
Dstl leads successful experiment to
observe satellites docking

Following almost 3 months of observation and data collection, last week saw
the culmination of a space domain awareness (SDA) experiment known as
‘Phantom Echoes 2’ to successfully observe the rendezvous of 2 active
satellites in geostationary Earth orbit (GEO).

Data captured by observers from the international science and defence
communities under the leadership of Dstl (Defence Science and Technology
Laboratory) will influence how allied SDA sensors and processing capabilities
can be integrated to enhance performance and improve space safety for UK and
allied satellites.

2020 saw a step-change in the working model for space with Mission Extension
Vehicle-1 (MEV-1); the first successful commercial mission being undertaken
to extend the life of an existing satellite on orbit. This unlocked huge
opportunities for future space activity, as satellites no longer need to be
designed as single-use systems that are simply discarded when they near end
of their operational life.

On 12 April 2021, the Mission Extension Vehicle-2 (MEV-2) satellite servicing
spacecraft (operated by Northrop Grumman / Space Logistics LLC) approached
and docked with the Intelsat 10-02 communications satellite, beginning a
mission to extend the lifetime of its client through the provision of
manoeuvre capabilities to maintain its orbital position. This activity
necessitates increased awareness of activities on-orbit as part of an SDA
capability to identify satellites in close proximity, given the size (mass
larger than 1 tonne) and speed (orbital velocities of approximately 7,000
mph) of each satellite, and the critical nature of GEO for terrestrial
communications services for both civil and military users.

The Phantom Echoes team, headed by an international group of defence space
scientists from the Five-Eyes nations (UK, US, Canada, Australia and New
Zealand) under Dstl leadership, aimed to explore the use of non-traditional
space situational awareness sensors (located both on the Earth and in space)
and data processing to observe the rendezvous and obtain a higher fidelity
picture of the event than available using legacy processes.

A variety of optical and radio frequency instruments from across the UK,
Canada and Europe were used to collect measurements on the spacecraft and
their orbital motions, using this event to understand the challenges posed by
these types of missions in the GEO orbital regime, approximately 36,000 km
above the Earth. This included traditional satellite-tracking telescopes,
prototype cameras, multi-colour science instruments and radio telescopes.
From these instruments, the team have sought to understand the relative
motions of the 2 vehicles, how they can be individually identified, and
whether a successful docking process could be independently verified from
external observations.
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Measurement data was collected from a variety of instruments and observers
from 10 organisations as the 2 satellites manoeuvred towards each other and
performed docking operations. The organisations included:

Dstl Observatory (Wiltshire, UK)
The UK Satellite Geodesy Facility (East Sussex, UK)
University of Warwick telescopes (La Palma, Spain)
The Liverpool Telescope (La Palma, Spain)
Sapphire and NEOSSat (Canadian satellites in low-Earth orbit)
Goonhilly Earth Station (Cornwall, UK)
Basingstoke Astronomical Society (within the ‘Argus’ initiative)

The experiment sought to demonstrate how allied SDA sensors and processing
capabilities can be integrated to enhance the performance over individual
systems working independently to improve space safety for UK and allied
satellites in and near geostationary orbit. Observation of real-world events
such as these are used by the research team to understand future challenges
to space safety, advise the development of operational SDA architectures
within the Combined Space Operations (CSpO) initiative and demonstrate the
value of international collaboration in space domain awareness.

The experiment was conducted by the following national lead organisations:

Defence Science and Technology Laboratory (Dstl, UK)
Defence Research and Development Canada (DRDC, Canada)
Air Force Research Laboratory (AFRL, USA)
Defence Technology Agency (DTA, New Zealand)
Defence Science and Technology Group (DST, Australia)

Contributions were also received from the following academic, industry and
commercial partners enabled by these national laboratories:

Northrop Grumman / Space Logistics LLC (US)
University of Warwick (UK)
Safran Data Systems (France and US)
University of Liverpool (UK)
Basingstoke Astronomical Society (UK)
University of Arizona (US)
UK Space Geodesy Facility, Herstmonceux (UK)
Goonhilly Earth Station (UK)
Airbus Defence and Space (UK)
Deimos Space UK (UK)
University of Kent (UK)
Bluestaq LLC / Centauri Corp. (US)


