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Target localization in wireless sensor networks based on LSSVR
LIU Gui-xiong,ZHANG Xiao-ping,ZHOU Song-bin

(School o f Mechanical and Automotive Engineering ,

South China University of Technology ,Guangzhou 510640,China)

Abstract: In consideration of the effect of ranging errors of the RSSI method on the target localization
accuracy in a Wireless Sensor Networks (WSN), a mathematical model of target localization based on
Least Square Support Vector Regression (LSSVR) is established according to the double mapping be-
tween the target’s coordinate and the distance vector measured from the target to sensor nodes. Fur-
thermore, the target localization method based on LSSVR in the WSN, TL-LSSVR,is proposed. Ac-
cording to TL-LSSVR, the training samples are formed in accordance with the virtual target coordi-
nate and the distance vector between the virtual target and the sensor nodes, and then the training
sample sets are obtained by selecting learning areas and grid sampling. Moreover, the localization
model can be trained using LSSVR and the target can be located by inputting the distance vector be-
tween the target and the sensor nodes into a localization model. The experiments of target localization

in the WSN under different numbers and distributions of sensor nodes are performed. Experimental
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results show that when sensor node distributes randomly, the target localization errors using the TL-

LSSVR are reduced by 21.0%-43.1% compared with that of a least square estimation,and when sen-

sor node distributes uniformly, the target localization errors are reduced by 26.5%-48. 7% , which in-

dicates that the target localization errors are reduced evidently, and the accuracy of target localization

is improved.

Key words: wireless sensor network(WSN) ; target localization;least square support vector regression

(LSSVR) ;regression modeling
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Fig. 1 Target localization based on LSSVR

MR d A B AR AR KR (2rsyr) . We~N
(007 ) A B0 S 11 1 397 A W s, R 4
di=/(xr—x)"+ (yr—y)* Fe,. (D

FE X I Q= Zain » Tonex 1 X [ Vomin » Yomar | I AT
R A T (ray0) EFS, (o) BN
d' ixse d AR R E V=_[d . d ",
dy']. T1EQ WIIHLE (ar sy ) 284K, ) VL5
2L, BHTAE T AREREE S R A LX)V
AR B, WA ACR ,BCRY, W o A F|B
RS 4 o AETE S LT ¢, W] LU 3 LSSVR X
B HIOTER A A R IG 2 AT AR 4 R0 Ok
BB o,

NI UER ¢ AL ¢,

TE 1o 286 A A RIS B 4

BESANMBHASRFEITEN T, (21,
v, ONTo Conys vy ) s 6 BB B A SR 15

Si(xisy) (i=1,2,+,N,N=3), 3 H R7E[R] —
HZ% b
PEAEAB I AFAE N T i L
T, >V’
Cip oy €))
W4

2

(1T|’ —x)’ +(yT]’ —w)’ :(ITZ' —x)* +(yTZ, —)

<1"[*1’ — X )2 +(y'1‘l’ Y )2 - (1"1*2’ ) )2 +(y'1‘2’ % )2

(r) —an)? = (yry —)? = (ery =) (=)
(3)
BB G — % L — 1%L 4 K
:(le'*ITZ')/(yTl’*yTZ')93‘”/1?5}?”:
W N,N=3) .
4

i~y =K, —x 1), (1=2,

2

)R AL S (s y) (=1, 2,
<o N TR —HE b X ST E. Hik,
EH ANREEBPANTTCE T () yr, )T
(r, sy, VR Q) MRS X R, o ZES A
A B G,

WE 2.9 2 A 3 B 109 5T

LV EBRA VIEESA WRAIRE WG
BB 4R A ME X

A= { T/(I’I" VT ) |1’I‘/ € [Imin ’Imax] s VT € [ym;n »ym;,x]} ’

BE o € (—oo, 20m) U (Tpaes T 000, H oy €
(=94 Yoin) U (Y s F00) X HES B & X
B={V' |2 € [Zuin » Tmax 1+ 37 € [ Vi » Y 1}

