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W AT R AR BAG T, (HIF R 45 R L BTk ak
BEEARR . He IR TR ARG R TH
UMEE LB E BB AHT, HE R RMT 5
BMT 3 FAFR/DNR Z o, FELRAE T, B4
Ui 2 [ A U5 S5 BE (RSS) U B A FE 25 iy in 32
FEMRBEAE 3% B 5 RARN RO R T, SEBR BT
BEIRBUA E A UR LIS H S 2 TE K RaY, 21
REW T HIMEEMNFEE L R EFHE, ZaE
BRGEMMHRE,
itk , BT A IR 55 2k (BS) KB &Y

EEA GPS u] B A A UME 3% i RMTs X iz
BfF SR BMT 347 RSS FB| kA [E (time of
arrival, TOA) S¥ B IHHATA BT, B TFHME
B ZunitfT GPS A BN IR F kKB L inkt
RATEFE XA R B oK, SEPR IR R R E P

O BREM/BFEESE (61071075, 61101237) , HHEEALI(20112X03005-004-03 ) F1H i E AR 45 22 (2012Y)8022) BT BHH
® B,1987 A A BT RRE R REE AR, REMBE LA ;KR A E-mail; dinggenming@ gmail. com

(ks B #9:2011-12-16)

— 237 —



ROORE 2013 483 A 5523 % 3 8

BEEN A BB EITEMEE L, Bk
FEPFERBE N EME RMTs B —MRFEL
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v=[aBy] =[d & &l 4)
K; = xz + yz (5)
v 7E AR ARSH T, @ (3) #EATR g nT
PEUE— ) BMT 28 (=, y) BT,
&x =[x, y]", WA
x =A7 (6)
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& 3(b) ,BMT 5 RMT1 {JSEPrEEBAIGE R O ~ L,
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<1,¥%L, <L it,20/, <o, <1, HiL, a2

BRI R IR R
max(min(a,), min(e;)) <a, <1 (8)
max(min(e; ), min(a;)) <@, <1 (9)
max(min(e;), min(a;)) < a, <1 (10)

% T BS,NLOS T EFER 4 A T & :
(i) Iy > b Bt min(ey) = (L, = L)/, &N
min(a;) =20/ ;
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min(a;) =20/l
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F(v) =v'Mv + Nv +p (13)
D, D, 0O
,ﬁﬁnM:[o D, Dy|,N=ILD, D, D,J1,P =
D, 0 D,
Do BREUET :

D, = 4n(b’ +d2)(l1)4/ (kd)2§
D, =4n(a® +b +& +d =2ab -2cd) (1,)*/ (k)*;
D, = 4”(02 + Cz)(l3)4/(kd)2§
D, = —4n(b®* + d* - ab —cd)(ll)z(lz)z/(kd)z;
D, = -8n(a® +c* - ab —cd)(lz)z(l3)2/(kd)2;
Ds =-8n(ab +Cd)(l1)2(l3)2/(kd)2§
D, = (-8n(b* +d) (K, -K,) +8n(ab +cd) (K,
- K,) —2dS,(k,)* +2dS,(k,)*) (1,)"/(k,)*;
D, = 8n(¥* +&) (K, -K,) +8n(d® +&) (K, -K,)
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(aSy = bSy — ¢Sy +dSy) ) (1,)*/(ky)*;
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-K,)* -8n(ab +cd) (K, -K,) (K, -K,)
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Y,; k; = 4(ad - be) ;

Sy = —2( ZXi)/kd; Sy = —2( 2 Y,-)/kd§
i=1 i=1

Syy = zn, (Xi + Yi)o

BN B Ak B b BRI Aor B Al T PT A
v =(a,B,y) = argmvinF(v)

v s.t. (7) and (11)

RIE e B AR AR B B B e B 7 1 B
A (6) PAZEE BMT HysR (A B A HE

(14)

