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Abstract

energy constrained wireless sensor network. Trade off the location accuracy and the computational complexity by set the

This paper presents an efficient method to optimize the passive location accuracy base on communication and

scale of single cluster; based on the theory of the target position estimation variance is scaling the measurements error by
GDOP ( geometry dilution of position) , propose a two rounds passive location method; the first round, using RSSI location
(Received Signal Strength Indicator) scheme by employ the whole sensor set to give the coarse estimation of target location.
To estimate the TDOA location estimation variance by the product of GDOP ( geometry dilution of position) of cluster and
the measurements error; The second round, select a part of clusters which have lower variance in the coarse estimation of tar-
get location, then using these selected sensors’ TDOA (Time Difference of Arrival) location solution weighted by location
estimation variance to give the fine estimation of target location. Simulation results verify this method get rid of the redun-
dant sensors efficiently, use half of sensors approach to the location accuracy of use all sensors.

Key words: passive location; scale of cluster; Time Difference Of Arrival; Received Signal Strength Indication; Geome-
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Fig. 1  Optimum sensor array in TDOA location
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Fig.3  Relationship between optimum Geometry cluster’ s scale

and TDOA location standard deviation
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4 4 1]

U AR BT RRES M O AR AR I 205 1) e OC I 3 5 7 591

X PUASFETE HARER ST IR EAL K GDOP 4k 1.

1 ARFELE HARE ST &AL GDOP
Tab. 1 Different cluster’s GDOP at the target position

S 1 2 3 4
HbR AT 53.5762 572.0168 88.9961  299.5032

fiE4k GDOP

N 1, ANRIFEAE H ARG SHE O & AL ) GDOP f§ 22
SEE K ARFE TS TR A 5 U AR 2385 44 %o [) — B A 52 02 11
KR AR, 35 0L JF P, GPS 248 L GDOP /)N
A N e (o7 TR e I B 8l A i 37 1 e
Lk GDOP J5e/IN g J U] e 43 2 fr 33 o ek, SR Y
RE 7RSS AR IORE 0 8 (LN, 2 BRAREE R H b b 5 R
A B A S A TRV 2 R A A, DT 5 ) TR
S SIS TDOA S 0 171 B IR e 45

3 RSSI/TDOA A EMIIIZIEIT

TEFET o0 45 R PO A% Jelede TR 205 o, AT v 200 25 B
SE LI IS TCAR 3 5 A )AL, st i DA IR 1 4 114
7% Hp e USRI % (8 (00K B2 R AT RE 119 12l 1 11
AR AR B RS BE R AL G R R] A SR

st, e, +c, +r+cy= M<N, ¢ce{0.1} (11)
Horp e, =1 FORZIEPESE ¢, =0 FORIKFREARBILESE,
0, W i MR NIL T, A SCHA M ER) TDOA 52
PG AR 22 BB BUE , SR RS INE AL R 35 , 175
X EEFEAE FARGE S UL EAL— 55 TDOA E AL Al 4
HEZE AR/, R 3

N
mln(z ¢,*\/var x, , + var yol.] =
crrrevt iml ' '

i= 12,N

min|var
o

M
o-r($.e0)
i=1

N
min [z ¢;*(¢8,,-GDOP,) J
| &

st, ¢, +c,++cy=M<N, ¢ €101} i=12,-N
(12)
BT iR% 25 TDOA & i il %A 24
(M=1) 5 26 ) TDOA & {3 45 K38 RE 8 H NV I AE
1R IR AR M 2% Sink 17 (LR 50, A 5trb, il
T #FH TCNMLETT R 3l ) AR A b 3, LAE—

B TIREE 1A BT i ik s (11)

F(o) oF () FEAR SCHP b 23X e 5 A H A i 5 U8 07 Ak
— 35 TDOA & At 1 o 22 BRI B AUE A0 AT
SO LSS S AT R
%=y, &O_i-(ca,,,[-(;,(l,1)-')

- i=1.2,-M (13)
o =X T (¢8n76(2,2)7)

