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Introduction: A recent comparative analysis of Mars 

Global Surveyor (MGS) images from 2001 and 2005 

have indicated the possibility of liquid water outflows 

on gullies [1]. Beyond the question of water versus 

non-water sources for the changes in the images are the 

questions of astrobiological interest at these sites. The 

main option for acquisition of in-situ samples at these 

potential outflows is to traverse down the gully face to 

the site. The MER (Mars Exploration Rover) Opportu-

nity is currently at Victoria Crater where there are lay-

ered exposed cliffs (see Figure 1) that are not realisti-

cally accessible to traditional rovers in the MER class. 

TRESSA (Teamed Robots for Exploration and Sci-

ence on Steep Areas) is a three-robot team developed 

at the Jet Propulsion Laboratory (JPL) that has demon-

strated the ability to drive on soil and rock covered 

slopes of up to 85 degrees. In addition, the integration 

of a robotic arm and instrument suite has allowed 

TRESSA to demonstrate autonomous and semi-

autonomous science investigation including sample 

acquisition of the cliff faces. These investigations were 

carried out at three Mars analog sites in Svalbard, 

Norway as part of a recent geological and astrobiologi-

cal field investigation called AMASE: Arctic Mars 

Analog Svalbard Expedition. TRESSA was run in a 

mission-like operations environment similar to that 

used on MER. 

TRESSA Background: TRESSA in its final form 

will be a modular robotic system that travels as a unit 

and autonomously reconfigures itself as dictated by 

terrain. An artist’s concept is shown in Figure 2, where 

from left to right the TRESSA system travels to the top 

of a cliff face, the three rovers distribute, leaving a 

tethered system of two Anchorbots which anchor 

themselves at the top and a Cliffbot, and then the 

Cliffbot traverses onto the cliff face using the tethers 

for stability. The two Anchorbots adaptively control 

their tether tension and play-out velocity to maintain 

Cliffbot stability as it traverses over the cliff face. The 

Cliffbot drives on the cliff face more or less like a 

rover would drive on level terrain. At the end of the 

scientific investigation, the three robots then reconfig-

ure for driving prior to moving to the next site. In order 

to keep the mass of the Cliffbot low for better mobility 

on the cliff face, the two Anchrobots carry the majority 

of the onboard science laboratories and accept a sam-

ple handoff from the Cliffbot. Due to cost and timing 

constraints, the current configuration is built with a 

Figure 2: Modular robotic TRESSA system concept. From left to right: the three rover system trav-

els as a unit to the top of the cliff, disconnects and plays out the tethers, and the cliffbot traverses 

onto the cliff face. 

Figure 1: Cape Verde cliff at Victoria Crater on 

Mars adjacent to Duck Bay, a potential ingress 

point for the MER Opportunity. 
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fully functional Cliffbot and two Anchorbots that move 

linearly along a rail. 

TRESSA derives its robot control, mobility, and 

science acquisition algorithms from MER, imple-

mented in the FIDO (Field Integrated Design and Op-

erations) software architecture [2]. The FIDO software 

architecture (now known as the Robust Real-Time 

Reconfigurable Robotics Software Architecture or 

R4SA) was developed, in part, for MER prototype 

field trials [3]. Coordination of the three rovers is done 

under the CAMPOUT (Control Architecture for Multi-

robot Planetary Outposts) behavior-based multi-robot 

system [4] running on top of the R4SA. In addition, 

several of the autonomy algorithms developed for 

MER have been incorporated into the R4SA, including 

new versions of terrain analysis, and visual odometry 

for tracking rover slippage during motion [5]. 

