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Abstract-The Mars Exploration Program and constituent 
Mars Technology Program are described. Current, ongoing 
and future NASA-led missions are presented, including 
discussions of scientific accomplishments and objectives as 
well as technology validations accomplished and 
technological enablers for future missions. 

The missions summarized include (in order of actual or 
planned launch): Mars Global Surveyor, Mars Pathfinder, 
2001 Mars Odyssey, Mars Reconnaissance Orbiter, Mars 
"Smart" Lander, Mars Scouts, Mars Sample Return. 

Key technology areas hscussed include: Navigation, Entry, 
Descent and Landing, Science and Surface Operations, 
Orbital Transport and Sample Return Technologies 
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The Mars Exploration Program in NASA's Space Sciences 
Enterprise is a science-driven technology-enabled effort to 
characterize and understand Mars, including its current 
environment, climate and geological history and biological 
potential. Central among the questions that the program 
aspires to answer is "Did life ever arise on Mars?" 

Four main endeavors characterize the science strategy of the 
Mars Exploration Program. These are as follows: I) 
Understand the potential for life elsewhere in the universe, 
2) Understand the relationship to Earth's climate change 
process, 3) Understand the solid planet and how it evolved, 
and 4) Develop the technology and engineering necessary for 
eventual human exploration. The common thread that 

cross-cuts and unifies these endeavors is the program's 
recurring theme "Follow the water." 

2. OVERVIEW OF RECENT MISSIONS 

Mars PathJinder 

Launched in 1996, and landing on July 4th, 1997, the Mars 
Pathfmder project returned to the surface of Mars after a 
hiatus of 20 years since the preceding Viking mission. 
Utilizing much of the Viking hypersonic entry and 
parachute decelerator systems, the Pathfmder project 
introduced a novel landing system utilizing airbags instead 
of active propeIIant systems to achieve terminaI deceleration 
after reaching the surface of Mars. The science return of the 
Pathfinder landing site included high-resolution stereoscopic 
images, meteorological data and x-ray spectrometry 
performed in situ by the f r s t  mobile science platform on the 
surface of Mars, the Sojourner microrover. 

Mars Global Surveyor 

The Mars Global Surveyor (MGS) mission, also launched 
in the 1996 launch opportunity, found its origins in the loss 
of the 1992 Mars Observer mission. Following this loss in 
1993, a mission study was undertaken to attempt to recover 
the greatest practical subset of the Mars Observer mission 
objectives. The Magellan end-of-mission aerobraking 
experiment had recently been completed, and this technique 
was baselined for the MGS mission, allowing the mission 
to be launched carrying all but two of the Mars Observer 
payload instruments on a Delta 2 vehicle, contrasted with 
the Titan 3 used on the original MO mission. MGS has 
returned high resolution and wide-angb contextual images, 
topography and gravity maps, atmospheric occultation 
profiles, maps of the weak and fragmented remnant 
magnetic field, and spectral mineral maps observed in the 
infrared. 

Mars 2001 O&ssey 

The Mars 2001 Odyssey mission extends the orbital 
surveillance of Mars resumed by the MGS mission. 
Arriving at Mars October 2dth, 2001, the mission will also 
use Aerobrakmg to circularize its orbit, then will continue 
the elemental and mineral characterization of the surface and 
near subsurface using gamma ray and thermal spectrometry, 
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the latter at much higher resolution than available from 
MGS. The payload suite is rounded out by an intermediate 
resolution visible imaging instrument, and an experiment to 
characterize the Mars radiation environment in preparation 
for eventual human exploration. 

Mars Exploration Rover 

For the 2003 launch opportunity, twin rover missions will 
be delivered separately to Mars using the robust airbag 
technology first demonstrated by the Mars Pathfmder 
mission in 1997. These rovers will be much more capable 
than the microrover Sojourner carried by Pathfinder. The 
Rover twins will determine the geologic record of the 
landing site, what the planet's conditions were like when 
the Martian rocks and soils were formed, and help us leam 
about ancient water reservoirs. These missions are designed 
to help the science community leam about the climate on 
Mars and scout for regions where mineralogical evidence of 
water has been found. They will also provide the first 
microscopic view of Mars. 

Mars Reconnaissance Orbiter 

The next generation of Mars orbiter is intended to extend 
the data set in both the visible and infrared spectrometry 
mineral maps to much higher resolution than previous 
missions, with the goal for visible resolution set to a 
fraction of a meter. AdditionalIy, infiared sounding of the 
atmosphere and ground penetrating radar are planned to 
continue the direct search for water above and below the 
surface simultaneously. 

Mars "Smart" Lander 

Similarly to the orbiter line, the next generation of Mars 
Lander is intended to extend the surface science capabilities 
demonstrated by previous landed missions. Additionally, 
however, the Mars "Smart" Lander is intended to serve as a 
technology pathfmder to demonstrate advanced landing and 
surface operations capabilities that will be required by future 
Mars landed missions. Many of these technologies are the 
subject of further discussion herein. 

Mars Scouts 

The Mars Scouts Missions have been added to the program 
architecture to complement the "roadmap" missions 
designed advance the strategic objectives of the prograni. 
These missions of opportunity will be competitively 
selected from proposals solicited from the broader science 
community. Orbital, Landed and Aerial opportunities are 
under consideration, with the latter serving as a unique 
opportunity to bridge the gap between the high resolution, 
low coverage imagery from landers/rovers and the low 
resolution, high covered offered by orbital missions. 

Mars Sample Return 

The near-tern capstone of the program as currently planned 
culminates with a mission to retum samples fiom the 
surface of Mars back to the earth. These samples, analyzed 

in the world's finest laboratories by the best scientists will 
provide a chronology of the planet's evolution, a record of 
climate change and the history of water, evidence of the 
presence (or absence) of organic and pre-biotic chemistly, as 
well as evidence of past or present life. Numerous 
technological challenges, described further herein, face this 
mission including the first ascent from another planetary 
body, autonomous rendezvous and docking in deep space, 
and safe, assured-containment retum of the samples to an 
appropriate receiving facility on the surface of the Earth. 

The Mars Technology Program has been chartered to 
develop and infuse those technologies deemed to enable or 
enhance missions for the future exploration of Mars. The 
technology is generally structured around a series of 
developments of potential benefit to multiple missions 
within the program and another series focused on the needs 
of specific missions. Furthermore, the TechnoIogy 
Program, working in conjunction with certain mission in 
the program queue endeavors to undertake technology 
demonstrations in-flight aboard designated missions in a 
non-critical application, in order to reduce the risks to future 
missions which require these technologies in mission- 
critical applications. 

