
FIELD GEOLOGY CONDUCTED FROM THE LUNAR ELECTRIC ROVER, NASA DESERT RATS 2009: 

STRATEGIES FOR HUMAN SURFACE SCIENCE OPERATIONS ON THE MOON.  W. B. Garry
1
 and J. E. 

Bleacher
2
, 

1
Center for Earth and Planetary Studies, National Air and Space Museum, MRC 315, Smithsonian Institu-

tion, PO Box 37012 Washington DC, 20013, wgarry@si.edu, 
2
Planetary Geodynamics Laboratory, Code 698, 

NASA Goddard Space Flight Center, Greenbelt, MD. 

 

Introduction: The Lunar Electric Rover (LER) is a 

prototype vehicle being developed to support NASA’s 

Constellation program (Cx) and the return of humans 

to the Moon [1,2] (Fig. 1a).  Apollo only conducted 1 

to 3 EVAs per mission and were limited to a 10 km 

radius from the Lunar Module (LM) even with the lu-

nar rover.  Future missions will have more time availa-

ble for surface exploration away from the primary land-

ing site.  The design of the LER with a versatile chas-

sis, pressurized cabin, and rear-entry suit port (Fig. 1b), 

allows crews to optimize the available EVA time and 

travel distance allotted by longer mission durations 

(weeks to months).  The ability of future lunar crews to 

optimize the LER’s capabilities for surface science 

comes only with extensive field testing and training 

prior to those missions, as proven during Apollo [3-5]. 

 

 

 
Figure 1. The Lunar Electric Rover (A) and rear entry suit 

port (B) during the 2009 Desert RATS field test at Black 

Point Lava Flow, Arizona (NASA). 

 

 

NASA Desert RATS 2009 Field Test: Lunar analog 

simulations were conducted at Black Point Lava Flow 

near Flagstaff, Arizona with the LER and other assets 

from Aug. 26-Sept. 18, 2009 including two 1-day mis-

sions by Crew B and a 14-day mission by Crew A.  

Each mission was supported by a fully staffed, onsite 

mission control, science backroom [6], field crew, and 

lunar-like communication system.  Part of the field test 

objectives was to develop science operation protocols 

based on the new technologies incorporated into the 

LER.  Here, we discuss the science operation strategies 

and application of traditional field geology skills for 

lunar surface science operations during mission simula-

tions from the perspective of the LER crew.   

Surface Science Operations: The foundation for 

the science operations are based on Apollo, but new 

strategies were developed by the science team to utilize 

the available suite of tools and cameras, plus protocols 

for sampling and communication blackouts [6, 7]. 

Geologic Field Equipment.  The crews used tools 

similar to Apollo, including: hammers, tongs, scoops, 

drive core tubes, tool caddy, and sample bags.  A suite 

of cameras (stationary, Pan/Tilt/Zoom (PTZ), GigaPan, 

interior bubble camera) on the LER provided a 360° 

field of view at each site to monitor the actions of the 

crew and observe geologic units near and far. 

Scientific Advantages of the LER. The engineering 

of the LER can be used by the crew to their advantage.  

The field of view from the large front windows pro-

vides a near panoramic view for context observations, 

navigation, and pre-EVA planning.  The observation 

bubble gives a “helmet” view of the soil and bedrock 

(Fig. 2a).  The suit port provides crew rapid egress (15 

minutes) to the surface (Fig. 1b).  Observations and 

plans can be made during egress and ingress.  Crew 

member can also ride-along or drive from the suit port 

between stations, maximizing surface time. 
 

 
Figure 2.  (A) Context observations made from the observa-

tion bubble.  Crews could point inside camera at location of 

interest. (B) Crew member holds rock sample up to suit cam-

era for documentation. 
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Figure 3.  (a) Tool caddy used on 1-person EVA.  (b) Dis-

play screens inside LER. (c) Partial view out of front window 

of LER. (d) View out starboard window in LER. 

 

Strategies for Planetary Field Geology:  In field 

geology, no matter where you are in the universe, con-

text and scale are important aspects to document during 

exploration of a site.  Without the traditional field 

book, hand lens, paper map and immediate, tangible 

access to the environment, the crews had to adapt to 

the capabilities of the LER and suits, plus timeline and 

communication constraints. Here, we discuss a few 

strategies employed by the crews during the lunar ana-

log mission simulations. 

Observations from inside the LER. A significant 

amount of time is spent driving. The crew geologist would 

narrate observations of the near, mid-, and far-field to 

the backroom.  Some sites could only be viewed from 

afar and/or never sampled.  For these sites, a Naviga-

tion Waypoint feature allowed crews to record a video 

and verbally annotate sites/features of interest using the 

PTZ camera. Definite changes in the soil/surface along 

the traverse route that corresponded with changes in 

photo-geologic units were documented with a quick 2 

to 3 frame GigaPan.   

Pre-EVA Planning from inside LER. Context ob-

servations of a particular station and sampling strategy 

were made by the crew within the LER (Fig. 2a) and 

during egress while in the suit port (Fig. 1b).  Unit de-

scriptions, their context, and potential sample types 

(bedrock, float, soil, trench, surface scoop, drive tube) 

and sampling locations can be discussed with SciCom.  

The LER and its cameras (PTZ, Bubble Cam) can be 

oriented to provide coverage of key EVA locations.  A 

pre-EVA GigaPan also provides the science backroom 

with high-resolution context panorama of the field site. 

The LER allows for 1 person or 2 person EVAs, which 

were conducted during the missions. 

Sampling Protocols. A suit-cam attached to the up-

per left of the PLSS (Fig. 2b) provided real-time video 

and image capturing capabilities (initiated by science 

backroom).  Color palettes and scale bar were also 

attached to the tools.  This eliminates the use of bulky, 

chest mounted cameras and the cumbersome gnomon 

used during Apollo.  The ideal sampling protocol fol-

lowed by the crew was: 1) Context image of sample 

with horizon in view, 2) Stereo-pair of sample in place 

with scale (hold for 5 count, step right, hold for 5 

count), 3) Collect sample, 4) Photo-document sample 

with scale bar/color palette with suit-cam (hold for 5 

count, turn sample 90°, hold for 5 count) (Fig. 2b), 5) 

Sample bag number and image with suit camera.  

Crews would repeat sample numbers collected on an 

EVA while stowing them into an individually lettered 

large daily sample bag.  The mass of the samples col-

lected was measured during the last EVA of each day. . 

Communication Blackout.  Loss of Signal (LOS), 

planned and unplanned, were experienced during the 

missions.  SciCom provided a pre-LOS science plan to 

the crew.  During LOS, crews had to make decisions on 

whether to bypass stations, shorten an EVA, or change 

routes based on LER power and the mission timeline. 

Inevitable LOS periods stress the requirement for on-

board LER and suit recorders for science observations. 

Implications for Planetary Exploration: As dem-

onstrated in Apollo [3-5] extensive crew training in 

surface science operations, including geologic sam-

pling, observations, and interpretations plus equipment 

deployment, is important for efficiency on the lunar 

surface. Realistic mission simulations with defined 

science objectives and challenges gives the necessary 

experience for making field decisions with a scientific 

purpose, not contrived science.  Managing the different 

science equipment, cameras, and screens inside the 

LER and in the suits requires repetitive use for them to 

become second nature and to see how practical they are 

for field geology during the course of a complete mis-

sion.  Continued analog field testing and simulations is 

important to develop the equipment and protocols ne-

cessary for future human exploration of the Moon and 

beyond. 
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