MPE. Wit.vVeB. HVEEK A NEAR
REATRAE NS o G A BIES B B9

PLESER] T B o & A 2 B BLE R 5
Bl o & A B B B (—— i), BT, B o
FEAE IS WIS ¢ -

p:V EB>T €A . (5)

FIH LSSVR #l4 We b ¢ 15 2]/ LSSVR [H]
BRI RAE T B K VS R L H bR AL E T Y
L PE IR LT RS B B B J A M
7% B H] LSSVR BA B A7 19 Hi M fe ), X 56
d; R V="_[d .dy,,dy]fE R LSSVR
[eal 1A TR (8 B A S [l U 4SS AR 1) i o A R E AR
A0S THE X 5k J2 A LSSVR #k47 H bk /& i
1) 85 2 JEUER, Jr 8 N7 )R] DS S AR BR O LSSVR
PR,
2.2 ZIRXBOMHTE

Hy 2.1 A %0, LSSVR (o] )5 # A5 (1 2% ~J X 3,
Q. H Y LSSVR i A, Kk, LSSVR H
P A AV T L o 2 ) X Q. WSN H A s 7 3
WOk A A AR &R O LSSVR Ja] )5 g A3
LA QNIEN X, T HEEHR AR Q
DB . 237 i LSSVR 5 i 52 5 % F X 8 Q 1
S A BN A R 25, 3 BLAT R SR/
WA AR AR (o sy D s HBEAE N IE 7 B
2] KR Q LA . AR R Q YL,
SLReHE E Q W HARMIMER BRI TR
2.3 LSSVR ElABRSEAL

&l 2 5] LSSVR [nl 9 #4455 5 A i) = AP
L7

CD B 7 2 2] K3 QAR 10 H bR A B 1%
JREE TS (s y) SIRBEES o 315 H AR B



AR o 45 T i/ 3R SCH i A [l A BIL A TO 2 AR R R0 45 H A E A3 7 1769

1R IEERT H.Sixiyi)
(i=2,,N)

f
eI Kkl |
(]

[ #EmRs |
f
|ﬁﬁvwmf$%m\xd=

(USSR (i | |

I —
[X-LSSVR]| [Y-LSSVR J<+—

S A P

A s
Xr yr

Pl 2 LSSVR [l JH 5 5 i
hg. 2 Regression modeling and localization based on L.SSVR

A de /N TR Al 3 (s e s BA G v ™D B LA
HLO 8 27 2 X3 Q= Zuin » Zonis T L X [ Vi » Yo
+1];

(2) Mg 40 H AR B R A 0 X I A T Q
PEAT A AL CAn I 1 FE7R) » BT M4 A v i A
BEMHEHRT, (2, y,))G=1,2,~,M).T,/
(x;" oy, DB S (ysy ) I N dy T, () D
IR RV, =[d), o dy, s ody 15

RN AEALE N M A EBH B T,
() sy, DX B R BV, 5T, (2, 5,1
BRI R GRFEARSE o =V, 2D =12,
oMy, =V D =1,2, M}

()7 LSSVR JE M8 ARG o vy, 23
PEAT LSSVR [l A8, % F U e A o SR A
R Stk eyt

@ &b 2 2

sct. x =w" c $V,)Fbtg L j=1,2, .M,
Horpr ¢Ce D RIRIELRMEB G R0 I 0 N
A ),y >0 NS 8.6 (G=1,2, . M)
FIRBEPLIR 2

EXHERE KWV, V,))=¢(V,)T « $(V,")
(i,j=1,2,+,M),K(V,,V,) i /& Mercer %%
1, LA B e U AR S SR A R X R I a RO