6 .  NAVIGATION TECHNOLOGIES 

The loss of the Mars Climate Orbiter mission in the fall of 
1999 due to a navigation error focused attention on the 
current state of art for interplanetary navigation, including 
the strengths and weaknesses of each of the available data 
types. To meet the needs of future missions, with even 
tighter navigation accuracy requirements, the Mars 
Technology Program is attempting to infuse new 
technology into the program to allow the collection of 
multiple data types on each mission which will cross-check 
and correlate with each other and improve the overall 
accuracies to the levels needed to achieve the goals of future 
missions. 

Ground-Based Approach Navigation 

The traditional interplanetary navigation scheme, upon 
which each of the following enhancements is added, is 
centered upon the collection of line-of-sight tracking data 
collected by the ground station during routine contact 
periods which are used for both navigation and spacecraft 
command and telemetry sessions. A radio fiequency (RF) 
carrier signal is transmitted to the spacecraft transceiver 
which generates a downlink signal coherently referenced to a 
fixed multiplier of the received transmission frequency. 
Using a hydrogen maser on the ground as a frequency 
reference, a two-way Doppler shift is observed on the 
returned signal proportional to the line-of-sight component 
of the relative velocity between the spacecraft and the 
tracking station. Additionally, the RF carrier signal may be 
modulated by the ground station with either command 
signals to the spacecraft, or with a series of ranging tone 
patterns in a specially designed side-band which the onboard 
transceiver is also designed to turn-around and re-modulate 



on the downlink signal (together with other telemetry data 
generated onboard). These two data types, instantaneous 
line-of-sight Doppler range rate and turn-around ranging, 
provide a very accurate instantaneous estimation of the 
spacecraft position and velocity along the line of sight, and, 
over time, the changing geometry of both the spacecraft in 
orbit around the sun and the ground station (due to the spin 
and heliocentric orbit of the earth) allow an accurate 
estimation of the two-dimensional position and velocity of 
the spacecraft near the plane of the satellite's heliocentric 
orbit. 

The observability of the spacecraft's position out of the 
plane of the orbit is poor using the techniques described 
above and this dimension of the position and velocity error 
ellipse is typically several times larger than the uncertainties 
in the other in-plane dimension. One way to address this 
geometric unobservability is by scheduling additional 
ground tracking assets to enable the simultaneous collection 
of tracking data fiom two (or more) ground tracking stations 
whch can be reduced using differential Very-Long Baseline 
Interferometry (AVLBI) techniques. To acheve the 
maximum out-of-plane benefit f?om this technique, tracking 
station pairs with a large latitudinal separation on the 
surface of earth are desirable (e.g. Northern and Southern 
hemispheres). 

Target-Relative Approach Navigation 

Using AVLBI to reduce the out-of-plane dimension of the 
orbit determination error ellipse is effective, but requires the 
utilization of additional ground tracking resources which can 
place a strain on the existing tracking network assets. An 
equivalent or better increase in accuracy can be achieved 
using target-relative navigation methods. One potential data 
type (previously used at outer planets, but not at Mars) is 
optical navigation. This method complements the radio 
metric Earth-spacecraft line of sight data with information 
about the orientation of a second line of sight (Spacecraft- 
Mars) extracted from images of Mars, it's moons, and the 
background inertial star-field taken by an onboard camera 
and processed either by the ground or onboard software to 
extract a second vector position estimate. 

Additionally, it is envisioned that future Mars orbiters shall 
cany in situ radio link hardware which could be used not 
only to provide data relay and navigation services to landed 
assets, but could also serve as a radiometric beacon with a 
known orbital geometry to establish a cross-spacecraft 
radiometric link with incoming spacecraft, again providing 
an alternate line of sight measurement, albeit radiometric in 
this case. The Mars Technology Program is working to 
develop lightweight hardware to support both of these 
techniques which should be convenient to incorporate in all 
future Mars mission spacecraft. 

7. ENTRY, DESCENT, AND LANDING TECHNOLOGIES 

A number of advanced to increase both the accuracy and 
safety of future Mars landing systems are being undertaken 
by the Mars Technology Program 

Guided Entry Technology and Precision Landifig 

All previous Mars atmospheric entries have been performed 
without active flight-path guidance, although the Viking 
system did perfom one-axis attitude control to maintain a 
preferred orientation (generating upward lift) during entry. 
To achieve increased landing site accuracy, h e  missions 
are planned to use guided atmospheric entry to eliminate 
any entry state navigation control error, as well as errors 
introduced by atmospheric uncertainty or variability which 
can be sensed by the lander's onboard inertial navigation 
system. Such systems require that the entry body produce a 
lateral force (referred to as "lift" independent of the 
instantaneous horizontal orientation of this force vector), 
and that the onboard inertial guidance and navigation be 
able to control the orientation of this vector with respect to 
the primary retarding drag force based on sensor inputs and 
a previously proscribed set of guidance laws. The primary 
errors both in entry navigation and atmospheric uncertainty 
express themselves as along-track landing errors, rather than 
cross-track. As such, the primary control law scheme must 
decide how much of the entry are to be flown with the lift 
vector up (for steep entries, headed too far up range) and 
how much with the lift vector down (for shallow entries, 
headed too far down range). The guidance scheme must 
also allow for the entry system to fly with a modulated 
horizontal lift scheme (rolling left to right or .vice versa) 
since the body typically produces lift throughout the entry 
regardless of whether any along-track force is currently 
required. 

By drastically reducing the landing site error ellipse and 
simultaneously increasing the traverse capability of any 
onboard rover or mobility system, future landers may be 
able to demonstrate "Go-To" capability. This is defined as 
the ability to place the entry ellipse sufficiently close to a 
surface feature of interest such that after landing, the 
previously identified feature is within the traverse capability 
of the rover. 

Entry Body Aero4namics 

A significant investment in planetary entry systems was 
made by the Viking project in the early 1970's. This 
investment covered by hypersonic entry bodies and 
supersonic parachute decelerator systems. The combination 
of the blunt-body 70 degree sphere cone and the supersonic 
disk-gap-band parachute decelerator have served as the basis 
for major Mars entry systems ever since. The basic entry 
body shape can be flown at an angle of attack up to at least 
12 degrees to generate negative lift perpendicular to the drag 
direction ("Negative lift" is defined to generate a force in the 
direction opposite of the angle of attack, the opposite of 
typical lifting wing conventions). Viking itself flew with 
an intentional offset between the center of gravity and center 
of pressure, achieved by asymmetric packaging of lander 
equipment and ballast inside the entry body, whereas the 
Mars Pathfinder mission used a purely ballistic entry (no 
lift) with the CG and CP aligned. For future Mars entry 
bodies, other methods of achieving CGICP mismatch are 
under consideration by modifying the aerodynamic 
properties of the heat shield rather than the application of 



packaging and baIlast to achieve this misalignment. 