Science and Sample Acquisition on Cliffs: The 

ultimate goal, scientifically, for TRESSA is to safely 

place a variety of science instruments on specified tar-

gets on steep slopes, and to collect small samples (soil, 

pebbles, rock scrapings) to be transferred to either on-

board-science instruments or science instruments fixed 

at the cliff-top. The closely coupled teaming of the 

Anchorbots and the Cliffbot through the tethers miti-

gates slip during sample acquisition through the tether 

tension monitoring and Anchorbots response during 

the various arm movements. The current tool suite on 

the end of the Cliffbot instrument arm is shown in Fig-

ure 3, and includes a sample acquisition scoop, a color 

microscopic imager (CMI), and Raman and reflectance 

mounted on the instrument turret. Instrument place-

ment is done under the MER model using stereo terrain 

models derived from the front hazard avoidance cam-

eras (HazCams) on the Cliffbot to provide 3D target 

positions. 

The closely coupled three-robot team is com-

manded via a combination of two applications that are 

used to support operations in the field: Orchestrator 

and Maestro.  TRESSA Orchestrator is a data process-

ing pipeline application that receives telemetry from 

the rover over a wireless network connection and proc-

esses the raw data into derived products that are useful 

for planning new operations.  TRESSA Maestro is a 

graphical operations user interface that lets the opera-

tor browse and examine the telemetry and plan new 

command sequences for TRESSA based on the contex-

tual knowledge of vehicle states and knowledge of the 

terrain. The Orchestrator and Maestro applications are 

built upon software and operations experience from 

many other rover support tasks conducted by the Jet 

Propulsion Laboratory, including most recently: MER 

mission operations support [6] and MER-FIDO Athena 

field trials [3]. 

Field Expedition in Svalbard, Norway: In August 

of 2006, TRESSA was deployed at three cliff sites 

(Ebbadalen, Sverrefjellet, and RedBeds) in Svalbard, 

Norway as part of a NASA funded ASTEP effort 

called AMASE. These cliff sites are of interest to 

planetary geologists and astrobiologists as Mars ana-

logs, and the TRESSA team was part of the larger 

AMASE science team being led by Andrew Steele of 

the Carnegie Institute of Washington (CIW). In order 

to be relevant for planetary science applications, the 

science goals were set by members of the AMASE 

scientific team. Transportation between the cliff sites 

was on the icebreaker Lance, with the TRESSA system 

then carried to the site (usually within 2 kilometers) 

and deployed. TRESSA will drive to the sites and self-

deploy as a coupled team after being dropped off on 

shore for AMASE operations in 2008. 

A SOWG (Science Operations Working Group) 

meeting was held onboard the icebreaker each morn-

ing, followed by a check for polar bears at the current 

site, transport of the TRESSA system to the site, de-

ployment on the cliff face, and then execution of the 

sequence of operations to meet the science goals for 

the day. The equivalent of multiple days of flight op-

erations were done at each site, with the science team 

and TRESSA drivers evaluating the results from the 

Cliffbot in the field and planning the next sequence. 

The Anchorbots were secured to the top of the cliff 

using bags of rocks that were tied to the base platform. 

All of the sequences were planned in relative isolation 

by the TRESSA drivers based on the telemetry feed 

from the stereo cameras and the science instruments. 

The cliffbot scoop was sterilized using a seven-step 

process that will be reported on in an upcoming special 

issue of the Astrobiology journal. Samples that were 

acquired by the Cliffbot scoop were placed in sterile 

containers at the bottom of each of the cliffs. Results of 

Figure 3:  The current TRESSA Science In-

strument suite: Scoop for sample acquisition, 

Color Microscopic Imager (CMI), Raman Spec-

trometer, and Reflectance Spectrometer. 

SCOOP CMI 

RAMAN 

REFLECTANCE 
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individual deployments are discussed in the following 

sub-sections. 

Ebbadalen. The site at Ebbadalen shown in Figure 

4 was a 70-85 degree rough, rocky cliff face, approxi-

mately 4.5 meters in vertical height. The rover de-

scended vertically approximately 3 meters from the top 

of the cliff (in 0.1 to 0.5 meter steps) to a location 

where soil had collected in a locally flatter area.  There 

were small commanded Cliffbot positioning changes to 

place the desired soil area within the reach of the arm, 

including small adjustments upward and diagonally on 

the cliff face. At this location, the Cliffbot successfully 

took a series of microscopic images and, with addi-

tional direct human intervention due to the sample sit-

ting under an overhang, successfully collected a soil 

sample. A Cliffbot Hazcam image of CMI placement is 

shown in Figure 5 where the cross bedding in the rock 

face is evident to the right of the arm. 

