
New Moon missions are being planned everyday but technical and political challenges are abound. One key question
plagues these endeavours: what time is it on the Moon? Hoping to resolve the matter, the Applied Space Technology

Lab is bridging the gap between autonomous systems, computer science, and space technologies to present: 
Moon-Sync!

WE ARE GOING BACK TO THE MOON!WE ARE GOING BACK TO THE MOON!

Moon networks will be difficult to manage as they will be: 
Eclectic: comprising orbiters, ground stations, and rovers.
Time-varying: nodes will move relative to each other.
Sparse: consisting of few nodes. 
Growing: new nodes will

     be added to the 
     network over time.

SHARED TIMESHARED TIME

across the Moon!across the Moon!
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Satellites - like computer systems on Earth - are  typically
managed centrally. Their tasking is reliant on all network
elements being time synchronised, meaning that their
internal clocks all show the same time. Currently, most
satellites rely on the existing network of GPS satellites flying
overhead for their time synchronisation, with the GPS
satellites acting as central servers whose time data is
broadcasted down to satellites in lower orbits. This
centralisation leaves satellite systems vulnerable to single
points of failure, with errors occurring close to the system’s
core having the potential to cascade and cause system-wide
failures. A centralised system cannot be implemented on the
Moon - there are no GPS satellites and the costs and politics
are highly challenging. A solution is proposed: Moon-Sync, a
decentralised resilient time synchronisation framework!
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TIME SYNCHRONISATIONTIME SYNCHRONISATION

MOON NETWORKSMOON NETWORKSA TIME MACHINE!A TIME MACHINE!

Synchronisation is achieved when satellites reach a consensus on a shared time. To do so, satellites - like people in a crowd coming to
an aggrement - exchange information. By swapping their time data (ie, the time given by their onboard clocks), satellite calculate what
time they believe the consensus is at. Satellites then determine their errors in rate and time from this consensus, using them to
update their own ticking rate. This update is repeated periodically to allow the entire network to converge. 

Satellites receives time data
from their neighbours
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This means that the
time synchronisation
process must be:  

Scalable
Interoperable
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Satellite adjust their
ticking rate based on Error

Malicious or faulty satellites sharing outlier
time data can disrupt the consensus process.
To mitigate these disruptors’ influence,
satellites remove the outlier data received
from their neighbours using a Hampel Filter. 

PERFORMANCEPERFORMANCE

Through the implementation of Moon-Sync, robust
and effective synchronisation in time and rate
can be obtained for lunar networks without any
terrestrial reference or knowledge of network
topology. Thanks to its resilient filtering, Moon-
Sync effectively curbs the impact of disruptors on
the system, be they simply faulty or even actively
malicious.

Example to the left: convergence of the on-board
clock times of a sparse 200-satellite network.
Note the equivalent performance (top) without or
(bottom) with 20 disruptive nodes. Convergence
is the average difference in time and rate
between non-disruptive satellites. 

Error from
consensus

Bouis et al., (2025, July), Decentralised Asynchronous Resilient Time
Synchronisation for Satellite Networks, AIAA AVIATION FORUM AND ASCEND 2025

Backwards compatible
Robust to attacks and faults

     which are sure to occur.
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