The Viking supersonic parachute deceIerator system was 
qualified for openings at or below a Mach number of 2.2. 
In order to guarantee deceleration to this level before sinking 
below a safe altitude for the representative parachute descent 
timeline (typically taken as a constraint to decelerate prior to 
8-10 km above the surface), a maximum ballistic coefficient 
and maximum entry mass can be derived by assuming the 
maximum entry body diameter which can be accommodated 
within the largest existing launch vehicle fairings (circa 5 
meters outside diameter). Recent analysis has shown this 
limit to be on the order of 3000 kg entry mass. In order to 
safely enter and land massed larger than this at Mars 
(subject to the Mach number constraints of existing 
parachute technology), alternative entry body shapes must 
be considered, including bodies which fly at higher lift-to- 
drag ratios and, as such, can fly shallower and longer paths 
through the atmosphere, achieving greater decelerations of 
their higher entry masses prior to reaching the required 
Mach number for parachute deployment at a safe altitude. 

Active Hazard Avoidance Landing 

The final area of significant technology investment for 
Entry, Descent and Landing, is the pursuit of autonomous 
hazard identification and active hazard avoidance during 
terminal descent. The basic scheme is to equip the lander 
with appropriate machine vision sensors (either passive 
optical or active optical/laser or active imaging radar) to 
identify hazards (as defined by the landing robustness 
characteristics of the lander) during descent (ideally, prior to 
release of the lander from the parachute decelerator) at an 
altitude suficiently high that the lander, upon initiating its 
own powered descent to the surface is able to avoid 
hazardous locations, identify safe haven locations and 
actively divert its descent trajectory to achieve a h d - k e e  
landing. 

8. SCIENCE AND SURFACE OPERATIONS TECHNOLOGIES 

Science Instrument Technologies 

The area of science instrument technologies is characterized 
by two broad classes of experimentation. The first of these 
is hyperspectral imaging which is applicable both from 
orbit as well as on the surface of Mars. This class of 
instruments aIlows the rapid survey of the spectral 
characteristics of the instruments field of view. Typically 
using the infrared band for this spectral survey, the 
characteristic spectial signature of many different 
mineralogical types, several of which are able to suggest 
what role water may have formed in the creation of these 
substances (e.g. hydrothermal processes or aqueous 
deposits). From orbit, this can be used to identify high 
priority landing sites, while on the surface, this data allows 
the rapid identification of high priority rocks for more 
detailed in situ investigations, or sampling. 

The second general area of instrument technology is 
characterized by more by the origin of the phenomena of 
interest than by any specific technology to study it, 

specifically, the ability to understand what lies under the 
surface of Mars. Mars 2001 Odyssey carries a Gamma Ray 
Spectrometer and a High-energy Neutron Detector, both 
designed to measure the response of Mars to highly 
energized particles impacting the planet from the solar wind. 
These particles have the ability to penetrate below the 
surface and generate a signal that gives information 
regarding the presence of certain elements (e.g. Hydrogen, 
potentially in the form of water). Future Mars missions 
plan to continue this subsurface sounding by bringing their 
own illumination source in the form of ground-penetrating 
radar, again with the intention of locating any potential 
reservoirs of subsurface water or ice formations. As with 
the hyperspectral imaging described above, this information 
can be used to identify high priority landing sites where the 
search for information about the subsurface of Mars can 
potentially be continues with in situ drilIing experiments, 
carried by future landers. 

Surface Operations Autonomy 

Once on the surface of Mars, the ability of a science team to 
conduct meaningful experiments using a robotic rover as 
their agent is often a challenging endeavor. For solar 
powered rover systems where dust accumulation and 
seasonal environmental changes are acting, the amount of 
time available to a mission on the surface is a precious 
resource. The Mars Technology Program recognizes this 
fact and is continuing to advance the level of autonomous 
operations that the in situ rover is capable of performing in 
an endeavor to increase the amount of meaningful science 
which can be performed in a limited duration. The two 
major areas where there is an opportunity for significant 
enhancement enabled by autonomy are in the areas of 
autonomous traverse across the surface of Mars, and the area 
of autonomous contact science, specifically the precise 
establishment and maintenance of a designated position and 
orientation of a scientific instrument in close proximity to a 
surface feature designated by the science team. The Mars 
Technology Program continues to evolve its understanding 
of what the high payoff technologies are by participating 
with planetary scientists in ongoing field experiments 
conducted to simulate exploration conditions to be expected 
on future Mars missions. 

A number of technologies of potential benefit to future 
orbiters are also under development within the Mars 
Technology Program. 

Solar Electric Propulsion 

Solar electric propulsion, while now considered a fairly 
common technology for geostationary station-keeping in 
Earth orbit, has only recently become accepted as a validated 
technology for interplanetary missions. This is largely 
based on its successful demonstration on NASA's New 
Millennium Deep Space 1 mission. For Mars exploration, 
the application is particularly attractive to address the 
unusually large propulsive acceleration requirements of the 



return from Mars to Earth, as large decelerations for Mars 
missions can also be achieved with aeroassist (either gradual 
aerobraking without a dedicated heat shield or more 
impulsive aerocapture, with a dedicated heat shield). 

Lightweight Propellant Tanh 

The Mars Technology Program is also making an 
investment in the development of lightweight propellant 
tanks to continue to reduce the fiaction of the stored 
propellant mass which must be invested in tank dry mass to 
contain a given amount of propellant. 

The ability to use a planetary atmosphere to rapidly 
decelerate an arriving orbital asset from an interplanetary 
trajectory directly into orbit is referred to as Aerocapture. In 
contrast to aerobraking, which still requires a significant 
propulsive capability to capture into orbit prior to initiating 
the slow gradual descent to circular or near circular orbit, the 
aerocapture technique trades the arrival propulsive capture 
requirement for a dedicated heat shield (on par with those 
used for lander entry bodies) which can achieve single-pass 
deceleration into practically any orbit (including near 
circular) much more rapidly than aerobralung. This is 
achieved by targeting the atmospheric pass at altitudes as 
low as 60-80 km, contrasting the typical range of 100+ km 
altitude for gradual aerobraking circularization. This 
technology is being pursued jointly by both NASA and the 
French space agency CNES. 

