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Abstract 

In contrast to large-budget space missions, risk-tolerant platforms such as nanosatellites may be better posi-
tioned to exchange moderate performance uncertainty for reduced cost and improved manufacturability. New 
uncertainty-based systems engineering approaches such as multidisciplinary optimization require the use of inte-
grated performance models with input distributions, which do not yet exist for complex systems, such as laser 
communications (lasercom) payloads. This paper presents our development of a statistical, risk-tolerant systems 
engineering approach and apply it to nanosatellite-based design and architecture problems to investigate whether 
adding a statistical element to systems engineering enables improvements in performance, manufacturability, and 
cost. The scope of this work is restricted to a subset of nanosatellite-based lasercom systems, which are particu-
larly useful given current momentum to field Earth-observing nanosatellite constellations and increasing chal-
lenges for data retrieval. We built uncertainty-based lasercom performance models for a low Earth orbiting (LEO) 
system being developed at MIT called the Nanosatellite Optical Downlink Experiment (NODE) as a reference 
architecture. Compared with more traditional, deterministic systems engineering, we find that our new Lasercom 
Uncertainty Modeling and Optimization Simulation (LUMOS) approach yields significant benefits, including a 
lasercom downlink design with a 59% reduction in ground station diameter and a 46% reduction in space terminal 
power for equivalent probabilities of a LEO-ground system delivering 500 Gb/day. While this study focuses on a 
nanosatellite lasercom application, the process for characterizing the input distributions and modeling perfor-
mance is generalizable to other lasercom systems or space systems. 

 

 Introduction 

 
Nanosatellite1 systems engineering can benefit 

from using an uncertainty-based design methodology, 
which has been shown to improve decision-making for  

                                                 
1 In this paper, the term “nanosatellite” refers to a satellite with a 

total mass of less than 10 kg (see Buchen, 2014); nanosatellites 

complex systems (De Neufville et al., 2004). Systems 
engineering for nanosatellites can be challenging, be-
cause time and resource constraints require design de-
cisions to be made before all risk can be mitigated. 
While spacecraft programs with larger budgets can  

are usually flown as secondary payloads, although satellite mass 

categories can vary. 
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