




41

C
on

cl
us

io
ns

 a
nd

 N
ex

t 
S

te
p

s

8.2.3 Engineering Subteam—Forward Planning

At the end of its Phase I work, the Engineering Subteam identifi ed the following fi elds where deeper 
technical studies are deemed necessary in order to pave the way for an effi cient start of a project Phase 0 
technical activities: 

• Consolidate architectural and system aspects, according to the updated high-level mission 
requirements and initial ideas regarding potential sharing of responsibilities;

• review and analyze the possible PP implementation options and contamination 
control implementation;

• elaborate detailed sampling strategies (linked with candidate landing sites);

• refi ne engineering of the most critical building blocks and identifi ed critical technologies; 

• update of the technology challenges and needed capabilities (“roadmap”, strategies, etc.); and

• specifi c open points (precursor mission(s), ITAR, organization of Phase 0).

The proposed approach, in addition to the collaborative work within the team and with the other iMARS 
subgroups, is to organize large audience workshops in the following areas: MAV concept and rendez-
vous strategies, biosealing and EEV design, sample acquisition strategy and systems, Entry Descent and 
Landing (EDL) System.

8.2.4 Science Subteam—Forward Planning

Develop a draft Science Management Plan including the following topics: sample management rules and 
processes, “Stuck in the SRF” science planning, surface science team and management, and selection 
processes for various teams. In addition take up the following issues:

• IMSI defi nition—develop a proposal
• Begin landing-site selection process and its execution
• Refi ne open questions re: lander-based sampling system
• Surface operations planning, impact on requirements
• Lower priority in fi rst year: Update contamination requirements
• Ground based sample measurements in laboratories

The proposed approach is to form a long-lead MSR science team and conduct 1–2 meetings, but 
predominantly use telecons and e-mail.

8.2.5 Earth Operations Subteam

It would be most useful at this time to have the Earth Operations Subteam focus on requirements defi ni-
tion (other than the planetary protection requirements that take the form of policy). In order to make our 
description of the mission complete, we should include ground recovery operations at the Earth landing 
site and transportation from there to the SRF(s). Thus, we need requirements in four areas: 

• landing site operations,
• Earth surface transportation,
• SRF(s), and
• curation. 

The proposed approach is to conduct 1–2 meetings, but predominantly use telecons and e-mail.
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MAWRTH VALLIS
Mawrth Vallis has a rich mineral diversity, including 
clay minerals that formed by the chemical alteration 
of rocks by water. The CRISM instrument detects 
a variety of clay minerals here, which could signify 
different processes of formation. The high resolution 
of the HiRISE camera on MRO helps us to see and 
trace out layers, polygonal fractures, and with CRISM, 
examine the distribution of various minerals across 
the surface. 

Acknowledgements, References and Appendices
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APPENDIX I. Terms of Reference 

International Mars Exploration Working Group (IMEWG) 
Charter for an International Working Group On the Return of Samples from Mars

Phase I
The overarching goal of this activity is to identify how international cooperation might enable sample return from Mars, docu-
ment the existing state-of-knowledge on return of samples from Mars, develop international mission architecture options, 
identify technology development milestones to accomplish a multi-national mission, and determine potential collaboration 
opportunities within the architecture and technology options and requirements, and current Mars sample return mission 
schedule estimates of interested nations. The activity will also identify specifi c national interests and opportunities for cooper-
ation in the planning, design, and implementation of mission-elements that contribute to sample return. The Working Group’s 
fi nal product(s) is expected to be a potential plan for an internationally sponsored and executed Mars sample return mission.

Phase I of this working group is limited to the following activities to develop a common international understanding and 
go-forward plan for follow-on sample return mission studies:

• Concisely document the rationale for the benefi ts of Mars Sample Return, in terms of

 - the scientifi c objectives; and

 - the role in human exploration.

• Develop and document a detailed understanding of the current state-of-knowledge for Mars sample return, 
including studies and reports, conceptual architectures and mission elements, general technology maturity, 
and national interests. 

• Earth-based return/receiving facilities related to the current state-of-knowledge will be included in this research. 

• Identify critical challenges and opportunities for Phase II (including technical, scientifi c, programmatic and public 
understanding and awareness issues).

The Sample Return Study Group (SRSG) will be an activity supporting the International Mars Exploration Working 
Group (IMEWG):

• The chair, appointed by IMWEG, with approximately 15 members from the international Mars community 
(by appointment) would constitute the SRSG; 

• SRSG members will be scientists, engineers and technologists as appropriate; and

• The working group shall complete the initial study within 12 months, with an interim report to IMEWG approximately half 
way through the study.