A number of technologies focused solely on the return of 
samples from the surface of Mars are also under 
development. For any Mars mission intending to search for 
evidence of life, it is of vital importance to protect the 
mission fi-om the possibility of not only "forward- 
contamination'' (contamination of Mars with organisms 
originating on Earth), but also against potential 
contamination of returned samples with "round-trip" or 
"hitchhiker" organisms, which lead to false positive 
indications for life-detection experiments performed on 
returned samples. Another enabling technology for sample 
return missions is the development of a launch vehicle 
capable of both being landed on and rising from the su rke  
of Mars after a period of storage and survival while samples 
are being collected by other surface assets. Also, recent 
architectural studies have confirmed previous results 
suggesting in low Mars orbit is one of the most promising 
locations for a handoff between this Mars Ascent Vehicle 
and the vehcle designed to return these samples to the 
vicinity of the Earth. Manners of safely bringing back to 
the surface of the Earth any samples collected from the 
surface of Mars are also under investigation, considering 
both the use of a dedicated sample return Earth entry vehicle 
system or by using other existing Earth entry systems such 
as the shuttle. Additionally, the technology required to 
safely evaluate and analyze any rehvned samples is also a 
key investment area. 

The Mars Exploration Program comprises a series of 
mission integrated into a coherent ongoing program 

Technology development and infusion allows both the 
incorporation of new capabilities as well as the continuous 
improvement of existing capabilities. 

This research was carried out at the Jet Propulsion 
Laboratory, California Institute of Technology, under a 
contract with the National Aeronautics and Space 
Administration. 
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Mars Exploration Program 
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A sciencedriven, technology 

I enabled effort to characterize 
and understand Mars, including - its current environment, climate, 

1 
and geological history and 
biological potential 

Central among the questions to be 
asked is ... 
"Did life ever arise on Mars?' 

he exploration strategy is known 
as "Follow the Water" 
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6Tollow the Water" 

Understand the Potential for 
Life Elsewhere in the Universe 

Understand the Relationship to 
afth's Climate Change Processes 

Understand the Solid Planet: 
How It Evolved 

Develop the Technology 6 
Engineering Necessary for 

Eventual Human Exploration 

Four main endeavors charactedze the science strategy f the 
Mars  lorat at ion m o p .  ~ h t s e  are asfolIows: I) 

understand thepotentialfor lye ekewhere in the universe, 2) 

understand the rehtionshlp to ~arth 's  climate charge process, 
3) understand the solidplanet and how it evolved, and 4) 

DNC~O)I the technology and enfiineerfy necessary for eventual 
human evloration.  he common thread that cross-cuts and 
unlfles these endeavors is the progamrs recun?y theme .~olow 
the water.lr 
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 he Mars WO1 OdyW)' Inksfon dfdS the 0rbtLd s u w c k  $ Mar5 r~SUmrff by the MGS InksfoH. 

~rrtvbg d ~ a r s  ~rtobn 2 4 t  2001, the mLcdm will ah w mobrakry to cirnJarfzr its orbit, then 
win cnntinw the eLmntal and m t d  cknractnizatlon $ the krsurf and near nrbsurfu mtqg8amnn ray 
and b n a l  y r n o q ,  the latter d mch krgkn rmhttror! than avatlablrfrom MGS. ~ h e p a y b d  suitc 
ts r d  out by an inkmcdiatc rrwrhtlon d L  fyty iwtrummt, and an + r f m m t  to charactnize 
the Mars radiation nvtronmmt tnprcp~~ationfor e v d  h n  d+oratror!. 

For the 2003 k h  oporlunity, twin rover mixdons are planned to be delivered wparak) to Mars wig 

the robwt airbag tceh~logftrsf Rcmo&atcll by the ~ a r s  ~afhftnder mission in 1997. T ~ M  rovers wtl 
be murh more y a b L  than the mtcrorovn sojourner carried patkfrnder. 7he R O V ~  twfm win detmnine 
the geolo~ic record $ the lady sitt, what the p h t ' s  conditbw were Itkc whcn the Martlan rock and 
soils wenfond ,  and he4, w Lam about ancient wakr reservoirs. 7hrV missiow are d$$ to hek the 
s c h  community barn h u t  the chmatc on Mars and scout fm rrgrom whnc mtnnab$cd dm Of 
water kac beenfound.   hey wrll ahprovfde the@ microscprc v h  o f ~ a r s .  



Future Missions (1 of 2) 

Mars Reconnaissance Orbiter 
Gbsewe a much higher spatial resolution a1 hundreds of targeted silcs 
Characterize Man' renson.11 cycles and atmaspheric srmcture 

Characlerim sites for fulurr landed missions. 
.Detect on Man the presence of liquid wnlcr andgrwnd ice in  the 

-Enhance data return fmm future tanden by pmviding relay lo o n h .  

Mars "Smart" Lander 
. C o ~ ~ r l ~ t ~ r  Sig#tifi(.nrlr Scivra!r 
-In-silu ample ncquirilian wd analysis 

-Viril mulliplr. divemc riles 

-Earyll)ercmtIl;mdin~ 
'Rrosla l  evi&d.Illly l d  lltdi"~ 

.Safe lad ing l l~~urrddn.niavuvo~~c.~Dhru rwlldovn! ry3rcsr) 

S u f i ~ c e  Elplardoon 
.Lna-rup ~ ~ ~ l i t y  

-Fed-Fowrrd Terhmlogy lo I'uNn Man Missions 

Oaokr 15. MOI Explmtion andTshm!nsy -6 

~ a r s  R e e o m e  orbiter 

.rhe w i t  deneration f Mars o&ter is intended to dtend the data set in both the 
dle and fIJfrared spectromehy m i d  m y s  to much @her rmlution than 
previous misions, with the aoal for dle rmhtion set to a fraction f a meter. 
&tionany, iIJfrared somdfg f the atmosphere a d ~ o u n d  penetratillq r h r  are 
p h d  to  onh hue the direct search for watcr dove AliA b e h  the sufm 
amdtmeously. 

similarly to the oditer line, the &t deneration f Mar5 L& is intended to 
&tend the surface science capabilities demomtrated by previous landed missions. 
dtiorurlly,  however, the Mar5 "smart" ~ander is intended to serve us a technolog 
patJfinder to honstrate advanced Miy and suface operations cqpabilfties that 
will be required by fiture Mars M e d  micsions. Many f these technobes are the 
e e c t  ffirther discussion herein. 



