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Abstract:  In the localization service of two dimensional space, reference nodes optimizing selection theorem in two dimerr
sional space is proposed on the basis of analyzing the location error areas. The theorem of refeence nodes optimizing selection indr
cates that purposive selection of reference nodes will minimize the location error in the process of indoor localization. M eanwhile this
theorem builds up theoretical foundation for the layout and selection of reference nodes in indoor environment. Based on this, refer
ence nodes optimization selection algorithm( RNOS A Igorithm) is proposed by improving the traditional polygon positioning algo
rithm. This algorithm is based on the relationship between the position of reference nodes and the position of unknown node. By se-
lecting optimum reference nodes in the process of calculating the unknown nodes position, the more accurate location information
can be obtained. The simulation results indicate that the location reference node optimization selection( RNOS) algorithm can meet
the requirement of pervasive terminal s real time localization and possesses the preferable localization precision.

Key words:  pervasive computing; location error; location refrence node; optimizing selection; reference node optimization se-

lection algorithm

1 2
NLOS
[1] [2]
(EKF)3 . NLOS
NLOS ’
LOS ;
NIOS ; 2
[4 6]
[7-9]

: 2007 08 08; : 2008 10- 27

(;No. 69873007); B8S ( No.-985-2 ES-K01) ; (No. 2008212)



2 383
. 1 Sx)+ (1= Nf(x)) . f(x) S
(0xe & 0). .
ro, (r,rte) 1 SER"
. G f(%), S S(x) 20, f(x)
: S (x)>0 f(x)
/10].
2 S f
(x), m X X2y =05 Xy f(i(xlvxb tty
1
%)) So(f(x)+ f(x2)+ ot flx,)) o f(x)
, X1= X2= = Xp
.
3 f SER"
Bl RRrRER A min/ (xe) } (4)
s.t. x €C
P (x7 y):
Pi (xivyi)ﬂ(iz 172’3)7 5 ’
: . (4
Co= {2y (3= 5%+ (y= 72 (it 8)2 1 P(x )
‘ () 60°
(v= )+ (= v 2r- §)) (1 | pia )
C,=4 (v, y)lx Gﬁ Cp,,yEf]Cp} (2) 60
$,={(x, y)13% = & & 0 (3) :
_ 3 , (1) A
(2) g_ 0 H iOlCP[ ’ §> 0 , S(Cvp) 12 ,
s }_ﬁ]lCPl C;m 1 . Bla BQ) BS)
,Sp  Cp € B, Bs B B= B, B= B, B= B, ,
, 5~ S(C,)= 2€(tanB+ tanBs+ tanbs) (5)
10cm, ) Bl, Bz, Bs, 547 Bs, Be ) B1+ B2+ B3
’ + B Ba B=T B Ba B
2 2 §
- ei= 123 , (tanx) "= 2tanx (1+ tanx ) 20, 0<x <
PP (3) S 7 2
Sp , , |
1 e , S((NZI,)z 6e? ?(tan[3|+ tanB,+ tanBy)
, c. . B+ B+ B
" S6et I (6)
1 S €ER", B+ B+ B= 30° (6) s
x €S «x,ES, A P(x,y)
[0,1] . M+ (1= N €S, S 60 S(G,) .
2 x, €S, x, €S, ]
A [0.1] o f( X+ (1= M) S S(C,)= 2,3¢ (7)



384 2009
2 S(G) : 3 T i Trw — Tay
. B+ By B=30 ,5(C,) . L;
P(x, y) (4) N .
0 ,S(C,) L2 12— §2
> ! }\) C?V ’ Cosai,j: ﬁllllj_l
[66- A <60+ N .
; 1 (5) [60°- A S0P+ N
3 ’ [Hb HQ) } .
(6) ’ Havg:
[12, 13/’
3.1 ( TPP) 4
; ’ (1)
(1) , :(2) ;(3)
{ID5 Txerd’ (aﬁ b)} ’ D
5 Tsmd ’ (a7 b)
(2) , .
Tsenl Trwe ?
de/j“ 1 ’
omn
' 3 : (7)
(3) N .
cy , . N
(4) , S(C,)=2[3¢
{Ly, L, ). : .
(5) . Liug: E[S(C,)].
L(ng s (7)
, E[S(C,)]= 2€E[tanB+ tanB,+ tanBy/
’ , B, B, B
T
xX,Y¥, 2, X, Y, 2 x+ y+ zZ= E,
3.2 (RNOS) . o
E[S(C,)]= 2€E[tanx + tany + wi( x+ y)] (8)
X,y D , D=
" [(vy)las Qys 0,5+ y< 2
X, x , X =5/ X,
. y y ¥y< 3 y
S 1 %) fey=S (9,
(2) ; E[S(C,)]= 2€E[tanx + tany+ cot( x+ y)]
(ID, Ty (a,b)). ,ID , o
(- (ab) = [E]Ilz] e (9)
(3) i (7). - .(9)



