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First, A Word on Names

• Our proposal was named Cubesat Asteroid Encounters for 
Science And Reconnaissance (CAESAR)

• This overlaps with the name of a recently selected New 
Frontiers Phase A study for a different small bodies mission

• To avoid confusion, we are changing the mission name to Ross
• Mary G. Ross was an engineer at Lockheed Martin from 1942-

1973, and one of the first American Indians in aerospace 
engineering
– Her worked spanned WW II to the space age, including interplanetary 

trajectory analysis
– We honor her groundbreaking role and contributions to orbital 

mechanics with this mission



3SBAG – 18 JANUARY 2018

Some Planetary Science Deep Space 
Smallsat Studies (PSDS3) Mission 
Concept Parameters

• Any Solar System body, including NEOs (excluding the Sun & 
Earth). Multiple targets are permitted.

• Secondary payload
• No Radioisotope power systems or heater units
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Ross Mission Overview

Study objective
• Demonstrate that a fleet of small, low-cost spacecraft provides 

an affordable means to explore an incredibly diverse small-
body population via flybys

Why flybys?
• A well-planned and executed flyby on a new object provides a 

wealth of information on:
– Shape and size (and thus volume), spin rate, pole orientation, thermal 

processes, dominant surface features and properties
• Flybys provide an excellent balance between a necessary data 

set, accessing a large number of objects, AND the feasibility of 
implementing the mission via a small-scale spacecraft



5SBAG – 18 JANUARY 2018

Why the smallest NEOs?
• Despite their diminutive size, there are 

fundamental physical processes present in 
small asteroids, including:
– The balance of forces (gravity, rotation, 

cohesion), which can be related back to 
planetary formation

– Collisional evolution, which is relevant to all 
small body populations

– Response to thermal flux & orbit evolution

• Existing observations of small bodies 
demonstrate that the “geology” of these 
objects include shape and structure more 
complex than previously expected

Bennu, from Nolan et al. (2013)

Itokawa, from Michikami et al. (2010)
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By the Numbers

• Most objects in the solar 
system belong to a physical 
scale that has never been 
visited by spacecraft

• Small objects are . . . 
– The vast majority of planetary 

bodies
– The greatest remaining 

unknown risk for Earth impact
– Candidate targets for ISRU and 

/ or human exploration
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Small Bodies are Fundamentally 
Multiple New Regimes
• The relative magnitudes of gravity, 

cohesion, and centripetal 
acceleration are wholly different 
than other planetary objects 
(Scheeres et al. 2010)

• The role of gravity relative to 
cohesion and centripetal 
acceleration is different between 
asteroid scales
– i.e. a 1 km object and a 5 km object are 

“different creatures”
• The balance of forces has relevance 

to planetary formation, i.e. the 
progressive accretion of material 
into larger aggregates

Scheeres et al. (2010)
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Thermal Effects
• Yarkovsky effect peaks at 

diameters < a few km
– Small asteroids provide an 

excellent laboratory to measure 
the Yarkovsky effect, and to 
understand cause-and-effect 
between measured value and 
resolved, specific physical 
characteristics

• YORP effects on rotation rate 
and obliquity scale as 1/R2 (R 
= asteroid radius)
– The smaller the asteroid, the 

bigger the YORP effect

Bottke et al. (2002).  The change in orbital 
semi-major axis, due to Yarkovsky, as a 
function of object size.  Different curves are 
different surface conductivities.

Small objects are an excellent population to explore cause and effect for 
thermal properties and orbital evolution!  
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Flybys Provide Valuable 
Reconnaissance
• A simple flyby with a low-cost spacecraft can significantly 

reduce the programmatic cost and risk of a subsequent 
mission

• For example, diameter uncertainties from ground-based 
observations correspond to much larger uncertainties in object 
mass
– A small, inexpensive flyby is an effective scouting to constrain the 

parameter space for a larger, follow-on mission
– The combined cost of a (cubesat flyby) + (large follow-on mission) could 

be less than a large mission that has to design for a much larger 
parameter space
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Ross Mission Description

• Multiple cubesats launched as secondary payloads
• Option space:

1. Each cubesat targets a different NEO 
2. Multiple cubesats target a single NEO to improve coverage of high-

value target
3. Some combination of 1 and 2

• Initial target search identified dozens of possible candidates
– Ongoing evaluation of target viability includes low ΔV, low flyby 

velocities, favorable approach phase angles and other constraints 
– Candidates include a comet, a range of spectral types, and many un-

typed objects

• Search for additional candidate targets continues
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Ross Mission Architecture

• Several identical spacecraft 
perform flybys of previously 
unexplored NEOs

• Two science instruments:
– Visible camera
– IR camera, focusing on measuring 

thermal inertia and temperatures

• X-band telecom
• Propulsion for tailoring of 

trajectory
• Leverages Lockheed Martin 

investment in CubeSat technology, 
including LunIR on EM-1

• Science Team
– Beau Bierhaus, Ben Clark, 

Lockheed Martin
– Robert Jedicke, University of 

Hawaii
– Mike Ravine, Malin Space 

Science Systems
– Driss Takir, SETI Institute

• If you are interested in this 
concept, please let me know
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Summary

• Small asteroids and comets are not just compositional 
remnants of the early solar system, they are “living” examples 
of physical processes that occurred in the early solar system
– Yarkovsky and YORP have always been around
– the physical processes of regolith creation, retention, and loss are 

relevant to early accretion

• Small objects are part of the greatest uncategorized impact 
risk, and are good candidates for future exploration

• There are more than 15,000 known Near-Earth Objects, with 
orders of magnitude more to be discovered, making it 
impossible for Discovery-class missions to explore more than a 
tiny fraction of them – we need a new paradigm (SIMPLEX)!

© 2018 Lockheed Martin Corporation. 
All Rights Reserved.
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