R, 7E5E T JO LR A% S 2 I 45 (14 45 Fh I 45 2 1 AL
e, 6T AOA/TDOA"™ F1 TDOA/FDOA" "7 i &
SERHIRTTE R , X F TDOA/RSSI ™ A 7 o i F 58
Bb, RSSESESLEED v By WL 4 RSSI & — %5 5
SFEAR 5 A, RSSESE A J7 78 3T B B e b A
U I P RE , X A ) A R T ) 2 R A, X W
B A5 ek L8 B 85 6 R T 4 22 s TDOA L i 2
R v 1) (A L A TR A% 388 ) 2 B B
SHRAE S LMt HE S SRR HE 22 . ARl 3 Ff 2 157 ML o
(AR R, AR SC L RSST g v 7 2 050 — e ML o7, 7R
DAL R 7 T 5 ) A 3 1 RSST WL B AN 5 24 1 2%
Z AR, /N T SOk 4 ] B9 5E — %6 TDOA
TENLITAGIR Y 256 M5 S HEE; 55 it & 0 (12)
IO ER RS 5 B 40 TDOA & N7, I % 25 7% 5 L
SR (13) AT .

AL RSSI/TDOA P 7 A i AR A5 4 F -

FH R P AT 2 L RSST 5 % B bR 48 5 57 &
BORLAR T AT 80, ) K RSST WA & 3% 2 i
(i, 1), 58 W RSSLE O 8, -6 5 46 A%
i T Sink AR G — 2P A AL B

stepl |

step2,  Sink 1 RURE R — 23R4T 1 B ARG R
T4 R kB TA R E , SR AL B

fib— s, () GDOP i, I:-¥¢ it GDOP {f [l % £ Sink 15 55 ;
Sink 7 AR fe 28 1 5 AR S SRR P BiHRs 1% i e
J1, 4 X (12) , o e 213 0 2 i TDOA g fif
)7
step3 1S 55 5 TDOA &ML ARE, B S th R er
FERENT FEH RSB CRE MLE SR 2R 5, R BLIA
FIHT B B FRR B R I A5 S REME A T 31 1 bk ]
28 I B4
stepd . HIRR B MU LIRS RIS E A 45 R 3% & Sink
925, IAE Sink 5 AR (13) RAGF R 58 1 45

P LR A & 8 R, AR A 1-4 BU7 AR
5 AT T Sk B3 O I N S T YA 25 BRI % 1 5L
WA HRR,



Il

592

fig

=3

VO 28 %

Sink

&8 RSSI/TDOA B4 & ke
Fig.8 RSSI/TDOA hybrid loacation scheme

4 (HESMH

4.1 FFHERE BEFESIT

SR HEAT B 00 5 6 7 A L, AR SO
LR TE IR R BO™ A TR E 33X &R 43 i 4
FE & GDOP B+ AE | F A% GDOP {8 L K 3L
BN ATIR& LSS S TDOA &AL {5 B 1) i
JEFY R, o, GDOP (i 31 5 iof 4 A1 24 SRV DL S
Rk A G, B A(5) . (6) R F,GDOP 1y it
TG R W e B ROR G (HE A B SRS T
GDOP fryHe s 53, A STk ™ i 4 A B 0 1 7 4
ASEALTT S GDOP, HUH5 22 40 YRfe ik Al 34 Y ik
RIVRT 58 18 5 T #5328 £ 3k R o6 S i) B84l 22 B ) 8 s
(GDOP f SRR B AR/, — /N T — iy
KR, B R U, R R 5 AR R 1Y A Y I E
I F R

251 LEACH ™ ey 32 0 FH 119 i Bt T #E 2 X B
— P o £k LA A ( First Order Radio Model ) 437 4 SC 1%
THENM LM ReRE, R RITERE B d b R3% L A
(— oK) B T FE R RE A -
LE, +L-gsd" if d<d,
LE, +L-g, d' if d>d,
E,, RS B e O B B Ak B2 1 R E T

ETX(L’d):{ (14)