3 EALIREFEWRHMN

CRLB XS4l i1 Fr ik B M R AR IR 22 FR Y
—HEBAM TR, Bio, = (%, y)( =1,2,3)
43 #) % BS, RMTL #1 RMT2 #j K 52 A B 4 5
0 = (x, y) o BMT W E LA BANR, FEE MR
XM BER M S 8000 108 RMT1 . RMT2 P&
BMT g B8R 8, Hoih RMT1 & RMT2 fi BF R
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FRT GPS ELIEHE, S 0 = (6,, 65, 0)"
0'1", W% 0 iRz CRLB 2

70, = [017

E..i(d-0)6-0"1=]" (15)
BE
- & ,
J=E - inf(l,0)] (16)
He 1=[1,L, L] =1,2,3) 43% BMT

% BS.RMT1 J% RMT2 Ryl &5 Rl & MEERS , HAHE
Mz, = al; +bi1,0 f(1, 0) NEEENEEAE
B RSB E 2 T RE R B R, R X R A
f,0) =f116)0")
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Her 1 1, AR E R &, a.b KX R ITAT ]
BHETF, (') } BS.RMT1 . RMT2 K BMT /) fii B
RRBERMRLT, B A(6,) = 1,/6,) (i =2,3)
TRMISHE N 6;, TTEEA o BEETHAE, £(0) A
BMT [ 5e 507 A L3 , B A — W 8 M3 S0 40 fa B =R
., 7EFAE LOS 48 T , X F M 6, 3 6 i) TOA JUE
{8 I, BRM N(O, o) BImETafi, W BE RS IS 4
al, R N(O, a}o’) HIEETA, T TOA S50fH
3k B FR—#%3h%&5% BMT fil &, i1 o) = o,
i =1,2,3; T RSS FEEMIRAE [, HAARBHRFEER
AR5
P = Py — 10y;logiol,; + L; gaion (18)
HH, p, A BMT TN, p, K 6, 6 5% R RS
IJJ?%S v: MEREARFEIERL, L, so VDL T,
HRMISER 0, &R o) KR ET276 . 78 LOS 143%
T, BRABRESEHRA" By = y,,0, = 0,
i=1,2,3; WEENNZE, p, BAFTZ R, 3
W] Pa — 10y (logyeb; + logyl,;) IS ET A0 o
PR (17) AR (16) /[75

J=J,+Js +J, (19)
o,

T _ 0 ,

5 =B, e GC AN )}

R _ kS ,

Ji=Euf- e AR )}
5=E,{- o (@) ]
EE)‘Cﬁ[ll]RUS]_H%
J: = o’H'H (20)
Ji = ¢7H'H (21)

I 0]
0 0
Hi,H = VO ®d, @ 7 Kronecker F11'*1, V@

= iyi’iyi’i’i ’d = [d17 dz: d3]T,8
0%, 8y, 0%3 0y; 0% 3y

= (o,In10)/(10y) , MFEFE H A[RR N
H=[G U] (23)

JEFE G, U TRBRUT TRZIMAZE .

I = a7 (22)

{C(i,Zi -3) = (x -%,)/d, ;223
G(i,2i -2) = (y - y)/d, ’
{U(i,l) =-(x -%;)/d, i=123
U(i,2) =_(y_yi)/di

Hd = ]6-61%472"="+0", WA
j = [/\ GG+0' 1 AG'U

—ZUT —ZUTU
_ [ AT B] (24)
B C
B F A 3k48 BMT (4 CRLB 511320 .
F=[J"]=(C-B'A"B)" (25)