Deliverables:
A report and related presentation material covering the study/research topics outlined above for Phase I of the SRSG.

Future Phases:
Future phases of the SRSG will be determined by the members of the IMEWG, but are anticipated to build on the Phase 
I initial research to eventually develop a detailed set of science priorities, mission requirements, critical technologies and 
development timelines, opportunities for international cooperation, and a range of technically and fi nancially feasible mission 
architectures. 

Additional phases will be defi ned and scheduled by IMEWG as results of Phase I are received.
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Requirement Type Ref. Title Description

Science

Sample Acquisition 1 Cache retrieval If MSL ends its mission in an accessible location with a cached sample on 
board, MSR should be designed to have the capability to recover the cache(s)

2 Sample types MSR will have the capability to collect rock, granular materials (regolith, dust) 
and atmospheric sample(s)

3 Sampling redundancy MSR will have both a rover-based sampling system and a lander-based 
sampling system

4 Rover-based sampling system MSR will have a rover-based sample-acquisition system

4a

5 Lander-based sampling system MSR will have the capability to collect samples at the landing site

5a The lander-based system will have the capability to collect contingency 
samples within TBD time of landing. [Note: to be defi ned in Phase II]

5b The lander-based system will have the capability to collect core samples of 
TBD cm from a depth of up to TBD m in regolith or soft rock and an atmo-
spheric sample [Note: to be defi ned in Phase II]

7 Rock Samples: number 
and volume 

MSR will collect at least 20 samples of at least 3.5 cc each

8 Granular Materials: number 
and volume

MSR will collect at least 4 samples of at least 3.5 cc each

9 Gas Sample: number 
and volume

MSR will collect at 1 sample of 10 cc at a pressure of 0.5 bar

10 Sample encapsulation MSR will have the capability to encapsulate each sample in an airtight con-
tainer to retain volatile components of solid samples with the associated solid 
samples and protect samples from commingling

10a MSR will have the capability to encapsulate atmospheric samples

11 Total sample mass MSR will return a minimum of 500 g of sample mass

13 Horizontal mobility MSR will have the ability to rove to the edge of its landing error ellipse 
(“go-to” capability), carry out a 2.5 km sample acquisition traverse, then 
return to the lander.

16 Sampling site (latitude band) MSR will be able to access landing and sampling sites 
within +/- 30 deg latitude

Sample preservation 17 Sample temperature 
(max C for duration t)

The end-to-end MSR mission will retain samples at a maximum temperature 
of +20C and will record sample temperature with TBD frequency up to the 
Earth landing [Note: to be defi ned in Phase II]

APPENDIX II. Draft requirements for a possible international MSR mission.
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Requirement Type Ref. Title Description

Sample preservation
(Continued)

17a Sample integrity All sample handling and transfer components including the Sample 
Container will be designed to prevent crushing or pulverization of collected 
rock samples

18 Maximum allowable 
contamination of samples

DRAFT: The maximum allowable contamination of samples by Earth-sourced 
organic contaminants prior to analysis will be <10ppb total organic carbon 
[Note; to be defi ned, following additional data from MSL and ExoMars]. 
Additional limits by classes of molecules at 25% of the levels specifi ed by 
Mahaffy et al. (2004, Table 2).

19 Maximum allowable 
contamination of samples

DRAFT: The maximum allowable contamination of samples by Earth-sourced 
inorganic contaminants prior to analysis will be 0.1% of the concentration in 
the SNC meteorites. Specifi c levels summarized in Table 7 of MacPherson 
et al. (2005)

20 Maximum allowable 
contamination of samples

DRAFT: The scientifi c requirement for maximum allowable contamination of 
samples by live Earth-sourced organisms prior to analysis is equivalent to 
that specifi ed by planetary protection [Ref #104]

21 Recognize contamination 
background

MSR will establish and implement procedures to recognize and characterize 
the contamination background.

23 Sample cross-contamination 
by Mars-sourced contaminants 
mitigation

TBD [Note: to be defi ned in Phase II]

Additional 
measurements

24 Sample characterization 
capability

DRAFT: MSR will have the capability to document the appearance, 
characterize the mineralogy and bulk chemistry, and identify the 
presence of organic carbon

26 Site characterization capability DRAFT: MSR will have the ability to characterize prospective sample-collec-
tion sites to enable site selection and the ability to document physical and 
environmental characteristics at each sample-collection site.

