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GNSS: constellation status
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Software and Platform

PANDA : Positioning And Navigation Data Analyst
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» To derive possible information from
GNSS/SLR/VLBI/DORIS data
» Real-time Processing function from 2007
» Current Applications
— POD of GNSS (GPS, GLONASS,
BeiDou, GALILEO)
— POD of LEOs (CHAMP, GRACE,
COSMIC, JASON, HY-2A,ZY-3)
— lonosphere Modeling

— Huge Network data processing, PPP
— SINEX Combination



PANDA System Structure

Cleaned GNSS data
@mﬂ SST ranging data Satellite ICs
SLR data Satellite description
GNSS/LEO orbit file Observed attitude
Observed acceleration.
\/

Ambiguity constraints
I

®  Post-fit residuals

® Free/Fixed solutions

Products Resl-time Prod
®  Site deformation - -t1.1ne 1c/> ulcts -
. . ® rel.
® LEO orbit/ trajectory o ;lte.plf;\«e anl ¢ OICDeSI
. t . .,

® GNSS orbits and clocks o L:(l; bl.ol/)ospl e ey
®  Earth rotation parameters o lt. trajectory

. ®  GNSS orbits and clocks
® Gravity model
® cfc \/



Analysis Strategy Summary

: ;All coordinates are estimated in the IGSO8 realization of the ITRF2008. The
Station coordinates datum is realized by tightly constraining the processed Reference Frame
: stations to their current coordinate values.

ésolved for at each epoch (white noise process); one clock fixed and used as
a time reference ;

26 parameters for initial position and velocity

Orbits 5 parameters for solar radiation pressure modeling,

“wmmmwmmmwmmmwmmmwmmmwmmmwmmMéimhéagéméé££65£iQAMAHAMé4mhéa£ém5£éé{é£igﬁ ..............................................................................................................
Satellite attitude ~ yaw rate is estimated for BLOCK I1/IIA/IIF satellites during shadow crossing
Troposphere  zenith delay: zenith delay parameters for each station with 1 hour intervals
............................................................................................. ﬁéﬁﬁiﬂémfﬁﬁé£{éﬁ?wQé£wéiégéimMéﬁﬁ;ﬁémﬁdﬁé{iéﬁémtéﬁﬁimwmmmwmmmwmmmwmmmwmmwmmmm
oo zenithdelay epochs: each integer hour

égradients: north and east horizontal delay are estimated for each station

e indaily dntervals
Tonospheric corrections Not estimated (ionosphere free based analysis) |
.Aﬁgiéﬁ;£iégmmmmmwmmwmmmwMMWMAABEéﬁi£iéémé}émf{géawaéé6£a£ﬁéM£QMGAWé£Wéi:kébdéjwmmmwmmmwmmmwmmmwmmmwmmmwmq
Earth Orient.Parameters X and Y pole coordinates, and UT1 UTC represented with continuous piece

(EOP) wise linear function



MGEX Precise Products from WHU



IGS-MGEX

« To provide Multi-GNSS products (orbits, clocks, biases, etc.)

* As one of MGEX analysis centers, WWuhan University has provided
Multi-GNSS products since Jan. 1, 2013

« Currently, the products latency is about 4 days.

e I s N

From Jan. 1,2013 to Dec. 31, 2013

WHU WUM G+R+E+C From Jan. 1, 2014 to Dec. 31, 2015
G+R+E+C+J Since Jan. 1, 2015



POD strategy

GPS/GLONASS
« The specific measurement POD

I
mode, reference frame, orbit , v !
rORB ICLK | I=— RCLK
model follow |70R8 | |90LK C
« the recommendations of 2nd IGS T >

reprocess campaign (see http:// GPS only PPP
acc.igs.org/reprocess2.html)

*  Two steps v : l
+ GPS/GLONASS POD EZTD ]@E SINEX

« BeiDou/Galileo POD by fixing

ZTD, positions, etc. BeiDou/Galileo
ORB POD CLK

Y A




Tracking stations
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SRP, PCOs, and PCVs

