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GPS/Galileo Long Baseline Computation Performance

Analyses

Chu, Feng-Yu' Yang, Ming! Chen, He-Chin? Liu, Jeng-Lun?
1. Department of Geomatics National Cheng Kung University, Tainan, Taiwan

2. National Land Surveying and mapping Center, MOI, Taiwan
1 e-mail: P6894103@mail.ncku.edu.tw

Abstract : This study examines a GPS/Galileo unified approach to process the mutually compatible GPS and Galileo
multi-frequency observables for high-precision long baseline determination. The proposed approach not only has the
flexibility to deal with single-system (GPS or Galileo) or dual-system (GPS/Galileo) constellations, but also has the
capability to handle dual-frequency and triple-frequency measurements. For verification, we first compare the unified
approach with Bernese v5.0 software on one 2243-km test baseline. The test baseline is composed of 7-day actual
observations collected at continuous GPS tracking stations located in East Asia. The proposed approach and Bernese
software have produced highly compatible computational results that have successfully achieved several parts per
billion (ppb) long-range relative positioning accuracy. In order to analyze the efficiency and accuracy of future
GPS/Galileo long baseline determination, we also apply the unified approach to simulated GPS/Galileo multi-frequency
observations and obtain the following conclusions that (1) the triple-frequency ambiguity resolution is more stable than
the dual-frequency when the code noise is bad, (2) the fast long-baseline ambiguity resolution with an occupation
within 30 minutes can become a reality provided that the environmental multipath effects are not too severe, and (3)
future positioning accuracy of daily data processing at continuous tracking stations can be further improved .

Keywords: Global Positioning System, Galileo, Baseline Computation, Performance Analyses, Ambiguity Resolutions
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Components dx(+m) dy(+m) dz(xm) dx(+m) dy(+m) dz(xm)
2007/07/01 -909107.915 -1672934.588 1185066.630 -909107.913 -1672934.586 1185066.630
2007/07/02 -909107.919 -1672934.586 1185066.620 -909107.921 -1672934.581 1185066.626
2007/07/03 -909107.906 -1672934.594 1185066.623 -909107.913 -1672934.588 1185066.632
2007/07/04 -909107.923  -1672934.579 1185066.628 -909107.922 -1672934.580 1185066.630
2007/07/05 -909107.902 -1672934.595 1185066.634 -909107.890 -1672934.579 1185066.630
2007/07/06 -909107.882 -1672934.601 1185066.616 -909107.901 -1672934.580 1185066.637
2007/07/07 -909107.904 -1672934.591 1185066.625 -909107.906 -1672934.604 1185066.626
Mean -909107.907  -1672934.591 1185066.625 -909107.909 -1672934.585 1185066.630
STD +0.014 +0.007 +0.006 +0.011 +0.009 +0.004
%6 F[N (™ GPS I'| » Galileo g E fEeysH
Constellation Num. of satellite Num. of plane Inclination  Orbit height(km)  Frequency(MHz)
Modernized L1:1575.42
GPSZ 28 55 20200 L2:1227.60
L5:1176.45
E1:1575.42
Galileo 30 56 24000 E5b:1207.14
E5a:1176.45
L EREL
Noise Rec. Ion. delay Trop. delay Multipath Orbit GGTO
clock
random + 300(m) Klobuchar Modified First-order +0.1(m) 30 (ns)
generation Model(Klobuchar, Hopfield Low-pass
1987) Model(Goad and  Butterworth Filter

Goodman, 1974)

(GPSoft, 2003)
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Multipath effects L1/L2 E1/E5b L1/L2/ L1/L2/L5 E1/E5b/E5a L1/L2/L5/
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Casel 0% 0% 2% 100% 100% 100%
Case2 0% 0% 0% 44% 60% 81%
Case3 0% 0% 0% 17% 31% 63%
e 9 A FEZ Iyt R
Scenarios COIElipr?lI)lent Dayl Day2 Day3 Day4 Day5 Day6 Day7 3D RMS
AX 0.008 0.006 0.008 0.010 0.001 0.020 0.003
L1/L2 Ay -0.021 -0.006  -0.003 -0.002 0.009 -0.013 -0.004  +0.017
YAV -0.015 -0.008 -0.002 -0.007 0.003 -0.013 -0.004
AX 0.012 0.001 0.003 -0.007 -0.020 -0.004 0.004
E1/E5b Ay -0.004 -0.007 0.009 0.002 0.012 0.014  -0.009 +0.017
Az -0.006 -0.004 0.008 0.004 0.015 0.009 -0.005
AX 0.010 0.008 0.001 -0.001 -0.003 0.006 0.005
1{511//11552{) Ay -0.009 -0.007 0.005 0.000 0.003 0.001 -0.006 +0.010
Az -0.009 -0.008 0.005 0.001 0.002 -0.001 -0.004
AX 0.014 0.004 0.013 0.011 -0.003 0.015 0.003
L1/L2/L5 Ay -0.019 -0.003 -0.003 -0.007 0.010 -0.003 -0.008  +0.016
Az -0.015 -0.005 -0.005 -0.007 0.004 -0.008 -0.005
AX 0.007 -0.001 0.000 -0.008 -0.017 -0.007 0.003
Elél;:jb/ Ay 0.001 -0.006 0.007 0.005 0.010 0.023 -0.001 +0.017
YAV -0.003 -0.002 0.007 0.005 0.014 0.015 -0.003
L1/L2/LS/ X 0.009 0.004  0.005 -0.001 -0.006  0.001  0.004
E1/ESb/ Ay -0.005 -0.005 0.004 0.001 0.007 0.010 -0.004 +0.010
E>a Nz -0.007  -0.005  0.003  0.002  0.005 0004 -0.004
EF v King, R. W., 1996, GPS Meteorology: Direct

