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Introduction:  At the recent Mars Exploration 

Program Analysis Group (MEPAG) meeting (Novem-
ber 2005), a draft of the Mars Program plan was pre-
sented. Included in this draft plan was a set of missions 
and investigations that meet the budget profile cur-
rently assumed for the Mars program in the next dec-
ade. In this plan, for the 2016 opportunity, the core 
science investigation objective will be to determine if 
there were (or are) habitable zones and life, and how 
their development was related to the overall evolution 
of the planet, through surface observations using rover-
based systems that acquire and analyze samples. This 
will be accomplished by either a set of mid-class rov-
ers (MER-like in terms of science payload capability) 
or by a larger class of rover such as the Astrobiology 
Field Laboratory (AFL), a significantly more massive 
and complex rover system.  

We have developed a concept for the AFL which 
fits within the budget and mass constraints that are 
present for the 2016 mission opportunity. The mission 
architecture assumes maximum heritage from the 2009 
Mars Science Laboratory (MSL), in particular the 
cruise, entry, descent and landing system methodology, 
as well as the fundamental design of the rover system. 
Payload elements were identified from a set of  rec-
ommendations put forth by the MEPAG Astrobiology 
Field Laboratory Science Steering Group (AFL SSG) 
[1] in 2004, for the express purpose of identifying 
overall rover mass and power requirements for such a 
mission.  

AFL: The main goal of the MSL rover is to deter-
mine the habitability potential of a specific site at 
Mars. That is: Could Mars have been habitable in the 
past or is it habitable now? The Goals of AFL build 
upon those  

of MSL and are: 
– To make a major advance in astrobiology by 

exploring a site with high habitability potential 
as determined by results from MRO, Phoenix, 
or MSL missions. 

– To search for evidence of past or present life: 
Identify the presence of potential biosignatures. 
Definitive biosignature detection will be ac-
complished through mutually confirming meas-
urements. 

– To test for habitation: Investigate whether the 
environment could have been habitable. 

These goals will be met by acquiring the best pos-
sible samples through landing site reconnaissance and 

precision sample identification, acquisition and proc-
essing. 

The development of the AFL concept progressed 
with the following set of assumptions: 

– Life processes produce a range of biosignatures, 
and geological and environmental processes pro-
gressively destroy them. 

– To access material with potential biosignatures, 
the sample acquisition system acquires subsur-
face material from multiple locations and at a 
depth at least great enough to get below the level 
of oxidation. 

– Analytical laboratory biosignature measurements 
require identification and subsequent sub-
sampling of the subsurface material to maximize 
detection probability. Identifying the best possi-
ble sample for analytic laboratory analysis is a 
primary requirement. 

Payload Requirements: The payload elements were 
sized by using the expected mass and volume require-
ments from what is currently known of the MSL pay-
load. In addition, a representative strawman payload 
that met the requirements was put together. The main 
differences between the payload for MSL and AFL lies 
in the sample processing and in the analytical labora-
tory. The AFL strawman payload consists of: 

Remote Sensing Suite (site characterization) that can 
obtain 

 Color and stereographic images  
 Reconnaissance scale minerology  

Contact Suite (sample selection, context) that can  
 Obtain mid-scale imaging and spectroscopy 

of samples 
 Identify geochemistry and mineralogy of 

samples 
Biosignature Analytical Laboratory (detailed sample 
analysis) by complementary instruments. It will in-
terrogate samples by determining the: 

 Meso-scale structure of samples 
 Definitive mineralogy  
 Reduction/Oxidation Potential, advanced car-

bon chemistry  
 Abundance/Molecular structure of carbon  
 Isotopic composition of carbon  

Characterization and sub-sampling of acquired 
material requires the next generation sample process-
ing system. The Precision Sample Handling System 
(PSHS) would replace the rock crusher and would be 
the main sample handling system of the rover. This 
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system will be able to perform a detailed sample char-
acterization of cores up to 30 cm that have been ob-
tained from a surface and bed rock sample acquisition 
system (i.e. scoop and coring system). Individual sub-
regions of the 30cm core will be processed with a pre-
cession of ~4 mm and the generated fines analyzed by 
the analytical suite of instruments.  

Mission details: For the implementation of this 
conceptual design, the launch of AFL is planned for 
January 2016, with a landing designed to occur in Oc-
tober 2016. This mission will have a Planetary Protec-
tion category of IVb, which is consistent with the fun-
damental life detection objective of this mission con-
cept. As discussed earlier, the mission will have sig-
nificant heritage from the MSL flight system design 
(see Figure 1). 
 

 
Figure 1:  AFL Rover Heritage Design from 2009 MSL 
Development 

 
The preliminary cost of this mission is expected to 

be on the order of $2.0B real year ($1.6B in FY06) 
which is consistent with the expected budget for Mar-
tian exploration planning.  

 
Key Technologies: To meet the core objectives of 

this mission, the AFL rover is expected to require a 
payload mass capability greater than that required to 
meet the MSL mission objectives  and is expected to 
have a mass of ~770kg (about 100 kg greater than 
MSL). Increased rover mass has a ripple effect 
throughout the rover and entry systems affecting mass, 
volume and power. Preliminary detailed AFL concep-
tual designs supported by the Advanced Projects De-
sign Team have implemented these capabilities.  A key 
result and assumption of this effort is that the delivery 
of increased mass to the martian surface is enabled by 
the planned Mars Technology Program development of 
a 30m diameter supersonic parachute for AFL and 
other missions. This is a key flight system technology 

difference with respect to MSL and enables the larger 
AFL system to access the same landing site latitude 
band and elevation as MSL, but under the different 
atmospheric density and dust conditions expected for 
the 2016 opportunity. 

The science instrument payload and supporting in-
frastructure (e.g. PSPH system) necessitates a well-
funded, well-advanced instrument development and 
integration program to meet the challenging science 
objectives and engineering constraints of this mission.  
The AFL instrument technology development is ex-
pected to start in FY2007.  

The science payload for AFL is ~105 kg (which 
includes a 43% contingency) as compared to ~70kg 
(including a 30% contingency) for MSL.  

Science Feed Forward: As with any mission that 
is part of a coordinated program of Mars exploration 
there needs to be a results the Mars program can build 
upon. This mission will impact future missions by: 

1. Improving the understanding of Mars biosigna-
ture preservation potential:  

a) Quantification of the nature, structure 
and concentration of biosignatures. 

b) Assessment of the amount of alteration a 
site has experienced since its time of 
formation. 

c) Characterization of sites with potential 
high biosignature preservation potential 
(e.g. sites identified as containing aque-
ously deposited chemical sediments). 

2. The identification of specific sample types for 
possible return with the potential for sample 
caching of specific samples for possible return. 

3. Potential biosignature detection. If AFL identi-
fies potential biosignatures the development of a 
mission to fully characterize extant or extinct 
life would be the next logical development. 

4. Further exploring the Martian surface for diver-
sity, and environmental characterization, includ-
ing for any future human missions. 

5. Spurring development of robotic tools for the 
exploration of life on other bodies (e.g. Europa 
Lander or Europa Ocean Explorer 
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