Ko [J '], BRBUEM T BIE 2 x2 FHEM, A
T BMT 53135 AR iR 22 {H RMSE i 1

RMSE y, = it | F] (26)
Hep, wiF} #a%EH F B,
4 FEMT

4.1 HERERSEIRE

RAPTR R, B R HAT T B E.
EPBREERT IR T, RFEu 4454 (0,0),
NX AR Them, 7ERE 0578 o5 V0 B N FEDLES 307 4
1000 PMEENL B H 3l 28 I BMT, EEA BMT H &%
H 200m PYFENLIERER B4 GPS EALTIRE A B
VERE 3o RMTs 4H i, Ad Hoc M 4%, AT BMT ®]
4T TOA F1 RSS 2H &,

3% NLOS &85 X 22BN, TOA W & 457
I, BRI R R

L= Loy + 1 noise + 1 11cs (27)
Hep b, A LOS TE‘J%?%HB‘I‘EH, L vise AEBERET
FEHLI RS, T £ K o, ﬁJ‘Eqﬁﬁ& o, 7 10m,
Lo = € X tyo, AAEMBEIRZE, ¢ ROGHE, £, IR
TER T IREI G o 7o NI TTIRESIESH R, 2 BE
BB IR BOE R RN AR &, HAE
y:]
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Tme = I1d"y (28)

d RWCRHLZ B EE RS , B kms T E AP,
FERTHXBYE 0.5; T, EBERY d = 1km &b 7, B9
KEBUE 0. 4ps; y RIBANFIEIRAEZ N o, HIXT
BUEBD R HIBEIER, o, BUE N 3dB,

7E NLOS f&4#%F ,RSS EEHEX(18) T K
H NLOS T B HiFE18 4L v BUE 5, IR s AnE =
o, BUH 8dB,
4.2 HFEMEEHEXR

R B E ALK B, X T8 —> BMT 34T
100 Zi’u‘iﬁ%ﬂ%’rl‘%ﬁﬁﬁ*ﬁﬁ% RMSEBMT :

II]_I - - a ;- a
[ Ty Ly DU
-\l ‘ml j s 2 - -Jl‘ -

RMSE,,, =
{207

o (=, 5) 2 BMT 47 (x,x) B8 § WAGTHE.

LR hET B ENR ST AR RRER R
SRR DA . ES. L TR SEL R
o, BH 10m FILF, B 4 Hit-a8 T %% TOA E
fit B 5 28 {7 B 3 385 3% ( linear lines of position,
LLOP) "' LA B A S i i ERSA B 0 BT
TOA Ji& (ERSA, ) FIfIE R & (ERSAp,., ) BYSE
iR 2 B4 16 #2 ( cumulative distribution func-
tion, CDF) , [ i} 45} T AL iR Z ) CRLB T &,
ME 4 ATLLE i, 7E NLOS /#8554 T ,ERSA ¥k
BB B HI NLOS 1R2: , B ADIE B L T 1548 9 LLOP
Bk, B R AEER& AR5, ERSA EADG R L
#H—P R &R E N IR 2 CRLB T4,

| —— =P b by
0.0 F/ N = -]
1
; 03 ! /E}/XA
= | - a0
207- 1 A Y 1
- ! e /~ E/Z
g 06 | P o 1
- 1 ¥ . j-
fos-y ¢ 7
=9 | i K
i 04 II 7 C o
ozl S 4 S
= | i E —fp— CR.E
Hoz F Ea Eish,
N s ex
WL vl
0 : : -
i¥ 56 107 [50 20

HHEREE RMSEm)

B4 FREZEMRERNMESHIEELE

A WSS UMERE AL 3% % RMT f GPS

SE (NG BEXT R E (1A% 3 K i BMT Y2 ema, | 5

T AR GPS EAREE T Efiix2 CRLB 1A
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LETHARRI-E K ERSA BIEHE MR, WS
A5, 7E GPS EALIRZE B Sm. 10m LA 15m B,
CRLB TS BE%E GPS %E LG BE AR i T P, 4R T
ETHIERI G #) ERSA S35 M RESZ GPS Ak
BERIRMATR/IN . X B DR TERE AL 78 3 & 3 BMT )
fir B AR B AR R ULV B 47 R TR 3RAR Y,
MRLEEREERESERNERERXIRE
*,HHE BT S 5 EEAM K RMTs 2 B1fF
B EALNE BE BRI , T GEA8 58 6% GPS BN
BAABERNEENE.