[1]

Beutler, G., Bock, H., Dach, R., Fridez, P., Gade,
A., Hugentobler, U., Jaggi, A., Meindl, M.,
Mervart, L., Prange, L., Schaer, S., Springer, T.,
Urschl, C., and Walser, P., 2007, Bernese GPS
Software Version 5.0, Astronomical Institute,
University of Bern.

Seeber, G., 2003, Satellite Geodesy 2nd Edition,
New York, Walter de Gruyter.

Brockmann, E., 1996, Combination of solutions for
geodetic and geodynamic applications of the
Global Positioning System (GPS), Ph. D.
dissertation,  Astronomical Institute, Bern,
Switzerland.

Duan, J., Bevis, M., Fang, P., Bock, Y., Chiswell,
S., Businger, S., Rocken, C., Solheim, F., Hove, T.
v., Ware, R., McClusky, S., Herring, T. A., and

47

Estimation of the Absolute Value of Precipitable
Water, Journal of Applied Meteorology, vol. 35, no.
6, pp. 830-838.

Feng, Y., 2008, GNSS three carrier ambiguity
resilution using ionosphere-reduced virtual signals

, Journal of Geodesy (Online first).

Goad, C. C., and Remondi, B. W., 1984, Initial
relative positioning results using the global
positioning system, Bull. Geod., vol. 58, pp.
193-210.

GPSoft, 2003, Satellite navigation yoolbox 3.0,
Athens, Ohio, GPSoft LLC.

Han, S., and Rizos, C., 1999, The Impact of Two
Additional Civilian GPS  Frequencies on



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Ambiguity Resolution Strategies, Proc. 55th
National Meeting U.S. Institute of Navigation,
“Navigational Technology for the 21st Century” ,
Cambridge, Massachusetts, pp. 315-321.
Hatch, R., Jung, J., Enge, P., and Pervan, B., 2000,
Civilian GPS: The Benefits of Three Frequencies,
GPS Solutions, vol. 3, no. 4, pp. 1-9.
Hein, G W., Godet, J. I, Jean-Luc, M.,
Jean-Christophe, E., Philippe, L., Rafael, K., and
Pratt, T., 2003, galileo frequency & signal design,
GPS World, vol. 14, no. 6, pp. 30-37.
Hofmann-Wellenhof, B., Lichtenegger, H., and
Wasle, E., 2008, GNSS-Global Navigation Satellite
Systems, Austria, Springer-Verlag Wien.
Ji, S., Chen, W., Zhao, C., Ding, X., and Chen, Y.,
2007, Single epoch ambiguity resolution for
Galileo with the CAR and LAMBDA methods,
GPS Solutions, vol. 11, no. 4, pp. 259-268.
Jung, J., Enge, P, and Pervan, B., 2000,
Optimization of Cascade Integer Resolution with
Three Civil GPS Frequencies, Proc. ION
GPS-2000, Salt Lake, USA, pp. 2191-2201.
Julien, O., Alves, P., Cannon, M. E., and Zhang, W.,
2003, A Tightly Coupled GPS/Galileo
Combination for Improved Ambiguity Resolution,
Proc. ENC-GNSS 2003, Graz, Astria, CDROM, 14
pages.
Leick, A., 1995, GPS satellite surveying 2nd,
United of States, John Willey & Sons
McCarthy, D. D., and Petit, G, 2003, IERS
Conventions, IERS Technical Note, No. 32, IERS
Conventions Centre.
Moudrak, A., Konovaltsev, A., Furthner, J.,
Hornbostel, A., and Hammesfahr, J., 2004, GPS
Galileo Time Offset: How it Affects Positioning
Accuracy and How to Cope with It, Proc. ION
GNSS-04, Long Beach, CA, pp. 660-669.
Odijk, D., Teunissen, P. J. G., and Tiberius, C. C. J.
M., 2002, Triple-Frequency lonosphere-Free Phase
Combinations for Ambiguity Resolution, Proc.
ENC-GNSS 2002, Copenhagen, Denmark, pp.
27-30.

48

[10]

[11]

[21]

[22]

[23]

[24]

[26]

[27]

(28]

Hein, G. W., 2000, From GPS and GLONASS via
EGNOS to Galileo - positioning and navigation in
the third millennium, GPS Solutions, vol. 3, no. 4,
pp. 39-47.