Future Missions (2 of 2) 

Mars Scouts 
:ompeled Pmposals lor Missions of Opponunity 

%iUI. Landed, and Aerial Concepts P m p d  
-Complemu ihe "Roadmap" Mirsions.~aliciling 

M ~ L  , ,,mple Return 
.Mam sample x r w l p d  in the world's (iml 
kabonl~ris by the b-l K~u~I~EIE will pm~ae: 

471rnldwy ol ilr plonrt'r cvaludan 
h a d  alclir!WI d w n g  ;uld dm llislq d w a r  

-~nrrrr , a n h n r . l  cfnrpennrand p-hia ic  

 he ~ a r s   SOU^ MW have been added to the p r o p m  archrtechre to caylemeitt the 
r o a d m y  missions d e e d  advance the strate$c obfectives o f  the p r o p .  ~ h e s e  missions af 
oporbaity wfll be wyetitively selected from p r y s k  solrcited from the broader scienre 
munfty.  orbitall ~anded and kr&d ayorMties  me & candht fon,  with the htter 
serving as a unip oprbUlity to br@e the between the kiqk reyIlutirmI low coverqy 
imqetyj-om Janderslrmrs and the low resolufion, b h  cowred #ired by orbftal Wow. 

Mars s a y k  &turn 

 he near-term capstone o f  the p r o p m  u acrrendyphned &nates with a mitslon to return 
smpksj-om the suface o f  ~ a r s  back to the earth. ~hese  samples, anaIyzed in the wodks 
!nest laboratories by the best scientistc will provfde a chronology o f  the pIanePs evolution, a 
record o f  c l l ~ t e  chaye and the hittory o f  water, ev ihce  o f  the presence (or absence) o f  
oyanic and ye-biotic chemLthy, as wen A( evidence o f  past or present life. Numerow 
technological chaaenges, describedfurther herein, face this mkslon incfudfng the jrst @cent 
j-om another planetary body, autonomow rendemow and docking in d e y  pm, a d  #, 
mred-containment return o f  the samples to an ypropate  receivtngfactlity on the suface o f  
the ~ a r t h .  



Technology Program Themes @ 
-- - 

Multi-mission Mission-Focused 
Technologies Technologies 
- Core technologies, - Designed to support 

benefiting multiple Mars specific missions 
missions 

- Capabilities advanced by 
- Ongoing investment in illat mission become 

exploiation capabilities available for future 

- Advancing both missions 
engineering and science - Missions also "assigned" 
payload technologies specific technology 

- Benefits to both NASA-led demonstration requirements 

missions and missions to benefit applications of 

undertaken by international key technologies by future 

par-tnei-s missions 

October 15, 2001 Mao Explordtion and Technology Programs 9 

 he M N S  ~echnolqjy ~rogram hdc been chartered to AeveIop 
and infice those technologies b m e d  to enable or enhance 
missions for the ,fibre exjdoration of ~ a u s  .   he technology is 
aeneraly stmctured around a series of developments ofpotential 
benefit to  multyle missions within the progrdm and another 
series focused on the needs of spec$c missions. ~urthermore~ the 
~echnology Program, working in conjunction with certain 
mission in the pragram queue endeavors to udeeutake technology 
demonstrations i n - f ~ h t  aboard designated missions in a non- 
critical yylication, in order to vehce the risks to fwture 
missions which repire these technoIogies in mission-critical 



Ground-based Approach Navigation !!!!I 
4 a) Traditional line-of-site range rate (Doppler). 

~prrupf f rdh and range (em-around tones sequence) integrated 
3-D mmellipc , i over time resolver in-plane position well, but leaves 

lmeer out-of-plane unceminty 

b) Differential Very Long Baseline lnrerfemmetry 
uses simultaneous trackine. from additional gmund 
stations to reduce out-of-plane uncmainty - I 

* bad& hIf+rLmy q d l m  u k ,  u p  wkch r d  f Lkjd% nhanunrntr ir & ir mlmd ya lk rdlrdlon fhr-9-$kt 
+h&rldlytkpIY(U1M1&~mWmnlart~wkhmuP4~kh~ad~~ronavaddk~ 
%&LC A ndlof ipy (w) ranfrr @d b lrmKlrA lo lk gaucr4 lrarvrhn &hpmh a d h k  @ rob* Wd lo a 
&IulphftknahrdtrmmWmfipry. ~ ~ ~ y l ~ ~ w r a i k & a r r ~ ~ ~ ) . n f r m u , a b ~ ~ h ~ b  
d s d  a lk nhmd @ prym!Jd lo lk lM+$hl rqpnt f tk mhn wkg khur lk gau@ ad lk + drlfn. 
~ , l k w ~ @ d n a y k ~ a Q l l a f $ l y l k p d ~ ~ f h r ~ k r w n m u d s ~ n a l r l o l k ~ a l n t k a I t N r f r q &  
Lwr~tlrm h a plal ly  h@td & h d  whrh lk M t m h e r  ir aka k@ud lo hm-amd d n-& a lk h h d  sbnrl 
(fadrtbr wllk dn ~ d & g n n ~  a W .  ~ k u  lmn h.dafr lyf$~hrarr luu.f-qkt oqr$r rang ntr and brnurud rarguy). 
@ ~ ~ ( r m r & ~ ~ ~ ( r ~ f t k g a u c r ~ ~ a n d n ~ ~ t k h f $ k  d,wnhc, t k r ~ @ m b y q '  
Loth lk pumr/l h du m d  tk 91n d l k p d  ltaUa (&I lo lk gh d k h n t a  abu 4th  d) rBor an mar& r$iWn f lk 
bodlmndodpsllfln d u l ~ $  of fhr gaunr/l war fhrpk cflk yllrOlPs khdrlc o~bU. 

* ludllUy q'tkr ymrIlp'splltfon .! f k p h  f t k  drt irpw u$g fhr k t h q r s k d d  .& d nnl dW& flkpos!lfln 
anl nlcdy m d!p b t f l y  itwd nalw hrp thu lk unmtaaUrr 11 lk 0th h ~ h  hmh. d, way lo addns tkb ~ U M J  
uddbty b Mag d M  p n d  traddlyl arvb lo n& lk dmlhms rdlulh f &dig h Qfr /mn ba nar) p d  
tr~~hy t.dm whkh ou k ndvud wing d#rd voy-royl mhn ivhjnwby (AVLBI) kckn~ps. TO ark lk i*yanu~ ml+pk 
kujtfim lkb kbQt, tr* U h y d n  wUh a !ar~ hlhlld yarfon r lk arfw f e d  m dub& kg. ~ & m  rid %lkm 

+d. 