L] o

M
min) (@8 = ~o'o+ry LD,
=1

0 17

1 Q+y'I

ﬁ‘:'],x/ = I:I],vl‘g/v "'711\4/]9(1: [amazy cccy

QM:IT 712[11 912 D) leT MQ,._,’ :SD<V,/ 9‘/,/) ° ﬂ
DYGEIR

M
rr=fOV) = D KWV.V,)Y+b. (8

bR S B BER XCLSSVR, R B . oy I 2 ke 4 4
1, PTABE 5 (8 Y- LSSVR;

(5) HFR & N7 AL SR AR 1T 88 S (s yo) T 5
BEIMEERE V=d .d,,,dy ] A X-LSS-
VR # Y-LSSVR 43515 2 4 A 2r vy - 85 (or s
yoOMER T s yo) BALE AT

3 T LSSVR #§ WSN B AR A2 7 ik

3.1 EF LSSVR iy WSN HirEML %

N A M T LSSVR ) WSN H 45
£ 5% (TL-LSSVR) . % 15 B ac e i) i # 4
5 B bR A5 BB B TE SR L e A A E Ao
St 4 4B B

(1) HARME BIRA Y B« f A2 IR A8 19 5 S (s
) G=1,2, - N) A H AR5 B 75 2] H AR iE 5
d;;

BRI B AL AR T 50 S (s y) ¥
SR TP A CIRUP K| N = il B 4 = U =SS
ik B K 2 CH;

(3) #5778 (A5 Y [y BE - CH AR 48 322 M 2 10 15
SRR B/ 3 ik WA T H AR B (2 ye D
PLCa s yr ™D S JULAAT ot B 58 2% ) KO3 Q. AR 4
2. 37 Tk )5 e 7 X-LSSVR il Y-LSSVR 5 fii
Y 5

WEMHE - CHEBEBERXE V=_[d.d,.
oo d 143 Bl AE AR X-1LSSVR I Y- LSS-
VR, Befi it CGor s yo) VB R H AR AR BR 0 £ T8
3.2 WSN HiRELBEFRES

WSN H A5 a2 7 1Y BE FE 3 2240 5 3 15 REFE M
HEREFE, W 15 AEFE & WSN W S AERER T 5 7
. B AR A T B B A R A R T
RIRAF B E CH HEAT Rl A F 255 1% & 1
B B A AR5 T AE] H bR I B R, X S R
TL-LSSVR J5 ¥ d5c /I Z e Al 1 a2 A Jr ¥ 1 5
Bt o WCPR R 1% 7 {5 R R RBAE I SR AN AH
[/, {H TL-LSSVR J7 i iy 115 & J7 48 K. 24 R
BRI AR BRSO N — e B TR



1770 j\lﬁi

K% T

51T &

W GRREA R M k7 BIE E . Bl T 1
Fi AR K S 4T A8 SRR ST S R W A L AR ) Bk
£ WSN 5 55004 11 55 i) 8] A W 9 20, 11 5 BB RE &
BAREAR .

£ MATLAB ¥ & b % TL-LSSVR H #5 &
PR REHEA T I UE . % H AR T(50 m,50 m)
RN B R=50 m B J&EE 17 45 S (v y) B H
Frju BE MR e, ~ N (0, 6/) (g = 0.2
G50—x)?F(G0—y)D) (m), HinEM iRk % E,
FE SO E BRAL AL E RS BRI RS 5 H
PRINIEES R M. % RBF % KV,
V,y=e VIS Hoh ot =8 AL B v =
100,22 2] K3 Q K L. AS 56 B hy 1, FEAL TR
RS (s y) — G OUT T 4r B 2EFT 100
SRR THE 73 0 1% B4 19 S B N =16,
A CRAL 0 A A1 2 20 43 A L X G 2o
TL-LSSVR J5 i il e /) — 3¢ 1% (LSE) H #5 & fir
e E=3t0p- AN
Kl 3 Ry A il 15 s N=16 (ML AT 1 . L=
30 m =10 m, 100 K54 R HE 15 3 1)
WSN H br & fin i 22 70 Al k. o] LUE H, TL-
LSSVR 7575 \LSE J5 ik B B A5 2 7 1% 22 ¥ ol —
FE AR AR F G B AL, 9F B TL-LSSVR ik
93 AN EM IR ZAE/NTF LSE Jrik, TL-LSSVR )y
RS M ARUYE X 2. 24 m /NT LSE W
3.74 myiX — & R E Ui TL-LSSVR J5 % kb
LSE J5¥& 46 B bR e 7 15% 25 77 1 B A 38 & AR e

