
OVERVIEW OF LOGISTICS AND OPERATIONS FOR SAND-E: SEMI-AUTONOMOUS NAVIGATION 
FOR DETRITAL ENVIRONMENTS.  R. C. Ewing1, E. B. Rampe2, B. Horgan3, M. G. A. Lapotre4, M. Nachon1, 
M. T. Thorpe2, C. C. Bedford5, P. Sinha3, K.G.Mason1, E. Champion1, P. Gray6, A. Soto7, M. Faragalli8 , M. Battler8, 
and E. Reid8, 1Texas A&M University (rce@tamu.edu), 2NASA Johnson Space Center, 3Purdue Univ., 4Stanford 
Univ., 5LPI/USRA/JSC, 6Duke Univ., 7Southwest Research Institute, 8Mission Control Space Services. 

 
Introduction:  Unmanned aerial systems (UAS) 

and automated terrain analysis for science and 
navigation are new technologies for planetary 
exploration. The Mars Helicopter has flown with the 
Mars2020 rover, the Dragonfly quadcopter will explore 
Titan, and Soil Properties and Object Classification 
(SPOC) software will be used for path planning and 
navigation on planetary roverso. Using an Argo J5 rover 
instrumented with stereo cameras and Autonomous Soil 
Assessment System (ASAS) software, and an off the 
shelf quadcopter, SAND-E tested the use of automated 
terrain analysis and UAS images for science operations 
in a Mars-analog environment in Iceland in July 2019. 
Scientifically, we sought to determine changes in the 
physical and chemical properties of sediments along a 
glacial-fluvial-aeolian transport pathway. 
Operationally, we tested rover mission-like scenarios 
that included UAS images and classified terrain images. 
Here, we present an overview of SAND-E’s logistics 
and operations. 

Site Selection: A goal of SAND-E is to examine 
sorting and alteration of sediments in glacial, fluvial, 
and aeolian environments for both mineral- and glass-
dominated basaltic source rocks using a rover. During 
the first year of the project, we focused on a mineral-
dominated environment. Site selection was based on 
prior publications indicating our selected region had an 
abundance of crystalline phases within the detritus and 
the overall accessibility of the site with a large rover 
[2,3]. We chose the Skjaldbreiðauhraun glacial outwash 
plain, which sits at the base of Þhórisjökull glacier. The 
site is 30 km north of Þhingvellir National Park and ~2 
hours northwest from Reykjavik. The outwash plain is 
fed by a river that drains from the base of the glacier and 
cuts through volcanic rock formed within tuyas, tindars, 
hyaloclastite and shield volcanoes. Aeolian sediments 
are present as reworked fluvial sands.  

Logistically, site accessibility and permitting were 
strongly considered. The site was accessible with 
standard rental SUVs. The area is not part of a national 
park or any entity that required specific permitting or 
regulation beyond that administered at the national level 
through the Environment Agency. This was a strong 
consideration because off-road driving is more strongly 
regulated within parks due to the potential 
environmental impact of a rover. Off-road driving is 
authorized for research purposes where no other means 
of access is feasible. Sample collection was similarly 

regulated at the national level through the Icelandic 
Institute of Natural History. We exported 100 kg of rock 
and sediment samples back to the USA for lab analysis. 
We also received permits for the use of a handheld 
hXRF through the Icelandic Radiation Safety Authority. 

Operations Concept:  We tested six operational 
scenarios at sites that were designated as proximal, 
medial, and distal to the source terrains. We aimed to 
identify the capabilities and efficiencies of using optical 
images from UAS and terrain-classified optical images 
from the rover for science decision making and path 
planning. At each site, the team planned a notional 
strategic path using 25 cm/pixel UAS images of the field 
site to mimic Mars HiRISE images. Our first tactical 
rover scenario consisted of state-of-the-art Curiosity-
like operations in which scientists, who were isolated 
from the field site, used rover navigation and science 
cameras to plan the rover path and identify targets. Each 
scenario included a traverse that consisted of 5 drives 
and 5 science stops. Other scenarios iterated from this 
baseline scenario to include navigation camera images 
that were segmented by ASAS into hazard maps and 
terrain classes and UAS images that covered an area 40 
x 60 m around the rover or the entire ~250 m x 250 m 
field area. We also tested a walk-about scenario and a 
human field geologist scenario.  

At each stop, scientists used rover images to specify 
two targets for handheld XRF, VNIR, and 
microimaging, and an unlimited number of additional 
targets for handheld VNIR spectroscopy (typically 3-6). 
Samples were collected where the XRF data were taken. 
Samples consisted of unconsolidated clay, silts and 
sands, individual pebbles and cobbles, and bedrock. 
Laboratory methods following the operation included 
grain size and shape analysis, XRD, XRF, µXRF, TEM, 
ICP-MS, and image processing and analysis. 

SAND-E 2021 is planning our second deployment 
to Iceland from June 28th-July 22nd 2021 to sites along 
the Jökulsá á Fjöllum River with similar operations and 
science goals but instead within a glass-dominated 
provenance in a larger catchment.  
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