Target-Relative Approach Navigation 
rn 

C) Future Mars Satellites to cnny equipment to allow anbnard oplical 
C 

navigation hy imaging motion of Mars' mmns acmss swrlield 
to reduce e m r  ellipse without requiring additinndl gmund assets . -- -1 

* Traditional 
d) Future Mars Satellites to cany equipment to allow linwf-site 
In-silu RF mss-link (between orbiting and amving spcecmft) i still prides 
to reduce e m r  ellipse without requiring additional gmund assets Wic cq&iiity 
(Can also suppon Mars surface navigation) . ,  - C  

duP\ 

using AVLBI to reduct the olct-of-jhe dimendon o f  the orbit determinatfon error enipsc ic 
#ctive1 but requires the utilizdion o f  uditfodground trarking resourus whfch can place a 
strdn on the Wng tracking netwoIk mts. S. e q i v h t  m better increm in accuracy m 
be achieved using t a r $ - r e h  navlaaffon methods. one potential data t y e  (ptvhdy used 
at outerfinets, but not at ~ a r s )  ic ytid na~at fon.  ~h'u method w ~ t ! p h t c  the r h  
metrk ~ a r t h - y m c r 4  line ofsbht &a with i@rmation about the orientation o f  a ~ w n d  line 
4 sifiht (spacecraft-m) dtracted from imap o f  Mars, ips moons, AnA the back& 
inertial star-fielA tden by an onboard m a  Rnd p o c e ~ d  either by the ground m onbomd 
$$ware to eltract a second vector positlon estimate. 

AAAitio~l)~ it ic envisioned that future Mars orbiters s h d  cany in situ r h  link hardware 
which wdd be used not only to yovide data rehy and navifiation services to Janded assets, but 
wdd ah serve as a radiometric beaton with a known orbital~omeky to establish a cross- 
yacecraft radiometric link with incoming yacecraft, gain  poviding an alternate line o f$ jh t  
memrement, albeit radiometric in this case.   he Mars ~ e c h n o b g  ~ o g r ~ m  is workiig to 
develog 18ht-welght hardware to swport both 4 these technips which shodd be convenient to 
incoyorate in dfufure ~ a r s  misdon yacecrAff. 



Guided Entry Technology 

Ballistic or Unguided 
A* Lifting Entry 

*ArrivaYEotty Navigation 
"flown-out" with modulated 
lift guidance strategy 

GUM Entry ~echnology and meciaon ~ a d n g  

d p e v f o w  Mars abnospkeric e n m s  have beenpefimed without activeplght-pthpknce,  
althoyh the viking system AIA perfom one-dts atti&& controI to maintain a p$md 
orientation Qenerating upward lift) durtng entry. TO achieve increasd lcurAing site accuracy, 
jiture milrions are planned to ~ c e  p i h d  atmospheric entry to eliminate any enhy state 
navidation control error, AS well AS errors introduced by atmospheric uncertainty or variability 
whch can be s e n d  by the &s onboard inertial nav&tion s y sh .  such system require 
that the entry body poduce a Iabalforce (rt$rred to AS nbp indy&t o f  the ~KctAntaneow 
horimntal orioltation o f  this force vector), and that the onboard inertid pidunce and 
nafiig~tton be able to wntrol the omtatton o f  this vector with r e y c t  to the @ary retarding 
d r y  force based on sensor in@ and aprevioudypoxribed set #$dunce laws. ~ h e p i m a r y  
errors both in entry navidation and abnopheric uncertainty eperc  t h m l v e s  AS hng-track 
l a d y  errors, rather than cross-track. AS such, the primary control law scheme mwt decide 
how much o f  the entry are to bek with the lij vector up (lor steep entriis, h e d d  too far up 
r q e )  and how much with the I$ vector down (jiv s h a h  enMes, headed too far dm r q ) .  
The pdance scheme must also allow for the e n 9  system to ,dy with a modulated horizontd l i f t  
scheme (roling lrft to rbht or vice versa) since the body tpicdypoduces li f t  throghout the 
entry rgardess o f  w h e t h  any along-track force is currently required. 



Precision Landing Application 

-- Y m ; p l l d . g u r r . n ~ * x ~ . b .  - . Tugst: Cnter In Elysium Planith "00-0" R o w  Tnvern Capabi.., 
.S.P N m . 2 5 2 . ~ "  w  on. ram w b  enown for d a y  
10 Lm di8mt.r R ~ ~ u p a b l l i t y  amplo@ to ~h . cQmlM -!Jully- 1 M l r u  WUdK. future8 01 I* 

Onober 1% 2MI Man Explanuan ard Technology Fmgmr 

A ryresentative aylication ofyreckion hndiy ir show. By 

draticaly reducing the hLy site error elyse and 
simultaneowly increaing the traverx capabtllty of any onboard 
rover or mobility $em, fiturc EaAm may be able to 
demonstrate "GO-TO~~ capabilip/ h which the entry eQse can 
be placed $cient$ close b a nface jeature of interest such 
that qftn landing thepreviowij ident$edjeature u within the 
traverse capability of the rover. 



Entry Body Aerodynamics 
JPL 

.Different options 

available to induce angle 
of attacMift within 
family of Viking heritage 
for low UD 
.other shapes require 
future flight qualification 
for higher UD 

A $I@& i w M  in ciitty ysfm was I1IAA( by thc vibg pqcct 111 tk cady 197~s. ~ h b  iwcstmcnl 
wnd by kygmontc c q  kdcs ad ruprrnic praachuk d r u h t n  sgdnrrc. rk cnabinafian of Lk blurd-My 70 kpc 
rpJurc ww and tk ycrrridc did~ybadparachwtc &uhatm haw md ar thc badrh  major ~ n r r  mhy yrrtnnr wn 
sinu. ~krb&cc~@hpmk~atan~ofnltadrytoat~l2~crrto~&~@hrc~ 
~ n d r r v l n r  to t k  dfrcrtlon P~gntlvc lift" ii d$d t o p &  a j m  in thc dfrccttan opgdtc ofthe arlqL ofnltadr, 
thc oppdtc of tytral lipg wig commtfaw). v i h g  i k ~ f i  with an idcntional G$C! k h  thc untn ofgrdty and 
& ofpmrc, a c b d  by byalntartrlrpdgig of Lvuh y w  a d  b a h i  inddc the tidry @, w h  t k  Mars 

~at$dr lniutm llvd a prciy b&c cntry (no with the ffi and and 4d. ~ o r j b e  ~ a r s  t q  Mrr, othn 
mcthodc Ofrrhicvig CG/CP nimatch arc d r  andhation by &fig the acrdynmnlcpy& fthc kat dUld r& 
tknn tk alcplieation Ofpackgig ad b& lo achiwc this nrLwL@imt. 