5 T

—_— R W
\

Location error/%

Times simulated
3 LR 2E 4 0 2k

Fig.3 Distribution curves of localization errors

(l=30m , t=10m , N=16)

P RA] SE

[l 4Ca)  (b) AN [l B A S 1 i B AL 43
A H bR E fr iR 22 W S MbR E 22 ih £k . 25 2R 3R
B], TL-LSSVR J7 & i i 22 B {EAH b LSE J5 ik
/N 21, 0% ~43. 1% iR ZEE bR 2w 21, 9%
~40.1%.

18 =
T —~ TSV
IQr"" .

14} ; e 4

12

10 A

8 N

Average location error/%

6
8§ 10 12 14 16 18 20 22 24

Number of nodes

(a)
5.5
4 —*—TL-LSSVRL
5.0 . = LSE
E 45 N
= \d Y S A S S R4
g 40 i
B 357 N
2 300 TN . ]
s T
v 25 \
—
2.0,
8 10 12 14 16 18 20 22 24
Number of nodes
(b)
B4 R[] A% A 1 s B T o o7 2R 28 I b o 25 (i

GIRA D)
Fig. 4 Average localization errors and standard devi-
ations when sensors distribute randomly (/=

30 m, t=10 m)

&l 5Ca) \ (b) Sy AN [) B A% JR s 5 i 18 20 71
A H bR O 22 1 Y E bR 22 i 2. Hoop,
TL-LSSVR J7 % & 1 i 25 {8 AH b d5e /b — 3 ik
YN 26. 5% ~48. 7% iR ZE(EFRHEZE I 31, 4%
~46.7%.

ISR NCISEIRYY-$: W ¥ ISR T PSR
JRAS T B A A AR R TL-LSSVR J5

5 09 A B R RN A2 L 45 R B0 AR E A L T
LSE J5 ik BA W 248w .

K 6Ca) . (b) Ky t=10 m A [F] 2> XK
LI TL-LSSVR J5 i B %E 7 4% 72 44 {5 71 A i
22k .



BT

AR o 45 T i/ 3R SCH i A [l A BIL A TO 2 AR R R0 45 H A E A3 7 1771

& 6 /] 0L 33 K £, TL-LSSVR J7 ¥ 5%
PR ZEZE W /AN 5 (>30 m B, TL-LSSVR Jy
PENRENEAR LR G TRE . BEE

16
15 i ——TL-LSSVR

14 s J|
lJ > reareranees) y
12
1 ..‘.4"17
10
9

~
8§ 10 12 14 16 18 20 22 24
Number of nodes

Average location error/%

8
7
6

(a)
5.5
- —O—TL-LSSVRL
50 T """"‘}"""f_:' """"""""" KT LSE
=}
2
B
-
3
o
=
=
g
wn
"8 10 12 14 16 18 20 22 24
Number of nodes
(b)
B 5 AN [R ids T S B R AR 2 S AR i 22

(B E 53410
Fig. 5 Average localization errors and standard devi-
ations when sensors distribute uniformly (/=

30 m, t=10 m)

\ [—— TL-LSSVR]

[
&

Average location error/%
— —
< N
i

520 30 40 50 60 70 80
Length/m
(a)
SE 3

(1] Z&. xTF. A, F. ETRAGILEVANT

1 i i ; ——TL-LSSVR

Standard deviation/m

(b)
6 A ST IKHGL TS H AR RE 1R 22 3 (i S b ofiE 22

Fig. 6 Average localization errors and standard devi-

ations in different side lengths of learning ar-

ea(t=10 m,N=16)

