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~rs- Motivation

JGEO satellites in GNSS constellatlon

» BDS: 5GEO+5IGSO+4MEO
» IRNSS: 3GEO+41GS0O

» WAAS

» EGNOS

JAdvantages of GEO navigation satellites
» Continuous visibility

dChallenges for GEO orbit determination

»High altitude, limited tracking stations, very slow

movement relative to ground
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s Viotivation

BDS orbit accuracy: State-
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s Viotivation

BDS orbit accuracy: State-
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s Viotivation

dLarge Bias Detected in GEO SLR residuals

» Reflects the orbit error in line-of-sight direction(assume there
IS no dramatic bias in SLR range)

» Depresses the accuracy of precise positioning and timing,
particularly for relative positioning

JPossible solutions to reduce or remove
» Long arc GNSS solution: ?
» Carrier-phase only solution: ?
» SLR only solution: ?
» Carrier-phase + SLR solution: ?




~rs Data and Methods

(UGNSS data

»1GS MGEX + IGMAS(136 stations in which about
60 stations have BDS observations)

»Data span: 1/10/2014 (DOY 274)~31/12/2014(DOY 3695)
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~rs Data and Methods
JSLR data 1 e W g

» ILRS network .

» Data Span: Same as GNS$

» NP files: 11 stations
(C01: 6, C08:10, C10:11) .,
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(DOY 274/2014 - DOY 365/2104)




~vrs Data and Methods

 Processing flow chart
» Based on NEQ combination

A &N
a-E - -y




s Data and Methods

] Experiments design

» According to the types of observations, 6 POD
solutions were introduced

»For each solution different arc were investigated

» Orbit accuracy was evaluated by comparison

between each other, SLR residuals

Arc-length
GNSS-onl CODE + Phase 3-day, 5-day, 7-day
Phase 3-day, 5-day

NP SLR 3-day, 5-day, 7-day, 9-day
FR SLR 3-day, 5-day
Phase + NP SLR 3-day, 5-day
Phase + FR SLR 3-day, 5-day




~vrs Data and Methods

GNSS 1-day analysis strategy

Basic observables DD of ionosphere-free LC

Data sampling rate 300 sec
Elevation mask 5

1/cos?Z

Elevation-dependent
weighting

lonosphere-free LC
Troposphere a prior model GMF model

Satellite phase center IGS MGEX conventions




~vrs Data and Methods

JGNSS 1-day analysis strategy

EGM2006_SMALL(12X 12)
Third-body Sun, Moon, Jupiter JPL DE405
ECOM 5 model for GPS and BDS;
SRP model attitude for GEOs considered;

No a prior model for BDS satellites
Solid earth tides, ocean tides, pole

Tides tides,
IRES convention 2010
Relativistic effects IRES convention 2010




~vrs Data and Methods

JGNSS 1-day analysis strategy

Estimated Parameters
Station coordinate One set of coordinate per session
Phase ambiguities Float solution

Z'TD in interval of 2 hours,
Troposphere mapped with GMF; 1 horizontal
gradients per session

6 osculating orbital elements plus

Orbit paramters 5 solar radiation pressure
coefficients, no constraints

X and Y coordinates of Pole,UT1-

Earth rotation parameters UTC as piece-wise-linear function

with 2hour spacing




~rs Data and Methods

JSLR 1-day analysis strategy
»Force models are the same as GNSS
»Only 6 + 5 orbit dynamical parameters estimated
» Station coordinates fixed to SLRF 2008
»ERP fixed to the a priori values
»No range and time bias corrected

» Qutliers were detected by O-C rather than post
residuals(Because of the very few observations)




nrs Results and Analysis
JGNSS-only solution

5-day arc
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INT.S”

JPhase-only solution

PHS-only-3D vs GNSS-only-3 PHS-only-5D vs GNSS-only-3D
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INT.S”

EIPhase-onIy solutlon

SLR residual for CO1 from PHS-ONLY 3D SLR residual for C01 from GNSS-ONLY 3D
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nrs Results and Analysis

EISLR-onIy solutlon with NP
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nrs Results and Analysis

ASLR-only solution with FR

3-day arc
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nrs Results and Analysis

dPhase-only + SLR-only with NP

PHS+SLR-3D vs GNSS-only-3D

PHS-only-3D vs GNSS-only-3 e L
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nrs Results and Analysis

dPhase-only + SLR-only with NP

PHS-only-5D vs GNSS-only-3D PHS+SLR-5D vs GNSS-only-3D
or—m——r———— T T T T T T T _—T 70 T T T T T T T T T T T
M I R I R
45 T T
I N &5 I N
40
a5L 50 -
30+
o ~ 40F
£ £
@ 251 @
= =
[ @ 3l
20 . =
151+ . 20k
10+ 4
10
S _
0 . B O B, . 0. . . . 0 0 | 0 H ™ m ol e A el e 4 1 L
1 2 2 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
BDS PRN:01-14 BDS PRN:01-14

phase-only 5-day arc Phase-only + SLR-only with
NP 5-day arc




nrs Results and Analysis

dPhase-only + SLR-only with NP

SLR residual for C01 from PHS+SLR 5D
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nrs Results and Analysis

dPhase-only + SLR-only with FR

PHS-only-3D vs GNSS-only-3 FRPHS+SLR-3D vs GNSS-only-3D
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nrs Results and Analysis

dPhase-only + SLR-only with FR

PHS-only-5D vs GNSS-only-3D FRpHS*SLR-5D vs GNSS-only-3D
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nrs Results and Analysis

dPhase-only + SLR-only with FR

SLR residual for C01 from FR-PHS+SLR 3D
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s Summary and Outlook

Summary:
 Large bias detected in GEO SLR residuals
J Serval solutions were introduced in order to reduce this bias

1 SLR-only and Phase-SLR combination solutions were conducted by
NEQ combinations

O The bias was reduced from 0.5m to 0.3m by Phase and SLR
combined solution

Further investigation:
O Improve SLR analysis strategy particular for data edit

O the origin of bias in GEO SLR residual? Is it SLR range bias/time
bias? more GNSS and SLR data will be processed

Suggestion:
O Add other GNSS GEO satellites to ILRS tracking schedule
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