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SpaceX reduced launch costs from ~$200M to ~$60M, and is targeting ~$5M – Real state elevator for space?

OneWeb satellite costs from $500M+ to < $500k – Planet launched 88 Cubesats
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+17,600 satellites by 2027
There are currently 5,000!
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TRANSMIT DATA BETWEEN
UNDERWATER NETWORKS
AND THE INTERNET VIA
SATELLITE NETWORKS
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1.2+ Tbps

1 – 10 Gbps

100%

visibility
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λ = 

1/ λ = 

P. A. Ferreyra, C. A. Marques, R. T. Ferreyra and J. P. Gaspar, "Failure map functions and accelerated mean time to failure tests: new approaches for improving 

the reliability estimation in systems exposed to single event upsets," in IEEE Transactions on Nuclear Science, vol. 52, no. 1, pp. 494-500, Feb. 2005.
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J. A. Fraire, P. Madoery, F. Raverta, J. M. Finochietto and R. Velazco, "DtnSim: Bridging the Gap between Simulation and Implementation of Space-Terrestrial 

DTNs," 2017 6th International Conference on Space Mission Challenges for Information Technology (SMC-IT), Alcala de Henares, 2017, pp. 120-123.
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Walker 
constellation is 

highly insensible
towards failures

But along-track 
actually was more 

reactive in re-
routing

And still, along-
track showed a 

larger utilization of 
storage

MTTD+MTTR = 5 min          Traffic = 500         160 sims per MTTF          CGR Routing          24 hrs

J. A. Fraire, P. Madoery, S. Burleigh, et al., “Assessing Contact Graph Routing Performance and Reliability in Distributed Satellite Constellations,” Journal of 

Computer Networks and Communications, vol. 2017, Article ID 2830542, 18 pages, 2017. https://doi.org/10.1155/2017/2830542.



▪

▪

▪

▪

▪

▪



▪

▪



▪

▪

▪

▪

▪

▪

▪

▪



▪

▪

▪

▪

▪

▪

▪

▪

▪

▪







▪

▪

▪

▪

▪

▪

▪

▪

▪









▪

▪

▪

▪

▪

J. A. Fraire, "Introducing Contact Plan Designer: A Planning Tool for DTN-Based Space-Terrestrial Networks," 2017 6th International Conference on Space 

Mission Challenges for Information Technology (SMC-IT), Alcala de Henares, 2017, pp. 124-127. doi: 10.1109/SMC-IT.2017.28



SDP metric 
in CGR
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Tools

Network Tool Kit





▪ J. A. Fraire and P. A. Ferreyra, "Assessing DTN architecture reliability for distributed satellite constellations: 
Preliminary results from a case study," 2014 IEEE Biennial Congress of Argentina (ARGENCON), Bariloche, 2014, 
pp. 564-569. doi: 10.1109/ARGENCON.2014.6868551

▪ J. A. Fraire, P. Madoery, S. Burleigh, et al., “Assessing Contact Graph Routing Performance and Reliability in 
Distributed Satellite Constellations,” Journal of Computer Networks and Communications, vol. 2017, Article ID 
2830542, 18 pages, 2017. https://doi.org/10.1155/2017/2830542.



Coms and Power Subsystems

• NanoCom SR2000
• SDR

• Xilinx Zynq7000 FPGA

• Avg. Power Consumption: 6 W

• ANT2000
• Power Consumption: 10 W

• Tx power Pt: 1.6W, gain: 8dBi

• NanoPower BPX
• Lithium ion cells (77 Wh)

• Heaters 6W

• NanoPower P110
• Power on sunlight exposure (15 W)

In 5 hs of eclipse (namely 4 orbits), battery is fully discharged (77 Wh)



Battery-Aware Model

GOM-X4

Linear 

battery 

Model

(LiBaM)

Multi 

commodity 

flow

formulation

+






