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The cubesats are indeed a disruptive technology, but the cubesat paradigm also advances concepts developed in 

the early days of space exploration that made NASA’s Apollo program so successful. 

This fact is especially important when considering Return on Investment for deep space cubesats. 

The Apollo program was a daring and risky experiment initiated early in a decade that began with a high project 

failure rate and ended with the most extraordinary technological achievement of all time, the human exploration 

of another body in the solar system.

Cubesats generally, but especially in deep space, are a high-risk venture where early high failure rates are a 

crucial part of lessons to be learned for success. 
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During NASA’s first decade, much of the focus was on the development technologies required 

for operating on a relatively short-term basis in deep space: 

• Achieving orbit

• Reentry and landing 

• Orbital and then deep space communication 

• Orbital and then deep space navigation, and tracking 

• Rendezvousing with another body in orbit and in space

• Rendezvousing, orbiting and landing on another body 

• Remote sensing via unmanned spacecraft 

• Maintaining a life support system

• Human mobility and geological surveying of another body

• Sample return from another body
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During the Apollo decade, ‘precursors’, ground-breaking technological steps by themselves, were essential, 

providing the reconnaissance data critical for planning, simulating, and executing Apollo field activities. 

• The earliest, Ranger (1961-1965), a hard lander, implemented by NASA JPL, established the basic capabilities 

for navigation, tracking, and communication from the Earth to the Moon. 

• Lunar Orbiter [1966-1967], implemented by NASA Langley, the first American lunar orbiter, confirmed the 

capability for orbital insertion and provided pictures of the potential landing sites at nominal resolution of 1 

meter. 

• Lunar Surveyor [1966-1968], implemented by NASA JPL, the first ‘controlled descent’ lunar lander, 

established that the regolith could support a lander and its crew, and provided the first pictures and 

compositional data of the lunar surface in situ. Aerial reconnaissance data with comparable resolution were 

obtained for selected terrestrial sites where simulation and astronaut training would be performed.  
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Just as in the Apollo decade, with early lunar orbiter and lander precursors to human landing, early 

cubesats can be considered ‘precursors’ to widespread multi-platform missions. 

An essential goal for the cubesat paradigm has been the development and testing of current state of the art 

technological capabilities, building on the microminiaturization trends that started during the Apollo 

program, that will again revolutionize access to space.  
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Progress over almost twenty years
• Prior to 2015: 1-3 U and Prototype subsystem 
• 2015-2018: 3-6 U and improved ‘control’ systems
• 2018 to current: 6U and broader user (e.e.g, 

science) focus

Temptation: more ‘management’
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Year Name Goal

2003 Quake Sat Stamford Space-based detection ELF signals as Equake precorsurs

2005 UWE U Wurzberg Test internet communication and solar cells in space

2006 GeneSat Santa Clara U Life Support, Study activity of bacteria

2008 AAUSat2 Aalborg U ADCS, Gamma-ray detector

2008 CanX2  U Toronto Demo Formation Flying

2013 AAUSat3 Aalborg U AIS system for ship tracking in arctic

2013 PhoneSat 1, 2 Consumer Grade Smartphone Communication

2013 Firefly Taylor U Gamma-ray detection signature from thunderstorms

2014 QB5OP1, 2 Von Karman Inst Thermosphere research (ion and neutral Mass Spectrometers)

2017 Asteria JPL Demo fine pointing control for exoplanet search

2017 CXBN2 Morehead State U Cosmic X-ray Background Mapping to determine source

2018 Irvine02, Irvine cubesat STEM program Test propulsion system and LED communications

2018 MarCO JPL Dual band communication at Mars

2018 CubeSail 1, 2 U of Illinois Solar Sail Propulsion in LEO

2018 SPOC U of Georgia Ocean Color Spectroscopy

2018 RainCube JPL Precipitation Monitoring Radar

2022 LunaHMap Arizona State Deep space propulsion system, Neutron spectrometer, Orbiter, Water



During the Apollo decade, the scientists, engineers, technicians, not to mention astronauts, who made success 

possible were not micromanaged. They were self-starters:

• who were motivated by the strategic and cultural importance of their work as well as the extreme technical 

challenges, 

• who had ability to work with problem-solving teams to create, propose and test until solutions found.

That approach should be familiar and welcome to those working in cubesat teams in terms of ’ideal’ approach

• Lean, flat, and with multi-functional members, who can and like to fix problems on the fly

• Experienced system/project manager, minimal turnover in leadership

• Systems-mindedness, communication pervasive

• Flexibility for evolving requirements and solving problems close to the source as the occur. 

• Identify, assess impact of, communicate, and prioritize dealing with risks early

• As form broader ‘user’ communities, requirements documentation and management process crucial for 

flowdown and traceback, but should be done systematically (not case by case) with workable ‘good enough’ 

institutional model  and focus on content (interfaces, performance) rather than format (tools)

• Utilize existing commercial infrastructure, and generic off the shelf’ to support development of state of art 

‘payload’.

• Careful to prevent 'scope creep’

• Share and Support the development of compact reusable fabrication, calibration and testing facilities to lower 

costs.
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In the early days of NASA, just as in the cubesat era, understanding of what constitutes adequate 

information capture, and documentation, was evolving.  

Extreme programmatic and environmental constraints resulted in flexible experimenting with and training in the 

use of minimal resource approaches.  

Portable Life Support… Open Rover and Apollo Space Suit, NOT a large, energy hungry pressurized rover. Design 

for ‘field work’ including gloves, cuffs.  Field work without a field notebook and pencil??  Oral/audio 

documentation technique repeatedly simulated.
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In the early days of NASA, just as in the cubesat era, understanding of what constitutes adequate 

information capture, and documentation, was evolving.  

Maps aerial (orbital) photography annotated with topography contours, traverse routes and landmarks as opposed 

to highly detailed geological unit maps for ease of use.
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In the early days of NASA, just as in the cubesat era, understanding of what constitutes adequate 

information capture, and documentation, was evolving.  

Tools designed for efficiency literally using time motion studies, and field work evolved to standard 

‘choreography’ for documentation and sampling.
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In addition to essential advances in space communication, transportation, and navigation, the Apollo decade 

initiated advances in microsensors and processors, cooling technology, materials for extreme environments, 

accurate timekeeping… a smattering at https://www.nasa.gov/sites/default/files/80660main_ApolloFS.pdf

https://www.nasa.gov/sites/default/files/80660main_ApolloFS.pdf


Beyond Apollo: Cubesats are ideally suited to advance exploration with capabilities initiated but not available in the 

Apollo decade:  Distributed micro- and nano-sensors and electronics on distributed platforms. 

Examples: Colorado State TEMPEST (Temporal Experiment for Storms and Tropical Systems), MIT TROPICS (Time 

Resolved Observations of Precipitation Structure and storm Intensity with a Constellation of Smallsats), JPL PreFire (Polar 

Radiant Energy in the Far Infrared Experiment), JPL MarCO (Mars Cube One), Planet Lab ~200 Doves/Superdoves (Ongoing 

Global Earth Imaging) Image Credits: from developers
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The engineers, scientists, and technicians of Apollo era, revolutionary itself, 

• generated the problem-solving approach as the working model and 

• developed the technology as the essential foundation 

for the current cubesat paradigm.

The Cubesat Revoution has Apollo Roots

Questions?

Contact: p.clark@moreheadstate.edu

LunarCubes Workshop on Friday! 

mailto:p.clark@moreheadstate.edu