29 Long-term storage The MSR ground facilities will provide storage for all samples and subsam-
ples, as well as test coupons of all materials that could come in contact with 
the samples under TBD security, TBD environmental, and TBD cleanliness, 
conditions for a period of not less than TBD (proposed 30) years

Planetary Protection

Forward control 101 Total bioburden limit and 
impact probability limit

Total bioburden control (<5E5 bacterial spores) or lifetime requirement 
(<1E-2 impact probability) shall be applicable for fl ight systems (i.e. orbiter, 
hard impacting hardware for all mission phases).

102 Bioburden limit for landed 
systems (per IVb category)

The bioburden of the landed system shall be equal or less than Viking 
post-sterilization level, or at a level driven by the nature and sensitivity of 
the particular biohazard investigation, whichever are more stringent, OR the 
subsystems which are involved in the acquisition, delivery, and analysis of 
samples used for biohazard assessment shall have a bioburden at that level, 
and a method of preventing their recontamination and the contamination of 
the samples to be analyzed is in place. Recontamination prevention is ap-
plicable until and including analysis in SRF(s).

APPENDIX II. (Continued)
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Requirement Type Ref. Title Description

Backward control 103 Probability for Earth 
contamination

Meet COSPAR requirements. The probability that a single unsterilized particle 
of 0.2 microns in diameter or greater shall be released into the Earth environ-
ment shall be less than 1x10e-6. (TBC) 

104 Break the chain of contact The mission and the spacecraft design shall provide a method to break the 
chain of contact between Earth and Mars. No uncontained hardware that 
contacted Mars, directly or indirectly, shall be returned to Earth.

Mission

Launch and 
Earth-to-Mars
trajectory

201 Number and type of launchers MSR mission planning will allow international cooperation

202 Launch sequence MSR mission planning will allow international cooperation

Mars arrival and 
landing

203 Launch constraints TBD depending on the selected launch vehicle

204 Landing period MSR element landings should not occur during conjunction periods and 
global dust storms (probability less than 20 % of optical depth > 1) 
[Note: to be confi rmed in Phase II]

205 Mars arrival sequence There will be an orbiting asset with telecomm relay capability at Mars for 
critical event telemetry for any landed mission. This relay capability may be 
provided by an element of the MSR mission or another spacecraft.

206 Landing accuracy The baseline landing accuracy is ±3 km 
(3-km landing ellipse radius, 3 sigma)

206b Safe landing The probability of a safe landing will be TBD.

207 Surface operations period The MSR landed element will be capable of surviving and maintaining com-
munications through global dust storms [Note: Number and duration TBD]

Mars Operations 209 Surface mission duration (from 
landing to MAV launch)

The MSR sample-acquisition elements will be capable of operating on the 
surface of Mars for a minimum of TBD months [Note: to be derived from 
traverse and sample-acquisition times]

210 Detection, rendezvous and 
capture duration

The MSR orbital rendezvous and capture will take no more than TBD months 
[Note: to be derived based on lander and orbiter launch opportunities and 
trajectories to/from Mars]

Earth return 211 Maximum Earth entry velocity The maximum Earth entry velocity will be < 12 km/s [Note: to be derived in 
Phase II based on engineering studies]

212 Return abort requirement The MSR Earth return and entry systems will meet COSPAR planetary 
protection requirements (see 101)

213 Earth landing location TBD. No strong requirement, but impacts transportation from 
the landing site to the SFR

214 Max time for EEV recovery 
after landing

TBD hours [Note: to be derived from thermal-control profi les 
and security requirements]
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Requirement Type Ref. Title Description

 Programmatic

Program timing 301 Launch dates TBD [Note: to be derived from funding profi les and launch opportunity 
characteristics] Launch of Lander Composite no later than 2020

302 Total mission time MSR will return the samples within 5 years after the launch of 
the fi rst element

Sharing of 
responsibilities

303 Mission element responsibility MSR mission planning will allow international cooperation

304 Launch vehicle(s) MSR mission planning will allow international cooperation

305 MSR mission planning will allow international cooperation

Risk mitigation 306 Sample Receiving Facility(ies) 
responsibility and location

MSR mission planning will allow international cooperation

309 Duplication of sample 
containers

TBD. [Note: To be determined based on assessment of the cost vs. 
benefi t of sample redundancy]

APPENDIX II. (Continued)

APPENDIX III. Defi nition of Technology Readiness Levels (TRLs)

Introduction

Technology Readiness Levels (TRLs) provide a system that supports assessment of the maturity of a particular technology 
and consistent comparison of maturity between different types of technologies. The European Space Agency, NASA, and the 
Japanese Aerospace Exploration Agency have adopted these defi nitions to facilitate collaboration on international missions.

