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Introduction: The science of small Solar System 

bodies (SSSBs) entered a new era once we began 
launching spacecraft to explore and take high-
resolution images to map out, and touchdown on, their 
surfaces (e.g., NEAR: [1]; Hayabusa: [2]). The vast 
majority of their surfaces seem to be covered in rego-
lith, as suggested by thermal inertia measurements [3] 
and direct images (e.g., on Eros [4], and Itokawa [5]). 
Understanding the dynamics of their granular materi-
als, in their native small-body gravitational environ-
ment (~0.0001g), is vital for the correct interpretation 
of their surface geology (e.g., [6]). It is also critical for 
the design and/or operation of any device planned to 
interact with their regolith-covered surfaces [7], which 
must accommodate powdery low-cohesion, low-
friction textures, as well as the hardest rock types in 
the meteorite collection. A comprehensive understand-
ing of an SSSB requires a global exploration of its 
likely diverse locales (e.g., surface gravity, rock size, 
sun exposure, and thermal interia, all vary from point 
to point on the their surfaces). 

Mission Concept:  The Asteroid Mobile Imager 
and Geologic Observer (AMIGO) will be deployed to 
multiple locations around the surfaces of small bodies 
and provide stereo imaging from vantage points ~1 m 
above the surface, close-up geologic imaging, and 
seismic sensing. The payload consists of three or more 
1U CubeSats that each contains an inflatable and on-
board propulsion system to perform surface hopping.  
Several different techniques have been proposed for 
hopping nano-landers on low-gravity environments 
including use of reaction wheels [8], electro-polymers 
[9-11], and rocket thrusters [12].  In this concept, we 
will be heating urea sublimates to provide propulsive 
thrust. Once deployed from a mother spacecraft posi-
tioned above a small body, each cubesat will inflate to 
attain a 1-m ovular shape. Ejected during a slow flyby, 
the AMIGOs descend to the surface, acquiring their 
first science and context images. They impact at ap-
proximately 15 cm/s, experiencing a series of low-
speed bounces to come to rest, upright, at a random 
location on the surface. Each AMIGO is equipped to 
provide high-resolution stereo panoramic images of the 
surface terrain, and to conduct various other investiga-
tions related to seismology, electrical fields, and sur-
face properties (Fig. 1). The low-pressure membrane 
easily survives such bounces. The strongly bottom-
weighted design will help to ensure that it comes to 

rest in a close-to-vertical position. The lightweight 
inflatable self-righting design offers key advantages 
compared to other nano-landers: it gives them reflec-
tive properties and cross sections that allow them to be 
identified and tracked, so they are not lost beneath the 
surface regolith and dust to the mothership overhead. 
(A noninflating 1U cube could easily become lost or 
buried in typical asteroid terrains and is smaller than 
the global imaging resolution of the spacecraft.) By 
raising the binocular pair of cameras to 1-m height, 
without use of mechanisms, these panaromas see be-
yond nearby rocks and small boulders to provide sur-
face context. The inflatable design also ensures that 
each AMIGO has its solar arrays in sunlight, without 
any requirement of mechanisms or avionics. The shape 
is even used to concentrate available solar power. The 
inflated shell also operates to support an array of elec-
tric field sensors, and as a passive sensor (via photo-
voltaics) of dust loading. 

Select Science Goals:  (1) Acquire seismic data 
and determine local surface hardness and compliance, 
(3) Acquire micro-imaging of fine geologic structure 
from diverse locations, (4) Detect images of thermal 
fatigue of rocks, (5) Measure electric fields and proper-
ties of the dust. 

Figure 1. AMIGO lander and small-body surface 
explorer design. The design includes a corner cube 
for precise ranging with laser-altimeter-equipped 
spacecraft. Image courtesy of Gavin Liu 
(SESE/ASU). 
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Seismic data.  Although the capability of seismolo-
gy is limited, compared to dedicated terrestrial landers 
such as InSight [8], the investigation is to measure 
ground motion, and to characterize the ground-lander 
interaction each time it bounces. The landers would 
also be ready to take data from seismic sources that 
may be generated as a part of a larger mission (e.g., a 
small carry-on impactor, etc.). 

Examination of regolith.  We will obtain close-up 
images of rocks and grains nearby, for textural analysis 
and comparison to meteorite types on Earth. We will 
also comparative observations over time from a fixed 
station, to search for evidence of ongoing thermal 
cracking. 

Electric fields.  The surfaces of airless bodies 
charge due to their direction interaction with the solar 
wind plasma and the solar UV radiation. Although the 
free stream plasma is neutral, the positively charged 
daylit surface of an asteroid will attract electrons, re-
sulting in a region with increased electron density 
above the surface, called the plasma sheath. The 
charge separation in the plasma sheath causes an elec-
tric field. Since the regolith grains on the surface of the 
asteroid are charged, they will experience an electro-
static force equal to the product of their charge and the 
local electric field. It has been hypothesized that this 
electrostatic force may cause grains to detach from the 
surface or levitate above the surface [13-18]. However, 
to date, there have been no in situ measurements of the 
plasma potential and electric field on the surface of an 
asteroid.  

AMIGO will be the first to measure the plasma po-
tential in the first meter above the surface of an aster-
oid, using it's copper boning. The characteristic length 
of the plasma sheath (the Debye length) is about 1 m 
for asteroids [18]. Thus, there will be significant varia-
tion in the plasma potential over the height of the 
sphere. 
 

References: [1] Veverka J. et al. (2001) Nature, 
413, 390–393. [2] Fujiwara A. et al. (2006) Science, 
312, 1330–1334. [3] Delbo’ et al. (2007) Icarus, 190, 
236–249. [4] Veverka J. et al. (2000) Science, 289, 
2088–2097. [5] Miyamoto H. et al. (2007) Science, 
316, 1011–1014. [6] Hurford T.A. et al. 2016. JGR 
Planets, 121, 1054–1065. [7] Murdoch N. et al. (2015) 
in Michel P. et al., eds, Asteroids IV. Univ. Arizona 
Press, Tucson, 767. [8] Pavone M., Castillo-Rogez, J., 
Nesnas, I., Hoffman, J., N. Strange, (2013) IEEE Aer-
ospace, 1-11. [9] Kesner, S.B. et al., (2007) IEEE 
ICRA. [10] Strawser, D., Thangavelautham, J., 
Dubowsky, S., (2014) Int. Journal of Hydrogen Ener-
gy, 10216-10229. [11] Thangavelautham, J. and 
Dubowsky, S., (2013) Fuel Cells, 1-15. [12] Thangav-

elauthm et al., (2014) 2nd Int. Workshop on Inst. for 
Planetary Missions, 1-4. [13] Banerdt W. B. et al. 
(2013) LPSC XLIV, Abstract #1719. [14] Rennilson 
J.J. and Criswell D.R. (1974) The Moon 10, 121. [15] 
Robinson M. et al. (2001) Nature, 413, 396. [16] Col-
well J.E. et al. (2005). Icarus, 175, 159. [17] Hartzell 
C. and Scheeres D. (2011) P&SS, 59, 1758. [18] Hart-
zell C. and Scheeres, D. (2013) JGR, 118, 116.  

 
 
 
 
 
 
 
 
 

2781.pdfLunar and Planetary Science XLVIII (2017)


