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Introduction

Satellite MName Satellite | SIC | NORAD NP Bin Size Altitude Inclination First Tracked
1D Code | Number | Indicator | (Seconds) (Km) (deqg) Date
Ajisai 8606101 | 1500 | 16908 5 30 1485 50 1986-Aug-13
Apollo11 Sea of 0000100 | NiA N/A z variable 356,400 5 1969-Aug-20
Tranquility
Apallo14 Fra Mauro 0000102 | N/A N/A 2 variable 356,400 5 1971-Feb-07
GLOMASS-123 100 Apollol15 Hadley Rille 0000103 | MrA NI e variable 356,400 5 1971-Sep-01
GLOMNASS-125 11(| Beacon-C 6503201 | 0317 | 1328 3 15 927 41 1976-Jan-02
GLONASS-128 11( COMPASS-G1 1000101 | 2002 | 36287 ] 300 35,786 55.5 2012-Apr-28
CLOMNASS-129 111] COMPASS-13 1101301 | 2003 | 37384 ] 300 35,786 55.5 2012-Apr-27
CLONASS.133 14(_COMPASS-I5 1107301 | 2005 | 373948 9 300 35,786 55.5 2012-Jul-06
CLONASS 134 7a(_COMPASS IS 1501801 | 2006 | 40549 9 300 35,786 55.5 2015-Sep-08
COMPASS-1S2 1505301 | 2010 | 40938 9 300 35,786 55.5 2015-Sep-29
GRACE-& 021
COMPASS-M3 1201801 | 2004 | 38250 g 300 21,528 55.0 2012-Jul-11
GRACE-8 020 omPass M3 1503702 | 2007 | 40749 ] 300 21,528 55.0 2015-Jul-25
Lunal? Sea of || HY-2A 1M compass-ms2 1503701 | 2008 | 40748 9 300 21,528 55.0 2015-Jul-25
Lunazi Seaof | | IRNSS-1A 13 Cryosat-2 1001301 | BOOG | 36508 3 15 720 9z 2010-Apr-20
PMN-14 IRNS5-1B 144| Etalon-1 8900103 | 0525 | 19751 ] 300 19,105 65 1989-Jan-26
IRMNSS-1C 144 Etalon-2 8903903 | 4146 | 200286 9 300 19,135 65 1989-Jul-13
QZ3-1 IRMNSS-1D 15( Galileo-101 1106001 | 7101 | 37846 g 300 23,220 56 2011-Nov-29
oo IRNSS-1E 16(_Galileo-102 1106002 | 7102 | 37847 9 300 23,220 56 2011-Nov-29
e MRNSsar J5(_Calileo-103 1205501 | 7103 | 38857 ] 300 23,220 56 2012-Nov-07
SARAL Galileo-104 1205502 | 7104 | 38858 9 300 23,220 56 2012-Nov-07
Moo o o, | Jason-2 081 -
Sentinel-3A Galileo-201 1405001 | 7201 | 40128 9 300 17,000 - ~ 50 2014-Dec-05
Jason-3 164 26,210
Starlette
: KOMPSAT-S 13( Galileo-202 1405002 | 7202 | 40129 9 300 17,000 - ~ 50 2015-Mar-17
SpinSat 26,210
LAGEDS-1 THI -
Stella Galileo-203 1501701 | 7203 | 40544 9 300 23,220 56 +/- 2 deg 2015-Mar-27
STPSat-2 LAGEDS2 9 alleo-204 1501702 | 7204 | 40545 9 300 23,220 56 +/- 2 deg 2015-Mar-27
STSATZC LARES 120" zalileo-205 1504501 | 7205 | 40889 g 300 23,220 56 +/- 2 deg 2015-Sep-11
Swarm-A Larets 030 Galileo-206 1504502 | 7206 | 40890 9 300 23,220 56 +/- 2 deg 2015-Sep-11
SwarmB Lunai7? Sea of Rains 000 Galileo-208 1507902 | 7208 | 41175 9 300 23,220 56 +/- 2 deg 2015-Dec-17
P — Luna21 Sea of Serenity | 00( Galieo-209 1507901 | 7209 | 41174 ] 300 23,220 56 +/- 2 deg 2015-Dec-17
TanDEM-X 1003001 | 6202 | 36605 1 5 514 97.44 2010-Jun-21
TeraSAR-X 0702601 | 6201 | 31698 1 5 514 a7 .44 2007-Jun-16
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Introduction- ILRS Tracking Campaigns

e Campaignl: August 01 - September 30, 2014

All GNSS satellites (on ILRS priority list, 18 satellites); more if able.

Three sets of two normal points distributed over transit; normal point
includes 1000 FR points or last 5 minutes, whichever is shorter.

e Campaign2: November 22, 2014- February 28, 2015

+

Six GLONASS as first priority, Beidou and Galileo as second priority ,
remaining GLONASS as third priority.

minimum three segments along each pass with three NPTs in each
segment.

e Campaign3: August 20 - October 16, 2015

Slide 3

Six GLONASS as first priority, Beidou and Galileo as second priority,
remaining GLONASS as third priority.

Nine NPTs over the pass; 3 during the ascending/early region, 3 in the
central region, 3 in the descending/late region of the pass.
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Introduction- ILRS Tracking Campaigns

e Common results

= Need more data
= Few stations could fulfill requirements all the time
= More daylight data

o ILRS can handle tracking of all the required satellites
(for now).

e Motivation for simulation!
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Introduction: Overview

Simulation of Satellite Laser Ranging measurements
to GNSS and geodetic satellites.

Calculation of pseudorange due to geometry, then
apply:

= Corrections

= Noise.

Synthetic observations upon which comparison and
optimization can be done.
= SLR+GNSS combination.

= I[mpact of target selection and observation
distribution.

+
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Simulation- Design Goals

e Ability to generate synthetic SLR measurements to
satellites in form of NP.

e Include station/satellite specific noise handling.
e Based on final orbit products .
e Possibility to alter observations as needed.

e Consider differences between stations
= Operating times, day/night capabilities, ...
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Introduction: Procedure

e Realistic station behaviour
= Reseblme what stations have done.

e Independent noise generation for each observation.

+

= Adding/removing satellites at other epochs.

= Exchanging satellites at specific epoch.

e Observation selection separated from simulation.
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Simulation - Observation Selection
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Simulation - First Results

e Simulating the real observations between January
2013 and January 2016.

e NO noise

+

e White noise
= Elevation dependent sigmas
= Repeatable

e Realistic noise
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White Noise
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White Noise
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Simulation - Noise

e Realistic Nosie

= Normally distributed.

= Different parameters for each station/satelite
combination.

= Resembling bin RMS given in NP files.
= Repeatable.
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Noise parameters
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Normal distributed noise
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Normal distributed noise

SLR residual [mm]

SLR residual [mm]
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Normal distributed noise
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Summary & Outlook

o Ability to simulate additional/different SLR observations.

e Promising results that compare well in terms of residuals
for existing observations.

o Different tracking strategies will be generated and used
for comparison.

Investigating the impact of reducing observations to
specific satellites in favor of more observations to others.

.+

e Study the possibility of coordinated tracking among
stations

e Optimized tracking.

Thank you for your attention!
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