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Autonomous decision-
making and mission 

planning.

Spacecraft 
operations

Management and allocation of 
resources, modes of operation, 
exchange of Application-level 

information.

Minutes to 
days

Spacecraft states and 
subsystems.

Space 
systems

Orbit propagation, physical 
variables, emulation of 

subsystems and their interplay.
Seconds

In-orbit data services, ISL 
and downlink, network 

protocols.

Networking 
and comms.

Network-, Link-, and Physical-
layer packets and control, 
propagation delays, data 

exchange.

Milliseconds 
to nano-
seconds

Domain System layer Emulation of Time scale

Weeks

Hours to 
days

Some orbital 
periods

Simulation 
span





Ad-hoc extension
Process deployer, configuration of elements based on user 

parameters, custom modelling environment.

NS-3
Event-based, network simulation engine

System definition
# and type of satellites, orbits, 
duration, time granularity, etc.

Satellite definition
Physical components/variables 

of interest, subsystems, 
networking & operational layers.

Component configuration
S/C capacities, internal design 
parameters, selection of pre-
programmed behaviours and 

functions.

Structured 
config. filesStructured 

config. filesStructured 
config. files

Satellite entities
Networking layer, physical 
layer, and operational layer

Satellite entities
Networking layer, physical 
layer, and operational layer

Satellite entities
Networking layer, physical 
layer, and operational layer

Other entities
Channels, ground 

stations, etc.

Persistent storage (DB)
Time-tagged states and 
events.

User configuration Emulation of DSS and extensible programming  environment Post-processing of results

Custom reports
System metrics

Third-party GUI
Visualisation of 
space systems 

(VTS)

Structured 
config. filesStructured 

config. filesData and 
session files

Ad-hoc GUI
Network state 

visualisation, and 
others.

Evaluation of EO 
system metrics 

Coverage reports, 
revisit time, etc.

Evaluation of 
networking metrics 

System latency, 
routing, protocol 

efficiency, memory 
impact, etc.

Visualisation and 
analysis



ISL communications channel

Ground comms. channel

Operations module
Flight software

Satellite agent behaviour
On-board MPS

Networking module
Network protocol stack 

(user-defined)

Physical module
Satellite subsystems and 

state variables
Model-based

Impact upon 
on-board 
resources

Socket interface. 
Transmission of TM&TC, 

and coordination messages

Monitoring of satellite 
state variables. 
Control over modes of 
operation.

Satellite entity architecture. Recursively 
instantiated for every node in the DSS

Satellite interaction through the 
comms. medium
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Verify Update

NS-3 time control
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Output N

Transition

Sets values to outputs and 
states based on input values

State 1 State 2 State N

…

…

…

Ensure that 
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Model object
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Structured 
config. filesStructured 

config. files

Satellite object A Satellite object B Satellite object C

Battery Model Memory Model Space Net Dev.

"agent":sat-A
"keyname":batt
"value":{"soc":0.5}

"agent":sat-B
"keyname":mem
"value":{“buf":235}

"agent":sat-C
"keyname":dev
"value":{“tx":1500}

MySQL Database
Key-Value records.
JSON-encoded.

VTS Timeloop
CIC files
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