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Abstract

There are many error sources in GPS signal propagation because the signals do not propagate
in vacuum. The GPS observations should be preprocessed before they are used for positioning.
The cycle slip and outlier detection algorithms are tested in this study in RINEX level using
various linear combinations of the observables. The elbourne-Wubbena (M-W) linear combination
has an advantage of long wavelength with low noise, and the geometry—free and ionosphere-free
linear combinations are used as well to clean the measurements.

» Keywords : RINEX, Preprocessing, Linear Combination, Cycle slip

1. M &8

GNSSE o] &3 AAAS e Ael2EY e o #5345 24245 AA
Foza AFeg FIANL F don, olF fsiMe #5u APAF T T3l o=
gtetate] A= AAE HAo] AFH ek GPS #54& RINEX FFoll4 zhmo] A%
w5 Tl 9@ ofaE HAEstal, undifference AH& o] APAG e oA 54 & £

[e]
Ngosx 7 AFAFAA AZe) YARE H2ET Bart drk

2. RINEX X2 FA2| gy o Ha

T

RINEX #HeA ol AAel= FA7|ZHE 4] #ZFo] A5
(arc) G91= Fhotr, = B AH ol Al EAeA] ¥
ATh RINEX #HEeA o] A5 dAE s s EAZHARAAA &9 < IGS (Interna-
tional GNSS Service) FA|#S42 FHU(SUWN) 7|89 20099 9€9 299 (Day of Year:
272) AR E AFESAY. [29 1] HHB}.?_(PRN) H 24AZ TSol3E UEWH FAoZEA
20 epoch oW e] #-& ofaE A AsIAL 7} F7to] JJEHJ olaE TASESE 33

Melbourne-Wubbeana(M-W) A& 2% 71 3o vl 24 o] L1 =9 0.79)
ALEolunE Alo]lF &9 % ol #F7k AA 5 deol”He dAgdd w9 fF&3kA R ol&
e 9 gpddolE e AP AFdolnR I= dHolHY FHd dFS S 7 Ak M-W
MNPAT HAEE 7 olad + RMSE Z¥3F+= epoche] HlolH = A3}
ATt M-W A38432 53 Zo] 2dF 5 Aok

2 o]folA i o2

[e]

183



- flq§lf¢ B f2¢§1¢

flplkl—l_f?P;l

— k
= cN; + eg;

LE=
o fi— 1

= o — ] [e) o
(79 4= 2 948 M-W oba Zold2 hehdl Ao=M & ok 4% RMS/ 2
r & = fe) =] o 711 B B30 S L = O o)} 2= o
H, B3 BE Aol thaiA of=e] Azt & R Wt Ave AS & 5 vk
PRM 29: arc #3, std.dev. 076 cy
3 T T T T T T
0
251
25 —_— _ ozt
=
2C
m— O L
- g 15
e
2 1k
- =
T S
E 05
— E]
2
s of
0f :
E— £ 0.5
sl
—_— il
b ! ! . j A5 . . . . . .
L e RER =0 RE A e Je8s 2890 2698 2600 2605 2610 2615 2620
Epoch
[22 1] dASHol 7|ghek 2h 4 2o otz M4 2™ 2] M-W dEZBHES ot3)
PRMN 16 arc #2, std.dev. 0.41 cy PRM31: arc #1, std.dev. 0.36 cy
25 T T T T T T T T T 4 T T T T T T T T T
e R =l ]
= =
5 15 J =
5 S 2t :
o o
c c
2 1 1 2
5 ]
z z 1r ]
E osf E g
E] E]
a a
= =
= T 0 4
= ot - =
if R
osf i i
1 L L L L L L L L 2 L L L L L L L L L
2660 2700 2720 2740 2760 2760 2000 2820 2840 2660 2860 ] 50 100 180 200 250 300 350 400 450 SO0
Epoch Epoch
[23 3] M-w dgZds(sztdol ot3) [23 4] M-W dgdeHZ ot3)
PRI 26: arc #3, # epochs 0764, std.dev. 034 cy
ng . § § § § § § § 25 T T T T T T T
0&F O O 1 2k P A
n7h R =
b &
Q s
g - ,
Z 05t R E
= LS
= @
04 1 E 05+ 1
= 2
3 =
03 q Z
= ok o
=i
0z2r B
08k A
01r B
0 - . L L L . L .
h I 2100 2200 2300 2400 2600 2600 2700 2800 2900
arc Epoch
[ag 5] z ot2¥ M-W M&EZg RMS [2® 6] Outlier 2&

184

fitfa




Time diffarence of L, (Geometry-free)

L3-P3: PRM 28, arc #1, #epochs 0615, std.dev. 0.82 [m]
a0 T T T T T T T T 3 T T T T T T

aof 1 2t

0r B 1F

20F

Differences [mm]
=]
Differences [m]

20t 1 E

) L L L L L L L L 5 L L L L L L
1} o0 200 300 400 00 600 70D 800 900 700 800 200 1000 1100 1200 1300 1400
Epoch Epoch

[2B 7] Geometry—-free A&zt [22 8] lonosphere-free M&i& &t

[29 5] 7 ofad= M-W AP Ao RMSE HEd 3lozA 2 A

L5 cyclesg 7|22 3 ol=a z%xﬂe AAsAT. M-W A& AG o o3& z ofawz
AALE M-W A8 243 RMSEZRE EE epochell thalA M-W S ®Hlulslo] Alo]|& &
H A 7lE& Zdeks epoche] Zg-oll= outliers® -LPE‘ro}Oi o2 AAsATH I 6].
(29 7], [1¥ 8] 717 M-W 43 %Loﬂ o3 A8 F Geometry-free ¥ Ionosphere-
free A A3gS FAIS Aol

3. 2 E
RINEX @ldel el deld dAels 918 odd Addgel e AojFxd ¢ o

[e}
A5 AAE 9% PHe HAE ATk B3
ol

Zb A3 WS olgste HAE FAsA M-W A&
RMSe] 7|22 05 L5 cyclesg A 83l 21, Geometry—free 2 Ionosphere-free 432
e BxHoR o83t
2Alel 2
o] =2 2009d AR (ST Yo shastEgAte] X Y-S wol 4
P A Y HKRFEF-2009-0069542).
a =

Hofmann-Wellenhof, B., H. Lichtenegger and J. Collins (2004), GPS : Theory and
Practice (5thedn.), Springer-Verlag NewYork.

Hong, C.K. (2007), Efficient differntial code bias and ionosphere modeling and their
impact on the network-based GPS positioning, Ph.D. dissertation, The Ohio State
University.

Leick. A. (1995), GPS Satellite Surveying(3nd edn.), John Wiley & Sons Inc., Hoboken,
New Jersey.

185