Technology Readiness Levels Summary

TRL 1 Basic principles observed and reported
TRL 2 Technology concept and/or application formulated
TRL 3 Analytical and experimental critical function and/or characteristic proof-of-concept
TRL 4 Component and/or breadboard validation in laboratory environment
TRL 5 Component and/or breadboard validation in relevant environment
TRL 6 System/subsystem model or prototype demonstration in a relevant environment (ground or space)
TRL 7 System prototype demonstration in a space environment
TRL 8 Actual system completed and “fl ight qualifi ed” through test and demonstration (ground or space)
TRL 9 Actual system “fl ight proven” through successful mission operations
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APPENDIX IV. Summary of COSPAR Planetary Protection Classifi cations

COSPAR guidelines impose requirements on spacefl ight missions according to fi ve categories of target body and mission 
type combinations [Ref. COSPAR PLANETARY PROTECTION POLICY (20 October 2002; Amended 24 March 2005)]

Category Defi nitions

Category I includes any mission to a target body, which is not of direct interest for understanding the process of chemical 
evolution or the origin of life. No protection of such bodies is warranted. The requirements are for simple documentation only.

Category II missions comprise all types of missions to those target bodies where there is signifi cant interest relative to the 
process of chemical evolution and the origin of life, but where there is only a remote chance that contamination carried by a 
spacecraft could jeopardize future exploration. The requirements are for simple documentation only.

Category III missions comprise certain types of missions (mostly fl yby and orbiter) to a target body of chemical evolu-
tion and/or origin of life interest or for which scientifi c opinion provides a signifi cant chance of contamination, which could 
jeopardize future exploration. Requirements will consist of documentation (more involved than Category II) and some 
implementation procedures, including trajectory biasing, the use of cleanrooms during spacecraft assembly and testing, 
and possibly bioburden reduction.

Category IV missions comprise certain types of missions (mostly surface missions) to a target body of chemical evolu-
tion and/or origin of life interest or for which scientifi c opinion provides a signifi cant chance of contamination, which could 
jeopardize future exploration. Requirements imposed include rather detailed documentation (more involved than Category 
III), and an increased number of implementing procedures. The implementation procedures required may include trajectory 
biasing, the use of cleanrooms during spacecraft assembly, bioburden control and sterilization processing.

Category V missions comprise all Earth return missions. The concern for these missions is the protection of the terrestrial 
system, the Earth and the Moon. The Moon shall be protected from backward contamination to retain freedom from plan-
etary protection requirements on Earth Moon travel.

• For solar system bodies deemed by scientifi c opinion to have no indigenous life forms, a subcategory “unrestricted 
Earth return” is defi ned. Missions in this subcategory have planetary protection requirements on the outbound phase 
only, corresponding to the category of that phase (typically Category I or II). 

• For all other Category V missions, in a subcategory defi ned as “restricted Earth return,” the highest degree of concern 
is expressed by the absolute prohibition of destructive impact upon return, the need for containment throughout the 
return phase of all returned hardware which directly contacted the target body or unsterilized material from the body, 
and the need for containment of any unsterilized sample collected and returned to Earth. Post-mission, there is a need 
to conduct timely analyses of the unsterilized sample collected and returned to Earth, under strict containment, and us-
ing the most sensitive techniques. If any sign of the existence of a non-terrestrial replicating entity is found, the returned 
sample shall remain contained unless treated by an effective sterilizing procedure. Category V concerns are refl ected 
in requirements that encompass those of Category IV plus a continuing monitoring of project activities, studies and 
research (i.e., in sterilization procedures and containment techniques).
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APPENDIX V. iMARS Conference Presentations

European Geosciences Union (EGU) (Vienna, April 2008)
Title: Planning for an International Mars sample Return Mission
Authors: M. Grady and the iMARS team

Abstract:
The return of samples from Mars, although technologically challenging, is essential for answering critical scientifi c questions 
that cannot be addressed by purely in situ mission. It is only through detailed terrestrial laboratory study of carefully chosen 
rock, regolith, ice and atmosphere samples that information related to habitability and life (including geological context, geo-
chronology, and planetary evolution) can be obtained. Furthermore, it is only through careful analysis of returned samples 
that most of the surface conditions relevant for human exploration can be characterized.