TRERIBENE &, 1 &, BT SO BRI, 1 d=d, i,
A E RIS i d, = gifs WL

HARPER BN FENRE R N : By =L - E,,, o

FESS—%8 RSSLAENT, 9 K A7 s I FE, 75 1 1 g
HIHAET RN

Egyn=(K=1) « Ep+E,,, +E,, (15)
(15) s S5 A7 i s AR 0 =364, o SRR L B
PR K—=1 A5 B b & 2% 11 RSSI{E i chan 2 5E
PLARRAE K% A TR RSSI 5 7 45 5 201 2 i 11
REFE;

RSST 7 o7 28 A8 Hp e B L I RBFE A =X 2R 0

Epen e =ErtE oy (16)
(16) X Hr 255 A7 1 -5 4 B 0 R 4, 43 AR e A
T RURSE RSSUE 4G R S A TR IR o 17 S BEAE

FEES 56 TDOA 22 {3, 78 7 0k B 3k i vh 2 27 1
HIHFER AR R N

E it sutevsion = Ery YE cpop+E 1 (17)
(17) KPS A S M G =385, A R i ey
BeSOT R ST &Y H bR S U8 07 ERLAS THE R 7
A% GDOP fi | &% A GDOP (i FL 3R 15 s il €
e ;

Pk o 2 5 TDOA 52 {7 & A% 1 REFE N -
(18)
(18) A &5 A7 11 -5 F B 1 3B 3, 43 AR e e i
TERENT 48 m - LA HRRR I B0 20k K-1 %
B R I B E I 2 AT HE AL R A% S S
TDOA 7 {38 115 B 8 chan 2078 7 ff 51 | & 3% A4
TDOA 7 v 45 5 20 Y s i e

TDOA 7 {7 3 7 7 B A I REFE S T R R
(19)
(19) S %547 1 LA n-5- AR B i =36 43, 2 Atk
FE T SOR AR T LR S IR (5 5 R A3 G5 B 224
T IR I AT HE A AR TR RR 1T s R

X 45 S ORI L B, = 50n], £, =0. 0013 p]/
bit/m", L FL—~ 341 B 2 128bit, i T fE#E S
AR O, IR AL 2. 1 5 HT, 1 Eqpp, = 50n],
E pop = E = 501 FEMRBE T 25 0] B 50 43 A (1 26, d
~1581m, TDOA & {7 H R AE I FE 25 50k 1024 A~ F A
{H 12 HeRegid , FEA (14) ~ (19) 5K,

E pcnr=m * EgetE o +E



4 4 1]

U AR BT RRES M O AR AR I 205 1) e OC I 3 5 7 593

120 T

100

80

60

AEHE /

40

20

0
E CH R E nonCH R E _CH_selection E CH. T E_nonCH_ T
FENLIFRSAIRAT

B9 W E MRS DN RERE
Fig.9 The energy consumption during RSSI/TDOA

hybrid loacation scheme

[ SCHR B 43 AT — B, S T R A
IR 2 A SCBET 9 58 57 J5 5 52 B — UE AL, 5 BE Y LAY
REFEN -

E\ =N« Egyptn = Een o 4N+ Ecy iesion*

M Egy M- K- E,cq (20)
NHEATIE AR (I 2B A HE 4T TDOA % 07, Iy
HIREREN -

E,=N-Eg ,+n - E_ . xtN - Ey +n+ E

nonCH_T

(21)
(20) . (21) Pl b AR A LR (E 75
E M
ECN (22)

SCHR A Y R I 4 b BT 3000 454541
REAERIZE 100m [ HE 25 b Jo kA% iy 1bit 0408 1 e #EAH
Y TMEASCH 5 o, fhy T4 50 18) ) B B 450 . TDOA
T8 T 5 5 R B 0 1R (12288bit ) , [H LI FE1E
TDOA {37 {5 SRS 54 1 Be i BERE SR 48 5 0
TR i EERERE (LRI 9) o PRI, 2 A SR IR L 49 ik S AR
SCOT R SR TR TR RERELL , WL (22) 2
4.2 ERFEENN

el 8 TR R R 6 A 7 G LT
o JFHILLCL) LTSS 5 (2) Fef M k35 (3) AR 3L
7 S 55 4 TDOA 5@ IR, X 19 fe 48
FL25 T PR UE 2 HEAT X HE o AN S AL A 4B A e 1
F% 55 FARSE ST IR 6] BE 25 76 10-15dB 5 [l 4 28
B, LI SCHARSE R il s B A 22 ] chan [
VU A R o R R 5 1 fl 1000 R SR AR
VAT, SR AE LS R H — bR 2, ML Ab R AL 2
W x5y b 1A 2% 2 A U — R v 2