Kleusberg, A., and Teunissen, P. J. G,, 1996, GPS
for Geodesy, Germany, Springer-Verlag.

Odijk, D., 2003, Ionosphere-Free Phase
Combinations for Modernized GPS, Journal of
Surveying Engineering, vol. 129, no. 4, pp.
165-173.

O'Donnell, M., Watson, T., Fisher, J., Simpson, S.,
Brodin, G, Bryant, E., and Walsh, D., 2003,
Galileo Performance, GPS World, vol. 14, no. 6, pp.
38-44.

Rothacher, M., Springer, T. A., Schaer, S., and
Beutler, G, 1997, Strategies for Regional GPS
Networks, Proc. IAG General Assembly, Rio.
Tiberius, C., Pany, T., Eissfeller, B., Joosten, P.,
and Verhagen, S., 2002, 0.99999999 confidence
ambiguity resolution with GPS and Galileo, GPS
Solutions, vol. 6, no. 1, pp. 96-99.

Teunissen, P. J. G, Joosten, P., and Jonkman, N. F.,
1999, Evaluation of Long Range GNSS Ambiguity
Resolution, Proc. 8th European CGSIC Meeting,
Prague, Czech Republic, pp. 171-177.

Teunissen, P., Joosten, P., and Tiberius, C., 2002, A
Comparison of TCAR , CIR and LAMBDA GNSS
Ambiguity Resolution, Proc. ION GPS 2002,
Portland, OR, pp. 24-27.

Verhagen, S., 2002, Performance Analysis of GPS,
Galileo and Integrated GPS-Galileo, Proc. ION
GPS 2002, Portland, OR, pp. 24-27.

Verhagen, S., and Joosten, P., 2003, Algorithms for
design computations for integrated GPS - Galileo,
Proc. GNSS 2003, Graz, Austria.

Vollath, U., Birnbach, S., and Landau, H., 1998,
Analysis of Three-Carrier Ambiguity Resolution
(TCAR) Technique for Precise Relative
Positioning in GNSS-2, Proc. ION GPS-98,
Nashville, USA, pp. 417-426.



iR @ 4ot RIS BEE T (5

B R A 2 FER S BT 4 > FUR RS R {R AR B AE F E aRE
PRUESHTENR I 5 S IR SR 5

AR T2 T3 0 B 4 BT IR IE AR o SR
RS2 511 2

Fodfte > T £ 20 SAFYAR 3 > GPS R B od A BUEFHIR A IORy 2> 7 SRl
DY A

FPOp - WHAE2 > 59030 FIRE A > GPS M AT hAME USR] o PRt > 5 e
i (i P e

Pl BRFI2 0 R B 3 JeS 40 FLT Kriging Tk iRl BT R R R B
@%k%ii%ﬁ”éﬁ*%#ﬁ

iREL » Kou > Yanhong2 » Simulation and assessment of GPS signal quality degradation caused by satellite
hardware failures » 4™ iffc 2~ S0 p= G T ST

(S o TR 20 — FEFY AR ARG O A AR TR 3k RS Ty
A v

IR G 2 BIETS 3 AT ﬁ%, [ Sap R L AR B AR T B RY A SS
AT SR A

PRy > ERT 2 9 30 LA 40 SRR ISR UEID SINS/GPS AT AR

2 R e T AR

R 5 SR T 3 0 REEHE 4 0 (5 SRR PR R AT B
T SRS B AR S R TS

49



L B 2 LI GNSS F90 B e OIS R BRI » =R A B e
T T

WS LB 20 2 EID 0 5 SR R A T B AT SRR e
Bl
Eg F[@ld} 2> ﬁlj}"ﬁ[ﬁé’:ﬁ?ﬁ“}? %EJJ_F;L4 Eﬁfﬁ];ﬂi’ﬂju sk _FIJ e yFViED |E JéﬁHl

AT YRR 2 > % B 3 SRS EHOECE I SoC WREREET - I B R r Rk

VRIAHRE » AE R 2 BRGAIE 3 AN 4 > GPS ﬁiﬁ“» SOC ﬁﬁ’gﬁlwﬁjr%? R
ﬁrﬁﬂi‘}l‘a)—’)}r‘gﬂ EE@ f[

= pnbl o SBAS RS il By fERH VR A AR
T A5 PS-InSAR B b PR AR > KSR

:FE[[@@ ) ﬁf’ééﬁ 20 I=E 3 = 9\:”4 ’ — %Ejﬁljf/\ %%lﬁ:&ﬂ"l:’ﬁ%FL\IE[SFI#E}?J«EILJ?’E%}_'_)F%E”L.%Eﬁl%!r_\%(j3?];(
P R BT AR