Sverrefjellet. The site at Sverrefjellet shown in Fig-

ure 6 was a 50-60 degree slope consisting of soil and 

rock; it was approximately 1.5 meters in height and 

could be accessed by humans from the top or the bot-

tom. The rover started on the flat surface above the 

cliff, drove over the edge with the Anchorbots moni-

toring the tension on the tethers, and then descended 

approximately halfway down the slope, stopping at 

two locations for science.  The traverse included a 

short 20cm drive up the slope and several downward 

diagonal 20cm drives to reposition at each target.  At 

each site, CMI images were taken and a sample was 

collected. The wheels were cocked perpendicular to 

the slope for added stability during sample acquisition 

(as seen in Figure 6). At the first site, both spectrome-

ters were placed on the same target for compositional 

analysis.  The scoop was sterilized between samples 

(by hand) to prevent cross-contamination. Sample han-

dling for multiple samples will be addressed this year 

using multiple pre-sterilized sample acquisition scoops 

that are selected from a cache on the top of the rover. 

This will eliminate the need to sterilize the scoop be-

tween samples. As a control, the same approximate 

locations were sampled by a human prior to the 

Figure 4: Left: The Ebbadalen deployment site. 

Right: Cliffbot rover closeup on Ebbadalen cliff face. 

Figure 6: The Cliffbot rover deploying science in-

struments at Sverefellet. 

Figure 7: Cliffbot scoop collect-

ing Sverefellet soil. 

Figure 5: Rover image (left eye) of MI place-

ment at Ebbadalen. 
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TRESSA deployment. Figure 7 shows a sample collec-

tion operation and Figure 8 is a CMI of the same area. 

Red Beds. The Red Bed site shown in Figure 9 is a 

rough, rocky cliff approximately 20 meters in height 

with slopes from 60 to 90 degrees. This site compares 

well with the Cape Verde site on Mars shown in Figure 

1. The rover successfully drove over the edge from the 

flat area at the top and then drove approximately two 

thirds of the way down the cliff (about 15 meters). A 

side view of Cliffbot taken about halfway through the 

traverse is shown in the left side of Figure 10. At each 

step of the traverse, the rover took images with the 

stereo Hazcam images to document terrain and target 

placements. Although part of the cliff face under the 

left front wheel of the Cliffbot was dislodged during 

the descent, the tethers maintained a stable positioning 

of the rover on the face. On the cliff descent, the rover 

took a 2x2 microscopic image mosaic, and took indi-

vidual images at two other locations.  The rover suc-

cessfully collected a soil sample near the end of the 

traverse (right image in Figure 10). 

Summary: The field expedition results from Sval-

bard, Norway demonstrated that TRESSA performs 

operations in scientifically interesting environments 

and has the full functionality for scientifically useful 

sample acquisition and analysis.  These environments 

are on steeply sloped cliff faces that are in some cases 

virtually inaccessible to humans (especially those con-

strained by bulky suits). We successfully operated on 

rock cliffs with slopes varying from 50 to 90 degrees. 

The majority of the science operational functionality 

from MER has been integrated into TRESSA, includ-

ing commanding and analysis under Maestro, which 

gives a familiar environment for operations by plane-

tary surface scientists. The objectives of the field ex-

pedition were successfully addressed and the lessons 

learned will be used for development for this year’s 

field expedition.  
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Figure 9: Sandstone cliff face at Bockfjorden. Size of cliff can be compared to a human through climber on left 

side of picture. The approximate Cliffbot traverse path is shown with the white arrow. The cliff face is very un-

stable with loose rock throughout. 

Figure 10: Left: Cliffbot on the cliff at the Red Beds 

site. Right: Cliffbot samping soil on the Red Beds cliff. 

Figure 8: CMI image of soil sample at 

Sverefellet. 
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