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BE: HAMRUHERTIAS (Quasi-Zenith Satellite System, QZSS) & 1 St E A, SHL. BRI AR
% UAh, HF R T GNSS BB M e Z Al 1T &4t MADOCA (Multi-GNSS Advanced Demonstration
Tool for Orbit and Clock Analysis). MADOCA it L6E {555 30 s # K — K GNSS L #LiE
MIE, & 1s#HEE R ZMNE, WA LUE Neip PR ek FTP ARG 3RBUSL 72 5, AT SR sE
B #S %5 B4 55 5 7 (Real-time Precise Point Positioning, RTPPP) IR 4%5. DL GFZ I J& ki % &2 i flh 2
FEiNZ %, X MADOCA Fll CNES SER RS & HUE 580 Z 7 kA7 wal, gurtk 748m. YIm. 32
MHEIRE, PhERE, 2FE{E5NIERZ (Signal-in-Space Range Error, SISRE), 1% & #L1E %
Z 1) SISRE LA KA &S5 ml A, /53T MADOCA F1 CNES 3R 724, #3HT GPS L R4
1 GPS/GLONASS W5 Gt S A5 25 B8 S B, X6 B 7 T Wi R SIZBs 7= 7 (1) RTPPP & 045 5. 1K
SRR R Al e, SRR, 12 AN IGS ¥hish4S PPP B AR, b LT 0.1 m, KN
J T 0.4 m; {1 MADOCA 5% 7= 53347 GPS/GLONASS X ARGt hr, Flu s B L8 H

CNES & 2 7 fify B R,
X # i8: MADOCA; T EYUEMBFZNIE; F% 8 HEN; GPS/GLONASS
FE3HKS: P128; PI35 TERARIREG: A

1 5 F

HER TR S (Quasi-Zenith Satellite System, QZSS) 4% Hi H A 5 #7 it =W 7 H K ALA (Japan
Aerospace Exploration Agency, JAXA) Hf & A1 52 it i [X s vk T S S 3858 2 4t. QZSS Wi H
RN TH 2 WIE B AR H bR IR 55 HAS (G5 ZEMRSS X)) S P K ] a2 4 XAy DX s ik T A2 5 9 2
W RS, Wi GPS ARG RHIRSS IHE S X ik GPS R MRS KEE. HAT QZSS LES
65 SR REik 0.6 m LA, 5 GPS 4"

kS EHEA: 2020-03-23;  fEEIAEA: 2020-05-13
BHWA: X AERBIEEIES (11673050); H K ESHR TR (2018 YFB0504300)

BIEE: MIR°F, Junping.chen@shao.ac.cn
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QZSS iR Z sl ik 5. FEGAHE, 78 LIS 590 LR T fE 2 211 SLAS
(Sub-meter Level Augmentation System) 338745, #£ L6 15 5 4B _F 4L T PPP-RTK 1
CLAS (Centimeter Level Augmentation System) ¥ % & £ R 55, UL ML QZS-1 ) LEX 17
S AL A 1) K 1 B b v A% 28 RTCM-SSR (Radio Technical Commission for Maritime Services-
State Space Representation) [ MADOCA (Multi-GNSS Advanced Demonstration tool for Orbit
and Clock Analysis) /=i

MADOCA it L6E 1455 5 42 H [H B b i 4% 20 RTCM10403.2 4% 30 s #& K — X GNSS
SR HEHE SRR, B s K O E R ZMUES, BTS2 R4 n e s GPS,
GLONASS, QZSS %%i. MADOCA it Ntrip ¥ 8% FTP AR 5% & A S2isf 7= 5, 77 i 2K
4% RTCM #% 0L K& RINEX SP3 # 3. B TRSE PG, &P 222 41, MADOCA itz fit
I IE] (I B% 2 30 s B 7 JEFFS FE (URA) S5 B hAh, B EATFRALE R 5050k % 8
TE AP Z 481577 i M LA A6 78 [E M 2241 70 77 0 (German Research Centre for Geoscience, GFZ),
1EEE Z K25 H 0 (the Centre National dEtudes Spatiales, CNES) 4.

FE SRR AN 22 77 S A5 7 T, El-Mowafy 28 N %t GPS Sz k5 5 318 A 22 77
AT 7 MEREVEAS, Kazmierski 25 N 08T 7 PUIE A 2 (O TEIRAEE . CINES SZR 72 5 1 5
DL % S SN SR B (KK 2, Zhang 5 A" X% MADOCA [¥] GPS SRk 2 1L Ml 2 77
HEAT T YEREVEAY.

