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01BDCS STATUS
REALIZATION AND MAINTENANCE



BDCS Definition

Definition:

Origin: the center of mass for the whole earth, including oceans 

and atmosphere.

Scale: the unit of length is meter (SI). the scale is consistent 

with the TCG time coordinate.

Orientation: conform to the recommendation of BIH.

Time evolution: no-net-rotation with regards to horizontal 

tectonic motions overthe whole earth.

Semi-major axis a = 6378137.0m

Flattening f = 1:298.257222101

Geocentric  
gravitational constant GM= 3986004.418108m3s-2

Earth's angular velocity =7292115.010-11rad s-1

BDCS ellipsoid parameters
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BDCS First Realization

 Strategy: four joint campaigns with IGS stations. Coordinates of monitor stations are aligned to ITRF2014 

over a set of IGS stations.

 1st: in 2007 ~2009, one station observed after another.

 2nd: in December 2011, the joint campaign , 15 days.

 3rd: in April 2014, the joint campaign, 15 days.

 4th: in 2016, regional joint survey.

 Result: The first realization of BDCS is aligned to ITRF2014, and the accuracy of  the coordinates is better

than 1 cm.
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Ref: F. Wu, BeiDou Coordinate System And Its First Realization , ICG-13, 2018



BDCS Update

 Strategy:

 Continuous GNSS tracking measurements are used.

 Daily network solutions with loose constraints are obtained by estimating GNSS satellite orbital

parameters and stations coordinates.

 BDCS is aligned to ITRF once a year by minimum constrain IGS station coordinates in ITRF2014.

 Definition file:

 BDCS(2019v01) definition file had been released.
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BDCS Maintenance

 Strategy:

 Daily network solutions with loose constraints are obtained by estimating GNSS satellite orbital

parameters and stations coordinates and then align to ITRF2014.

 Station coordinates will be updated when the difference between the estimated value and current used

value exceeds the threshold (for example 3cm).

 BDCS accuracy is evaluated using IGS14(2188) products.
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BDCS Maintenance
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Scal

ppb

estimation 1.45 -2.97 0.23 -0.11 0.00 0.01 0.01 

sigma 0.82 0.81 0.82 0.03 0.04 0.03 0.01 

Selected stations to evaluate the alignment accuracy

Accuracy Evaluation

ASCG KOUR OHI3

CRO1 UNSA SANT

FAIR MKEA OUS2

ARHT BJFS IISC

DGAR KERG REUN

ABPO

The alignment accuracy of BDCS to ITRF2014 is consistent with BDCS(2019V01)

2022/10/19 8

Station coordinates difference is about several millimeters



02The Role of SLR for BDS/GNSS
ORBITAL AND GEODETIC PARAMETERS ACCURACY
IMPROVEMENT



SLR tracking of GNSS by ILRS

Constellation Satellites

GLONASS 23

Galileo 28

BDS 9 (BDS-3 4)

QZSS 4

IRNSS 7

GPS 2

Satellite support by stations in the ILRS network in 2016-2019

Ref: C. Noll and M. Pearlman, ILRS 2016-2019 report, 2020

ILRS tracking network provides less BDS-3 measurements than other GNSS constellations
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The Role of SLR for BDS/GNSS

 Determine and evaluate the accuracy of BDS/GNSS orbit

 Improve GNSS satellite Solar Radiation Pressure (SRP) Models

 Monitor and estimate GNSS satellite antenna offsets (Phase Center offsets (PCOs))

 Improve geodetic products by decreasing the correlation of geocenter coordinates and orbit parameters.

Both GNSS operators and geodetic studies would benefit from SLR tracking data!
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SLR used for BDS-3 orbit determination

PRN Type SLR data ISL data

C20 MEO YES YES

C29 MEO YES YES

C30 MEO YES YES

C21 MEO YES YES

C22 MEO NO YES

C28 MEO NO YES

C45 MEO NO YES

C46 MEO NO YES

C59 GEO NO YES

C39 IGSO NO YES

C40 IGSO NO YES

Very limited satellite-to-ground measurements are used

Arc No. Time period SLR NPs SLR stations

1 2019/12/29 12:00 - 2020/01/01 12:00 119 7

2 2020/01/01 00:00 - 2020/01/04 00:00 110 9

3 2020/01/03 12:00 - 2020/01/06 12:00 124 9

4 2020/01/06 00:00 - 2020/01/09 00:00 158 10

5 2020/01/08 12:00 - 2020/01/11 12:00 106 9

6 2020/01/18 00:00 - 2020/01/21 00:00 72 9

7 2020/01/20 12:00 - 2020/01/23 12:00 125 13

BDS-3 Observations SLR Normal Points(NPs) quantity in 3-day arc

Initial result of orbit determination using SLR and ISL data
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SLR used for BDS-3 orbit determination

Decimeter level accuracy of satellite orbit can be obtained using very limited SLR data.