The importance and complexity of such a mission necessitates a multinational effort, with particular collaboration between 
NASA and ESA, as well as the participation of space agencies from other countries. To this end, the International Mars 
Exploration Working Group (IMEWG) formed an international study group to investigate the architecture of an International 
Mars Sample Return mission (IMARS). IMARS has been supported by a MEPAG-sponsored multi-disciplinary science team 
with about 30 members, known as ND-SAG. Building from the efforts of previous groups, new concepts have emerged. 
The new vision for MSR emphasizes the integration of sample selection and study of the considerable data base that al-
ready exists since the Viking mission of 1976.

It is envisaged to return about 500 g of rock, regolith, dust, and atmosphere materials, individually packaged and separated 
from each other. However, it is obvious that no one landing site on Mars can satisfy all the science objectives, and the cur-
rently proposed mission is best thought of as the fi rst sample return. 

Astrobiology Science Conference (AbSciCon) (California, April 2008)
Title: Preliminary Findings Related to the Use of Sample Return to Advance our Life-Related Goals for Mars.
Authors: Beaty, D.W., ND-SAG and iMARS planning teams

Abstract:
The search for evidence of life on Mars would be greatly aided by studies of certain kinds of returned samples. The MEPAG 
Goals Document (MEPAG, 2006) describes three life-related scientifi c objectives, each of which is further broken down into 
four investigations. Although each of these investigations could be advanced by the analysis of returned samples, the ap-
proaches are different, and different kinds of samples are implied.

Sample types that would be of interest include sedimentary rocks that span the range of depositional and diagenetic envi-
ronments, rocks that have experienced water/rock interactions under different kinds of conditions, igneous rocks, samples 
of the regolith and dust, samples of ice, and a gas sample. The kinds of measurements that would be done on these 
samples in terrestrial laboratories would include detailed characterization of the texture, mineralogy, and chemistry, and at a 
scale, accuracy and precision that is not possible via in situ missions.

The potential scientifi c value of returned samples would be dependent on several factors, including the size of the sam-
ples, the kind and number of samples, the method by which the samples are acquired, the way they are packaged, their 
mechanical integrity after Earth return, their maximum temperature, and the amount of information available for sample 
selection and documentation of sample context at the collection site. Each of these areas should be considered as pos-
sible requirements for the MSR engineering system are discussed, as the MSR-related advance technology development 
program is planned, and as the overall budget of the mission is estimated.

COSPAR (Montreal, July 2008)
Title: Potential International Collaboration for Mars Sample Return
Authors: Doug McCuistion, Bruno Gardini, and the IMARS Team

Abstract:
The Mars Sample Return (MSR) mission has been of interest to the world’s space agencies for more than two decades. 
However, the mission has a number of technical challenges that would make it diffi cult for any single space agency to 
achieve on its own. Fortunately, the mission can be broken down into multiple discrete components with defi nable 
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interfaces, and this lends itself to the splitting up of these components on an international basis. To evaluate these options, 
the International Mars Exploration Working Group (IMEWG) has convened the International Mars Architecture for the Return 
of Samples (IMARS) task force. The IMARS team has systematically evaluated three aspects of MSR: the science, the sys-
tem engineering and technology development, and the necessary ground facilities, including the sample receiving and con-
tainment facility. The goal has been to produce a single, integrated plan for MSR that could be submitted for participation 
and funding consideration to multiple international space agencies. The IMARS team has been working since September, 
2007, and delivered its Phase I analysis to the IMEWG in July, 2008. This paper describes the results of the IMARS analy-
ses, outlines the scientifi c objectives and a potential international architecture for sample-return collaboration. The objectives 
for Phase II of IMARS will be also presented.

International Astronautical Federation (IAF) (Glasgow, September 2008)
Title: The Road to an International Architecture for Mars Sample Return—The IMARS Team view (reference: IAC-08-A3.1.3)
Authors: Denis Moura, Frank Jordan, Alain Pradier, Andrea Santovincenzo, Richard Mattingly, Stuart Kerridge, Michael 
Khan, Bruno Gardini, Doug McCuistion, Lisa May and the iMARS Team

Abstract:
The Mars Sample Return (MSR) mission represents a milestone in the exploration of the solar system and, in particular, in 
the investigation of the planet Mars and specifi c questions regarding its potential habitability. For many years, this technically 
challenging mission has remained as a long-term goal of many of the world’s space -faring nations and agencies. This paper 
will present the recent efforts of the International Mars Architecture for the Return of Samples (IMARS) group, created under 
the auspices of the International Mars Exploration Working Group (IMEWG), to establish a common, international reference 
architecture for this landmark mission. 

