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16 0.11 0.59 0.36 2.37 0.11 0.59 0.36 2.37 0.41 0.10 1.62 1.34

R E £ 45 S MR 22 20 Ml AR

1) 2R FH A 57 22 (R A9 2 A3z 7 12 1 - T 7 119]
(4 fe KE LR 2239 /N T 1 m, MIAE = J7 18] (19 7€ 37
BRZEANN B 2E X ER O T A O T AR 4 A
TEFZMHL R LAY b7, PR 1k 2% 38 i £ 2 07 1) b
O RE LR 22 K, W T3 A SE VL 19 7 5t R
TE 1 2 1 T 58 A B AT LA 25 B I e AR E R 4
[ I o (R (S ISk O AL VA2 o BT
ANTRRCEE B A 45 31 5w A F 1 R

2)THEE I R DT Y e R R 25 ANl 57
ZRAGOLAE 2°LL N DLW A K 2 05 67 A1 A5 S R
SRR IS BT . R T AT
T LA KB = A R R 28 B SRR T S B
NI . A BEAT e/ R OT OR R, 2 ik
AT ORI g, R i AR 22, i TR
VLT AR 1 B A SRR B 2" AN
61 DN A R L DR A S B v S e R LT
A A R R A R A T R T A, T LA
F BEARCR i R S A M

30 FE T A8 X3 B 3 8 T SE 2 A%
R T AR T 5 7 X 30 % 1) 0 A A 2 L 2
RARXS R I AT DU R A rh ol DU AT B4
(1 O TL R JLART 254 L 36F 102 35 58 /1N (9 DOP | 11 3
S X300 O TR LA 4544 748 22 . DOP i 2 B i 3

Ko HE—HWEEE 2 /T LLF K I7 16 B E
WEHREHMNAMBEAEEV LR, RET
PR 0 IR B AR K EL AT T « L B4
WGBS e 7 1] 14 5 60 B AR 5 o I 5 0L R 2k 1 2k
L5 ) b 14 8 ARG B AR s R & T 6 R 90°,
HRE W RLEL T y W47 .78 y J5 i EREW
T8 B A X 0 R ARG S AR 2 ) B A
WESAHRWEK, FEMELhTEGRT
F S 25 SRt A 2 U 5 . X Rl B 52 0T L R
AR P RAR S T AR ELL W
AN R A7 K 30 (0 55 190 282 A A DU 2 (L 19 B
BEAR T 2 AP PR 5 AT TR 4% 2k
J7 1) B o AN IR S A1 3K 30 O TR A 5 19 2] I AR A
DN A B 1 22 00 ke 17 O v ) 8 I A o7
WA PR

4 KMBBELERHH

FE SIS L SR Y 5 38R O 102 %
SR GSG-L1, & ml LU A 5 & 46 1) 5 01 i
SCFC/A RS L1 A5 B gkl . O T B 19 & 3 K2k
VERE T 2R A 1 42 1a) K2R, v] DL SRR K I
Tl . USRP J& & F 9 51 T8 2 v i) B 14 5
5l R LA IE AR AT LU AR 4 R A S



43 B 10

T ERAFS  AEA K 50 v 9l B4 S DR 4 A 1 42
WCHIL A S A0 s g . PR B85 DBSRX Y F A 8
ML AE USRP o, 7] LU 3K 800 MHz £ 2.4 GHz
A5 5 . BB U5 58 K bl AR B TAE#E L1 39 B i £
TEAES. Ptk DBSRX 7t 36 H A — 4~ &
P PRAIE T AN R 2t A B 1 e TR A, PR
PR KRB T H MG - K2k, USRP ¥4k
PR 0 B AT ROl Sl ik USB 422 1A% 56 31
TR TR OGE T R LR
S Hb X P A S EAT AL, O RINEX
6 X P BB S 5 28 D R A 0 A 0 R Ry
10 Hz,

I AE — ] /AL 10 m X7 m By 5 a) N
7.5 With AR R AT e TR T, aniEl 3 Jir
e RESR A T ST AR AR AR R LS Pith A
T LR A B TG SR A b AN AT TR B L =
ArApbr L 1,

K3 PhDRREAMmE

Fig.3 Distribution of Pseudolite Antennas

XK LR PR R T B A 4 AT L Ik A S
LR 28 TLART F Oy P A% X6 o o B 2% [R) 1 1 28 [
90.095 m., KR E N 0.2 m, KL H A
5o DCM260 1 HLF % #5005 45 2, H 57 07 /1 1Y)
PRARIN ARG B A 0.8°, 7E AR AT Ab , BUR 2R
BN a2 T 60 AN s BB L SR 7
RS 214 8 I M A6 2 8 7 o7 J 3 F 50 1 XUR 4R UL
] rraCs (4 - T AR AR

SENTZEFN R 4 TR, O TR 07 B 2R 7
Pegeom o4 At o5 i 9 0o 8 PR 8 1Y a5k R
AN TAE 4 AN A 8 A D7 0 Y i 6 245 5 40 i
AN e TSN DN P

A AR S 2 J7 Ry 5 ] 1 L 45 2R 5
TP 3. MR 3 RIS Iy ) ) - 35 7 iR
AT DR IRTE 0.35 m LAY, T 8 K9 & o 15
Z0 IR 1 m A4, X 505 B AT 2 1) 45 1
BEA— 0, TR TR 2R A A 22 1 P TR E
P E AT AT

53 WY 5 — b ) 28 gl A oz 25 (10 O T S 6 T 1R 1449
3
21 B
1
g’ 1
=
N 3&
4
_3 - ~.
4

43 21 0 1 2 3 4 5 6

x/m

4 4 AT R B E L B AR

Fig.4 Positioning Results for Four Test Points

R3 4NN ERLERSE

Tab.3  Statistical Positioning Results for Four Test Points
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i {5, x/m y/m x/m y/m
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% 0.21 0.35 0.47 1.48
2 0.11 0.20 0.33 1.02
#H 0.23 0.22 1.33 0.39
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A Pseudolite Positioning Approach Utilizing Carrier Phase Difference

XU Yaming'? SUN Fuyu' ZHANG Peng'? WANG Jinling®
1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China
2 Key Laboratory of Precise Engineering and Industry Surveying, NASG, Wuhan 430079, China
3 School of Civil and Environmental Engineering, University of New South Wales (UNSW), Sydney, Australia

Abstract; GNSS receiver could not be used in indoor environments. This paper proposes a novel pseud-
olite positioning approach utilizing carrier phase difference measurements, which can achieve sub-me-
ter accuracy without the support of a base station, and without the need of synchronization between
pseudolites. In addition, in the proposed approach, the integer ambiguity resolution is unnecessary as
well. This research builds up system model for pseudolite positioning and proposes basic principle for
this positioning method utilizing carrier phase difference measurements. First, two sets of carrier
phase measurements output from a dual-antenna receiver are differentiated in order to cancel out the
common errors. Then a non-linear least square adjustment method is used to solve spatial coordinates
of center point of the dual-antenna iteratively. Simulation results and experiment outputs from a dual-
antenna software receiver verified the feasibility of this approach. This pseudolite positioning approach
can be regarded as an effective complement of existing indoor positioning techniques.
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