PR IR0 WER 3 BN LU RS o B IO (GPS DCP)
B R ST A

TR RN 2 ABHE 30 B4 NS 5"%‘“51#[‘%5“” [ FETUIE IE ITRF A
RIpUE > RS PYITT RS HRG SR

ERAIRE =GR 1= T AR g:%]\—ﬁ 40 IS o FUT GPS f (SO B AR R R
TETT > R NSRRGSR

o IRE 2 T3 BRI 4 NELA SRS B R O H D PO R
PN BRI T R e SR

50



G R 2 o dREI 3 F T4 ﬁﬁf!l MODIS A1 Envisat Fffpi el 8 # o s5F | 28497
RAEEARIFE - R NPT ARG

s BRI D HWELS MY 40 2 TS GPS CRINSAR R 7 # W B BURERAIIF 4 -
RA AT TGS

g P 20 9= 3 2 A4 U SEID AUE[ATIGRE ALEIHYEEEE [ B =
ASEYTT R R S

W P 20 3R 3 0 ZE 40 PPN S JU SRR T R B L
v@gﬁ%ﬁ%%#@ fTE o R ST ARG

b 0 8R035 BIG 4> FU GPS A1 MODIS 197 5811 Al 4 ke ——
PIPvb safy] > RSP ean Al

A % o 9RE 2 HIEL 3 0 K 40 RO GPS BRI SAR B R =Y
ST RS

= I=EIMI2 EDEA GPS ~ 7<¥& ~ InSAR #vF] 7 AROT R R R Ry
i T

IREEY > IREI D 2 F| 3 plIB BB T LR (CATROP) fofg s o ") > =95
BT RGP

IREISH - RS2 2 RS TR 4 I R S ARl e BT BT R
E A e LU S otp

ST A2 - AV 3 0SB GPS PWV [0 SR R IR £ 5347 - o e
RSP 0k Sk

IS 2SR o FAR 3 B 4 [ AR R Y S ROHIER F TR R AR R - FR
R[N S0 A R SR S e

51



DIV R0 AR 30 2 Y 4 0 BURSARE RTK [ s I HERs e AR i
I A

SR 2 WD RIS 3 GNSS BINEX BV {2 TPl ik » pk 5 B e A
e

P R D YRR 0 B 4~ ORTEIRE OO DL L P
B S A

=) IR WIS 30 R 4 9 MERIS 97 InSAR M THRAVIA - BIK R
eI S k]

DR B P 30 HE 40 S5 GPS BUTHRIAT| 9 R A ) £
I LRI 1o D

Pkt BRI 2 » BRI 3 o JUAT ST AL 2 5] oA BRI R 0
BIR[ et L )

B 20 U3 TR 4 PR % (A AR SR R

ERNTERSE S il i L

$4J°%& > Gao Fei » Tao Ting-ye * THE RESEARCH ON THE QUALITY CONTROL OF RTK
POSITIONING » {1417 5t %< Ak

“L»‘}FB

P [PAT 20 P PRI R W U S e A
B

Hif o {7 259 20 BI83 » FYfE7%4 » JLF GPS AINCEP FNL Y InSAR 58 i prk - i

VIS U YR [

[Par> P75 2 M) InSAR $ ASEARREE < (A8 [ o §7 i8S T ) 2Rl [ i

52



P&k (755 2 > Building Damage Detection Using Satellite SAR Images for Wenchuan Earthquakes
SRR o AUl Ll e

M B 20 293 R B4 GPS R PR R i BRI

T N H 20 [N 3 CORS Bl ] » 1 BRI A% ISCORS {1

VAR > SN R YR GPS RS ST R ORI 1 ke R
JSCORS fl 1+

Pt 55 o FEHR 2 2 U 3 0 FURTH BRI AT B R TR T
HRe=e

et 35 o 4 R 20 HIFY 3 0 SRR PO IR AT O B » S RS F

Tl > P75 2> An Improved Sage-Husa Filtering for Correlated Noises in GNSS » #¥74 " A A2
WG

= 2 2 > HLHT CORS-RTK MR K - SR8 A 50
FAl A WJ%[aﬂﬁ%memRﬁﬁﬂﬁ%&mm%ﬂﬁﬁﬁ [T SRR 20 2
FERL > FLFT GPS B1HIFY Baja California PIBEEYRAT, 5547 » i T F 504 4 7 TSk

I+ G182 - RIS 3 - A4 - FOREANGAY % | LR BT FROMDL T Pk -
W%&%**?éﬁ@%ﬁn

P Sk 2 - SRE1 3 B 4 VLRI BERRTIACE! » (| A A

B HRAR 20 FAR G 30 IR TR H B GPS KR IIRTEN OB - IR

53



B PR B 2 0 SUPTEICTRRSAER PR TEC ISR - RS ()
RS R

=8 FUI Sl 2[R s B s AR LA T RN RIE - iR e B 53 e ok 503
i

Wil o TR 2 WREE 3 B 40 BUENS > 26 Han-Walker % 0% 597204
HETE R S o

(I TR 20 B3 A4 > POEAVRNY % Bk SRR SRRV T >
P g P 1

TP 2 ETT - B 4 GPS/EHBR/ R Rt G ZAYF UM EURGE © Rs

Vo FEED BIHY 30 B ADE FHOP S 4 MEMS IR %9 GPS SIS
Rt o PRSP [ SRR

T—,ﬂ% Ao FET LCMV =Y GPS $§ B 2 [T JRfi E e >y i i A SR 59
[ LA 1o

FRANE > (P AE 2 FRY[IFERY GPS A1 DInSAR ; ;%F”Mi%@ﬂ% = AETAR > YR A
ARG T R

%= > Wu Hong?2 » Zhang Nan3 > Jin Yuang4 > Guo Kai5 » Augmenting GPS with CTTB for High

