >~ 20 >~ 20

10 10 10

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

X il (m) X i (m) X % (m)

(o) H ARI 52

(b4 LS 1 H A

() ASCETI ) H AR v br

B3 bR (K=5)



2238 BT E5fFE ¥R %535 %
50 5 50 50 -
R 3 K
40 A 40 2 - 40
5 < i 4
230 230 5 230 y .
=4 i - =3 . & i
> 20 5 > 20 - >~ 20 7
10 10 (e 10 Hierd
[ By Kl
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
X ffi(m) X ffi(m) X i (m)
() H AR Sz By (b)Y LE ST H AR Al A () AR ST H A -7
4 HARENLE (K=20)
25 3
—— ARSI 7 —— ARSI
—_ 20 —— orth¥iyk: T —— orth&f ik
¥ E )
K 15 oK
Ei 5 4 \\/.
g 10 53 1
B B 2 \\ ]
() 1 1 T b i L T il il L 1 1 L L i
2 6 10 14 18 0 5 10 15 20 25 30
At M SNR(dB)
Bl 5 Ef I Re S R BN EOC R E K6 EhrkmeSEm LR E
Tt LU 20845 30580 iU 7 g, 524515 /2 7 RIP BER, 2010, 32(2): 470-475.

PEte AN T2E T orth SEEHIRET H AR E (L H2%,
SRS S TR P AN 2 58 R S0 5 O
P, T DR 14 B B A TERE, e T
2 HbRE AL IR RE . SEg SRR, HeT LU
I3 f R B H AR 8 AL SR I RS FE I AL TR T
orth SLEIIMEE HAxE A%, HAEVERAH
GFRPUMEE . SN RS, FEXME S BT B
R, SAN TSR SR AR (1 e S
BT LU 2R H AR E AL SE e SR
Ly » T3ET orth SERF G H brE A S5 4T
WIZSE RN Ay, T M << N, FLET
LU J il it H b3 8 A7 S505 0 oF S e /) T 2k
T orth FVEMMGE HAx @A 505, WET LU 2@
(R H A5 € A2 S I PLAL PR R UL T orth 59
IR AL s 2 A7 S35 ) B g

& % x o
Donoho D. Compressed sensing(J]. IEEE Transactions on
Information Theory, 2006, 52(4): 1289-1306.
Candes E and Plan Y. A probabilistic and RIP less theory of

(1]

2]
compressed sensing[J]. IEEE Transactions on Information
Theory, 2011, 57(11): 7235-7254.

(3] &M, R, MR, RAERPEEOAR N AIT]. B bE

(4]

[5]

(6]

[7]

(8]

Jin Jian, Gu Yuan-tao, and Mei Shun-liang. An introduction
to compressive sampling and its applications[J]. Jounal of
Electronics & Information Technology, 2010, 32(2): 470-475.
Malioutov D, Cetin M, and Willsky A S. A sparse signal
reconstruction perspective for source localization with sensor
arrays[J]. IEEE Transactions on Signal Processing, 2005,
53(8): 3010-3022.

Cevher V, Duarte M F, and Baraniuk R G. Distributed
target localization via spatial sparsity[C|. Proceedings of the
Furopean  Signal Processing Conference, Lausanne,
Switzerland, Aug. 25-29, 2008: 25-29.

BEWE, VFaJE. GE R DU B 4R R I SR D). A5
4R, 2012, 33(10): 1-6.

Zhao Chun-hui and Xu Yun-long. Energy constraint Bayesian
compressive sensing detection algorithm[J]. Journal on
Communications, 2012, 33(10): 1-6.

Chen Feng, Valace S, and Tan Zhen-hui. Multiple target
localization using compressive sensing[C]. IEEE Global
Communications Conference, Honolulu, HI, USA, Nov.
30-Dec. 4, 2009: 1-6.

Chen Feng, Wain Sy Anthea Au, Valaee S, et al.. Received
signal strength based indoor positioning using compressive
sensing[J]. IEEE Transactions on Mobile Computing, 2012,

11(12): 1983-1993.



%5939

RFFIERE: JLT LU M # ARG B H s g A 50

2239

(9]

(10]

(11]

(12]

(13]

Wain Sy Anthea Au, Chen Feng, Valaee S, et al. Indoor
tracking and navigation using received signal strength and
device[J]. IEEE
Transactions on Mobile Computing, 2012, DOI: 10.1109/
TMC.2012.175.

IEEE standard online resource provided by IEEE 802.15
WPANIS]. http://www.ieee802.0org/15/pub/TG4.html, 2009.
MY, PEE. FREIR[M]. MR RIEE: MR TR K2 R
#t, 2008: 83-85.

Bu Chang-jiang and Luo Yue-sheng. Matrix Theory[M].

compressive sensing on a mobile

Harbin: Harbin Engineering University Press, 2008: 83-85.
AN BT A AN AW AR FERT ST (D). [ e ], JEat
ACI KA, 2010: 5-15.

Li Xiao-bo. Research on Measurement Matrix Based on
Compressed [Ph.D.
Jiaotong University, 2010: 5-15.

Sensing[D]. dissertation], Beijing
Candés E and Tao T. Near-optimal signal recovery from
random projections: universal encoding strategies?[J]. IEEE
Transactions on 2006, 52(12):

5406-5425.

Information  Theory,

(14]

(15]

[16]

AATRI

Bulusu N, Heidemann J, and Estrin D. GPS-less low cost
outdoor localization for very small devices[J]. IEEE Personal
Communications Magazine, 2000, 7(5): 28-34.

Wang Jun, Urriza P, Han Yu-xing, et al.. Weighted centroid
localization algorithm: theoretical analysis and distributed
implementation[J]. IEEE  Transactions on
Communications, 2011, 10(10): 3403-3413.
W, LKA, B ZE. — ot (i AR s s 7 53k ().
POLAT MR AE 24, 2010, 44(8): 1-4.

Yang Xin-yu, Kong Qing-ru, and Dai Xiang-jun. An

Wireless

improved weighted centroid location algorithm[J]. Journal of

Xi'an Jiaotong University, 2010, 44(8): 1-4.

Y, 1965 £, #d%, ARSI, WEROT ROV TS
ERAEE VG Nl EAERE R (SN [

%, 1988 4FAE, LR, WFST N R oAk
TR

ME: Ao, 1985 4R, LA, WERUTIONINAITEZEE. 4
GAERL.