SAT STA
GPS Al CODE® |

igs08  WWWW.atx igs08_ WWWW.
GLONASS Al CODE=? atx

CODE=? (~2014)
IOV Extend CODE modelb

. (Since Jan’ 1, 2015) Nominal PCO from
Galileo MGEXd
FOC CODE?2
GEO: Nominal Same as GPS
WUM Al CODE with constant biasin  IGSOs and MEOs:
along-tracke WHU calibrated
values
CODE with constant bias in  Nominal PCO from
SZSE . along-tracke MGEX
a. Beutler et al (1994) Manuscripta Geodaetica b. Montenbruck et al (2015) Journal of Geodesy

c. Guo et al (2015) Journal of Geodesy d. Montenbruck (2015) Advances in Space Research



Orbit Comparison: GPS

1D daily RMS [mm]
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GPS 1D RMS compared with IGS final orbit

50

40

30

sio
arg
1|——emr
|I—pl
ngs
1| —— mit
||—9ofz
—cod
cof
esa
W ~' —— whu

I
'Lﬂ ‘,, I'Mt\r. N‘J‘pw

|
R ol L -’s“‘x\’ :

H‘ ‘

[/ {

l”
) rl\ﬂ l”

Iy
) { v’AM“»'\V'I‘ '|
“g;ﬂ/gf

(AW
‘l L ¥\ .’v“',,"”:‘ 4 v

T T T T T T T T T T T T T T T T T T T T T T T T T T

GPS-IGS
Unit [mm]
GPS-IGS

100 120 140 160 180 200 220 240 260 280 300 320 340 360
Day of year 2014

QZF WUM

4487 @ 11.45
COF WUM

10. 80 11.45

20 40 60 80

ESM
15.79

GFM

12.83
GFM

GBM

13.96
GFZ

11.49

COM

14.83
COD

11. 19



Orbit Comparison: GLONASS

1D daily RMS [mm]

|GS GLONASS 1D RMS compared with IGS final orbit
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SLR Residuals: Galileo
(2014)

Unit [cu] COM TUM WUM GBM GFM
DBD* | 9.0 | 82 | 26.2 | 186 | 11.2

*DBD: Day boundary discontinuity
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SLR Residuals: Galileo

(2015)
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SLR Residuals: BeiDou

Day boundary discontinuity (unit: cm)

WUM 64.8 30.3 14.6
GBM 149.0 32.1 26.6
COM / 14.9 10.0

SLR validation (unit: cm)

COM

AVE STD AVE STD AVE STD
C01 -556.61 | 4211 | -40.85| 25.78
C08 -4.32 5.89 | -0.72 8.62 -1.72 7.00
C10 -1.06 6.47 1.39 8.12| -1.038 7.81
C11 -2.18 5.93 0.16 545 | -1.79 4.24
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SRP for BeiDou GEO C01
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SLR validatio
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Ultra-Rapid Products from WHU



Weighted RMS [mm]
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Ultra-rapid orbit Quality (Galileo & Beidou) é

Galileo
700 Compared with TUM MGEX
Eiz final products.
£
g :z ——., Ultra-rapid orbit (6h prediction):
200 Galileo:  190mm
100

0
57301 57311 57323 57333 57343 57353 57363 57373 57385 57395

MIJD
BDS Compared with GBM (GFZ2)

800 MGEX final products.

700

600
E 500
§400 Ultra-rapid orbit (6h prediction):
= == BDS(IGSO/MEOQ): 219mm

100

0
57301 57311 57323 57333 57343 57353 57363 57373 57385 57395

MJD



 MGEX precise orbit
GPS: 11mm compared with IGS
GLONASS: 30mm compared with IGS
Galileo: 10cm validated by SLR
Beidou: 10cm validated by SLR

* Ultra-rapid orbit
GPS: 3cm compared with IGR
GLONASS: 5cm compared with IGU

Galileo: 20cm compared with TUM
Beidou: 20cm compared with GBM

*  MGEX orbit products
WHU provided Multi-GNSS products since Jan. 1, 2013
uploaded to IGS (cddis) and iGMAS
ftp://igs.gnsswhu.cn/pub/BDS releases models and code
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