¢ —E WS OUR SN L 2 3 ORI SRR AN R
I TP BOT ARSI =30 m B A B,

n
W
&

(DASCHR T I6 3l H Ar 31 25 4% s 7 s BB
B HAR AR AR Z B IR PE S R il LSS-
VR S04 H AR . 1 e S CBI 6 A2 i F SVR 45
U E A5 7 A T AR ) FE AR 5 ) DT RE 58 43 )
JH SVR R 47 iy M 75 75 2L 6e 71 FzZ AL RE 7 o KK
0 B a5 2 % A7 FE A Tt R Y R 5

(2) TL-LSSVR J5 ¥ AR 95 i #U H b5 AL 45 L 1§
0 H R B B 5T IR R K A 3 I SRR AR
T AT 2 2T X B A bR A AR AR DI 2 R AR
£ R LSSVR I 2545 31 2 i A5 AL, o I 3 75 3
) B 2 AR i A o A AR S B H R E A

(3) % AN [m] 42 J 25 71 i B i LA BN [] 75 5 40
MTEOL T 1) WSN H AR 47 & AL 92 . 45 R &
WY, % T 75 s B BL 43 A 19 1% &0 TL-LSSVR J5 i
M58 7 1% 22 M B de /b 3 vk W/ 210 006 ~
A3, 100 % F 15 #3950 o A B DL, TL-LSSVR
J5 3 1 2 R 22 I /N 26, 5% ~48. 7%, TL-
LSSVR J5 ¥k BE A #5008 /N D B 158 2 X 2 o7 45 2R 1)
SR B H bR E O HERR

KGR M BRI E T R]] ¥ HE LA,
2008,16(9) :1752-1758.
MA K, HUANG H Q, SHEN J, et al.. A data



1772

K% T

51T &

(2]

(3]

[4]

[5]

(6]

L7]

[8]

collection method with hybrid sinks in wireless sen-
sor networks[ J]. Opt. Presicion Eng., 2008, 16
(9):1752-1758. (in Chinese)

LIU X Q, ZHAO G, MA X L. Target localization
and tracking in noisy binary sensor networks with
known spatial topology[ C]. Proc. of IEEE Inter-
national Con ference on Acoustics, Speech and Sig-
nal Processing, Honolulu, HI, 2007, 2; 1029-
1032.

LEE J, CHO K, LEE S, et al.. Distributed and
energy-efficient target localization and tracking in
wireless sensor networks[J]. Computer Communi-
cations , 2006,29(13-14):2494-2505.

HE T, HUANG C D, BLUM B M, etal.. Range-
free localization and its impact on large scale sensor
networks [ J 1. ACM Transactions on Embedded
Computing System (TECS), 2005,4(4).877-906.

HARA S, ANZAI D. Experimental performance
comparison of RSSI and TDOA-based location esti-
mation methods[ C]. Proc. of IEEE 2008 Vehicu-
lar Technology Conferences Singapore. 2008:
2651-2655.

NIU R, VARSHNEY P K. Target location esti-
mation in sensor networks with quantized data[J].
IEEE Transactions on Signal Processing , 2006,54
(12) :4519-4528.

HARA S, ANZAI D. Comparison of three estima-
tion methods for RSSI-based localization with multi-
ple transmit antennas[ C]. Proc. of Mobile Adhoc
and Sensor Systems 2007 IEEE International Con-
ference, Pisa, 2007:1-3.

R AR L B T o B
LA DTS )], o AF % £ 42,2006, 14
(3):450-455.

ZHAO J W,.LIU Y B.SU Y H,etal.. Research on

SVM model of a novel cylinder linear motor [ ] ].

