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IZN-1 A system stemming from laser ranging
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= Station site: Teide Observatory (2400 m) in Tenerife
= Turnkey solution based on COTS components
= Remote operations
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The Mountain Ridge Izana

Teide Observatory (1964)

= Instituto de Astrofisica de Canarias
(IAC) operates several telescopes

= Laser ranging requires coordination

= Multi-wavelength approach

= LTCS - Laser Traffic Control System
for deconflicting
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IZN-1 objectives

= Satellite Laser Ranging at 532 nm and 1064 nm
= Support ILRS as engineering station
= On-demand SLR support for missions/contingency cases

= Space debris active and passive observations
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ILRS: International Laser Ranging Service
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= LEO-DTE optical communications

= Testbed for European Industry

= Autonomous operations
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Development Timeline

v 1ZN-1 design activity kick off 2018

v" Design, procurement and factory pre-integration 2015-2020
v Deployment in Tenerife June 2021 "SR
v Optical Communication Mode June 2022

v Main Project Close-out: September 2022

» Upgrades for Space Debris Laser Ranging 2023
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Main station subsystems (SLR configuration) DiGS§S

Telescope

= ASA AZ800

= Ritchey-Chretien 80 cm /6.8
= Pointing accuracy <5 arcsec
= 4 Nasmyth foci

Detector package
= C-SPAD (532 nm)
PESO Consulting
= |R-SPAD (1064 nm)
Princeton Lightwave/IWF

= Installed on the telescope fork
mount

Dome

= Baader Planetarium 4.2 m

= Lower flap and rolling shutter

Laser package
= Passat Compiler 532/1064 nm
= Nd:YAG PRF 400 Hz

= Laser system piggy-back
mounted on the telescope

Space Debris Camera

= FLI ML 16070 }\‘ Pulse width Pulse Energy I(Dfi:ﬁ_r:’:;;?
= Pixel size 7.4 ym 532 nm 7 ps 380 pd 28-32 prad
= N of pixels: 4864 x 3232 1064 nm 8.5 ps 550 pJ 56-60 urad
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1ZN-1 Qualification for ILRS 2

= |ZN-1 contributes to the International Laser Ranging Service I l R S

= |ILRS Qualification process completed in April 2022
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Space Debris Laser Ranging — Establishment of an Tacking

Network Experiment e A o brespce
= A networking approach is essential to achieve a quality of debris orbit information DIG S (wr <> [Er e anwv
that will add significant value as compared to traditional tracking

= Space Safety activity: “Laser Ranging - Evolution towards Active Sensor Networking for Debris Observation”

IZN Upgrades

The station, currently performing at 532 and 1064 nm, will be expanded
for space debris observations:

- Additional dome for SDLR in a “split configuration”

- More powerful laser and guiding optics

- Targeting daytime operations and station automation
- Stare and Chase capability

Target system performance:

T~ — N - Night-time: 10 - 50 cm up to 1400 km
W““\“ss - Daytime: 50 cm below 1000 km
PROBRESS

Debris Laser Tracking Network (DLTN)

- Network relying on existing and evolving assets in Europe and beyond.

- Significant increase of the debris tracking capacity

- Establish a "proof-of-concept", including business concept, for a commercially operated network

- 1ZN-1 as DLTN node

- Stare and chase functionality for interfaces to other networks and other technologies (laser, passive optical, and radar systems)
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DLTN: Components, Actors and Campaigns pig
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DLTN components

Collection of observations = Network of debris tracking stations

Online Platform - Requesting, scheduling, analysing, displaying
and providing space safety data products for end users

ACTORS

Observation requestors: Satellite Operators, research institutes,
national entities

Platform Administrators

Supporting Observatories: optical or radar station which are
supporting in staring phase of the stare and chase campaigns.

SLR stations network

Availability,
TDM/CRD,
Acceptance

Observation campaigns and validation
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Collision avoidance = improve CDM by factor 10 in 24h
Contingency for ESA target satellite

High accuracy cataloguing = e.g. 150 objects up to 10 cm / keep
accuracy to 10 m for 2 weeks

Re-entry campaigns on a list of predicted re-entries

Daytime/night-time tracking of IZN-1/DLTN of cooperative and
non-cooperative targets

Business case
Commercialization of SLR observations through DLTN.
Use cases:
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orbit improvement

CA re-estimation

Re-entry refinement
Cataloguing and contingency

DLTN online platform

Project Timeline

TLE| OEM CDM RDM  TDM CPF

Laura Aivar, 227 International Workshop on Laser Ranging, 2022

DLTN Software implementation review achieved at the end of 2023
IZN-1 as DLTN Node — upgrades completed by mid 2024

SDLR validation campaigns during summer 2024

N o= N = oI - 5 == b 11

;\; u:; == — = i I*I 2 THE EUROPEAN SPACE AGENCY




Laser Momentum Transfer Eesa
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=~ ~ ‘ = Jet of particle moving away from the target > recoil
- = The thrust is parallel the local normal of the irradiated surface
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OMLET - Orbit Maintenance via Laser momEntum Transfer eesa

. establish in the next decade the capability to monitor with high accuracy and modify, using lasers
momentum transfer from ground, orbits of debris objects approaching operational satellites, or involved in
critical conjunctions with other debris, contributing to a safer orbital environment, enhancing the long-term
viability of the space environment, and leading to cost savings in operating satellites.

OMLET mission -
definition and EIabrg[ianEli%grof a Identification/consolidation Assessments related

engineering station concepptual des?lgn of of critical technology negds to legal issues, dual
requirements > the fist OMLET 10 secure developmentin use technology,
achieve System engineering station P

Requirements Review
maturity
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Space Segment: LMT In-orbit Validation study esa

= Demonstrate in orbit the effectiveness of ground-based LMT for collision
avoidance maneuvers

= Characterize the laser irradiance and profile of the beam transmitted from
ground, and the performance of the ground-based adaptive optics
subsystem

Main mission requirements

= High-accurate AOCS
» On-board measurements of laser irradiance and beam profile for OMLET station adaptive optics validation

= Allow different impact geometries and materials exposed to radiation

=  Support different momentum mechanisms: photon pressure and laser ablation
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