CTRAER (1) Y M=N I 10 M ERS S
TDOA JE iz i R RE (L 45 R AR EZE o

DA

= . .'Q---‘.

® 1S5 \‘§'~.__,__w..,__ .

l—l—l#_—ml

1 2 3 4 5 6 7 8 9 10
ZNsE AL MR AN

B10 =Rt s ik 8 AL A AR EZE X 1L

Fig. 10 Performance of 3 cluster select methods

WP 10, 477 ELA5 R LB - 38 i AR SCHY R e 07 7%
(1) AT RIS P 4-5 A7l R 26 3k s ok 21 4l FH 423 10
IMREIENRTEE ; (2) EHES 5 TDOA JE 7 1 b,
ARICHR M PR 5 958 2 FAM P R R e T IA AR B R e At
i HE L A BB\

X LA S B« Caffery TEW] 175 FIA PR
i Ak GDOP FISE RARG LAY se i e % F 5 (CRLB ) 245
i o FIERDE, i (2) AT AT GDOP JEie 15 iz
DRZEEXTMERIEATIOR . FTA, ASCREH 17 15 4= k4
AR T A1 AR IR P A PR A B BA B R e i
T (BARANGE RS TH CRLB) (9% 2 5 TDOA 7,
T AR BATHS R ARl FH A 3 R (8 (SR L

5 #hig

AR 2 A8 A 19 24515 18] B AL, 00 T 4
T RSSI v 5 1 Fl TDOA ¢ 037 J7 vk 45 1 R A5 1 T 4
WA RE (LA FE , 75 PR B 50 i E DL RTE O 6 b, RBR T
JURTN LA T M T 45l 25 A 1R
L5 SRR 5 0 25 4 0 RS B s e (R 3R, 7E
i SE 22 it it B RIS B — 5 R T 4, ik — AP kb
JCUGRE AT 55 J 7 A 1 I 2% 6 288, LA ok AR ST

S 30k

5 T T
& BEHLEFE

W 45t = LT L I
@ . S Wik
B AT
I 35N %
lﬂ 3 I ’ "Q

2.5F *
E‘ﬁ 4 \: 2Re
LN N

[1] Ames, Ben DARPA, BAE Systems set to develop un-
manned electronic jamming network [ J]. Military & Aer-
ospace Electronics, 2003,14(5) ;28.

[2] Yarlagadda. R., Ali. 1., Al-Dhahir. N., Hershey. J.,
GPS GDOP Metric [J]. IEEE Proceedings-Radar, Sonar
and Navigation, 2000,147(5) :259-264.

[3] Srdjan éapkun, Maher Hamdi and Jean-Pierre Hubaux.
GPS-free position in mobile ad-hoc networks [ C] // Pro-



594

528 %

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

ceedings of the 34th Annual Hawaii International Confer-
ence on System Sciences, Los Alamitos, California; Ralph
H. Sprague, 2001. 3481-3490.

Chen. M. and Fowler. M. L. Geomeiry-Adaptive Data
Compression For TDOA/FDOA Location [ C] //in Proc.
Proceedings of the IEEE Conf. on Acoustics, Speech,
and Signal Processing, Philadelphia, 2005:1069-1072.
Hu Xi, Chen Mo, and Fowler. M. L. Exploiting Data
Compression Methods for Network-Level Management of
Multi-Sensor Systems [ C] // Mathematics of Data/Image
Pattern Recognition, Compression, and Encryption with
Applications IX, San Diego, California; Mark S. Schmalz,
2006.:6315-6322.