Accuracy Positioning » Tk [H]=57 5 RLf% 5% [ 5257 e

£ WREAR 20 BRTRL 20 ISER 40 AR AT [ SR Y GNSS éﬁifﬁaﬁ%ﬁﬁfwz,
o

L AL S R

S AP 2 0 PR 3 BB Delaunay = E[AfHfY CORS AfEe g b H PrEER P ETiA -
FINE[FAS HRe STk

54



TSR SIAE 20 A3 T LSS GPS R ETRES B R e
A T

B I RIF 2 BP3 > GPSILEO f68 B Al = i 157 50 by ] e e A 55
T
f

A RFFR 20 I=RF3 > GPS/CAPS SAREMIR LN FITES i Kalman Vs g7 fR ke - s
[ e E | L

o

BIE] > 612 S0 3 > GNSS (RURHINR B! AP VRLE] b H h [ » -y P g e
Ll

BIRA] > SH02 W12 30 I 40 UWB/MESH &5 i £ B3t 2 1ol - 1 i
B L

KFEH S IRF D ﬁé%jéﬁ 3 » FUFT Kalman Y% fY GPS/GALILEO » ’”F\ AR R AR R
FlIPE R | IR R

l

O]+ STHL2 = 4oFL3 » GIS FPRIAY Rk S BB PP AR i
P 7 [ i

ST EEE] 2+ = AFL3 RS 9 PPR AR |+ I R e LU

J=I > A Software Design Environment for BOCc(15,2.5) GNSS Receivers » Y& 2 3] S5 2 -\
i

G WSEE 2 FYEEA 30 2 44 917 RAIM FO GNSSINS A2 (SR TERE - A
DS S e T R A 2218 4

P o BOES 20 fIET 30 3RAF 40 A\ CORS HBORREIEST 7 » ] GRS 53 B

i BEE 2 0 p I 3 0 g4 - — TR GPS PR IS (FHERRASS » = I e
= ik

55



B - SRR 20 2 S0 3 SR IR e T AR GPS SRR A" o [lpEp

HIE =
=R E?[ﬁ 2+ FUBC ROI_PAC fi RSP psfe - [l SR 2
B PIECH 2 0 SFHUSIFLER GPS [RYEIFPURVIVRY - I SRR R 4 SV A

TR > IR 2 FLPCAT - Y (EREHTTHE GPS/GLONASS A2 £ 8 » [l S Bl oy

A EC

::ﬁ/T ’ T}“%:H[ 2 ?]‘ﬁ'ﬁ% 3> GNSS EL I:l‘*‘ﬁ} FEL;JU:LF#FHE Iﬁr‘giﬁq@iﬁﬁi:ﬁ TFIJ%{%]EUEIIJ?
B+ BT R R

- > 1112 GPS BPIUIRAOR IR S SR TIRE » (=SR2 T

A [ ﬂ 2 3BT 30 U ALOS PALSAR % WR| 9= Mt Bty kA m) I ¥ 14555 47 >
[File S ﬁ*@?ﬁﬂ% 7

TR TR 2 AR SR R R

4T HE
IR IR0 o I 3 o SRR B W R S

FE > R > LR 3 B4 1@ 5 $L4% Holt-Winters 1 5iVEEE A~ & RIS
SRR

S » SRR 20 B30 B 4 RS IR G R O i
FREHTH

TS SR PRT 20 FRE 30 TP 40 GLONASS it B 155 47 2o A TR L 00 i
F‘gﬁl ’Piéﬁ,—l\ 'ziE?E[U_I

56



FEE IRR 20~ BV AS 35 Network-based PPP-RTK with Zero-difference Ambiguity Resolution °
IS HRer S R

T RSB R T GPS W SRR o SR
T+ GPS TYRIACHI| OB IR PP - ISR

R [ERe ﬁ 20 = (’F‘, 30 JEHES 4 0 BUVT GIS Y InSAR AN o7 A = ien | > R S8
iy

M o = HIAT 2 B B e B R AR 5 TR e S S e

I PRAGR 2> AR E 3 [l 4 COSMIC [yff re = Aeim f i e EUAP ey 2ot
N EHRG SR

|f||—h— 5’72 ’ —*\{"Jﬂﬁu *ﬁ@gfi’—'ﬁF %?Eul: [E]F‘EFI oo -Hj‘iﬁr'—l\%a?ﬁu"l
B - (AR 20 - TO RS (SR SR R ARG

SRR » S RE 2 GRS 3 GNSS REIBIER | BRSO - o
eIk

FRZ A 255 VLB P B BRI 0 puRleSAsi i e St > iSRG S e

PR o2 DI 20 JU H T GRS AT ISR R R R SR
b

f Jlfwj > (REEE 20 MY 30 PGPS # R BN AR E S TR R VRO SLE] o s
HRer=ef

(R > Zhang Kefei 2 » 1238 3 > Fyfiylslih COSMIC 5 b Bmslhi 4 = ajich | ’TEZL s A
EHRer e

