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Abstract: The International Laser Ranging Service (ILRS) is |mprovmg its service through the deployment of new SLR ground stations, the adoption of new technologies in some of its legacy stations, the expansion of its roster of tracking missions, and the adoption of new procedures and
_ tools to improve data quality and reliability. Laser ranging is embracing a wide range of new technologies, including lower energy, higher repetition rate (kHz) systems, single photon sensitive detectors, shorter pulse widths and normal point intervals for faster data acquisition and

~ increased pass interleaving, automated to autonomous operation with remote access, and embedded software for real-time updates and decision making. The primary role of the ILRS is to support precision tracking of active missions such as those that provide ice and ocean altimetry

_ observations, InSAR data, and measurements of the static and time-variable gravity field; enable precision measurements of Earth rotation parameters; and support space science and engineering. As an IAG Service, the ILRS supports the Global Geodetic Observing System (GGOS) and
~_its primary product: the development of the ITRF and its maintenance. Support for the GNSS constellations (e.g. BeiDou, Galileo, GLONASS, GPS, QZSS and IRNSS) has increased dramatically in recent years; further expansion of the roster is anticipated when the new GPS Ill constellation
— is deployed over the next decade. Applications have expanded to include ground and space-time synchronization and asynchronous ranging for targets at extended range. Support provided for new missions from universities and research institutions has also increased over the past few
__years. A few stations continue lunar laser ranging activities and several others have begun lunar ranging on a test basis. About a dozen stations are active in debris tracking for studies of orbital dynamics and reentry predictions. New tools and procedures and a new Quality Control Board
— have been established to improve the quality of our data and products, and to expedite the resolution of engineering issues via rapid response reports to the stations. Work also continues on the design and building of improved retroreflector targets to maximize data quality and
~quantity. This poster will give an overview of activities underway within the Service, paths forward presently envisioned, and current issues and challenges.

| INTRODUCTION | HrGHLIGHTS: NETWORK
4+ In the era of the Global Geodetic Observing System (GGOS), high-quality multi-technique sites are crucial 4+ New sites in the ILRS network in development:
4 The space-observational services, the ILRS, IDS, IGS, and IVS together supply the data and products ¢ BKG AGGO continuing setup at La Plata Observatory (Argentina)
to meet the GGOS mission < Russia planning site installations in: Ensenada (Mexico), Java (Indonesia), Canary Islands (Spain)
4+ Major goals are determination and maintenance of the terrestrial reference frame and determination & NASA/NASA affiliated sites planned: McDonald, Haleakala (USA), and Ny-Alesund (NMA,
and monitoring of the Earth's gravity field and Earth orientation parameters (including polar motion, Norway)
UT1, nutation, and precession) 4 New sites in process: Metsahovi (Finland), Mt. Abu and Ponmundi (India), and Yebes (Spain);
4 These goals are realized through: others planned
< Inter-technique site ties (core and co-location stations) < Additional major upgrades underway at some stations: La Plata and San Juan (Argentina)
¥ Combination of analysis products (site position, velocity, Earth orientation) 4 However gaps in geographic coverage of the network remain
<% Tracking support for gravity missions 4 First co-locations of Russian SLR systems with established station at Hartebeesthoek (South Africa)
4+ Precise orbit determination is crucial for altimetry and other missions with scientific impact and Mendeleevo (Russia) to provide expanded tracking coverage; other planned In practice, some stations are very
4 The addition of SLR to GNSS makes a very powerful tool to understand the orbital perturbations on the GNSS orbit. busy: several days of tracking at
4+ All SLR sites have co-located GNSS receivers capable of tracking multiple GNSS constellations; some are co-located with VLBI and the Herstmonceux UK station
DORIS (Graham Appleby)
4 In support of these objectives:

<> Laser ranging activities are organized under the aegis of International Laser Ranging Service (ILRS) which provides global satellite
and lunar laser ranging data and their derived data products to support research in geodesy, geophysics, Lunar science, and
fundamental physics. This includes data products that are fundamental to the International Terrestrial Reference Frame (ITRF), which
is established and maintained by the International Earth Rotation and Reference Systems Service (IERS).

¥ The ILRS is one of the space geodetic services of the International Association of Geodesy (IAG) and is a member of the IAG's
Global Geodetic Observing System (GGOS). The Services, under the umbrella of GGOS, provide the geodetic infrastructure
necessary for monitoring global change in the Earth system (Beutler and Rummel, 2012).

| CURRENT TRENDS

4 SLR systems: lower energy, higher repetition rates (kHz)

4+ Single photon sensitive detectors (geodetic satellites)

4 Shorter normal point intervals (take data more quickly) and faster slewing for increased pass interleaving

4 Real-time data evaluation for real-time decision making

4+ Automated to autonomous operation with remote access

4 Stations with two SLR systems to help address the workload (e.g., Hartebeesthoek) I ba18 130
4+ Environmental monitoring and awareness for instrument integrity and safety stations in the
4 Real-time network communication and information sharing among stations ILRS network
*

routinely tracking
over 110 orbiting
satellites and
retroreflectors on the
Moon

Denser arrays with smaller cubes can reduce return signal RMS

|SLR AND THE REFERENCE FRAME SCALE

4 Results for ITRF2014 (courtesy of Zuheir Altamimi, March 2016):
< Persistent systematic difference in scales determined by SLR and VLBI
< VLBI vs. SLR scale difference: 1.37 (x 0.10) ppb
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| RECENT DEVELOPMENTS IN ILRS MISSION SUPPORT

The number of satellites on ILRS tracking roster continues to grow

Missions and users want as much laser tracking data as possible

Network routinely tracked 110+ satellites in 2018

In 2018, ILRS approved 10+ new missions supporting altimetry, positioning, gravity, SAR, and

experimental/engineering testing applications (e.g., cubesat tracking)

An ever-increasing number of satellites that is particularly demanding are the expanding constellations of GNSS

satellites

Also complicating that picture are the different user requirements for SLR tracking data from GNSS satellites

The ILRS, in consultation with the IGS and the International Committee on GNSS (ICG), is looking at different

tracking strategies to try to provide better capability for GNSS while not compromising the other users

<& Approach will most likely include a combination of some routinely tracked satellite in each constellation and a
pool of GNSS satellite for sampled tracking on an as available basis

< The ILRS conducted two tracking campaigns in 2018 to test tracking strategies to improve temporal and
spatial coverage of the GNSS constellations; reports available on ILRS website

<& More satellites coming with retroreflector arrays, e.g., planned for GPS-IIIF series

Etalon tracking campaign proposed for early 2019 to evaluate increase role of Etalon data in computation of

ILRS products contributing to the ITRF

Other campaigns can be proposed to improve tracking on new missions

ILRS supports missions requiring restrictions on SLR tracking of vulnerable satellites

< Development takes considerable time, coordination, and interaction between CB, mission, and stations

< Process requires implementation of detailed infrastructure and tracking scenarios

<% Recent restricted tracking missions: Sentinel-3 and ICESat-2
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4+ At least part (about 50%) of thg cause of the scale differences appears to be GNSS tracking by constellation for 2018 : 2
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