Fowler M. ., Mo Chen. Data Compression for Multi-Pa-
rameter Estimation for Emitter Location [ J]. TEEE Trans-
actions on Aerospace and Electronic Systems, January
2010,46(1) . 308-322.

HII ST, ARALE, 2R 2R, I 08 — iRl (19 3% T A7 B A
ZNR e MR ER TS [J]. (55 4b3,2011,27(2) :
230-235.

QU Chang-wen, XU Zheng, LI Bing-rong, SU Feng. A
Novel Robust Algorithm for Passive Location and Tracking
with Angles and Time Difference of Arrival Measurements
[J]. Signal Processing, 2011, 27 (2): 230-235. (in
Chinese)

N. levanon Lowest GDOP in 2-D scenarios [ J]. IEEE
Proceedings-Radar, Sonar and Navigation, 2000, 147
(3) :149-155.

Cesare Apippi, Giovanni, Wireless Sensor Networks and
Radio Localization: a Metrological Analysis of the MIC2
received signal strength indicator [ C] //29th Annual IEEE
International Conference on Local Computer Networks
(LCN’ 04). Washington, DC, USA: Sanjay Jha,2004.
579-582.

BRAH. JCUE L [M]. Abat: [F B Toll i ittt , 2004 ;
165-174.

Hu lai Zhao. Passive Locating [ M]. Bei Jing: National
Defence Industrial Press,2004 :165-174. (in Chinese)
W. Heinzelman, A. Chandrakasan, H. Balakrishnan, An
application-specific protocol architecture for wireless mi-
crosensor networks [ J]. IEEE Transactions on Wireless
Communications, 2002,1(4) :660-670.

Y. T. Chan, K. C. Ho. A simple and efficient estimator for
hyperbolic location [ J]. IEEE Transactions on Signal
Processing, 1994 ,42(8) :1905-1915.

Lee, H. B. A Novel Procedure for Assessing the Accuracy
of Hyperbolic Multilateration Systems [ J]. IEEE Trans-

actions on Aerospace and Electronic systems, 1975, 11

[18]

[19]

(1).2-15.

Caffery J, Abel J. GDOP and the Cramcr-Rao Bound
[C] //in Proc. IEEE Position Location and Navigation
Symposium. Las Vegas, Nevada. 1994 ,663-668.

Jwo. D. J. and Lai. C. C. Neural Network-based GPS
GDOP Approximation and Classification [ J]. Internation-
al Journal of GPS solutions, 2007, 11(1) :51-60.
Lin-Chih Chu, Po-Hsuan Tseng, and Kai-Ten Feng.
GDOP-Assisted Location Estimation Algorithms in Wire-
less Location Systems [ C] //IEEE Global Telecommuni-
cations Conference. New Orleans, Louisiana. 2008. 1-5.
Kirzysztof Bronk, Jacek Stefanski, Bad Geometry Influ-
ence on Positioning Accuracy in Wireless Networks [ C ]
//The International Conference on “Computer as a Tool”
Warsaw ,2007 .9-12.

Broumandan. A., Lin. T., Nielsen. J., Lachapelle. G.
Practical Results of Hybrid AOA/TDOA Geo-Location Esti-
mation in CDMA Wireless Networks [ C] //IEEE 68th Ve-
hicular Technology Conference. Calgary, Canada,2008:1-5.
Catovic. A. and Sahinoglu. Z. The Cramer-Rao bounds of
hybrid TOA/RSS and TDOA/RSS location estimation
schemes [ J]. IEEE Communications Letters, 2004, 8
(11) :626-628.

Zhu Jijie. Calculation of geometric dilution of precision
[J]. IEEE Transactions on Aerospace and Electronic
Systems, 1992, 28(3) :893-895.

EEEN

4 Pp(1986-), 55, AL AE AR, F
FEJ5 1w« T A S I 45 14 TG TR E A 4

A E-mail ;Ixieu@ yahoo. cn

AL (1966-) , 5, ##2, A+ AT 5
A, WS 1) AR 5 AL B e A%

& (1978-) , 55, WL WF 5T 28, bF
FEIT 1] : RABFHA