1— /ﬁ_—v_ = 5 !
-~ [
% naf I| 'I.j. 1
= nTp ! & 1
#g |0
#E 06 -I N £
= h a
§ 05T I,'I' ;‘g’ caLs,
== I ry
; R T —aCELE,
Hopally § —a— oA,
F.i{ 0.3 ||.' éi'\ _&_Eﬂil.i:;usmls
% 0.2 ]' F —iz— B84 Fus o
n1 i"; ——4——EW&Fusonn, |
f¥T L S
] S0 100 150 200
RMSE{m)

5 GPS EAREEXN TN RE

RGN 2.2 TPk, UMEB 3 & GPS s
BERFEEPTAMMENEEEZHHER, #1HH
TTESE GPS M T BIEHATHIE N2 LR AY
SR, FEE GPS EAEE RS, BIEPITH
BB, it — PR T AL AT SR

F1 CPEREHEZHARTHEMR
GPSHEEF {m) 10 25 40 55 70 85 100
EfrEEER S 0.6 1.9 3.7 5.9 6.8 7.8 8.4

mnt, WA (24 W LLE Y, B E S aE A E
ERLETOANESH o, KRS ESH o,
o, FERGhTHREEF TSN EEE, 555
W WL, M o, REBFRRRTHAR, Bt
E 6 AT T BT o, 3T E T %S 0 ERSA
BRI, MWE 6 WA, CRIB FRERT
TOA #1 RSS M B2 H A BARR &, HZ RN K
ZEALFY B, L ek B 6 R RS ORI AT 4, A
RELPEE o, MB/NTRE . 7 o, = 3,6,12dB B,
ERSA 53k 3R B B AL KE BE /N T 50m B A A3
85% ,70% ,45% ; T &A1 %E BE/NT 150m A g 4 3¢
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4 100% ,95% #1 90% , B T 348 B4 /) ERSA
BLHEE o, WEETEREE RN EMBE, 8
T CRLB &, XZEN o, #/Not,RSS W EH
B RE

—=—CRL3,
s

—=—CRLE,

SRL3
- EF‘ﬁﬁ{me:j _

FENFAR T RBLOH AT (CDE)

- & =RSAFus o

- — ZREAFusol,

i st 10 150 200
BT AR E RVSEm)

BEl6 tEBAENEAERERR T
5 4
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A Mobile terminal assisted cooperative positioning algorithm
for heterogeneous wireless networks

Ding Genming, Tan Zhenhui, Zhang Jinbao, Zhang Ziqi
(Institute of Broadband Wireless Mobile Communications, Beijing Jiaotong University, Beijing 100044 )
(State Key Laboratory of Rail Traffic Control and Safety, Beijing Jiaotong University, Beijing 100044 )
Abstract

In order to eliminate the positioning error caused by non-line-of-sight propagation, this paper presents a coop-
erative localization algorithm based on fusion of multi-source information for heterogeneous wireless networks consis-
ting of cellular networks, GPS and Ad Hoc networks. The algorithm firstly measures the time of arrival and the re-
ceived signal strength of the links from the mobile terminals (MTs) to be located to the base stations as well as to
the cooperative MTs equipped with GPS receivers. Then the final positions of those MTs to be located are obtained
by utilizing a data fusion method and the proposed extended range scaling algorithm. The simulation results show
that the proposed cooperative localization algorithm can obtain the higher position accuracy and stability compared
with traditional algorithms. Furthermore, the method could approach the calculated theoretical Cramer-Rao lower
bound.

Key words: heterogeneous wireless network, data fusion, cooperative localization, non-line-of-sight

(NLOS), Cramer-Rao lower bound ( CRLB)
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