57



THFPR2 W 30 T4 SRR ScanSAR [ || per ARSI > i
T

VRO TR 2 25 30 RHETS 40 JUTT GIS U InSAR AN ST AT HIEERIIEN ] g S

FREEL s pRAR D TR 3 iEL 4 phYfE S HiFk GPS/INS %“”F’* ‘ﬂﬂf[fk ]F‘l E A
FllrgrSl

B JAT K2 B 30 EOP (RHHIE S - BE MOSR O ST P
R

PR 3“# 20 R 3 IR 4 TGS S TR T T e GPS BRIV
Yo A EREG S

Iy o BRI 2 > 24 3 > Rizos Chrisd » 73] = R s I ARSSF AL SHIRIPA - il

Rk
FP o AR IR 3 GPS TR RGP - PSR
T IR 2 3 o BT R B R L o SR

WG 2R 20 BIFEN 30 SR 4 0 SRR BRI GPS B SR T
S S

B W 2 0 TFRAT 30 HEE 4 PRI TR CASE] e S B IS TR SO A o A
SR

= B 2 A1 GPS TYRII AR (BB HIAIEL CORS PR - it S0

SR IR 20 BIRER 3 FLAT Tercom % SITAN % 314 B9RET E’EWJE@T;%%%%%@ e
T RN SRS

58



B30 B BB 20 SRR 3 — 7 GRACE i B 0| [ S S B3 - i S0
&

T SR 2 ’§k§3f%ﬁwg&%ﬁ%ﬁkgcmMm%E@WwwwaﬁpV
el fJ:Eju » ARG

pIAY B > ST 1 2 0 AR 3 > B (R BRARIRT e SSRIENTE PPP GG TR P S

o AR D B RREN (1 SR R RSV LR S S

G IR SRR A T TR R RS U e

lu

B 2T 2 FUETRYREH SR POREAEH TGS R SRS

Hg AL > = 2052 = BT 3 FURSRS PR EfiRsT F2py ICCP jﬁgﬁimb » OB SR S

ﬁﬂﬁ‘é A 2 > BUBS 2 BLE R = GNSS fIY SASL R R - oA SR e Y
PRI R

Fx" K 0 Dorota A. Grejner-Brzezinska » Kinematic Precise Point Positioning for Wide Areas Based on

Extended Kalman Filter with Single-Differenced Measurements » 4 &S5 ilren WX ey A% El

5T Dorota A. Grejner-Brzezinska » Kinematic Precise Point Positioning for Wide Areas Based on

Extended Kalman Filter with Single-Differenced Measurements » 7S B 7' = A E

7K YUAN Xiuxiao2 » FU Jianhong3 » The GPS/INS Integrated Positioning And Orientation In The
Aerial Remote Sensing Based On The Precise Error Model » 7% 12 SH [l B e v T AHBISE Eﬁ’é"u

59



J= 7 FEPI 2> RADIOASTRON H B 5=y B et P i il > il Spopop
AU I RS R R

BIEA] > [PIMHG 2 0 BIRER 30 SRR 4 FURSHE S VRILAY GNSS BEIHS 2 T o i
R
IR B 2 A 3+ [R50 4 SRS RTK A ARG PRI it il
B AL P
FERIY > B2 > Delaunay = #[3fff7 CORS FLIEARHT ‘J%’ﬁ [T s A B ]
A A1
Pt @R 20 )RR 30 FIIF - I SR B HARIHTE GPS PR I o i
S AR R S
(Ra o B2 AN 3 0 GNSS abL Rl ko s F=e sy P > i SRl sl
b P 1=

g @iff 20 BR3P SXCORS w¥R 53 A7 PR IR T 7% > o S i) e

b PP 1o

TR MR SRR 3 T 40 TS o FHRES R SRR
SR A PP

; B BIE 20 T 3 54 COMPASS P BAZYIE - AIRER) - Fl 52 g i
RS S e

IR > S ; % 3Crab TR EH Jrﬂj FORE AT PAB T » S S

i
@

52 0 BIE 3 o M 4 > AEI5Y 408 GNSS HLEHAT R CE O
O R A 1

60



I > FiL 712 B3 > CORS Bulah & A RFOE Y ) e > il SRy ALt e
FH

BT (P82 BIREF 3 T BT B AR 5 2 R I H T [P RS
S P

Boso PV 2 RAMK 30 T4 108 JVERH BB i T e AT ik
YA S5 i ARV R PR 1

i%ﬂlﬁ%’ CBIR K 2 T3 LY 4 FURERA LY T PURE EFf%’!fé@'[‘j{ﬁq&%ﬁjﬁ ;
OB i AL b s PR 1

