
Enhancing Successful Data Delivery in Small Satellite
Networks – IAA-LA-17-P06
 

Jorge M. Finochietto, Universidad Nacional de Córdoba - CONICET 
Juan Fraire, Universidad Nacional de Córdoba - CONICET 
Fernando Raverta, CONICET 
Pablo Madoery, CONICET 
Renato Cherini, Universidad Nacional de Córdoba 
 

Several factors are driving the emergence of Small Satellite Networks (SSN)
beyond  the  traditional  domain  of  governments  and  commercial
geostationary  satellites  services.  Leading  technology  organizations  are
turning their attention and resources to developing satellite-based services
that can be affordable for private companies. The commoditization of small
satellite components and major subsystems, use of commercial hardware,
and advanced software capabilities are yielding small satellites that can be
built  in  months  while  reducing  the  cost  in  comparison  to  traditional
satellites.  
In this context, it is expected that these networks will grow in size, reaching
several hundreds of nodes. Beside its size, its communication capabilities
will  improve  over  time,  not  only  offering high-rate  Earth-to-satellite  links
(ESL) but also supporting data exchange with other flying nodes through
inter-satellite links (ISL). This enables a new paradigm where data collected
by one satellite could potentially be delivered to Earth by a different node.
Indeed, several communication paths could be available to deliver data to
Earth, thus, increasing the probability of successfully delivering data. Even if
links are designed to be robust enough to work under different scenarios,
several factors can affect their availability. Among them, power consumption
can  reduce  or  disable  communication  capabilities  of  a  node  if  available
power  is  limited.  Other  conditions  such  as  weather  or  temporal
unavailability  of  the  ground  station  can  also  impact  on  the  process  of
delivering data to Earth.  
A straightforward strategy to enhance the delivery probability is to use all
available paths,  that is,  through data replication on all  the links used by
these paths. However, this can significantly consume the capacity of these
links,  leading  to  congestion.  In  order  to  exploit  different  available  paths
efficiently, routing protocols can be integrated on the communication stack
of flying nodes to properly decide which path to use for data delivery. The
Contact Graph Routing (CGR) developed at the Jet Propulsion Laboratory is
one clear example of how to efficiently select the best path to send data
relying on the expected state of the network.  
In this work, we investigate the delivery performance of an SSN for the case
of linear formation flying scenarios. For this purpose, we consider N small
satellites connected in a train-like configuration by inter-satellite links (ISL).
In particular, we address the problem of delivering data from any flying node
to the ground station,  which can be realized either through a single-hop
connection among them using the Earth-to-satellite link (ESL) of the source
node, or by multiple hops through the ESL of a different node. Up to N paths
can  be  considered  for  this  scenario,  thus,  increasing  the  probability  of
successfully delivering data to ground. First we discuss how this scenario
can  be  modelled  by  simple  techniques  from  reliability  theory,  also
accounting for the location of the source node inside the flying formation,



which  does  affects  the  delivery  probability.  Based  on  these  results,  we
propose a routing strategy aiming at maximizing the delivery probability for
all  nodes  regardless  its  location.  Finally,  we  discuss  how  the  delivery
probability increases as the network size grows, and/or the reliability of the
links (ISL / ESL) improves. We conclude the work by providing some useful
criteria on the design of these networks to account for availability.   