~ h c  v ihg  ymntcprllachutc kcthator ydm war quakidjar ogcnlw at or kbw a ~ a d c  & of 2.2. ma& to 

p& kcth&n to tkfS hcl kfm sinkg klm a i l /r dtitwlfor tk rrgrmtzHvcparachk drrat ti&a ( ly fdy 
tzkcn as a &atnl to kubatcgrlm to 8-10 h dove thc ..fact), a mdirnwn b&c ~ r M  and mdirnwn dry aaa 
can k Anivd by mmig thc &mum c q  My dl& wldch can k acwm&d withfn t k  Iv@ dtdfg h h  
vc~kjatri~(firuc~mctm&dfmctn). ~ n n a l ~ h a r s k o m ~ l i m i t t o b c a n t h c o r d c r o f 3 ~ 0 k g c i i t t y  
aaa. ~am~to~dyoltnadivuld~~thantkfSat~an(~cdtothc~adcrunbnahdraUrof~ 
pmachuk tcrhd@, alttmathc entry bd~ slym w d  k wrorrciAmA, includfg Mcs which j?y at high y-bdrqq rntlos 
a 4  as wh, mJy ddowcr and bgrrgntlrc t h $  thc hayhcrc, achicviggrcatcr kcthattau of tkir h&r &ry 
marurgrlmto r d g  thc n@nA MaJl ruabnjur~raackutc dtpbpmt at a sqF dtibdr. 



Active Hazard Avoidance Landing 

Key Areas For this Technology: 
Sensor Technology, Feature Recognition, and Maneuverability 

umnrE"r*opAaKaon ~ a * c r o r u M ~  -mrcm*conp*.tim - - 
Oaoba 15, 2ml Mars kplnrtion and Techmlo8y Fmgmm I5 

Active ~ a m r d  ~ v o i h n c e   andi in^ 
 he fid area tf s~nificant technobg investment for Enhy, Descent and 
~andipj,  is the pursuit tf autonomm hazard idintification and active 
hazard avoihce during tmid descent.   he basic schme is to equp the 
lander with apropriate machine vision sensors (either passive opticd or 
active opticdlher or active imaging r k r )  to htij hazards (a &ned 
by the landing robustness charactertstics 4 the M e r l  during descent 
(idedy, p ior  to relebce of the lander from the parachute deceler~tor) at m~ 

dtituAe mjlciently h ~ h  that the lank y o n  inittating its own powered 
descent to the noface is able to avoid hazardow locations, rAmtih s$e haven 
locations and actively divert its descent trajectory to achieve a hazard-free 
landing. 



Science Instrument Technologies 

tlypcrspcclral Imaging 
r lde#~t!iy mmneml comp,s~l#un lhnn ryctral response 
r Appllczllmunr iron1 orb11 and irolll surface - llllagc colllpresrloll lcrhnolag) kmlnlllg ,,"ln>"anl 

wmd . * r , m * r r  

" " c , " m o r * ~ n l ~ ~  
u r * n c , M u r k . ~ - &  

Subsurface pmhes 
r Passive (Gamma Ray. H~gh Energy Neutronlor Actfve 

(Ground penetratony radar) 
r Almapplicahle from o h ,  or (potenuslly~ linm surf=. 
r Use to ddermlne best places lo punur in-rilu rsplomt~on 

(surface drilllngl 

Odabu IS. ZMI 

science I&& ~echnologks 

 he area o f  science f&ment tcchnobgks I( charnrtnized by two broad c l a m  ofeiperirnmtatfon ~ h r f i r s t  
o f  these u h p s p r c t r d  inmgirg which tc aphcabb both from orbit as wen as on the surfau o f  ~ a r s .  Th~klc 
elm of  instrumnltc &ws the rapid mey o f  the sprctral charactntdics o f  the inctrununtc kld o f  virw. 

~yp~cally  usirg the i$ared band for tkfr spectral survey, the charack~istic spectral s t e r e  o f  mang 
dtjnmt mituralogifal tygc w m a l  o f  which are able to w e s t  whnt role watcr may havc/onnrd in the 
mation o f &  substanecs 6.8. hydrothmdpoceacs or apcou dcpsitc). norn orbft, thfs can bc d to 
idmtfj high prortty l d i r g  sites, while on the s u e ,  thfs data allows the r y i A  fdcnti$&un o f  b h  
piortty rockfor more h t d k d  in situ invcrtiigntlons, or sanqrhig. 

~ h c  secondgwal area o f  instrunted t e c h n o b ~  b charactertzrd by more by the o r g i  o f  the phenomena o f  
interest than by any spec$ technobg to sbdy it, spec$cally, the abfhty to unAmtanA what itrc under the 
s u f m  o f  Mars. ~ n r s  WOI d y y  carrtcs a G a m  Ray ~pcctromrter and a ~ r g h ~ n n ~ ~ y  ~eu t ron  
Detector, both d c s p d  to m e m n  the r y o w  o f  M a n  to hrghly ener$zrd p a r t i i  tnqractirg the p h t  
from the wrlar wind. ~ h w  particles have the ablltty to penetrate kImv the sitfact and g m t e  a stpd 
that givrs ilfDrmatbn rgardfig the prrwnce o f  certain e h t r  (e.8 ~ydryen ,  p t n t r a l y  m the form o f  
water). Future Mars mfssbnsyh to contlmu thic subsufacc wrundtrg by brirgrllg thrir own ibminatton 
source in the form ofpundyendratirg radar, g a i n  with the intention o f  bcatfllg anyptrntial remotrs  
o f  subafaet watcr or iet formations. AS with the h ~ e c t r a l  rrnagiig hwtbed  abovc, tkfr ~ o r m f f o n  
can k used to id@h krgh p r t t y  l a d i g  sitrr whne the search for ilfonnation about the subsurfact o f  
Mars canptenthdy be wntinues with in s i h  drilllig t+rfmnltc, farrtcd bybture fa&. 



Surface Operations Autonomy 

Key Areas For this Technology: 
Autonomous Traverse and Autonomous Science Operations 

1 Spring 2001 Field Experimenfs: - - 

"-d 
. Mars Technology Program's FlDO (Field 

Integration. Dynamics and Operations) rover 
and team was utilized hy Mars Exploration 
Rover (MER) Project to conduct realistic tield 
experiments . Simulated 20 sols or MER'O.1 mission 

h 
r- Performed 

- in-siru measurements at 2 locations 

- in-sirrt meaurcments on 3 racklsoil targets 

- 200 lneters total integrated traverse 
distancc 

Man Explomion pod TedmoI08y Rognma 

swfae Operations Autonomy 

once on the surface o f  Mars, the ability o f  a science team to conduct memi@ 
qerimentc using a robotic rover as their gent  is oftol a cluJlenBing endeavor. For 
solar powered rover system where accumulation and seasonal environmental 
chaiges are affw the amount o f  time available to a mission on the surface is a 
precious resource. The Mars ~echnobBy m o p  recopizes this f a t  and is 

continuing to advance the level o f  autonomaw operations that the in situ rover is 

capable ofpelfoming in an endeavor to i n c r m  the amount o f  meani@ science 
which can be peijormed in a limited duration. The two major areas where there is 

an oyorhutityfor signlffcant enhancement enabled by autonomy are in the areas o f  
autonomous traverse across the surfme o f  Mars, and the area o f  autonomous conbut 
science, yeclftcaly the precise establishment and m d n t e m e  o f  a design& podt in  
and orientation o f  a scientlftc instrument in cbse proifmity to a surfae kfeature 
d e s e e d  by the science team.  he Mars Technology m o p  continues to evolve 
its understanding o f  what the high payoff techno~ies are by particpatty with 
planetary scientMs in ongoing fieu qimentc conducted to d d t e  eqbration 
conAitions to be dpected onbture Mars mbions. 