Opt. Precision Eng., 2006, 14 (3):450-455. (in

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Chinese)
A E L KKK ILLAE . BT SVM sk
MR AL SRRl ] v mE AR,
2006,14(5) :870-875.
ZHAO ] W,LIU Y B,KONG F R, etal.. Parame-
ter optimization of novel cylinder type linear motor
based on SVM and genetic algorithm[J]. Opt. Pre-
cision Eng. , 2006,14 (5):870-875. (in Chinese)
AR AL A, R, £ BT LSSVM i
A B 1 B LR AR 22 B IR A% SRR DG AL 5K
WE[1]. k% #% T4, 2008,16 (9):1682-1687.
LINW Q. FUJ ZH, XU Y ZH, et al.. Optimal
sensor placement for thermal error identification of
NC machine tool based on LS-SVM and genetic al-
gorithm[J]. Opt. Precision Eng., 2008,16(9):
1682-1687. (in Chinese)
IPLIKCI S. Support vector machines-based gener-
alized predictive control [J]. Journal of Robust
and Nonlinear Control , 2006,16(17) :843-862.
WU H L, NG J K, KARL R, etal.. Location es-
timation via support vector regression [ J]. Mobile
Computing » 2007,6(3):311-321.
Bk, AT SVReageg REHE R ERMS% T
12 fe Sk [ D] 7N R B L. 2008,
ZHOU S B. WSN localization theory and method
based on SVR regression modeling [ D]. Guang-
zhou: South China Univ. of Technology, 2008.
ZHANG M G, L1 Z M, LI W H. Study on least
squares support vector machines algorithm and its
application[ CJ. Proc. of International Confer-
ence on Tools with Artificial Intelligence, Hong
Kong . China, 2005 686-688.
JIAY F, DONG T L, SHI J. Analysis on energy
cost for wireless sensor networks[ C]. Proc. of
Second International Conference on Embedded
So ftware and Systems+ Xian China. 2005; 144~

151.



CNE AR o 45 T i/ 3R SCH i A [l A BIL A TO 2 AR R R0 45 H A E A3 7 1773
EER N

X AERE (1968 —), B, )" A\ A, #
B WA S0, 1990 4£,1995 £ 7E =
PR K 2443 T 3 A5 4 - v, £
N Rt N AW R B N |
ALY N B BESE . E-mail: megxliu@

scut. edu. cn

HBEF (1981 —), L I R [F A, 1+
WFFE A, 2003 48 T R K K 15 % &
22,2007 4R F K JE B TR 24 4K A8
e, BN F T AL IR W 4% H AR
PREEMUF9E . E-mail: whuicerain(@ si-

na. com

B (1978 =) B ) RN L
L BIBESE 51, 2005 4, 2008 4R T4 B
BN 27 71 B 7 7 G e e o AN o
BN BRI M 4 A g ) T A%
AR 2% K N T RERYBF Y . E-mail
zhousongbin@126. com

@ THFE
EREEEMABNESFEEREG ST IE

AN L RZRE B
(I AEEIA¥ETHEEIRF R, LT k% 1160235
2. REBIAY ATEMAABKARRAEAZRE LT A& 116023)

T X AFM S H B R A B LA AEAT AR R PR ALAE AR T — B A RS U R S AR IE T ik . R
i L A AL R AR Rl A% e 100 AR ORI R BBURE 77 A XUY D5 g P L TR ) D/ A CRIR 48
PAOLRS (55 9 A/D 3570 16 £, fe g 088 70 BRI 0. 4 nm. AR SR 7 S Aol v s o P g 7 Y
A R A A 2 A1 9 L 0 A B 4 (57 A% - L T S AR 3l A X 5 () B 1 R ARG i i X L A Al 4 f)
B s ) Pt Js e 81 9 5 5 AT AR R PRI RO AR 3R NG BE 2Rl (R A T il L TR P 4. &
LR LabVIEW M USRS H AR 458 1E i T v B 28 A8 d R0 8% 31 [0 i 22 A 10. 100Kl 0. 406, Lk
W 30 A3 R A5 3R 0 R 0 1 (8 ) A T 3k B2 2 Bt A o R A1