‘?‘; it » FU5¢ DoDAF I PANDA A i - SR P o 3t i B0 gy bl < il ot gt 1o

ﬁfJ#\% Y"aﬂTZ jJ_—F 3 @Emll. ﬁ;ﬁgg}jfjﬁ GPS —Lr‘f‘ﬁ(ﬁﬂ‘i%ﬁ:—‘#H[pJF‘gFl 7jI”}[u .P:ZEI—&
SR TARE S R A

el ERGE 2 0 GPS ZR A SRR RURIF[ ORISR Ty O SP fR
e

TR s 20 ] 30 PEL GPS wRR MRS RS O RS AT A
fiEy A R PR

b > BT 2 > AR 3 o IR B IR IR R 5T o O R A
?ﬁml'a’p[m

{HRIFT - 0] 2 FiAT 3> GAMIT ~ BERNESE #1 PANDA [ JERAfEE 7 A e RIS =55 47 -
O SR E ARTENE L S1

HEIGAR - MEE 20 2B 30 BIX % 40 GPS W i S G DRI fRyas o i
SR R B e PR

61



S - AR 2 - O 3 - R4 - B GPS RV ISR [ -
A L

SVERTET » R (8 2 - AR 3 MR S R R L OB BT
SR AR I R P 1

3R] > B 2> HLP Windows CE 8 5y S s TR A i TR Pk gl > il 50
Y P

BIRER > T2 fEE 30 PR 4 BT VRS SREARE AR - ] R
R
s RN TR VAR L R s e R e A SR A R R AU
IR ES

R o BB AT 3 GPS/InSAR A 57 [T e FRAS IR EREA ]
BE[Fe A SR SR

TR > B2 0 LT GPS = InSAR 15 VR BB 2R F‘@ET(EU’JIU'“ [UNEEZRR B S a2 21
R[S R

?*’%‘Jﬁ P HEAAL 2 ﬁ‘}ﬁv‘u 307 *{ﬁﬂ@% BT ER RS B B AP IRk
SHIE T RS

J@ﬁt

RO > 530 20 BR324 FIPIPSEL GPS SEIVAIRE AR > iRk R
g

1%%’#ﬁéﬁzw§Vﬁﬁﬁ@mny§@ﬁ@wua&ﬂz4@%@Fgrmi R
+ SR

%Jﬁ’ﬂﬂﬁz’%Wﬁ35wfﬁémmwyW%W%DM%Rﬁ%“&%mﬁ%%%
P S Sl

62



BRI BEY 2 BPT-3 0 B 4 GO TSR RE Y RAIM P T A - T

RS
i 2 A2 s AT GPS PRI R YT RS

% ff '[EJ » LU Zhi-ping2 * ZHAO Dong-qing3 > An Implementation of OpenLS Route Service using

Standard Web Services Technology » &Y Ad A28

= {JF » Sui Lifen2 » The application of LAMBDA method in the mixed integer least squares problems °

T

R T T 2 B 3 RS £ I UKE 28 i ¥ A
ey

FlGR8 o A0 2 0 B EE 3 FUFC AP, 5 frpviiion l'ﬁ,?r“& GPS BLASUREETFIAVES | » 2YF T
o

A AEP 2 PR 3 B LIRSIET O S IR e A RS
U2t o PRkt 20 ) 3 RS R T AR O TER ] R RS RS

(e ERGE 2 A3 B 40 W] S o GNSS SRIERS (S » DY Aoy
SOk

F=EHE > [fFP 75 20 A Method of satellite precise clock offsets perdition based on trend item and random

item estimation > &g A A SEHRE Sk

P S 2> % 3 RPN 2 PAIEY Bayes o 2 7 GPS B Flip e
BEIREIRE Sl

% H % > Tie-jun WU2 > Long-hua Ma3 > Current State of Integrity Monitoring Technology for GPS/INS

Integrated Systems » ¥~ 2%

63



s> By 2 9=pY 3 B 4 ASBLEES RIS SRS o LB S

BT THEEIE 0 AR 3 ST E] R B S GPS K ﬁa%ﬁ'g’ﬁ{# BRI %
TR G 2 FUPPLCTIREAREAN ! TEC R > e (o)
Py

(5 ARSI B I AR [ T R - B 6 Y A 503
T g

R B 20 TR 3 (RIS 4 AU ST ] Kalman TV TIEAR TOA 2R
LSE A TR » fl1BR| S byl

R R 20 B3 2 540 B S ﬁlf"ﬁiiﬁﬂiﬁgﬁl Y B B SR 145 7 P
B S o S 1 S (R

At - BENAIPT 20 DAl 3> B 45 9% 5 A Wireless Localization Algorithm with Spectral

Decomposition of the Graph Laplacian Based on Semi-Supervised Learning » Fl 1B/ S FF frik f"?*lﬂz