Orbital Transport Technologies 

Solar Electric 

trajectories. requiring 

reNm fmm Mars. 

containment 

>3000 sefonds. 

Aerocapture - Punuing jointly with CNES 
.Sigoificant advantage for rapid deceleration into near-circular Mars orbit with minimal 
delta-V. using heat shield 
-Complements existing Aerobraking technology (slow deceleration without heat shield) 

Oaobcr 15.Za)l Man Exploration aod Tcehwlogy Rognms 

A munbn of  technob~irr ofgotentid k q h t  t o ~ b o e  orbitnr are a h  l udr  An,elopent wtthin thr MUE ~echmbay hw. 

sdar c l c f r i c g r o ~ q  w U  m wMdnul afufrlg c m o n  kchwbtglforgrodntioq MIon-g in Earth orblt, kar 
ody m d y  bcm a q t d  as a valid& techd+jy ,br t q +  mlrrl~nr. rklr is lard9 b a d  on iis accqV 
hmtratiolc on NASA's NW ~f f l~rniwrc  ~ t c y  yact I mission  or rn d$oratim, tkr ~~ ispartlNLaiy 
atbndive to &(II Lhr d y  Ivfl p lopkv t  arcchatla rt@mnmlr Lhr rctnm frnn uars to Earth, as large 
d u c h d j o r  ~ a r s  mbim ean ah k arhitvcd with acroacsfsl (cithcr~iuiual mobrdiy j  withact a dullrald brat shield 
or IMZ I ~ V C  ~ m q q  with a ddcatd hut skltll). 

The MATI ~cchwb Prgrm is atw m d i g  an t w e ~  in tkr dnrtymcid dJ k&itwc~ktpropyhd tmk to wntfnw to 
r&r tktfration ofthe dorrdpropbt  swr which must k i w d  in tuk dry rnacr to w M n  aatvcn amount o fpopy ih .  

Tkl ablkty to w a p h t a t y  a t m ~ e  Io r@y kh& an a n M g  mbilal &fmn an 1 W r o u t a r ) r  baJcrhy d i n d y  
into orbit is r@rd to as ~ n o w r c .  In Wad to m o b r a h y ~  which din n@nr a dgllfllual gropl[dvc c* to 
c@rt into o rk i t f i r  to irdtllltng Lhr dnvfl& krunl to ctr&r or war dr& orbit, Lhr nnoucptrtn f r ekn ip  bda 
the anivdgrpl&vt ucptrrrc r ~ r m e n t f o r  a dullcatul hral shreld (onpar wih thost d f o r  fandcr mhy M e s )  which can 

addwe dgk-ji118 duchaliw idoprar t idb  arrg odll (iwlwlig rwr dr&r) m h  nure ra@y h n  nnobrdiyj. This is 
~ h i ~ r d  by tZr@rlq t k  d H W $ t l i C p ~  && bW 6080 h, ~Uldr&yj tkr $dd ltV@ # I@+ h &altthAr 
f o r g m d  m o b d i g  drcdarfzation 1klr ttchndoay ir bdy jpurd jo i+  by both NASA a d  tkr Fmch yact agnrr)r 

CNES. 



Sample Return Technologies 
Objectives: 

Develop and validate enabling 
Iechnologics Ibr 

r returning a slnlple h m  surfacc of Mars 
r prolecling lianh irnm Manian 

organlrms 
r SGB handlnng and analysis of rr lurnd 

samples a , .I , , ,,elm. ~i i i  
n a ~ r m d  snn@e H a n d l i ~ ~  

Man Vrhiele R m d ~ t w u s  o l d  S b n ~ l ~  CnpIuu~ IF,. .. .. nnd . . ,. . ~ n n h  . . .. . R a u m  . . . . .-wt 
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A number O f  technolodies f o m d  solely on the return O f  amflesfrom the arfm O f  Mars are 
also u h  he lopen t .  For any Mars m n  in todig  to search fir eviAence O f  I$, it is 4 
vital imfortance to protect the mission from the porcibifity O f  not ody r(orwar&contamii&wir 
(fonfaminatfon O f  Mars with o y ~ m  originating on ~arth) ,  but ah gainsf potentid 
contamination O f  returned amples with roud- tr ip  or uhitchhiker oyanims, which Ieud to 
)ah positive irlAfcationsfor itf-detection +~ments performed on returned samples.  another 
enabling technoloayfor sample return mlssiom is the Rvelopent O f  a h u h  vehicle capable O f  
both beirrg Ianded on and risiig )?om the surfm O f  Mars #ttr a period O f  storge and survival 
while samples are being collected by other surfact mets. &or recent architectural s h d h  have 
co$medpr~ious results w e s t i n g  in low m r s  orbit is OW O f  the mod promidig locatiomfm 
a handof between this Mars ~ m t  vehicle and the vehicle d e s p d  to return these s a y h s  to 
the vicinity O f  the ~ a r t h .  ~ a n n e r s  O f  sfely brierrg back to the arfm O f  the ~ a r t h  any 
samples collectedfrom the s u f m  O f ~ m  are ah unAn investig~tlon, codering both the w 
O f  a dedicated s q l e  rebon Earth enhy vehicle yton or by using other eiiding ~ r t h  enhy 
system such A( the shuttle. ~AAitionaRy, the technology required to $ely evalu~te and d y z e  
any retumed a y k s  is dso a key investment area. 



Summary 

Mars Exploration Program comprises a series 
of missions integrated into a coherent ongoing 
program 
Technology development and infusion allows 
both the incorporation of new capabilities as 

I 

; well as the continuous improvement of existing 
I capabilities 
j 

i 

i 
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~ I i e  ~ c l r s  ~ $ b ~ f i t i o n  Prgram comyvi5es A series of mission 
intgvated into f i  coherent ongoingpvogram 

~echnology development and irfuion filows both the 
incoyorfition if new cydbilities as well ds the continuous 
impvovemen t 4 eiist in0 c dp abilities. 