385
PAL ,
6 3 : , RNOS
2 2 VIVPP
. B
(254]112} e-2/3¢ 52
B= =34. 9% .
) Webit5.
{ 254]“2J & ebit5. 0
RNOS
, 1 TPP ,
: 34.9% ,
s 3
5 800
--=+-- TPP algorithm
—e— RNOS algorithm )
, 600F ¥
» (1) MAT- E K
LAB7.0 , £ P
o 400 .
:(2)  Webits. 0 , 8 .l e
,Weth 0 ."',o-"
¥
” 8 0 — * L 1 1 1 L I
3 4 5 6 7 8 9 10 11 12
AVR Atmegal 28 D The number of refernce nodes/n
Webit0S5. 0, TCP/ IP W3 S5 [ B0H AR SE AL 18]
s 3 s s
5.1 ,  RNOS
M atlab (RNOS)
(TPP) ,
, 2 53
19 --+-- TPP algorithm 5 actual track g
7l > —e— RNOS algorithm —+—RNOS track s
§ E 4| -v-TPPtrack .«
Ssf\ K B
& % g 2
E 13f b s 3F
£ * g
£ 1; * 3 o} 7
‘e - ~*‘ o
e T S L
4-..+_“*u - %
5 1| —e—e A : L S L 1 L
34 5 6 7 8 9 10 11 12 13 14 15 16 1 2 3 4 5 6 7
The number of refernce nodes/n The length of room/m
B2 ARS% ¥ H THMAEERELRE LR B4 PR BT B R H A
2 , ,
) , Malab
, 7 15. Om % 15. Om R 21 1
-RNOS , . 4m/ s.
b 2 1 2
) . 4
TPP ) ,
: , ( SRNOS) (TPP)



386

2009

[ 1] Hickman G, Krolik J. Multipath delay estimation using the
magnitude specrum [ A]. 2005 IEEE/ SP 13th Workshop on
Statistical Signal Processing| C]. Bordeaux, France, 2006. ( 1) :
615- 620.

[ 2] Song I, Lee].Lead squares based timing acquisition and track
ing for closly spaced multipath in DS CDMA [ J]. IEICE
Transactions on Communi cations, 2006, E89 B(3): 959- 962.

[ 3] Lakhzouri A, Lohan E S, Hamila R. Solving closely spaced
multipaths via extended Kalman fiker in WCDM A downlink
receivers| A | . Sth European Personal Mobile Communications
Conference 2003 C] . Glasgow, UK, 2003. 271- 275.

[ 4] Feng K T, Chen C L, Chen C H. GALE: an enhanced geome

try assised location estimation algorithm for NLOS envirorr

ments| J|. IEEE Transactions on Mobile Computing, 2008, 7

(2): 199- 213.

Chang R, Lu S W, Zhang J. TOA data process method for inr

proving the position location accuracy in NLOS envionment

[5

—

[J].Jouwnal of Beijing University of A eronautics and A sronar
tics, 2000, 32(8) : 946— 949.

[ 6] Wang W, Huang J Y, Wan Q, et al. Location of mobile termr
nals based on LS SVM w ith survey points in NLOS envirorr
ment| A ]. 9th International Conference on T elecommunica
tions, ConTEL 2007[ C]. Z agreb, Croatia, 2007. 307- 310.

[ 71 Reyero L, Delisle Y. Always best located, a pervasive positiorr
ing system| A].2007 2nd International Symposium on Wireless

Pervasive Computing| C] , San Juan, United States, 2007, 572
576.

[ 8] Doherty L. Algorithms for position and data recovery in wire-
less sensor networks| D|. UC Berkeley, 2000.

[9] lzquierdo F, Ciurana M, Barcelo F, et al. Performance evalua
tion of a TOA-based trilateration method to locate terminals in
WLANJ[ A]. Intemational Symposium on Wireless Pervasive
Computing 2006[ C], Phuket, Thailand, 2006, 2: 1- 6.

[10] . [M].

,2003.
[11] . [M].
, 2003.
[12] Hitt L R,Zhang X M. Dynamics Geometry of Polygons|J].
Elem Math, 2001, 56(1) : 21- 37.
[13] Ulman J, Gerantiotis E. Motion detection using TDOA and

FDOA measurement[ J] . Aerospace and Electronic Systems,
IEEE Transactions on, 2001, 37(2) : 759- 764

, 1968 R

" E mail: hy03@126. com.

,1959 s

Intemet

, 1966 , ,

, 1966 s ,
Intemet,