This paper will present an initial consensus international architecture for Mars sample return. It will outline the work per-
formed in establishing and assessing, in a common framework, the major requirements of the mission and their translation 
into engineering challenges that must be addressed. The major trade-offs arising from the preliminary architecture consider-
ation will be discussed, including their relationship to the mission’s ambitious science objectives and strict planetary protec-
tion constraints.

In particular, this paper documents the initial analyses performed to identify suitable mission architectures based on the 
evaluation of Earth-to-Mars and return trajectories, launch vehicle performances, and mission element masses.
The next steps after these fi rst cooperative efforts on the MSR mission will be outlined, along with their relationship to 
broader planning for Mars exploration. 

Geological Society of America (GSA) (Houston, October 2008)
Title: Sampling Strategy for a Possible Mars Sample Return Mission
Authors: Gian Gabriele Ori, Carlton Allen, and iMARS Team

Abstract: 
Mars Sample Return (MSR) would be a mission devoted to the collection of rock and regolith samples from the martian 
surface, and their transport back to Earth. The iMARS Working Group is developing potential plans for MSR that could be 
implemented on an international basis. A critical subsystem for MSR would be the sample collection hardware that would 
need to operate on the martian surface. The landed package is proposed to consist of a fi xed platform and a mid-range 
rover. In order to avoid surfi cial weathering, primary sampling would be achieved by a coring device, placed on the rover, 
that would be able to penetrate rocks to a depth of several cm. The selection of the sampling sites would need to be sup-
ported by an array of instruments in order to provide geo-mineralogical context. These instruments would provide large- to 
medium-scale data about the sampling area in order to identify the main geological units, their geometries and their strati-
graphic relationships. Close optical investigation would reveal the gross lithologies and fi ne-scale structures (e.g. stratifi ca-
tion). Geochemical and mineralogical analysis would complement these observations. The sampling strategy would be very 
similar to the way in which “terrestrial” geologists map an area and sample rocks. In addition, it would be valuable to have 
a platform-mounted subsurface system (a drill) able to collect samples of regolith, unconsolidated sediment and rocks to a 
depth of a few meters.
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Acronym Defi nition

A/b Aerobraking

APXS Alpha Particle X-Ray Spectrometer

ASI Agenzia Spaziale Italiana

BSL-4 Bio Safety Level 4, the highest level of containment

CNES Centre National d’Etudes Spatiales

COSPAR Committee on Space Research

CT Computed Tomography

CY Calendar Year

DT Direct Transfer

ECA Evolution Cryotechnique type A (Ariane 5 ECA)

EDL Entry, Descent and Landing System

EDU Engineering Development Unit

EEV Earth Entry Vehicle

EGU European Geosciences Union

EMT Earth-Mars Transfer

ERV Earth Return Vehicle

ESA European Space Agency

ExoMars Exobiology on Mars (ESA mission under development for a 2013 launch)

FPGA Field-Programmable Gate Array

GNC Guidance, Navigation & Control

GSA Geological Society of America

IAF International Astronautical Federation

I/F Interface

IFO In-Flight Operations

iMARS international Mars Architecture for the Return of Samples

IMEWG International Mars Exploration Working Group

IMSI International MSR Science Institute (a possible organizational structure that does not yet exist)

ITAR International Traffi c in Arms Regulations

MAV Mars Ascent Vehicle

MCR Mission Concept Review

MEPAG Mars Exploration Program Analysis Group

MER Mars Exploration Rovers (NASA mission in operation)

MET Mars-Earth Transfer

MRO Mars Reconnaissance  Orbiter (NASA mission in operation)

MSL Mars Science Laboratory (NASA mission under development for a 2009 launch)

MSR Mars Sample Return

NASA National Aeronautics and Space Administration (US)

ND-SAG Next Decade Science Analysis Group

NRC National Research Council (US advisory body)

PDR Preliminary Design Review

APPENDIX VI. Acronym List and Glossary
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Acronym Defi nition

PP Planetary Protection

ppb/m parts per billion/million

PRR Preliminary Requiremetns Review

RdV Rendezvous

SNC Shergottite, nakhlite, and chassigny

SRF Sample Receiving Facility

SRR System Requirements Review

SRSG Sample Return Study Group

TBC To be confi rmed

TBD To be defi ned/derived/determined

TRL Technological Readiness Levels