e aanE il

Bl st 2 ﬁi*‘f 3 — RS % GPS/INS E?#Jﬁﬁ”ﬁ@ﬂﬁ R pLBIR] S R
TR Pkl SOC i

“UE 0 BRATE 20 B3 B4 BRES > — (XA A GPS/Galileo SHELES IS PED By
R B S P R (R S SOC P

U > BNAEE 20 G 3 R4 o - FEE A GNSS HEUS RIS o RS
R PR R A SOC P

PIAT o PG 20 FATHECET A A B OER A U - Y
B4 SR T B B B

64



GG I 2 (REYP 3 aéﬂ*ﬁ?ﬁ 4 » B ITRF2005 A4 GPS Al s 43
P (LB U e

TR RRTE 20 @y AR 3 FURHE Bancroft T ETA Y IMU/GPS 4 “'F" e R e AR
F A SR e T

%%}EH %%?[E.I 25k ﬂm 3 > FUF HooJfiufnb 4 SINS ;ﬁgzwjymfﬁfmju >

RS

B > EIR 0 GUAEAR 3 FLACF [ﬁ}ram%ﬁ;:aﬁ%m”f s R R R LR -l
BT PSS (5D RIS e

EE= R F'ﬂ\ 20 B PE 3 BfE 4 ﬂjf/\ CORS E**‘I%?E”_\Xil%ii T F'LJEY*:I%IEF;]—EIE} ’
FIpk S STl ey A

%"EF e ﬁ,’ﬂ%( jFﬁ ) » Development of Proper Weighting Schemes for Combined GPS/GLONASS Precise
Point Positioning » [V 5543 4 I er@ Popl T A

2 AN 20 T 3 0 R (AN GBS R IRRIS A [0 -l
PP A

=R ERHAE 20 SRR [ HHRIRY WebGIS Bnft Rt ot il » SEffy it o

\“‘»

g
e R

520 RT3 AR 4l iy B R R BT ) R SE

IS B2 0 SIS 4o S R 5 L IO © S A R

BT » B850 2 G013+ HARE 4 LW B0 GNSS APRSBRe | 1) O i) sy o
SR

PR EAHAC 2> = % 30 Al 4 - GPS/GLONASS 2 Tl - il s, ok e -
LT 55 e

65



Wi%ﬁ [ > KONG Qiaoli2, SHEN Xiumei3, SUN Yu 4, ZHENG Zuoya5 > Precise geometric orbit
determination of low-earth-orbit satellite from onboard GPS zero-difference data > [ 1[N [§2 S5 [76r25

[

‘?[Bﬂﬁﬂ P ARPNET 2 g3 R PSR R R 3 A SR [P > T e i S

R T

SRPEH B R 30 BINE 4 1| SR FRTEY R RTR R

SR 2 I 3 GPS RSB LT AR PR 1 8 T T
503

Jin Shuanggen * What can GPS do in Geodesy and Geodynamics? * Center for Space Research, University

of Texas at Austin, TX 78759, USA

S. Nilesh Gopaul > Jian-Guo Wang » Jiming Guo ° Adaptive Kaman Filter Based on Posterior
Variance-Covariance Components Estimation > Department of Earth and Space Science & Engineering,

York University

Jizhang Sang » Kefei Zhang? » A New Concept of Real Time Improvement of Atmospheric Mass Density
Model Coefficients and Its Validation Using CHAMP GPS Data® EOS Space Systems Pty Ltd, Australia

ALKAN, Reha Metin » PRECISE POINT POSITIONING (PPP) PERFORMANCE of LOW-COST GPS
RECEIVERS IN MARINE APPLICATIONS USING ON-LINE PPP SERVICE - Istanbul Technical
University, Faculty of Civil Engineering, Geomatics Engineering Department, Maslak, TR-34469,

Istanbul, Turkey

Ashraf El-Assal,Ahmed El-Rabbany?2, Saad Mesbah3,GPS outage recovery using wavelet and neural
network models for multibeam hydrography,Arab Academy for Science and Technology and Maritime

Transport, Egypt

66



Zhang Yan,Kubo Nobuaki2,Komatu Satoru3,Performance Evaluation of GPS/INS Fusion Algorithm
Based on Dynamic Reliability Estimation,Laboratory of Communication Engineering, Tokyo University

of Marine Science and Technology, Tokyo, Japan

e A8 20 BRERE 3> BI04 - GPS/Galileo REFHEERL G FIHSF25T 7 - Bl sy A58

ﬂ@wyﬁﬁ%ﬁé’ﬂ%’pﬁ

Shun Zhang » Kefei Zhang, Hai Xu, Ming Zhu > Seamless solutions for indoor and outdoor tracking using
NLOS auto-correction technique * School of Mathematical and Geospatial Sciences, RMIT University,

Melbourne, VIC 3000, Australia

Hai Xu » Keifei Zhang, Sugin Wu, Ming Zhu * A low-cost wheelchair-based multi-sensor monitoring
system for Paralympics games * School of Mathematical and Geospatial Sciences, RMIT University,

Melbourne, Australia

Ying L1 Kefei Zhang, Chuan-sheng Wang, Robert Norman ° An investigation into the errors of
atmospheric retrieval derived from GPS Radio Occultation * School of Mathematical and Geospatial

Sciences, RMIT University, Melbourne, VIC 3000, Australia

Chen Wu ilﬁl 4 %] 2 » Equatorial ionospheric scintillation monitoring and predicting based on GPS

network in Hong Kong * The hong Kong Polytechnic University, Hong Kong

67








