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Abstract

Japan Aerospace Exploration Agency (JAXA) is planning to conduct precise point positioning (PPP) experiment by
using the LEX (L-band experiment) signal channel of QZSS (quasi-zenith satellite system). The target accuracy of
the PPP is under 10 cm RMS. The area of the service is all over the Asia and Oceanian region including the Pacific
Ocean side where users can receive broadcasting signals by the QZSS satellites. The expected GNSS for the
augmentation are GPS, GLONASS, QZSS and Galileo. PPP can provide precise positioning service to many users
in the broad regions without dependency of ground stations. A lot of applications like precise farming, Tsunami
detection, crustal deformation monitoring and GNSS meteorology are much expected by such the PPP technique.
To generate the augmentation information for the PPP service, precise orbit and clock determination of GNSS
satellites is necessarily required as well as the ground GNSS reference station network. For these purposes, JAXA
decided to newly develop a precise orbit and clock determination software for multiple constellation GNSS from
scratch in addition to extending the multi-GNSS monitoring network (MGM-net). We call the software
"MADOCA" (multi-GNSS demonstration tool for orbit and clock analysis). In this paper, we provide the
introduction of MADOCA including models and algorithms, technical features, implementation aspects, accuracy
evaluation and the future plan.
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Table 1 Supported Formats by MADOCA

Data 1/0 Format
Observation/ | RINEX 2.11, 2.12, 3.00, 3.01
Navigation Data | RTCM 3.2 (Legacy, MSM)

[ BINEX, Javad GREIS
1/0  NGS SP3c

Satellite Orbit
(0] RTCM 3.2 (SSR), CSV text

NGS SP3c, RINEX Clock
O  RTCM 3.2 (SSR), CSV text

Satellite Clock

Receiver Clock (0] RINEX Clock, CSV text
Troposphere 1/0  SINEX Troposphere 0.01
O CSV text
lonosphere | IONEX 1.0
Station Position 1/0  SINEX 2.02, CSV text
Antenna PCV | ANTEX 14
P1-C1/P2-C2 DCB | CODE DCB
Ocean Tide
Loading I BLQ
VMF1 | VMF1 grid
EOP | IERS Bulletin A, B
1/0 IGSERPvV.2
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Figure 1

MADOCA Functional Block Diagram
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Table 2 Supported Models by MADOCA

Model

Description

System

GPS, GLONASS, QZSS and Galileo

Observables

ZD ionosphere-free carrier-phase and
pseudorange (L1/L2 or L1/L5)

Antenna PCV

IGS08.ATX or IGS05.ATX

Attitude Model

GPS IIA, IR, lIR-M: Kouba (2009)
GPS IIF, GLONASS: Dilssner (2010)
QZSS: YSand EC

other: Nominal Yaw

Phase wind-up

Wu et al., (1993)

ZHD: Saastamoinen and GPT

Troposphere mapping func.: NMF, GMF or VMF1
ZTD and gradient as piece-wise linear

lonosphere 1st-order: ionosphere-free LC
2nd-order: Kedar et al. (2003)

Site solid eqrth tide:_ IERS 2010

Displacement ocean tide Ioadmg: FES2004
pole/ocean pole tide: IERS 2010

ECI-ECEF 1AU 1976/1980, IAU 2000A or

Transformation

IAU2000A/2006 (IAU SOFA)

EOP

IERS Bulletin A, B or IGS ERP,
EOP variation by IERS 2010

Geopotential

EGM96 or EGM2008

Earth Tides IERS 2010 and FES2004
Third Body Moon, Sun, Jupiter and \enus
Planet Ephem. JPL DE405 or DE421

cannon Ball, CODE RPR, GSPM04.b,
SRP Model DBY or MDBY
Empirical RAC constant and cyclic terms as
Acceleration. piece-wise constant
Relativity IERS 2010
ODE Solver RK4, RKF4(5) or Gragg extrapolation

. weighted least square estimation (offline

Adjustment or dgual-cycle EI?F (real-time) ( )
Ambiguity network mode ambiguity resolution (Ge,
Resolution 2005)

satellite position/velocity, SRP,
Estimated empirical-acceleration, satellite/receiver
Parameters clock, station position, ambiguity, EOP,

geocenter offset and receiver bias
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Operation LAPACK/BLAS
Qv=y-h(x),HR
(2D=PHT ... (sparse matrix operation)
(3)S=HD+R ... (sparse matrix operation)
(4) U =chol(S) ... DPOTRF
G)E=DU* ... DTRSM
6)K=EUT ... DTRSM
(M x=x+Kv ... DGEMV
(8)P=P-EE'T ..DYRK

chol(): Cholesky decomposition, S=U U

Figure 3 Numerically Stable Measurement Update
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Table 3 Offline MADOCA Orbit/Clock Accuracy

System RMS Error Notes
Radial 0.89 cm
Along-track  1.10 cm ig};{lll )
GPS Cross-track 1.12cm
(365 days)
3D 1.81 cm wrt IGS Final
Clock 0.131 ns
Radial 1.37cm  2011/1/1 -
Along-track  3.70cm  12/31
GLONASS Cross-track 2.94cm (365 days)
3D 4.92cm wrtIGS Final
Radial 237CM  o011/6/4 - 11/3
Along-track  4.47 cm
Qzss (153 days)
Cross-track 3.21cm 24H overla
3D 5.99 cm P
Radial 2.22¢cm  2012/11/2 -
Galileo Along-track ~ 8.47cm  2013/2/27
Cross-track 2.92cm (117 days)
3D 9.23cm  24H overlap
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Table 4 Real-Time MADOCA Orbit/Clock Accuracy

System RMS Error Notes
Radial 1.52 cm
Along-track  2.49 cm zfjﬁflsl' 2114
GPS Cross-track 1.81cm ( ys) .
3D 3.44 cm wrt IGS Final
Clock 0.184ns Y Simulation
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Figure 3  Offline MADOCA GPS Orbit Error (2011/1/1 - 12/31, 365days) wrt IGS Final
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Figure 5 Kinematic PPP Solution Error (2013/5/20 9:00-21:00, 12H)
with Real-Time MADOCA GPS Orbhit/Clock (upper) and RT-1IGS GPS Orbit/Clock (lower)
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