A MADOCA K A7 1) RTCM g s #EAT il RS, 15 2200t ) #i B SCUE A
ZEZHOHATMUE, SRIL T LR A T EPEAE 22, /E RN IR SRAL T CNES B S I A
PGB AR ZE e UL GFZ S e R B E M 2 mE NS H HAE, 1P T MADOCA
GPS/GLONASS [{JSEI 7 ot B w] FAEAIE A7 1 RE

2 HHEAE PEAL

ASCK L FTP k55 3K AU RTCM A& 2SS 15 2 2o ) #k S LI e = 2
Bt AT E, 183 SP3 A AR B I . BT L EFESI T 20192 H1 HE2 A
28 H, N4 BRI e ARG SP3 SCAT: ok B BUTE AN B 22 N [ [B] B 30 s, AR DRxt
bb, IEFREL T CNES (155 RS %5 s A eh 22 7=

fESEEEA , DL GFZ P fEAZH BAE, it B I MADOCA 5 CNES [ SZi
FEER R ZE R ZE, VR, VIR RPUERZE, S AME S 1R 2 (Signal-in-Space Range
Error, SISRE), LA KAV FRHLIE R % () SISRE FUKS % S50 o] k. 78 & A e RE VA5 5 T,
DA RTKLIB 1ER# A &, TEARRVERE N SER T 12 A IGS 36 2019 4 2 H 3£ 28 d (143
#5, X ECAEH MADOCA 5 CNES SEIN K % 77 i 14T GPS F R 4i fll GPS/GLONASS U5
41 5 25 SE I RS % 5 55 5 A7 (Real-time Precise Point Positioning, RTPPP), #X J& #¥fi MADOCA
GPS/GLONASS [ S 7 kg B2 ] FH At A E A7 1 R
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— MR Fh e 2 A S E R 25 B, R R (B 22 7 i TR 2 P A — N
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TIREREGRITA PR AW E, (HXMTERE -BEHEE R RN SEE, Khr
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BRUtz b, ] DU 2 ()5 5 0 P R 22 R 45 A I WOkS 2 B D AR 22 1 AR 22, ot
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WMRGEEHZE =T A PR ZE SR 0E SR E, o E EHIER SISRE %

s HAEAKXIT:
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PET= b
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RN T HARP N7 17, GLONASS P Y] A HiE 2 ZAHRHOR, (HEARTT S =ANJ7 1\ b
F) B EFUIERZAAE 0.1 m LAY, FEA L SL 7= ks B Hbs. 2 H 7 H MADOCA Fit
e SOk A A R B sh 4, MADOCA 5 CNES RS %5 #UIE K B A 22 A K, CNES [
GPS # % LB KBS L T- MADOCA.

MADOCA 5 CNES f#] G16, G28, R1 f1 R13 T EMFh 2 R2Z=x L, WK 2 fis. HAdT
EIXTHERERE 2 —8, GPS PEMZEIRZE/NT GLONASS, GPS TE#Z R ZH L
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FEAHZEA R, CNES [ GPS # % B Z 5 FE g L T- MADOCA.
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3R A EA B i 22 AT ARASOR BRI, %o e 6 &5 BRI RS, AR SR T %A GPS B
GLONASS TLETE 4 J& (i 8] Py T2 8 22 1% 2 (W5 i % (Standard Deviation, STD), [fi A~ &
RMS. WK 3 fin, &R TEMZERERA RIFM—EUE, Wl — P RiAE LR 4.
B HR R 103 S SR G B A K B (] BEASAE TR BN AT

AL NATE T s AR SISRE, I 510 FEHIE ) SISRE ik — S Xt th. Kl 4
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FERZEM G AR — 8, X2 T 25 1% 2545 SISRE H ) 5 ELR K.
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77 R EE 1R 22, SISRE AMY % Fe & 1) SISRE #7848 Y8 B A 1 e el L e, e
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Clock SISRE SISRE(orb) Radial Along-track Cross-track Product Availability

/m /m /m /m /m /m /%
MADOCA(G) 0.082  0.168 0.041 0.037 0.061 0.046 94.5
CNES(G) 0.066  0.137 0.031 0.030 0.040 0.033 92.6
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Evaluation of the MADOCA GPS/GLONASS Real-time Precise Orbit

and Clock Corrections

MA Zhuang'?, CHEN Jun-ping?, LIU Jiao?>, WANG A-hao*?, WU Guan-bin?

(1. Shanghai University, Shanghai 200444, China; 2. Shanghai Astronomical Observatory, Chinese Academy of
Sciences, Shanghai 200030, China; 3. Tongji University, Shanghai 200092, China)

Abstract: In addition to the basic positioning, navigation, and timing services, the Japanese Quasi-
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Zenith Satellite System (QZSS) has also developed the precise GNSS orbit and clock estimation
system, which is named as MADOCA (Multi-GNSS Advanced Demonstration tool for Orbit and
Clock Analysis). MADOCA broadcasts GNSS real-time precise orbits every 30 s, satellite clock
corrections every 1 s through L6E augmentation signals. The real-time products can be obtained from
the Ntrip protocol or FTP service to realize real-time precise point positioning (RTPPP) services. In
this paper, the real-time precise products of MADOCA and CNES are compared with the GFZ final
products, the radial, along-track, cross-track orbit errors, clock errors, signal-in-space range errors
(SISRE), orbit-only SISRE, and product availability are evaluated. The real-time MADOCA and
CNES products are assessed in the GPS-only and GPS/GLONASS dual system RTPPP using four
weeks’ data of 12 IGS stations, where positioning accuracy, convergence time, and positioning
reliability are evaluated. It turns out that the dual-frequency kinematic RTPPP accuracy is better
than 0.1 m in the east/north component, and better than 0.4 m in the up component. In particular,
positioning convergence speed of GPS/GLONASS dual system using MADOCA products is much
faster than that using CNES streams.
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