SLR Residuals
(RMS=1.3cm)

Orbit overlap Accuracy

Initial result of orbit determination using SLR and ISL data
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ISL Residuals(RMS=4.8cm)

12-hour overlap accuracy is about 4/30cm in R/3D direction



SLR used for BDS-3 SRP Models Improvement

Refine the Solar Radiation Pressure(SRP) for BDS-3 satellites

 Compared with ECOM1 and ECOM2, SLR residuals decreased by 50% using

enhanced ECOM1 model.

 SLR data is used to validate the SRP Models
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Geodetic Parameters Estimation using BDS-3

TRF scale using BDS-3

Ref:R. Zajdel, P. Steigenberger, O. Montenbruck, On the potential contribution of 
BeiDou-3 to the realization of the terrestrial reference frame scale, GPS Solutions
(2022)26:109

Geocenter motion estimate using BDS-3

Advantages of BDS-3:
• Due to the high-accuracy of satellite pre-launch PCO calibration, BDS -3 has great 

potential contribution to the realization of the ITRF scale and determine scale-
independent other GNSS satellite PCOs.

• ISL+SLR technology co-location onboard BDS-3 realize a ‘no satellite clock offset’
space geodetic system, which will undoubtedly significantly improve the accuracy of 
geocenter estimation.
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SLR Tracking Applications

 The SLR MISSION SUPPORT REQUEST (MSRs) for all BDS-3

MEOs have been submitted to ILRS Governing Board(GB) by

SHAO on behalf of China Satellite Navigation Engineering 

Center(CSNEC).

 These applications had been received by GB.

 BDS-3 MEOs orbit predictions for SLR tracking will be provided

regularly on website.
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SLR Retroreflector Information

http://www.beidou.gov.cn/yw/gfgg/201912/t20191209_19613.html
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03BDCS Precise Transfer
BDS PPP-B2b SERVICE AND SPATIAL TRANSFER
ACCURACY



BDCS transferred by BDS PPP-B2b service

PDOP(BDS Only) PDOP (BDS+GPS)

PPP-B2b PDOP is improved using dual-GNSS mode

 BDCS provides spatial datum for BDS PPP-B2b service
 BDS PPP-B2b service transfers spatial datum precisely
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 PPP Strategy：

• Broadcast ephemeris: GPS+BDS

• BDS PPP-B2b messages(GPS+BDS orbit/clock/DCB

corrections)

• BDS broadcast EOPs

• Receiver antenna PCO: IGS14.atx

• Dual-frequency ionospheric free combinations

• Estimations: coordinates, ZTD, phase ambiguities,

receiver clock offsets



PPP-B2b Convergency and accuracy

Positioning time series using PPP-B2b
(Red: BDS only, Blue: BDS+GPS)

Dual-GNSS processing shortens positioning convergency time

Repeatability(6-day) for static stations

For static stations, coordinates repeatability is better than
1/3cm in horizontal/vertical directions
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PPP-B2b Spatial datum transfer

Trans_X

cm

Trans_Y

cm

Trans_Z

cm

Rotate_X

mas

Rotate_Y

mas

Rotate_Z

mas

Scal

ppb

estimation -1.7 -2.6 4.5 1.3 -0.4 2.1 -0.0

sigma 2.9 3.5 4.0 0.9 0.7 1.6 0.4

Coordinates comparison between PPP-B2b and IGS/iGMAS week solutions

BDCS spatial datum is transferred to China and surrounding areas by PPP-B2b service at centimeter level
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04Summary
BDCS, SLR FOR GNSS, PPP-B2b SPATIAL TRANSFER



Summary

 BDCS is aligned to ITRF regularly. The accuracy is 1.45/-2.97/0.23mm for transition, -0.11/0.00/0.01mas for
rotation, and 0.01ppb for scale parameters, which indicate that BDCS is aligned and maintained precisely.

 SLR tracking network provides data for GNSS system services and scientific research. Increasing the global SLR
tracking for BDS-3 satellites will be helpful to identify and overcome the satellite orbit model defects, and
ameliorate BDS service performance and the geodesy application.

 The BDCS provides BDS PPP-B2b service spatial datum with millimeter level, and the BDS PPP-B2b service transfers
the BDCS spatial datum to China and surrounding areas users with centimeter level accuracy.
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